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The search for understanding interactions of nano-sized materials with living 

organisms is leading to the rapid development of key applications including 

improved drug delivery by targeting nanoparticles, and resolution of the 

potential threat of nanotechnological devices to organisms and the 

environment. Unless specifically designed to avoid it, nanoparticles in contact 

with biological fluids are rapidly covered by a selected group of biomolecules 

to form a corona that interacts with biological systems. Here we review the 

basic concept of the nanoparticle corona, its structure and composition, and 

highlight how the properties of the corona may be linked to its biological 

impacts. We conclude with a critical assessment of the key problems that need 

to be resolved in the near future.  

 

The surfaces of all materials (including nano-sized materials) have higher free-

energy than the bulk material itself. This means that unless the surfaces of 

nanoparticles have been designed to do otherwise, nanoparticles will progressively 

and selectively adsorb biomolecules when they contact complex biological fluids1-7. 

This ‘corona’ of biomolecules lowers the surface energy of the nanoparticle and 

promotes its dispersion. We hypothesize that in many cases it is the biomolecular 

corona that is interacting with biological systems, and thereby constitutes a major 

element of the biological identity of the nanoparticle (Fig. 1a)1,4,8-11. For several 

nanoparticles such as gold12, polystyrene8,13,14, silica5,8,14,15, titania15 and zinc 

oxide15, a near-monolayer of biomolecules (called the ‘hard’ corona) bind tightly, but 

not completely irreversibly, to the nanoparticle surface. On top of this ‘hard’ corona is 
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a ‘soft’ corona consisting of a more loosely associated and rapidly exchanging layer 

of biomolecules8,12-14,16 (Fig. 1b).  

One expects those examples to be typical for nanoparticles with similarly high 

energy of the bare surface. Crucially, it is observed that only few of the biomolecules 

available in typical biological environments are found in the hard corona. In the 

purely illustrative examples in Table 1, out of roughly 3,700 human blood plasma 

proteins17, only at most a few tens are ever abundant in the hard corona. 

Furthermore, these tens of proteins rarely correspond to the most abundant proteins 

in plasma, and are not necessarily those with the highest individual affinity to the 

nanoparticle surface5,6,18-24. 

Because the hard corona is distinctively stable5,8,12-14, any subsequent exposure of 

the nanoparticle to a new environment with different biomolecules may lead to only 

partial displacement of the original hard corona by new molecules25,26. Biomolecules 

that are not replaced would serve as a corona ‘memory’ of the nanoparticle’s 

previous environment. Therefore the corona composition could potentially depend 

not only on the current environment of the nanoparticle, but on all environments it 

has moved through26,27. Figure 2 illustrates this concept for inhaled nanoparticles 

carrying typical lung surfactant proteins, and other membrane components, when 

they reach the blood circulation28,29.  

The fact that the biomolecular corona defines the biological interactions of 

nanoparticles has been considered surprising because we often classify substances 

according to the ‘intrinsic’ properties of the bare material, rather than ‘extrinsic’ 

properties derived from the environment. However, the importance of extrinsic 

properties for the biological activity of small molecule drugs, biomaterial implants and 

cell scaffolds is already well-known. For example, 99% of the anticoagulant drug 
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warfarin is typically bound to plasma proteins in vivo, and this protein-bound drug 

fraction is retained much longer in the body than the more biologically active 

unbound fraction, thereby improving the overall circulation half-life and effect of the 

drug30. Also, it is the biomolecules bound to the surface of biomaterial implants that 

are understood to interact with the surrounding tissue31; these biomolecules may 

mitigate material-induced tissue damage (including late-stage thrombosis31,32), or 

promote early inflammatory responses.  

Despite the similarities, nanomaterials are different. Unlike macroscopic surfaces, 

nanoparticles can travel to almost every location within organisms27-29 via 

endogenous transport pathways33,34 and potentially retain biomolecules from their 

previous environments in their corona, including those relevant to the transport 

process itself. Examples include apolipoproteins, which are abundant in the corona 

of very different nanomaterials (including polystyrene and other polymeric 

nanoparticles1,13,35, silica5 and quantum dots36) and are important for crossing 

biological barriers.  

It is worth emphasizing that the biomolecular corona is also relevant to nanoparticles 

with grafted antibodies, proteins and peptides that are specifically designed for 

targeting in nanomedicine37,38. While surface modifications (such as PEGylation39) 

reduce the binding of additional biomolecules, some association of biomolecules 

may still occur35,40. Their presence may lead to more subtle and poorly understood 

biological consequences, issues possibly related to current struggles in achieving 

efficient targeting of nanomedicines in vivo. Indeed, in future, instead of chemical 

grafting, the corona itself might be controlled (e.g. by surface templating 

approaches41) and used as a novel means to target diseases21,36.  
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Nanoscale engagement with biological processes 

Fundamentally all interactions between the nanoparticle-corona complex and the 

biological machinery are mediated by physical forces common to all molecular 

systems (e.g. van der Waals, electrostatic, and others2). A more useful classification 

is whether these interactions involve non-specific physical interactions6,42, or specific 

biological recognition10. Such recognition can, for example, be driven by either 

peptide sequences (epitopes), or more subtle properties, such as curvature of the 

complex43. Recognition is expected to lead to well-regulated biological processing 

and functional impacts. In contrast, strong non-specific interactions between particles 

and cells could lead to a range of quite different, but equally complex, outcomes. For 

example, in several cases such as carbon nanotubes6, silica42 and graphene oxide44, 

cell damage occurs in the absence of a protein corona (that is, cells exposed to 

particles in medium without proteins) but is mitigated in its presence. In such cases 

particles in the absence of protein may instead acquire a corona from biomolecules 

in the cell membrane, suggesting a mechanism for the damage42. Exceptional cases 

of direct entry into cytosol can also be related to a lack of corona42,45. In 

nanoparticle-cell interactions, though the intended purpose in supplying cells with 

serum protein is to feed them, an important accidental role of serum is to limit direct 

contact of the nanoparticle high energy surface with cells. 

The entry of nanoparticles into cells and their translocation across biological 

barriers are important active processes33,34. Small hydrophobic molecules, loosely 

speaking, partition in biological compartments according to physicochemical 

equilibrium principles46, while larger micron-sized objects engage significantly with 

macrophages and other elements of the front-line immune system29. In contrast, 

because of their size and surface, nanoparticle-corona complexes can engage with a 
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wide range of endogenous cellular uptake and other processes, and potentially 

reach all cellular and organ compartments27-29,35, interact with them, and initiate 

signalling processes10. Endocytic mechanisms of cellular uptake are known from the 

extensive biomolecular transport literature43,47. Whether these or novel mechanisms 

are being utilized in nanoparticle uptake33,48 will need to be clarified49. Almost 

certainly a variety of mechanisms is at work in the uptake of nanoparticles under 

different conditions. Several nanoparticles (e.g. polystyrene33,46, silica50 and others49) 

follow the endo-lysosomal pathway, leading finally to lysosomal accumulation. 

 However, there is now need to revise nanoparticle uptake questions in the context 

of the nanoparticle surface in situ. For example, multiple reports suggest that the rate 

of accumulation of nanoparticles in cells depends on the detailed nature of the 

biological milieu4,22,51,52.  In several cases of cell types and nanoparticles, including 

silica42, carbon53, iron oxide54, polystyrene55 and others11, formation of a serum-

derived corona leads to reduced cell-uptake. Other differences in uptake levels can 

arise from rather subtle differences in nanoparticle dispersion preparation, such as 

serum heat inactivation51, or even just different culture media, despite being 

supplemented with the same serum22. In order to rule out such changes as a source 

of differences, exact matching of the media will be required in future comparative 

experiments. 

Similar implications apply for in vivo and in vitro comparative experiments, typically 

performed at different protein concentrations, and thus, resulting in different corona 

composition14. Furthermore, corona proteins from biological media derived from one 

species may not be recognized (or be recognized to a different degree) by receptors 

in different species, unless there is inter-species conservation. Thus, the role of 
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serum in studies of cells from different species may need to be questioned, possibly 

requiring matching also of the supplemented serum and organism in the future. 

Lest it be forgotten, we emphasize that not only proteins may be recognised by the 

biological machinery. For example, the lipid component, especially relevant for 

inhalation scenarios, also plays a crucial role for biorecognition56; thus carbon 

nanotubes covered by a phospholipid uptake signal, phosphatidylserine, are 

recognised and cleared by macrophages both in vitro and following inhalation in 

vivo57. 

In cases where the corona biomolecules have the propensity of being recognized 

by the biological machinery there may be a combination of effects. Firstly, a non-

specific lowering of the direct physical interactions between the bare particle and the 

cell surface. Secondly, a specific interaction between adsorbed biomolecules and the 

biological machinery, resulting in the activation of more specific regulated pathways. 

There have also been suggestions that surface biomolecules (including adsorbed 

endogenous proteins) could influence the crossing of biological barriers, such as the 

blood-brain barrier35,58,59. Mastering these phenomena will have deep implications for 

both nanosafety and nanotherapeutics4. 

Our hypothesis is that the biodistribution and biokinetics of many nanoparticles in 

vivo would largely be determined by the nanoparticle-corona complex rather than the 

bare material2,4,11,28,29,59,60. It is not yet known to what degree details of the 

preparation of nanoparticle dispersions and the biomolecules present in different 

animal species will affect the outcome. Individuals may express different molecules 

in their blood17 and corona61, and there have been propositions that the corona can 

identify cancer diagnostic markers62. These, and many others, are relevant questions 

that should be addressed. 
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A key question is whether it is the original corona at the point-of-entry (e.g. blood, 

lung or other), or a corona modified by subsequent translocation, that determines 

biodistribution and effects of nanoparticles in vivo. Currently the detailed fate of the 

original corona, as it passes membranes and barriers and interacts with the 

extracellular matrix is unknown. The original corona may be replaced by new 

biomolecules (as illustrated in Fig. 2), or remain intact. Early results suggest that 

(part of) the original corona may be carried into the cell, rather than being stripped off 

by contact with cell-membrane proteins and lipids63,64. This implies that the original 

corona, albeit somewhat modified by interactions at the cell membrane, may 

continue to hinder the direct contact between intracellular components and the bare 

nanomaterial surface. It is possible that the corona may be degraded entirely only if 

the particles end up in lysosomes or phagosomes65. For most of their early 

interactions with an organism, some variant of the corona would then constitute the 

biological identity of the nanoparticles, until final accumulation or clearance.  

The role of the corona in signalling processes has also begun to emerge66. This 

highlights the fact that biological impacts might be driven by both the composition of 

the biomolecular corona and disturbances to the conformation of the proteins 

following adsorption on the nanoparticles10,67-72. One example where the mechanism 

has been worked out involves the nanoparticle-induced protein unfolding leading to 

initiation of the NF-Kβ pathway and inflammation10. Protein unfolding due to 

nanoparticles may also lead to nucleation of protein fibrillation73. Certainly 

interactions of nanoparticles and subsequent modulation of the immune 

system40,61,74-77 requires a systematic study in the context of the in situ nanoparticle-

surface in the relevant biological media. 
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Structure, Composition, Dynamical and Kinetic Aspects  

Due to the complexity of the topic, we focus on two of the most immediate questions: 

Which aspects of the biomolecular corona are biologically relevant? And, what 

factors, besides the properties of the bare nanoparticle surface, determine these 

aspects of the corona?  

Firstly, even if the nanoparticles remain within the same biological compartment, 

the corona biomolecules must stay long enough on the surface of the nanoparticle if 

they are to confer a biological identity8. Thus, besides the structure and composition 

of the corona, dynamical exchange processes will also determine what is biologically 

relevant (Fig. 1b). Biomolecules residing longer than the characteristic timescale of a 

given biological process may be relevant to that process8,  if appropriately oriented. 

For example, endocytosis of nanoparticles across the plasma membrane occurs 

within minutes46,50, and, consequently, a biomolecule must stay on the nanoparticle 

surface at least this long in order to be ‘seen’ and processed by the endocytic 

machinery. For unmodified nanoparticles in biological media, several examples show 

that the tightly bound hard corona exchanges slowly, often over several hours8,12,16. 

In the case of the much more rapidly exchanging outer soft corona, we expect an 

exchange time of seconds or less16. This separation of timescales suggests that the 

key biological determinant for nanoparticles will often be the interface between the 

hard and soft corona. It may be that neither materials of the future nor some 

PEGylated particles will possess this simple separation of timescales, but the basic 

paradigm that the residence time determines the outcome will remain valid. 

Secondly, it is important to connect the structure and composition of the hard 

corona to the nature of the original nanoparticle surface. This is not a simple task 

because the corona is not at thermodynamic equilibrium. Indeed, the molecular 
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dynamical exchange times of the hard corona biomolecules can be many hours8,12,16. 

This means that the composition and structure of the corona are not (and cannot be) 

equilibrated on a timescale of typical biological experiments, and the nearly 

stationary composition and structure is actually a consequence of the very slow 

exchange. Current efforts to describe the hard corona by conventional methods of 

equilibrium physical sciences (e.g. affinity constants and Langmuir isotherms) may 

therefore be incomplete. In other words, one should not expect the hard corona 

structure and composition to reflect the basic interactions between the nanoparticle 

and biofluid in a simple manner. 

For example, in the absence of rapid exchange, some biomolecules arriving early 

to the nanoparticle surface may subsequently either be displaced by those arriving 

later or, if they adhere strongly, may themselves play a role in determining what 

adsorbs next (see Fig. 3). These processes are all affected by the abundance and 

rate of diffusion of each biomolecule, as well as their affinity for the surface and/or 

other species already associated with the surface72. Consequently, nanoparticle-

biomolecule and biomolecule-biomolecule interactions, along with the conditions in 

which the corona was formed, are all relevant considerations. Still, practical 

approaches have been sought to predict the relationship between nanoparticle 

properties and the nature of the corona by the measurement of binding affinities of a 

panel of small molecules to a nanoparticle surface78. It is too early to draw firm 

conclusions. Since the biomolecular corona may not always be simply related to 

individual nanoparticle-biomolecule affinities, it may in the end be necessary to 

unravel the details of the sequential kinetics of the formation of the corona. Still, 

practically speaking, the corona, being relatively stationary in time, can be studied 

and characterized, allowing efforts to relate it to biological interactions. 
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Some factors that control the corona are now clear, and it will be useful if future 

studies are carried out as a function of these parameters. For example, as with any 

surface coverage phenomenon, the ratio of nanoparticle surface area to protein 

concentration is an important factor1,14. Still, there are strong indications that radius 

of curvature of the nanoparticle is also a key parameter for several reasons1,5,13,18,19. 

Thus the surface energy of a bare nanoparticle depends on the radius of curvature 

because a highly curved surface causes local stresses on the microscopic 

organization of atoms at the surface. Indeed, the energy of a particle surface can be 

much larger than a flat surface of the same material79. 

The nanoparticle radius of curvature, if sufficiently high, will also affect the corona 

directly as large proteins seek to pack around small spaces5,13,19. For example, one 

expects radically different coronas in high aspect ratio materials (such as carbon 

nanotubes), where one of the lengths is typically smaller than that of the abundant 

proteins80,81. In this case, biomolecules may align along the long axis in order to fit 

on the nanoparticle surface. Larger globular biomolecules, on the other hand, may 

simply not fit and hence be excluded from the corona. 

All these considerations bring into question the concept of nanomaterial 

classification for the purposes of regulation. For example, variations in fine details of 

size, shape, and physicochemical properties of the bare surface, beyond the 

capacity of current nanoparticle characterization methods to fully specify, can lead to 

different hard coronas. Therefore, classifying nanomaterials solely by their properties 

in the absence of their biological milieu may be insufficient. Instead, knowledge of 

what is strongly bound to nanoparticles in canonical biological and other 

environments, such as lung fluid, blood or river water, may be a better predictor of a 

range of biological interactions. In turn, such information may help categorize 
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nanomaterials according to their likely impacts, such as how they distribute and 

accumulate in different organs of humans or different parts of the environment. 

One can make progress in characterizing the corona, and connecting its properties 

to biological impacts. Systematic and good quality information on the composition of 

the hard corona is now emerging, both in terms of identities13,15,19,20,23,35,82-84 and, 

more recently, quantities5,14,18,20, of the different species. For animal-derived 

biological media, those corona compositions currently known are largely composed 

of proteins5,13,14,18-20,23,35,82-84 lipids56,85 and sugars86, but other components, derived 

from the overall composition of the environment, may be identified in future. Recent 

studies have gone further by application of tools from bioinformatics to correlate 

potential biological functions of the corona with nanoparticle properties5. 

It should be noted that most current methods to determine the corona composition 

first separate all of the strongly adsorbed biomolecules from the particles into a 

single biomolecule sample, and then use mass spectrometry to identify the 

recovered proteins or other components. However, because the corona is not at 

thermodynamic equilibrium, there could be statistical fluctuations in its composition 

and organization from particle to particle within the same sample8,87. Besides 

emphasizing that most of the hard corona is composed of few proteins, Table 1 

suggests that there are many more proteins in the average corona than what would 

fit on one particle surface. If, as we believe, the sample of proteins extracted from 

the particle surface is not due to contamination by background proteins, this 

suggests that nanoparticles within the same sample may have slightly different hard 

coronas and, consequently, different biological actions. In future, different 

approaches are required to identify such corona subclasses, rather than averaging 

over them. 
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The hard corona structure can also be studied by isolating the particle-corona 

complexes8, and using physical characterization methods well-known from colloid 

and interface science88. For example, dynamic light scattering8 and fluorescent 

correlation spectroscopy9,16 measure the hydrodynamic radius, and differential 

centrifugal sedimentation (DCS)8,14 sheds light on the distributions of such 

nanoparticle-corona complexes. From DCS the corona thickness can be estimated, 

and information on dynamical exchanges assessed by time-resolved experiments. It 

is also becoming common practice to use average size and zeta potential 

measurements to monitor the corona formation when nanoparticles are added to 

biological media and characterise the quality of the resulting dispersion of these 

complexes. Several techniques are now available to study adsorption kinetics of 

blood plasma proteins or enzymes on nanoparticles, including infrared and Raman 

spectroscopies68,69,80,89-91, fluorescence correlation spectroscopy6,9,16,91, surface 

plasmon resonance32,86,92, small angle X-ray scattering67,91,93, quartz crystal 

microbalance94, isothermal titration calorimetry86,93,95, UV-vis and fluorescence 

spectroscopies68,96. Adsorption on the nanoparticle surface may result in protein 

conformational changes, and these have been studied by circular 

dichroism6,67,68,72,80, infrared spectroscopy69,80, NMR85,97, and enzyme activity 

assays67,68,98. Morphological analysis of the corona-nanoparticle complexes has 

been carried out using transmission electron microscopy and atomic force 

microscopy6,67 and emerging computational studies seek to correlate with  

experimental results6,99-101. 

So far, the focus has been on blood plasma-induced corona on nanoparticles. 

Studies of the corona of nanoparticles recovered from many other biologic fluids, 

such as urine, synovial fluid, cerebrospinal fluid, and pleural effusion, are also 
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emerging20. Very different coronas can form also when nanoparticles are dispersed 

in river water or similar aqueous media used for environmental studies102,103. We 

should be aware that the environmental fluid first in contact with nanoparticles may 

also affect later interactions of the nanoparticles with organisms. As noted earlier, 

nanoparticles could derive their initial biomolecular corona from different sources — 

for example, lung entry leads to contact with lung fluids (see Fig. 2) and early studies 

have focussed on protein surfactants, such as Sp-A60,104 and related biomolecules. 

In a recent study, the selective adsorption of surfactant was demonstrated on single-

walled carbon nanotubes recovered from broncheo-alveolar lavage of mice and the 

presence of this surfactant lipid-protein corona was shown to influence the degree of 

macrophage uptake56. There is ample evidence showing that small nanoparticles 

pass the alveolar-capillary barrier in the lungs and enter the bloodstream, but it is not 

yet clear to what degree this is assisted by the early binding of lung-borne 

biomolecules28,29,105. 

 

Future Challenges 

Although much progress has been made, there are several key problems of the 

biomolecular corona that still need to be addressed106. The macroscopic composition 

of biomolecules that form the hard corona is valuable but to fully link the properties of 

the corona to the biology, more detailed information on the composition, organization 

and dynamics of these biomolecules is needed. Techniques developed for protein 

characterization are likely valuable for identifying biologically functional peptide 

sequences (known as epitopes) at the interface of the hard and soft coronas. See 

Fig. 4 for an illustration. Screening the biomolecules using antibody and protein 

microarrays will give information on the different types of binding targets and 
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ultimately the epitopes exposed on corona complexes. Such methods also have the 

possibility to identify subclasses of particles with different bound biomolecules in 

different arrangements.  

To determine the structure of the hard-soft corona interface in detail requires other 

methods than those currently used in the field. Several techniques from related 

areas, such as X-ray and neutron scattering, previously successful in studies of 

complex interfaces, have now started to be used for the present purposes7, and both 

spectroscopic and NMR approaches will be of help. It is clear that the combination of 

physicochemical and biological methodologies will continue, requiring scientists 

studying these problems to work across the traditional disciplines.  

It is worth stressing that all of these approaches could support efforts to correlate 

and predict aspects of the biological interactions of new materials. Thus, quite 

different nanomaterials that share similar corona properties (such as size, shape, 

exchange dynamics, and surface expressed epitopes) will likely have similar early 

biological interactions, implying potentially similar biodistributions. Methods to 

fingerprint these (even without understanding them) will be of practical importance. 

Such approaches are considered important for nanosafety because the range and 

complexity of relevant nanomaterials makes their individual study very challenging.  

All these questions are relevant also to nanoparticles made for medical 

applications. Although grafting targeting ligands onto nanoparticles can reduce non-

specific binding of molecules from the environment, when studied in the presence of 

biological media, it will likely emerge that the interface they form with biological 

targets is much more complex than currently envisaged, possibly even partly 

explaining the sometimes puzzling lack of success of some targeting strategies when 

applied in vivo107.  
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It will be important to understand how the passage of nanoparticles inside cells, 

through biological barriers, and between compartments and organs in vivo is 

determined by and controls the evolving corona (Fig. 2). A key scientific question is 

the characterization, and understanding, of the in situ biomolecular corona inside 

cells and organisms; particularly interesting is the detailed relationship it bears to 

trafficking to specific cellular and barrier targets108. Almost certainly this question has 

to be resolved for predicting biodistribution and biokinetics from nanomaterial design. 

It also impinges on broader questions, such as how nanoparticles that have passed 

through a variety of natural (say river) or production environments are changed from 

their pristine state109,110, via dissolution mechanisms as well as adsorption of 

molecules, and subsequently interact with organisms. 

The general conceptual framework for interactions between nanoparticles and 

living systems is now falling into place, accompanied by an interdisciplinary 

community working on the question. We may thus hope that a rational basis for 

biological identity at the nanoscale is a genuine possibility. 
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Figure legends 

Figure 1. The nanoparticle-corona complex in a biological environment. a, It is the 

nanoparticle corona complex, rather than the bare nanoparticle, that interacts with 

biological machinery, here with a cell membrane receptor. b, Relevant processes 

http://npg.nature.com/reprintsandpermissions/
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(arrows), in both directions (on/off), for a nanoparticle interacting with a receptor. 

Biomolecules in the environment adsorb strongly to the bare nanoparticle surface 

(k1), forming a tightly bound layer of biomolecules, the ‘hard’ corona, in immediate 

contact with the nanoparticle. Other biomolecules, the ‘soft’ corona, have a residual 

affinity to the nanoparticle-hard corona complex (primarily to the hard corona itself), 

but this is much lower, so those molecules are in rapid exchange with the 

environment (k2). If sufficiently long-lived in the corona, a biomolecule may lead to 

recognition by a cell membrane receptor of the nanoparticle-corona complex as a 

whole (k3). The same biomolecule alone can also be recognised by the receptor (k4). 

If present, the bare surface of the nanoparticle may also interact with cell surface 

receptors (k5) or other constituents of the cell membrane.  

 

Figure 2. The evolution of the nanoparticle corona through the body. a, An example 

for inhaled nanoparticles in the alveoli of the lungs. b, An original corona (blue) forms 

when the nanoparticle comes in contact with the lung fluids in the alveoli. Upon 

subsequent translocation across the lung barrier (composed of a layer of epithelial 

cells), nanoparticles reach the blood stream. In blood, some biomolecules from the 

original corona may be displaced by different biomolecules (purple) in this new 

compartment, forming a new corona. c, Nanoparticle crossing the epithelial cells of 

the lung barrier, via regulated import, further transport through different membrane 

compartments and final export out from the cell. Partial displacement of the original 

corona (blue) by intracellular biomolecules (green) could potentially occur at any 

point along the pathway, or only once the nanoparticle is exposed to biomolecules in 

the blood (purple).  
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Figure 3. Formation of the biomolecular corona. From left to right: An initial corona 

forms from those biomolecules (in green) that arrive first to the surface (typically 

highly abundant proteins). An initially adsorbed molecule with low affinity (in green) is 

subsequently displaced by a different molecule with higher affinity (in blue) arriving 

later. A third molecule (in yellow), that initially had a low affinity for the bare surface, 

now adsorbs on the nanoparticle surface, due to favourable interactions with the 

adsorbed (green and blue) biomolecules. A different biomolecule (in red) does not 

adsorb at all. 

 

Figure 4. Epitope exposure on the nanoparticle-corona interface. a, If the epitopes of 

proteins in the corona are not exposed, they are not recognised by the 

corresponding receptor (or other ligand). b, The epitope on the corona is exposed 

and can be recognised. c, Multiple (similar) epitopes are exposed, leading to a 

higher biological recognition. d, Several different epitopes of different proteins 

(shown in different colours) are exposed, leading potentially to anomalous or unusual 

combinations, which could be recognised by a different receptor (in green). 
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Nanoparticle and 
protein sample 

Relative 
abundance of 
top 20 
proteins (%) 

Total 
number of 
proteins 
identified 

PS unmodified 200nm 
in 10% plasma14 

85.4 52 

PS unmodified 200nm 
in 55% plasma14 

92.9 49 

Silica 200nm in 10% 
plasma14 

94.9 47 

Silica 200nm in 55% 
plasma14 

90.2 51 

Carbon apatite in 
human serum20 

73.5 100 

Silica 55 nm (si125) in 
plasma5 

71.2 125 

Silica 16 nm (si20) in 
plasma5 

72.1 125 

Silica 10 nm (si8) in 
plasma5 

70.4 125 

 

Table 1. Quantitative abundance of proteins in the biomolecular corona of some 

example nanoparticles exposed to blood proteins (from previous literature). The 20 

most abundant proteins identified constitute the majority of the proteins in the 

‘average corona’. The abundance of the remaining proteins are, however, not 

negligible, and the number of such proteins is large. This gives an idea of the 

variance of protein abundance; specifically, it suggests that nanoparticles do not 

have identical coronas (e.g. it seems clear that not all 125 proteins can be found on 

the 10 nm particle of the last sample, even if packed in a bilayer). 

 


