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Purification of ribonuclease T, has been achieved using a porous glass-2’,(3’)- 

GMP affinity adsorbent. This adsorbent cshibits specific affinity for ribonuclease T, 
and is almost devoid of non-specific ion-eschange properties. 

_.~._.. ._.-. _ _. _. 

lSTRODUCTION 

Ribonuclrase (RNase) A’ and tobacco RNrtse’-3 have been puritied on Se- 
pharosr-based affinityrtdsorbents. The tendency ofsgarosegel beads to distort limits the 
use of agarose-based adsorbrnts for laqe-scale \vork_ In addition, agarose is suscep- 
tible to microbial attack :ind cannot be regenerated from adsorbents for re-use. Porous 
glass beads have been used as an alternative insoluble matris for affinity chromatogra- 
phy adsorbents J-s Thev are resistant to distortion and microbial attack and can easily _ 
be regenerated for re-hse by treating adsorbents \vith boiling nitric acid. 

This paper reports the preparation of several porous glass derivatives and 
describes their use in the purikation of RNnse T,. 

MATERIALS AND METHODS 

Sources of materials were as follows: Taka diastase (Parke & Davis.. London, 
Great Britain); highly polymerized yeast RNA, calf thymus DNA, Corning CPG 10 

(2000 A pore diameter) 200-mesh glass beads (BDH, Poole, Great Britain); 3-amino- 
propyltriethosysilane (Ralph Emanuel_ Wembley, Great Britain); guanosine 2’,(3’)- 
monophosphoric acid (2’,(3’)-GMP) (Sigma, St. Louis, MO., U.S.A_). 

_ To Lvhorn correspondencr should be nddressrd. Present addrrlisr Biology Department, Paisley 
College of Technology, High Strcsr. Paisley, Rmfrcwshire, Great Britain. 

-- Present address: BioIogical Laboratov. the University. Canterbury. Kent CT? 7NJ. Great 
Britain_ 
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Preparaiion of- 5’-(I-mr~bropli~~t~~-f~i~o_~~~J:ot~~l)-~t~~~ttosittc~ 2’,(3’)-tttoftopltosphate (A PP- 
2’_(3*)-GNP) 

APP-2’,(3’)-GMP was synthesized from guanosine 2’,3’-cyclic monophosphate 
and +nitrophenylphosphate as described elscwhere3_ 

Porous glass beads were cleaned and reacted \\-ith 3-aminopropyltriethoxy- 
silane in dry acetone*_ The resulting aminoalkyl glass beads \vere converted fo amino- 
x-1 glass7 diazotized6, and added to a solution of 1.5dihydrosynaphthalene (5 m~/ml) 
in ice-cold ethanolic sodiuni acet;Lte (I g glass per 20 ml). The misture XVT\S stirred 

gently for I h at 3” after which the DHN-glass (Fi,. 0 1) ~1s coltected by filtration- 
Unrexted dih~dros~naphthalene \US removed by washin g the product Lvith ethanol_ 
Finally the DHN-glsss \vas \vttshed with ether and air dried. Preparations wxe found 
to contain 90 to 1 lO.wnoles dihydrosyn~~phtl~t~lenc per gram of glass. 

OSN-GLASS drr 

APP-I’,(3’)-GMP (200,rcmoles) was dissolved in 5 ml of ice-cold 200 roll 
hydrochloric acid and diazotized by addition of50 mg ofsodiurii nitrite. After 10 min 
the solution was poured into a stirred suspension of DHN-glass (1 2) in 20 nlI of 
ice-coId 500 mdl pH 9.0 bicarbonate bulTer. The reaction misrure was stirred for 1 11 
ttt q3, ttfrer which the product was collected by filtration- The product was exhaustively 

washed, first with 200 mdl ammonium acetate buffer pH 5-4 containing 500 nlJl 
KCI, and then with 200 mdf Tris-HC1 bulk pH 9.5 containing 500 mdl KCI. This 
washing procedure was found to remove ionically bound material from the porous 
glass. Finally, the APP-2’,(3’)-CMP-glass (Fig. 1) \vas washed \vith distilled water 
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and stored at 4”. Preparations were found to contain 3-S,rcmoles 2’,(3’)-GIMP per 
gram of $ass_ 

Preparation of RNA-giass and DNA-glass 

Highly polymerized yeast RNA and heat-denatured calf thymus DNA were 
attached to aminoalkyl glass usin g glutaraldelwde as the coupling reagenta_ Amino- 
alkyl Slass was treated with 1% (v/v) - ice-cold glutaraldehyde at 4” for 30 min_ The 
treated glass was washed with cold distilled water and then packed into a small column 
(5 x O-7 cm). Solutions of nucleic acid in 50 mM phosphate buffer pH 7.5 (1 mg/ml) 
were pumped over the treated glass for 24 h, at 4’ using a peristaltic pump. The pump- 
ing ensures complete access of the nucleic acids to all surfaces of the porous beads 

during the coupling reaction_ After coupliq, derivatives were washed as described 
above to remove ionically bound material. 

Preparations of RNA-glass contained 7.5 to S-5 mg of RNA per gram of glass. 
DNA-glass preparations contained 10 to 12 mg of heat-denatured DNA per gram of 

-_ ~~lass_ Control preparations made by omittin, c the glutaraldel~ydc treatment contained 
less than O-5 mg of nucleic acid per sram of $ISS. 

Dc,tc,r-~lrirrcrticlr, of Ii+mtf content qfm ch-iwtiws 
Derivatives wet-c \\-tlshcd with ethanol and ether and air dried. Weighed samples 

of the dried derivatives \vere used to determine ligand content_ Equal \\eights of 
aminoarvl glass \vcrc used as controls. Samples of derivatives were treated with 
orcinol-krric chloride reagent’ to determine GMP or RNA content. or with diphenyl- 
amine reagents to determine DNA content. 

The dil~ydros~napl~thalene content of DHN-glass \vas determined by treating 
a \\-cighed sample of the derivative with a solution of sodium dithionitc. Tlic 
dithionite reduces the azo linkage binding the DHN to the glass and releases the 
DHN. \vhich can tllcn be measured spectroplwtometrically. 

Prqwt-tttiott 01’ Rh’use T 1 

RNasc T, was partially puritied from Tuka diastasc by extracting 2 s of the 
latter with 20 ml of 50 mJ2 ammonium acetate butl‘cr pH 5.4 containing 50 m,\/ 
KC1 (acetate-KC1 bulkr). Es&acts \vere clarified by centrifugation and applied to a 
5 :-: 100 cm column of Sephdes G-100, equilibrated and eluted with acetate-KC1 
buliix. Separation of RNasc T, activity from RNasc T2 activity was achic\-cd in this 
way_ Fractions containin, c’ RNase T, activity were collected and used for atfinity 
chromato_rrtlph_vii~it~~~r~Ipliy without further treatment. 

RNaseT, activity was assayed’ using highly polymcrizcd yeast RXAas substrate. 

Col~rnii~ operutioil 

Columns were made from s~nall (0.7 cm I.D.) tilter tubes co&lining sintcred 
glass discs. These \vere packed to a height of 5 cm with &ss derivatives suspended 
in acetate-KC1 bulk. Solutions \vere pumped through the columns at a flow-rate of 
30 ml/h usin_r a peristaltic pump. Column etfuents \vere monitored at 254 IIIII usins 
an LKB Uvicord. Fractions were collected on an LKB Mini-rat fraction collector_ 

Elution of columns was carried out using the procedures described elsewhere 
for Sepharose-APP-1’,(3’)-GMP derivative?_ 
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A PP-1’,(3’)-GilI P-glass 

RNase T, was completely adsorbed onto columns of APP-2’,(3’)-GMP-glass 
beads from solutions of Sephadex G-IOO-purified material_ The contaminating pro- 
teins in the Sephades preparations \vere not adsorbed by theglassderivativeand passed 
through columns unretarded (Fig_ 2). Elution of the bound RNase could be achieved 

either by changing the pH of the elution buffer (Fig_ >a), or by specific elution with 
substrate (Fig. 2b), or inhibitor (Fi,. _ a 3~). Elution of the bound RNase could not be 
achieved with an ionic strength gradient from 50 m:lZ KC1 up to 1 ill KCP. 

Fig. 1_ Chromatography of Sephades Ci-lOO-puritied RNase T, on APP-“,(j’)-GMP-glass. 50 ml of 
Sephadex eflluent were applied to a 5-cm column of adsorbent and eluted as shown. (a) RNase wifs 
eluted by raising the pH of the eluting buffer to 9-O_ (b) RNase was eluted by washing the column 
with a solution of RNA in 50 mdl acetate-KC1 buffer- (c) RNase was eluted by washing the column 
with 1O-6 k2 2’,(3’)-GMP in 50 m&Z acetate-KC1 buffer. 
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Of the elution systems used, IO- ’ 51 2’,(3’)-GMP was the most satist-actory as 
this did not elute any of the non-specifically bound proteins_ 

DHN-glass, RNA-glass ad DNA-glass 
RNase T, was not adsorbed onto DHN-glass from Sephadex G-lOO-purified 

material. This result confirms that the APP-2’,(3’)-GMP-glass derivative functions as 
a specific aflinity adsorbent for RNase T,, rather than as a simple ion eschanger. 

Neither RNA-glass nor DNA-glass bound RNase Tl_ DNA-Sepharose has 

been used as an affinity adsorbent for E. coli RNase’O and heat-denatured DNA does 
inhibit RNase T1ll_ Evidently, the affinity of RNase T, for single stranded DNA is 
not suficient to allow the latter to be used for affinity chromatography. 

Ptttfficatiott of RN~sc T, Ott A PP-2’, (3’)sGd fP-~l~tss 
Purilicztion of RNase T, on APP-2’,(3’)-GMP-glass beads yielded a product 

that appeared homogeneous on polyacrylamide discgel electrophoresis*z-*_ The porous 
glass based adsorbent appeared :o be at least as efi‘ective as similar Sepharosc-based 
adsorbents. It also has the advantage that column tlo\\--rate remained constant, even 

after prolonged USC. The &iss derivative was very stable under conditions used for 

RNaseT, purilication. Ho\\ever, verysli+t lossofligand occurs at high pH, a problem 
also exountered 11 ith Sepharose-based adsorbents”. 

The porous glass adsorbents described here \\ere primarily developed to aid the 
isolation of RNases from larse volumes of\\aste liquor produced during plant protein 
manufacture’4. In these liquors, RNase is present, and acti\-e, after most other pro- 

teins have bcerl precipitated by heat treatment. Ho\\ever, the large volumes involved 
make isolation of the RNase by most conventional techniques ivery difEcult_ In 

preliminary esperiments, columns of APP-Z’_(3’)-GMP-glass \\ere successfully used 
to remove the RNase from several litres of \vaste liquor_ Under the conditions em- 

ployed in these experiments, Sepharose-based adsorbents quickly lost their ftow 
properties. Porous glass adsorbents do seem to have significant advantages over 
Sepharose derivatives for large-scale \vork_ APP-2’,(3’)-GMP-glass adsorbents have 
been used continuously under non-alkaline conditions for several months without 

detectable loss of RNase T, binding capacity. Such adsorbents have been stored dry 
for up to t\vo years and then successfull_v used for RNase T, puriiication. 
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_ Polyacr~lamide disc gel electrophoresis WIS performed on a two-layer system”. The buffer 
system used was 0.1 AI Tris-0.001M EDTA-0.015 dl boric acid. pH S-9. After elrctrophorcsis. 
protein bands were visualized by staining \vith Coomassir brilliant blw+_ 
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