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SUMMARY: Highly purified RNase 11Il, which is specific for double-stranded RNA
gives limited cleavage of nucleolar 455 RNA and nuclear heterogeneous RNA from

HelLa cells. Major cleavage products of 455 RNA are comparable in mobility to the
in vivo products. 45S RNA which had incorporated toyocamycin or which was treated

with ethidium bromide was not cleaved by ribonuclease 111. The results suggest
that there are specific signals at double-stranded reqgions in the nuclear RNA,
which are recognized by an enzyme during RMA maturation.

INTRODUCT I OH

RNase t1l of E. coli has been implicated in maturation of E. coli pre-ribosomal
RNA (1-3) and T7 messenger RNA (2-4). The enzyme acts specifically at double-
stranded regions (5). Such reaions may also be important sites in the processing
of nuclear RNA of mammalian cells, for intercalating agents or base analogues
that weaken hase-pairing (6) inhibit nuclear processing of both rRNA (7) and
heterogeneous nuclear RNA (8).

We have treated Hela 45S RNA and heterogeneous nuclear RNA with E. coli RNase
1. Both types of RNA are cleaved to a limited extent. The products have sizes
consistent with the possibility that RNase Il may, with some specificity, select
processing sites.

MATERIALS AND METHODS
[3H] poly (€), 8.2 mCi/mmole nucleotide phosphate; [3H] uridine (23 Ci/

1
[]l

mmole) ; [3H] adenosine (15 Ci/mmole): and Cl uridine (50 mCi/mmole) were

from Schwarz/Mann. Unlabeled poly | was from Miles. DEAE-cellulose (Whatman),
CM cellulose (Serva), and Sephadex G-200 (Pharmacia) were used. Ethidium bromide

and RNase A were Sigma products.
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Fig. 1. Specificity of purified RNase |11, and inhibition by ethidium bromide.
Assays for acid-soluble products were performed in 50 ul, using the conditions
recommended for RMase |11 (1.,2,5) with 30 min incubat%ons at 37°C. Each sample
contained buffer: 2000 cpm [3H] poly(C) or 1200 cpm [’H] poly(C)-poly(l); the
indicated amount of protein; and in some samples, 1.5 mM ethidium bromide. Pure
RMase 111 (see Methods) assayed in the absence (—~e==) or in presence (--o--)

of ethidium bromide; less pure RNase I!| in the absence (~~A==) or in presence
(--A--) of ethidium bromide.

Fig. 2. Gel electrophoretic analysis of RMase 1!l cleavage of E. coli 30S
pre-ribosomal PNA, and inhibition by ethidium bromide. Reaction and electro-
phoresis as in fig. 1, using 1 uo enzyme and 0.1 pg RHMA (5000 CPTL in a 30 min
incubation. Where indicated, 5 ug pancreatic RNase was used. [ 'C] labeled
E. coli 16S and 23S rRNA added as markers for electrophoresis. At left, 30S

pre-rRNA incubated with (=e=) or without (--o--) PNase 1l1. At right, incubation
in the presence of ethidium bromide, with RNase 11l (--0-~) or with RHase A

—e~).

RNase 111 was purified from E. coli Al9 according to Robertson et al. (5},
except that before the DEAE and CM-cellulose columns, the ammonium sulfate
fraction, instead of being dialyzed, was run through a 2 x 30 cm Sephadex G-200

column equilibrated with 0.01 M Tris-HCl, pH 7.5, containing 0.01 M MgCl 0.02

2;
M NHhCl; 0.005 M B-mercaptoethanol, and 10% glycerol. To remove detectable
activity against [3H] poly C (right panel of fig. 1), the three chromatographic
steps were repeated using columns half the length, and with a direct elution

from CM-cellulose by 0.2 M NHACI, instead of the linear salt gradient.

[]AC] 16S and 23S RNA: and [3H] 30S pre-

rRNA were prepared according to ref, 1. [3H] 455 RNA was prepared from 2 x 106

53 Hela cells/ml labeled for 15 min with [3H] uridine (25 uC/ml, 23 Ci/mmole).

973



Vol. 59, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Toyocamycin containing 455 RNA was prepared from Hela cells which were prein-
cubated with 0.1 pg/ml toyocamycin for 10 min and labeled 3 hr. Nuclei and
nucleoli were made essentially according to Penman (9). The 455 RNA was extracted
f rom nucleoli using 0.5% sodium dodecyl sulfate-phenol at 60°, and the RNA was
purified by sucrose density gradient centrifugation .(10).

[3H] HnRNA was prepared from 3 x 106/ml Hela cells labeled 20 min with
[3H] adenosine (50 uC/ml; 15 Ci/mmole). MNuclei were prepared (9) and nucleic
acid extracted with 0.5% sodium dodecyl sulfate-phenol and sedimented through
two successive 5 to 20% sucrose gradients in 10 mM sodium acetate, pH 6; 1 mM
EDTA; 100 mM NaCl; 0.2% sodium dodecy! sulfate. From each gradient, the RNA
larger than 45S was pooled, precipitated with ethanol, and stored at -20°C
until just before use.

Each sample prepared as in fig. legends was applied to a 2.95% acrylamide
gel and electrophoresed 6 hr at 5 mamp/gel (11). The gels were then sliced and

counted (1,12).

RESULTS

Purity of RNase |1I. RNase 11| can be separated from single-stranded

endonuclease activity (fig. 1: see Methods). More highly purified RNase 111
{(fig. 1: right panel) degraded only the double-stranded substrate. Also,
(fig. 1), the action of RNase |I! on double-stranded RNA was inhibited by
the intercalating agent ethidium bromide, while in less purified fractions
(fig. 1) the action of a contaminant enzyme against [?H] poly(C) was not
inhibited.

Additional control experiments were carried out with 305 pre-ribosomal RNA
from E. coli (1-3) as a substrate. Highly purified enzyme cleaved essentially
all the 30S pre-rRNA to 255, 17.55 and smaller RNA fragments within 30 min (fig.
2, left). In contrast to earlier trials with less purified enzyme (1), there
was no requirement for added unlabeled mature rRNA to compete away non-specific

attack on the primary cleavage products. intercalation of ethidium bromide
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Fig. 3. Gel electrophoretic analysis of cleavage of Hela cell 45S RHA, and of the
effect of ethidium bromide. L5S RNA 0.1 uqg; {8009 cpm) was incubated in 120 ul
with. repurified RNase II1 (about 1 ug protein) at 37°C for 60 min in buffer

(5). In one sample (—A—), 0.5 mM ethidium bromide was added. After the reaction,
Lo ul of a solution containina 40% sucrose and 2% sodium dodecy! sulfate was
a?ged to each sample, and tubes were incubated 5 min at 55°C. A small amount of
[77¢C) labeled 28S and 18 S cytoplasmic rRHA, purified separately, was added to
each sample to provide internal markers for electrophoresis. At left, 45S RNA
incubated in absence of RNase II1 (—e=), or in presence of RMase Il and 0.5 mM
ethidium bromide (~—A—). At right, analysis of the RNA preparation after in-
cubation with enzyre.

again completely blocked cleavage by RNase 111 (fig. 2, right). As expected
from the trials with single-stranded L34 poly(C) (fig. 1), ethidium bromide did

not prevent degradation of 305 pre-rRNA by RNase A (fig. 2, right).

Cleavage of Hela nuclear RNA. Purified RNase 11! cleaved 455 RNA to major

fragments with electrophoretic mobility corresponding to 415 and 295 RNA, along
with lower levels of smaller fragments (fig. 3). The large products are com-

parable in size to 41S and 295 cleavage products of 455 RNA in vivo (13), though

no major peak corresponding to the i

vivo 325 RNA (13) is seen. |In trials with

six preparations of 455 RNA and two preparations of enzyme, about 50 to 75% of
the RNA was cleaved in 30 to 60 min, after which little if any further cleavage
was observed in an additional 60 min incubation. As with the artificial double-
stranded RNA (fig. 1) and E. coli 30S RNA, cleavage was inhibited by ethidium

bromide (fig. 3, left).
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Fig. 4. Gel electrophoresis analysis of cleavage of toyocamycin containing 458

RNA by RMase 11l Toyocamycin containing L45S RNA was incubated with RMase 11l as
in Fig. 3. Toyocamycin-containing 455 RMA incubated with (— @ —) or without
(—o~) RHase 1Il. (--e--), marker RMA.

Cells treated with the adenosine analogue toyocamycin are blocked in rRNA
processing (6,14,15). Toyocamycin-containing 455 RNA was purified and found to
be resistant to RNase |I| cleavage (fig. 4).

Limited fragmentation of purified Heterogeneous nuclear RNA from growing
HeLa cells was also observed (fig. 5). The fraction used was purified by size
(> 455), and at least 60% of it contained 3'-terminal poly(A) sequences
characteristic of mRNA, as judged by its capacity to bind to poly dT-columns
(ﬁé]; data not shown).

DISCUSSION

These results demonstrate that Hela cell HnRNA and 455 RNA contain double~
stranded regions recognized by an enzyme from an organism at the evolutionary
extreme. Double-stranded fragments of nuclear RNA have been prepared by several
groups of workers (17-18); probably they exist at a number of points along the
RNA, as demonstrated for 455 RNA by Wellauer and Dawid (19). However, the
electron mjcrographs show a large number of such double-stranded segments (19),

whereas only a small number of major cleavages by RNase |1l are observed. By
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Fig. 5. Gel electrophoresis of RMase 11| c\eavaqe products of heterogeneous
nuclear RHA. 2.5 pg RHA (£.3 x 107 cpm) was incubated in 450 ul with RHNase II1,
with or without 12.5 ng enzyme protein, in buffer as in fio. 2. At the indicated
times, 50 ul samples were extracted with N0.5% sodium dodecy! sulfate-phenol for

1 min at 60°C, then washed with an equal volume of chloroform. Markers were
added and the samples applied to cels for electrophoresis.

the criterion of gel electrophoresis, the fragments formed are comparable in

mobility to the products in vivo.

Ethidium bromide, which binds to double-stranded sequences in RNA, inhibits

cleavage of 455 RNA (7) and HnRNA (8) in vivo, and cleavages by RNase Ill in vitro

(fig. 1,2,3). In controls, several RNases that attack single-stranded regions

were not inhibited by ethidium bromide (figs. 1,2). Also, RNA containing

toyocamycin is resistant to cleavage i

vivo (15) and resists cleavage by RNase

111 in vitro (fig. 4). This result is especially suggestive because analogues of
this class are very similar to adenine, and analogue-substituted ribopolymers
differ little from normal ones in many respects, including coding functions (20),
but can adopt the syn conformation which would specifically weaken double-helical
base-pairing (6).

These results suggest that a specific type or size of double-stranded
c leavage signal for the formation of ribosomal and messenger RMA may have been
p reserved throughout evolution. A possible analogue of RNase 111, an RNase active

against double-stranded RNA has now been purified from HelLa cell nuclei (21).

ACKNOWLEDGEMENTS
This work was supported by NSF grant GB 23052, Some of the material was

abstracted and presented at the Cold Spring Harbor meeting on Ribosomes,

977



Vol. 59, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

September 4-7, 1973. C.H.B. was supported by HIH postdoctoral fellowship GM

51474,

(3]

(O BN =l X )
. e =

O~ O
DU

1.
12.
13.
14,
15.

16.
17.

18.
19.

20.

21,

REFERENCES

Nikolaev, N., Silengo, L., and Schlessinger, D. (1973) J. Biol. Chem. 248,
7967-7969.

Nikolaev, N., Silengo, L., and Schlessinger, D. (1973) Proc. Hat!. Acad. Sci.
U.S. 70, 3361-3365.

Dunn, J.J., and Studier, F.W. (1973) Proc. Natl. Acad. Sci. U.S. 70, 3296~3300.

Dunn, J.J., and Studier, F.W. (1973) Proc. Natl. Acad. Sci. U.S. 70, 1559-1563.

Robertson, H.D., Webster, R.D., and Zinder, N.D. (1968) J. Biol. Chem. 243,
82-91.

Ward, D.C., and Reich, E. (1970} Ann. Reports Medicinal Chem. 1969,272-284,

Synder, A.L., Kann, H.E., and Kohn, K.W¥. (1971) J. Mol. Biol. 58, 555-565.

Brinker, J.M., Modore, M.P., and Bello, L.J. (1973) Biochem., Biophys. Res.
Res. Commun. 52, 928-934,

Penman, S., Smith, I., and Holzman, E. (1966) Science 154,786-789.

Steele, W.J., Okamura, N., and Busch, H. (1965) J. Biol. Chem. 240, 1742-1749.

Weinberg, R.A., Loening, V., Willems, M., and Penman, S. {1967) Proc. Natl.
Acad. Sci. U.S. 58, 1088-1095,

Bray, G.A. (1960) Anal Biochem. 1, 279-285.

Maden, B.E.H. (1971) Progr. Biophys. Mol. Biol. 22, 127-177.

TavitLan, A., Uretsky, S.T., and Acs, G. (1968) Biochim. Biophys. Acta 157,
33-h2.

McGuire, P.M., and Swart, C., and Hodge, L.D. (1972) Proc. Natl. Acad. Sci.
U.S. 69, 1578-1582.

Aviv, H. and Leder, P. (1973) Proc. Nat. Acad. Sci. U.S. 69, 1408-1412,

Ryskov, A.P., Saunders, G.E., Farashvyan, V.R., and Georgiev, 6.P. (1973)

Bases, R., and Kaplan, B.H. (1973) Biochim. Biophys. Acta 312, 574-580.

Wellauer, P.K., and Dawid, 1.B. (1973) Proc. Mat. Acad. Sci. U.S. 70, 2827-
2831. -

Uretsky, S.C., Acs, G., Reich, E., Mori, M., and Altwerger, L. (1968) J.
Biol. Chem. 243, 306-312.

Birge, C.N., and Schlessinger, D. (1974) Federation Proceedings. 33, 1275.

978



