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A ribonuclease from UV-induced mutant of 

Khizopus niveus 

Katsumi KOGA, Jun-Ichiro MUKAI and Satoru AKUNJ? 

Ribonucleases (RNases) with strict specificities are useful for the 
determination of nucleotide sequences of ribonucleic acid (RNA), since 
they quantitatively hydrolyze certain phosphodiester bonds in a poly- 
nucleotide chain. Pancreatic RNase I has specificity for pyrimidine 
nucleotide diester bonds,@ while Aspergillss oryzae RNase T1 from 
Takadiastase possesses specificity for guanylic acid.17~28~32~33~36) Some 

of the RNases from leaves,15~25~35~39) animals,79 11,16,26,41) and microbes 
8,10,18,19,20,21,23,29,i0,31,37) are of the RNase I type”) or T1 type,8s31037) but 
no RNases with a specificity different from these two have been 
obtained thus far. It is, therefore, worthwhile to seek RNase of a 
new’ type, and easily available sources are desired for this purpose. 
“ Glutase, ” a, commercially obtainable (Hankyu Enzyme Co. Ltd.) prep- 
aration from UV-induced mutant of Rhizopus n&us, is a good source 

of RNase. 

Systematic screening tests of nucleases of microbes have been stud- 
ied by several groups of investigators,8J0 l8 1gy23 31,37) and according to 
Nakao and Ogata, 18) an extracellular enzyme system of Rhizopus niveus 

degraded RNA completely at pH 5, liberating 2’(3’)-nucleotides and 
inorganic phosphate. But, no purification of Rhizopus RNase has ever 
been attained. This experiment is devoted to the purification of Rhi- 
zopus RNase from “ Glutase ” and the determination of its specificity. 

A preliminary study showed no strict specificity of the enzyme at least 
as to the nucleotide diester split. Further purification and character- 
‘ization are in progress. 

* Laboratory of Sericultural Chemistry, Agricultural Chemistry Institute, Kyu- 
shu University. ” _* 
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EXPERIMENTAL 

Starting material 

“ Glutase ” was kindly supplied by Mr. Naosuke Takagi of Hankyu 
Enzyme Co. Ltd. It was the commercial product prepared as follows : 
the filtrate of water extract of Koji (Rhizopus niveus irradiated with UV) 

was brought to pH 6.2 by Ca(OH), and filtered. The filtrate was ad- 

justed to 0.72 sat. with solid ammonium sulfate and the precipitate 
(Glutase) was collected by filtration. 

RNA 

Commercial yeast RNA (N. B. C. or Sigma, as available) was de- 
proteinized by the method of Sevag34) and extensively dialyzed against 
1 M NaCl and finally against water. To the dialysate sodium acetate 

(2 %, final) and 2 ~01s. of cold ethanol were added. The precipitate was 
collected by centrifugation and dried in a vacuum desiccator. 

R Nase assay 

An assay mixture contained 0.2 ml of appropriately diluted enzyme 
solution, 0.25 ml of 0.2 M sodium acetate buffer, pH 5.3, 0.3 ml of water, 
and 0.25 ml of RNA solution (12 mg per ml of water). Incubation was 

carried out at 37°C for 15 min. The reaction was stopped by the addi- 

tion of 0,2 ml of uranium reagent (25 % and 0.75 % with respect to 
perchloric acid and uranium acetate respectively). After 30 min at 
room temperature, the precipitate was removed by centrifugation, 0.2 
ml of the supernatant was diluted with 4.8 ml of water, and OD260mu. 

was determined against the proper blank. If necessary, the enzyme 
was diluted by 0.2 M NaCl. The 0D2S0,1, value in relation to enzyme . 
concentration was linear up to approx. 0.6 when the crude extract was 
used (Fig. 1, left). The purest fraction gave the same linearity, but 

deviation of the value was a little pronounced (Fig. 1, right). One 
unit of activity was defined as the increase in ODZGOmu of 1.0, and 

specific activity as (units per 0.2 ml of the properly diluted enzyme) 

~5/(E280 of the enzyme used). 

Assay of contaminating and possibly interfering enzymes 

Nonspecific PDase and PMase were determined, using Ca-bis(para- 
nitrophenyl) phosphate and Na-para-nitrophenyl phosphate as substrate 
respectively.4) The 3’(2’)-nucleotidase was assayed with adenylic 
acid.4) DNase activity 
as the RNase assay. 

was tested by the practically identical method 

Chloride Concentration 

The titration method by Mohr12) was applied. 
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Fig. 1. Effect of enzyme concentration on the RNase activity. The sample was 
the crude extract (left), and the purest fraction (right). Both were diluted 
with 0.2 M NaCl to attain proper concentrations, which were expressed as 
Ezso. The assay method was described in “Experimental.” 

Solvents for paper chromatography and paper electrophoresis 

Solvent 1, isopropanol : 1 M sodium acetate : sat. ammonium sulfate 
(2 : 20 : 80 v/v/v).~~) Solvent 2, isopropanol : water (70 : 30 v/v) with 
0.35 ml of NH40H per liter of gas spaceY Solvent 3, 0.084 M formic 
acid was adjusted to pH 2.7 by NHaOH.27) Solvent 4, tert-butanol : 
Solvent 3 adjusted to pH 3.8 by NH40H (50 : 50 v/v).~~) 

Mapping procedure of RNase digest 

The procedure was essentially according to Rushizky and Knight.27) 
Filter paper (Toyoroshi No. 51) was placed in the electrophoresis cabi- 
net and moistened with Solvent 3. After the voltage to be used was 
applied for 30 min, an aliquot of the RNase digest of RNA was ap- 
plied at a cathode corner of the paper. Picric acid, as a marker, was 
applied at the opposite corner of the cathode side. After 15 hours’ 
run with 6 iJ per cm and 4 to 5 ma, the paper was dried, and chro- 
matographed to the perpendicular direction in Solvent 4 (Fig. 11, 
top). The spots were detected under Manaslu UV Light, and eluted 

with water. Aliquots of the water-eluted substances were treated 
with 0.1 N HCl for 4 hours at room temperature. Other aliquots were 
treated with 0.3 N NaOH for 18 hours at 37’C. The treated substances, 
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together with untreated aliquots of the water eluates, were simul- 

taneously chromatographed in Solvent 1 (Fig. 11, bottom). The sepa- 
rated compounds were eluted with 0.1 N I-ICI and identified by the 
ultraviolet absorption spectra.2) 

Purification of R&opus RNase 

Step I-To 500 g of Glutase 2.5 liters of 0.2 M NaCl were added and 

the suspension was filtered through a Btichner funnel. The filtrate 
was brought to 0.35 sat. with solid ammonium sulfate and held 30 min 
at room temperature. The precipitate was removed by centrifugation 

and the supernatant was adjusted to 0.70 sat. with solid ammonium 

sulfate and settled overnight at 5°C. 
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Fig. 2. Step 4 of the purification procedure. Gel filtration through 
a Sephadex G-100 (Pharmacia) column (3x36 cm). The sample 
was 2.7 ml of the trichloroacetic acid soluble fraction. Total E~BQ 
applied, 194 ; yield, ?5 96 ; flow rate, 30 ml per hour, about 6 ml 
per tube. The eluant, 0.05 M ammonium acetate buffer, pH 6. 

Step 2-The precipitate was collected by centrifugation and taken 
up in 300 ml of 0.05 M ammonium acetate buffer, pH 5.3, and the same 
vol. of ice-cold acetone was slowly added with stirring. After 30 min 

at O”C, the precipitate was collected by centrifugation and taken up 

in 100 ml of water. 

Step 3-The solution was acidified with ice-cold 10 96 trichloroacetic 
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acidz4) to pH 2 (final concn., approx. 1.5 %). After 30 min at OOC, the 
suspension was centrifuged and the precipitate was discarded. The 
supernatant was neutralized with N NaOH. 

Step d--The solution in several portions was filtered through a Se- 
phadex G-100 column in )equilibrium with 0.05 M ammonium acetate 

buffer, pH 6.0 (Fig. 2). 

Step 5--The filtrates of 11 experiments were pooled and chromato- 

graphed on an ECTEOLA-cellulose column (Fig. 3). The curve of the 

specific activity indicates the presence of impurity. The contents of 
tubes 181 to 186 were pooled and processed further. 
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Fig. 3. Step 5 of the purification procedure. Chromatography on an ECTEOLA- 

cellulose (Brown) column (3x44 cm). The sample, 200 ml of the Sephadex 
G-100 filtrate, total E 290 applied, 166 ; yield, 90 96. Elution was initiated with 
0.05 M ammonium acetate buffer, pH 6. After the break-through peak (tubes 
41 to 93) was collected, a linear gradient with each 300 ml of the starting 
buffer and 0.1 M ammonium acetate buffer, pH 3, containing 0.5 M NaCl was 
started (at the arrow). Flow rate, 20 to 30 ml per hour, about 6 ml per tube. 

Step &-Five batches, carried through Step 5, were combined, lyo- 
philized and dialyzed through fish skin against 0.005 M Tris-HCl, pH 7.5. 
No loss of activity was observed after lyophilization and dialysis. The 

dialysate was applied on a Dowex 2 column. A linear gradient elution 
resulted in poor separation (Fig. 4), giving little information about 

the homogeneity of the enzyme. 
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Fig. 4. Step 6 of the purification procedure. Dowex 2 resin chroma 
tography. The column (0.9x40 cm) was previously equilibrated with 
0.1 M ammonium acetate buffer, pH 8.0. The sample was the ECT- 
EOLA-cellulose fraction dialyzed against 0.005 M Tris-HCl, pH 7.5. 
A linear gradient elution was initiated at the first arrow, with each 
200 ml of 0.01 M Tris-HCI, pH 7.5, and the same buffer containing 
0.5 M NaCl. The second arrow shows the stepwise elution by the 
Tris buffer containing 1 M NaCl. Total E280 applied, 17 (in 160 ml) ; 
recovery, 70 96. Flow rate, 2.5 ml per hour, about 6 ml per tube. 

Step 7-Contents of tubes 43 to 65 (Fig. 4) were pooled, lyophilized 

and filtered through a Sephadex G-25 column (2.2~50 cm) for desalting. 
Eluant was 0.01 M ammonium acetate buffer, pH 5.3, containing 0.05 

M NaCl. 

Step ~--TO check the homogeneity, the effluent of Step 7 was lyo- 
philized, and the residue was dissolved in 0.8 ml of water, and filtered 

through a Sephadex G-100 column (0.66 x99 cm)(Fig. 5). The abnormal 
base line of protein and a shoulder at the descending side of the peak 
suggested that the enzyme was still not pure. An ammonium sulfate 
marker also appeared at nearly the same place as the peak, so the 
enzyme was likely retained in the G-100 matrix. Further experiments 
with G-75 or G-50 ar,e needed. The inconsistency of the results with 

the previous data (Step 3, Fig. 2) indicates that the enzyme had prob- 

ably formed some stable complex in the earlier stage. 

The units and E 280 at each step were listed in Table 1. 
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Fig. 5. Step 8 of the purification procedure. Analytical 
gel filtration through a Sephadex G-100 column (0.66x 
99 cm). The sample was the lyophilized residue of the 
Sephadex G-25 effluent, dissolved in 0.8 ml of water. To- 
tal Ez&) applied, 1.6 ; recovery, 85 %. Flow rate, 2.7 ml per 
hour, about 3 ml per tube. The eluant applied was 0.01 M 
ammonium acetate buffer, pH 5.3, containing 0.5 M NaCl. 

Table 1. Summary of purification procedure. For the definition of enzyme 

units, and specific activity, see “Experimental.” 

Step 

Crude extract 

Vol., ml g:J,“’ 
Total Specific Activity 
units activity yield, % 

2.230 203,000 190,000 4.7 100 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

0.35-0.70 sat. ammonium 
sulfate (ppt) 

50 % acetone (ppt) 

1.5 % trichloroacetic 
acid (supernatant) 

Sephadex G-100 filtrate% 

QCTEOLA-cellulose fraction” 

Dowex 2-resin fraction 

Lyophilized 

Sephadex G-25 filtrate 

Lyophilized 

Sephadex G-100 filtrate 

-300 85,000 11 45 

108 8,000 80,000 48 42 

150 4,800 75,000 78 39 

610 560 29,000 260 25 

169 17 3,600 1,000 1oc 

113 3.1 2,800 4,600 8 

5.2 3.4 2,100 3,lOOJ 6 

70 1.8 1,800 5,200 5 

0.8 1.6 1,100 3,400* 3.2 

3.1 0.71 780 5,400 2.3 

a,b Composites of 11 and 5 experiments respectively. 

c Recalculated as if the whole fractions were processed in one batch. 
d Accurate determination of the activity is difficult after lyophilization owing 

to the high dilution (2000 times or so) required for the routine assay. 



RESULTS 

Properties of Rhizopus RNase 
\ 

The ultraviolet spectrum of the purest fraction (Step 8) was shown 
in Fig. 6. The optimum pH for both the crude and the purest enzyme 
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Fig. 6. The UV spectrumTof:the 
purest fraction (Step 8). The 
spectrum of the abnormal base 
line (Fig. 5) was deducted. 
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was about 5.3 (Fig. 7). Effects of 

NaCl, MgClz and EDTA on activity 

of the purest fraction were insig- 
nificant at the concentrations stud- 
ied (Fig. 8). The irregularities of 

the values might be due to the un- 
stability of the enzyme (see below). 

Table 2 indicates the effect of vari- 
ous substances. The effect of pH 
on stability was tested and the re- 
sults of four experiments, collected 
in Fig. 9, gave two peaks (near pH 
5 and 8). Thle valley between the 
peaks varied significantly from one 
experiment to another. To see wheth- 
er this phenomenon was caused 
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Fig. 7. The pH optimum of the purest fraction (right) and the crude extract 

(left). The assay procedure was the same as described in “Experimental” 

except the buffer solutions : q n , sodium acetate-HCl ; 0 0, sodium acetate ; 
0 0, Tris-acetate ; 3 8, Tris-HCl ; X >(, glycine-NaOH. 
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Table 2. Influcncc of various substances on the activity of the purest fraction. 

The assay was the same as mentioned in “Experimental” except the addi- 

tion of substance solutions, which had been previously adjusted, if required, 

to pH 5.3. No reactivation was observed. 

Substance% 
Appearance 

Effect during 
incubation 

Glycine -1-l 

Triethanolamine - 

Tris-acetate - 

Sodium phosphate - 

Sodium arsenate - 

Sodium arsenite - 

PCMB - 

Phenylhydrazine - 

Thio urea -- 

NIleOH-HCl - 

NaHS03 -tc 
NazS04 - 

NaF - 

not soluble 

yellow 

I - 

Substance% 
Appearance 

Effect during 
incubation 

CH2ICOOH -11 

NaCN - 

CySH-HCl - 

CaClz - 

BaClz - 

MnSO4 +” 
ZnCl2 ++” 
FeCl3 ++ turbid, yellow 

FeS04 ++ turbid, yellow 

cuso4 +-I- 

SnC12 -+ + turbid 

AgCl ++ ppt formed 

a Final concentration of the substances was 0.001 M. 

b No effect. 

c Partial inhibition. 

d Complete inhibition. 

P --__ ----._ 
a - --- -\__ -- -_ __ 0 

Oo l_L_L -L-II .l 
II-i__ 1. _ __I 

.2 10 - 3’ I//I .5 .6 1 olgT/P u_aa-+ 
’ ‘, 

NdI, mole mole x i0 
4 MgCl~, mole x 10” 

Figi & Effect of various concentrations of MgC12, EDTA (right) and NaCl 
(left) on the activity of the purest fraction. The assay was the same as 
described in “ Experimental ” except the addition of the substances, the 
amounts of which were indicated by final concentrations in the assay mix- 
tures. 

by inactivation of the enzyme during dilution or not, the proportion- 

ality of OD260mu , to the enzyme concentration was checked. Fig. i 
(right) shows that the enzyme was practically stable, but the devia- 

tion of the value was a little more pronounced than that of the crude 

extract (Fig. 1, left). Thus, it cannot be concluded yet that the double 
peak of pH stability curve (Fig. 9) was caused by the heterogeneity 

of the enzyme. 
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PH 
Fig. 9. Effect of pH on stability of the purest fraction. 

Aliquots (0.2 ml) of a lo-fold dilution of the sample were 
mixed with 0.25 or 0.5 M buffers of various pH to at- 
tain 0.1 M solution and kept 37°C for 17 hours with one 
drop of CHC13. Buffers used: q -_,sodium acetate- 
HCl ; a-0, sodium acetate ; O----a, Tris-acetate ; 3-8, 
Tris-HCl ; i<----Xx, glycine-NaOH; n--m,sodium phosphate. 
The mixture were then diluted to 8 ml by 0.2 M NaCl 
and the activities were compared with that of a control 
sample which had been kept frozen. The assay was 
done according to “Experimental.” 

Fig. 10 shows the effect of heating on the stability of the Dowex 2 
fraction (step 6). The diluted Dowex 2 fraction (Ez30 : 0.015) lost 90 % 

of its activity after treatment with 0.25 N HsS04 (20 hours, at refrig- 

erator temp, ca 5°C). Storage of the crude extract (EzsO : 84) at-20°C 
for 9 months resulted in no loss of activity. The purest fraction (Ezso : 
0.2) was stable during several cycles of thawing and freezing. A lo- 
fold diluted solution of the purest fraction lost 50 % of activity after 

3 cycles of thawing and freezing. 

The specific activity of the purest fraction (Step 8) was l/4 and 

l/2.5 of RNase I and T1 respectively (the former: N. B. C., after storage 

in 0.26 mg per ml solution at -20°C for over a year ; the latter : Sankyo, 
freshly dissolved), although the Rhizopus enzyme hydrolyzes RNA 

completely (see below) while the other two incompletely, leaving cores. 
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Limited yield of the purest protein did not allow ultracentrifuge 
analysis with sufI%zient accuracy. Unreliable data were omitted. 

Contamiflating enzymes 

The Sephadex G-100 filtrate (Step 4) was found practically free from 

non-specific acid and alkaline PDase. 
Neither intact nor denatured thy- 

mus DNA was hydrolyzed to acid 
soluble fragments by 19 units of 

the enzyme fraction per mg sub- 
strate (in 0.125 M Tris-HCl or acetate 

buffer, pH 7.5 or 5.3 respectively, 
for 15 min at 37°C). Non-specific 

PMase and 3’ (2’) -adenylic nucleo- 
tidase were detected even in the 
purest fraction (Step 8). The RN- 
ase/PMase ratio increased as the 

purification advanced. Deaminase 
activity was not chromatographi- 
tally detectable (with Solvent 1) 
in the purest fraction (Step 8) with 
following substrates : adenosine, ade- 
nine, guanosine, guanine, cytosine, 
and cytidine. Liberation of nucleo- 
sides from adenosine 3’ (2’) - phos- 
phate and guanosine 3’-phosphate 
was seen by paper chromatography 
with Solvent 1. 

Digestion of RNA 

Since the PMase and the nucleo- 
tidases were found completely in- 

hibited by arsenate, the analysis of 

0 
1 

0 2 .5 
1 

10 

Min 
Fig 10. Effect of heationg on ac- 

tivity of the Dowex 2 fraction 
(Step 6). An aliquot (0.2 ml) 
of the sample was adjusted to 
about pH 5.5 by adding 0.5 N 
acetic acid and mixed with 5 
ml of 0.14 M sodium acetate 
buffer, pH 5.5 (0-O). An- 
other aliquot was treated simi- 
larly with 0.14 M Tris-HCl, pH 
8.0 (a---0). Each was im- 
mersed in boiling water bath for 
varying period and transfer- 
red to ice bath. The assay was 
carried out as described in “Ex- 
perimental.” 

specificity was possible. Purified yeast RNA (32 mg) was incubated 
at 37°C for 20 hours with 3.2 ml of the ECTEOLA-cellulose fraction 
(Step 5, 8 units of activity per mg of RNA), 0.05 M (final) ammonium 
acetate buffer, pH 5.3, and 0.007 M (final) sodium arsenate. After in- 
cubation, a slight turbidity was centrifuged off, and an aliquot (3 

mg of RNA) of the supernatant was mapped as described in “ Ex- 
perimental. ” Common four kinds of 3’(2’)-mononucleotide and 2’, 3’- 
cyclic nucleotide, and traces of unidentified substances were found 
on the map (Fig. 11). Absence of oligonucleotide indicated the rapid, 

nonspecific hydrolysis of phosphodiester bonds at 5’-position in the 

polynucleotide chain, 
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Fig. 11. (top)-Map of 3 mg RNA digested by the Rhizopus RNase. The pro- 
cedure was described in “Experimental”. (bottom)-Paper chromatography 

(Solvent 1) of the water-eluted substances from the map. The marks Cl 

and OH indicate the HCl- and NaOH-treatment of the water-eluate respec- 
tively (see “ Experimental “). Thus, the identification of the spots on the 

map: 1, Cp, Cp!, Ap and Ap! ; 2, Gp and Gp! ; 3, Up and Up!. 

Digestion of cyclic mcleotides 

Assay of cyclic PDase activity was carried out as follows : the digest 
of RNA as well as an acid-treated aliquot of the digest was chro- 
matographed in Solvent 2 (Fig. 12). The spots which disappeared 
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when the snmplc was trcatcd with 0.1 N I-TCl sho~~ld hc cyclic nu- 
clcotidcs, and so were clutcd by water and incubated with Rhizopus 
enzyme (the ECTEOLA-cellulose fraction, Step 5). This time, arsenate 

was not added. The mixtures were 
then subjected to paper chromatog- 

raphy with Solvent 1. Although 
absence of arsenate in the incuba- 

tion mixture caused the degradation 
of nucleotide to nucleoside, it ran 
close to the corresponding 3’-nucleo- 
tide in Solvent 1 and the molecular 

extinction coefficient is the same for 
both 22) . So there i.s no trouble. 
Fig. 13 shows that the resulting 
purine nucleotides were 3’-isomers. 

The position of phosphorus in the re- 
sulting pyrimidine nucleotides was 

not identifiable. The separated spots 
were eluted with 0.1 N HCl and 

a b c 

a: RNase digest of RNA 1: Gp, 2: Ap, Cp 
b: HCl-treated digest &Up,3:Gp!,4: 
c: Nucleotide markers Ap!,Cp!&Up 

Fig. 12. Paper chromatography in 
Solvent 2 of RNA (1.4 mg) dige- 
sted by the RNase and an acid- 
treated aliquot of the digest. 
Spots 3 and 4 were cut out and 
eluted with water. 

the rate of conversion of cyclic nucleotide to monophosphate was de- 
termined spectrophotometrically (Table 3). The order of apparent 

preference of the cyclic PDase activities toward four substrates was 
Ap !, Gp !,Up !,Cp !. A possibilty still remains that these activities 
might be due to non-specific cyclic PDase, in stead of the Rhizopus 

RNase itself. 

Table 3. Comparison of cyclic nucleotidase activity of Rhizopus enzyme with 

those of RNase I and T1, deduced from the preceding paper chroma- 

tography (Fig. 13). 
-m 

Enzyme 74 mononucleotides resulting from 
cyclic isomer 

AP GP CP UP 
Rhizopus enzyme 100” lOOh 53” 90% 

Pancreatic RNase I Ob c -I 95” 93” 
Asp. oryzoe RNase T1 c _I 100b P -* -._c 

--- --- ~ 

a The spots of cyclic and noncyclic pyrimidine nucleotides on the filter paper 
(Fig. 13) were eluted with 0.1 N HCl overnight and the hydrolyses of cyclic 
phosphodiester bonds by the enzymes were quantified by spectrophotometry. Dual 
readings at 260 and 280m,.@ were necessary, since Cp and Up are not separated 
(also Cp! and Up!) by Solvent 1. 

b Quantitative measurement was not performed; apparently 100 96 or 0 96 as 
shown by the paper chromatography (Fig. 13). 

c No experiment was done. 
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a-. 
Y 

Ndeotide 
markers 

0.5 mg of Gp ! + Each 0.1 mg of Ap !, Cp ! & Up ! + 
1 : Rhizopus enzyme + buffer(a) 5 : Rhizopus enzyme + buffer(a) 
2: Buffer(a) only 6: Buffer(a) only 
3: RNase T1 + buffer(b) 7 : RNase I + buffer(b) 

4: Buffer(b) only 8 : Buffer(b) only 

Fig. 13. Comparison of cyclic PDase activities of the Rhizopus enzyme frac- 
tion (Step 5) with RNase I and RNase Tr. Substrates obtained chromato- 

graphically (Fig. 12) were Gp! and a mixture of Ap!, Cp! and Up!, and 
these were digested by the enzymes. For convenience the treatment was 

performed at the optimum pH of RNase activity, not of cyclic PDase activ- 
ity. Buffers used were (a) 0.05 M (final) of ammonium acetate buffer, pH 
5.3, for Rhizopus enzyme and (b) 0.05 M (final) of Tris-HCl, pH 7.5, for 
RNase I and TJ. The last two enzymes were previously diluted so that the 
same RNase units per ml could be employed as that of the Rhizopus enzyme 
fraction. Reaction conditions: 8 units per mg substrate, 48 hours, at 37”C, 
without arsenate. The mixtures were then chromatographed with Solvent 

1. Absence of arsenate in Rhizopus enzyme caused formation of nucleosides, 
which could be detected and computed as equivalent to 3’-nucleotides, 

making no difference as to the specificity of the cyclic PDase studied (see 

text). 

DISCUSSION 

The Rhizopus RNase (the Sephadex G-100 filtrate, Step 4) was not 

retained by CM-cellulose in equilibrium with 0.02 M ammonium acetate 

buffer, pH 5.5. On the contrary, the enzyme was irreversibly adsorbed 
to DEAE-cellulose in 0.1 M Na2HP04 or in 0.01 M Tris-HCl, pH 7.5, 

the column being shrinked to prevent the buffer flow. Thus, the use 
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of a more weakly basic ion-exchanger seemed promising, and the 
ECTEOLA-celluose chromatography (Fig. 3) exhibited a sharp peak 
of activity, giving a remarkable increase of specific activity. But, the 

curves of pH and chloride concentration showed steep inflections. The 
elution of the active protein Was, therefore, not of an ideally gradient 

nature. It has been reported that anion exchangers often give com- 
plicated elution patterns ; for example, the displacement chromatog- 

raphy was studied by Boman and Westlund,5) where several proteins 
split into two at the steep chloride front. Other example was studied 
by B jiirk,3) who reported that when working with anion exchangers 
9t 9n 911791in7n nU 

. . 
enma intararfinn ,A +h q+-fic\nhdAp Pn- rqnnnt ha UL uu c.unuuuL ILL, 3uluk. 111 l.L I CAL L.lUll vv l. LlI c4LlIIU3~llLI lb LWZ LalllluL UL 

avoided, and sometimes results in an artifact of a protein chromatog- 
raphy. In the case of the Rhizopus enzyme, the chromatography 

(Fig. 3) was performed in relatively low pH level, but presumably 
some element influenced and complicated the mechanism of elution of 

the active protein. A more suitable condition of the chromatography 
remains to be searched. 

Turning to the cyclic nucleotides, they are the intermediary products 
of RNA hydrolysis with alkali and pancreatic RNase 1.Q If the 
formation of 2’, 3’-cyclic nucleotides might be an inherent property of 
many RNases,g) it may be concluded that the Rhizopus enzyme has a 
“ RNase j3 activity, because it forms cyclic nucieotides (Fig. II). it 

also exhibits cyclic PDase activities (Fig. 13). As for the crystalline 
pancreatic RNase IA, the cyclic pyrimidine nucleotidase activity is the 

nature of the enzyme itself. It may be remarked here that the rat liver 
alkaline RNase seems to have no ability to hydrolyze cyclic nucleo- 
tides.26 41) And the RNases from tobacco leaf25) and pea leaf15) do 
not split cyclic pyriil?idine r~_~cleotides, -1 cl --__-_ _A__ -H-n- a1 Lrluug-11 thy have no spcLai2' 

ity as to hydrolysis of internucleotide linkages. These facts lead to 

a remaining probability that the cyclic PDase activities of Rhizopus 
enzyme fraction might be due to some contaminant. The enzyme, 

however, was found free from Ca-bis (para-nitrophenyl) phosphatase 

activity. Existence of other PDases which attack cyclic nucleotides 

can not be ruled out yet. 

Although cyclic nucleotide preparations are necessary for studies of 

nucleases, they are unstable and it is difficult to preserve. Even in Ba- 

salt they are slowly converted to 2’(3’) -phosphates.38) Since the cyclic 

PDase action of the Rhizopus enzyme is relatively slow, preparation 
of cyciic nucieotides is faciiitated by use of our Rhizopus enzyme ; when 
the RNase digest of RNA is chromatographed in Solvent 2, a mix- 
ture of Ap!, Up! and Cp! is obtained in one spot, and Gp! alone 

separately. If the digestion of RNA is carried out with the enzyme 

and pancreatic RNase I, then Ap! will be singly obtained. 

The data presented here show that partially purified Rhizopus en- 
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zyme exhibits non-specific RNase and cyclic PDase activities, still con- 
taminated with nonspecific PMase or nucleotidases. Further purifica- 
tion is desired. The mode of action of the RNase should be studied 

by use of RNase I- and Tl-cores (exonucleolytic or endonucleolytic). 
Some information about the molecular weight of this enzyme will be 
obtained by analytical gel filtration1*40) or ultracentrif ugation. 

SUMMARY 

Rhizopus RNase was purified lOOO-fold from Glutase with a yield 
of 2.3 %. It was most active between pH 5 and 5.5. The enzyme 
appeared not homogeneous in the analytical gel filtration through 
Sephadex G-100. The enzyme was free from DNase and PDase. Nu- 

cleotidases were found, which were inhibited by arsenate. The hy- 

drolytic specificity of the enzyme action was examined by characteri- 
zation of the digest of yeast RNA. The enzyme produces four kinds 
of 2’, 3’-cyclic nucleotides, which are slowly hydrolyzed to the corre- 
sponding mononucleotides. The cyclic PDase activities showed a pref- 
erence for cyclic purine nucleotides, and the action for cyclic pyrimidine 

nucleotides seemed to be slower than that of RNase I. The Rhizopus 
RNase is useful for preparation of cyclic nucleotides. Further puri- 

fication is needed for the additional characterization of the enzyme. 
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ABBREVIATIONS 

RNA : ribonucleic acid, RNase : ribonuclease, DNase : deoxyribonu- 

clease, PDase : phosphodiesterase, PMase : phosphomonoesterase ; Ap, 

Gp, Cp, and Up: adenosine, guanosine, cytidine, and uridine 2’- or 3’- 

phosphate respectively. Cyclic 2’, 3’-phosphates are represented by the 
symbol “ ! .” Thus, Ap! is adenosine 2’, 3’cyclic phosphate. 
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