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Abstract 

Prions are cellular proteins with neuroprotective functions. These are found in many tissues but are highly expressed in central 

nervous system. Sometimes these proteins are misfolded after translation resulting in neurodegenerative diseases. These disorders 

are observed in a number of species including humans. In prion disorders the misfolded proteins assemble at the synapse terminals 

resulting in synaptic loss. This may turn fatal for any organism. Contagious forms of these proteins enter the environment through 

the excreta, blood or other secretion of infected organisms. These proteins can thrive in the environment for several years without 

any change in their tendency of infection. These can transmit through soil and water. These proteins become more infectious upon 

binding with the soil minerals. The inter-specific infection capability makes these proteins more harmful. People who consume red 

meat may get infected with prion proteins. This is a mini review highlighting environmental sources of the contagious prion 

proteins. 
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Introduction 

Proteins are one of the important biomolecules in living 

organisms. These constitute approximately 20% of the human 

body which are vital morphological, anatomical, 

physiological, and genetical point of views. Several proteins 

work according to their requirements in the body to maintain a 

proper physiological condition. But these can prompt harmful 

impacts upon malfunction or when present in abnormal 

structural conformation. Prion proteins are cellular proteins 

(PrPC) with neuroprotective functions [1]. Cellular prion 

proteins are abundant at axonal terminals [2]. Except nervous 

system it is also expressed in several other tissues. The gene 

PRNP encoding the cellular prion protein is located on 

chromosome number 20. These proteins are converted to their 

abnormal protease resistant forms (PrPRes) [3]. These include 

scrapie forms of prion proteins (PrPSc), which result in 

disorders. These are considered as autoimmune disorders 

because antibodies acting against PrPSc are reported to alter 

PrPC into PrPSc [4]. In neurodegenerative disorders, these 

misfolded proteins (PrPSc) are aggregated in the synapse 

terminals and results in synaptic disorganization [5]. Diseases 

related to misfolded prion proteins are called transmissible 

spongiform encephalopathies (TSEs). These 

neurodegenerative disorders affect several species. There is 

not any nucleic acid coupled with the causative agent of these 

diseases [6]. 

Prion proteins 

Prion proteins are highly conserved in mammals. Gene PRNP 

encodes the normal cellular prion protein (PrPC). PrPC can 

alter into its contagious isoform PrPSc.7 Contagious forms of 

prions polymerize into amyloid at the synaptic cleft resulting 

in synaptic loss. But the transformation of PrPC into PrPSc is 

not always the cause of the disease [8]. PrPSc molecule is about 

33–35 kDa [9]. These proteins have several isoforms with 

different structural conformations of PrPSc [10]. Amino acid 

sequences of PrPSc and PrPC are equal but differ in their 

structural conformations. PrPC is rich in α-helices and lacks β-

sheets but PrPSc have more β-sheets and less α-helices [11]. 

Proteins have specific glycosylation patterns. Hence 

glycosylation patterns may categorize different prion strains 
[12]. Prions can replicate themselves in suitable medium [13]. 

Prion related ailments in mammals 

Nervous system in animals is vital in control and coordination. 

Any malfunction in this system can be deadly for any 

organism. Misfolded prion aggregation in synaptic junctions 

causes neurodegerative disorders, otherwise called as 

transmissible spongiform encephalopathies (TSEs). In cattle 

these are called bovine spongiform encephalopathy (BSE), 

scrapie in goats and sheep, transmissible mink encephalopathy 

(TME) in farmed mink and chronic wasting disease (CWD) in 

cervids. In infected organisms elevated level of prion proteins 

are accumulated in the central nervous system. In human 

beings TSEs involve ailments like; kuru, Creutzfeldt-Jakob 

disease (CJD), variant Creutzfeldt-Jakob disease (vCJD), 

Gerstmann-Sträussler-Scheinker syndrome (GSS),fatal 

familial insomnia (FFI), etc[14]. Mutations in human PRNP 

gene cause most of these diseases [15]. 

Access of PrPSc into the surroundings of exposed animals 

In the natural environment PrPSc retain their contagious 

characteristics for several years. Scrapie forms of prions can 

transmit upon introduction of infected animals to farms which 

are not exposed to scrapie previously [16]. Skin, skeletal 

muscle, saliva, blood, milk, nasal secretions, urine, faecal 

matter and even placenta of infected organisms carry prion 

proteins [17-21]. Prions are found in the external secretions of 
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infected organisms, many months prior to the appearance of 

the symptoms of the disease [22]. Following the putrefaction of 

the dead bodies of infected animals, prions enter into the 

environment [23].  

 

Environmental sources of prion proteins  

There are three possible ecological reservoirs for prions; soil 

profile, water bodies, and plants. Furthermore mineral licks 

and bedding sites are the possible reservoirs of scrapie prion 

proteins [24]. Carnivores and scavengers those consume meat 

of infected organisms are possible carriers of misfolded prion 

proteins. 

 

i. Soil 

Soil is an important reservoir of prions resulting TSE [25], 

although it is assumed that soil microbes are having the 

capability to alter these abnormal proteins into their inactivate 

forms [26]. Prions present in the discharges of infected 

organisms, interact with soil particles [27]. Prions can easily 

bind to soil since these have a strong affinity towards quartz 

sands and minerals in the clay [28]. These contagious prion 

proteins are transmitted to the ruminants during grazing [29]. 

CWD prions bound to dust particles transmit to deers through 

nasal openings [30]. Soil mineral coupled prion proteins can 

possibly resist the effect digestive enzymes in ruminants. 

Prions in complex biological materials, take more time to 

interact with soil than the prions in simple materials [31]. 

Affinity of different PrPSc strains to soil is variable. 

Recombinant prion proteins have more affinity for organic 

materials [32]. Prions can migrate through the soil profile [33]. 

Hamster-adapted transmissible mink encephalopathy prions 

have strong affinity for soil minerals [34]. The clay-bound 

proteins are more contagious than the free protein [35]. PrPC 

turns into its contagious form after binding to a soil mineral 

i.e. montmorillonite (MTE) [36]. Adsorption of PrPSc to soil 

particles is almost unalterable [37]. Soil and clay mineral bound 

prions are more stable and contagious but unbound prions 

degrade after a certain period [38]. 

 

ii. Water  

The prions possibly can interact with surface or ground water. 

Prions those migrate through the soil can possibly penetrate 

the water line. The plants exposed to the wastewater runoff 

from slaughterhouse uptake PrPSc and can infect herbivores 

those consume these plant products [39]. Prion proteins have 

been isolated during wastewater treatments [40]. Protease 

resistant CWD prion proteins are found in water samples 

suggesting its possible transmission through water [41]. 

Infectivity and degradation of PrPRes were moderately 

prohibited by the organic materials in water [42]. Tendency of 

infectivity in prion proteins related to BSE was declined 

negligibly in raw sewage [43]. CWD from affected deer can 

transmit through water to unaffected deers[44]. Several animal 

species are exposed to these water containing contagious prion 

proteins. They may also get infected and transmit these to 

unaffected organisms in turn. More work regarding the 

binding of prion proteins to soil particles have been recorded. 

But there is less evidence about prion protein interaction with 

water.  

 

iii. Plants 

Plants are an important component in diet for diverse group of 

organisms including human beings. Plants receive proteins 

through roots and other tissues as a resource of nitrogen [45]. 

PrPSc present in the ground water can be absorbed by the root 

system of wheat grass [46]. Hence misfolded prions can enter 

plant body during osmosis through root systems from soil. It 

has been observed that plants like Triticum aestivum and 

Hordeum vulgar grown in soil tainted with high 

concentrations of prion proteins can uptake prions into their 

root, stem, and leaves [47]. Plants having underground 

modified parts probably get affected the most. These parts are 

consumed by many organisms including human. Grass and 

other plant materials containing prion proteins are consumed 

by the herbivores and they get infected. 

 

Transmission of prion proteins 

PrPSc has unique characteristics like proteolytic resistance, 

hydrophobicity and a tendency for augmentation [48]. Different 

prion strains infect different species [49]. Prion disorders are 

transmitted through oral consumption [50] of the contagious 

prions present in several organic materials and sometimes 

through nasal cavity [51]. These prions reach small intestine 

surviving the harsh environment [52]. In ileum, prions interact 

with lymphoid tissue and enter the Peyer’s patches to reach 

the central nervous system [53, 54]. CJD can be transmitted 

during pituitary hormone treatments, duramater grafts, corneal 

grafts and blood transfusions [55]. TSE communication is not 

species specific [56]. Consuming infected red meat may cause 

these proteins to transmit [57]. Disorders like scrapie and CWD 

are having species specific transmission [58]. 

 

Measures of prion degradation 

The potency of these proteins to thrive in the environment for 

years makes them more harmful as they can continuously 

affect several generations. Hence proper degradation of these 

proteins in the environment is necessary. In the environment, 

prion can be disintegrated through burning the specified risk 

materials, specific chemical treatments and composting. 

Prions disintegrate in extreme climate like excess temperature, 

dry, and wet conditions [59]. Microbes in soil and lichens are 

capable of degrading contagious prion proteins in their 

surroundings [60]. Ozone treatment work significantly for prion 

oxidation to reduce infectivity in and specified risk materials 

(SRM) and contaminated waste water [61]. 

 

Conclusion  

Prion proteins causing TSE can be transmitted to an organism 

in every possible way. TSE are a group of dangerous diseases 

appearing in several species including human beings. These 

are hazardous inter-specific communicable disorders. These 

mostly occur due to abnormal conformation of PrPC. These 

infected protein forms can survive any extreme environmental 

condition for several years without losing their tendency to 

infect other animals exposed to them. These can migrate 

through soil profile and possibly through water. The natural 

environment is a vital source of these proteins. Consuming red 

meat infected with these proteins can also transmit these 

disorders. There are treatment measures for these 

neurodegenerative disorders but the diagnosis of these 
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ailments is very important as the affected organisms start to 

release misfolded prions through their external secretions. 

There are no certain precautions for these disorders. Therefore 

more efforts should be put on the proper disposal of the 

carcass of infected organisms and specified risk materials.  
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