
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ► 

ARTICLE TYPE 
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Multiple applications of recombinant Moringa oleifera coagulant protein 

for the large-scale water treatment applications 
 
Asalapuram Ramachandran Pavankumar,ab* Johan Norén,a Lakhvinder Singh,a Naveenkumar 
Chandappa Gowdab

  5 

 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 

DOI: 10.1039/b000000x 

Provision of safe drinking water, devoid of aetiologies is an all-time challenge due to the usage of unsafe 

chemicals in most of the water treatment processes. In this regard, proteins of Moringa oleifera (MO) 10 

provide most promising solutions, as its crude seed extracts are being used as natural ‘water clarifier’ in 

drinking and wastewater treatments. Among MO seed proteins, a 6.5 kDa coagulant protein (MO coagulant 

protein; MOCP) has gained importance because of its antimicrobial and water clarification properties. 

Considering the biomedical and commercial values of MO plant, in this study, the cDNA coding for MOCP 

was cloned and over expressed in E. coli BL21 (DE3). After bench-scale experiments, for the first time, the 15 

recombinant protein production was scaled up to 7L bioreactors in Luria Broth supplemented with 1% 

glucose. About 42mg of Moringa oleifera coagulating recombinant protein (MOCRP; 6.5 kDa) was purified 

using superparamagnetic iron oxide nanoparticles (SPION) from 1 litre of the over expressed E. coli cell 

cultures. The purified MOCRP revealed an efficient coagulation activity (~66%) even with 0.1 mg/L; while 

very good antimicrobial response was recorded against a set of Gram-negative and Gram-positive 20 

microorganisms with as low as 10mg/L.  Thus, we report the over expression and purification of this dual-

function protein (MOCRP) from moringa for the first time, using bioreactors with an economical and user-

friendly approach for large-scale applications.  

 

Introduction 25 

Infections most commonly spread through consumption of unsafe 
or unhygienic drinking water or food. Globally such infections 
cause more than 1.8 million of mortality every year and among 
which, 88% of the cases are attributable to consumption of 
unhygienic water.1 Biohazardous and non-degradable genotoxic 30 

compounds of chemical/mineral waste released by the 
pharmaceuticals, leather and textile industries, etc. contribute to 
high degree of waterborne infections initiating adverse ecological 
effects to human and animals.2 Such physiological adverse health 
effects leads, not only impending to risks like reproductive 35 

impairment, cancers, neurological disorders, but also helps in 
spreading the multi drug resistant bacteria in drinking3.4 and 
surface waters.5 Though it becomes the priority to provide ‘safe 
drinking water’, the technology exists today and is much debated 
due to the usage of chemicals like aluminum sulfate [alum; 40 

Al2(SO4)3], chlorine, potassium permanganate (KMnO4), ferric 
sulphate [Fe2(SO4)3], polyethylene terephthalate (PET), etc. that 
indirectly contributes to several serious health problems on 
prolonged usage. 6-9   
 Using natural or biocompatible materials to adopt indigenous 45 

solutions can potentially reduce such complications. In this 
scenario, the seed extracts/powders of a tropical multipurpose 

tree, Moringa oleifera (MO) is being used in several countries 
either to clean drinking water10-14 or to treat wastewater.15-17 The 
proteins or chemical components present in MO crude seed 50 

extracts (MOCE) possessing coagulation (flocculation or water 
clarification), antimicrobial and pollutant removal 
activities12,14,15,18,19 makes it as a convenient natural agent for 
water treatment.20-22 Since crude seed extract is reported to 
increase the organic content that changes water quality (including 55 

odour, colour and taste), it is recommended that the treated water 
be consumed earlier.15 Among the components of MOCE, a 6.5 
kDa size Moringa oleifera coagulant protein (MOCP) possessing 
antimicrobial and coagulation activities is widely appreciated in 
water treatment protocols.20,22-24 Though a couple of attempts 60 

have been made to over express and purify MOCP, they are 
expensive and tedious for large-scale applications.25,26 Hence, the 
focus of this study was to over express MOCP in E. coli 
(BL21DE3) and purify its recombinant form (Moringa oleifera 
coagulant recombinant protein; MOCRP) using inexpensive 65 

magnetic nanoparticles23-25 to address large-scale water treatment 
approaches. In this study, we scaled-up the over expression of 
MOCRP using bioreactors and show its proficient coagulation 
and antimicrobial activities and propose its applicability for large-
scale water treatment proposals.  70 
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Materials and Methods 

Construction and expression of MOCRP 

The cDNA coding for MO2.1 (Swissprot, P24303) was prepared 
according to the requirements of QIAprep® kit and the 
ChampionTM pET Directional TOPO® expression system. The 5 

regenerative primers (5′- CACCCGGATCCATGCARGG 
NCCNGGNCGNCARCCNGAYTTYCA-3′ and 5′-GTGG 
CCCAAGCTTTTANGTRCTNGGDATRTTNGANGCNACNC
GRTACAT-3′) were used to get an amplicon of 200 bp, through 
touchdown PCR conditions of denaturation-2 min, 32 times of 98 10 

°C (10 sec), 65 to 55 °C (30 sec), 72°C (30 sec), final extension -
72 °C (10 min). The recombinant protein was cloned in 
kanamycin resistant pET200/D-TOPO cloning system and 
expressed in ‘BL 21 star (DE3) one shot cells’. The positive 
recombinant constructs were cultured in LB medium containing 15 

1% glucose at 37 °C (180 rpm) for overnight. The 6.5kDa protein 
was over expressed by inducing the cell cultures with 1mM IPTG 
at 0.8 O.D. (optical density) measured at 600nm.   

 

Scaling up of MOCRP production using bioreactors 20 

All growth conditions of shake-flask (e.g. pH, temperature, 
culture media, growth supplements, etc.) were extended to 
bioreactor studies and the cell growth, including protein 
production were optimized accordingly. Since this could be the 
first attempt to scale up the process, a simple batch process was 25 

selected instead of a fed-batch process. The protein production 
was scaled-up in 7L bioreactor vessel (Belach Bioteknik) from 
500 mL shake flask experiments according to the protocol 
followed by Gustavsson et al.28-29 with little modifications. Five 
liters of LB media was prepared in 7L reactor vessel and 30 

sterilized in situ after adjusting the pH to 7.2, while the filter 
sterilized glucose solution was supplemented to make up a final 
concentration of 1%. About 5% of E. coli BL21 transformants 
obtained from the shake-flask were seeded to get an initial O.D. 
of 0.1 in the bioreactor. The cells were induced with 1mM 35 

Isopropyl β-D-1-thiogalactopyranoside (IPTG) at O.D. 3.0 and 
harvested after 6h of reactor time. The pH was kept constant at 
7.0 during the cultivation through automatic titration with 25% 
NH4OH (v/v) and 5M HCl. The dissolved oxygen tension (DOT) 
was maintained above 30% throughout the experiment by 40 

manually increasing the stirrer speed and the airflow. Sterile 
antifoam was manually added when necessary to avoid excess 
foaming. 
 
Protein purification using magnetic nanoparticles and 45 

confirmation by Western blotting analysis 

As the protein forms homodimers37, 1mM of Tris(2-
carboxyethyl) phosphine hydrochloride (TCEP) was added to 
cell-lysis buffer to obtain monomers of MOCRP. The cell pellets 
were suspended in lysis buffer and were disrupted using a French 50 

pressure. The MOCRP was purified by superparamagnetic 
ironoxide nanoparticles (SPION), according to the simple 
protocol suggested by Okoli et al.23,24 Electrophoresis was 
performed30 with 25 µg of proteins, transferred to PVDF 
membrane and confirmed the presence of 6.5 kDa MOCRP by 55 

Western blotting.31,32  
 

Water clarification analysis 

The coagulation activity was estimated from 10µg/mL of 
MOCRP, MOCE and MOCP in 1mL of 1% kaolin-water 60 

suspension.20,37 Absorbance at 500 nm was recorded at every 30 
min up to 90min and the percentage of activity was calculated by 
the following formula: 
  
           Initial absorbance – Final absorbance  X 100 65 

% of activity =             Initial absorbance 
 
Subsequently, coagulation efficiency of MOCP and MOCRP was 
estimated at different protein concentrations by varying between 
0.01-10 µg/mL.  70 

 
Evaluation of antimicrobial activity  

The overnight cultures of Salmonella typhimurium, Pseudomonas 

aeruginosa, Bacillus subtilis, Serratia mirabilis and 
Staphylococcus aureus were diluted to 0.1 O.D. at A600nm in 200 75 

µL of 10 times diluted nutrient broth in a 96-well micro titre 
plate. About 10 and 50 mg/L of and MOCRP were added to the 
bacterial cultures; while the controls were grown without these 
proteins. Growth patterns were studied by measuring their 
absorbance at 600nm (Multiscan, Thermo Bioanalysis) at every 80 

60 min time interval for 4 h by incubating the 96-well micro titre 
plates at 37°C (100 rpm). The growth curves were plotted against 
the concentration of each protein to study its antimicrobial 
activity.  

 85 

Results  
Purification of MOCRP using user-friendly magnetic 
nanoparticles  

The PCR amplicons of ~200 bp coding to cDNA of MO2.1 (gene 
for MOCP) was successfully cloned into TOPO vector and the 90 

plasmid was transformed into high expression vector, E. coli 
BL21(DE3) to produce MOCRP in the presence of kanamycin. A 
few randomly analyzed positive clones revealed over expression 
of MOCRP at 14 KDa (Fig. 1A), which was further reduced to 
monomer (6.5 kDa) using 1 mM TCEP (Fig. 1B). As can be seen 95 

in Fig. 1C, MOCRP was efficiently purified using SPIONs and 
the purified protein was confirmed by Western blotting analysis 
at 6.5 kDa (Fig. 1D).  
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Figure 1. Production and purification of MOCRP                                 
(A) Protein profiles of whole-cell lysates of induced and uninduced clone 
resolved on 10% SDS-PAGE revealing 14 kDa homodimer form of 
MOCRP. (B) Homodimers reduced to 6.5 kDa monomers by the addition 
of 1mM TCEP in lysis buffer. (C) The purified MOCRP at 6.5kDa, using 5 

magnetic nanoparticles. (D) Confirmation of MOCRP at 6.5kDa on 
PVDF membrane using anti-His antibody. 

After preliminary small-scale experiments, the SPIONs were used 
to purify the protein at large scales appreciating its cost 
effectiveness. 10 

Large-scale production of MOCRP using bioreactors 

After the shake flask experiments, protocols were scaled-up by 
maintaining the oxygen supply, pH and temperature, which are 
often considered to be the most influential parameters in E. coli 
cultivations. About 11g/L of wet biomass was obtained by 15 

bioreactor studies, compared to ~1.5g/L from shake flask 
experiments.  From this biomass ~42mg/L of MOCRP were 
purified compared to 0.6mg/L from shake flask cultivations. The 
amount of target protein (MOCRP) per wet cell weight is 
approximately 9 times higher in the bioreactor case indicating 20 

higher cell populations with significant amount of over expressed 
protein. As a consequence, the cost to produce MOCRP could be 
significantly reduced by using bioreactors instead of shake flasks. 
 
Efficiency of MOCRP in water clarification 25 

Preliminary experiments with 10µg/mL of MOCRP, MOCP and 
MOCE revealed a turbidity reduction of about 85%, 81% and 
75%, respectively. This indicates the superiority of MOCRP over 
MOCP and MOCE, against 1% kaolin solution (Fig. 2). 

Figure 2.  Percentage of turbidity reduction kinetics of MOCP, 30 

MOCRP and MOCE 

Initially, the experiments were performed using 10µg/mL of MOCP, 
MOCRP and MOCE. The bar chart shows about 85% of turbidity 
reduction for MOCRP compared to that of MOCE and MOCP, ~75% and 
~81% respectively. Different protein concentrations from 0.01µg/mL to 35 

10µg/mL of MOCRP and MOCP were investigated against 1% kaolin 
solution to identify an optimal concentration for the coagulation activity. 
Even 0. 01 µg/mL of MOCRP revealed about 66% of activity, while the 
MOCP show only 39%, which was comparable to that of kaolin. 

 40 

An experiment with varying concentrations from 0.01µg/mL of 
MOCRP revealed about 66% of turbidity reduction, while MOCP 
show only about 39% (Fig. 2). Based on the results, 0.01-
0.25µg/mL of MOCRP shows very good coagulation activity and 

hence this could be the optimal concentration. However, either of 45 

the purified proteins did not show considerable increase in the 
activity when the amount of protein increased beyond 10 µg/mL, 
which could be an optimal concentration for the turbidity 
reduction experiments. 
 50 

Efficient antimicrobial activity of MOCRP against enteric 

bacteria 

 
Antimicrobial assay was performed with the different 
concentrations of MOCRP and MOCP against a set of 5 bacterial 55 

strains comprising Gram-positive and Gram-negative bacteria 
(Salmonella typhimurium, Pseudomonas aeruginosa, Bacillus 

subtilis, Serratia mirabilis and Staphylococcus aureus). Even 
10µg/mL of MOCRP and MOCP disclosed a significant 
antimicrobial activity that can be comparable with the activity of 60 

50µg/mL protein concentration. As can be seen in Fig. 3 (A-E), 
all the strains tend to show almost complete susceptibility of 3-4 
h, which is considered to be critical for any bacterial growth. The 
bacterial strains under investigation tended to grow very slowly 
up to 30-40% after 9 h of incubation. As can be seen in the Fig. 3 65 

B and E, in the case of Pseudomonas aeruginosa and 
Staphylococcus aureus, there was no significant difference 
observed between 10 and 50µg/mL of either MOCRP or MOCP. 
However, for some reason, Salmonella typhimurium show better 
inhibition against 10µg/mL of protein rather 50µg/mL (Fig. 3C). 70 

In the other hand, Bacillus Subtilis (Fig. 3A) and Serratia 

mirabilis (Fig. 3D) revealed a dose dependent susceptibility 
against the antimicrobial proteins. 

 

Figure 3.  Antimicrobial activity of MOCRP and MOCP against five 75 

species of bacteria  
Growth profiles of the five different species of enteric pathogens cultured 

Page 3 of 5 RSC Advances

R
S

C
 A

d
va

n
ce

s 
A

cc
ep

te
d

 M
an

u
sc

ri
p

t



 

4  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

in NB for 4h of incubation at 37 oC showed potent susceptibility against 
MOCRP and MOCP. The graph is plotted against time (X-axis) and the 
optical density (O.D.) of the bacterial cultures (Y-axis). Black lines 
indicates the growth profile of control strains (without antimicrobial 
protein); Red dotted and continuous lines refers to 10µg and 50 µg/mL of 5 

MOCRP; while Green dotted and continuous lines indicates 10µg and 50 
µg/mL of MOCP, respectively. In all the cases 50µg/mL of MOCRP and 
MOCP efficiently control the bacterial growth less than 0.3 O.D., while 
their controls grew up 0.6-0.8 O.D. However, even 10µg/mL of the 
protein expressed either equivalent or comparable antimicrobial activity 10 

with that of 50µg/mL, except Serratia.  

 

 
Discussion 
Flocculation and antimicrobial activities of Moringa oleifera 15 

coagulant protein (MOCP) are well investigated among other 
useful properties of the protein. In order to explore such 
advantages including industrial production of the protein for 
large-scale water treatment through an eco friendly solution, 
instead of using harmful chemicals in water treatment. 20 

 
Affordable large-scale production of MOCP  
This study has shown the potential applications of MOCP (and its 
recombinant form, MOCRP) like antimicrobial and coagulation 
properties to propose it as an appealing tool for ecofriendly water 25 

treatment approach. The pET200/D-TOPO vector allowed 
expression of recombinant protein with an N-terminal tag 
containing XpressTM epitope with a His-tag enabled the removal 
of tag after protein purification. However, this system requires a 
specific PCR primer consisting of a stop codon to terminate the 30 

N-terminal peptide and second ribosome binding site 
(AGGAGG) 9-10 base pairs 5’ of the initiation ATG codon of the 
protein of interest. Though MOCRP was anticipated at 6.5 KDa, 
the protein was found at 14 KDa, which was further reduced it to 
its monomeric form. Though several studies reported MOCP at 35 

14kDa as a homodimer, a couple of reports are important 
pertaining to the expression of recombinant protein expression 
studies (25,26, 37). In 2003, Brion et al.25 cloned the cDNA 
coding region of this Moringa oleifera flocculent protein, in E. 

coli to study its aggregation activity with montmorrillonite 40 

particles by purifying the protein with nickel affinity 
chromatography. In another study, Suarez et al.26, produced 
recombinants using synthesized double-stranded oligonucleotides 
that expressed the protein fused with intein and then purified 
MO2.1 with a chitin-linked (closed ellipse) bead column., 45 

Implementation of laborious and tedious protocols in the both 
cases complicate their adoptability for large-scale applications. 
Therefore, we undertook the challenge to develop a simple 
protocol to over express MOCP and to check its suitability for 
large-scale applications. The expressed protein was purified using 50 

SPION considering its advantages of separating with an external 
magnet, less time consuming, cost effectiveness and can be 
operated by semiskilled personnel. Based on our experiments, we 
consider, if the yield per wet cell weight can be maintained even 
in a fed-batch process, as compared to the current batch process, 55 

the production cost can be lowered even further. In addition it 
might be possible to improve the yield through process 
optimization since this was the first attempt to produce MOCRP 
using a bioreactor. 
 60 

 

Efficiency of MOCRP in terms of coagulation and 

antimicrobial activities 

Even 0.01µg/mL of MOCRP showed turbidity reduction of ~66% 
indicated its competence over the similar approaches,26,27 where 65 

they have used 10µg/mL (0.01mg/mL) of the purified protein. 
According to this study, we propose to clean about 4200L of 
turbid water from 42mg of MOCRP (at the concentration of 
0.01µg/L), which could possibly be obtained from 1L of the 
culture. It is noteworthy that Saurez et al. [26] and Brion et al.27, 70 

used about 5mg/mL and 0.1mg/mL of purified FLO (MO2.1), 
respectively, to show antimicrobial activity. This is about 10 
times higher than the MOCRP, produced in this study. Though 
the other three strains (Bacillus spp., Pseudomonas spp. and 
Staphylococcus spp.) were found to be susceptible for MOCRP at 75 

least for 4 h, Salmonella (Fig. 3C) and Serratia (Fig. 3D) show a 
very little growth. Since these bacterial species shares 
homologies with each other, they might be expected to behave 
similar.36 However mere differences between growth profiles of 
the bacteria could be due to the heterogeneity between the 80 

populations of MO seeds20 compared to that of MOCRP. 
Nevertheless, the time of 3-4 h is crucial not only for water 
treatment protocols but also for the investigated antimicrobial 
assays. Bacterial growth restriction at the early stages could 
efficiently control the growth of bacteria and this time also 85 

sufficient to remove microbial contaminants, and other 
aetiologies in any process development.  

Conclusions 

We have explored an informative and constructive solution for 
over expression of MOCRP and its purification using using user-90 

friendly magnetic nanoparticles. Development of cost effective 
and simple protein purification protocol with very limited steps 
makes this technique possible to be operated by even semi-skilled 
personnel. Subsequently, 5L bioreactor cultivations, efficiency of 
MOCRP compared to that of MOCE and MOCP shows the 95 

advantages the MOCRP. The MOCRP produced in this study is 
advantageous in terms of flocculation and antimicrobial activities 
compared to that of MOCP. Hence, we suggest that MOCRP can 
be used for the large-scale water treatments, possibly as a natural 
solution.  100 
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