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Abstract: Marine organisms are the potential source for bio chemical molecules. A
variety of bio- active chemicals available among seaweeds, which is an important group
of organisms in marine environment. The seaweeds available in the Gulf Of Mannar
Biosphere Reserve (GOMBR), India, also showed intra and inter annual variations in
their chemical composition. A total number of six seaweeds have been collected from the
GOMBR in different seasons. Total protein content and haemagglutinin assays were
carried over. The results showed the total protein content in greater variations during
different seasons, with the maximum content during the summer season and the
minimum content during the post monsoon season. Likewise, in the different blood
groups, the haemagglutinin activity of the seaweed extracts showed pronounced
variations, registering the minimum activity during the post monsoon season and the
maximum activity during the summer season. Thus, the haemagglutinin activity of the
seaweeds varied greatly corresponding to the protein content in different seasons. It
suggests that protein content of the seaweeds is one of the important determining factors
for the haemagglutinin activity. Further, it is concluded that the summer season is the best
season for collecting seaweeds from GOMBR, for the extraction of protein and
haemagglutinin.
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INTRODUCTION

Different algal species vary greatly in their biochemical constituents and detailed studies on the
biochemistry of seaweeds have been conducted worldwide. Variations in biochemical constituents of
seaweeds have been reported by several workers™®. Investigations have also shown that biochemical
constituents of the seaweeds are subjected to changes during different seasons, as the seaweeds are
experiencing different environmental conditions in a year®. Seaweeds are renewable resources from
marine environment. Certain seaweeds are having significant amount of lipids, proteins, vitamins and
minerals”®, nutrient contents also vary with species®® ** season, temperature and geographical location **
BTemperature also effect the growth and chemical content of Palmyra palmate ** Laminaria sp *°
Macrocystis sp ***" and Nereocystis sp ‘. Such seasonal variations in biochemical constituents of
seaweeds would definitely have influence on the haemagglutinin activity and therefore it is essential to
understand the impact of different seasons on the haemagglutination activity of seaweeds and to find out
the favourable season for large scale harvesting of suitable seaweed species for extraction of
haemagglutinin. Hence, the present attempt is made.

MATERIAL AND METHODS

Collection Area: The Gulf of Mannar (where the seaweed samples were collected for the present
investigation), lying along the east coast of India, is greatly influenced by the northeast monsoon which is
prevalent during October — December of every year. Accordingly, four seasons can be categorized in a
calendar year for this region viz. monsoon (October-Decembar), post monsoon (January-March), summer
(April- June) and pre monsoon (July- September). Seaweeds, Caulerpa racemosa, C. scalpelliformis,
Sargassum wightii, Acanthophora spicifera, Gracilaria corticata and G. crassa that showed broad
spectrum of haemagglutinin activity were alone considered for studying the seasonal variations in
haemagglutinin activity and protein content.

Protein estimation: Total protein content of the seaweed extracts was estimated as per the commonly
used method *° using Bovine Serum Albumin as standard. The protein content of the seaweed extract has
been expressed as mg/ml of extract.

Haemagglutinin Test: Haemagglutinin tests were performed with 96 wells U bottom micro titer plates.
Agglutinations were observed visibly. The agglutination titer has been expressed as the reciprocal of the
highest dilutions showing positive results. The assays were carried out in duplicates with control of 0.85%
NaCl solution with erythrocytes® Number of different blood groups that were agglutinated by a seaweed
extract against the total number of blood groups tested was multiplied with 100 to find out the percent
agglutination activity of seaweed extracts in the total blood samples (Table-3).

RESULTS AND DISCUSSION

Present study has revealed the occurrence of seasonal variations in protein content and haemagglutination
activity of the different seaweed species tested (Tables 1,2 and 3)
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Table 1: Protein content of seaweeds in different season

Seaweed species Protein content (mg ml™)

Post -Monsoon ~ Summer  Pre -monsoon

Monsoon
C. racemosa 0.62 1.25 0.76 0.8
C. scalpelliformis 0.68 0.98 0.71 0.79
S. wightii 0.43 0.87 0.44 0.71
A. spicifera 0.62 1.25 0.76 0.80
G. corticata 0.68 0.98 0.71 0.79
G. crassa 0.58 0.88 0.72 0.72

Table 2: Haemagglutinin activity (HU %) of seaweeds recorded in different seasons.

Pre
Seaweed Post monsoon Summer  monsoon Monsoon
C. racemosa 44 77 44 66
C.scalpelliformis 11 66 22 44
S. wightii 11 77 22 55
A. spicifera 44 100 66 66
G. corticata 66 100 66 66
G. crassa 44 100 77 55

Table 3: Haemagglutinin activity of Seaweed extract in different blood samples

Seaweed species Activity (HU) in different blood samples
A B AB 0] CB SB GB RB HB

Post monsoon season
C. racemosa - - - 1:04 1:02 1:04 - 1:32 -
C. scalpelliformis - - - - - - - - 1:08
S. wightii - - - - - - - - 1:08
A. spicifera - - - 1:04 - 1:04 - 1:16 1:08
G. corticata 1:08 1:04 - 1:04 1:04 1:.04 - - 1:08
G. crassa 1:04 - - - 1:04 - - 1:08 1:04
Summer season
C. racemosa 1:02 - - 1:04 1:04 1:04 104 1:16 1:08
C. scalpelliformis 1:02 - - 1:04 1.04 1.08 1:08 1:.04 -
S. wightii 1:.04 - 1:02 1:.02 102 1.02 - 1:08 1:08
A. spicifera 1:08 1.08 1:.04 1:.04 108 1:08 1:.04 1:32 1:16
G. corticata 1:04 1:04 104 108 116 108 1:08 1:16 1:32
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G. crassa 1:.04 104 1:.02 104 108 104 104 1:64 1:32
Pre monsoon season

C. racemosa - 1:04 - 1:02 - 1:04 - 1:04 -
C. scalpelliformis 1:02 - - - 1:04 - - - -
S. wightii 1:02 - - - - 1:04 - - -
A. spicifera - 1:02 1:.04 - 1:04 1:04 1:08 - 1:08
G. corticata 1:02 1:04 1:.02 1:04 104 104 - - -
G. crassa 1:02 1.04 1:.02 1:08 - 1:04 1:08 - 1:32
Monsoon season

C. racemosa - - 1,2 1:04 1.02 1:.04 - 1:04 1:04
C. scalpelliformis - - - - 1:04 1:02 1:.04 1:08 -
S. wightii - - 1:02 1:.04 1:.02 - 1:02 -- 1:04
A. spicifera 1:04 1:04 - 1:02 1:02 - - 1:04 1:08
G. corticata - 1:04 1:02 1:04 1:.04 - 1:04 - 1:08
G. crassa - - 1:.02 - 1:04 1:.04 - 1:08 1:08

A B ,AB and O-Human Blood; CB- Chiick blood; SB- Sheep Blood;
GB- Goat blood; RB-Rabbit blood; HB- Horse blood

Protein content: Table 1 shows the temporal variations in the protein content of the different seaweeds
studied, during the different seasons. Protein content ranged from 0. 45 to 0.89 mg ml™in C. recemosa,
0.42 t0 0.65 mg ml™ in C. scalpelliformis, 0.44 to 0.87 mg ml™ in Sargassum wightii , 0.62 to 1.25 mg
ml™ in Acanthophora spicifera, 0.71 to 0.98 mg mI™ in Gracilaria corticata and 0.43 to 1.15 mg ml™ in
G. crassa. In general, in all the seaweeds, the protein content was high during the summer season, Low
protein content was noticed during the post monsoon season.

Haemagglutinin activity: Haemagglutination activity ( %) of the extracts (Table-2) of C. racemosa
collected during the summer season showed positive activity (77%) with more number of blood samples
followed by monsoon (66%), post monsoon and pre monsoon (44%) seasons. Extract of C.
scalpelliformis exhibited activity with more number of blood samples (66%) during the summer season
and with less number of samples (11%) during the post monsoon season. S. wightii, A. spicifera and G.
crassa also showed similar pattern of activity during the different seasons. Extract of G. corticata was
active in more number of blood samples during the summer season (100%) and showed lesser activity
during the post monsoon, pre monsoon and monsoon seasons (66%). It is interesting to note that 100%
agglutination activity was seen in all blood samples tested with the extracts of A. spicifera, G. corticata
and G. crassa, collected during the summer season.

Thus, in general, the haemagglutinin activity of different seaweed extracts tested was more during the
summer season and less during the post monsoon season.

DISCUSSION

Protein content of the seaweed extracts was high during the summer season in all the seaweeds tested
(Table 1), though the protein content differed in the different species. Such variations in the protein
content of different species could be related to their physiological and morphological variations as opined
by Benevides et al.?:. The present finding lends support to the observations of Ganesan and Kannan® in
their study on the seasonal variations of biochemical constituents of some economic seaweeds of the Gulf
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of Mannar have concluded that the protein content of the seaweeds is subjected to seasonal fluctuations
registering the maximum protein content during the summer season when the nutrient concentrations
were high and the environmental conditions were favourable.

Haemagglutinin activity of the seaweed extracts also showed distinct variations among the different
seaweed species and seasons, studied presently. In general, haemagglutinin activity of the extracts of
seaweed samples collected during the summer season was observed to be more in the broader-spectrum
blood samples, as compared to other seasons. Corresponding to this, protein content of the extracts was
also more during the summer season suggesting that protein content of the seaweeds is one of the
important determining factors for the haemagglutinin activity. The haemagglutinin unit (HU) of the algal
extracts varied from 1:2 to 1:64 during the different seasons in one and the same seaweed species as well
as in different algal species (Table 3). This would indicate that the varying amounts of seaweed proteins
recorded during the different seasons would have some influence on haemagglutinin activity.

CONCLUSION

It should also be noted that there was no agglutination activity in the extracts of any of the seaweeds
collected during the post monsoon season with goat blood and during the pre-monsoon season with
human blood group B, though significant amount of protein was present in the extracts of the seaweed
samples. This finding indicates that it would be best to collect the seaweeds during the suitable season for
the extraction of haemagglutinin. This would help a great deal when naturally occurring seaweed sources
are considered for large-scale extraction of haemagglutinin. From the present study, it is suggested that
the summer season is the best season for collection of seaweeds (from GOMBR, India) for
haemagglutinin extraction, as also opined by Benevides et al.> for extraction of haemagglutinin from the
seaweeds of Brazil.

ACKNOWLEDGEMENT

We acknowledge the University Grants Commission, New Delhi for the fellowship provided to one of the
author (MR). We also thankful to the authorities of CAS in Marine Biology, Annamalai University and
the Central Inter Disciplinary Research Facility, SBV University for the facilities provided at the time of
our research.

REFERENCES
1. V.R Dhargalkar, T.G. Jagtap, and A.G., Untawale, 1980. Indian Journal of Marine Science.1980,
9(4): 297-299.
2. R.G.Parekh, and V.D. Chauhan, 1982. Seaweed Research and Utilization, 1982, 5(1):1-4.

3. D.P. Mairh, R.G. Parekh, V.D. Chauhan, P.S. Rao, and D.J. Mehta, 1983. Research and
Utilization, 1983, 6(1): 1-22.

4. M.J. Dave and V.D. Chauhan, Indian Journal of marine Science, 1985, 14: 46-47.

5. V.Sobha, K.S. Mayadevi and T.Vasudevan Nair, Seaweed Research and Utilization, 1988, 11(1):
31-38.

6. M.Ganesan and L.Kannan, Phykos, 1994, 33(1&2): 125-135.

(MESEN . Chem. Bio. Phy. Sci. Sec. B, August 2017 - October, 2017, Val. 7, No. 4; 1184-1188.
[DOI:10.24214/jcbps.B.7.4.118489.]



Influence ... Ravirajan and Nadimuthu.

7.
8.

10.
11.
12.
13.
14.

15.

16.

17.
18.
19.

20.
21.

M.H. Norziah, and C.Y. Ching, 2002. 68(1): 69-76.

D.l.Sanchez-Machado,J.Lopez-Cervantes, J. Lopez Hernandez, P. PaseiroLosads P.,
200485(3),433-444.

V.J.T. Van Ginneken, J.P.F.G. Helsper, De Visser W., Van Keulen H., Brandenburg W.A., 2011.
Lipids in health and disease, 2011, 10, 1-8.

T.Fujiwara-Arasaki, N.Mino, M.Kuroda, Hydrobiologia, 1984, 116-117(1), 513-516.
N.Nisizawa, H.Noda, R.Kikuchi, T.Watanable , Hydrobiologia, 1987, 151-152(1), 5-29.
S.Kaehler, R.Kennish, Botanica Marina, 1996, 39(1-6), 11-17.

A.M Haroon, Oceanologia, 2000, 42(1), 19-28.

V.K. Mishra, F.Temelli, B.Ooraikul, P.F.Shacklock, J.S.Craigie, Botanica Marina, 1993, 36(2),
169-174.

M.Honya, T.Kinoshita, M. Ishikawa, H. Mori, K.Nisizawa, Journal of Applied Phycology,
1994,6(1), 25-29.

JW.A. Mckee, L.Kvalieris, D.J.Brasch, M.T. Brown, L.D. Melton, Journal of Applied
Phycology, 1992, 4(4), 357-3609.

M.L. Castro-Gonzalez, S.Carrillo-Dominguez, G.F.Perez, Ciencias marinas, 1994, 20(1): 33-40.
K.G.Rosell, L.M.Srivastava, Journal of Phycology, 1985, 21(2), 304-309.

O.H.Lowry, N.J. Rosebrough, A.L. Farr and R.J.Randal, Journal of biological Chemistry. 1951,
193: 265-75.

M.H.Ravindranath, and T.C.Paulson, Methods in Enzymology, 1987, 138:520-527.

N.M.B. Benevides, S.R.M. Oliveieru, M.L. Holanda, F.R. Melo, L.L.P. Freitas, and A.H.
Sampaio, 1999., Revista Brasileira de Fisiologia Vegetal.,1999, 11(2):91-95

Corresponding author: Mangaiyarkarasi Ravirajan,
!Central Inter Disciplinary Research Facility, Sri Balaji Vidyapeeth University,
Puducherry, India
On line publication Date: 23.08.2017

(kW . Chem. Bio. Phy. Sci. Sec. B, August 2017 - October, 2017, Vol. 7, No. 4; 1184-1188.

1
- [DOI:10.24214/jcbps.B.7.4.118489.]



