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INTRODUCTION 

Lactadherin is a membrane glycoprotein expressed in 

Breast epithelial cells.
[1] 

The smooth muscle cells of 

medial layers of aorta produces it. The gene responsible 

for lactadherin is MFGE8. It involves in many 

phagocytosis processes of the body. In 2002, Hanayama 

et al discovered lactadherin as a factor which opsonises 

apoptotic cells for their clearance by phagocytes.
[2]

 

Apoptotic cells show up phosphatidylserine on their 

surfaces where lactadherin binds with their C2 domain. 

This triggers the macrophages and interaction with RGD 

motif of the lactadherin takes place via integrins. Thus 

lactadherin functions as a bridge between macrophages 

and apoptic cells.
[2]

 It is also known to have other 

functions in protecting against microbes, coagulation, 

gonadogenesis and fertilisation. It can function as a 

phospholipid blocking anti-coagulant.
[3]

 Due to vague 

reasons it is known to get fragmented and thus form 

amyloids. The ragged N-terminal of the lactadherin 

suggests that the fragments are generated due to 

enzymatic cleaving rather than alternate splicing.
[4]

 

These amyloid fragments are known as medin which 

consists of the middle part of C2 like domain constituting 

207-364 positions of the lactadherin.
[4]

 A report from 

1970 says that amyloid was found in aortas of almost 

every person aged above 55.
[5]

 Medin amyloid occurs 

throughout the whole medial layer, predominant deposits 

found at inner half facing intima.
[6,7]

 This deposition 

leads to a disease called Aorta medial amyloidosis 

(AMA). Amyloidosis are disorders characterised by the 

fragmentation of proteins having chemical features 

different from the parent protein. They are of two types 

systemic and localised based on their scope and location. 

So far Medin amyloid was observed in the walls of 

arteries and thus regarded as localised amyloidosis.
[8]

 

About 30 proteins polymerise via soluble oligomeric 

intermediates to form insoluble amyloid which are 

associated with human diseases like Alzheimer’s, 

Parkinson’s and type II diabetes.
[9,10]

 But the problem is 

that the nature and cytotoxic mechanism of the amyloid 

was not elucidated well to guide the development of 

targeted therapies. There is no cure for amyloidosis 
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ABSTRACT 

Lactadherin is a protein that is produced in our body helps in apoptosis of cells and also protection against disease 

causing microorganisms. Due to unknown reasons it forms amyloid mainly in persons aged above 55. This leads 

to a disease called Aorta Medial Amyloidosis. The characteristics of disease include artery stiffening. There is no 

cure for this disease and the treatment includes chemotherapy. Thus in quest of new drugs and treatment methods, 

through computational approaches, we aimed to exploit the traditional knowledge of India, the Ayurveda which is 

treatment using herbal extracts. Literature search revealed that lactadherin is transformed into medin, the amyloid. 

Further investigation revealed that there is no experimental structure available for the protein in PDB database. So 

through homology modelling, the 3D structure of the protein was predicted, model validated and used in docking 

studies with market drugs and also herbal compounds to predict the best drug that has good interaction with the 

protein based on their binding energy. The primary, secondary structure analysis, functional analysis of the protein 

was also carried out. It was found that the protein is alkaline in nature and is extracellular. Our results clearly 

showed that the herbal compounds have greater negative binding energies than the chemical drugs. Hops extract 

from Humulus lupulus have the maximum negative binding energy and thus has good interaction with lactadherin. 

This can be subjected to further validation using in vitro studies. 

 

KEYWORDS: Molecular docking, Aorta Medial Amyloidosis, Lactadherin, Medin, Homology modelling, 

Ayurveda, Chemotherapy. 
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instead treatment includes reducing the precursor protein, 

inhibition of fibril formation and amyloid clearance. The 

effects of medin amyloid have been little studied and 

only a few reports were found regarding the 

consequences of the deposition. The effects of the 

disease include Thoracic aortic aneurysm and dissection, 

Temporal arteritis and Artery stiffening. Thus as the 

disease occurs mostly in aged people, it should be treated 

sensitively as high doses of medication or left unattended 

may be fatal. Doctors mostly recommend chemotherapy 

which suppresses the formation of amyloid protein. So 

there is an utmost necessity to formulate drugs targeting 

the amyloid. Hence our work treats lactadherin as a 

receptor to be targeted by the drugs for better treatment 

of disease. Through computational searches it was found 

that the protein has not been crystallized experimentally 

and thus 3D structure is not available. So we tried to 

establish its 3D structure through homology modelling 

which is an established approach for predicting 3D 

structures and the models were evaluated. We also used 

lactadherin as a receptor to targets drugs available in the 

market to treat the disease. Through literature search we 

found that amyloidosis has herbal targets.
[11]

 So we also 

took herbal compounds from various medicinal plants 

known to treat this disease. Molecular docking studies 

were carried out with 10 FDA approved drugs and 15 

herbal compounds in order to find their efficiency to treat 

the disease. Structural and functional analysis of the 

protein were also carried out. 

 

MATERIALS AND METHODS 

Sequence retrieval 

The protein sequence of lactadherin having accession 

number NP_005919.2 was retrieved from NCBI 

Website
[12] 

by the entrez query given “lactadherin homo 

sapiens”. This sequence was retrieved in FASTA format 

and used for further analysis.  

 

Primary Structural Characterization  

The protein’s physiochemical properties including 

molecular weight, amino acid composition, theoretical 

isoelectric point, estimated half-life
[13]

 total number of 

positive and negative residues, extinction coefficient
[14]

, 

atomic composition, aliphatic index
[15]

, instability 

index
[16]

, grand average hydropathicity (GRAVY).
[17]

 

were computed using Expasy ProtParam server.
[18]

 

 

Secondary Structural Characterization  

The secondary structural features of lactadherin include 

Alpha Helix, Beta Sheet, Gamma turns were predicted 

using Self Optimized Prediction Method from alignment 

(SOPMA).
[19,20]

 

 

Tertiary Structure Prediction and Evaluation  

Through literature search it was found that the protein 

lactadherin has no structure present in PDB, the protein 

structural database. So it was modelled using homology 

modelling technique using Swiss Model Workspace.
[21,22]

 

The results include selected templates, sequence identity 

and model quality estimation based on QMEAN4 score 

and Z score.
[23]

 

 

The predicted models were validated using 

PROCHECK
[24]

, VERIFY3D
[25]

, RAMPAGE
[26]

, 

ERRAT
[27]

 and PRO Q.
[28]

 

 

Functional analysis 

The motif regions present in the protein were identified 

using motif scan server.
[29]

 CELLO v.2.5.
[30]

 was used to 

identify cellular localisation of the protein. The number 

of cysteine residues present in the protein was found 

using CYC_REC tool.
[31]

 

 

Drugs and Herbal compounds 

Chemical drugs such as minocycline, clarithromycin, 

clofazimine, dapsone, ofloxacin, rifadin, merphalan, 

biacelin, pramlintide, adriamycin and herbal compounds 

from medicinal plants such as Onion(Allium cepa L), 

Neem(Azadirecta Indica), Aloe vera (Aloevera L), 

Licorice(Glycyrrhiza glabra), Vasaka(Justicia 

adhatoda), Berberis spp, Psorelea (Psorelea corylifolia), 

Noni(Morinda citrifolia L), Garlic(Allium sativum L), 

Acacia, Dalbergia retusia, Chaulmoogra(Hydnocarpus 

wightianus) and Hops (Humulus lupulus) were taken as 

ligands to dock against the protein. Their chemical 

structures were obtained from PubChem
[32] 

in SDF 

format. These compounds were then converted into PDB 

format using Openbabel.
[33]

 These compounds were 

screened based on Lipinski Rule of Five.
[34]

 

 

Table 1: Chemical drugs used for docking studies. 

Chemical drug PubChem ID 
Clarithromycin 84029 
Clofazimine 2794 
Dapsone 2955 
Minocycline 5467543 
Ofloxacin 4583 
Rifadin 5381226 
Merphalan 4053 
Biacelin 5281605 
Pramlintide 70691388 
Adriamycin 31703 
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Table 2: Natural herbal compounds used for docking studies. 

Plant name Compound Pubchem ID 
Humulus lupulus Hops Extract 6850842 
Berberis spp Berberine 2353 
Psorelea Psorelen 6199 
Chaumoorga Hydnocarpic acid 110680 
Dalbergia retusia Retusin 5481240 
Acacia Isoqurcitin 5280804 
Azadirecta Indica Salannin 6437066 
Allium sativum L Allicin 65036 
Allium cepa L Allin 87310 
Morinda citrifolia L Glucoronic acid 92283 

Adhatoda vasica L 
Daucosterol 
Vasicine 

5742590 
667496 

Aloevera L  
Aloin 
Emodin 

12305761 
3220 

Glycyrrhiza glabra Licoricidine 480865 
 

Molecular docking 

The interaction between drugs and proteins were 

analysed using Hex 8.0.0 Cuda.
[35]

 The protein was 

taken as a receptor and the chemical and herbal 

compounds were taken as ligands. Based on their 

binding energy, electrostatic and vanderwal 

interactions, post screening analysis was carried out. 

 

RESULTS 

Physiochemcical characterisation 

Using expasy protparam tool the physiochemical 

characteristics were computed and given in table 3. 

The computed instability index was 31.83 indicating 

that the protein is stable in nature. The isoelectric point 

of lactadherin was found to be 8.47 which suggests 

that the given protein sequence was alkaline in nature. 

The aliphatic index of the protein was 83.67 denoting 

the relative volume of a protein that is occupied by 

aliphatic side chains.
[14] 

The GRAVY value calculated 

as the sum of hydropathy values of all the amino acids, 

divided by the number of residues in the sequence
[16]

 

was -0.244. This values shows its superior interactions 

with water. The estimated half-life was 30 hours. 

 

Table 3: Physiochemical characteristics computed 

using expasy protparam server. 

Characteristics Value 
Protein Lactadherin 
Sequence length 387 
Molecular weight 43104.95 
Extension coefficient 2.001 
Isoelectric point 8.47 
Instability index 31.83 
Aliphatic index 83.67 
Estimated half life 30 hours 
GRAVY -0.244 
-R 31 
+R 36 

 

Secondary structure characterisation 

Using SOPMA tool the secondary structural features of 

the protein were computed. The predictions were given 

in table 4. It was found that the protein has 25.84% of 

Alpha helix (100), 24.81% of Beta sheets (96) and 

8.53% of gamma turns (33). This shows that the 

protein has a dominant alpha helix structure which 

says that the protein is hydrophilic in nature which 

may help in further drug development process. 

 

Table 4: Secondary structure elements computed 

using SOPMA tool. 

Characteristics Value 
Protein Lactadherin 
Alpha helix 25.84% 
Beta sheet 24.81% 
Gamma turns 8.53% 
Disulphide bridges - 

 

Functional analysis 

Through CELLO Server it was found that the protein is 

extracellular in location. Motif scan server predicted 

that the protein contains N-myristoylation site 

maximum number of times. It also has an N-

glycosylation site, Casein kinase II phosphorylation 

site and Protein kinase C phosphorylation site. 
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Table 5: Motif regions present in the protein sequence calculated using motif scan server. 

Motif Information No. of sites Amino acid residues 

N-glycosylation site 4 238-241,325-328,329-332,350-353 

Casein kinase II phosphorylation site 4 120-123,198-201,240-243,295-298 

N-myristoylation site 8 
12-17,75-80,112-117,224-229,235-

240,273-278,281-286,346-351 

Protein kinase C phosphorylation site 7 
90-92,217-219,251-253,295-297,318-

320,340-342,352-354 

 

Homology modelling of Lactadherin 

As there is no experimental data available for the 

structure of lactadherin in PDB database, it was build 

using swissmodel workspace. The protein sequence was 

retrieved from NCBI website and used for model 

building. Models were build using templates and the best 

one was selected based on its QMEAN4 score and also Z 

Score (Fig 1). The model was further validated using 

different servers (table 6) which concluded that the 

model was of good quality. 

 

Table 6: Validation parameters calculated using 

different servers. 

Server Value(%) 
PROCHECK 90.6 
VERIFY3D 91 
ERRAT 90.31 
PRO Q LG score-3.340 

 
MaxSub-0.214 

RAMPAGE (RFR) 91.8 
Note: RFR-No. of residues in favourable region 

 

 
Figure 1: Predicted 3D structure of Lactadherin.

 

 
Figure 2: ERRAT plot and Ramachandran plot for predicted 3D structure of Lactadherin. 

 

Molecular docking studies 

Hex software was used to carry out docking studies. A 

total of 10 chemical drugs and 15 herbal compounds 

were made to interact with the protein. The receptor 

ligand interactions were measured in binding energy. 

The drug pramlintide showed the best interaction with 

the protein having binding energy -310.42. Then we 

moved on to the herbal compounds in which Hops 

extract from Humulus lupulus showed the best 

interaction with the protein having binding energy -

394.94. So this showed that the Hops extract-lactadherin 

complex is more stable. The result can be validated in 

vitro using the herbal extract. The top 5 chemical 

compounds having highest negative binding energy were 

given in table 7. 

 

 

Table 7: Top five compounds having highest negative 

binding energy. 

Chemical compound Binding energy 

Hops extract -394.94 

Daucosterol -325.78 

Pramlintide -310.42 

Salannin -310.34 

Rifadin -296.52 

 

CONCLUSION 

Lactadherin even though plays a vital role in defence and 

maintenance of the body, is fatal when form amyloid. 

Thus the disease should not be ignored and treated 

wisely. AMA treatment including high dosage of drugs is 

not advisable and so Ayurveda, the Indian traditional 

medicine should be considered which is safer and 

effective than the modern treatment. In our study taking 
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lactadherin as a receptor and both chemical drugs, herbal 

compounds as ligands, we proved that the herbal 

compounds have better interactions with the protein than 

the chemical drugs. Our results showed that Hops extract 

has a good fit with the protein lactadherin and thus can 

be used in the treatment of AMA. As Insilco approaches 

only ease the drug discovery process, the herbal extract 

is advisable to use in treatment of disease only after 

proper validation in vitro and in vivo. 
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