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Abstract 

The present study dealt with the evaluation of the insecticidal activity of lectin purified from marine polychaetes collected 
from the Gadilam estuary against the mealybugs infestation in Hibiscus plants. The collected polychaete species was identified 
as Perinereis cultrifera. Lectin was extracted from the polychaete and it was designated as ‘PcL’. The extracted PcL showed 
the highest hemagglutination titer of 32 HU (hemagglutination unit) against rabbit erythrocytes. Purification of the extracted 
crude lectin was done using a series of purification steps and 60% ammonium sulphate saturation results in highest protein 
precipitation of 22 mg/ml. This was furtuer purified using DEAE-Cellulose and DEAE- Sephadex A-50 column 
chromatography techniquies. The specific activity was found to be increased to 890.4 U/mg with 6.3 fold purity after the 
purification in DEAE-cellulose column whereas; it was 1280 U/mg with 9 fold purity after the DEAE-sephadex column 
chromatographic purification. The purified lectin was evaluated for its insecticidal activity against mealybugs infestation in 
Hibiscus plants. The results showed excellent insecticidal activity on a dose dependent manner with the highest insect 
mortality of 73.33% at 10 mg/ml of lectin concentration with the LC50 value of 6.8 mg/ml. The field study also showed 
effective insecticidal activity after 3 days of application. 
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Introduction 

Effective pest control for the protection of crops involves 
application of various chemical pesticides. However, the 
uncontrollable use of these synthetic insecticides causes 
many problems including environmental pollution and also 
some insecticides kill non-targeted beneficial insects 
(Colosio and Moretto, 2008) and eventually, their prolonged 
use against these insect pests cause development of 
resistance to these insecticides over a period of time (Li et 
al., 2007). Hence, entomologists aroud the globe are looking 
for an eco-friendly, bio-based alternative insecticides for the 
control of insect pests.  
Polychaetes are the most common macrofauna inhabit the 
soft bottoms, intertidal and deep sea floor and they are most 
abundantly present in the fine grained sediments to mild 
water current sandy beaches (Amaral et al., 2003 and 
McLachlan and Brown, 2006) [1, 27]. Marine polychaetes 
have gained recent interests for the isolation of novel and 
potential bioactive molecules from these unusual resources. 
These animals adapt special type of host defense mechanism 
which may differ from the immune system of the vertebrates 
(Banerjee et al., 2004) [3]. Some polychaetes have shown to 
produce hemagglutinins also known as ‘lectins’ generally 
are proteins or glycoproteins that specifically bind to the 
mono or oligosaccharides of non-immune origin with high 
affinity and specificity on a reversible manner (Van-Damme 
et al., 2003) [39]. These carbohydrate binding proteins 
mediate many biological functions including recognition of 
cell-cell or cell-matrix interactions by binding with various 
sugar groups ranged from polysaccharides to glycoproteins 
and glycolipids (Lis and Sharon, 1998) [24].  
Naturally occurring protenious lectins cause toxicity to the 
agricultural pests can be used in bio-insecticides by spraying 
or via transgenic plants and studies have reported the toxic 

effects of several proteins when ingested by the insect pests 
(Van Damme, 2008) [38]. Vandenborre et al., 2009 [40] have 
reported the insecticidal proteins belonged to the class of 
lectins. These glycoproteins showing specific affinity to 
many mono or di-saccharides and they are widely been 
reported in bacteria, fungi, viruses, plants and animals 
(Peumans and Van Damme, 1995, Kilpatrick, 2002 and 
Singh et al., 2010) [32]. 
Mealybugs (Hemiptera: Pseudococcidae) are the plant sap-
sucking, soft bodied, cottony appearance insects with more 
than 2000 species considered as the major pests of 
agriculture (Gullan and Kosztarab, 1997) [16]. They form 
white, waxy colonies on the leaves and stems, and suck the 
sap of the plants. The pink hibiscus mealybug 
Maconellicoccus hirsutus (Green) was first described as 
Phenacoccus hirsutus Green on a Indian specimen 
collection on a shrum (Green, 1908) [15]. These native 
species south Asian spread the world and attacking more 
than 200 plants, including trees and shrubs and causing 
economic loss to various crops (Garland, 1998). In India, 
mealybugs infestations has been reported in different 
Hibiscus species (Raju et al., 1988), and in cotton 
(Muralidharan and Badaya, 2000) [20]. Hence, the present 
aimed to evaluate the insecticidal activity of lectin purified 
from a marine polychaete against the mealybugs infestation 
in Hibiscus plants. 
 
Materials and methods 

1. Collection of polychaete samples 

Polychaetes samples were collected from the Gadilam 
estuary (N11 º44’11” and E79º47’12”) in Cuddalore district, 
Tamil Nadu, India during the low tide as described by 
Masero et al., 1999. Collected polychaetes were washed 
with distilled water and stored at -20°C until further use. 
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Fig 1: Showing hibiscus mealybug insect 

 

2. Identification of the polychaetes 

Collected Polychaetes were identified up to species level 

based on their morphology, colour pattern, legs, head, 

mouth-parts arrangements and genetalia using the standard 

keys as described by Silva (1961), Day (1967), Fauchald 

(1977) [12], Uebelacker and Johnson (1984) [37]. 

 

3. Extraction of lectin from polychaetes  

Extraction of lectin from polychaetes was done using the 

method described by Kawsar et al., 2009a [21]. About 200g 

by wet weight of frozen marine polychaetes (identified as 

Perinereis cultrifera) were dispersed into paste with a help 

of a razor blade and were homogenized with 10 volumes 

(w/v) of Tris buffered saline (TBS) pH 7.4, containing 0.9% 

NaCl along with 10mM of protease inhibitor mixture 

(Merck, India). The homogenate was filtered through a 

nylon filter and the filtrate was centrifuged at 14,720 g in 

500 ml centrifuge bottles at 4˚C for 40 min. The supernatant 

was separated and centrifuged at 27,500 g at 4˚C for 30 min. 

The precipitate was collected and mixed again with 3 

volumes (w/v) of TBS containing 10 mM EDTA and 50 

mM galactose and this was incubated overnight at 4˚C. 

After incubation, the homogenate was centrifuged at 27,500 

g for 40 min at 4˚C. The supernatant was collected and 

dialyzed against TBS to remove the galactose. The non-

dialyzable fraction was recovered and used for further study. 

 

4. Hemagglutinating activity 

The hemagglutination activity of the extracted polychaete 

(P. cultrifera) lectin designated as “PcL” was done against 

rabbit erythrocytes as described by Matsui (1984) and Goto-

Nance et al., 1995. Hemagglutination assay was performed 

by adding 25μL of 2% (w/v) erythrocytes prepared in TBS 

containing 1% Triton X-100 (Merck, India) and 25μL of 

dialyzed, two fold-serially-diluted in TBS lectin (ranged 

from 1:1-1:1024) in 96 well V-shape titer plates and were 

incubated at room temperature for 1 h. The 

hemagglutination activity of the lectin was expressed as the 

titer (hemagglutination unit (HU), defined as the reciprocal 

of the highest dilution giving positive hemagglutination. 

 

5. Lectin purification 

Purification of lectin from the marine polychaete P. 

cultrifera extract was done using a series of steps such as 

varying concentration (20-80%) of ammonium sulphate 

saturation levels followed by desalting using dialysis against 

TBS pH 7.4 (partial purification). (Lowry et al., 1951) [25] 

 

6. Evaluation of insecticidal activity of purified lectin 

against Hibiscus mealybugs 

Maintenance of the experimental animals 

Fresh, healthy, uninfected young Hibiscus plant shoots 

along with the leaves and stems that were pre-rinsed with 

2% bleach for 2 min. followed by a rinse with distilled 

water for 5 min. to remove the dirt on the plants and it was 

used as the diet throughout the study period in the control 

group. Fresh feeds that were treated in the above similar 

fashion were used for every 6 h to maintain the freshness of 

the feed. Twenty Hibiscus mealybug insects with equal 

number of both male and female sexes were taken in 

separate sterile Petri dishes. Animals in the Petri dishes 

covered with the lids and were maintained at 28°C±1°C 

with the relative humidity of 60-70% and 16:8 (light: dark) 

photoperiod for 24-72 h.  

 

Preparation of the bio-insecticide and experimental 

design 

Lectin purified from P. cultrifera was evaluated for its 

insecticidal activity potential against mealybugs infesting 

the Hibiscus rosa-sinensis L plants. Pre-cleaned plants 

sprayed with different concentrations (1.0-10.0 mg/ml at an 

interval of 1 mg/ml) of lectin purified from P. cultrifera 

prepared in Tris buffered saline (TBS) pH 7.4, containing 

0.9% NaCl) was used for testing insecticidal activity 

(Febvaye et al., 1988, Douglas et al., 2006, Shahidi-

Noghabi et al., 2008, and Sadeghi et al., 2009) [9, 13, 36]. 

Insect groups fed with pre-cleaned plants sprayed only the 

TBS served as the control. At the end of each day of the 

experimental period (i.e. 24-72 h), insects were observed 

and the percentage of mortality was calculated. The 

mortality rate and the half leathel concentration i.e., the 

lectin concentration kills 50% of the mealybug insects 

(LC50) were calculated and expressed in percentage. The 

experiment was also conducted on the field with the above 

concentrations (1.0-10.0 mg/ml) of lectin mixed with 1% 

glycerol and sprayed over the mealybugs infested Hibiscus 

plant for a peroid of three days. The effect of lectin on 

mealybugs mortality were monitored visually. 

 

Results and discussion 

Polychaetes are the important organisms in the sandy 

beaches of tropical webs due to their abundance and variety 

of feeding types and they act as primary or secondary 

consumer (Checon et al., 2017) [8]. Marine Polychaeta 

(Annelids) occupy intertidal areas to the deep sea and 

offering various bioactive compounds (Rodrigo and Costa, 

2019). Lectins from the sea worms are only limited when 

compared to the other marine invertebrates. The first 

hemagglutinin, amphitritin, was isolated from the sea worm 

A. ornate (Garte and Rissell, 1976).  

 

1. Collection of and identification of polychaetes 

In the present study, polychaete samples were collected 

from the Gadilam estuary was identified as Perinereis 

cultrifera (Grube, 1840). Several early studies have reported 

the collection of P. cultrifera polychaetes in different parts 

of India (Sekar et al., 2016, Bharathidasan et al., 2017, 

Lazarus et al., 2020 and Srilaxmi et al., 2022) [5, 35]. 
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2. Extraction of lectin from polychaetes 

Lectins are found in plants, animals and microbes including 

viruses and as galactose is a key sugar participates in 

recognition, more than 60% of the lectins reported to date 

are mainly galactose specific lectins (Roopashri and 

Savitha, 2022). In the present study, lectin was extracted 

from P. cultrifera designated as ‘PcL’ was tested for 

hemagglutination activity. Dutta et al., 2005 [10] isolated a 

galactose binding lectin from the serum of Indian catfish C. 

batrachus. Previous studies have reported lectin extraction 

from different animals Vasta et al., 2011 [41] (from 

mammals) and Cammarata et al., 2019 [7] from the mucus of 

a polychaete S. spallanzani.  

 

3. Hemagglutination activity 

The unique carbohydrate specificity property of lectins 

makes them as one of the most valuable tools in the 

purification and characterization of glycoproteins and also 

in the analysis of cell surface sugars. These lectins 

agglutinate RBCs, fibroblasts and lymphocytes (El-Araby et 

al., 2020) [11]. In the present study, Hemagglutination 

activity of the curde lectin (PcL) was tested using different 

dilutions of PcL (ranged from 1:1-1:1024) against rabbit 

erythrocytes. The results showed a titer (as 

hemagglutination unit (HU) of 32 HU against rabbit 

erythrocytes. The results are in agreement with Hatakeyama 

et al., 1994 [18], Goto-Nance et al., 1995 who observed 

hemagglutination activity of lectin against rabbit 

erythrocytes and Kawsar et al., 2009a [21], 2009b [20] and 

2010 [22] reported in P. nuntia ver. vallata (Polychaeta), in a 

Japanese sea hare A. kurodai egg and P. nuntia lectins in 

against rabbit erythrocytes. 

 

4. Purification of lectin 

The crude polycheate extract added with 60% ammonium 

sulphate saturation gave the highest protein precipitation 

and hemagglutination activity. The precipitate was collected 

and dialysed against TBS pH 7.4. This partially purified 

dialysate was tested for hemagglutination activity and 

estimation of total protein and was further purified by using 

column chromatography. Early studies have reported 

different levels of ammonium sulphate concentration from 

different sources. For example, Bhagyashree et al., 2011 [4] 

from X. campestris NCIM 5028 and Kamei et al., 2023 [19] 

from the seeds of M. buteiformis Voigt. In the present study, 

the total protein content in the partially purified lectin (PcL) 

sample showed a total protein content of 22 mg/ml. 

Desmiaty et al., 2024 reported a total protein concentration 

range 1284.83-2947.33μg/ml in a C. esculenta L. rhizome 

lectin. 

 
Table 1: Purification steps of lectin isolated from the marine polychaete P. cultrifera 

 

Purification steps Vol. (ml) 
Total Protein 

(mg) 

HA titer 

(HU) 

THA  

(in HU) 

Specific activity 

(U/mg) 

Purification 

fold 

Yield 

(%) 

Crude cell free extract 100 22.7 32 3200 141 1 100 

Ammonium sulphate precipitation and dialysis 18 6.2 128 2304 372 2.6 72 

DEAE-Cellulose column 8 2.3 256 2048 890.4 6.3 64 

DEAE-Sephadex A-50 column 6 1.2 256 1536 1280 9 48 

HA: Hemagglutination activity, HU: hemagglutination unit, THA: Total hemagglutination activity, Vol.: Volume of sample extract 
 

5. Insecticidal activity of purified lectin against 

Hibisucs mealybugs 

Though, several plant based lectins and microbial lectins are 

shown to have insecticidal activities, there are no or only 

very few studies have reported lectins from animal origin 

with insecticidal activity. Thus, the present study was aimed 

to evaluate the insecticidal activity of a lectin purified from 

a marine polychaete Perinereis cultrifera against Hibiscus 

mealybugs causing infection in Hibiscus plant. 

In the present study, different concentrations (1-10 mg/ml at 

an interval of 1 mg/ml) of lectin purified from P. cultrifera 

were used for testing the insecticidal activity against 

Hibiscus mealybugs. The results showed excellent 

insecticidal activity on a dose dependent manner with the 

highest insect mortality of 73.33% at 10 mg/ml of lectin 

concentration and the lowest mortality rate of 8.33% at 1 

mg/ml concentration. The lectin concentration required to 

kill 50% of the mealybug insects (LC50) was found to be 6.8 

mg/ml (Table 2). The field study showed effective 

insecticidal activity after 3 days of application.  

The results of the present study is supported by the report of 

Sadanandan and Rauf (2021) who observed a dose 

dependent A.craccivora mortality ranged from 13.33 % to 

100% for a marine sponge F. cavernosa lectin (FCL) 

against cowpea aphid, A. craccivora by artificial diet. The 

present study also showed a dose dependent mortality 

against mealybug insects. To the best of our knowledge, this 

is the first report on the insecticidal activity of a marine  

polychaete lectin isolated from P. cultrifera against 

mealybugs infestation in Hibiscus plants. 

Hamshou et al., 2010 [17] observed a median insect toxicity 

for a S. sclerotiorum agglutinin (SSA) with a LC50 of 

66mg/ml against pea aphid (A. pisum) fed with an artificial 

diet containing different concentrations of lectin. Khoobdel 

et al., 2022 [23] used lectin extracted from P. persicaria L. as 

a bio-control agent against rice weevil S. oryzae L. they fed 

the insects with carob extract diet as a food mixed with the 

lectin and observed a LC50 value of 3.68%. 

Lectins isolated from the legumes are toxic to a broad 

spectrum of insects representing several orders including, 

Coleoptera, Diptera, Homoptera, Hymenoptera, Isoptera, 

Lepidoptera and Neuroptera. For example, Coelho et al., 

2007 reported in C. cephalonica (Lepidoptera), Macedo et 

al., 2007 and Oliveira et al., 2011 [30] against C. maculatus 

(Coleoptera), and Z. subfasciatus (Coleoptera) respectively. 

Lectin isolated from R. solani and S. nigra showed 

permeability of lectins through the above mentioned 

membranes of a red flour beetle T. castaneum (Dandagi et 

al., 2006). Also, the size, charge of of the perritrophic 

membtrane pores and molecular dimensions determined the 

membrane permeability of lectins (Walski et al., 2014) [42]. 

Schachter, 2009 [34] reported entomotoxic activity of 

agglutinin (GNA) from a snowdrop plant (G. nivalis) which 

has specific binding affinity to the terminal mannose residue 

of the high mannose containing N-glycans that are found to 

be rich on the insect glycoproteins. The GNA lectin also 

was found to be effective against sucking insects.  
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The mode of action of insecticidal lectins might be due to 

their binding to a chitin rich peritrophic membrane and the 

peritrophic gel or the microvilli of epithelial cells in the 

midgut of the insects and this cause a lectin induced 

retardation of insects’ bio-physiological functions and their 

mortality. Lectins also cause toxicity in insects with the 

increased detoxifying and antioxidant enzymes (Macedo et 

al., 2003, Zhu-Salzman and Salzman, 2001 [44] and Rahimi 

et al., 2018) [33]. Lectins could interfere with the digestion 

and absorption nutrients by the inhibition of digestive 

enzymes and proteins responsible for assimilation (Zhu et 

al., 1996) [43] and they are resistant to the gut proteases of 

the insects (Macedo et al., 2002) [26]. 

Lectins cause insecticidal activity by directly binding to the 

glycoconjugates of the cell epithelium of the insects that 

lack the peritrophic membrane (Roy et al., 2014). Lectins 

cause insecticidal activity by binding on the surface of the 

epithelial cells that are rich glycoproteins and this binding 

may differ based on the various sugars present on the insects 

with different physiological functions. It is opinied that 

clathrin-mediated endocytosis may be the underlying 

mechanism in the permeability of lectins through the midgut 

epithelial cells. However, the exact mechanism is not yet 

fully understood (Francis et al., 2003 and Caccia et al., 

2012) [6, 14]. 

 
Table 2: Insecticidal activity of purified lectin against Hibiscus 

mealybugs 
 

Purified lectin concentration (mg/ml) Mortality rate (%) 

Control - ND - 

1.0 8.33 

2.0 10 

3.0 16.66 

4.0 26.66 

5.0 28.3 

6.0 43.33 

7.0 51.66 

8.0 58.33 

9.0 66.66 

10.0 73.33 

ND: Not detected 

 

Conclusion 

The present study on evaluation of insecticidal activity of 

lectin purified from a marine polychaete collected from the 

Gadilam estuary in Cuddalore district against the mealybugs 

infestation in Hibiscus plants showed potential insecticidal 

activity and could be used for the bio-control of mealybugs 

infestations in Hibiscus plants. 
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