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Chromatography on adsorbents containing immobilized 
polynucleotides has been applied in the purification of a 
number of proteins such as RNA-proteins, histones. 
DNA- or RNA-polymerases. etc. (for a review see ref. 1). In 
turn. the corresponding proteins can be immobilized and 
utilized for the isolation of nucleic acids. taking advantage 
of their mutual biospecific affinity’. Besides the possibility 
of studying the hybridization which occurs between 
complementary polynucleotides. nucleic acid affinity ch- 
romatography is excellent for separating these biomol- 
ecules according to their base composition. using matrix- 
bound polynucleotides and or dyes of known structure 
and specificity’.“. Unfortunately. non-specific interac- 
tions between the proteins. and or the polynucleotides. 
with the immobilized compound are often ignored. For 
example. the separation of poly(A)-containing nucleic 
acids on poly(U)-Sepharose is considered to occur by a 
simple ‘base-pairing‘ mechanism”. However. the fact that 
relatively drastic conditions for elution of the mRNA- 
poly(A) from the column are needed suggests that in- 
teractions other than hydrogen bonding are of consider- 
able importance. In order to study the nature of the 
interaction between polynucleotides in affinity systems. a 
series of experiments on the chromatographic behaviour 
of synthetic poly(A) on different supports has been 
performed. In the present paper it is shown that poly(A) 
adsorbs promptly to affinity adsorbents used for fractio- 
nation of nucleic acids by a mechanism that includes. 
among others, hydrogen bonding. electrostatic. hydro- 
phobic and charge-transfer interactions according to the 
nature of the ligand. the matrix. and/or the coupling 
procedure employed during immobilization. The partici- 
pation of either of these interactions in the adsorption of 
poly(A) to such adsorbents has been estimated under 
different conditions by varying pH. tempe - ture. salt 
concentration and buffer composition. Y, /i%& I,>* ;,j;(’ , 

* 
‘,. _ .:: 

0141 x 130 x0 010033 06s02.00 
@ IWO II’<’ Bu\lne\\ Pres\ 

Experimental 

3H-poly(A) and 3H-poly(U) (M W 100 000, specific 
activity 2-10 Ci/mmol of AMP or UMP) were purchased 
from New England Nuclear Co. (Boston. Mass., USA). 
Unlabelled poly(A) and poly(U) (MW 100000) and MN- 
cellulose were from Sigma (St. Louis, Miss., USA). 
Phenyl-, octyl-. poly(A)-, poly(U)-Sepharose 4B’, and 
Sepharoses 2B and 4B were obtained from Pharmacia 
Fine Chemicals (Uppsala, Sweden). Oligo-dT-cellulose 
(about 10 nucleotides chain length) came from 
Collaborative Res. Inc. (Waltham, Mass., USA). DNA- 
Sepharose 2B and ethanolamine-Sepharose 2B were 
prepared as described before5. Acriflavin (Fluka AC., 
Switzerland) was coupled to Sepharose 4B according td 
the method described in ref 6. 

A stock solution (100 mgjml) of poly(A) was prepared 
with 10 mM Tris HCI buffer. pH 7.6, and mixed with 5 111 
of 3H-poly(A) (specific activity 20 x IO’ c.p.m./ml). This 
mixture (100 /tl; about 10 x IO” c.p.m.) was applied to each 
column according to the conditions described in the 
legends to the respective figures. The radioactivity was 
measured by liquid scintillation in an ABAC-SL40 
Intertechnique scintillation counter using Instagel 
(Packard Instruments Co.. Inc.. Downers. III.. USA). For 
the study of the pH effect. the stock solution was prepared 
in the following buffers: 50 mM glycine- HCI. pH 3; 50 mM 
sodium acetatc~ acetic, pH 4; 50 mM Tris HCI, pH 5.6,7.6, 
and X.6. All experiments were run at room temperature 
unless otherwise stated. 

Pasteur pipettes were packed with 200 PI of gel. A 
fibreglass cap was attached to the bottom of each column 
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Figure 1. Sail c['fccl. Adsorption of SH-pol'HA) to diffcrcnt 
matrices as a funclion of sail conceniratiola. Tile columns ~rclc 
equilibralcd tit 4 O with NaC1 in l(tinM Yris HCI buffer, pit 7.6. 
at the concenlralions indicated. The percent radioaciiviiy 
adsorbed wilh respect Io the lola] ainotlnl of nlateli:.il applied is 
plotted, t ,  Acriflavin-Sepharosc; o, poly(U)-Scpharose: , ,  
oligo-dT-cellulosc: i ,  DNA_Sepharosc: .., MN-cellulosc: {i. 
oclyl-Scpharosc: x. pol3(Al-Scpharosc: e . . . e ,  phcn31- 
Scpharo.se: • - - - • ,  eihanohinlinc-Sepharose 

to assure the physical entrapment of the gel. The colunlns. 
run hi triplicate, were equilibrated as indicated in the 
figure legends. The reported values correspond to the 
averages of tit least three experiments, with a sttmdard 
deviation of about 5°.. 

Results and discussion 

Sah t:Ilect 
The chemical nature of poly(A) suggests that the ionic 

strength of the medium may be important for the capacity 
of the lnolecule to interact with other compounds. At 
neutral pH and low ionic strength, the poly(A) molecule 
carries a considcrable negative charge. Therefore, and 
since charges arc efficiently nculralized by counicrions, it 
is not surprising that the electrostatic attraction causin,, 
adsorption of poly(A) to the positively charged 
ethanolamine-Sepharose decreases with stilt concen- 
tratioil (Figm't, 1). As has becn shown, the acti\ation of 
polysaccharide matrices using BrCN for the coupling of 
primary amines is considered to occur via formation of 
isourea linkages which arc positively charged - s l  '~-~, Such 
positively charged groups should also be present in 
poly(U }- and poly(A)-Scpharose, commercially prepared 
by the same procedure. This is noticed more c/early in the 
case of poly(A)-Sepharosc (fiqure IL From fiqure 1 it is 
clear that as the stilt concentration is increased in the cases 
of poly(U)- and poly(A)-Sepharose other nlechanisms of 
adsorption become rclevanl: poly(U}-Sepharosc, for in- 
stance, might adsorb poly(AI by hydrogen bonding, 
whereas the adsorption of polylA)to polylAl-Sepharose 
can be accounted for ill terms of "stacking "s. In a control 
experiment it has been found lhat poly(A) shmvs no 
significant affinity for unsubsliluied Sepharose under 
similar conditions. 

DNA-Scpharosc. on the other hand. docs not possess 
important adsorption capacity to,aards poly[A)at  Iov, 
salt conccntration, resembling neutral oligo-dT-cellulose 
in this respect (fi.qure 1). The lo~ pH employed for the 
coupling of DNA to BrCN-acti~ated Sepharosc 5 is 
probably the reason w, hy the number of positi\e charges 
inh'oduced on the lnatrix, is lower<L 

As could be expected, oligo-dT-celhllose commercially 
prepared by irradiation, lacks affinity for polytA) at lmv 
ionic strength (FiHure 1). This is simply due to repulsion 
between the negatively charged polymers at such con- 
ditions. The same effect would occur between poly(At and 
the polynuclcotide matrices described above but, :,is 
pointed out. it cannot be observed, due to the presence of 
undesirable positive charges on those adsorbents. With 
increasing stilt collcentration charges arc part ial ly l letltra- 
lized, tind adsorptioll of poly(Ai to its coi l lplomentaly 
nltltrices [polylUi-, DNA-Sepharose and oligo-dT- 
cellulose] is enhanced. Considering a mechanism based 
on hydrogen bonding, lhc diffcrcncc in adsorption ca- 
pacity bclween these matriccs is mainly attributed to their 
differenl degrees of substitution and:or chain-length. 

Very recently, matrix-bound dyes have been employed 
for affinity chr(~matography of nucleic acids taking ad- 
vantage of their base specit'icity s"'~°. Thercforc. it was 
interesting to look tit the chromatographic behaviour o f  
polylA} on this type of adsorbent. For this purposc. 
acriflavin-Sepharosc was prepared by rising a coupling 
procedure thai avoids the introduction of charges on the 
Inatrix". The data plotted in Figure 1 suggest that the 
adsorplion of polylA} to acriflavm-Sepharose may be 
practically salt-indcpendent as a result of mixed effects of 
electrostatic, hydrophobic, and charge-transfer interac- 
tions. Evidcncc in favour of a charge-transfer association 
between poly(Al and acrifla~in-Scpharose, tit moderate 
stilt concentration, has been collected. For instance, flee 
poly(Ut is able to displacc poly(AI from acrillavin- 
Sepharosc cohinms provided that conditions for poly(A) 
poly(U) complex formation are adequate [in our case, 10 
mM Tris HCI, pH 7.6, with 0.4 M NaC1 arc optimal [\tr 
elutiont. Competition of poly(U) with poly(A) for adsor- 
ption on acriflavin-Sepharose is excluded because poly(U t 
has no affinity [OF acriflavin-Scpharosc under these con- 
ditions tresulls not shown). 111terestingl?, similar effects 
have been observed when cellulose ~ 0 1_~ and/or millipore 
filters 13 have becn used m tile purification of poly(Al- 
containing nucleic acids. Although no explanation has 
bcen put forward, due to lack of information about the 
structure of cellulosc, some authors hax, c proposed thc 
parl icipation of aromatic interactions between the lignm 
aromatic groups of cellulose aild the btlses of polyntic- 
leotides li. The fact that only purine polynucleotides 
possess a significant affinity for these adsorbents supports 
further the idea that aromatic interactions of the type of 
chaige-transfor are not tlnusual wit h polyiA). 

For the binding of poly(A)to acril]a~in-Scpharose, the 
model for the in/elaction bet,aeen this kind of dye and 
nucleic acids, as proposed by, Lelman zs. seems xcry 
suitable: thai is, both external (bind m.,, of the dye directed 
to the phosphate groups)and intercalaled {binding of the 
dye between the basesl associations bct~ecn polylA)and 
acril]avin-Scpharose aic fcasible, with accessibility under 
a given set of conditions being the sole restriction. 

The ability of nncleic acids to enhance the solubili- 
zaiion of organic compounds in aqueous s5 stems has been 
known for several years l". Nexertheless, tile contribution 
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Figure 2. pH effect. Adsorption of SH-polyiA} to different 
matrices as a function of the pH. The percent radioactivity 
adsorbed ~ith respect to the total amount of material applied is 
plotted: (a) and (b) givc results of experirnents performed with 
buffer containing 0.4 M NaCl: {c) and (d) results with the same 
buffers but in the absence of salt. All the experiments were run at 
20 C. o - - - ::. Glass-wool: other symbols as in Fiouru 1 

of hydrophobic bonding between polynucleotides in 
affinity systems is ignored m most cases. Quite recently it 
has been possible to purify nucleic acids by a salting-out 
mechanism on unsubstituted Sepharoses 173~'~. The 
separation is ascribed mainly to discrimination between 
polynucleotides of different hydrophobicity, which are 
more or less retained in the columns ~7. Thus, polynuc- 
leotides should be adsorbed on hydrophobic adsorbents 
according to the ionic strength of the media, as in the case 
of proteins ss. This is shown in Fiqure 1 for poly(A) on 
oclyl- and phenyl-Sepharoses, though in the latter case 
aromatic interactions may also be involved. In the same 
wa?. MN-cellulose shows an important salt-dependent 
adsorption capacity tox~ards poly(A) ~" 12. Still, as dis- 
cussed aboxc, the adsorption capacity of MN-cellulose 
towards purine-polynucleotides is most probably related 
to aromatic interactions of the type of charge-transfcr. 
This will be further demonstrated by the effect of tempera- 
lure on the adsorption of poly{A) to this matrix as 
described below. 

pH EllUcl 
PolytA) undergoes conformational changes as a result 

of variations in the pH of the medium ~s 1~. Such 
structural modifications affect its ability to interact with 
other compounds.  As shown m Fi~luru 2 the pH effect is 
also influenced by the prescnce or absence of sah (Fi~tm'es 

2a, 2h, 2c and 2d, respectively). In general, it is ~:onsidered 
that these parameters affect directly the overall charge of 
the nlolecule in question. For example, at low pH the 
poly(A) molccule is less charged and its tendency to 
adsorb hydrophobically to matrices like octyI-Sepharose, 
and probably phcnyl-Scpharose and M N-cellulose. might 
bc expectcd to increase (fi~lm'Us 2h and 2d). 

When pH is lowered, the repulsion bctwecn negatively 
chargcd polynuclcotidcs is decreased. Yet no tendcncy of 
poly(A) forming hydrogen bonds with its complementary 
immobilizcd polynucleotides (oligo-dT-cellulose. 
polyl[;)- and DNA-Sepharose) i s  observed (Fiqm'e 2c1. 
This might bc due to protonation of the adenine amino 
groups. Only if the pH is above the pK of the basic amino- 
group (pK = 3.45), and a certain amount  of salt is present, 
is th~ hydrogcn-bonding effect observed (Fiqurc 2a). As 
pH, and conscqucnlly the overall negative charge of the 
molecules, increases the repulsion between the similarly 
charged polymers may ;~lccounl for the decreased capacity 
of adsorption at higher pH. 

Unfortunately, the chromatographic  behaviour of 
poly(A) on the adsorbents under study at pH lower than 
5.6 is dubious. From a control cxperiment it has been 
found thai glass wool possesses a strong adsorption 
capacity at acidic pH. This effecl is particularly pro- 
nounced when salt is present (f'iqum., 2u). The nature of the 
adsorption of poly(A) to glass wool undcr such conditions 
remains unclear. 

Tt'ml?erottwu qllCct 
The molecular structure of poly(A) is also affected by 

varialions ill lemperalure j3 2~. For example, al neutral 
pH and mode,a te  salt concenlralion the poly(A) molecule 
possesses a single-stranded helical configuration at 
0 C 2'~. This helical slruclure disappears in a non- 
coopcrativc way as temperature illcreases. FOl- this le- 
ason, one may expect thal the interacting abililies of free 
poly(A) x~ith other compounds  are temperalure 
dependent. 

A typical temperature effect plot for the association of 
complementary polynucleotides is shown in Fi.qur,., 3. The 
obscrved 7,,, values under these conditions are in good 
agreement x~.ith those previously reported for the asso- 
ciation of this type of polynucleotidcs e2-~'. The cxcep- 
tional stability of the poly(A) poly(Ul-Sepharose con> 
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Figure 3. Temperature cffcct. Adsorption of ~H-poly(A) to 
different matrices as a function of temperature. The columns 
were calibralcd with 0.4 M NaCI in 10 mM Tris HCI buffer, pH 
7.6. in a lempcralurc chamber. The percent radioactivity 
adsorbed with rcspccl to the total ztn]otllll or material is plotted. 
Symbols as in I'iOl,u 1 
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Table I .  Effect of buffer composition" 

",,Radioactivity adsorbed 

Gel 0.4 M KCI 0.4 M NaCI 0.4 M CsCI 0.4 M kiCl 4 mM MgCI 2 4 m M  C t t C l  2 

Poly(U)-Scpharose 4B 93 98 94 94 88 92 
Acriflavin-Sepharose 4B 95 98 95 95 92 96 
Oligo-dT-cellulose 90 90 90 86 79 87 
Mn-cellulosc 50 27 73 52 85 35 
DNA-Sepharose 2B 20 77 14 7 84 86 
Octyl-Sepharose 4B 39 5 55 54 62 55 
Poly(A)-Sepharose 4B 5 25 21 36 67 34 
Phenyl-Sepharose 4B 10 10 21 35 30 36 
Ethanolamine-Sepharose 2B 0 0 24 38 85 74 
Sepharose 4B 0 0 0 12 10 32 

" Thcco lumnswcrccqu i l i b r a t cda t20Cwi th thcco r r c sgond ingsa l incmlOmMYri s  HClbuflcr, pH 7.6. t ' ig tucsshowthcpcrccnlradioact i , , i tvadsorbcd~if l l rcspcct lo lhc  
Iotal amotml of 3H-poly(A) applied m each case. Further details in Expcrimcnlal s¢clion. The salts arc arranged according to thcir increasing chaolropicit5: K > Na > ('~, > ki 
> M g > ( ' a  (rcfs 30 and 351 

plcx is again evidenced by an almost complete absence of 
a temperature effect in the range 4 60 C, though it 
decreases at higher temperatures. In other experiments, 
however, it has b'een noticed that free polylU) when it 
complexes with poly(A)-Sepharose does show a melting 
point within this range (results not shown here). This fact 
suggests that the temperature effect for polynucleotide 
association is related to the nature of the immobilized 
ligand. Therefore it is conceivable thal some restrictions 
on the mobility of the ligand may occur when it is coupled 
to a matrix, thus limiting the conformational changes that 
would be observed with the ligand in solution 2°. 

Hydrgphobic interactions are favoured by increasing 
temperature 2a. Therefore, the temperature effect is also 
goo d evidence against hydrophobic bonding as the main 
reason for adsorption of free poly(A) to MN-ccllulose and 
poly(A)-Sepharose (Fiom'e 3). in such cases, there is a 
tendency for adsorption to decrease as a function of 
temperature (fioure 3). in contrast, hydrophobic adsor- 
bents such as octyl-Sepharose become more efficient 
with increasing temperature (Figure 3). 

The inset of Figm'e 3 shows the effect of temperature on 
the adsorption of free poly(A) to ethanolamine-Sepharose 
ifi the absence of salt, supporting the previously proposed 
electrostatic mechanism of adsorption of flee poly(A)to 
this gel. 

Although charge-transfer and electrostatic interactions 
should be reduced by increasing temperature 2s, 
acriflavm-Sepharose is still a strong adsorbent for f.'ee 
poly(A) over the full range of 4 60 C (Fi.qure 3). This 
obserwttion suggests thal the increasingly favoured hy- 
drophobic interaction betwecn free poly(A) and 
acriflavin-Sepharose following a rise in temperature 
dominates. 

Btf[li'r crnnposition ql.]L'ct 
A large number of reports have put in evidence the 

effect of the buffer composition on molecular interactions 
of nucleic acids 2(' ,~o. The role of certain ions regarded as 
chaotropes 3°, for example, has been related to detmtu- 
ration, dissociation and extension of these polymers ~°. 
From Table 1 it appears that a generalization about a 
cationic effect o.1 the chromatographic behaviour of free 
poly(A) is not possible. While with some adsorbent 
binding is fawmred as chaotropicity increases, with others 
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Figure 4. Models for the interaction between pol)nuclcotides 
at low ionic strength in the presence of Mg 2 and Ca 2 -. IlL 
"sandwich-complex': [IlL "bridge-complex" 

the result is the opposite. This might be due to several 
factors acting on the molecules in question: changes in 
conformation, the water structure, nentralization of cha- 
rges, chelate binding and possibly "sandwich" complexes 
between aro.matic structures and metals (['i~lurc 4). 

An interesting obserwttion that arises from 7ahh, 1 
concerns the effect of Ca 2 + and Mg 2+ on the tendency of 
poly(A) to bind to those adsorbents. For instance, a 
hydrogen bond mechanism fc)r the adsorption of polyiA) 
to oligo-dT-cellulose, and or DNA-Sepharose, appears 
very unlikely in view of the low ionic strength of the buffer. 
Neither can the I:~rge adsorption capacity of MN- 
cellulose towards p~,lytA)in this case be ascribed to 
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Table 2. Effect of buffer composition" 

"., Radioactivity adsorbed 

NaCI concentration {M) 6.0 M Urea 9 0 ,  Formamide 

1.0 M + 0  M +0.4 M + 0  M +0.4 M 
Gel 0 0.4 1.0 NaSCN NaCI NaCI NaCI Nacl 1",, SDS 

Poly(U )-Sepharose 4B 96 96 98 96 76 80 90 13 18 
Acriflavin-Sepharose 4B 96 96 98 20 90 0 90 32 6 
Poly(A)-Sepharose 4B 95 20 20 10 70 0 94 57 7 
Oligo-dT-cellulose 0 90 90 85 0 0 0 0 0 
M n-cclhflosc 0 35 40 15 10 10 I 0 25 0 
DNA-Scpharose 2B 0 70 84 22 0 0 0 15 0 
OctyI-Sepharose 4B 20 40 45 20 20 30 5 33 0 
Phenyl-Sepharosc 4B 0 8 20 10 0 0 0 13 0 
Elhanolamine-Sepharose 4B 90 0 0 0 90 0 50 10 0 
Sepharose 4B 0 0 0 0 0 0 0 10 0 

" T h c c o h m m s , , ~ e r c c q u i l i b r m c d a t 2 0 C v ,  i t h l 0 m M T r i s  Hclbufl'cr. pH 7.6c~I1t~lillillgl~1~ct~f11pt~tll~t~rs~i~t~ksil1dic~l~cc~.-~`~1~.~r~.~il~tlgu`st~1`r~ldiC~iu`ti``ity~t~sC~.b~t~``~itl~ 
respect to the total amount  of :tt-pol+',lAI applied arc sho'++n. 

salting-out effects. Consequently, the model s described in 
Fi:lt,'es 4a, 4h are proposed. First, in the case of polynuc- 
leotide matrices, the negatively charged phosphate groups 
of both polymers, poly{Al and the iigand, should assume 
opposed directions in order to minimize electrostatic 
repulsion. Thereafter, the bascs may approach each other 
closely enough to complex with the metal in a "sandwich' 
fashion (Fioure 4a). It is clear that in the case of MN- 
cellulose, the first step may be omitted. Another alter- 
native would be to consider the metals as 'bridges' 
between phosphate groups (Fioure 4h). However, this 
latter model implies that the hydrophobic bases would be 
exposed to the media, making the possibility less 
probable. 

There are many examples of metal-;z-complexes in 
biological systems 2~ and their participation in maintain- 
ing biological structures "~3. Moreover. the fact that Mg 2 + 
and Ca 2 + are essential for the complex reactions involv- 
ing polynucleotides, e.g. protein synthesis, suggests that 
they are especially important in biomolecular interactions 
between aromatic structures ~3. 

Both acceptor capacity "~a [Mg 2 + > Li + > Ca-' + > Na + 
> K * > C s  +) and chaotropicity "~°'~s (Ca 2 + > M g  2+ 
>Li  + > C s  + > Na+ > K  +l ofcat ions certainly contribute 
to the effect expected fi'om the ionic strength of their 
solutions alone. Hence, it is very difficult to draw any 
conclusion about their action, particularly with molecules 
(proteins and polynucleotides) whose structural confor- 
mations depend on these parameters. 

Table 2 shows the action of detergents, chaotropic 
anions, polarity-reducing agents and hydrogen bond- 
breaking agents on the adsorption of poly(A} to the 
matrices under study. In the cases where hydrogen bond 
formation is the main reason for binding, urea and 
formamide are very efficient m preventing adsorption of 
polylA) Ioligo-dT-cellulose and DNA-Sepharose)(Table 
21. In contrast, the failure of urea to suppress the 
adsorption of poly(A)- to poly(U)-Sepharose emphasizes 
again the participation of types of interactions other than 
hydrogen bonding. Since SDS is an excellent eluant 
{7able 21, the association between poly(A}- and poly(U)- 
Sepharose is thought to occur with a significant contri- 
bution from hydrophobic bonding. This explains the 
larger efficiency of formamide (90".,, v v )  as compared to 
urea in preventing the formation of a poly[Al poly[U) 

complex ITahle 2j. In other words, formamide 190",,, v/v) 
owes its effect both to disruption of hydrogen bonds and 
to polarity-reducing properties that weaken hydrophobic 
interaction 3s. As shown in the case of octyl-Sepharose, 
urea only partially decreases the tendency of polylA) to 
adsorb to this matrix hydrophobically (Table 2), while 
formamide (90",,. v/v} is again more efficient-than urea as a 
hydrophobicity-suppressing agent in this example. The 
chaotropic anion SCN affects mainly the adsorption of 
poly(A) to hydrophobic matrices foctyI-Sepharose, 
phenyl-Sepharose), charge-transfer adsorbents (acri- 
flavin-Sepharose, MN-cellulose) and the complemen- 
tary DNA-Sepharose,  but shows no effect in the cases of 
polyt U)-Sepharose and oligo-dT-cellulose. This seems to 
indicate that the hydrogen bonding between these last two 
matrices and poly(A) is strong enough to resist the action 
of SCN . In the case of DNA-Sepharose. it is probable 
that the thymidine-rich 5 sequences on DNA cannot 
always be accessible for complexing th,'ough hyd,ogen 
bonding with polyIA), and that the binding of poly(A) to 
DNA-Sepharose is to a large extent non-specific. 

The remarkabe ability of urea to prevent the adsorption 
of poly{Al on acriflavin-Sepharose, indicated thc electron 
donor nature of urea. The action of urea consists of 
providing the necessary electronic cloud for the electron- 
deficient acriflavin ring system, thus preventing the adsor- 
ption of poly(AI by this mechanism. The presence of salt is 
only required to eliminate electrostatic effects between 
poly{A) and acriflavin-Sepharose. On the other hand, the 
efficiency of SDS in disrupting the acriflavin poly(A} 
complex could be interpreted as evidence for participation 
of a hydrophobic bonding mechanism in the adsorption 
of poly(A) to acriflavin-Sepharose. Even if hydrophobic 
contributions are not fully eliminated, it appears difficult 
to ascribe the ability of free poly(U) to displace poly(At 
from acriflavin-Sepharose columns to a detergent-like 
action. The SDS effect might be explained simply in terms 
of the formation of a micelle structure around the 
hydrophobic acriflavin molecule causing a strong 
repulsion towards poly-{A). 

Conclusions 

The chemical structure of poly(A) enables the molecule to 
interact with different compounds  electrostatically, hy- 
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drophobically, by hydrogen bonding, a n d o r  charge- 
transfer mechanisms. Of interest for polynucleotidc asso- 
ciations, these possibilities have been estimated with 
synthetic poly(A)and different adsorbents under various 
conditions of pH, temperature, salt concentration and 
buffer composition. For practical purposes, several re- 
commendations are suggested for chromatography of 
poly(A)-containing nucleic acids on affinity adsorbents 
containing polynucleotide- or dye-bound matrices: apart 
from reduction of sail concentration, poly(A)-nucleic 
acids can be eluted fiom oligo-dT-cellulose columns by 
increasing the temperature 4~. Urea, formamide and de- 
tergents can be useful when strong binding is present as a 
result of the participation of other less specific interactions 
than hydrogen bonding (in cases like polylUI-Scpharose, 
acri[]avin-Scpharose, DNA-Sepharose, etc.). Chaotropic 
salts should be avoided, since their use does not always 
lead to an efficient desorption and there is a htrge risk of 
causing irreversible modifications of the structures in- 
w>lved 3+~+5. Diwtlent iotas like Ca e' and Mg :+ in the 
buffer may cause r~on-spccific adsorption by enhancing 
aromatic interactions, therefc, re their presence should bc 
restricted to ~,t minimum. 
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