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ABSTRACT

We studied the effects of light intensities: ambient and low light on
physiological and phytochemical changes in Withania. Low light grown plants
accumulated more chlorophylls (Chl) and less carotenoids (Car), flavonoids and
anthocyanins compared to ambient light. The ambient light adapted plants exhibited
higher photochemical activities in isolated chloroplast than in low light plants.
Thylakoid membrane protein analysis showed the presence of four proteins of light
harvesting Chl-11 (LHC-11) apoproteins and their level slightly increased in low light
than in ambient light plants. HPTLC analysis revealed that the level of withaferin A
increased by 5% in ambient compared to low light.

Keywords: D1 proteins, HPTLC, light stress, photosynthesis, thylakoid membrane,
withaferin A, Withania somnifera

INTRODUCTION

The past decade has witnessed a tremendous resurgence in use of medicinal plant
products. In the past, the medicind plants were studied for phytochemistry,
pharmacognosy and horticulture. Besides major medicinal plants physiological aspects etc.
have not been investigated as done for food crops. Withania somnifera Dun. (Solanaceae)
is Ayurvedic medicine to treat depression and inflammation and contains many
phytochemicas (withaferin A, withanine, withanolides and tropine). Recently it has
atracted great pharmacological research interests in chemistry (1), pharmacology (2)
phytochemical variability in commercia herbal products (3), quantification of withaferin
A (the main active constituent) by HPTLC (4) and novel method to isolate withaferin A
from roots (5). However, studies on physiologica and biochemical changes of Withania in
response to light stress have not been reported. In plants, excess light damages the
photosynthetic apparatus, hence, photosynthetic organisms adapt to changes in irradiation
by atering and optimizing the abundance of specific components in photosynthetic
apparatus. For instance, exposure to high light irradiances decreases the abundance of
LHC-II (6) and D1 protein degrades more rapidly than other PSII proteins (7). An
increased amount of LHC-I1 is an adaptation to shade, since it enhances the efficiency of
light harvesting by the photosystems. This study aimed to determine the changes in various
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photosynthetic reactions, thylakoid organization in excised leaves, and withaferin A of
Withania plants grown under ambient and low light conditions.

MATERIALSAND METHODS

Viable seeds of Withania somnifera were obtained from the Foundation for
Revitaisation of Local Heath Traditions, Madurai. Seeds were soaked over night in
running tap water and sown in pots containing field soil. One-month-old seedlings were
separated into two light regimes. A set of 10 pots, each pot with 5 plants, was subjected to
ambient and low light treatment. The plants which remained under full sun light (ambient)
received > 400 W.m? (400-700 nm) for extended periods of day and those which remained
under low light condition received 40-60 W.m™. Visible radiation was measured using a
L1-188-quantum/radiometer (Li-Cor, Inc., USA).

Chl and Car were extracted in 80% acetone and their concentration was
calculated using the predetermined coefficient values (8). Anthocyanin was extracted from
the leaves in acidified alcohol and its concentration was expressed as absorbance units
after correction using the formula A= Asz-(0.3xAes7) (9). Flavonoid content in light
adapted Withania leaves was expressed as As;s units (10). Chloroplasts were isolated from
light adapted leaves as per method of (11) and the final pellet was suspended in small
volume of reaction buffer. Photosystem | (PSl), photosystem (PSII) and whole chain
activities were measured as described earlier (12).

SDS-PAGE: Analysis of chloroplasts proteins was carried out by SDS-PAGE (13) using
10% linear gel. Protein content was estimated using BSA as a standard (14).

Thylakoid membrane isolation: For analysis of thylakoid polypeptides chloroplasts were
ruptured in 30pg.ml™* NaPO, buffer, pH 7.6 containing 1mM DTT, 30pg.mi™
chloramphenicol and 10% glycerol (15). Polypeptides were separated electrophoretically
in an 8-14% gradient gel containing 6M urea and stained with Coomassie Brilliant Blue.

HPTLC analysis of withaferin A: Plants at their reproductive stage were uprooted,
thoroughly washed with running tape water and shade dried. Root powder (500 mg) from
ambient and low light plant was added into 25 ml volumetric flask and dissolved in 20 ml
methanol. The solution was filtered through whatman filter paper No. 42 and the filtrate
was made up to 25 ml with the same solvent. HPTL C analysis was performed on precoated
aluminum backed silicagel G HPTLC plates as per method of (4). The sample was applied
to HPTLC plates as 8 mm bands by a (Camag Linomat V) applicator. Plates were
developed with toluene: ethylacetate: formic acid (50:15:5v/v/v) in a Camag twin trough
chamber. After development and drying of plates, samples were evaluated by scanning at A
213 nm with a Camag TLC Scanner Il controlled by CATS V.4.06 software. Standard
withaferin A was isolated as described by the method of (5).
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RESULTS

Photosynthetic and accessory pigments

Depending on the light intensity, the levels of photosynthetic pigments showed
changes (Table 1). Quantitative changes occurred in these pigments in Withania grown
under ambient and low light intensities. Total Chl level (fresh weight basis) was increased
in low light grown plants than ambient light. During the early stage of adaptation, Chl a/b
ratio remained same in both ambient and low light conditions and subsequently it
decreased in low light condition. To check whether a similar increase also occurred in
accessory pigments in low light grown plants, quantitative changes occurred in the level of
carotenoids, flavonoids and anthocyanin. Unlike Chl, the level of these pigments decreased
in low light than in ambient light grown plants (Table 1).

Table 1. Influence of various light intensities on level of photosynthetic pigmentsin Withania plants

Days Chl a Chl b Total Chl  Chl ab Carotenoids ~ Anthocyanin  Flavonoids
[mg/g*r. wi] [Alg™dr wi] Ass

10 days

Ambient 0.37+0.01 0.15+0.01 0.52 2.35 0.86+£0.006 1.53+0.04 0.24+0.7
(200) (100) (100)

Lowlight 0.46+0.01 0.20+0.01 0.66 2.32 0.30£0.01 1.30+£0.02 0.19+0.02
(35) (87 (81)

20 days

Ambient 0.50+0.09 0.20+0.01 0.70 2.50 0.71+£0.009 2.09+0.04 0.44+0.1
(200) (200) (100)

Lowlight 0.68+0.01 0.32+0.01 1.01 213 0.40+0.007  1.58+0.02 0.313+0.1
(56) (76) (71)

30days

Ambient 0.54+0.01 0.21+0.01 0.76 2.50 0.23+0.01 1.73£0.04 0.29+0.01
(200) (100) (200)

Lowlight 1.0 +0.01 0.55+0.1 1.61 191 0.10+0.007  1.65+0.03 0.20+0.02

(43) (95) (69)

Values are expressed on unit of fresh weight and unit of dry weight. Figures in parentheses are percentage values
with reference to respective control. Mean + n=3.

Photochemical activities

Changes in PSI and PSII catalysed electron transport activity of chloroplasts
isolated from ambient and low light grown plants were studied at different stages of
growth. In general PSII activity increased up to the full development stage and thereafter
decreased in plants grown under both light conditions. A similar change was aso found on
PSI activity. There was significant reduction in PSI and PSII reactions in low light as
compared to ambient light grown plants at different stages of growth (Figure 1). Maximum
level of PS| and PSII activity was observed on day 20.

Chloroplast protein
Changes in level of chloroplast proteins isolated from ambient and low light



132 Kannan and Kulandaivelu

400

o 30 ¢ @ Armbient (PSI)

5 300 @ Low Light (PS1)

= | 0 Ambient (PSII)

g, 250 & Low light (PS 1)
= 200
% 150
3 100
50
0

10 20 30
Plant age (days)

Figure 1. Response of PSI, PSIl and whole chain activity in chloroplasts isolated from Withania
adapted to ambient and low light treatment. Bars represent the mean of determination of
three individual samples.
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Figure2. SDS-PAGE profiles of total chloroplast polypeptides isolated from Withania seedlings
exposed to ambient (AM) and low light (LL) intensity. Numbers on the | eft side indicate
the position of known molecular weight marker proteins.
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adapted plants were examined by SDS-PAGE (Fig. 2). A sets of proteinsin range of 90 to
70 kDa (90, 80, 75) showed variations in their level at different stages of growth. Some
proteins 45, 32 and 24 kDa decreased in their level in ambient plants at al stages of
growth compared to low light. Accumulation of D1 and D2 proteins was prominent in low
light at all developmenta period, whereas, the level of D1 and D2 proteins in ambient
plants was dlightly declined.

Thylakoid proteins

The profile of thylakoid membrane proteins of ambient and low light grown
plants was examined by urea gel electrophoresis. A set of proteins, in the range of 60 to 45
kDa (viz, 60, 55, 50 and 45 kDa) revealed prominent accumulation in response to ambient
compared to low light adapted plants (Fig. 3). In addition, there was accumulation of four
distinct proteins that belongs to the LHC- I apoproteins. To facilitate presentation of the
work, these polypeptides were labeled as LHC-I1-1 through LHC-11-4 and in urea-PAGE
they migrated with apparent molecular weight of 32, 31, 30, and 28.5 kDa, respectively.
Although four distinct bands of LHC were present in both ambient and low light adapted
plants, the level of LHC-I1 declined more in ambient compared to low light grown plants.
Initially all LHC-II apoproteins were synthesized with comparable rates and declined
during the later stage of development.
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Figure 3. Urea-PAGE profiles of total chloroplast polypeptides isolated from Withania seedlings
exposed to ambient (AM) and low light intensity (LL). Numbers on the left side indicate
the position of known molecular weight marker proteins.
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Chromatography

HPTLC anaysis of root obtained from both ambient and low light showed significant
quantitative and qualitative withanolides changes. Withaferin A had increased 5% in ambient
compared to low light adapted plants. Ambient light adapted roots revealed withaferin A at Ry
0.14(88.43%) and five other structuradly unidentified phytochemicas designated as
withanolides WS-1 R 0.18(2.42%), WS-2 R 0.22(5.00), WS-3 R; 0.30(1.71%), WS4 Ry
0.37(1.32%), WS5 Ry 0.83(1.62%) (Fig. 4). The level of withaferin A (R 0.14 (83.28%)
decreased 5% in low light compared to ambient plants. Besides, five other phytochemicas
designated as WS-1 Ry 0.16(0.79%), WS-2 Ry 0.18(2.98%), WS-3 R; 0.22(7.34%), WS4 Ry
0.37 (2.54%), WS-5 R; 0.59 (3.07%) were noticed in low light (Fig . 4).
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Figure 4. HPTLC analysis of root obtained from 30 days old Withania plants grown under ambient
and low light. —» Indicate withaferin A
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DISCUSSION

The changes in photosynthetic pigments were typica of light adaptation. Shade
and low light plants have more Chl b and LHC a/b proteins of PSI and PSII, when
compared to those of strong light. Such increase in light—harvesting components occurs at
the expense of electron transport, photophosphorylation and CO, fixation resulting in
lower maxima photosynthetic rates, which saturates at low irradiance (16). This is
commonly interpreted as an indication of higher ratio of core to LHCP and LHC
complexes in sun leaves. Since Chl b is primarily a component of the LHC of PSII, it
follows that a high Chl a/b ratio in ambient grown cells signifies a smaller light harvesting
antenna size for this photosystem (17). In Dunelliella tetiolecta it was reported that the Chl
a/b ratio of isolated LHCH | was variable and that this ratio changed in response to growth
irradiance (18).

To maintain photosynthesis and the assembly of thylakoid membrane, Chl and
Car are resynthesized very rapidly in ambient plants. Therefore, all components of
thylakoid membrane exhibited much higher turn over in ambient plants than in low light
plants. The changes in pigment composition of ambient and low light adapted Withania
plants were very similar to those of ambient and low light adapted beech (19). Particularly
high light grown plants are selectively enriched in Car involved in the xanthophyll cycle,
namely violaxanthin, zeaxanthin and antheraxanthin (20). The flavonoid and anthocyanin
composition can be atered by environmenta factors like light and UV. Light induced
production of anthocyanin and other flavonoids in the epidermis and outer tissues are
considered to be a ubiquitous protective mechanism in higher plants against intense solar
radiation. The induction of phenylalanine ammonia-lyase (PAL) by light is a prerequisite
for the onset of light mediated anthocyanin synthesis (21). In Rhododendron leaves
exposed to severe high light stress, the level of total flavonols was more than twice as high
asin the half-shade leaves (22).

PSI and PSII activity was higher in ambient compared to low light plants. Similar
results were reported in tobacco leaves (23). The photosynthetic activity of leaf is
maximal, when the leaf reaches maturity and then it declines gradually during senescence
(24.) The decreased activity could be associated with senescence of leaves, because of
extensive degradation of both structural and functional components of chloroplasts.
Conversely, ambient light plants being limited in electron transport rates, have greater
amount of the cyt b/f complex, ATP synthase and the mobile linking electron transport
compound, the PQ pool, PC and Fd and high carbon dioxide fixation enzyme to support
greater rates of photosynthesis which saturates only at high light. Ambient light grown
Withania had higher rate of photochemical activities and this might be due to plant have
higher PSI/PSII ratios of 1.8-2.3 due to more PSII units each with smaller light harvesting
size, while, shade and low light plants have lower PSI/PSII ratios of 1-1.3 due to lower
PSII units each with larger light harvesting size evidenced by urea gel electrophoresis.

During active photosynthesis, the D1 protein and to a lesser extent D2 turn over
rapidly and are replaced by newly synthesized proteinsin repair cycle. Under ambient, D1
protein degraded more rapidly than under low light condition. Under excessive visible
light, the D1 protein of PSIl becomes photo damaged, which inhibits the PSII electron
transport. Damaged D1 protein is degraded rapidly and is replaced by a newly synthesized
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protein (25). Our results indicated that at al stages of growth under ambient, damaged D1
protein is replaced slowly by newly synthesized protein and maintained the normal rate of
photosynthesis. Under low light conditions, there is no net loss of D1 protein content,
because photo inhibition of PSII can be counteracted by D1 protein synthesis. Associated
with the development of Withania seedlings from 10 to 30 days, a set of proteins (60 to 45
kDa) was accumulated more in ambient plants in the early stage of devel opment compared
to low light plants. Accumulation of these proteins may be associated with photosynthesis.
LHC-II apoproteins accumulated much slower in ambient leaves than those of low light
leaves. Stability of photosynthetic apparatus determined by the amount of Chl available to
the chloroplast under the different growth conditions. The differentia stabilization of
LHC-1I apoproteins by Chl would be one important mechanism for the coordination of Chl
and apoproteins accumulation in thylakoid membrane of photosynthesis (26). These
observations indicated adaptive mechanism of Withania for the acclimation of the
photosynthetic apparatus to light stress. It suggested that under ambient conditions, LHC-
Il would not function efficiently due to the absence of Chl b from its holoprotein. When
cells encounter a low light environment, however, Chl b could be incorporated into
existing LHC-1I simply by filling the vacant Chl b dots. (17). Levels of these proteins
have declined during the senescence stage. It is probable that proteins, which were
accumulated in this period, were associated with increased complexity of cellular activities
(such as acquisition of enhanced photosynthetic activity, extension/growth of seedlings,
€tc) during development.

Environmental and climatic factors influence the production and release of
secondary metabolites. In ambient plants, owing to higher photosynthesis, carbohydrates
may have been produced in excess of growth demands, excess photosynthates might be
used to produce withaferin A. Conversely when photosynthesis is more limiting under low
light, carbohydrate contents decreased in plants as do withaferin A level. Ambient light
induces production of sennosides reported in senna (27). Plants that grow under high light
intensities contain higher quantities of alelochemicals and exhibit decreased susceptibility
to UV-B induced damage (28).

ACKNOWLEDGEMENTS

The authors are thankful to JSS College of Pharmacy for HPTLC analysis.

REFERENCES

1. Gamoh, K., Hirayama, M. and lkekawa, N. (1984). Stereocontrolled synthesis of withanolide D and related
compounds. Journal of Chemical Society Perkin Trans 1: 449-454.

2. Padmavathi, B., Rath, P.C., Rao, A.R. and Singh, R.P. (2005). Roots of Withania somnifera forestomach and
skin carcinogenesis in mice. Evidence-Based Complementary and Alternative Medicine 2: 99-
105.

3. Sangwan, R.S., Chaurasiya, N.D., Misra, L.N., Lal, P., Uniyal, G.C., Sharma, R., Sangwan, N.S,, Suri, R,,
Qazi, G.N. and Tuli. R. (2004). Phytochemical variability in commercia herbal products and
preparations of Withania somnifera (Aswagandha). Current Science 86: 461-465.

4. Mahadevan, N., Kasar, R.P., Subburaj, T. and Suresh, B. (2003). HPTLC andysis of withaferin A from an
herbal extract and polyherbal formulations. Journal of Separation Science 26: 1707-1709.



© ®

10.

11
12.
13.
14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.
. Virgin, |., Sater, A.H, Ghanostakis, D.F. and Andersson, B. (1991). Light induced degradation of the D1

26.

27.

28.

Effects of light quality on Withania somnifera 137

Kannan, N.D. and Kulandaivelu, G. (2007). Novel method to isolate Withaferin A from Withania somnifera
roots and its bioactivity. Allelopathy journal 20: 213-220.

Andersson, J.M., Chow, W.S. and Park, Y.l. (1995). The grand design of photosynthesis acclimation of the
photosynthetic apparatus to environmental cues. Photosynthesis Research 46: 129-139.

Gounaries, K., Pick, U. and Barber, J. (1987). Stoichiometry and turnover of photosystem Il polypeptides.
FEBS Lett 211: 94-98.

Wellburn, A.R and Lichtenthaler, H. (1984). Advances in Photosynthesis Research. Vol. I : 6-12.

Mancinelli, A.L., Yang, C.P.H., Lingquist, P., Andersson, O.R. and Rabino, |. (1975). Photo control of
anthocyanin synthesis Ill. The action of streptomycin on the synthesis of chlorophyll and
anthocyanin. Plant Physiology 55: 251-257.

Miracki, R.M. and Teramura, A.H. (1984). Effects of UV-B radiation on soybean. V. The dependence of
plant sensitivity on the photosynthetic photon flux density during and after leaf expansion. Plant
Physiology 74: 475-480.

Reeves, S. and Hall, D.O. (1973). The stoichiometry (ATP/2e ratio) of non-cyclic photophosphorylation in
isolated spinach chloroplast. Biochimica Biophysica Acta 314: 66-78.

Noorudeen, A.M. and Kulandaivelu, G. (1982). On the possible site of inhibition of photosynthetic electron
transport by UV-B radiation. Physiologia Plantarum 55: 161-166.

Laemmli, U.K. (1970). Cleavage of structural proteins during the assembly of the head of bacteriophageT,.
Nature 227: 680-685.

Lowry, O.H., Rosebrough, N.J,, Farr, A.L. and Randall, R.J. (1951). Protein measurement with the folin
phenol reagent. Journal Biological Chemistry 193: 265-275.

Tadahiko, M., Kamei, C., Funaki, K., Miyadi, K., Makino, A., Ohira, K. and Ojima, K. (1989). Degradation
of Ribulose-1,5 bi phosphates carbixylase/oxygenase in lysates of chloroplast isolated
mechanically from wheat T. aestivum L. leaves. Plant and Cell Physiology 30: 193-200.

Andersson, B., Sater, A.H., Virgin, I., Vass, I. and Styring, S. (1992). Photodamage to photosystem I1-
primary and secondary event. Journal of Photochemistry and Photobiology 15: 15-31.

Tanaka, A. and Mdis, A. (1997). Irradiance-dependent changes in the size and composition of the
chlorophyll a-b light-harvesting complex in green aga Duneliell salina. Plant and Cell
Physiology 38: 17-24.

Sukenik, A., Wyman, K.D., Bennet, J. and Falkoski, P.G. (1987). A novel mechanism for regulating the
excitation of photosystem Il in agreen aga. Nature 327: 704-707.

Lichtenthaler, H.K, Buschmann, C., Doll, M., Fietz, H.J., Bach, T., Kozel, U., Meier, D. and Rahmsdorf, U.
(1981). Photosynthetic activity, chloroplast ultra structure and leaf characteristics of high-ight
and low light plants and sun and shade |eaves. Photosynthesis Research 2: 115-141.

Deeming-Adams, B. and Adams, W.W. (1992). Photoprotection and other responses of plants to high light
stress. Annual Review Plant Physiology and Molecular Biology 43: 599-626.

Venkateshwar, G.K, Sharma, R., Kendrick, R.E and Furuya, M. (1991). Photoregulation of PAL is not
correlated with anthocyanin induction in photo morphogentic mutants of tomato (Lycopersicon
esculentum). Plant and Cell Physiology 32: 1251-1258.

Lang, M., Lichtenthaer, H.K., Sowinska, M., Heisel, F. and Miehe, JA. (1996). Fluorescence imaging of
water and temperature stressin plant leaves. Journal of Plant Physiology 148: 613-621.

Miyake, C., Horiguchi, S., Makine, A., Shinzaki, Y., Yamato, H. and Inchi Tomizawa (2005). Effects of
light intensity on cyclic electron flow around PSI and its relationship to non-photochemical
quenching of chlorophyll fluorescence in tobacco leaves. Plant and Cell Physiology 46: 1819-
1830.

Smart, C.M. (1994). Gene expression during leaf senescence. New Phytologist 126: 419-448.

protein was reported with isolated photosystem core complex. FEBS Lett 287: 125-128.

Apdl, K. and Kloppstech, K. (1980). The effect of light intensity on the biosynthesis of the light harvesting
chlorophyll a/b protein, evidence for the requirement of the apoproteins. Planta 150: 426-430.

Kannan, N.D. and Kulandaivelu, G. (2005). Ambient light quality induced morphological anatomical and
biochemical changes in the tropical medicina plant senna (Cassia aquistifolia Vahl.). Journal of
Plant Biology 32: 1-6.

Cen, Y.P. and Bornman, JF. (1990). The response of bean plants to UV-B radiation under different
irradiance of background visible light. Journal of Experimental Botany 41: 1489-1495.



