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ABSTRACT – Agglutinins are carbohydrates applied as tools in cell biology, 

immunology, in the study and treatment of cancers, and in a range of areas of 

biochemical and biomedical research. This study aims to determine the best method of 

possible hemagglutinating substances extraction from Chlorella vulgaris biomass 

using three different buffers. The cultured was concentrated by a centrifugation at 

4,000 xg for 10 min, lyophilized and extracted under homogenization in pure and in 

concentrations of 1:5 to 1:20 using the buffers 0.025M Tris-HCl-saline, pH 7.0; 0.02M 

saline-phosphate, pH 7.4; and 0.1M sodium acetate, pH, 5.5. In microtiter boards, 

biomass extracts were added to rabbit erythrocytes for hemagglutination activity. 

Positive results were obtained in Tris-HCl-saline buffer (1:10 and 1:20 dilutions) and 

sodium acetate buffer (pure extract and dilutions) with hemagglutination titers of 2
12

 

(4,096) at 3h of homogenization. Microalgae are promising sources of useful bioactive 

compounds. 

  

1. INTRODUCTION  

Algae are very different beings in aquatic systems (or wetlands ) are mostly photosynthetic 

(in this case , endowed with chlorophyll a) and present vegetative structure known as the stalk, 

whose cell differentiation is characteristically small or zero . Thus, the term " algae " is completely 

devoid of taxonomic value, as designated bodies very distinct from each other as to the origin, 

chemical composition and morphology . Involves unicellular and multicellular organisms with 

planktonic and benthic habits. From these characteristics derive the terms of use set out: 

microalgae (microscopic algae with dimensions) and macroalgae (seaweeds with macroscopic 

dimensions). While benthic macroalgae are almost always (except some forms that may be 

floating), most microalgae have planktonic habit, although there are also many benthic and 

terrestrial species inhabiting humid environments (LOURENÇO, 2006). The particular location of 

planktonic algae are phytoplankton , or are components of photoautotrophic plankton. The various 

phytoplankton organisms may present as isolated cells forming colonies grouped or chained in the 

form of linear segments of cells. In all cases, however, little or no differentiation or specialization 

of the functions of the cells occurs , ie , each cell performs all life functions (GUEDES, A.C.; 

AMARO, H.M.; MALCATA, F.X, 2011).  

The photoautotrophic marine organisms exhibit great morphological, physiological, 

biochemical and ecological differences, unlike what happens in the terrestrial environment , in 

which the various algal species have relatively similar characteristics, in this context is situated 

Área temática: Processos Biotecnológicos 1



2 
 

Chlorella vulgaris, arising from a gender unicellular green algae , Phylum Chlorophyta, spherical , 

about 2-10 mm in diameter and no flagellum . Contains the green photosynthetic pigments 

chlorophyll-a and - b in its chloroplast; through photosynthesis multiplies rapidly, requiring only 

carbon dioxide, water, sunlight, and small amounts of minerals to reproduce (GUEDES, A.C.; 

AMARO, H.M.; MALCATA, F.X, 2011).  

The emergence and spread of searching for bioactive compounds of nutritional and/or 

pharmacological interest in microalgae and cyanobacteria have received great attention in 

scientific research . The ability of these microorganisms to synthesize numerous complex 

metabolites such as peptides , lipopeptides , fatty acids , carbohydrates and others has fascinated 

researchers to discover new molecules for employment in industries. In bioenergy, could be a 

cheaper and effective alternative, besides not being pollutant (GUEDES, A.C.; AMARO, H.M.; 

MALCATA, F.X, 2011); as bioactive compounds, especially in the pharmaceutical area, could be 

a healthy alternative activity against resistant bacteria to other traditional treatments (R.UMA, V. 

SIVASUBRAMANIAN AND S.NIRANJALI DEVARAJ., 2011), and not just for its 

antimicrobial activity, but also antiviral, antitumor, antioxidant and anti-inflammatory 

(BHAGAVATHY, S.; SUMATHI, P.; BEL, J.; S., 2011); and in the food industry, they are rich in 

essential nutrition compounds for the human body ( MOSTAFA, SM, 2012). 

It is known that microalgae in question has a wide field of study being developed from its 

bioactive potential. Biotechnology of microalgae has gained considerable importance in recent 

decades. Applications range from simple biomass production of food and feed products to 

valuable ecological applications (PULZ AND WOLFG; OTTO GROSS, 2004). There are many 

reports on the potential and bio-economics of algal biomass to produce fuels and most of these are 

based on the premise that similar to terrestrial plants , these features can be used very efficiently. 

Agglutinins are widely distributed in nature and have the characteristics of binding to 

specific carbohydrate and produce unique effects such as cell aggregation or precipitation of 

glycoconjugates. Agglutinins can thus serve as carbohydrates probes useful tools in cell biology, 

immunology, in the study and treatment of cancers, and in a range of areas of biochemical and 

biomedical research. In general, these proteins have similar molecular weight (23 kDa by gel 

filtration and 29 kDa by electrophoresis on SDS polyacrylamide gel) and different isoelectric 

points (HORI et al., 1988). The presence of hemagglutinin has been observed in almost all living 

organisms, also in microalgae. Despite considerable progress in the study of distribution and 

biochemical haemagglutinin of seaweed algae (macroalgae), existing data are still considered 

insufficient to clarify its properties in vitro and its possible functions in vivo (CHU et al., 2004).  

Recent research has focused on the screening of biological activities, including those with 

hemagglutination activity in photosynthetic microorganisms such as Microcystis aeruginosa 

(M228), M. viride (YAMAGUCHI et al, 1998;.. YAMAGACHI et al, 1999), Oscillatoria 

agardihii (SATO et al. 2000) and Chlorella pyrenoidosa (CHU et al., 2004). Hori et al. (1988) 

isolated three agglutinins from ethanol extracts of Solieria robusta. However, research on 

hemagglutinating activity from photosynthetic microorganisms, and their characterization is still 

scarce. For this reason, the aim of this work was to determine the best method of extraction of 

bioactive compounds from Chlorella vulgaris biomass using three different types of buffers. 
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2. MATERIAL AND METHODS 

 2.1. Microalgae and media 

C. vulgaris (UTEX 1803) was obtained from the UTEX (University of Texas, Austin). 

Cultures were maintained axenically in liquid Bold's Basal medium (BISCHOFF and BOLD, 

1963) which was suggested by University of Texas Culture Collection. The culture medium was 

sterilized in an autoclave at 121 °C for 20 min. 

2.2. Culture conditions 

C. vulgaris was grown autotrophically on 400 mL of sterile culture media (initial pH of 6.8) 

in 1000-mL Erlenmeyer flasks at 27 ± 1 °C, under a constant fluorescent light intensity of 

approximately 74 µmol photons m
-2

 s
-1

 measured by a LI-250 Light Meter with a LI-190 quantum 

sensor (LI-COR, USA). Agitation during cell growth was provided by sparging air. Inital cell 

concentration was 50 mg L
-1

 for all the cultivation conditions. Periodic samples were taken from 

the flasks to determine the cell density.  

2.3. Determination of cell dry weight and optical density 

         Cell concentration (optical density) was estimated by absorbance of the suspension at 

685 nm (Xu, 2008) with a UV–vis spectrophotometer. A calibration curve between optical density 

and cell dry weight was developed by filtering the aliquots on pre-weighed GF/C filter paper. The 

filtered cells were dried at 105 °C until constant weight was obtained and cooled to room 

temperature in a desiccator before weighing. Subsequently, the culture was centrifuged at 10,000 

rpm for 20 min at 4 ° C and the dry biomass used in the compounds extraction step. 

2.4 pH determination 

 pH was mensured using a potentiometer (METTLER TOLEDO M300) immersing the 

electrode in the cultures. 

 2.5 Microalgae biomass extracts preparation 

Extracts biomass extracts will be prepared on the basis of Chu et al. (2006), Dinh et al. 

(2009) and Roman Bermejo et al. (2001) methodologies. The first consists in suspending the cells 

in 200 ml of TBS buffer ( Tris-HCl - saline ) pH 7.4 containing 25 mM NaCl at 4 ° C. The second 

method is carried out with 2 volumes of 0.02 M phosphate buffer , pH 7.0 containing 0.85 % NaCl 

( saline - PBS ) at 4 ° C. The third is the suspension of frozen in 1M sodium acetate (pH 5.5) 

buffer. In three cases, the microalgae biomass extracts were placed under stirring for 30 hours and 

aliquots were removed every 3 hours and centrifuged at 5,000 rpm 7 min, 4 ° C, using the 

supernatant for hemagglutinating activity with dilutions of 1:5, 1:10 and 1:20. 

2.6 Determination of hemagglutinating activity (HA) 

The determination of hemagglutinating activity (HA) in the supernatants was performed in 

microtiter plates, following the method described by Correia and Coelho et al. (1995). Extracts 

preparation (50 μL) was two-fold serially diluted with 0.15 M NaCl, followed by the addition of a 
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50 μL suspension of rabbit erythrocytes treated with 2.5% (v/v) glutaraldehyde. After resting for 

45 min, HA was expressed as the highest dilution exhibiting hemagglutination. Hemagglutination 

was observed macroscopically and judged as positive in the case that more than 50% of 

erythrocytes in the well were agglutinated. Hemagglutination activity was expressed as a titer, the 

reciprocal of the highest two-fold dilution exhibiting positive hemagglutination. The assay was 

carried out in triplicate for each test solution. 

4. RESULTS AND DISCUSSION 

According to Table 1, Chlorella vulgaris biomass extracts in three buffers types used was 

observed hemaglutination activity. However, faster positive results were obtained in Tris-HCl-

saline buffer (1:10 and 1:20 dilutions) and sodium acetate buffer (pure extract and dilutions) with 

hemagglutination titers of 2
12

 (4,096) at 3h of homogenization. 

 

Table 1. Hemagglutinating activity of Chlorella vulgaris biomass extracted in three different 

buffers. 

Buffer type Extracts dilutions 
Extraction time  

of agitation 

Hemagglutinating  

activity 

Sodium  phosphate 1:20 Overnight (24 h) 2
7
 

 Pure Extrat, 1:5, 1:10, 1:20 27h 
2

8
 

 

Tris-HCL 1:10, 1:20 3 h  2
12

 

 1:10, 1:20 6 h  2
12

 

Sodium acetate Pure extract, 1:5, 1:10, 1:20 3 h  2
12

 

 Pure extract 6 h  2
12

 

 

Some authors reported that hemagglutinins present in seaweeds have properties that 

facilitate rabbit erythrocytes agglutination, such as: affinity for monosaccharides, present low 

molecular weights and occur in monomeric forms (SAMPAIO, 1993). It can be noticed that 

the use of rabbit erythrocyte agglutination for analysis was also studied in this work 

effectively with promising results. 

From the first report with seaweed by Boyd et al . (1966 ), the increasing number of 

biological applications of agglutinins has stimulated research in a large number of organisms, 

however, the number of these purified and characterized hemagglutinins obtained from 

microalgae is still considered limited. 

Some authors have studied agglutinins obtaining from microalgae and some special 

features that may interfere with obtaining , for example, aerobic growth conditions can inhibit 

the production of agglutinins in Microcystis viridis (YAMAGUCHI et al., 1999) and which 

extracts from Microcystis aeruginosa showed hemagglutinating activity with the aid of a 

calcium-dependent binder (SAKAMOTO et al., 1997). The hemagglutinating activity of the 

present study was observed in growth natural conditions of microalgae Chlorella vulgaris and 

did not require dependent binders. 

The same extraction buffer used in this work (Tris- HCl, pH 7.0) was studied by Chu 

et al. (2006). These authors observed hemagglutinating activity of biomass from Chlorella 
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pyrenoidosa equivalent to 2
16

 against human type B erythrocytes, thereby suggesting that 

there is the possible presence of a non-immunological protein compound that binds to the 

blood , thus confirming the potential of this kind for future biotechnology studies. 

 

CONCLUSION 

Bioactive components of the extract from biomass of C. vulgaris showed hemagglutinating 

activity against rabbit erythrocytes using three different types of extraction buffers, making it a 

strong candidate for future applications in agglutinins research and biomedical applications. 
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