
Phytochematry. 1974. Vol. 13. pp. 723 to 727. Pergamon Press. Printed in England. 

AFFINITY CHROMATOGRAPHY OF NZCOTIANA 
TABACUM RIBONUCLEASES 

L. JERVIS* 

Rothamsted Experimental Station. Harpenden, Herts. AL5 2JQ 

(Receioed 2 August 1973. Accepted 17 October 1973) 

Key Word Index--Nicotiana tahacum; Solanaceae; tobacco; ribonuclease: affinity chromatography 

Abstract-The purification of tobacco ribonuclease by affinity chromatography is described. 5’-(4-amino- 
phenylphosphoryl)-guanosine 2’. (3’) phosphate, a ribonuclease inhibitor. has been synthesized and insolubilized 
onto agarose beads. The resulting adsorbent binds tobacco and some other plant ribonucleases strongly but 
reversibly at pH 5.4. The bound enzyme can be eluted by changing the pH or ionic strength of the eluting buffer, 
or by specific elution with substrate or inhibitor. Binding is not due to simple ion-exchange properties of the 
adsorbent. 

INTRODUCTION 

THE TECHNIQUE of affinity chromatography has been the subject of a number of recent 
reviews. I-’ The principles of the technique, and the main requirements for its use have 
been well covered in these reviews. 

Plant ribonucleases (RNases) have been classified into two main groups.4 Both groups 
have acid pH optima and hydrolyse ribonucleic acid (RNA) to the 2’,3’-cyclic ribonucleo- 
side monophosphates as the primary products. RNases from group 1 then hydrolyse the 
purine cyclic nucleotides to the 3’-monophosphates, but do not hydrolyse the pyrimidine 
cyclic nucleotides. Enzymes from group 2 hydrolyse both purine and pyrimidine cyclic nu- 
cleotides. A number of plant RNases have been shown to be subject to inhibition by the 
end products of RNA hydrolysis,‘,‘j and 2’,(3’)-guanosine monophosphate (GMP) is a par- 
ticularly potent inhibitor of Auena and tobacco RNases. 

This paper describes the synthesis of an insoluble RNase inhibitor based on GMP, and 
its use in the purification of some plant RNases. Some of the work described here has been 
reported in a preliminary communication.7 
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The inhibitor used here is similar to those used for purifying staphylococcal nuclease.’ 
and bovine pancreatic RNase A.” The amino phenyl phosphoryl spacer group was intro- 
duced into the GMP molecule to overcome the problem of steric hinderance that is frc- 
quently encountered in affinity chromatography.’ 3 Behaviour of the adsorben ts was 

examined using RNase already purified by standard techniques.” Adsorbents made by 
attaching GMP to Sepharose by the purine amine group (GMP-Sepharose) did not bind 
RNase. In contrast adsorbents prepared by attaching APP-GMP to Sepharose 
(APP-GMP-Sepharose), presumably by the phenyl amine group, did bind RNase at pH 
5.4 under conditions of low ionic strength. The bound enzyme could be eluted by raising 
the pH to 9 with Tris-HCI, but not by lowering the pH to 3 with acetic acid. Elution of 
the bound RNase could also be achieved by raising the ionic strength of the solution pas- 
sing through the column with KC1 (Fig. 1). The concentration of KC1 required to elute 
the enzyme was about 150 mM. At this concentration, the activity of the enzyme was sever- 
ely inhibited, so it seems unlikely that the enl-yme is bound to the column by non-specific 
ion exchange. This was confirmed by eluting the column with GMP solutions of different 
concentrations in 20 mM NH, acetate-KC1 pH 5.4. At concentrations as low as lo- ” M. 
GMP solutions eluted all the bound RNase from APP-GMP-Scpharose adsorbcnts (Fig. 
21). Solutions of RNA in starting buffer (2 mg RNA,‘ml) would also elute the enzyme from 
the column (Fig. 2b). In addition to elution of the bound enzyme by substrate and inhibi- 

tor, the column of APP-GMP Sepharose would bind all RNasc even in the presence of 
high concentrations (2 mgiml) of contaminating protein (Fig. 2~). All these results indicate 
that APP-GMP-Sepharosc does bind tobacco RNasc by specific affinity rather than by 
non-specific ion exchange. 
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FIc;. 1. Ef-f KT Of KC1 (‘O\CI X fXATIO1 O\ i-lit AIISOKI'~'IO\ Of KII~A(‘(‘O (RNasi:). 
A sample of purified tobacco RNnsc \%a~ applied to ~1 APP CiMP column in 20 mM NH, acetate pH 
5.4. The column was v+;ished with 20 ml of thia bulfcr and then clutcd Lvith ii Imw pradicnt 0 500 mM 

Kc’1 in Xl mM NH, acc‘tatc Kc‘1 (tot;11 \(>I. 100 ml). 

Ajfinity chronutograph~’ ~f‘~ru& lwf R.Vuse 

Crude leaf extracts would be expected to contain. in addition to contaminating proteins, 
nucleic acid breakdown products. As these inhibit RNase, competition would be expected 
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FIG. 2. SPECIFIC ELUTIONOF RNase FROMAFFINITYCOLUMNS. 

Figs 2(a) and (b). Samples of RNase were applied to APP-GMP-Sepharose columns in 20 mM NH, ace- 
tate-KC1 pH 5.4 buffer. The columns were then washed with 20 ml of the same buffer and then eluted 
with either I PM GMP or 2 mg/ml RNA in starting buffer. Fig. 2(c). A sample of RNase was mixed with 
IO ml of a solution of soya bean trypsin inhibitor (2 mg/ml) and applied to an APP-GMP-Sepharose 
column. After washing with 20 ml of starting buffer, the enzyme was eluted with 200 mM pH 9.0 Tris-HCI. 

between the soluble nucleotides and the insolubilized GMP, for the RNase. The effective- 
ness of lop6 M GMP in eluting RNase from APP-GMP-Sepharose indicates this. When 
crude leaf preparations were applied to affinity columns (Fig. 3), competition was in fact 
observed. Only a fraction of the total RNase was bound by the column, the rest of the 
enzyme passed through unretarded. 

Elution volume. mL n 

FIG. 3. CHROMAT~GRAPNY OF CRUDE TOBACCO LEAF 

RNase ON AFFINITYCOLUMNS. 

A sample of crude tobacco leaf extract (20 ml) was 
applied to a column of APP-GMP-Sepharose in 20 
mM acetateeKC1 buffer pH 5.4. The column was 
then washed with 20 ml of the same buffer followed 
by 20 ml pH 3 acetic acid and 20 ml 200 mM Tris- 

HCI pH 9.0. 

Elution volume. mL 

FIG. 4. SPECIFIC ELUTION OF PHOSPHOMONOESTERAS~ 

FROMAFFINITYCOLUMNS. 

A sample of partially purified RNase was applied to 
an APP-GMP-Sepharose column. The column was 
washed with starting buffer and then eluted with 100 
ml of 4-nitrophenylphosphate (1 mg/ml) in starting 
buffer, followed by 100 ml 1 PM GMP in starting 

buffer. 

Another problem was encountered when crude leaf preparations were applied to affinity 
columns. It was found that, after a crude leaf extract had been purified on an affinity 
column, the column lost most of its ability to bind purified RNase. This was shown to 
be due to the presence, in crude leaf extracts, of an enzyme that could hydrolyse the insolu- 
bilized inhibitor. This enzyme was a phosphodiesterase with a MW of about .55000.‘” It 
could be removed from RNase preparations by gel filtration, hence partial purification of 
all leaf extracts by ammonium sulphate precipitation and gel filtration was adopted as a 
necessary preliminary to affinity chromatography on the adsorbent described here. 

” JERVIS. L., unpublished results. 



When samplks of partially purified RNase were subjected to affinity chromatography 
on APP-GMP-Sepharose, excellent purification was achieved with KC1 elution or GMP 
elution. Elution with pH 9 Tris-HCI was less satisfactory because this buffer also eluted 
a considerable amount of polyphenolic material bound to the adsorbent by non-specific 
ion exchange. All methods of clution gave RNase that was contaminated with phospho- 
monocsterase activity. This activity was best removed from affinity columns before elution 

of the RNase and washing the column with a solution of 4-nitrophenyl phosphate in star- 
ting buffer (1 mg/ml) was effective in doing this (Fig. 4). The nitrophenyl phosphate did 
not elute RNase and this could be rclcased later as desired. 

Excellent purification of tobacco RNase was achieved by afinity chromatography 011 

APP-GMP-Sepharose adsorbents. The specific activity of the purified enlyme varied with 
the method of elution used (Table I). The elution procedure adopted was chosen with 

regard to the future use of the enzyme. Elution with either a KC1 gradient or with IO ” 
M GMP gives the enzyme in a relatively large volume (ca 40 50 ml) whereas elution with 
pH 9 Tris-HCl releases all the enzyme in less than 5 ml. Because Tris-HCI clution gives 
a preparation contaminated with polyphenols. if enzyme is required in a small volume it 
is usually convenient to elutc the cnrymes with KCI. dialyse away’ the KC‘I. reappI! the 

enzyme to another afinity column and clute with Tris-HCI. 

Purification 
stage 

$3. act. Fold 
(RNase unitqmg protein) purification 

Crude leaf extract 
Partially purilied RNase 
Tris-eluted RNasc 
KU-eluted RNase 
GMP-cluted RNase 

The capacity of adsorbents varies with the preparation but usuall> a 0.8 x 10 cm 
column would purify all the RNase extracted from 1 kg of tobacco lcaves. 

Many plants appear to contain RNases that are relatively purine specific and the adsor- 
bent described here may prove generally useful for the purification of this type of RNase. 
It has been successfully used to purify RNase from pea leaf extracts and to remove RNase 
contamination from commercial preparations of soya bean trypsin inhibitor. 

EXPERIMENTAL 

Mufrrids. Guanosinc 2’,(3’)_monophosphoric acid was from Sigma Chemicals Ltd.. London. Highly poljmcr- 
ized yeast RNA, sodium 4-nitrophenyl phosphate and dlc~clohcx~lcarbodi-iltii~ic were f-om H.D.1-I. Ltd. 
Cyanogen bromide was from Koch-Light Ltd. 

Sqrlthesis qf‘5’(4-f~itljllop/trr7~lphospho,)~ltyuii~lo.sin~~ ?‘.(3’)-phosphllr~, (APP-GMP). Guanosinc 2’,(3’)-monophos- 
phoric acid (I mmol) was converted to the 2’,3’-cyclic phosphate. tributylamine salt. usin g dicycloheuylcarbodi- 
imide (DCC) as the dehydrating agent. ” The nucleotidc was dried areotropically from anhcd. dimcth>lforma- 
mide-pyridine (3:2). The dry nucleotide was then dissolved in 10 ml of the solvent m-~ture. The Na salt of 3. 
nitrophenql phosphoric acid (NPP) (2 mmol) ~3s converted to the p>r-idine salt \\ith Yco-Kal-h ‘25 (pyitlinc 



Affinity chromatography of Nicoti~tnu rc&~c~oa RNases 127 

form). The salt was dried as described above and dissolved in the nucleotide soln. DCC (10 mmol) was added 
and the mixture was warmed until homogeneous. The mixture was then incubated in the dark at room temp. 
for 5 days with exclusion of H,O. After incubation, I ml H,O was added and after 24 hr a further 50 ml Hz0 
was added. The mixture was shaken vigorously and filtered to remove insoluble dicyclohexylurea. The insoluble 
residue was extracted another 3 x with 20 ml portions of H,O. The aq. extracts were combined and washed 
3 x with Et,O. The aq. soln was passed through a Zeo-Karb 225 (H+) column and then adjusted to pH 6.3 
with NH,HCO, and applied to a 4 x 20 cm column of DEAE-cellulose (HCOZ-), (Whatman DE 32).equili- 
brated with IO mM NH,HCO, The column was then develoned with a linear gradient 10-400 mM NH,HCO- 
(4 1.). The effluent was monitored at 254 nm. and the absorpiion spectrum from 220 to 350 nm of each peak 
was examined. 5’(4-Nitrophenyl phosphoryl)-guanosine 2’,(3’)-phosphate was detected in the fraction eluted 
between 2450 and 3 150 ml. This fraction was collected and concentrated to dryness. The dry product was kept 
under vacuum for 24 hr to ensure complete volatilization of NH,HCO,, Incubation of the product with snake 
venom phosphodiesterase released I mol of 4-nitrophenol per mol of purified product, indicating that the 4-nitro- 
phenol group was attached to the 5’ position of the GMP molecule. The product was converted to the amino 
derivative by hydrogenation over 10 “:, Pal/C. The hydrogenation was carried out in water for 24 hr” and was 
quantitative. The catalyst was removed by filtration through celite and the filtrate was collected and lyophilized. 

Prrpuruth of’adsorhent.s. Both APP-GMP and 2’,(3’)-GMP were covalently attached to Sepharose 2B by the 
cyanogen bromide procedure.r3 Coupling was carried out in 100 mM pH 9.5 NaHCO? buffer for 24 hr at 4 
After coupling, ads&bents were packed &to small columns and washed with I I. of each of the following: 200 
mM HOACcontaininn 500 mM KCI; 200 mM Tris-HCI nH 9.0 containing 500 mM KCI; 50 mM NH, acetate pH 
54 containing 500 mM KCI; 20 mM NH, acetate containing 20 mM KCI. Adsorbents usually contained 2-3 
pmol of APP-GMP or 0.5-1.0 pmol 2’.(3’)-GMP per ml of gel. 

Enzyrrte prepurations. Purified tobacco RNase I was prepared as described elsewhere.h Crude tobacco leaf 
RNase was prepared by macerating fresh or frozen tobacco leaves in 50 mM pH 5.4 NH, acetate buffer. The 
resulting pulp was filtered through muslin and the filtrate was centrifuged for 30 min at 5000 9 to remove insolu- 
ble material. The extract was diluted to 20 mM NH, acetate and readjusted to pH 5.4 if necessary. Partially 
purified tobacco leaf RNase was prepared by extracting leaves as above and precipitating RNase at pH 5.5 by 
making the extract 90% saturated with respect to (NH&Sob. The precipitated material was dissolved in 20 mM 
pH 5.4 Na acetate buffer containing 20 mM KC1 and the soluble material was applied to a 4 x 90 cm column 
of Sephadex Cl00 equilibrated and eluted with the same buffer. Fractions containing RNase were combined and 
used as partly purified RNase. 

Enzyme clssaq’. Ribonuclease was assayed at pH 5.4 using highly polymerized yeast RNA as substrate,14 by 
measuring the increase in acid-soluble hydrolysis products. One unit of activity was defined as the amount of 
enzyme causing an increase of 01 absorbance units at 260 nm in I hr. Phosphomonoesterase was assayed at 
pH 5.4 using 4-nitrophenyl phosphate as substrate. ” Phosphodiesterases were assayed at pH 5.4 and at 8.9 using . 
bis-p-nitrophenylphosphate as substrate.‘” In addition. enzyme preparations were assayed for their ability to hyd- 
rolyse 5’-(4 nitrophenylphosphenyltguanosine 2’(3’)-phosphate. 

Protein rstinlation. Protein was estimated by the Lowry method,” using bovine serum albumin as the stan- 
dard protein. 

Colunzn oprration. Adsorbents were packed into small columns (0.8 x 10 cm) and washed with 20 mM ace- 
tate-KC1 pH 5.4. Enzyme preparations were applied to columns of the same buffer. After application of the 
enzyme, columns were washed with starting buffer until the UV absorption at 254 nm fell to its original value. 
Columns were eluted as described in the text. 
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