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FRACTiONATlON OF RNA ON A METAL ION EQUILIBRATED CATION 
EXCHANGER 

II. CHROMATOGRAPHIC BEHAVIOUR OF RNA. SUBJECTED TO DIF- 
FERENT TREATMENTS, ON AMBERLITE IR-110 A13’ COLUIMNS 

SUMXlXRY 

Purines. pyrimidines. nucleosides and nucleotides are not retained on Arnberlite 
IR-I20 A13’ columns and partial enzymic digest is retarded to a small extent. 

H~dros~IamiIle-tr~Bted RNA has a lowcr aftinity and denaturation seems to have some 

influence on the retention of RNA_ Temperature, pH and divalent cations aft-ect the 
chromato~rt~phic behaviour_ All of these results show that, apart from the rlkts of 
c!xtin length and certain functional 5 =roups such as nitrogenous bases, secondary 
structure also plays ;I role in the chrc~matoeraphic behaviour of RNA on Amberlite 
IR-I20 AIJ’ columns;. 

INTRODUCTION 

In Part I’. wt‘ described ;I proccdurc for the chromatoSrriphic fractionation of 
RNAs on Ambcrlitc IR-I20 Al”’ columns. This paper deals with the chronutogxphic 
behaviour of RNAs subjected to dilkrent treatnmlts. 

In general_ it has been found that the chromatographic behaviour is considcr- 
ably intlucnced by chain-length and molecular xveight_ conformation and tertiary 

structure. base composition. nnture of the adsorbent. etc. Some of these tktors have 
been studied in detail in this \vork. 

The physical state of the RNA ~~wleculc can have an efkt on its chroniato- 
graphic behaviour and_ in order to csplorc this aspect. stud& on the chromato- 
graphic behaviour on Ambcrlitc IR-I20 A13’ columns \vct-c carried out \vith 
dcnaturcd RNA_ hdr~~s~larniIlc-trc~ltcd RNA and partial and complctc cnzymic 
digests of RNA. and the results obtained \vere compared \vith those for native RNA. 

EXPERIhlENT.I\L 

Xmire R!VZ-I_ BuKtlo liver RNA. isolated and deproteinized by the chloroforni- __ _._ 
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nmyl ale&o1 method of Sevag C-I tr/__ and charactcrizcd for its purity and nativeness_ 
\v:ts used in the chromatographic studies. 

Drrratrrretf RNA. Denaturation of-RNA involvesthedestruction of-its hydrogcn- 
bonded structure into :I disordered state. \vith ;t consequent increase in UVtlbsorption. 
Dentnuration of RNA can be elkted by heat tt-eatment and other methods. 

In this work. thermal denaturtltion \vas used because controlled heat treatment 
does not ea~sc any side-reactions. such ~1s hydrolysis and denmination_ and it is very 
spccilic for denaturation_ requires less time and results in no chemical interactions. 
RNA solution \YX heated at 96 for about 30 nlin and then rapidly cooled to room 
temperature in itn ice-bath_ 

H?.rlros!_latttittc~-tt-~~~tt~~~i RLYA _ liydrox~lamine react5 selectively with tfie 

pyrimidine bases of the pofg~ucfcotide chain and moditics them_ \vithout haviny an! 
effect on purinc moieties. T!lc reactian is quantit:nive :tnd pH dependent. Uracil 
residues ;1rc nlodili& ;tt pH 10.0 and cytosiac residues at pH 6.0 (ret-_ 3). 

In this \vork_ an RNA solution LY:IS treated \\-ith 5-0 .\I f~~dros~faminc wfuti~w 
at pH 6-5 at 4. for about 96 h. After the reaction, the pH \\;ts rearijusted to -14 and 
the hydros_yIamine K~S removed by estensiw dialysis against acetone bulk- (pH 4.0. 
ionicitrength(rc) == 0.05). Thissolution \\a~ then used t;w the cf~r~~~~l:~t~~~r~~pf~ic studies 
on an Amherfitc IR-120 A!‘- column. 

l3Ji*c-t q f if3~ywrc~tw~~ 011 tlw t-lrrot~rctto~~rcrl,lric- pt-c~fii~3 

The temperature during the adsorption and efutian cycle \\;K kept ;n 4 _ 27 
or SO-_ and its infiuencc on the chromato~rriphic b&a\-iour ot- bu!tXo Ii\-er RNX v.;ts 
studied_ using three separate Ambrrfite IR-I 20 Al-‘; colutiin~;. Far ;I ttxiipertttur~ of 
4 . the column was operated in an Alf\v_vn refrigerator. For :t temper;ttttre of 27 _ the 
jacketted column was operated with \vater circufnting at 17 Iz 1 and the temperature 
wxs regulated by a thermoregufator. Stirrin, 67 \vas czrried out so ~1s to avoid variations 
In temperature. The third column was maintained at 50. by means of ;t jacketted cof- 
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TABLE II 

EFFECT OF TEMPERATURE VARIATION ON THE CHROXIATOGRXPHIC PROFILES 
OF RNA 

balance of different forces such as hydrogen bondin, L - -tnd Van dcr Waal’s forces. and 
vary with changes in the environment_ Thus a chrmge in pH and/or temperature gives 
rise to changes in the overall structure of the molecule_ It was therefore sugxsted by 
Peacockeh tl!at the use of acid or alkali should be avoided_ not only during the isola- 
tion of RNA but also in subsequent physico-chemical studies. Doty and Rice’ 
shoxed that a decrease in pH causes structurrti :rIterations ~1s a resuIt of cleavage of 
hydrogen bonds. Hence. in addition to the study ofthe ctlkt oftemper:~ture. the elkct 
of pH_ which affects the physical state of the molecule. was a!so studied. 

RNA is unstable under nlkaline conditions and even mild rrlkalinity is sutlicicnt 
to brins about degradation to nucleotidcs. Ho\vever_ RNA is relatively stable undtx- 
acidic conditions and. in order to study the eSect ofpH on the retention of RNA on 
Amberiits IR-120 AIj’ columns_ the adsorption studies \vere carried out at pH 4. 5 
and 6. 

Homogeneous solutions of RNA prepared in acekrte bulk (0.05,~) at dif- 
ferent pH values (,4= 5 and 6) were loaded on three Amberlite IR-120 A13’ columns, 
previousIy equilibrated with acetate buffer of pH 4_ 5 and 6. respectively. All otl?el 

Fig_ 2_ Chromarographic elution profiles of bufilo liver RNA on Amberlite IR-120 AI” columns 
at different temperatures: k---E., 4’ ; ::--_r.-, 27’; 2-z:. 50 ._ 
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factors that a-e likely to atExt the retention wcrc kept constant. The colu~nn operation 

was carried out as described earlier’. 
Table III shows the amount of RNA adsorbed at the different pH vr;lues_ Fig_ 

3 shows the percentage retention of RNA as a function of the variation in pH_ 

TABLE 111 

EFFECT OF pH VARIATION ON THE ADSORPTION OF RNA 
.~. -__ 

flIf Rcrattritttt I :‘,,,I 

4.0 100 
5.0 3 
6.0 15 

Several rq-mrts rsist regarding the role af divalcnt cations such ;IS klg’ r and 
Mn” and polytunincs such as sprrmine. spermidine and putrcscine in dcterminin~ 

the confornx~rion of RNA”‘-‘3_ In view of the multiple role of ?~l$~ in atlkting the 
structure of RNA and background information on the functioning of Ambcrlitc 1 R- 
120 Al3+ columns_ it was thought worthwhile to study the ettkct of this ion on the 

chromatogt~phic protilrs of RNA on Ambcrlite lR-120 A13+ colu~m~s_ 

EFFECT OF hl$+ IONS ON THE CHROXIATOCR_-U’HIC PROFILES OF RNA 

.E-k-rl-w Rrnwriott mtriott Projik 
cotta-:.tttrttriott ( “b ) (““I 
Ufdf~~’ i0tt.v ( M) 

0 100 100 6 fractions ( F,-Fb) 
O.WJS 100 95 6 Ii-xtions (F,-F,) 
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f3utlXo liver RNA_ isolated b_~ the method of Se\-ag (‘1 a/_‘. ~vns dissolved in 
acctatc buffer (pH 4.0, O-Wit) and equilibrated with M, &+ ions (the ctkctive concen- 
tration beins 0.005 31) for 23 h ;~t 4’. It was then chromnto~raphcd ore an Amberlitc - _ 
:R-120 Al>’ column as described earlier’. 

TtlbIe IV show the percentage of RNA adsorbed and the ;m1oLmt of 
RNA elated. Fig. 1 shays the elution protiles of RNA in the prcsenct of M_g” 

tot31 
ions. 

RESULTS ASD DISCLi‘SSI<>s 

From Tdble I and Fig. I _ it is clear that natiyc R>j\iA is complctcly rctxincd and 

clutcd quantitntivsly into six fractions (F,-I--,)_ 
Denatured RNA obtained by heating for 30 min N;IS also found to bc cmn- 

plstely retained. It could not be eluted by 0.(!3. 0.1 and 0.5 .\I ammonium acetate 
solution and could be cluted only by 1 .O Al tlmmonium xetatc solution as a single 
frxtion. The appearance of denatured RNA as a single frxtion possibly indicates 
that diKerent species of RNA after denaturation (heating l-or 30 min at 96 and sudden 
cooling_ \vith no opportunitv for ;lnnealing to occur) have lost their tine dilkrences. 
if an\;_ Denatured RNA is held more strongly and the slight dilkrences that csist 
among ditkrent RNAs in their tlliinity for P.1” at-r’ ma&cd by the owx~~helming 
contribution of the denatured structure w!lich makes the retention stronger_ resulting 
in one peak_ ii-hich is clurod only at an increased molarity of ttmmoniu~r ticetrttc_ 

Goldthwait and KerP - htudird the clkct of temperature on the chromxo- 
graphic behaviour of t RNA and rRNA usinp XII ECTEOLA-ccllulosc columr~ and 
observed that at elevtttcd temperatures tRNA is more strongly adsorbed and cm be 

cluted only by I-0 -II sodium chloride solution_ The efkct of hi$i temperature rtppcars 
i to involve the destruction of the secondary structure_ resulting in stronger adsorption_ 
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Strong retention may be due to multiple linkages. the dissoci:ltion of which requires 
;I high salt concentration. The present results on the Ambcriite Iii-120 A13’ column 
point in this direction_ Popa gl (of_‘” also found that formalde!lyde-treated rat liver 

RNA behaved differently than the untreated RNA on ;I methylated albumin on 
Celite (MAC) column. This altered behaviour was thought to be due to the chang- 
ed secondary structure. 

A partial digest of RNA \vith R Nasc sho\vcd less adsorption (Table I) aticr 
passage through an Amberlitc I R-l 20 Al3 column and could be eluted completely 
in t\vo taractions_ ;I minor and a major OIW ( Fie. I ). The decreased adsorption and ~1st’ 
of elution of the partial digest of RNA i:ldicatc that the Amberlite IR-120 Al” 
column 11m ;I lower affinity tn\vards oligonucleotidcs and no a!linity for mono- 
nucleotides (Table I_ Fig. I )_ as revealed by the non-retention of the complete digzst 
of RNA and also of an artificial misturc 01‘ ruonl~~luclcotidcs on this column. Earlier 
workers*“-I’ shov.cd that neither mononuclcotides nor amino acids are retained on 
this column. \vhile polymers have 3 higher a!linity_ 1 f molccul:lr sieving !las imy role 
in rettntion on Ambcrlitc IR-120 Al” columns. it is likely to be in the reverse order. 
IX.. it will tscludc relativcl- In\~-molecular-~~-tight material \\hile retaining high- 
mc~lccular-\~ci~llt mritcrial. 

H_vdros_vlami!?e-treated RNA shows less :!dsorption (Table I) and is clutcd in 
tva major fractions ( Fig. I ). the lac;ltion OI- :vilicll on the chroniaro~rani indicates 

that they too have little aiiinity !-or Ambcrlitc Ii<-120 APT Columbus_ This lolver af- 
tinity ma; be due to the destruction of p$midinc bases by h~drosyltm~ine. 

The heat treatment results only in ;L change in cant~~rmatic~n. unlike the action 
of RNasc, \v!iere :I partial or complete degmdatian takes place. The behaviour n!‘ 
h~dros~laminc-treated RNA ;I?; \vcll ;I?; of partial and complete digests of RNA indi- 
Cafes that a polymeric structwe is essential !-or retention on Amherlite IR-120 Al”’ 

columns. As long 3s ;t polymer maintains a spccitic tvpc ~~t~conti~rmatioii. its retention 
on the column under an identical set ofespcrimental conditions is reproducible. Once 
the requisite conformation has been modi!ied_ however. the x!sorption and cIution 
patterns clia~i~c_ and the profiles of moditicd RNA in the present \\-ark conlirmcd this 
result. Gaehler and DoiIS observed k2l-t’ dill&-ewes in the chrom:ttopr:tphic protiles 
of Bm-i//us mhtilis RNA modified by iodine oxidation and thiosulphate reduction. A 
change in the RNA prolilts on an &lAK column_ due to substitution of 5-fuorouracil 
for uracil_ \vas noted by Lo\\-ric and Bergquist”. 

It is clear from Table II and Fig. 2 that bu!lXo liver RNA is fractionated into 
six fractions (F,-F,) at 27’ and into seven fractions (F,-F,) at 4’ and 50’. Adsorption 
ofthese RNAs seems to be indspcndent oftemperz~turc. ix.. the adsorption iscompiete 
irrespective ofthe temper:iture_ As the retention proper of RNA on Amberlite IR-I20 
A13’ columns is independent of temperature, the meclxmism involved in rmntion is 
unlikcl_v to be that associated aith the classical adsorption phenomenon. which is 
influenced by temperature. 



At I _ thcrc seems to be a gradual shift in the elution protiles tokvards the left. 

indicating dissociation or partitioning of an RNA-AI-” complex, faw~ring easy 
desorption or clution from the column. Similarly. at 50 there also seems to be an 
cyuilibrium in tkvour ofeasy elution from the column_ There is not only :I shift in the 
foctttions of the fractions but also a signiticnnt change in their distribution. The ap- 

peartmcc of an additional fSrxtion in both instances seems to be reproducible. 
The present results seem to be comparrlble with those obtained by Koza2” on 

the separation ofentero\-irus RNA on calcium phosphate. where it was noted that the 
elution patterns were similar irrespective of the temperature. but there c’as a charlsc 
in the distributions in ditkrcnt fractions. Retardation of elution at higher tempera- 
turcs due to the melting of RNA on DEAE-cellulose and DEAE-Scphades \IXS ob- 
served by Bapuley L’I al_“_ This elkt did not seem to occur in the present \vork, where 
tcmpcraturc had cmly a marginal etlkct on the chromato~r~phic patterns. unlike in 
the MAC column, \vhcrc higher temperrttures fwd to be resorted to in order to obtain 
complete elution of rRN_4 from a mtm~mtllian source”-2’_ It \v:is noted that even by 
raising the tempcraturc to 90 and usin, e 1.5 31 sodium chloride solution_ not more than 
-YO”;, rlution could be achieved. Kubinski L’I a/_‘5 observed that the chromato~_r3phic 
clution profiles of RN.4 from poliovirus-infected amnion cells on ;I hl AC column 
=crc greatly influenced by temperature_ 

Variation in temperature is kno\vn to brin, L o *ibout conthrmation;il cfxingcs in 
nucleic :icidP-“_ Mayzs observed that temperature influences both dissociation :tnd 
:tsy-egxtion. _Althou~h clution at high temperature mav be more rapid than at lwver 
temprr~turcs, chromatography at a io\ver tempemture is desirable as it reduces the 
risk of clwva~e of labile bonds and cnzymic degradation_ The present results on the 
change in distribution indicate that mxgin:ll ch~gcs in conformation m:l_v be the 
reason for the type of behaviour observed. 

Tttbfe ffi shows that there is complete retention at pH 4.0 and ;I marked 

decrease in retention at pH 5.0 and 6.0. Changes in pH are known to bring ;tbout 
structural transitions in RNA”-‘-z”-2’_ The pH changes in the prcscnt \\-ark ma_v bring 
about such transitions in tf;e RNA mofecufc. resulting in decreased retention of RNA 
on the Amberlitc IR-120 A15- cofumn. 

Tl:e interaction bct\veen AP- and RNA seems to be optimal at pH Lc rutfwr 
than :rt pH 6_ Httd the retention involved the anionic species of RNA. one \\-oufd es- 
pcct a better retention at pH 6. Apparently tl. v least tlnionie and possibly the ltxtst 
charged species seem to be interacting with Al’+ ions_ 

_ From Tnblc IV. it is cfcar that butLlo liver RNA isoklted by the method 01~ 
Se~:tg CI u/_’ is completely retained on Amberlitc IR-120 Al” columns_ irrespective of 
k@- equilibration. It is also quantitt~tkef; eiuted into six fractions. There is. hwv- 
cwr_ not only a change in the elution pattern but also in the distribution after 1\1g’~ 
equilibration_ These quantitative differences in efution profiles arc possibly due to 
changed conformation because of M$+ equilibration_ Roberts er al.” found a large 
etkct on the elution protiles of RNA on ;I DEAE column due to Me” _ Tile presence 
of k!$” ions in the eluting asent in reversed-phase chromatography is known to 
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increase the tertiary structure and to facilitate easy elution J”_ Kelmers c’[ ~1.~” further 
noted that the presence of hiIg2+ ions alters the elution protiles. A large change in the 
elution pattern of RNA in the presence of Mg” ions was observed by Otaka et cd_” 
on DEAE-cellulose columns. Ctaka c’f al. ” further noted that the t\vo peaks prcscnt 
in the absence of &l,lg” ions become :I single peak after i~Ig?+ equilibration_ Ciillam 
~‘1 a/_3’ also concluded that the strength of binding of tRNAs to BD-cellulose is dc- 
pendent on the concentration of divalent cations in addition to other factors such as 

temperature and pH_ Singh and Kelle? noted that the distribution of rRNA in dif- 
ferent pe:ks on a MAC chromatog-am is dependent on thc‘Mg’+ concentration. 
They also found3 that at higher Mg” concr-ntrrltions the ZSS peak is prominent_ 

\vhilc at low ivlg” concentrations the middle peak is prominent. It was further ob- 
servcd33 that Mgz“ ions do not change the basic location of the peaks brit c11ang-r‘ the 

distribution. These workers further reported Iarge ditkrenccs in percentage recoveries 

on MAC columns in the ttbscncc and prcscncc of ~vI$~ ions. Ho\vekw-. in ths present 
invcstigtion. the percentage recovery \v:lS not 3 function of illgzT coIl~cIltI~atii~Ii. 

Tlw failure of Amtxrlite IR-120 Al”’ to retain starch and its ability to retain 
histoneJ4 and other proteins and enzymes *’ indicates that. apart from macromolecular 
structure and chain Irngtk certain functional groups such ~1s nitroger:ous bases arc 
required for retention. 

Furtha-_ the fniluw af Amberlit~ I R-l 20 A13’ to rrtain bases_ nuckasidcs and 
nucleotides. the poor aftinitx of partial dl, -wsts and hvdros?;Iami~lc-treated RNA. the 
strong retention of Ileat-den:ttllred RNA and the eiG& ofpH_ tt’n1perature and !L!gL’ 
ions 011 tlic clution prolilcs su,, twxt that the sccondarv m-ucturt’ of RNA has scmt 

intiuence on its behaviour on Amherlite 112-1~0 Al”‘; calumr;s. This behaviour is very 
similar ta that of RNA on hydrosyapatitc. meth~lated a!humin silicic acid (MA!+-)_ 
BD-cellulose and rtxvrssd-phase chr~~matogrnphic c~I~~mns’“-“‘-“~-‘~ and on moditied 
cellulose such as DEAE-~cz~ILI~~s~ and ECTEOLA-~~IILII~~~~‘-~~-“‘_ Earlier \\orkcrs”-35 
have she\\-n that the srcondary strtccturt‘s of proteins pIa>- an importal;t t-ok in 
their chr~,matoeraphic behaviour an Amherlite IR-IX .Al”’ cc~l~un~~s;. 
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