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Presence of stable active oxygen
scavenging enzymes superoxide
dismutase, ascorbate peroxidase and
catalase in a desiccation-tolerant
cyanobacterium Lyngbya arboricola
under dry state
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Freshly collected and one- and two-year-old dry mats of
a desiccation-tolerant cyanobacterium Lyngbya arbori-
cola, inhabiting the bark-surface of Mangifera indica
exhibited enhancement in the activity of active oxygen
scavenging enzymes superoxide dismutase (SOD),
ascorbate peroxidase (APX) and catalase in their cell-
free extracts on increasing the incubation period. Com-
paratively, the dry mats showed considerable activity of
all these enzymes in the cell-free extracts, but lower
than that of freshly collected mats. Five, two and three
isoforms of SOD, APX and catalase enzymes respec-
tively, were observed in the crude extracts of the freshly
collected mats on native PAGE. SOD comprised of one
Mn, one Fe-Mn and three Fe-containing isoforms. Ex-
cepting the disappearance of Mn and Fe-Mn SODs and
a minor loss in the intensity of the isoforms of APX and
catalase on native gels, the AOS enzymes were found
stable on storage of the mats for one and two years re-
spectively, under dry state.

CYANOBACTERIA inhabiting the surfaces of barks of trees,
besides frequent drying and wetting during rainy season
(growing season), are found invariably exposed to extremes
of desiccation from the months of October to June with
variable temperatures of cold winter and hot summer sea-
sons'. Recovery of photochemical reactions, '“C-fixation
and C,H; reduction on rehydration have reflected their ca-
pacity to survive such extremes of conditions—desiccation,
in particular’*. Certain metabolic activities of these cyano-
bacteria recovered even after their treatment in dry heat at
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100°C for 1 h (ref. 4). Generation of highly reactive active
oxygen species (AOS), which need to be scavenged in or-
der to maintain normal plant growth, is almost inevitable on
imposition of almost all types of stresses, particularly, in
photosynthetic organisms™. Scavenging of AOS is re-
ported to follow the Halliwell-Asada cycle®’. Activity of
some of the enzymes of the cycle has been found absent in
cyanobacteria®, Also, there is no information about purifi-
cation and characterization of ascorbate peroxidase (APX)
in cyanobacteria®. Effect of salinity on superoxide dismu-
tase (SOD) and APX activity from Microcoleus chthono-
plastes Strain SC7B9002-1 obtained from tidal channel
have been studied’. Nevertheless, there is no information
about behaviour of AOS systems in the desiccation-tolerant
cyanobacteria subjected to variations in the levels of their
hydration and especially under dry state. The main purpose
of the present study was to find out any roles of AOS en-
zymes such as catalase, SOD and APX in survival of
subaerial cyanobacterium Lyngbya arboricola under the
extreme oxidative conditions and drought in its natural
habitats.

Mats of the cyanobacterium, freshly collected as well as
stored for one and two years respectively, over silica gel at
25+ 1°C in dark just after the rainy season under dry state
from their natural habitats, were used during the study. The
freshly collected mats were placed over filter papers soaked
with double distilled water (0 MPa, osmotic water poten-
tial) and were incubated under light intensity of 35 UE
m s at 25+ 1°C for 72 h and thereafter dried over conc
H,S0, overnight. The freshly collected mats and those
stored for one and two years respectively, after treatment
with dry and wet heat at 100°C for 1 h as described by Tal-
pasayi and Tripathi®, were incubated under growing condi-
tion at 0 MPa at different time periods. Thereafter, at each
time period of incubation, '*C-fixation and activity of AOS
enzymes in cell-free extract as well as on native poly-
acrylamide gels were recorded. '“C-fixation was measured
by employing the Conway dish method".

For preparing cell-free extract, nearly 1g algal mats
were homogenized at 4°C with 100 mM phosphate buffer
(pH 7.8) containing 2 mM EDTA, 1% polyvinylpolypyr-
rolidone and 1 mM phenyl-methane sulphonyl fluoride by
using mortar and pestle, and thereafter, sonicating them for
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15 min at 150 mA. The homogenates were filtered through
four layers of cheesecloth and centrifuged at 17,000 g for
30 min. The supernatants were concentrated with millipore
10 kDa cut-off filters to a final protein concentration in the
range of 35-160 pug mi™', according to requirements. The
cell-free extract prepared for measurement of APX activity
was made by adding ascorbate (5 mM) and sorbitol (20%
wiv).

Catalase (EC 1.11.1.6) activity was determined by moni-
toring the consumption of H,O, as described by Rao et
al.''. SOD (EC 1.15.1.1) activity was determined by meas-
uring the inhibition in the photochemical reduction of ni-
troblue tetrazolium (NBT) at 560 nm. Also, the value of
one unit of the enzyme was adopted as described by Dona-
hue et al.'>. APX activity (EC 1.11.1.11) was determined
by following the decrease in A,qgy, due to H,O,-dependent
oxidation of ascorbate as described by Rao er al.''. The
amount of ascorbate was determined by using an extinction
coefficient of 2.8 mM cm ™' as mentioned by Nakano and
Asada. The reactions of all the enzymes were initiated by
transferring the reaction mixtures prepared at 4°C to a wa-
ter bath maintained at 25 £ 1°C.

Assays of catalase, SOD and APX were also performed
on algal samples separated by non-denaturing 8% and 10%
PAGE respectively, at 4°C for 4-6 h with a constant cur-
rent of 30 mA and using algal samples containing 110 to
160 pg protein in each lane, following Davis'. In addition,
gels were supported by 10% glycerol'®. In case of SOD
assays, the method described by Donahue ez al.'* was fol-
lowed. For identification of individual isoforms, gels were
treated with either 2 mM KCN or 2 mM H,O; in the pre-
equilibrated buffer'®. For detection of APX activity on gels
the method of Chen and Asada'” was used. Activity of cata-
lase on gels was also detected following the same proce-
dure described for APX, except that ascorbate was omitted
from the reaction mixture'®. Protein concentrations were
determined colorimetrically as described by Lowry et al.",
with lysozyme as the standard.

The freshly collected 72 h grown but dry mats and those
stored for one and for two years respectively, showed al-
most similar pattern of *C-fixation and activities of AOS
enzymes on incubation for different time periods at 0 MPa
osmotic water potential under growing conditions (Figures
1-4). During the first 10-20 h of incubation, a sharp in-
crease in the "C incorporation and activity of AOS en-
zymes was recorded, which gradually reached a steady
state on further increasing the incubation period. In general,
the values of '*C-fixation and activity of AOS enzymes in
the one and two year stored dry mats, after complete recov-
ery on rehydration were not so low compared to the freshly
collected mats. Such observations are expected either due
to synthesis of enzymes or recovery in the activity of the
enzymes or both, during the period of rehydration. Synthe-
sis of not any novel proteins, but *>S incorporation into
protein for 90 min has been recorded during short periods
of rewetting of immobilized cells of Nostoc commune
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Figure 1. '*C-fixation by the freshly collected 72-h grown but dry mats

(®) and these mats dry heated (M), dry mats stored for one year (¥) and
these mats dry heated (A) on incubation for different time periods at
0 MPa under growing conditions (r = 3).
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Figure 2. Activity of SOD in the freshly collected 72-h grown but dry
mats (®) and these mats dry heated (&), dry mats stored for one year (W)
and these mats dry heated (%) on incubation for different time periods at
0 MPa under growing conditions (n = 3).

UTEX 584 (ref. 20). On the other hand, osmolytes such as
sucrose, sorbitol, trehalose, glycine-betaine, etc. are pro-
posed for preserving the integrity of proteins by forming
hydrogen bonds with the proteins in the place of water
molecules which are removed during the process of dry-

ing"?'. It is difficult to propose whether the sharp recovery
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Figure 3. Activity of catalase in the freshly collected 72-h grown but dry
mats (®) and these mats dry heated (&), dry mats stored for one year (M)
and these mats dry heated (¥) on incubation for different time periods at
0 MPa under growing conditions (n = 3).
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Figure 4. Activity of APX in the freshly collected 72-h grown but dry
mats (®) and these mats dry heated (&), dry mats stored for one year (M)
and these mats dry heated ('¥) on incubation for different time periods at
0 MPa under growing conditions (n = 3).

o

in the values of all the parameters during the early 10-20 h
of wetting of the dry mats of L. arboricola is either due to
synthesis of enzymes or a gradual replacement of osmo-
lytes bound to preserved enzymes by water molecules or
both. Nevertheless, the native polyacrylamide gel-activity
assays of the cell-free extracts clearly reflected presence of
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all the three studied AOS enzymes in the one and two year
stored dry, besides freshly grown but dry mats of the
cyanobacterium (Figure 5). Plausibly, while growing in its
natural habitats, the cyanobacterium has been directly ex-
posed to sunlight together with frequent drying and wet-
ting, resulting in generation of high amounts of AOS en-
zymes and during subsequent dry phase the enzymes re-
mained preserved and stable in their cells. On incubation of
the mats in laboratory conditions, enhancement in activity
of the AOS enzymes was apparent only for certain periods
(up to 80-100 h) and thereafter showed a decline, whereas
there was no decline in '“C-fixation even on more than
100 h incubation of the mats in growing conditions (Figure
1). Hence, the synthesis of proteins may not be the main
cause for the sharp recovery in the values of all the meta-
bolic activities at early hours of rewetting, but the enzymes
are stabilized during the course of dryness, at least up to
two years, may be by involvement of the osmolytes. Such a
phenomenon of stability of enzymes under dry state has
also been reported in other organisms'?'. Even, over a long
period of millions of years, catalase was active in free-dried
permafrost samples™’.

Earlier, presence of only two forms, Fe-SOD and Mn-
SOD, was demonstrated in Plectonema boryanum, Anacys-
tis nidulans, Anabaena variabilis and Anabaena cylin-
drica®. However, later Canini et al.” reported presence of
an additional type of SOD, i.e. hybrid-SOD (Hy-SOD or
Fe-Mn-SOD) in Anabaena azollae, a symbiont to Azolla
filiculoides. Five different isoforms of SOD were observed
in the growing mats of L. arboricola (Lane 3, Figure 5 c).
The lower bands are major bands as they were more intense
compared to the top two bands. The topmost band was un-
affected on addition of 2 mM H,0, to the staining solution.
The three lower-most bands disappeared in the presence of
H,0,, but were unaffected by 2 mM cyanide. Intensity of
the middle band was slightly lowered, but did not disappear
on addition of H,0, to the staining solution. Observations
made on the basis of sensitivity and insensitivity of SOD
forms to cyanide and H,O,, reflected that the topmost band
belonged to Mn-SOD and the three bottom ones to Fe-
SOD. The band next to Mn-SOD might be Fe-Mn-SOD
(Hy-SOD) (Lane 3, Figure 5 c¢). This is in accordance with
the observation made by Canini er al.”> about the presence
of Hy-SOD in A. azollae. Catalase activity has been shown
to be associated with all cyanobacterial species®. Obinger et
al.® have demonstrated one isoform of catalase in A. nidu-
lans on native polyacrylamide gel, whereas there were
three isoforms of catalase recorded in L. arboricola (Figure
5 a). Presence of three isoforms of catalase enzyme is more
common in higher plants'""”. This may be due to availabil-
ity of more oxidative atmosphere at its subaerial habitats
and also to high activity of oxygenic photosynthesis'®. The
level of oxygen in the cavity of Azolla® and bubbling cul-
tures of A. cylindrica with O,-rich air** have been suggested
for higher levels of AOS enzymes in these cyanobacteria.
On the other hand, there are several reports that indicate the
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Native PAGE stained for (a), activity on catalase on one- (lane A) and two- (lane B) year-old dry and growing (lane C) mats; (), activity of

APX on growing (lane 1) and one- (lane 2) and two- (lane 3) year-old dry mats; and (c), activity of SOD on one- (lane 1) and two- (lane 2) year-old dry,

and growing (lane 3) mats.

presence of APX, but only in crude extracts of some
cyanobacterias. However, two APX forms were recorded
during the present study (Figure 5 b).

Dry heating at 100°C for 1 h of the dry as well as grow-
ing mats of the cyanobacterium resulted only in an insig-
nificant lowering in the activity of the three studied AOS
enzymes and in the amount of *C-fixation (Figures 1-4),
whereas wet heating at 100°C for 1 h resulted in complete
loss in "*C-fixation and activity of AOS enzymes (data not
shown). These observations suggest that dry cyanobacte-
rium bears high ability to maintain stability of its enzymes
under extremes of environmental conditions. Further, the
cyanobacterium did not show complete stability of the en-
zymes on storage for longer duration. The top second (Hy-
SOD) and third (Fe-SOD) bands were absent in the one
(Lane A, Figure 5a) and two (Lane B, Figure 5 a) year-old
dry mats. In the case of APX and catalase, the number of
bands was almost the same in the dry and growing mats,
but intensity of the bands lowered in the one-year-old dry
mats, which further lowered on increasing the storage pe-
riod to two years (Figure 5 b and ¢). Proteolysis may be one
of the reasons for such loss of enzymes as it was detected in
Nostoc commune cells after its prolonged desiccation (17
days)zo. Nevertheless, information about occurrence of sta-
ble AOS enzymes for longer duration under dry state in the
cyanobacterium provides an interesting scope to understand
the mechanism of survival of organisms in extremes of
environmental factors and also their applications in bio-
technology.
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