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Abstract: Thirteen terrestrial psychrotrophic bacteria from Antarctica were screened for the presence of a thermolabile ribonucle-
ase (RNAase-HL). The enzyme was detected in three isolates of Pseudomonas fluorescens and one isolate of Pseudomonas syringae.
It was purified from one P. fluorescens isolate and the molecular mass of the enzyme as determined by SDS-PAGE was 16 kDa.
RNAase-HL exhibited optimum activity around 40°C at pH 7.4. It could hydrolyse Escherichia coli RNA and the synthetic
substrates poly(A), poly(C), poly(U) and poly(A-U). Unlike the crude RNAase from mesophilic P. fluorescens and pure bovine
pancreatic RNAase A which were active even at 65°C, RNAase-HL was totally and irreversibly inactivated at 65°C.
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Introduction

Enzymes play a crucial role in life of a micro-
organism and hence it is that they are stable and
function optimally in the range of temperature in
which the micro-organism survives and grows.
Though much is known about the enzymes from
mesophilic and thermophilic bacteria [1,2] with
respect to their optimal activity and thermal sta-
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bility properties, comparatively little is known
about the cold-adapted enzymes from psy-
chrotrophic bacteria. Most of these cold-adapted
enzymes have a low K at the environmental
temperature, are cold-active, exhibit optimal ac-
tivity at lower temperatures (10-30°C) and are
heat-labile [3-8].

Most of the information available so far on the
functional traits of cold-adapted enzymes is from
micro-organisms isolated from aquatic environ-
ments [3-5]. Hence, in the present investigation
attempts were made to identify cold-active heat-
labile ribonucleases (RNAse) from 13 terrestrial
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psychrotrophic bacteria from Antarctica belong-
ing to the genera Pseudomonas [9], Arthrobacter
{10] and Micrococcus [11]. Further, a cold-active
heat-labile ribonuclease (RNAase-HL) was also
purified to homogeneity from a psychrotrophic
Pseudomonas fluorescens (10CW) and the enzyme
was characterised with respect to its activity and
stability at various temperatures and compared
with that of bovine pancreatic RNAase A and the
crude enzyme from the cell-free extract of
mesophilic P. fluorescens.

Materials and Methods

Bacterial strains and growth conditions

Thirteen psychrotrophic bacteria (Table 1) iso-
lated from soil and water samples collected at
Schirmacher Oasis, Antarctica [9-11] were main-
tained in ABM medium as described earlier.
Mesophilic P. fluorescens (ATCC 8251) and Es-
cherichia coli strain D10 were grown in broth
containing peptone (0.5%, w/v), sodium chloride
(1%, w /v) and yeast extract (0.2%, w/v).

Purification of RNAse-HL

Exponential phase cultures of P. fluorescens
were harvested by centrifugation at 6000 X g, for
10 min at 4°C, washed with TE buffer (10 mM
Tris and 1 mM EDTA; pH 7.4), suspended in 40
ml of TE buffer and sonicated at 4°C till all the
cells were fragmented. The sonicated suspension
was centrifuged at 115000 X g at 4°C for 90 min
and the supernatant was collected, reduced to 6

ml by lyophilisation and loaded on a Bio-Gel P60
column (120 ¢m X 1.8 cm). The column was eluted
with TE buffer and the active fractions were
pooled and chromatographed on a DNA-cel-
lulose affinity chromatography column (30 c¢cm X
1.8 c¢m) prepared according to the method of
Litmann [12]. The active fractions were pooled,
dialysed for 24 h against TE (four changes),
lyophilised and further purified by FPLC. The
FPLC active peak (Peak 8) was dried by lyophili-
sation, dialysed and loaded on a uBondapak
C-18 reverse phase HPLC column (30 ¢cm X 3.9
¢m) of pore size 10 um. The column was eluted
with a linear gradient of 0-60% acetonitrile in
solvent A using a Hewlett and Packard 1090
HPLC unit.

Gel electrophoresis

Sodium dodedcyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) and agarose gel
electrophoresis were performed according to
standard methods [13].

RNAase assay by the gel method

RNAase was assayed in 10 ml of 10 mM
Tris /HCI buffer (pH 7.4) containing magnesium
chloride (0.5 mM), EDTA (1 mM), sodium chlo-
ride (150 mM), E. coli RNA (1 pg) [prepared as
described earlier, 14] or a synthetic substrate such
as poly(U), poly(C), poly(A) or poly(G) or poly
(A-U) (10 pg) and minimal amounts of enzyme.
Incubations were carried out at the temperature
specified for 30 min. The reaction was stopped by
the addition of an equal volume of sample buffer

Table 1

Purification of RNAase-HL from psychrotopic P. fluorescens (10 CW)

Purification Protein Active Total Specific Recovery Purifi-

step loaded protein activity activity * (%) cation
(mg) obtained (mg) (units) (units /mg) fold

Bio-gel P60 350.0 150.0 510.0 34 100.0 1.0

DNA-

Cellulose 150.0 6.0 360.0 60.0 70.5 17.6

FPLC (peak 8) 6.0 1.5 124.05 82.7 243 24.3

FPLC (Peak 1) ** 33 10.56 3.2

HPLC 1.5 0.6 75.0 125.0 14.7 36.8

* One unit of activity is equivalent to an increase of 1 unit of absorbance at 260 nm due to the hydrolysis of the substrate (for
details see Materials and Methods); ** Peak 1 of FPLC was not used for further purification.
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(pH 7.4) containing Tris (10 mM), EDTA (1 mM),
glycerol (10%) and bromophenol blue (0.1%) and
directly electrophoresed in 1% agarose gels. The
enzyme was considered to be active if the E. coli
total RNA consisting of 23S, 16S and 5S RNA or
the band indicative of polyribonucleotides which
were used as the substrates were hydrolysed par-
tially or completely so as to yield a smear on the
gel or a prominent band in the 4-5 S region,
respectively. The results were also quantitated by
densitometric scans of the gels but in such cases
poly(U) was used as the substrate. Poly(U) in the
absence of RNAase resolved into a single broad
band. The intensity of this band was considered
equivalent to 100% unhydrolysed RNA. Hydroly-
sis reduces the intensity of the poly(U) band and
the decrease in intensity was taken to be propor-
tional to the % RNA hydrolysed.

RNAase assay by the spectrophotometric method

The nucleolytic activity of RNAase-HL was
also measured by the increase in absorbance at
260 nm by the method of Kalnitsky et al. [15]
using poly(U) as the substrate. An increase in
absorbance by 1 unit at 260 nm was taken to be
equivalent to 1 unit of enzyme activity. The con-
centration of proteins was determined by the
method of Lowry et al. [16] using bovine serum
albumin as the standard.

Results and Discussion

Very few enzymes have been purified from
psychrotrophic bacteria and established to be
cold-adapted. The enzymes reported so far are a
lactate dehydrogenase from Vibrio marinus [6], an
alkaline phosphatase from an unidentified
Antarctic bacterium [5], a lipase from a psy-
chrotrophic Moraxella [4] and an «-amylase from
Alteromonas haloplanctis A23 from Antarctica [3].
In the present study cell-free extracts of 13 iso-
lates of psychrotrophic bacteria exhibited ribonu-
clease activity. But, when the extracts were heated
to 65°C for 30 min and then immediately assayed
for activity the activity persisted in the majority of
the bacteria except in three isolates of P. fluo-
rescens (10CW, 39W and 51W) and one isolate of
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P. syringae (Lz4W) indicating that in these four
isolates the RNAase was heat labile. The absence
of an heat labile RNAase in some of the isolates
of P. fluorecens, P. putida, A. protophormiae and
M. roseus is intriguing and difficult to explain
based on the present data.

Attempts were made to purify the heat labile
RNAase from 10CW an isolate of P. fluorescens
using cell free extracts of the bacteria. It was not
possible to use the osmotic shock method of
Heppel [17] since no RNAase activity was de-
tected in the supernatant. This indicated that it is
a cytosolic enzyme and not a periplasmic enzyme,
because if it was present in the periplasm then
osmotic shock should have released the enzyme.

Purification of RNAase-HL

The cell-free extract of P. fluorescens (Table 1)
following chromatography on Bio-Gel P60 re-
solved into two peaks (I and II respectively). The
RNAase activity was confined to peak I (150 mg
of protein) which following affinity chromatogra-
phy on a DNA-cellulose column resolved into
one major peak (I) which exhibited RNAase ac-
tivity and a minor peak (II) which was devoid of
activity. The active fractions eluted at a concen-
tration of 0.5 M NaCl. FPLC of this fraction on a
Mono S column further fractionated the proteins
into two major and seven minor peaks with maxi-
mum activity in peak 8 which eluted at a concen-
tration of 0.5 M NaCl with a retention time of 23
min. HPLC of the active peak 8 on a wBondapak
C-18 reverse phase column resolved the proteins
into two peaks I and II (Fig. 1). Peak I with a
retention time of 31.68 min exhibited RNAase
activity and following SDS-PAGE and staining
with coomassie blue it resolved into a single band
(Fig. 1).

In the present investigation cold-active
RNAase-HL from P. fluorescens was purified
37-fold and the recovery of RNAase HL was
about 15%. This low recovery is due to the fact
that following FPLC though the activity was asso-
ciated with the unadsorbed peak (peak 1) and
three other eluted peaks (6, 7 and 8), only peak 8
which exhibited maximum activity was processed
for further purification by HPLC thus resulting in
a drop in recovery.
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Properties of RNAase-HL

The molecular mass of RNAase-HL as deter-
mined by SDS-PAGE both in the presence and
absence of B-mercaptoethanol was 16 kDa (Fig.
2). Under the assay conditions described in Mate-
rials and Methods the activity of RNAase-HL
was linear up to 30 min. It hydrolysed both E.
coli RNA and poly rU over a pH range of 4 to 9
with maximum activity (95% hydrolysis) at pH
7.4. The enzyme was active over a broad range of
temperature (5°C to 60°C) and exhibited about
45% activity at 5°C, maximum activity at 40°C
(100%), reduced activity at 50°C (20%) and total
absence of activity at 65°C. The enzyme was
capable of hydrolysing poly(A) (90%), poly(C)
(100%), poly(U) (95%), poly(A-U) (50%) and E.
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Fig. 1. Purification of RNAase-HL by HPLC using peak 8 of
FPLC which exhibited maximum activity. Peak 8 was fraction-
ated by HPLC using a uBondapak C-18 reverse phase col-
umn. The absorbance of the proteins was monitored at 280
nm. RNAase activity was associated only with peak 1 with a
retention time of 31.68 min. Inset shows FE. coli total RNA
(lane 1), activity of peak I after heat inactivation at 65°C for
30 minuts (lane 2), before heat inactivation (lane 3) and peak
11 exhibiting no RNAase activity (lanes 4 and 5) before and
after heat inactivation.

Fig. 2. SDS-PAGE pattern of RNAase-HL from P. fluo-
rescens (10CW) following electrophoresis on a 10% gel in the
presence (lane 1) and absence (lane 2) of 8-mercaptoethanol.
The protein loaded was the HPLC peak I with a retention
time of 31.68 minutes. The mol. wt. markers (lane 3; shown by
arrows) were phosphorylase b (94 kDa), bovine serum albu-
min (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30
kDa) and a-lactalbumin (14.4 kDa). (The other two visible
bands one below bovine serum albumin and the other above
a-lactalbumin are degradation products of bovine serum albu-
min and were observed when BSA was run separately).

coli total RNA (95%) but did not hydrolyse
poly(G) and DNA from E. coli and calf thymus.
Thus it appears that RNAase-HL is neither
pyrimidine nor purine specific with respect to its
substrate specificity. It also did not hydrolyse
DNA indicating that it is not a phosphodi-
esterase. Sulphydryl group blockers such as
iodoacetate, PCMB and Hg?"* inhibited the activ-
ity of the enzyme. Thus, this enzyme differed
from pancreatic RNAase A with respect to its
substrate specificity since unlike RNAase A which
is pyrimidine specific RNAase-HL does not ex-
hibit any substrate specificity. However, RNAase-
HL and bovine pancreatic RNAase A did not
show significant differences with respect to tem-
perature and pH optima and their sensitivity to
various metal ions (such as Ag®, K*, Cd?*, Cu®”,
Hg?*, Mn?* and Zn** and inhibitors such as
spermidine, urea, diethyl pyrocarbonate, vanadyi
ribonucleoside complex and polyvinyl sulphate.
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Stability and heat inactivation of RNAase-HL

The RNAase activity in the cell-free extracts
of mesophilic P. fluorescens extract was not inhib-
ited following heat treatment for 30 minutes at
65°C but was only inhibited following heat treat-
ment at 95°C. In contrast the cell-free extract
from the psychrotrophic P. fluorescens was totally
devoid of RNAase activity following treatment
either at 65°C or 95°C for 30 min. Further, it was
also observed that heating of the cell-free extracts
at 95°C for 30 min and subsequent cooling to
room temperature gradually also did not restore
the activity of the mesophilic and psychrotrophic
P. fluorescens. Bovine pancreatic RNAase-A was
also irreversibly inactivated under similar condi-
tions. Pure RNAase-HL from P. fluorescens
(10CW) was also inactivated totally when heated
at 65°C for 30 min irrespective of whether the
enzyme was assayed for activity immediately fol-
lowing heat treatment or cooled to room temper-
ature after heating prior to assay for the activity.
Thus RNAase-HL is unique in that it is heat-la-
bile at 65°C unlike the RNAase from mesophilic
P. fluorescens and bovine pancreatic RNAase A.
The pure RNAase-HL retained its activity even
after a couple of months at —20°C, after 12 h at
4°C and even after 4 h at 25°C.

Earlier studies had indicated the presence of
heat-labile RNAases both in prokaryotes [18,19]
and eukaryotes {20,21]. In E. coli the enzyme
RNAase II is an extremely unstable enzyme and
is totally inactivated after 20 min at 45°C (19). In
Bacillus subtilis RNAase was completely inacti-
vated by heating at 60°C for 10 min [18]. The
present report is to our knowledge the first report
on a heat-labile RNAase from a psychrotrophic
bacterium.

Earlier studies on heat-labile RNAases did not
indicate whether heat inactivation of the respec-
tive enzymes was a reversible or an irreversible
effect. Irreversible thermal-inactivation of bovine
pancreatic RNAase A at 90°C and between pH 4
to 8 has been shown to be due to hydrolysis of
peptide bonds at aspartic acid residues, deamida-
tion of aspargine and glutamine residues and
elimination of cystine residues [22]. But, total
inactivation at lower temperatures (at 65°C) as
observed for RNAase-HL may not be due to
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these changes. In fact Ramnath and Vithyathil
[23] observed that RNAase A is not totally inacti-
vated at 70°C. Hence, the irreversible inactivation
of RNAase-HL at 65°C, as compared to 90°C
required for pancreatic RNAase, is likely to be
due to a different mechanism and would be worth
investigating,
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