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SUMMARY 

A pur i f ica t ion procedure for the natural inh ib i to r  of alkal ine RNAse 
from cal f  lenses is described. Electro-elut ion has been introduced as 
pur i f ica t ion step. Complex formation of the inh ib i to r  with RNAse has 
been demonstrated by polyacrylamide gel electrophoresis. The complex 
resists dissociation by sodium dodecyl sul fate,  whereas in this 
detergent the inh ib i to r  sp l i t s  into two subunits of about 30,000 
molecular weight. 

INTRODUCTION 

A pro te in  which i nh i b i t s  the a c t i v i t y  of a lka l ine  RNAse i n  v i t r o  has 

been found in many d i f ferent  tissues (1-3). Although this inh ib i to r  

appears to be a potent protective factor for the preparation of poly- 

ribosomes (4-8) and of messenger RNA (9-10), i ts  actual function 

in vivo has not been established yet. Moreover, thorough characte- 

r izat ion of the inh ib i to r  has been hampered due to i ts  i ns tab i l i t y  with 

increasing pur i f i ca t ion ,  so that workers have had to rely exclusively 

on ac t i v i t y  measurements. 

The presence of the inh ib i to r  could also be demonstrated in bovine eye 

lens (3, I I ,  12) and in our hands lens tissue provides one of the most 

suitable sources for the isolat ion of RNAse inh ib i to r .  Despite the fact 

that the inh ib i to r  represents only a minute fract ion (less than 0. I  part 

per I000) of the total  water-soluble lens protein i t  can be freed from 

the bulk of contaminants (mainly c rys ta l l ins )  in onlytwo simple pur i f icat ion 

steps. We provide evidence that the inh ib i to r  consists of two subunits. 

Abbreviation: DTT = 1,4-dithiothreitol 
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The i nh ib i t o r  forms a complex with a lkal ine RNAse. We demonstrate that 

th is  complex res ists dissociat ion in sodium dodecyl sul fate and that 

i t  is characterized by a s l i g h t l y  lower mobi l i ty  than the free inh ib i -  

tor  upon polyacrylamide gel electrophoresis at a lkal ine pH. 

MATERIALS AND H[THODS 

Calf lenses were obtained fresh from the slaughter house. A ring of 
about 2 mm was removed from the lens periphery with the aid of a cork 
borer, ln th is way from 1000 lenses about 150 mg of wet material was 
obtained. Per gram of s tar t ing material 1.5 ml of  a buf fer  was added 
which contained O.05M Tr is -Cl ,  pH 7.6, O.05M NaCI, O.O01M EDTA, O.O01M 
DTT and 1% glycerol .  The t issue was homogenized manually and s t i r red  for  
3 h. Thereafter the homogenate was centr i fuged at 22,000 x g for  30 min 
and stored frozen. Af ter  thawing the 22,000 x g supernatant f rac t ion was 
ac id i f ied  to pH 6 by adding 1M HCI. Then the solut ion was dialyzed for  
5 h against I01 of a medium (A) containing O.05M Tr is -C l ,  pH6, 0.15M 
NaCI, O.O01M EDTA, 0.001DTT and 1% glycerol .  The dialysate was cen t r i -  
fuged at 75,000 x g for  1 h. 

20,000 opt ical  density units of protein were applied to a DEAE-Sephadex 
A-50 column (40 x 3 cm) which was equi l ibrated previously in medium (A). 
Af ter  appl icat ion of the sample the column was washed with 2 l of medium 
(A). Elut ion was performed at 30 ml/h. Then a l inear  NaCl gradient was 
started ranging from O.15M (600 ml) to IM NaCI (600 ml). The i nh ib i t o r  
a c t i v i t y  of the f ract ions was measured in tenfold solut ion as described 
previously (13). The active f ract ion was prec ip i ta ted with ammonium sul-  
fate at 65% saturation, resuspended in a small volume of water and dia- 
lyzed. This preparation was e i ther  lyophi l ized or used as such for  gel 
f i l t r a t i o n .  

Gel f i l t r a t i o n  

Ultrogel AcA 34 was kept overnight in medium (A) from which sodium 
chlor ide had been omitted (medium B). Per column (i00 x 3 cm) maximally 
20 ml of the act ive f ract ion from th~ DEAE-Sephadex column was applied. 
Elut ion was performed with medium (B) at 30 ml/h. The active f ract ion 
was prec ip i ta ted with ammonium sul fa te at 65% saturat ion. 

E lect ro-e lu t ion was performed with an apparatus constructed according to 
the design of Popescu et al (14) with some modif ications (15). The gel 
dimensions were 4 x 1,2 cm. Buffers and gel concentration have been des- 
cribed e a r l i e r  (16). The sample, dissolved in 0.3 ml of buf fer ,  contained 
20,000 i nh ib i t o r  units.  F i rs t  a pre-e lect rophoret ic  run was carried out 
at 200 V (2On,A) for  4 h. Thereafter the sample was applied and e lec t ro-  
phoresis continued t i l l  the buf fer  f ront  reached the bottom of the tube 
(ca. 1 h). The current should drop to 6n~A. Then the gel was connected to 
a pump system (pump speed: i ml per 5 min). One ml f ract ions were co l lec-  
ted in tubes containing 2M Tr is -C l ,  pH 6 and O.O05M DTT, (0.2 ml). The 
f ina l  pH was 7.6. 
All  manipulations were carr ied out at 4°C. 

Polyacrylamide gels, pH 8.9, were prepared as described ea r l i e r  (16). Per 
gel 50 units of i n h i b i t o r  were applied. When the buf fer  zone reached the 
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Fig. 1 Fractionation of calf  lens homogenate (75,000 x g supernata~t 
fraction) on DEAE-Sephadex A50 at pH 7 (-o-l-w-) and at pH 6 
(-o-o-o-),  The local izat ion of the ac t i v i t y  is indicated by the 
abbreviation "act". Insert:  Polyacrylamide gel electrophoresis 
at pH 8.9 of the isolated active fract ions a) at pH 7, b) at 
pH 6, c) ~ -c rys ta l l in  ( for  comparison), d) af ter  additional puri-  
f icat ion on Ultrogel (see also f ig .  2). The posit ion of the inhi -  
b i tor  is indicated by an arrow. 

bottom of the gel tubes one of the gels was stained with Amido black 
af ter the electrophoretic run. The other gels were cut into 2 mm pieces. 
To each s l ice 0. I  ml water, 0. I  ml RNAse solution (0.05 ~g/ml) and 0.2 ml 
buffer containing O.5M Tr is-Cl ,  pH 7.8 was pipetted. Incubation was for 
30 min. Thereafter 2 mg of yeast RNA (0.2 ml) was added to each tube. The 
ac t i v i t y  was determined v i r t ua l l y  as described previously, but at 
room temperature (13). 
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a) G~ f ~ t r a t i o n  pattern on u l t r o g ~  AcA 34 of the RNAse inhibl-  
t o t  puri f ied by DEAE-Sephadex chromatography. The act ive  f rac -  
t ion is indicated by "act" .  The posit ions of the water-soluble 
lens c rys ta l l i ns  on such a column are: f rac t ion 30-40: m; 
40-55: 6H; 60-75; 61; 80-95 y. The molecular weight estimate 
of the i n h i b i t o r  is-55,000. 

b) Polyacryl~mide g~l ~ec t rophor~ i s  at pH 8.9 of the active 
frac~io~ from fig. 2a. Af ter  electrophoresis the gel was cut 
and the a c t i v i t y  measured in each s l ice .  

RESULTS AND DISCUSSION 

Ninety per cent of the wet weight of the ca l f  lens consists of s t ructura l  

proteins named c rys ta l l i ns .  Numerous h i ther to  un ident i f ied proteins con- 

s t i t u t e  the remaining ten per cent. Among these proteins the natural 

i nh i b i t o r  of a lka l ine RNAse was demonstrated some years ago (3, 11, 12). 

In contrast to the previously reported pur i f i ca t ions  of the i nh i b i t o r  
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T A B L E  I 

Recovery of the RNAse-inhibitor ac t i v i t y  

af ter  various pur i f ica t ion steps 
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which have been performed at pH 7 or higher, we fractionated the crude 

lens extract at pH 6. This lowering of the pH from 7 to 6 results in a 

remarkable improvement of the f i r s t  pur i f ica t ion step by DEAE-Sephadex 

chromatography. In Fig. I separations at both pH values are compared. 

Gel electrophoretic analysis of the isolated active fract ions reveals 

that besides some ~-crysta l l ins  also a rapidly migrating major contami- 

nant has completely been removed at pH 6 (compare in insert  of Fig. i ,  la 

with lb) .  The posit ion of the inh ib i to r  was determined by s l ic ing the 

analytical gel and assaying the individual sl ices (see Fig. 2b). 

A second minor change in the routine procedure was the use of Ultrogel 

AcA 34 instead of Sephadex GIO0 in the second pur i f ica t ion step. Gel 

f i l t r a t i o n  on this material allows a more rapid separation (Fig. 2a). 

Polyacrylamide gel electrophoresis of the active f ract ion shows that 

the major contaminant ~ -c rys ta l l i n  has completely been removed (Fig. I 

insert  d). These results demonstrate that under well-chosen conditions 

a f a i r l y  highly pur i f ied inh ib i to r  preparation can be obtained after as 

few as two pur i f icat ion steps. A quant i tat ive evaluation of the results 

is summarized in Table I. During removal of ammonium sulfate from the 

DEAE-preparation by dialysis some inactive protein precip i tates,  
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Fig. 3 Electro-~lution of the purified inhibitor and i ts  complex. 
( -e-e-e-)  i n h i b i t o r  a c t i v i t y  determined in the absence of p ~ -  

chloromercuribenzoate 
{ - * - * - * - )  i n h i b i t o r  a c t i v i t y  determined in the presence of p~a -  

chloromercuribenzoate. 
a) protein pattern a f te r  polyacrylamide gel electrophoresis of 
the s ta r t ing  material pur i f ied  on DEAE-Sephadex; b) protein 
pattern a f te r  e lec t ro -e lu t i on .  

g iv ing r ise to a higher spec i f i c  a c t i v i t y  of the remaining soluble f rac t i on ,  

a lbe i t  a considerable proport ion of the to ta l  a c t i v i t y  is los t  (Table I ,  

DEAE, l yoph i l i zed) .  This confirms ea r l i e r  observations that ,  in general, 

the i n h i b i t o r  a c t i v i t y  diminishes a f te r  d ia lys is  and l yoph i l i za t i on .  

In previous papers i t  was always claimed that  upon gel f i l t r a t i o n  the 

a c t i v i t y  of the i n h i b i t o r  is completely los t  when the preparations are 

dialyzed and lyoph i l i zed .  We now succeeded in preserving a considerable 

part of the a c t i v i t y  by the fo l lowing procedure. ( i ) A f t e r  gel f i l t r a t i o n  

the act ive f rac t ions were immediately prec ip i ta ted by addi t ion of 

ammonium su l fa te  at 65% saturat ion.  ( i i )  The so lu t ion was deaerated and 

then centr i fuged at 75,000 x g. ( i i i )  The sediment was resuspended in 

a minimal volume of water, dialyzed during 2 h at 4°C four times against 

11 water and twice against 11 water supplemented with 2 ml medium (A) 
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in order to keep the inhibitor solubilized. ( i i i i )  The dialyzed solution 

was lyophilized as short as possible. Apparently the shorter time 

required for dialysis and lyophilization due to the decrease in sample 

volume by ammonium sulfate precipitation resulted in the partial 

maintenance of act ivi ty. As after gel f i l t ra t ion  no inactive protein 

precipitates during dialysis the decrease in total activi ty is 

paralleled by a decrease in specific activity of the lyophilized 

preparation (Table I).  

Electro-elution 

Examination of the profile of the partial ly purified inhibitor on poly- 

acrylamide gels at alkaline pH showed that the inhibitor migrates with 

high mobility (Fig. i insert). This strongly suggests electro-elution as 

a favorable tool for further purification. Attempts to isolate the RNAse 

inhibitor by semi-preparative electrophoresis have previously been re- 

ported by Bont et al (17) and Van den Brook et al (3). These workers 

sliced the gel after electrophoresis. Subsequent extraction of the inhi- 

bitor is accompanied by a serious loss of both activity and protein. In 

a search for a more satisfactory procedure we found the system of Popescu 

et al (14) to give relatively high recoveries of the protein. Model ex- 

periments with serum albumin revealed that 70% of the applied protein 

could be recovered (15). In Fig. 3 the result obtained after electro- 

elution of 20,000 inhibitor units from DEAE-Sephadex (pH 6) material is 

shown. I t  has to be mentioned that after the electrophoretic purification 

step the activity is rapidly lost. Variations from 20 - 60% recovery may 

occur depending upon the moment of activity determination after the run. 

However, for physico-chemical characterization this loss of activi ty is 

less significant than the purity of the protein which is high as shown 

by the gel electrophoretic pattern (Fig. 3b). 

~i~_~i~i~_~f.~_i~bi~i~ 
The molecular weight of the inhibitor from a variety of sources has been 

estimated to be about 55,000. This value was obtained by molecular weight 

determinations on gel f i l t ra t ion columns. Ortwerth and Byrness were the 

only workers who reported a molecular weight of 32,000 (12). We wondered 

whether this discrepancy could be due to a subunit structure of the in- 

hibitor. Therefore we subjected the inhibitor isolated by electro- 

elution to polyacrylamide gel electrophoresis under dissociating condi- 

tions. On polyacrylamide gels containing 6M urea three bands were ob- 

served (Fig. 4a), two of which migrated with higher mobility than the 

most acidic subunit of ~-crystallin (Fig. 4b) (~AI: iso-electric point 
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Fig. 4 Polyaerylamide gel ~e~rophor~ ic  p ~ e r ~  of the subunits of 
the RNAse inhibZtor and of the inhibitor-RNAse complex under 
different conditiov~. In 6M urea: a) subunit I, subunit I I  and 
complex I I I ;  b) ~ -c rys ta l l i n  subunits ( for  comparison). In 0.1% 
sodium dodecyl sulfate: c) the subunits of the inh ib i to r .  
Without addition of detergents: d) RNAse (contro l ) ;  e) complex 
(arrow); f)  DEAE-Sephadex preparation used as inh ib i to r  material 
for complex formation (contro l ) .  In 0.1% dodecyl sulfate: g) in- 
h ib i to r  isolated bye lect ro-e lu t ion;  h) complex formation with 
excess of i nh ib i to r  (the band above subunit I is occasionally 
found in the start ing mater ial) ;  i )  complex formation with ex- 
cess of RNAse; j )  marker proteins: C = cytochrome c (12,400) 
R = ribonuclease (13,700), ~A = cal f  ~ -c rys ta l l i n  A chain 
apparent mol. weight (19,000), ~B = cal f  ~ -c rys ta l l i n  B chain 
apparent mol. weight (21,000), 0 = ovalbumin (45,000), BSA = 
bovine serum albumin (67,000). 
(The complex migrates jus t  below ovalbumin.) 

in 6M urea at 24°C = 5.6 (18)). On polyacrylamide gels containing sodium 

dodecyl sul fate the pur i f ied inh ib i to r  yields the pattern shown in Fig. 

4c. The two subunits have an approximate molecular weight of 28,000 and 

30,000, respectively. The bands from the urea gel were cut out and sub- 

sequently applied to sodium dodecyl sulfate gel. In that case subunit I 

y ields the 30,000 band, whereas subunit I I  corresponds with the 28,000 

component. (Band I I I  is due to native inhibitor-RNAse complex, see below). 
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Several authors provided ind i rect  evidence that the inh ib i to r  exerts i t s  

ac t i v i t y  by complex formation with RNAse. For instance when the putative 

complex is treated with po~a-chloromercuribenzoate the inh ib i to r  ac t i v i t y  

is destroyed and RNAse can be measured (19). We were able to visual ize 

the complex electrophoret ical ly .  For this purpose an inh ib i to r  prepara- 

t ion pur i f ied on DEAE-Sephadex was incubated with RNAse and the mixture 

subjected to polyacrylamide gel electrophoresis at pH 8.9. From Fig. 4e 

i t  can be seen that a new band appears which migrates less fast than 

free inh ib i to r .  With increasing concentration the complex band becomes 

more intensive. I f  only RNAse is loaded onto the gel, no band at al l  can 

be detected (Fig. 4d). 

Like free inh ib i to r  the complex can be isolated by electro-elut ion (com- 

pare Fig. 3). I t  resists dodecyl sulfate treatment and is localized in a 

region that corresponds to about 44,000. This value represents the sum 

of the molecular weights of RNAse (13,700) and one inh ib i to r  subunit 

(approximately 30,000). 

The la t te r  f inding together with the notion that free inh ib i to r  consists 

of two subunits s t i l l  leaves two poss ib i l i t i es  open. ( i )  RNAse interacts 

with only one of the subunits. ( i i )  RNAse interacts with both subunits but 

the total  inhibitor-RNAse complex is dissociated into two half complexes 

upon treatment with sodium dodecyl sulfate. Van den Broek (20) attempted 

to estimate the molecular weight of the complex by gel f i l t r a t i o n .  Sur- 

pr is ing ly  he found the a r t i f i c i a l l y  prepared complex almost coinciding 

with free inh ib i to r  in the 55,000-60,000 region. This observation may 

indicate that under certain non-dissociating conditions two RNAse mole- 

cules interact with one of the inh ib i to r  subunits. We have the following 

experimental evidence which may favor the la t te r  explanation. In order 

to achieve complex formation incubation of excess RNAse ( i  ~g) was carried 

out with 32 inh ib i to r  units. In a paral lel  experiment an excess of inh i -  

b i tor  (160 units) was incubated with I ~g of RNAse. Both incubations 

and a control without RNAse were subjected to e lectro-elut ion at pH 8.9. 

Since under this condition unreacted RNAse cannot migrate, i ts  presence 

as "free" contamination can be excluded. 

The complex and free inh ib i to r  emerging in the fast moving fract ions 

(see Fig. 3) were assayed in the presence and absence of po~-chloro-  

mercuribenzoate, respectively. Thereafter analytical polyacrylamide gel 

electrophoresis in sodium dodecyl sulfate was performed. 

Fig. 4g shows the free inh ib i to r  consisting of 2 subunits. I f  incubation 

was carried out with excess of inh ib i to r ,  only one subunit seems to be 
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involved in complex formation (Fig. 4h). When, on the other hand, RNAse 

was present in excess during incubation, both subunits seem to have inter-  

acted with RNAse, whereas one RNAse molecule is released (Fig. 4 i ) .  This 

means that one RNAse molecule is f i rmly bound and resists the action of 

sodium dodecyl sulfate, while the other molecule(s) is (are) dissociated 

from the complex. 
The elucidation, however, of the exact mechanism of interaction between 

the enzyme and the inh ib i tor  requires more quantitat ive studies. 

REFERENCES 

I. Roth, J. ,  Biochim. Biophys. Acta 21, 34-43 (1956). 
2. Kraft, N. and Shortman, K., Aust .~.  biol .  Sci. 23, 175-184 (1970). 
3. Van den Broek, W.G.M., Koopmans, M.A.G. and Bloe~ndal, H., Mol. 

Biol. Rep. 1, 295-298 (1974). 
4. Bont, W.S.,-Rezelman, G. and Bloemendal, H., Biochem. J. 95, 

15c-17c (1965). 
5. Bont, W.S., Rezelman, G., Meisner, I .  and Bloemendal, H., Arch. 

Biochem. Biophys. 119, 36-40 (1967). 
6. Blobel, G. and Pott--e'r, V.R., Proc. Natl. Acad. Sci. U.S. 5_55, 

1283-1288 (1966). 
7. Gribnau, A.A.M., Schoenmakers, J.G.G. and Bloemendal, H., Arch. 

Biochem. Biophys. 130, 48-52 (1969). 
8. Burghouts, J .Th .M.~ to l s ,  A.L.H. and Bloemendal, H., Biochem. J. 

119, 749-756 (1970). 
9. ~ h r ,  G., Kayibanda, B. and Scherrer, K., Eur. J. Biochem. 31, 

194-208 (1972). 
i0. Gielkens, A.L.J.,  Salden, M.H.L. and Bloemendal, H., Proco Natl. 

Acad. Sci. U.S. 71, 1093-1097 (1974). 
11. Ortwerth, B.J. aN Byrnes, R.J., Exp. Eye Res. 12, 120-127 (1971). 
12. Ortwerth, B.J. and Byrnes, R.J., Exp. Eye Res. Tz[, 114-122 (1972). 
13. Gribnau, A.A.M., Schoenmakers, J.G.G., Van Kraa1~lTamp, M., Hilak, M. 

and Bloemendal, H., Biochim. Biophys. Acta 224, 55-62 (1970). 
14. Popescu, M. Lazarus, L.H. and Goldblum, N . , ~ a l .  Biochem. 40, 

247-253 (1971). 
15. Zweers, A., Nagelvoort, W.J. and Bloemendal, H., manuscript in 

preparation. 
16. Bloemendal, H., Electrophoresis in Blocks & Columns, Elsevier (1963). 
17. Bont, W.S., Geels, J. and Rezelman, G., Anal. Biochem. 2__~7, 99-107 

(1969). 
18. Bloemendal, H.,Acta Morphol. Neerl.-Scand. I0, 197-213 (1972). 
19. Roth, J.S., J. Biol. Chem. 231, 1097-1105 (-i-~T58). 
20. Van den Broek, W.G.M., TheslT, University of Nijmegen (1975). 

425 


