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1. Introduction

In previous reports we described a temperature sen-
sitive mutant {rs) of Escherichia coli which exhibited
in cell free extracts an augmented ribonuclease
(RNAase) activity that was dependent upon growth of
the mutant at the ponpermissive temperature 1.2
in this mutant the functional {2] and chemical (3]
half lives of ¢ mRNA, and other messenger. [4], com-
pared 1o that of the parental strain were also shortencd.
The increase of RNAase activity was shown to be
caused by a single-point mutation mapping near min-
ute 74 on the E. coli map |1} . Since these observations
suggested that there might be a relationship between
the increased RNAase activity in cell-free extracts of
the mutant strain, und the decreased lifetimes of
miNA, we proceeded Lo characterize the nature of
this altered RN Aase activity,

1. Results and discussion

When cell-free extracts {8-12) from both the par-
~ental 112-130 and the mutant strains (N4752) were
assayed under RNAase 11 conditions up to 4-fold dif-
ferences in RNAase L specitic activity were observed

- between the two strains {1, 2, 5]. In order to find out
i this increased RNAase activity is dependent upon the
- mresence of tibosomes, cell-free extracts were prepared
from buth strains and were separated into ribosomes

.
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and ribosome-free supernatants. The supernatants were
then assayed for RNAase 11 activity both in the pres-
ence and absence of ribosomes from each of the two
strains. As can be seen in fig. 1, a 4-fold difference in
RNAuase specific activity between the two ribosome-
free supernatants was found, and it was unaffected by
the presence of ribosomes from either of the two
strains tested. 1t therefore seems that the RNAase
activity affected by the mutation in strain N4752 is

a supemnatant factor,

The ionic requiremients of the RN Aase activities in
both strains were determined by assaying the RNAase
activity in dialyzed ribosome-free supernatants in
absence or presence of one or both of the cations used
in the above experiments (L.e., magnesium and potas.
sium). The data in table 1 indicate that the RNAase
activities of both strains require both magnesium and
potassium for optimal function.

To identify the reaction products, ribosome-tree
supernatants from both strains were used in RNAasce
11 assays and at the end of the reaction portions of
the assay mixes were spotted on Whatmann 2 mM
paper and chromatographed with 95% ethanol, 1 M
ammoniun acetate (1:1, v/v) saturated with sodium
borate. The resultant chromatograms repeatedly ¢x-
hibited a single product when either poly (A) ot poly
(U) were used as substrates. With puly (U}, the product
exhibited an Ry (0.45) iden tical to §°-UMP {(1.44}. but
different from lhi! R values of markers that were
chromatographed on the same paper as the reaction
mixture (uracil, 0.77; uridinc 0.74; UDP, 0.38; LTP,
0.36: 3.UMP, 0.60; and 2", 3'«UMP, 0.80). Simi-
larly. the product of reactions with poly (A) us sub-
strate exhibited the same Ry as a5 “AMP marker.

133



Volume 30, number I

) - 7 T T L T 1 T

& Supernatants &R bosonids / Suparnarants

e

& oo} + A

=8 a

=

s P S - A . ]

< L A Ny

A 300 Ta A i Hyriwr [ Ao Fure Hyper

2 a

o .

q o o

v, 200[ -‘

=

=

5 U

= [ .;_J.A‘. [ J, ]

w:: wo LR kan T pEr E/ . -

Q q/‘fl”ﬂ /"'"

- o o o PO

- 8 N L i N = PO T - - o,
¢ 3 L] & B 2 a & 2

TIME {MEN}

Fie. 1. RNAase activity in sunernatants, and in supernitanis
suppleiented with ribosomes. Extmacts of cells from bath
strains 112—13f and N4752 were prepared by alumina.
srindiny [13] trexted with DNAage and extracted with buf-
fer (Tris-HC1 10 mM, pH 7.5; magnesiam acetate 10 mM;
reduced glutathione 19 mM). Ribosome-free supernatants
wyere prepared and stored at —-60° for not more than one
week, in 2007 v/v slveerol containing GSH {14 mM). The
ribosomes used werd washed four times in a buffer con-
wning 1 M NEL,CLL

The reaetion mixtures coniained, per ml: 200 e of the
supernaiant potein: and/or 40 gg ribosomes; |31'|IP013’UI1"
dvlic acid (10,6 ge. 100,000 cpm); and were 10 mM in Mg2*,

0 mM in K and 6 mi in GSH. Reactions were carricd
out at 307, At the specified rimes, 50 pl aliquots were
withdrawn and the sssav was terminated. Right pane!
wm—n L 2-130 ribosomes; ~—~ N4752 zibusomes. Left
panet vpen symbols 112130 ribosomes; clused symbols
N4752 ribusomes.

Thepe were at feast four factors that influenced the var-
atioin of RNAsse I activity in extracts: ape of extracts,
nzture of substrates. suiphydeyl reagents, and toeatment of
extracts with DNWAuase. Ve observed thot the RNAaxe activ-
ity | especially of the parental extracts, tended 1o increase
surlewiatl upon storage. Polv (A) way a better subsirale
thers polr +U) by 1 factor of 2 to 3 [9] ana DTE and
GSH were superior te 24anercapioethanol in presemving the
activiby of the extracts. When extracts were treated with
DNAase, their specific acuvizy was fowered; this is probabiy
due o the rormation of jnhibitory deoxycdigonucleotides
{see |30

In summary , the experiments described thus far
indicate that the activity we are investigating i) is pri-
murily a superatant factoer, i) requires both magnesium
and potassiuni tons for optimal activity . and iii) can
degrade polynucleotide to 5"-mononuclentides. Of all
the & coldi BNAases -1V and PNPase only the charac-
teristics of the RNAase 11 are compatible with the
characteristics of the RNAase activity described here.
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Table I
Jon requiremeits of RNAase activity.
Strain
Ions 112-130 N4752
Complete mix 214+ 8 767 £ 18
Kt 22r B 29+ 15
gt 3112 201 = 30
Mg, - 0 0

Strains 112-130 and N4752 were grawn as described in

[1 und 2| and assayed as described in [ 10]. Ribosome-free
supematanls were preparcd trom cell extracts made by
sonication. and wére not treated with DN Aase. The super-
natants wera dialyzed agairst 1O mM Tris buffer

(pH 7.8, 600 ml buffer/ml supcrnate) contzining 2 mbi
dithioery tanitol with frequent changes of buffer (3 hriatervak:
4 puffer changes). The assay mixiures contained 60 pp supcr-
natant protein and [ SH| palyadenylic acid (20 pg poly (A)
79,000 cpm per mi, as well as the other necessary compaonents,
Yhe reaction mixtures {63 pl) were incubated at 377 for

30 min. The data represent the average of tripheate deterni-
nations and are corrected for alcohal soluble counrs in the
absence of supernaranms {110 cpm). The spesific activities [F]
of the supemnatants Were 2.5 and 1.9.

Sirnce the assay used was suited to detection of
RNAasc [l activity the above data do noi rule out the
possibility that other RNAase activitics niay also be
affected by the mutation. To test this we determined
the levels of RMAasce HI and PNPasc and RNAase il in
cell-free extracts derived from both sirains.

The remaining RNAases were not tested because:
iy in plaie assays for RNAuse I colonies of N4752
were as neaative for RNAase | as'colunies from the
parentasl strain and other RNAuzse [ strains, i) there
is no simple assay for RNAase 1V activity. suitable for
cell-extracts [6]. and iii) a unique RNAase V enzyiae
does not seem to exist 7. 8]. The data m table 2
clearly indicate that only the level of RNAase i is
affected by the mutation, while the levels of RNAuse
Il and PNPase are not. It can therefore be conclud=d
that from the RNAase tesied only the Jeve! of RNAsse
If is affected in the mutant strain at the nonpermis=ive
temperature. :

Since the s mutation augments the RN Ause I
activily, expression of the mutation at the nonperiis
sive temperature could lead to a reduction in the
synthesis of an RNAase H specific inhibitor, synthzsis
of un RN Aase il specific activator, resuil in an ingreased
synthesis of RNAase [[ in the mutant strain or lead!
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directly or indirectly to the production of a structur-
ally altered, hyperactive RNAase I enzyme.

revious experiments showed that oligonucleotides
of DNA inhibit RNAase I of £ cofi, and that most of
the inhibitory capacity of extracts is probably due to
DNA 5]

Since the diffcrence in RNAasc I activity between
the two strains could be demonstrated in supcernatants
{ram which nucleic acids were removed, and since
wixing such supecnatants resudted in additive RN Aase
activity we conclude that neither an inhibitor nor an
activatar of RMAase IT 15 affected by the rs mutation.
Muteover in a specific search, neither an activator nor
an inhibitor of RNAase H in exizacts of wild type
E. coff strains, was found.

To tutther investigate the difference in RN Aase {
activity between these two strains, the RNAase [
enzymes from both strains, grown at the elevated tem-
perature, were isolated and purified aceording to the
procedure of Siager and Tolbert [9] . The specific
activity o RNAase 11 in the mutant extract wus
3-times greater than in the parental extract; this dif-
ference in specific activity not only persisted through-
out purification, but actually increased to an B-fold dif-
ference in the nost highly purified samples compared.
Gel electrophoresis {(pH 7.6) of the purest samples re-
vealed however two bands in the parental enzyme
fraction — p majar and a minov - and four bands in
the mutant enzyme. Morcover, the major band found
in the parental strain was g Hajor protein conponent
in the crude extract ($-30) which is carried through
all the purification steps and which apparently does
not possess RNAase [ activity. This was determined
by slicing and assaying the gels for RNAase activity and
by corrclating the increase i specific activity of the
enzyme duzing purification and the relative enrichment
of the bands as determnined by densitometry.

Therefare it was not possible to determine whether
the increase in the level of RNAase I1 in the mutant
strain is due to increased synthesis or due to modifi-
cttion of ihe enzyme.

At present the major difficulty in pinpointing the
vause of increased RINAase H activitly in strain N4752
vhizn it is grown at 43° seems te be the lack of an ap-
prapriate technique for purification of RMNAase I It is
cl=ar, however, that among the known ribonucleases
oniy RNAasze I is affected in strain N4752 at the
elevated temperature.
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Table 2
RMAase activities in celb extracts of strains 112-130 and
N4752.

RENAzse 111

RNAase 11 PNPase
Strain (cpm) (cpm) (cpm)
112-13C 1250 3500 365
329G

NETS2 3339 44C0

Strains 112-130 and N4752 were grown at 30%, trans-
ferred 10 43 and harvested afiter stowth for 60 min at
the clevated temperature. Cell extracts (S-12) were pre-
pared by sonication and were DNAase treated.

The assay mixwre for RNAdse L[ contzined, per ml:
400 ug of §-12 protein; 20 g (192400 spm) [*H]poly-
adenyiic acid, | mM marncsium gcctate, and 10 mi
potassium chloride, The weaction mixtures (50 gl) were
incubated a1 437 Yor 10 min. The reactions were siopped
and the alcohol-soluble counts releused determined.

The assay mixture for RNAase TH {11] contained, per
ml: 400 ug of S-12 protein: 20 up [3Ilipul)«'cy!idylic acid
(192,400 cpm); 20 pg polyinosinic acid; Tris-1{C1
(pH 7.6; 10U mM); and sodium-cbloride (0.2 M). The re-
actiun mixtares (50 ) were incubated at 43° tor 10 min,
the reactions stopped by tie addition of 0.1 nd carnier
RNA and | mil of 664 zlcohol, end the alcohol-soluble
counts liberuted wire determined.

The assay mixtures fur PNPase 12§ activity contained.
per o, 364 ug of §-12 pratein. The reaction mixiures
(100 p¥) were incubared at 37 for 30 min. Al these fe-
actions procacd lincatly durine the length of time tested
here, The dats represent rhe averages of dupiicate deter-
minations aad are corrected for backerounds, no extracts,
NG, 230 and 250 cpm, RNAase H, 11 and PNPase, re-
spectvely. The dota are expressed in cpm per 20 py §5-12
protan.
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