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HE OBJECTIVE of this research was to compare physiological

response of fresh water algae (Chlorella vulgaris) and marine
algae (Chlorella salina) to different salinity levels. These algae were
isolated and cultivated in appropriate media for a period of 8 days.
C. vulgaris could survive till 0.8 molar NaCl, while the marine strain
(C. salina) survived up to 2 molar NaCl. Thus, the marine alga showed
a wide range of salinity tolerance, whereas the fresh water alga showed
a narrows range of salinity tolerance. The dry weight of C. salina was
2-folds at 1M NaCl and slightly changed at 2 M NaCl as compared to
the control value. In C. vulgaris dry weight was progressively decreased
with increase of salinity. Hypo and hyper saline media induced
significant stimulation in photosynthesis pigments, carbohydrate,
protein, Na* and K" contents in C. salina. On the other hand, free
amino acids, proline, MDA contents and antioxidant enzyme activities
(SOD, CAT, POD and APX) were generally decreased. In contrary,
salt stress exerted inhibitory effects on photosynthetic pigments,
carbohydrate, protein and K* contents of the fresh water alga. Free
amino acids, proline, Na*, MDA contents and antioxidant enzyme
activities were markedly increased in C. vulgaris with increase of
salinity stress. The great salinity tolerance of C. salina, compared to C.
vulgaris may be due to the effect of habitat on the behavior of the algae
as being controlled with specific habitat gene (s).

Keywords: Fresh water algae; Marine algae; Chlorella; Salt stress,
Physiological responses.

Abbreviation: Chlorophyll a (chl.a), chlorophyll b (chl.b), carotenoid
(cart.), superoxide dismutase (SOD), catalase (CAT),
peroxidase (POD), ascorbate peroxidase (APX),
malondialdehyde (MDA), sodium chloride( NaCl),
thiobarbituric acid (TBA), trichloroacetic acid (TCA),
reactive oxygen species (ROS).

Algae are inhabitants of biotopes characterized by varying salinities, and as a
result they have attracted considerable attention in salt tolerance studies. They
have served as model organisms for better understanding of salt acclimation to
more complex physiological processes of higher plants (Alkayal et al., 2011).
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Algae differ in their adaptability to salinity and based on their tolerance extent
they are grouped as halophilic (salt requiring for optimum growth) and halo
tolerant (having response mechanism that permits their existence in saline
medium). In either case, algae produce some metabolites to protect from salt
injury and to balance with the surrounding osmotic (Rao et al., 2007).

Salinity stress affects algae and plants through osmotic and ionic stresses.
Water deficit brings about osmotic stress while excess Na* and CI and reduction
in the uptake of other mineral nutrients can bring about ionic imbalances or stress
(Ashraf & Harris, 2004 and Mgbeze & Omodamwen, 2011).

Nitrogen containing compounds such as amino acids, amides, protein, and
quaternary ammonium compounds have been found helpful in osmoregulation
(Grumet et al., 1985) and in tolerance of ion toxicity under salt stress (Turhan et al.,
2008). The way these compounds are accumulated differs between species and
ranges from only one to several different compounds being accumulated (Teixeira
and Pereira, 2007).

The production of osmoprotectants or compatible solutes lowers the internal
water potential of the cell, thus enabling the cell to take up water from the
environment. Compatible solutes include mannitol and proline. Proline is
produced in the cell from glutamate and its synthesis requires ATP and NADPH.
Trying to maintain proper osmotic conditions may therefore be at a high energy
cost which may be manifested as reduced growth rates and decrease in
photosynthetic electron transport activities (Ashraf & Harris, 2004 and Annan,
2014).

High salinity is known to cause both hyperionic and hyperosmotic effects in
plants, leading to membrane disorganization, metabolic toxicity and increases in
reactive oxygen species (ROS) (Jaleel et al., 2007a). The production of reactive
oxygen species (ROS) such as singlet oxygen (*O,), superoxide radical (O,),
hydroxyl radical (HO"), and hydrogen peroxide (H,O,) can be enhanced by stress
and if the accumulation of ROS exceeds the capacity of plants to remove them, it
will lead to oxidative stress (Kreslavski et al., 2007). As a result, photosystems
could be damaged because of DNA mutation, protein denaturation, lipid
peroxidation and chlorophyll bleaching as well as the loss of membrane integrity
(Leshem et al., 2007).

Plants possess a number of various antioxidative enzymes that are involved in
the detoxification of ROS and the avoidance of damage under salt stress (Sekmen
et al., 2007). Plants with high levels of constitutive or induced antioxidants have
been reported to have greater resistance to oxidative damage (Fuchen and Fang,
2007). ROS cause lipid peroxidation and production of highly toxic lipid
derivatives, which in turn can modify cell functions and even may lead to cell
death (Marnett, 2000).
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Malondialdehyde (MDA) content has been considered an indicator of
oxidative damage. Thus, cell membrane stability has widely been utilized to
differentiate salt-tolerant and salt-sensitive cultivars (Azevedo Neto et al., 2006).

Thus, the aim of the present study was to investigate the response to salt stress
with emphasis on physiological and biochemical processes. This has been fried
through comparing the adaptability of the two species Chlorella vulgaris
(freshwater alga) and Chlorella salina (marine alga) to varied range of hypo and
hyper saline environments and investigating their effects on growth (dry weight)
and photosynthetic pigments. Attempts to elucidate whether antioxidant
resistance mechanism is a strategy for these chlorophytes algae to counteract
salinity changes were made by the determination of the levels of lipid
peroxidation.

Material and Methods

Algae and growth conditions

Chlorella vulgaris (unicellular, green fresh microalga) was isolated from
sewage water of El-Salhya sewage station, Qena, Egypt and Chlorella salina
(unicellular, green marine microalga) was isolated from Lake Marriott,
Alexandria, Egypt. Chlorella vulgaris was grown in Bold's basal medium
(Bischoff and Bold, 1963) with 0.4& 0.8, M NaCl. MH medium (Guillard and
Ryther, 1963) was used for growing of marine alga with variable NaCl
concentrations (0.4, 0.8, 1.0 & 2.0 M NaCl) . The experiments were carried out
in 250 ml Erlenmeyer flasks. The cultures were incubated for 8 daysat25+ 1 °C
and illumination was in 14 h light/10 h dark cycle, The algal cultures were
supplied with dry air (Lorenzen, 1964) to provide CO, necessary for
photosynthesis, to prevent the settling of the cells at the bottom of the containers.

Measurement of growth and pigment content

100 ml of algal suspension were filtered through weighed glass fiber filter
(sartorious GmbH Gottingen FRG). The cells after being precipitated on the filter
paper were washed twice with distilled water and dried overnight in an oven at 105
C’ to evaluate dry weight (Leganes et al., 1987). The contents of Chlorophyll a ,
Chlorophyll b and carotenoids were measured spectrophotometrically as
described by Metzner et al. (1965).

Analytical methods

Soluble and total carbohydrates were determined by the anthrone sulphuric
acid method as described by Badour (1959). Protein fractions (soluble and total)
were determined according to Lowery et al. (1951). Free amino acids were
extracted and determined according to Moore and Stein (1948). Proline content
was determined according to Bates et al. (1973). Atomic absorption (Spectra
Varian 55) was employed for sodium and potassium determination.
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Estimation of lipid peroxidation

Lipid peroxidation was measured as the amount of malondialdehyde (MDA)
determined by thiobarbituric acid reactive substance (TBARS) as described by
Heath and Packer (1968), using 0.5% (w/v) thiobarbituric acid (TBA) in 20%
(w/v) trichloroacetic acid (TCA). The absorbance was measured at 532 and 600
nm by using extinction coefficient of 155mM * cm ™.

Estimation of some antioxidant enzymes activity

Enzyme extract was prepared as described by Mukherjee and Choudhuri
(1983). Superoxide dismutase (SOD) (EC 1.15.1.1) activity was measured
according to the method of Dhindsa and Matowe (1981). Catalase (CAT) (EC
1.11.1.6) activity was assayed according to Havir and Mellate (1987). Peroxidase
(POD) (EC 1.11.1.7) activity was determined according to Klapheck et al. (1990).
Ascorbate peroxidase (APX) (EC 1.11.1.11) activity was determined as the
decrease in absorbance at 290 nm due to oxidized ascorbic acid (Asada and Chen,
1992).

Statistical Analysis

Each treatment was analyzed with at least three replicates, and standard
deviation (£S.D.) was calculated. Statistical analysis was done using the least
significant difference test (L.S.D.) using the SPSS program (SPSS Chicago, IL,
USA).

Results and Discussion

Response of growth and photosynthetic pigments to salt stress

Chlorella vulgaris (freshwater alga) and Chlorella salina (marine alga)
differed in their ability to grow at different NaCl concentrations. The two species
showed a remarkable tolerance to hypo and hyper saline conditions and survived
in differently tested saline media . It was noticed that the growth (dry weight) of
C. salina was enhanced progressively by increasing the salt level up to 1molar
NaCl, where it reached 2-fold of the control value and was approximately
comparable to the control at 2 M NaCl (Tablel). On the other hand, the growth
(dry weight) of C. vulgaris showed highly significant decrease by 84% at 0.8
molar NaCl as compared to the control (EI-Sheekh and Omar, 2002). Ben-Amotz
et al. (1985) reported that growth of Dunaliella salina in sea water augmented
with different NaCl concentrations reaching a maximum growth rate and yield at
0.6M NaCl1. A significant inhibitory effect of NaCl on algal growth was observed
above 2 molar.

Hypo and hyper salinity caused a significant stimulation in the concentrations
of Chlorophylls a & b and carotenoids. This stimulation was most obvious at
0.8M NaCl (about 2-fold of the control). In C. vulgaris, salinity caused a marked
and progressive inhibition in the content of the photosynthetic pigment contents.
At 0.8 molar NaCl, Chl.a, Chl.b and Carot. contents were reduced by about 65, 53
and 83 %, respectively (Tablel). Consequently, Chl.a/b ratio decreased
considerably by salt stress which may indicate that Chl.a is more sensitive to salt
stress than Chl. b and carotenoid (Fathi and Asem, 2013). According to Hiremath
Egypt. J. Bot., 55, No. 1 (2015)
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and Mathad (2010), reduced chlorophyll contents at higher salinities are due to
decrease in photosynthetic rate because of salt osmotic and toxic ionic stress.

TABLE 1. Comparison between dry weight (DW) and photosynthetic pigments
content (Chl.a, Chl.b &Cart.) of C. vulgaris and C. salina grown under
salt stress. Each value is a mean of replications £SD standard deviation.

Strains | Salinity DW* chl.a* | chnl.b* | cart? Chl. a/b
M

( 0 : 0.62° 1021 0-26b¢0.05 0.15%905 0.06° 03 1.73%0 81

C.wlgaris [ 0.4 0.38%.007 | 0.13%00s | 0.11%00s | 0.03%00, | 118705

0.8 0.10% 500 | 0.0%00 | 0.07%00 | 0.01%, g | 12875

0 0.7% 4025 | 0.16%, g06 | 0.21%008 | 0.09%% 905 | 0.76%, 8

_ 0.4 09%.01, | 0.21%00s | 0294010 | 0.10%50 | 0.72%. 02

C. salina 0.8 1-56b¢o.57 0-32bc¢vo4 0-46b10.16 O-lstiO.OQ 0-69ab¢0.19

1.0 1-61h10.62 0.24%005 | 0.33%g01 | 0.11%q¢7 0-723b¢ 0.80

2.0 0.67" 103 0.16%005 | 0.22%0p 0-08b¢voz 0-73ab¢ 0.29

-Means with the same letter are not significantly different. ~# Measured as (ug ml” algal suspension)

Thus, disturbances in the photosynthetic pigment contents of C. vulgaris
accompanied with growth reduction would confirm the great correlation between
photosynthesis and growth as recommended by our conclusions in C. salina.
Thus, machinery of photosynthetic apparatus and its characteristics could drive
growth (Shaddad et al., 2006 and Talebi et al., 2013).

Response of metabolite production to salt stress

Salinity stress induced a marked decrease in soluble sugars in C. vulgaris, where
the highest decrease was 36 % of the control at 0.8M NaCl. The total sugars
remained more or less unchanged with salinity treatment (Fig.1). Interestingly, the
reverse was true in C. salina, in which there was a considerable and irregular
accumulation in soluble sugars. The highest accumulation was recorded 2.1-fold as
compared to the control value at 1 molar NaCl. The total saccharides increased
irregularly in C. salina cultures, compared to the control (Fig.1).

In this work, the greater accumulation of soluble sugars in halophytic alga, as a
response to salinity, seemed to represent an osmotic solute used for osmoregulation.
So the highest increase in this fraction was accompanied with maximum increase in
growth criteria (Rao et al., 2007). The reduction of sugars in C. vulgaris under
stressed conditions was mostly associated with decreases in chlorophyll (Tablel),
which gave reason to predict that low chlorophyll content would cause a relevant
reduction of light absorption (Tammam et al., 2011) and consequently reduces the
biosynthesis of carbohydrates. Thus, the behaviors of the two algae under study
differed greatly in the pattern of change of carbohydrates and their fractions, where
they mostly conferred opposite to each other.
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Soluble protein content increased markedly in C.vulgaris as a result of salinity
treatment and the highest increase was 21% over the control at 0.8 molar NaCl,
whereas total protein was significantly dropped (Fig.1). On the other hand, C.
salina regulated its soluble protein content mainly around the control, especially
up to 1M NaCl then it decreased by 40%. The total proteins showed a gradual
slight increase up to 1M NaCl, after that, a slight decrease was shown (only 10%)
(Fig.1).
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Fig. 1. Response of saccharide and protein contents (ug g™ D.W.) of C. vulgaris and
C. salina to salt stress. The vertical bars represent standard deviation.
Different letters above the bars indicate significant levels at p <0.05.
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The results obtained might assume that

In C. vulgaris, the incorporation of carbohydrate into nitrogen was retarded
since the recorded decrease in the carbohydrate pool was not met with enhanced
levels of total protein. Consequently, the organism might achieve defense against
salinity by increasing soluble proteins rather than soluble carbohydrates.

In C. salina, both soluble and total carbohydrate contents were enhanced with
the increase of salinity. This was met with a concomitant increase of both soluble
and total proteins, which might result from enhanced photosynthetic rates. Thus,
in this algal species, the defense strategy against salinity seemed to take place
through increased soluble carbohydrate concentration rather than soluble protein.

Salt stress induced an accumulation in free amino acids and proline contents
with increasing salinity in C.vulgaris as compared to the control. The percent
increase was 21.74 and 64.5% over the control, respectively at 0.8M NaCl, this
corresponded to more than 70% reduction in growth. There was an irregular
decrease in the total free amino acids and proline contents in C. salina (Table 2).
In this investigation, the data of proline content revealed a negative correlation
between growth criteria and proline accumulation in the two experimental algae
(Galal and Farghl, 2006).

Tuna et al. (2008a) revealed that proline accumulation in salt stressed cells
occurred by decreased proline oxidation to glutamic acid, decreased utilization
for proline in proteins synthesis and enhanced proteins turnover.

TABLE 2. Comparison between total free amino acids (Total F.A.A), proline ,sodium
(Na"),potassium (K*)contents, K*/Na* ratio and malondialdehyde (MDA)
content of C. vulgaris and C. salina grown under salt stress. Each value is
a mean of replications +SD standard deviation.

Strains | Salinity Total proling® Na** K™ K*/Na* MDA’
(M) FAA
0 12.06ai258 1.97 a +0.93 5.403 +0.10 28.00a1006 5.183130 55.78at2323
C.wulgaris - 5 - v - -
04 1275 348 23281045 | 9.60° 1005 17.00%001 | 1.77%20 | e933 725

0.8 14.65%036 | 325" 18 | 23.32%013 | 1303 00 | 0.56%010 | o0ctesss

0 2181%;10 | 1151%a70 | 17.60°: 02 | 14.60%03 | 0.83%i000 | easssnoe
04 18.8%005 | 10.02%as | 31.32%s0 | 17.72%0m | 055% | siss™s2708

C.salina

0.8 18.13%000 | 9.698".115 | 36.80%03 | 17.538%015 | 0.48%00s | 47094000

1.0 16.77%015 8.50"1163 40.80%03 | 18.93%50 | 0.46%0s | soscesoss
20 | 199%%0 | 921%n1 | 5362%0 | 14.33%ww | 027%m | musom

- Means with the same letter are not significantly. # Measured as (ug mg™ dry weight). * Measured
as (nmol g™ fresh weight).
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From these results, it can be seen that, the differences in the accumulation of
Na" in the two algae might be associated with the differences in the salt tolerance
mechanisms of both algal cultures (Tuna et al., 2008a) and the Na* content and
proline accumulation negatively correlated in C. salina. On the other hand, there
was a positive correlation in the accumulation of Na* and proline in C. vulgaris
where both increased progressively. The function of this osmoprotectant is
presumed to be protective, with a role in scavenging free radicals and might be
protected the dehydration of the cytoplasm as a result of the accumulation of Na*
(Mansour, 2000).

The NaCl salinity induced a highly significantly decreased in K* content in
C.vulgaris by 53% at 0.8 M NaCl, it on the other hand increased markedly in
C.salina, then remained around control value (Tuna et al., 2008b). The
concentration of K*/ Na® ratio was significantly decreased in C. vulgaris and
C. salina with salinity treatment. A high concentration of Na* can interfere with
K* uptake, resulting in deficiency and stunted growth, and it has been suggested
that in Vicia faba the two ions compete for uptake at the plasma membrane level
(Ullah et al., 1993).

Response of lipid peroxidation to salt stress

Lipid peroxidation as an oxidative stress parameter showed a marked and
progressive increase with elevation of salinity in C. vulgaris reaching about 61%
over the control value at 0.8M NaCl. In C. salina, the amount of MDA content
decreased up to 1 M NaCl and increased marginally by about 17% at 2M NaCl
(Table 2).

The increase in the products of lipid peroxidation might suggest a reduced
ability of the test organisms to scavenge free radicals efficiently (Chris et al.,
2006) and an increased permeability of plasma membrane or less membrane
integrity (Chai et al., 2005). These could be correlated with the accumulation of
ions and reactive oxygen species (ROS) production under salt stress (Sairam and
Srivastava, 2002).

These conclusions might interpret the recorded correlation between the
magnitude of growth inhibition in C. vulgaris and the enhancement levels of lipid
peroxidation (Koca et al., 2007).

Response of some antioxidant enzymes activity to salt stress

The data in Fig. 2 reveal that the activity of superoxide dismutase (SOD) was
gradually increased with salinity stress in C. vulgaris culture reaching about 34%
over the control at 0.8 M NaCl, while in C. salina salt stress induced consistent
changes in the activity of this enzyme.

Catalase (CAT) activity increased markedly with salinity stress in C. vulgaris.
The activity of CAT was about 3- folds of the corresponding control at high level
of NaCl. In contrast, C. salina showed insignificant changes in the activity of
CAT enzyme with minor reductions at 0.8 and 1.0 M NaCl.
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Hypo and hyper saline media induced significant decrease in the activity of
peroxidase (POD) of C. salina up to 1 molar NaCl then increase by 27% over
the control was obtained. On the other hand, there was a gradual increase in POD
activity of C. vulgaris culture reaching about 40 % of the control at 0.8 molar
NaCl.
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Fig. 2. Response of the activities of antioxidant enzymes (unit mint g * F.W.) in C.
vulgaris and C. salina to salt stress. The vertical bars represent the standard
deviations. Different letters above the bars indicate significant levels at p
<0.05.
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Ascorbate peroxidase (APX) activity was highly significantly increased with
increasing salinity stress in C. vulgaris culture, where it was 2.1 fold of the
control at 0.8M NaCl. In C. salina the changes in APX activity in both hypo and
hyper saline media were generally non significant.

Antioxidant enzymes are known to play important roles in the defense
mechanisms against stress and may provide a strategy to enhance salt tolerance in
plants (Jaleel et al., 2007b and Abd El Baky et al., 2014). The mechanism by
which salinity affects the antioxidant responses is not yet clear. It might be either
due to (i) an effect of CI" toxicity on Photosystem Il or (ii) change in membrane
integrity caused by a high Na* to Ca*" ratio (Meneguzzo et al., 1999).

The decrease in SOD activity could impair the O, scavenging system of cells
and favor accumulation of O, and H,O, which could lower the SOD activity
(Jaleel et al., 2008).

Stimulation of CAT activity might result in protection from oxidative damage
by rapid removal of H,O, (Portune et al., 2010). Such reduction in CAT activity
would result in H,O, accumulation, which might react with O, to produce
hydroxyl-free radical via Hebert-Weiss reaction (Xie et al., 2008).

POD activity may increase due to enhancement of the enzyme encoding genes
or to a fine control-activation of already existing enzymes as suggested by
(Dionsiso-Sese and Tobita, 1998).

Stimulation of APX activity in C. vulgaris under salinity stress might be due
to the fact that, APX is involved in the degradation of H,O, generated under
salinity condition. A similar result has been observed in the green micro alga
D. tertiolecta in response to high salt stress where APX activity increased as
defensive responses to remove ROS and keep cellular ascorbic acid level constant
(Jahnke and White, 2003). Considerable evidence shows that high peroxidase
activity is correlated with the reduction of algal growth (Zheng and Van Huystee,
1992).

Conclusion

The green alga Chlorella can adapt to saline environments and it is considered
a model organism for salinity tolerance. The great differences in the responses of
the marine alga (C. salina) and that of fresh water alga (C. vulgaris) to the effect
of NaCl salinity might reflect differences in their gene expression. Fresh water
alga (C. vulgaris) increased activities of protective enzymes to detoxify and
eliminate, the highly ROS levels under salinity stress is a good strategy for
defensive mechanism. This study strongly suggests that induction of antioxidants
is one component of the tolerance mechanism of Chlorella species to salinity as
evidenced by growth behavior.
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