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ABSTRACT

The effect of ultraviolet radiation B (UVB) was studied on two freshwater ciliate
species namely Blepharisma sp. (marked by presence of pink pigment, absence of
cytoplasmic granules) and Notohymena sp. (marked by absence of pigment,
presence

of

cytoplasmic

granules). UVB

radiations

are

considered

as

environmental stress factors for several aquatic organisms. However, not much
information exists on the effect of UVB on the ciliates. Present study was carried
out to understand the various modalities adopted by ciliates to withstand UVB
exposure. It was found that UVB can lead to alteration of cell morphology,
reduction in the cell movements, retardation of the cell growth, formation of cysts,
increased absorption of UV by pigment/granules and UVB avoidance motile
reactions. These were the few defense mechanisms observed in the present study
which offer survival benefit to the organism.
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INTRODUCTION

The UV radiations from the sun covers the wavelength ranging from 100 to 400
nm. They are divided into: UVA (315-400 nm), UVB (280-315 nm) and UVC
(100-280 nm) (1). Approximately 90% of UVB radiations and all of UVC get
absorbed by the ozone, H2O, O2 and CO2 present in the atmosphere.

UVA

radiation, along with 10% UVB reaches the Earth’s surface and their levels vary
which are influenced by a multitude of abiotic factors such as sun elevation,
latitude, cloud cover, altitude, ozone and ground reflection (2). In addition,
anthropogenic activities are responsible for the depletion of stratospheric ozone,
leading to greater atmospheric transmission of UVB (3). This reduction of
stratospheric ozone, especially in the Antarctic, has stimulated intensive efforts to
understand and forecast the impact of increase in the UV radiations on the living
systems. However, less amount of UVR is useful and essential for the production
of vitamin D (4).

In the aquatic ecosystems, to what depth does the UVB radiation penetrates
depends upon the turbidity in the water (5). It can affect both the phytoplankton
and zooplankton in (6). With the reduction in the thickness of ozone layer, the
extent of UV irradiance of our planet has increased over a period of time and the
magnitude of its damage to the biological system has been a matter of grave
concern (6, 7, 8).
Using different model systems, numerous reports have been documented that
evaluate the negative effects of UVR, (5, 6, 7, 8, 9). In the present study, Ciliates,
the single cell eukaryotic microorganism have been used because for their
importance and abundance in aquatic ecosystems. Being the key consumers of
planktons, diatoms, dinoflagellates, amoebae and bacteria, ciliates are the vital
trophic links in the microbial food web. They in turn are eaten by higher
zooplanktons (9). For cleaning water in the Sewage Treatment Plants (STPs),
several ciliate species are known to have an important contribution.

While

Frontonia leucas, Tetmemena pustulata, Coleps are reported to feed on sewage,
others like Spirostomum minus, Urocentrum turbo, Vorticella sp. feed on the
bacterial population (10).
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Ciliates are unicellular eukaryotes, with complex morphological features and
physiology and are enormously perceptive to any changes in their environment.
They sense a range of stimuli: mechanical, thermal, chemical, optical and
gravitational (11) and because ciliates make a crucial part of the food web, it gets
imperative to understand the effect of UVR radiations (UV-B in particular) on
them (11, 12).
In the present study, two ciliate species, one with cytoplasmic pigment
(Blepharisma sp.) and the other having cytoplasmic granules (Notohymena sp.)
were selected to study the effect of UVB. The main aim of the study was to
understand the morphological and behavioural response of the two species to the
stress provided by UVB.
METHODOLOGY
Collection Site
The site for the collection of ciliates was Okhla Bird Sanctuary (28.5700° N,
77.3023° E) over the River Yamuna. In the sanctuary is present a large lake which
was created by damming the River between Okhla village and Gautam Budhha
Nagar (Figure I). Spreading over 4 square kilometres, the areas around the thorny
scrub, grassland and a wetland that was formed as a result of creation of the Okhla
Barrage. The sediment in the wetland consists of organic debris and fine sand.
There is an extensive growth of water hyacinths on the banks and also inside the
wetland.

Figure-I: Photographs of collection site, Okhla Bird Sanctuary, Delhi (A & B) and
route map (C).
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Water sampling
Fresh water samples were regularly collected throughout the year. The water
samples were passed through a 120 μm nytex mesh to filter and collect ciliates as
filtrate. Mixed planktonic cultures were initially grown at room temperature with
addition of fresh boiled cabbage pieces to promote bacterial growth which served
as food.
In vitro culture of ciliates

The freshwater ciliates isolated in this study were identified using Stereoscopic
and Phase Contrast microscopy. Pringsheim’s medium was used for maintaining the
clonal cultures of each ciliate species and the temperature was kept at 22-23°C.
The composition of the media was: Ca(NO3)2. 4H2O (0.85 mM), KCl (0.35 mM),
MgSO4.7H2O (0.08 mM) and Na2HPO4.2H2O (0.11 mM) (13). To stimulate the
growth of bacteria (which ciliates feed upon), boiled cabbage was also added to
the medium.

UVB treatment of cells
Cell suspensions (about 50 cells/ml) were irradiated by fluorescent lamps (UVB,
302nm). Cells were exposed for time interval between 3 minutes to 25 minutes to
the UVB intensity ranging from 29.6 X 10-10 J/M2 to 187 X 10-10 J/M2.
Immediately after UV irradiation, the samples were examined and the cell
suspension was divided in two parts: one part was examined by microscopy and
was studied for behavioural analysis and the other part was fixed for studying
nuclear changes. Control measurements were performed on the samples kept in
the dark (controls). The photo recovery was studied by keeping the cells, which
were irradiated for maximum time, under the light. The experiment was carried
out in triplicates.
Morphological, behavioural and nuclear changes
UVB treated cells were evaluated for morphological, behavioural and nuclear
changes. Morphological and behavioural changes were monitored by observing
the cells under microscope at 40X. Cell size was determined with the help of
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Scope Image Software. Nuclear changes were studied by Feulgen reaction. Cells
were fixed in Carnoy’s fixative (4:1 ratio of methanol and glacial acetic acid) for
20 minutes. After fixation, cells were treated with 1N HCl at 60oC for 7 minutes
and stained with Schiff’s reagent for 30 min (14, 15). Stained cells were observed
under microscope for detecting number, shape and size of macronuclei and
micronuclei in control and UVB treated cells.
RESULTS
Morphological characteristics of Blepharisma sp.
Size (in life): 120-130 x 30-40 µm; Body flexible, anterior end bluntly pointed,
posterior broadly rounded, AZM J-shaped, 2 macronuclear nodules joined by a
thin thread-like segment and 8-12 micronuclei; Presence of subcellular pigment
“Blepharismin”, which renders it a pinkish appearance when observed in vivo.
Morphological characteristics of Notohymena sp.
Size (in life): 140-150 x 40-50 µm. Body flattened about 2:1 dorso-ventrally,
flexible with yellowish-green cortical granules arranged in clusters. AZM
covering 1/3rd of the body length and consists of 36 adoral membranelles, 18 FVT
cirri, one RMC and one LMC which are almost confluent posteriorly, 6 dorsal
rows, 2 macronuclei and undulating membranes in Notohymena-pattern.
UVB treatment of cells
Percentage survivability of Bleharisma sp. and Notohymena sp. decreases with the
increase in exposure time as shown in Figure II.
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Figure II: Graph depicting the percent survival of Bleharisma sp. and Notohymena sp.
when exposed to UVB irradiation for different time intervals.
Table I and Table II depict the morphological and behavioural changes appeared in
Blepharisma sp. (Figure III) and Notohymena sp. (Figure III) after exposure to UVB at
different time intervals.
Table-I: Blepharisma sp. exposed to UVB (302 nm)
Time of
exposure
Morphological changes

(min)
3

Aggregation and rounding of cells, swirling and slow movement

5

Cells settled down with very slow movement, 50% cells were encysted,
showed slight loss in pigment, deformed shape, size was reduced

8

Most of the cells in cyst form, with some showing very slow movement
and very light pigment

10

Very slow movement observed, most in cyst form, loss of pigment

15

Cells totally in cyst form, complete loss of pigment

20

Survival not observed
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Table-II: Notohymena sp. exposed to UVB (302 nm)
Time of
exposure
Morphological changes

(min)
3

Slow movement, cells began to settle down

5

Aggregation of cells, reduction in cell size, rounding of cells and
cyst formation, very slow movement, maximum number of cells are
settled down

10

50% cells in cyst form, aggregates of cells observed, lack of
movement or very slow movement, deformed shape

15

Most of the cells in cyst form

20

All the cells in cyst form

23

Survival not observed

Figure-III: Cells of Notohymena sp. (A-E) and Blepharisma sp. (F-L) showing morphological
deformities on exposure to UVB (302 nm). A & F: Normal cell, B, C, G-I: Deformed cells, D
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& K: Cyst, E, J and L: Full microscopic view of cells in 10 X and 20 X magnification. Scale
bar represents 20 µm in A-D and F-K, and 50 µm in E, J & L.

After treatment with UVB, the changes observed in morphology of micro and macronucleus
are shown in Figure IV. Considerable degeneration of macronuclei of both Blepherisma sp.
and Notohymena sp was seen. UVB exposure also led to the formation of amicronucleate
mutants of both the species.

Photo recovery
Within 48 hours after the exposure to UVB, about 50% cells of Blepharisma sp. were found to
revive from the cysts and the movement of the cells was very slow. In contrast, only 3-4 cells
of Notohymena sp. were observed after 48 hours of UVB exposure and their movement was
very slow too.

Figure-IV: Feulgen stained nuclei of Notohymena sp. (A-C) and Blepharisma sp. (D-G). A &
D: Control, B, E & F: Macronuclei in UVB treated cells, micronucleus absent, C & G:
Macronucleus of cells revived after UVB treatment.
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DISCUSSION
The present study was aimed to study morphological and behavioural responses shown by two
ciliate species, namely Blepharisma sp. (with pigment but devoid of granules) and
Notohymena sp. (with cortical granules but devoid of pigment) to UVB by irradiating
equivalent cells and measuring the cell viability at increasing intervals of exposure. In both
the species, the cell death increased with the increase in the irradiation time. There have been
several reports showing the direct relation between the cell viability and time of exposure to
UVR (16, 17). The decrease in the cell viability observed on UVB exposure is because the
cells undergo apoptosis (programmed cell death). In both the ciliate species, there has either
been decrease in the number or complete loss of micronucleus. Micronucleus is the germ line
nucleus and macronucleus is formed from micronucleus. Degeneration of macronucleus was
also seen in both the species, which also suggests that under UV stress, cells undergo
apoptosis.

Similar

stress-induced

cell

death

has

been

shown

in Plasmodium sp.

Trypanosoma sp. (18, 19).

In this study, formation of cysts under UV stress was observed in both Blepharisma sp. and
Notohymena sp. form. This is the most common strategy adopted by the ciliates when they are
under stress (20, 21). Morphological changes like rounding of the cells, which is a step
towards encystment was observed in both the ciliate species. During encystment, extreme
cytoplasmic dehydration occurs which results in strong autophagic activity and decrease in the
metabolic rate (20). As an effect of irradiation, significant changes in the cellular morphology
have also been reported in several protozoan species showing variable sensitivity to the UV
exposure. In Blepharisma japonicum also, severe impairment in its mobility (on exposure to
UVB irradiation) has been shown (22). Similarly, changes in the mobility, morphological
features, reproduction and infectivity of irradiated Leishmania donovani promastigotes (23)
and inhibition of growth caused by UV radiation in Crithidia fasciculata (24) have been
reported.

A strategy adopted by the ciliates to escape UV radiation is to form aggregates. It has been
observed that under UVB, cells of both the species start forming aggregates and show change
in their moving pattern. Experiments carried out both in the laboratory as well as in the field
showed downward migration to be a common strategy in Daphnia sp. for UVR avoidance (25,
26, 27, 28, 29, 30, 31, 32)
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Present study also indicates that Notohymena sp. is less prone to UVB exposure as compared
to Blepharisma sp. This could be due to presence of cytoplasmic granules in Notohymena sp.
which might be containing antioxidant enzymes that protect the cells from reactive oxygen
species (ROS), produced on UV stress (33). UVB exposure has shown to increase the activity
of antioxidant enzymes in Daphnia longispina (34) and in two species of genus Anabaena
(35). Among ciliates, degree of resistance against UV-irradiation may significantly vary, as
observed in Fabrea salina, which shows about tenfold greater resistance than that seen in
Blepharisma undulans (9).
When the protective measures such as induction of stress genes like hsp 70, antioxidant
enzymes and formation of cysts are not adequate, organisms are able to repair UV-induced
damage only partially. Both the ciliate species in this study were found to recover the damage
induced after 48 hours of UVB exposure. Exposure to UV is known to cause formation of
thymidine dimers in DNA (36) which often lead to mutation and ultimately to cell death (37).
The main mechanism for repairing thymidine dimers is the photo repair system (38) and
evidence of enzymatic photo repair at the molecular level (in Daphnia pulicaria) has been
given in a study by MacFadyen et al. (39).
The present study is focussed on the impact of UV rays on individual species of ciliates.
While it helps us understand the effects of UV on the morphology and behavioural response
of a ciliate species, comprehensive analysis is required to gauge the impact at the community
level. Also, the molecular mechanisms like induction of stress gene (hsp 70) and antioxidant
mechanism to combat UV stress in ciliates need to be studied further.

CONCLUSIONS

UVB exposure leads to substantial change in behavioral and morphological responses in
ciliates. In response to it, organism adopts various defense mechanisms such as encystment,
change in the motility, aggregation and these strategies provide a survival advantage to the
organism.
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