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Summary

Purified acid-thermostable ribonuclease (Ribonucleate 3'-pyrimidino-oligo-
nucleotidohydrolase, EC 3.1.4.22) from human pancreas degrades double-
stranded RNA at 2% the rate for single-stranded RNA. The activities against
single-stranded RNA and double-stranded RNA were shown to be due to a sin-
gle enzyme with properties similar to bovine pancreatic RNAase A. For pur-
poses of comparison the activities against double-stranded RNA of crystalline
ribonucleases of the whale, rat and cow were assayed and found to be 0.4%,
0.03% and 0.003%, respectively, of their activities against single-stranded RNA.

Both human serum and urine contain RN Aase components of pancreatic ori-
gin which hydrolyze double-stranded RNA at 2% and 0.4%, respectively, of the
rates against single-stranded RNA. By contrast, purified acid-thermostable
RNAases from human spleen and liver hydrolyze double-stranded RNA at least
20-fold more slowly than human pancreatic RNAase, relative to the corre-
sponding rates against single-stranded RNA. The human pancreatic and serum
enzymes exhibit appreciable activity against the poly(C) component of the
double-stranded poly(I) - poly(C); they also attack poly(C) itself at approxi-
mately 25 times the rate for poly(U) and at more than 50 times the rate for
single-stranded RNA.

Introduction

During the course of a study of RNAases of human origin [1], it was noted
that human pancreatic RNAase (Ribonucleate 3'-pyrimidino-oligonucleotido-
hydrolase, EC 3.1.4.22) exhibited surprisingly high relative activity towards

Reprint requests should be addressed to: Dr. Halina Sierakowska, Institute of Biochemistry and
Biophysics, P,A.N., 36 Rakowiecka St., 02-532 Warszawa, Poland.
Abbreviation: Up-naphthyl, uridine-3'-(a-naphthylphosphate).



462

double-stranded RNA. In view of the well-known low activity of bovine pan-
creatic RN Aase against double-stranded RNA, it appeared desirable to examine
this phenomenon in greater detail.

Double-stranded RNA is fairly widespread in mammalian systems, constitu-
ting well-defined regions in heterogenous nuclear RNA [2,3]. Moreover, inter-
feron induction in virus-infected cells is known to be mediated via double-
stranded RNA [4], and interferon may be induced in normal cells by either
natural or synthetic double-stranded RNAs [4,5]. One of the most striking ef-
fects of double-stranded RNA in mammalian systems is its very high specifi¢ in-
hibition of protein synthesis [6] by complexing with the initiation factor [7].

It is consequently not at all unusual that a number of investigators have in-
vestigated the presence in mammalian cells and body fluids of activity against
double-stranded RNA [6,8-12]. There is, in fact, currently an active search
under way for the mammalian equivalent of E. coli RNAase III {13], the activ-
ity specific towards double-stranded regions in, and involved in the maturation
of, RNA [14—16].

Considerable attention has also recently been devoted to the enhanced activ-
ity against double-stranded RNA exhibited by oligomeric forms of bovine pan-
creatic RNAase [17—19] and by bull seminal plasma RNAase [17,20].

Materials

Substrates

Yeast RNA, highly polymerized, from British Drug Houses (Poole, Dorset,
England) was employed as a single-stranded RNA substrate. The double-stranded
RNA substrates included phage f2 double-stranded RNA [21], a gift from Dr.
J. Doskocil of the Institute of Organic Chemistry and Biochemistry, Prague,
Czechoslovakia; and mycoviral double-stranded RNA, from a virus of Penicilli-
um chrysogenum [22], kindly provided by Dr. J. Heyes of Beecham Pharma-
ceuticals, Betchworth, Surrey, England. Poly(U), poly(A), poly(C), and the
double-stranded poly(I) - poly(C) were purchased from Miles Laboratories (Elk-
hart, Indiana, U.S.A.); highly polymerized calf thymus DNA from Sigma Chem-
ical Co. (St. Louis, Mo., U.S.A.); and thymidine 3'- and 5'-(p-nitrophenylphos-
phate)s from Raylo Chemicals (Edmonton, Alta., Canada). Uridine-3'-(a-naph-
thylphosphate) was prepared according to Kole et al. [23]. Crystalline bovine
serum albumin was obtained fromn Pentex (Kankakee, Ill., U.S.A.), and gelatin
was Bacto grade from Difco Laboratories (Detroit, Mich., U.S.A.).

Enzymes

Bovine pancreatic RNAase (RNAase A) was a product of Sigma. Pancreatic
DNAase and a-chymotrypsinogen were purchased from Worthington Biochem-
ical Co. (Freehold, N.J., U.S.A.). Crystalline RNAase from rat pancreas [24]
was a gift of Dr. M. Gruber, Biochemisch Laboratorium der Rijksuniversiteit te
Groningen, Netherlands; and crystalline RNAase W, from whale pancreas [25]
was provided by Dr. M. Irie, Hoshi College of Pharmacy, Tokyo, Japan. Crystal-
line bovine pancreatic RNAase, isolated by trichloroacetic acid extraction
[26], was contributed by Dr. Maria Malicka, Institute of Biochemistry, Wro-
claw, Poland.
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The RN Aases from human pancreas, liver, spleen, serum and urine were puri-
fied as described by Bardon et al. [1]. The preparations, which consisted of the
effluents from SE-Sephadex in buffered 0.3—0.45 M KCl, were heated at
100°C at pH 3 for 5 min, neutralized and centrifuged. As previously described,
human serum and urine contain two types of RNAase, which readily separate
on an SE-Sephadex column into two peaks, A and B. Peak A exhibits the spe-
cificity of pancreatic-type RNAase and attacks Up-naphthyl, whereas peak B
exhibits the properties of spleen and liver RNAase and is inactive against Up-
naphthyl [1]. Only the properties of peaks A of serum and urine were exam-
ined in this study.

The final enzyme preparations were devoid of activities against native and
denatured DNA, thymidine-5'-(p-nitrophenylphosphate) and thymidine-3'-(p-
nitrophenylphosphate). "

Fresh bovine pancreas was collected on solid CO, from the slaughterhouse. Hu-
man tissues were obtained from autopsies 24 h following decease at the Wolski
Hospital, Warsaw.

Methods

RNAase activity towards single-stranded RNA and double-stranded RNA was
determined by incubation in 0.3 ml medium including 300 ug single-stranded
RNA or 100 ug double-stranded RNA, 0.03 M Tris - HCI buffer pH 7.6 (for the
pancreatic, urine and serum enzymes) or pH 7.0 (for the spleen and liver en-
zymes), 0.1 M NaCl and 300 ug bovine serum albumin. Incubation with single-
stranded RNA was for 15 min at 37°C, with double-stranded RNA for 5 min,
following which 0.3 ml of precooled 1 M HCI in 76% ethanol was added. The
mixture was kept on an ice-bath for 15 min and centrifuged at 5°C. The super-
natant was diluted 3-fold and the increase in absorption at 260 nm, relative to
a control without enzyme, was measured spectrophotometrically. Activity
against double-stranded RNA was linear for only 5 min, but results for this sub-
strate were also expressed in terms of 15-min incubation periods.

For poly(I) - poly(C) activity was determined by incubation for 15 min in
0.3 ml medium containing 100 ug substrate, 0.03 M Tris - HCI buffer, pH 7.6,
0.15 M NaCl and 300 ug bovine serum albumin. For poly(C) and poly(U) the
medium contained 0.1 M NaCl and 300 ug gelatin in place of albumin. The re-
action was terminated by addition of a 2-fold excess of cold 12% perchloric
acid containing 20 mM lanthanum acetate [27] and the mixture centrifuged as
above. The absorbances of the supernatants were read at 260 nm for poly(U)
and at 280 nm for poly(I) - poly(C) and poly(C).

Activities are expressed as umol acid-soluble product/15 min per mg protein,
using extinction coefficients of 11 - 10° for RNA, 9.9 - 10° for poly(U) and
12.8 - 103 for poly(C).

Activity against poly(A) and, in some instances, against single-stranded RNA
and double-stranded RNA was determined by following the increase in hyper-
chromicity of 10™ M substrate in 0.03 M Tris - HCI buffer, pH 7.0 or 7.6 (de-
pending on source of enzyme) containing 0.05% albumin and 0.1 M NaCl in
semi-micro 10-mm pathlength cuvettes with a Cary 118 spectrophotometer,
also at 37°C.
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RNAase activity against Up-naphthyl was determined as previously described
[23].

The incubation mixtures were buffered to the same pH values regardless of
the substrate employed in order to secure comparable results for enzymes from
different sources; hence activities against some substrates vary somewhat from
those at the pH optima.

Enzymes were diluted in 5 mM Tris - HCI buffer pH 8.2 [28] containing
0.1% gelatin; RNAase A and rat pancreatic RNAase were diluted in buffer
alone.

The pH optima were established by incubating the enzyme as above, using
the following buffer systems: 0.03 M Tris - HCI pH 6.8—9.2 or 0.03 M Davis
buffer pH 5.8—8.6 for single-stranded RNA and double-stranded RNA; 0.03 M
Tris - HC] and 0.02 M Tris/citrate [17] pH 5—8.5 for poly(C); and 0.02 M Tris/
citrate for poly(U).

Heating of enzyme samples was performed by immersion of the enzyme so-
lution, preadjusted to pH 5 for 5 min in a water bath at the desired tempera-
ture. Heating was terminated by immersion in an ice bath, and samples assayed
for residual activity.

Results

The relatively low activity of bovine pancreatic RNAase against double-
stranded RNA has been known for some time and, in fact, has been frequently
employed in the past for distinguishing the replicative forms of viral RNA from
their single-stranded counterparts [29]. As can be seen from Table I, the rate
of hydrolysis of RNA by RNAase A, which is 500000 umol for single-stranded
RNA, falls dramatically for double-stranded RNA to a value of only 16 umol

TABLE 1

ACTIVITIES OF VARIOUS PURIFIED HUMAN RNAases AND OF CRYSTALLINE PANCREATIC
RNAases FROM THE WHALE, RAT AND COW TOWARDS SINGLE-STRANDED RNA AND DOU-
BLE-STRANDED RNA

Source of Activity (in umol acid-solubilized substrate/ Activity against double-stranded RNA
ribonuclease 15 min/mg protein)

Activity against single-stranded RNA
Single-stranded RNA  Double-stranded RNA
from phage 2

Human pancreas 3400 65 2.1072

Human serum 640 15 2.1072
(peak A)

Human urine 43 500 168 4-1073
(peak A)

Human spleen 2 400 — —

Human liver 1100 — —

Whale pancreas 90 000 340 4-1073

Rat pancreas 130 000 41 3-10*

Bovine pancreas 500 000 16 3107

(RNAase A)
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acid-soluble products/15 min/mg protein, under analogous conditions.

A striking difference in behaviour is exhibited by the acid-thermostable
RNAase from human pancreas. From Table I it will be seen that a purified pre-
paration of human pancreatic enzyme [1], homogeneous in polyacrylamide gel
electrophoresis and sedimentation velocity analysis, hydrolyzes single-stranded
RNA at a rate of 3400 umol/15 min/mg protein, whereas the corresponding
value with double-stranded RNA as substrate is 65.

Measurements of rate of increase in hyperchromicity gave similar results;
only a 40-fold higher concentration of the human pancreatic enzyme was re-
quired to produce an increase in hyperchromicity of double-stranded RNA
equal to that with single-stranded RNA. This result was identical using two
samples of double-stranded RNA from widely different sources, namely from
phage f2 and from a virus of Penicillium chrysogenum. By contrast approxi-
mately 30000 times more RNAase A was required for hydrolysis of double-
stranded RNA to an extent comparable with that for single-stranded RNA.

Since the foregoing results appeared to be at variance with the widely ac-
cepted notion of the low activity of pancreatic RNAase towards double-
stranded polyribonucleotides, it appeared desirable to establish whether the re-
latively rapid cleavage of double-stranded RNA by our preparation is an intrin-
sic property of the human enzyme, and whether RN Aases from other human
organs, and from the pancreas of other mammalian species, exhibit similar
properties.

The following data indicate that the activities of human pancreatic RN Aase
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Fig. 1. Effect of heating for 5 min at pH 5 to various temperatures on activities of human pancreatic
ribonuclease on: —a—a—a—, single-stranded RNA; —0—0—0—, double-stranded RNA; —w—u—a—, Up-
naphthyl.



466

100

90
- 80 ©
°\° X
Y70
=
>
Z 60
2

50
wl
>
T 40
—~
w30

20t P

10

5 6 7 8 9
pH

Fig. 2. pH-dependence of human pancreatic ribonuclease activity on: —a—a—a—, single-stranded RNA;
—0—0—0—, double-stranded RNA; —X—X—X—, poly(U); —o—a—au—, poly(C).

against single-stranded RNA and double-stranded RNA are due to a single en-
zyme with the properties of a bovine pancreatic RN Aase:

(a) The relative activities against single-stranded RNA, double-stranded RNA
and Up-naphthyl remained unchanged throughout the purification procedure.
There were small variations in the relative rates of hydrolysis of single-stranded
RNA and double-stranded RNA dependent on the ionic strength at which the
enzyme was previously stored (see below).

(b) Heating of the enzyme at 100°C at pH 8.5 for 5 min led to total loss of
activities against single-stranded RNA, double-stranded RNA and Up-naphthyl.

(c) Heating of the enzyme at pH 5 at temperatures up to 60—70°C led to
parallel decreases in activities against the aforementioned three substrates
(Fig. 1). Somewhat unexpectedly, activities were regained after heating at tem-
peratures above 70°C. The source of this enhanced stability following heating
at more elevated temperatures is not clear.

(d) The enzyme hydrolyzes pyrimidine homopolyribonucleotides like
poly(C) and poly(U) (see below for details). With double-stranded poly(I) -
poly(C), the acid-soluble products exhibited the typical ultraviolet spectrum of
CMP, pointing to the absence of significant activity against poly(I). As for bo-
vine pancreatic RNAase A [30], activity against poly(A) was detectable only at
high enzyme concentrations, and was less than 0.03% that against single-
stranded RNA.

Addition of human pancreatic RNAase to RNAase A did not alter the low
activity of the latter against double-stranded RNA, thus excluding the possibi-
lity that the human preparation contains some activator(s) for cleavage of
double-stranded RNA. On the other hand, activities of the human enzyme ex-
hibited different pH optima against single-stranded RNA and double-stranded
RNA, the values being about 8.5 and 7.5, respectively (Fig. 2).

Since the human pancreas preparation was obtained by a purification proce-
dure involving sulfonosalicylic acid treatment [1], as compared to traditional
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TABLE II

EFFECT OF NaCl CONCENTRATION ON HUMAN PANCREATIC RNAase ACTIVITY, WITH THE
VALUE IN 0.1 M NaCl TAKEN AS 100

NacCl (M) Single-stranded RNA Double-stranded RNA
0.1 100 100
0.15 125 556
0.3 260 15

sulfuric acid extraction, it may be argued that this is the source of the en-
hanced activity against double-stranded RNA. Consequently commercial RNA-
ase A, crystalline RNAase from bovine pancreas purified by trichloroacetic acid
extraction [26], and a sulfonosalicylic acid extract of bovine pancreas, were
compared for ability to cleave double-stranded RNA. For all three preparations
the relative rates of hydrolysis of single-stranded RNA to double-stranded RNA
were approximately the same.

Human RNAases from other sources

The peak A components of human serum and urine ribonucleases, which are
predominantly of pancreatic origin [1], hydrolyzed double-stranded RNA at
2% and 0.4%, respectively, of the rates for single-stranded RNA (Table I).

For purified preparations of RNAase from human liver and spleen, hydroly-
sis of double-stranded RNA was too slow to permit of assay by means of acid-
solubility, and could be followed only by hyperchromicity measurements. For
both activities, approximately 800 times more enzyme was required to produce
an increase in hyperchromicity of double-stranded RNA equal to that with
single-stranded RNA, whereas for human pancreatic RNAase only a 40-fold
higher enzyme concentration sufficed.

Influence of ionic strength

Table II illustrates the effect of salt concentration on human pancreatic
RNAase activity. Increasing the NaCl concentration in the incubation medium
to 0.3 M differentially affected activities against single-stranded RN A and dou-
ble-stranded RNA. Taking activities in 0.1 M NaCl as 100, the former increased
to 260, while the latter dropped to 15. Hence, if the activity against double-
stranded RNA is 2% of that against single-stranded RNA in 0.1 M Na(l, it de-
creased to about 0.1% in 0.3 M NaCl. The enhancement by 0.3 M NaCl of activ-
ity against single-stranded RNA was even further accentuated when the enzyme
was subjected to dialysis against low ionic strength buffer (see below).

Activities against synthetic polynucleotides

Table III presents the rate of hydrolysis of double-stranded poly(I) - poly(C),
relative to that for single-stranded RNA, by RNAases of human origin and bo-
vine RNAase A. For pancreatic, serum and urine activities, these rates are 7%,
5% and 1%, respectively, as compared to 0.04% for bovine RN Aase A. For hu-
man spleen RNAase the value is 0.2%. Somewhat unexpectedly it is 1% for the
liver enzyme, i.e. equivalent to that for urine RNAase.
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Poly(I) - poly(C) is perhaps not the most ideal double-stranded substrate,
since only one of the strands is susceptible to the enzyme. Even when activities
against poly(I) - poly(C) are compared to those against poly(C) alone (Table
III), this does not clearly reflect the ability of the enzyme to cleave the double-
stranded structure, because of the highly variable rates of hydrolysis of poly(C)
under our assay conditions by the enzymes from different sources (see ratio of
activity against poly(C) to that against single-stranded RNA, last column, Table
III). Human RNAases of pancreatic origin hydrolyze poly(C) from 60 to 120
times more rapidly than single-stranded RNA, whereas for the enzymes from
spleen and liver, and for bovine RNAase A, the ratios are at least ten times low-
er. The differences in rate of hydrolysis of poly(C) consequently mask the dif-
ferences in rates of hydrolysis of poly(I) - poly(C) when poly(C) is taken as the
basis of reference.

RNAase dimerization and activity against single-stranded RNA and double-
stranded RNA

Human RNAase assayed in 0.1 M NaCl has been observed to vary in activity
against single-stranded RNA and, to some extent, also against double-stranded
RNA, depending on the treatment it has previously undergone. In view of re-
ports on aggregation of human serum RNAase under certain ionic conditions
[31], and on different molecular weight species of human urine RNAase [32],
it appeared desirable to examine the possibility of a correlation between these
changes in human RNAase activities against single-stranded RNA and double-
stranded RNA and enzyme aggregation.

Fig. 3 displays the changes in elution pattern from Sephadex G-75 of urine
RNAase previously subjected to various treatments. RNAase isolated from
urine by sulfonosalicylic acid extraction and tannin-caffeine treatment, eluted
at a position corresponding to a molecular weight of 30000. Its rate of hydrol-
ysis of double-stranded RNA was 2% that for single-stranded RNA. The same
preparation, following SE-Sephadex chromatography and elution with 0.3 M
KCl, eluted from Sephadex G-75 at a position corresponding to a molecular
weight of 14000 and hydrolyzed double-stranded RNA at 0.4% the rate for
single-stranded RNA. If, however, after SE-Sephadex chromatography, it was
dialyzed against 1 mM acetate buffer pH 5.6, it again eluted from Sephadex
G-75 at a position corresponding to a molecular weight of 30000 and once
again hydrolyzed double-stranded RNA at 2% of the rate for single-stranded
RNA. Hence a shift in the position of elution of the enzyme from that for a
dimer to that for a monomer was accompanied by a 5-fold decrease in the rela-
tive rates of hydrolysis of double-stranded RNA to single-stranded RNA.

Analogous changes in the Sephadex G-75 elution pattern are observed for
human pancreatic RNAase, but with less striking modifications in the ratio of
activities against double-stranded RNA and single-stranded RNA. An aqueous
homogenate of pancreas hydrolyzes double-stranded RNA at 4% the rate for
single-stranded RNA. Following sulfonosalicylic acid extraction and tannin-
caffeine treatment, the RN Aase elutes from Sephadex G-75 at a position corre-
sponding to a molecular weight of 30000. After chromatography on SE-
Sephadex and elution with 0.45 M KCl, it appears on Sephadex G-75 at a posi-
tion corresponding to a molecular weight of 14000, and attacks double-
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Fig. 3. Gel filtration chromatography of human urine ribonuclease, previously subjected to various treat-
ments, on a 94 X 1.5 cm column of Sephadex G-75, at a flow rate of 15 ml/h with collection of 5-ml
fractions. —0—0—0—, following sulfonosalicylic acid and tannin-caffeine treatment, activity expressed as
A, (o resulting from incubation of 2 ul effluent with single-stranded RNA for 15 min, as described in
Methods; —X—X—X—, following purification on SE-Sephadex, activity expressed as A, , after incuba-
tion of 2 ul effluent with single-stranded RNA as above; —a—a-—a—, following purification on SE-
Sephadex and exhaustive dialysis against 1 mM acetate buffer pH 5.6, activity expressed as A, ;, after in-
cubation of 1 ul effluent with single-stranded RNA as above. Arrows indicate the positions of elution of
marker enzymes.

stranded RNA at 2% the rate for single-stranded RNA. After exhaustive dialysis
against a low buffer concentration, its rate of cleavage of double-stranded RNA
again attains a value of 4% that for single-stranded RNA.

An effect of enzyme monomerization resembling that resulting from SE-
Sephadex chromatography was also observed when the enzyme was stored for
over a week in 0.05 M phosphate buffer pH 6.5. Under such circumstances hu-
man pancreatic RNAase, which previously eluted from Sephadex G-75 at a po-
sition corresponding to a molecular weight of 30000, now rechromatographed
to give two peaks eluting at positions corresponding to molecular weights of
14000 and 30000.

RNAases from the pancreas of rat and whale

The crystalline enzymes from the pancreas of the rat [24] and the whale
[25] exhibited varying rates of hydrolysis of double-stranded RNA (Table I).
The rat enzyme attacked double-stranded RNA at a rate of about 41 umol acid-
solubilized product/15 min per mg protein, compared to 130 000 umol for single-
stranded RNA, i.e. at 0.03% the rate for single-stranded RNA. The whale RNA-
ase W; hydrolyzed double-stranded RNA at a rate of 340 umol acid-soluble
product/15 min per mg protein as compared to 90 000 umol for single-stranded
RNA, i.e. at 0.4% the rate for single-stranded RNA.
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Discussion

Ribonucleases, whose mode of action involves intramolecular transphospho-
rylation, have been generally assumed to exhibit only very low, if any, activity
towards double-stranded RNA at 0.15 M NaCl concentration [20,33]. The
only exception hitherto reported is bovine semen RNAase BS-1 (see below)
which cleaves double-stranded RNA, relative to single-stranded RNA, about 10
times more rapidly than bovine RNAase A [34]. The present findings call for a
revision of the aforegoing assumption since ribonucleases from human tissues,
as well as those from the pancreas of the rat and the whale, exhibit appreciable,
albeit varying, activities towards double-stranded RNA. Amongst the RNAases
embraced in this study, that from the human pancreas is the most active, its
rate of cleavage of double-stranded RNA being 2% the rate for single-stranded
RNA. Since bovine RNAase A hydrolyzes double-stranded RNA at only
0.003% the rate for single-stranded RNA (see Table I), it follows that the hu-
man enzyme is almost 700 times more active than the bovine against double-
stranded RNA, relative to single-stranded RNA.

The activity against double-stranded RNA in the human pancreas may be
considered an intrinsic property of the enzyme on the basis of its specificity, its
behaviour during purification, and its stability under various conditions. The
differences in pH optima displayed against single-stranded RNA and double-
stranded RNA are not unexpected; bovine seminal plasma RNAase also dis-
plays a slightly lower pH optimum for double-stranded RNA than for single-
stranded RNA [17].

The differences in specificity between human pancreatic RNAase and the
corresponding liver and spleen enzymes are reflected not only in their varying
rates of hydrolysis of double-stranded RNA, and of Up-naphthyl [1], but also
in the degree of preference for poly(C) relative to poly(U) (Table III). The pan-
creas enzyme attacks poly(C) at more than 24 times the rate for poly(U),
whereas the liver and spleen enzymes do so 7 and 4 times faster, respectively.
For bovine pancreatic RNAase it is 10 times faster. These differences are less
striking when activities are determined under other incubation conditions; e.g.
the preference of RNAase A for poly(C) relative to poly(U) is appreciably ac-
centuated when assays are carried out at low ionic strength [28]. With the hu-
man pancreatic RNAase, assay at pH 7.6 favours activity against poly(C),
cleaved optimally at pH 8, relative to that against poly(U), for which the pH
optimum is 6.4 (see Fig. 2).

The preference of human pancreatic-like RNAases for poly(C) relative to
poly(U) is in agreement with such recently reported preferences for RN Aase ac-
tivities from human serum [31,35] and pancreas [35]. These similarities are
further underlined by additional common properties such as a requirement for
high ionic strength and inhibition by poly(G). However, unlike Schmukler et al.
[31], we have not observed any preference for hydrolysis of internucleotide
linkages involving cytidine residues in single-stranded RNA. Our results demon-
strate that digests of single-stranded RNA with human pancreatic or serum
RNAases contained fragments with 3'-termini of both uridine (60%) and cyti-
dine (40%). If we assume the same enzyme was studied by Schmukler et al.
[31], we are unable to account for this discrepancy; it should however, be noted
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that the methods employed for determination of the 3'-termini in this study
[36] differ from those used by Schmukler et al. [31].

Apart from the work on bovine semen RNAase [17], none of the various re-
ports on mammalian enzymes active against double-stranded RNA is based on
isolation and purification of an enzyme to an extent sufficient to warrant a
comparison of its properties with those of the activities isolated in this study.
The preliminary data reported for these enzymes does suggest that their activi-
ties cannot, in most instances [10—12], be attributed to acid-thermostable
RN Aases.

It is pertinent to examine the possible relevance to our findings of the in-
creased rate of hydrolysis of double-stranded RNA by oligomeric forms of bo-
vine RNAase A [17,18]. This enzyme hydrolyzes double-stranded RNA at only
3:107% times the rate for single-stranded RNA (Table I). For dissociable
dimers formed by simple aggregation, this rate increases 4 times [17], whereas
for synthetic cross-linked dimers the increase may be more than 400-fold rela-
tive to the monomer [19]. Bovine semen plasma RNAase, a natural dimer, was
found to attack double-stranded RNA more rapidly than monomeric RNAase
A [17]. From these data, and on the basis of experiments with dimers formed
between RNAase A and its inactivated derivative carboxymethylated at histi-
dine residue 119, which exhibited no enhancement of the rate of hydrolysis of
double-stranded RNA relative to monomeric RNAase A, it was initially postu-
lated that hydrolysis of double-stranded RNA requires two active sites, one on
each subunit of the dimer {37]. This interpretation was subsequently placed
in doubt by the observation that a monomer of bovine semen plasma RN Aase
degrades double-stranded RNA as efficiently as the natural dimer [20]. Our
own findings provide independent evidence that a dimeric structure is not a
prerequisite for ability to hydrolyze double-stranded RNA by all RNAases
which resemble, in specificity and other properties, the bovine pancreatic en-
zyme. Human urine RNAase, which cleaves double-stranded RNA at 0.4% the
rate for single-stranded RNA, has a molecular weight of only 14000 [38], and
is presumably a monomer. Following exhaustive dialysis the human urine en-
zyme appears to double in molecular weight, while its rate of cleavage of dou-
ble-stranded RNA relative to single-stranded RNA apparently increases, largely
as a result of a decrease in activity against single-stranded RNA. It would con-
sequently appear that although activity of human RNAases against double-
stranded RNA does not require a dimeric structure, such a structure does ex-
hibit a higher rate of cleavage of double-stranded RNA relative to single-
stranded RNA.

The possible physiological significance of the relatively high activity of hu-
man RNAases against double-stranded RNA is not immediately obvious. It
would clearly be desirable to examine the mechanism of hydrolysis of double-
stranded RNA by these enzymes, including a study of the products of hydroly-
sis, preferably with the use of radioactively labelled RNA. Such studies are
being initiated in this laboratory. It is, however, pertinent to note that the high
activity of human RNAases against double-stranded RNA may be of signifi-
cance in relation to interferon induction by such RNA.
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