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S U M M A R Y  

Several enzvmat ical lv  active water-insoluble rib(muelease "1" 1 (ril)()nucle~/te 
guaninenueleot ide-2 ' - t ransferase (eyclizing), E(7 2.7.7.2{~) derivatives w e r e  prepared. 
One of these, Sepharose T1, which was prepared by chemicall\ '  eout)ling ribonuch'ase 
"1" 1 to .qepharose, was further characterized. Tile enzyme derivat ive was stable arid 
had nn deter-table residual soluble enzymat ic  activity.  Substrate  st)e('ifi('it 3 {}1 the 
enzvme derivat ive remained unaltered.  Kinetic values were similar t(, the free, native 
C I I Z V I l l e .  

1NII({)I}I'CTIt}N 

l'2nzvmes and s()me biologically active proteins can be inlm{,bilized t,} insoluble 
polymers while re taining their activities ~-6. Such immobilized enzymes offer se\'cr:tl 
advantages.  Such enzyme deriwttives can be packed into a column and used as an 
enzyme "reactor". The enzyme and substrate  can be separated readily at the termi 
nat ion of the reaction. Furthermore,  in most cases, such enzvIne derivatives are 
stable and can 1)e used cont inuously  for fairly hmg periods of time. 

In the present work, the chemical coupling of ribonuclease T 1 (ribonucleat{' 
guanine  nueleotide-2'- transferase (cyclizing), Ice 2.7.7.2() ) to vari()us polymers is 
exph}ited. Tllere are several methods for l inking proteins t~ different p{,lymers. M~st 
{}t them involve the preparat ion of act ivated intern)ediates, such as diaz{,tized ~mfin{) 
t)enz\l derivatives of cellulose 7 and CM-cellulose azitle s. l{ecently, ('yan{~gen Ilali<h's 
have been used to prepare a reactive polysaccharide intermediate  whi('h ('an c~}uple 
with 1)n}tein in aqueous medium '{}.1°. This method of act ivat ion and e{ml)ling seems 
gentle and has been used for the t)reparati{m of several t)rote()lvti{" t 'nzvmc (leri- 
vatives2,a, ~ ~. 

The aim of tile [)resent work was to prepare water-insoluble derivatives ~)t 
ril}{muclease I'~ that  would retain its nat ive enzvmati{' act ivi ty s() that  they mi<ht 
be at)lflie(l to the s tructure studies of ribonucleic acids. 
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Materials 
Ribonuclease T, was purchased flom Calbiochem, Los Angeles, (ialiforni,. 

p-Aminobenzyl cellulose (Bio-Rad, o.13 mequiv/g) was obtained frown1 Bi()-I{~t,:l 
Laboratories, Richmond, Calif. The Sephadex G-2oo and Sepharose 2B were pro- 
chased from Pharmacia Fine Chemicals, Inc. Dinucleoside monophosphates and 
Escherich.ia coli tRNA were obtained from Mann Research Lab., and General Bio- 
chemicals respectively. 

Preparation of cyclic phosphate 
Guanosine 2',3'-cyclic phosphate was prepared by the reaction of guanosine 

2'(3')-phosphate with I-cyclohexyl-3-(2-morpholinyl-(4)-ethyl)-carbodiimide metho- 
p-toluenesulphonate. The final product was purified by paper chromatography in 
isopropanol-conc, ammonia water (7: 1:2, by vol,). 

Preparation of ribonuc/ease ~'1 derivative coupled to p-aminobenzyl cellulose (PA B-]'l) 
Ribonuclease T 1 was linked to diazotized p-aminobenzyl cellulose according 

to a modified process of KURIYAMA AND EGAM112. The aminobenzyl cellulose was 
diazotized in the cold by reacting with NaNO 2. The product was washed with cold 
sodium acetate-urea (5% each) followed by cold distilled water. The diazotized 
cellulose (Io mg) was added to a phosphate solution (I ml, 0.05 M, pH 8.0) containing 
ribonuclease T~ (I mg). The coupling reaction was allowed to proceed at 4 '~ for 24 h, 
followed by heating at 37 ~ for I h to remove unreacted diazotized groups. The 
product was packed into a small glass column and washed with cold distilled water 
(IOO ml), NaHCO 3 solution (o.I M, IOO ml), HC1 (IO 3 M, IOO ml) and NaC1 solution 
(0.5 M, IOO ml). 

Preparation of ribonuclease 1" 1 derivative coupled to Sephadex (Sephadex-T,) 
Ribonuclease T1 was coupled to Sephadex G-200 by the method of AxtN et alY 

in the preparation of Sephadex-chymotrypsin derivative. Sephadex G-200 (200 rag) 
was activated by the t reatment  with cyanogen bromide as described. The product 
was then stirred gently in a sodium bicarbonate solution (o.I M, 5 ml) containing 
ribonuclease T 1 (4oo0 units). The coupling reaction was allowed to proceed for 48 h 
at 4 °. The product was then packed in a small glass column and washed with cold 
distilled water (Ioo ml), NaHCO a solution (o.I M, IOO ml), HC1 (IO -a M, IOO ml) and 
NaC1 solution (0. 5 M, lOO ml). 

Preparation of ribonuclease T 1 derivative coupled to Sepharose (Sepharose-T1) 
This enzyme derivative was prepared by the coupling of ribonuclease T 1 with 

Sepharose 2B according to a modified procedure of PORATH 1°. Sepharose 2B (200 mg 
wet wt. in 5 nil) pre-washed with cold distilled water, was treated with cyanogen 
bromide (25 mg/ml, 2 ml) for 6 rain while the pH of the reaction mixture was main- 
tained at I I  with the addition of NaOH (2 M). The product was immediately trans- 
ferred to a glass filter and washed with cold distilled water (20 ml) and NaHCO a 
solution (o.I M, 20 ml). The activated polymer was suspended in NaHCO3 solution 
(o.I M, 2 ml). Ribonuclease T, (Io ooo units) was added. The coupling reaction was 
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a l lowed t(~ t in*teed at  4 ° for 2o h wi th  gen t le  s t i r r ing.  The  reac t ion  pr(~<hlct w:is 

packed  int(~ a smal l  co lumn  and  washed .  

Assay of cnz\'mc aclivily 
(A) The  e n z y m e  a c t i v i t y  of  r ibonuc lease  T~ and  its d e r i v a t i v e s  was d e t e r m i n c d  

bv measuring the absorl3anee at 2()o mix of the acid-solut)le products of RN . \  s imi l ;n  
to t he  p rocedure  of  ( ;CHII )E  AND E(IAM1 u~. The  uni t  ,it- ellZV1]le a c t i v i t y  in (lelincd :t> 

fldh)ws: till increase o1 o.I  A2a 0 ,nl+ un i t  in 15 rain is o.I un i t  . f  elIZVlllC c/ctix ' i t t"L 

(1:~) The  e n z y m e  a c t i v i t y  using guanos ine  2 ' , f - c y c l i c  ph~st)hate  as subs t r a t c  

was d e t e r m i n e d  by  the  p r o d u c t i o n  of  guanos ine  ln, moph~st f l ia te  which \v:/s s e p a r : m ' d  

f rom the substrate by paper c l i romci tography in the  is(q)ropanol c(mc. iit/l l l>>l/ia 
water  s<)lvei/t svstc, m described above. ] 'he ultr:/violet-c/l)s<n-l)iia~4 st)~t was cut i>tlt, 
e lu t ed  aI/d q u a n t i t a t e d  s p e c t r o p h o t o m e t r i e a l l y .  

t'ai~cr clcctropDorc,~is of di~utclcosidc JuolmpDospDatcs aild lhcir degradation prodzrds 
Xuc leo t i d e  ma te r i a l s  were  ana lyzed  on washed  \ V h a t m a n  3MM pape r  in am-  

m o n i m n  fo rma te  (o.0 5 M, p H  3.o) at  4 ° VJcm fl~r 2 h. The i r  ident i t ies  were  d e t e r m i n e d  

by spec t ra l  ana lys is  and  e lec t rophore t i , :  mobi l i t i e s  as c o m p a r e d  wi th  s t a n d a r d  

( ' ( ) 1 / / t ) O u l i d s .  

RES1;I:FS AND I)ISCU.%SION 

The  e n z y m a t i c  a c t i v i t y  per  un i t  we igh t  of  the  solid suppo r t  of  thc  va r ious  

e n z y m a t i c  d e r i v a t i v e s  are  shown in Tab l e  I. R ibonuc l ea se  "F 1 b o u n d  t~ S e p h a d e x  

and  Sepha rose  showed  cons ide rab le  a c t i v i t y  t o w a r d  F.. cell r ibosomal  R N A .  All 

s u b s e q u e n t  s tudies  were  done  wi th  Sephar(~se : [ l .  T h e  poss ib i l i ty  t h a t  this  cnzxmi l t i c  

"I'.\I~IA~ 1 

E N Z V M A T I C  A L ' I ' I V I T Y  O1; T I I E  V A R I O U S  I ,~NZVM.\~[ I (  ' I )F ]RIVA' I ' IV[~S  

Tim \alucs g i \ c n  arc calculated on the basis ¢)1" an increase in :d)sorl)tiou at 2(~o m/I of the ncid 
soluble products of hi~4h molecular wciqht U. co/i ril)osomal l ( N \  per In~ (\vet \\t.) <d" tlw >~>li(I 
supp¢>rtin~ mntcrial. 

l'[ll :VH?~ dvr[Fali i 'v  ]{t tcyHlal/c 
(it[ii,/[), 
(,iziL~/,~z,) 

1 ><X I~,-'i1 o.ooI 

Scl)hadcx-TL o.o5 
~ c p h a r o s c J ] "  I () .o(~ 

a c t i v i t y  m i g h t  be due  to res idua l  soluble  e n z y m a t i c  a c t i v i t y  was e l i m i n a t e d  as shmvn 
below. F u r t h e r  i ncuba t i on  of  r i bosomal  R N A  af te r  rem~)val of  the  ellZ\ll/t ,  de r iv : / t i vc  

showed  no d e t e c t a b l e  increase  in acid  soluble  ma te r i a l .  Moreover ,  t he  s e d i m e n t a t i o n  
profile of  r i bosomal  R N A  in sucrose  d e n s i t y  g r a d i e n t  was not  a l t e red  up~m fu r the r  

im'ubat i<m of the  R N A  sample  a f te r  t he  e n z y m e  d e r i v a t i v e  was r enmvvd .  
Fia. I shows the  s e d i m e n t a t i o n  profi le of F.. col~ r R N A  af te r  (ti~esti~m witl l  

Sepha rose  "I" 1. The  profi le of  the  s t a r t i ng  ma te r i a l  is also sh~>wn. Af te r  ~l short  per iod  

l¢i:~chz.z, lTi,@hvs, Acta. 235 (l~Ttl t35 -ttl 
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Fig. I. Sedimentat ion  profile of  E. coli r R N A  in sucrose gradient.  Samples  of  o.i  ml were layered 
over 5 2o% sucrose gradients  (4 ml) and centrifuged at  25 o o o r e v . / m i n  in a SW 5o. 1 rotor  
(Spinco) for 16 h a t  25 °. Samples  were then  ana lyzed  wi th  the  use of  a Gilford spec trophotometer  
equipped wi th  a flow cell. 

Fig. 2. E n z y m a t i c  ac t iv i ty  as a f lmct ion  of pH.  Assays  as described in the  text  were used in 
buffer adjusted to the  appropriate  pH.  O - - O ,  nat ive  en zy me;  I - - I ,  Sepharose-Tp 

of digestion (I min), the higher molecular weight species of  rRNA appears to be 
preferentially degraded into smaller molecular weight RNA molecules. With a 
somewhat longer period of digestion (IO min), both species of  rRNA seem to be 
degraded to yield smaller RNA products. 

Tile enzymatic activity as a function of pH of ribonuclease T1, the tree enzyme, 
and the coupled enzyme, Sepharose-T 1 using E. coli ribosomal RNA as substrate are 
shown in Fig. 2. Tile activity of  the enzyme derivative is similar to that of ribonuclease 
T 1 in the pH range investigated. However, the optimal pH of Sepharose-T 1 is slightly 
shifted from pH 7-5 for ribonuclease T 1 to pH 7.7. This slight change in pH optimum 
seems to indicate little interaction between the enzyme and the solid support. 

In order to exanfine the substrate specificity of the enzyme derivative as 
compared to that of  the native enzyme, model compounds, GpA, ApA, CpA and UpA 
were incubated with the enzyme derivative. At the end of 2 h at 37 °, the nucleotide 

TAB1.E  II 

S U B S T R A T E  S P E C I F I C I T Y  O F  , ~ E P H A R O S t , ;  - T  t 

S~bstrate (A~6 o m~ un i t s )  Producls  (A26 o m~ units) 

GpA (2.o) ( ;pA 
{;p 
A 

ApA (2.o) ApA 
CpA (2.0) CpA 
I ;pA (2.o) UpA 

(<o.o2)  
(0.8) 
( i . ] )  

(~.8) 
( L 9 )  
( [ .8)  

Bioch im.  B i o p h y s .  ~4cta, 235 (1971) 435-441 
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I"it4 3. b ]nzvnu t t i c  a c t i x ' i t v  o f  Scpharosc  "l'~ on \~ t r ious sul)stl-atc's. . \ ssa \s  \vt,rc ca r r i ed  o l l t  il/ 
duplicatus ;111(1 \\ t'l'O its desc r ibed  in the  t c x t .  t ' ; t tbstratc t/b;t'(l: t t ,  ~t l ; l l / ( is i l / ( '  2',,~' c \ c l i c  l l l ( ) I l l l -  
p h o s p h a t e ;  • I I ,  li. ( . i i  t l £ N , \ :  . r R N . \ .  

products  were aualx'zed using paper  e lectrophorcsis  with s tandards .  ()nlv GpA xva~ 
comple te ly  degraded  into its components ,  Gp and A (T;tble II). Result~ with uat ixu 
1"~ with these subs t ra tes  are similar.  Al though ono cannot  use these da t a  tn de tc rmim'  
the re la t ive  ra te  of hx'drolv,~es of the subs t ra te  by th0 nat ive  and der iva t ized  c nz \mc ,  
i t  is c'l('ar tha t  the substrate speci f ic i ty . f  the der ivat ized <tl]Z\'i//t' rcilmil)e(1 thu scmlu 
as t h e l n a t i x ,  c ~'llZVlllC, 

T h e  resu l ts  in  F ig.  3 show the  e n z v n m t i c  a c t i v i t \ "  ~d" Sepha ros0 -T  1 us ing  d i f f e ren t  
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Fi~. 4. l . i n u w c a x c r  B u r k  p lo t s ,  l : n z v I n a l i c  a c t i v i t y  of  free nnd  c o u p l e d  e n z y m e s  wcrc  d c t c r m i m ' , l  
as  d u s c r i h c d  in t h e  t e x t  a t  v a r i o u s  s u b s t r a t c  c o n c e n t r a t i o n s . . ~ u b s t r a t c  c o n c e n t r a t i o n s ,  s, a rc  ux 
pr( ' ssed as . q z a a . ~ . m f i t s i m l  for g u a n o s i n c  e', 3" cyc l ic  p h o s p h a t e s  a n d  m g / m l  for t l { N . \ .  I (cac t i (m 
vch)c i tv ,  i,, is cxpr( . sscd  as  -4,.,a2 nwt u n i t s  g u a n o s i n e  3"-ph()sphatc  produce(1 per  Io rain nn(I 
-]2~ut m/~ I ln i t s  pe r  Io ra in  for t h e  r e s p e c t i v e  r e a c t i o n  COllditions. • - - I ,  r ibonuch,as~ "1~; ~ -O, 
Sul)haros( .  T~. (.\) ( ; u a n o s i n e  ; ' , 3 ' - c y c l i c  p h o s p h a t e .  (P,) l'.'. col/ t R N : \ .  

I¢iocD~n¢. l¢m/)Dvs..,1c/a, 2~5 (tc~71'~ t35 t t  I 
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sul)strates.  ( ;uanosine  2'. 3' cyclic t)h,)sphMe was readi ly  hydrolyzed,  whereas 1'.. c ,~ 
r ibosomal  RNA was hvdrolyzed  least readily.  ()ne possible explanati~m (or tt~E. 
( t iscr iminat ing effect ~m the enzymat ic  ac t iv i ty  towards  subs t ra tes  of (liflervJ,~ 
molecular  size may  be stcric hinderance and/or  charge charge in teract ions  betw~c~ 
the act ive site of the coupled enzyme and these subst ra tes .  However.  there  seem t,, 
be negligible in terac t ions  between the subs t ra te  molecules and the solid SUl)pol:t 
This is based ~m tile observati~ms tha t  r ibonuclease T 1, tree and a t t ached  t() S~' 
pharose shows no change in apparen t  K,,, (Igig. 4) using ei ther  guanosine 2 ' ,3 ' -cyclic 
phospha te  or E. coil t R N A  as subst ra tes .  HORNBY et al. ~ had shown tha t  the  apparen t  
Km ix pa r t i cu l a r ly  sensi t ive to the na ture  of the mie roenv i ronment  ~)f the enzyme 
genera ted  by  the suppor t .  

TABLE 111 

F N Z Y M A T I C  A C T I V I T Y  OF ~ E P f t A R O S E - T  1 \VITH T I M E  

Time Enzyn.talic Percent 
(days) activity original 

(~J.4~ m~ aclivily 
units/ remaining 
±o rail 0 

o 0.75 lOO 
5 °.72 9o 

2o 0.70 94 
35 0-65 '~7 

I t  has been repor ted  tha t  r ibonuclease T~ possesses two cyste ine  residues and 
tha t  reduc t ive  cleavage of  these disulphide  bonds  by  th ioglycola te  or mercap to-  
e thanol  i nac t iva t ed  enzymat i c  ac t i v i t y  ~a. Thus,  it  was of in teres t  to examine  whether  
the  enzyme der iva t ive  remained  dependen t  on the in tegr i ty  of the  disulphide  bonds.  
We found tha t  the  enzyme der iva t ive  was inac t ive  when o.o6 M f i -mercap toe thanol  
was included in the  assay  mixture .  

Tile s t ab i l i t y  of  t i le insolubil ized enzyme when s tored  in sodium ace ta te  (o.I M, 
p H  6.o) a t  4 ° was s tudied  for five consecut ive weeks. The d a t a  (Table I I I )  indicate  
tha t  re la t ive ly  l i t t le  enzymat ic  ac t i v i t y  had  been lost for at  least  5 weeks. In  ad-  
dit ion,  the enzyme der iva t ive  re ta ined  its ac t iv i ty  even af ter  several  uses. 
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