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ABSTRACT 
 

Aims: The goal of this review is to look into how the protein corona forms and affects 
superparamagnetic iron oxide nanoparticles (SPIO NPs). It will focus on how changes to the 
surface, pH levels, and incubation time affect their biological identity and biomedical performance. 
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Study Design: This is a narrative review of recent studies on biological fluids, protein corona, 
nanoparticles, and SPIO NP. 
Place and Duration of Study: The review took place at the Department of Dialysis Technique at 
Northern Technical University from January to May 2025. 
Methodology: The scientific literature was collected from ScienceDirect, PubMed, and Scopus. 
The review concentrated on protein corona formation and was grounded in theoretical and applied 
research on SPIO NPs and biological fluids. We assessed the effects of surface chemistry, pH, and 
incubation time on nanoparticle behaviour. They were analysed to demonstrate how recent 
developments in computer modelling and imaging aid in our comprehension of corona dynamics. 
Results: SPIO NPs rapidly form a protein corona in biological fluids, which alters their 
physicochemical characteristics and conceals their surface features. These alterations affect how 
well they work as medications, how long they remain in the body, how the immune system 
responds, and how well cells absorb them. Protein binding was impacted by surface modifications 
such as polyethylene glycol (PEG) coating, charge, and targeted ligands. The corona layers were 
able to shift form as a result of pH changes over longer incubation periods. The design of SPIO NPs 
for biomedical applications, such as targeted drug delivery and hyperthermia therapy, has been 
made simpler by experimental findings and predictive computer models. 
Conclusion: Designing SPIO NPs can be improved by knowing how protein corona formation 
works. Clinical outcomes, immunogenicity, and nanoparticle targeting are all enhanced by 
regulating surface characteristics, environmental factors, and exposure duration. 
 

 

Keywords: Incubation time; nanomedicine; protein corona; superparamagnetic iron oxide 
nanoparticles; surface coating. 

 

1. INTRODUCTION  
 
The advancement of biomedical technologies 
depends heavily on nanoparticles which serve as 
fundamental components for imaging techniques 
and therapeutic applications (Al-Khayyat, 
Ameen, & Hamid, 2025). Superparamagnetic 
iron oxide nanoparticles (SPIO NPs) have gained 
significant interest because they possess unique 
magnetic properties together with excellent 
biocompatibility and wide-ranging 
functionalization capabilities (Attiah et al., 2023; 
Mahendra Kumar et al., 2023; Mahmood et al., 
2019; Wei et al., 2017). The medical applications 
of SPIO NPs include magnetic resonance 
imaging (MRI) and hyperthermia treatment as 
well as targeted drug delivery systems (Avasthi 
et al., 2020; Del Pino et al., 2024). When 
nanoparticles enter biological environments they 
immediately react with multiple biomolecules 
especially proteins to form the "protein corona" 
structure. The biological coating that 
nanoparticles acquire after entering biological 
systems transforms their original synthetic 
characteristics while affecting their stability in 
solution and their distribution patterns and 
cellular absorption and immune response 
(Hajipour et al., 2023). The protein corona 
formation occurs through active competitive 
mechanisms which depend on multiple intrinsic 
and extrinsic elements (Tomak et al., 2021). The 
intrinsic properties of nanoparticles including 
size, shape, surface charge, hydrophobicity and 

surface coating characteristics determine their 
behavior (Mahendra Kumar et al., 2023). The 
composition and stability of the corona depends 
heavily on extrinsic factors which include 
surrounding pH levels, ionic strength, protein 
concentration and incubation duration. The 
interactions between nanoparticles and their 
environment determine their in vivo fate which 
affects both therapeutic outcomes and safety 
(Campagna, 2025). 
 
The biological environment interacts with SPIO 
nanoparticles through surface modifications that 
control their behavior (Parida & Kar, 2025). The 
stealth properties of nanoparticles receive their 
stealth capabilities from surface coatings made 
of polyethylene glycol (PEG), dextran, silica and 
various biopolymers which also enhance stability 
and enable targeted delivery (Fig. 1) (Ghazi et 
al., 2025). The entry of nanoparticles into 
physiological systems always results in protein 
adsorption despite surface engineering 
strategies. The surface properties of 
nanoparticles require further investigation to 
understand their effects on protein selection and 
binding dynamics because they affect both 
specificity and predictability of nanoparticle 
behavior (Docter et al., 2015). The structural 
conformation of adsorbed proteins and the 
resultant corona gets affected by environmental 
pH conditions (Docter et al., 2015; Wheeler et al., 
2021). The human body contains different pH 
levels that range from near-neutral blood 
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Fig. 1. Surface coatings on SPIONPs and their influence on protein Corona 
 
and extracellular fluids at pH 7.4 to acidic tumor 
microenvironment and intracellular 
compartments such as endosomes and 
lysosomes at pH 5.0–6.8 (Shen et al., 2008; 
Hameed et al., 2025; Hamasalih et al., 2025). 
The binding affinities and kinetics of protein-
nanoparticle interactions get affected when                  
pH changes cause protein denaturation or 
unfolding. The nanoparticle surface binds 
proteins more strongly and irreversibly when 
exposed to acidic pH conditions that are typical 
of tumors and intracellular vesicles (Ghosh & 
Panicker, 2021; Aziz et al., 2025). The 
pharmacokinetics and intracellular trafficking of 
SPIO NPs get significantly affected by this 
phenomenon which leads to changes in 
therapeutic outcomes. 
 
The study of protein corona formation remains 
essential because of multiple important reasons. 
The process reveals how nanoparticles interact 
with the mononuclear phagocyte system (MPS) 
through opsonization mechanisms (Panico et al., 
2022). The corona affects active targeting 
strategies by either concealing targeting ligands 
or displaying endogenous recognition motifs (Li 
et al., 2025). Nanoparticle immunogenicity and 
toxicity profiles depend on the corona formation 
because these factors determine regulatory 
approval and clinical translation possibilities 
(Zaccariotto et al., 2025; Ali et al.,2025). The 
structure and dynamics of the protein corona 
have been studied through multiple advanced 
analytical methods (Kopac, 2021). The 
characterization of corona size and composition 
and binding kinetics has been achieved through 
dynamic light scattering (DLS), zeta potential 
measurements, transmission electron 
microscopy (TEM), liquid chromatography–mass 

spectrometry (LC-MS) and surface plasmon 
resonance (SPR) (Fu et al., 2024). The recent 
development of isothermal titration calorimetry 
(ITC) and quartz crystal microbalance with 
dissipation monitoring (QCM-D) provides real-
time observations of corona evolution across 
different environmental conditions (Fu et al., 
2024; Zhang et al., 2024). The field continues to 
face multiple ongoing obstacles. The clinical 
prediction of nanoparticle behavior faces 
challenges because of individual differences in 
protein corona formation and pathological 
conditions that alter corona composition and                  
the absence of standardized corona 
characterization methods (Corbo et al., 2017). 
The protein corona in vivo experiences additional 
complexity because it exists in a dynamic state 
which is affected by blood flow and cellular 
barriers (Mahmoudi et al., 2011; Ahmed et al., 
2025). 
 
The review examines three essential parameters 
which include SPIO nanoparticle surface 
modifications and environmental pH conditions 
and incubation time. The study combines 
experimental data with theoretical knowledge to 
explain how these variables affect the structure 
and composition and biological effects of the 
protein corona. The rational design of SPIO NPs 
with predictable in vivo behavior requires this 
understanding to advance their application in 
precision nanomedicine. 
 

2. SURFACE COATING AND ITS 
INFLUENCE 

 
Surface modification serves as an optimal 
method to manage how nanoparticles interact 
with biological systems. The selection of surface 
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coating determines the level of protein adsorption 
which controls how nanoparticles behave 
biologically. The use of organic polymers and 
inorganic shells together with biomimetic 
molecules serves to improve nanoparticle 
stability while extending circulation time and 
decreasing immunogenicity. Table 1 illustrates 
different types of surface modification. The use of 
polyethylene glycol (PEG) as an organic coating 
is widespread because it creates steric 
stabilization while reducing protein adsorption 
and extending blood circulation times(Owens & 
Peppas, 2006). The PEGylation process creates 
a hydrophilic brush layer that surrounds 
nanoparticles to prevent protein attachment and 
minimize opsonization. Research indicates that 
PEGylated nanoparticles still develop a protein 
corona but the amount and nature of adsorbed 
proteins differ from non-PEGylated nanoparticles 
(Owens & Peppas, 2006). The natural polymers 
dextran together with chitosan and hyaluronic 
acid provide benefits through their biocompatible 
and biodegradable nature and their ability to 
receive additional functionalization (Mahmoudi et 
al., 2011). SPIO nanoparticles coated with 
dextran have received FDA approval for medical 
use as MRI contrast agents under the brand 
name Feridex (Avasthi et al., 2020). The protein 
adsorption resistance of dextran coatings is 
limited because they tend to bind particular 
plasma proteins including immunoglobulins and 
fibrinogen which could affect nanoparticle 
distribution and immune response (Karmali & 
Simberg, 2011). 
 
The surface functionalization of inorganic 
coatings such as silica and gold shells enables 

robustness and allows multiple ligand 
attachments. Silica-coated SPIO nanoparticles 
serve as a flexible system which enables 
researchers to bond targeting ligands and 
fluorescent dyes and therapeutic molecules 
through covalent reactions (Aljarjary et al., 2023; 
Comanescu, 2023). The chemical inertness of 
silica does not prevent protein adsorption from 
occurring which results in a well-defined hard 
corona layer (Comanescu, 2023). The surface 
charge characteristics play a vital role in 
determining the outcome. The adsorption of 
albumin and immunoglobulins which are 
negatively charged serum proteins occurs more 
frequently on positively charged nanoparticles 
than on neutral or negatively charged particles 
(Ghareeb, 2023; Lundqvist et al., 2008). The 
electrostatic attraction between positively 
charged nanoparticles and negatively charged 
cell membranes leads to better cellular uptake 
but simultaneously increases the chances of 
immune system detection. The degree of surface 
roughness together with heterogeneity acts as 
additional factors that affect protein binding. The 
numerous binding sites on nanoparticles with 
rough or textured surfaces result in increased 
formation of corona. The protein adsorption rate 
remains low when surfaces appear smooth and 
uniform. The formation and evolution of the 
protein corona gets influenced by surface 
coatings but biomolecular adsorption remains 
impossible to fully prevent (Yu et al., 2022). The 
combination of surface chemistry with charge 
properties and hydrophobicity and roughness 
elements determines how proteins bind to 
nanoparticles which affects their performance in 
biological systems. 

 
Table 1. Surface coatings on SPIO nanoparticles and their influence on protein corona 

formation 
 

Coating Material Key Features Effect on Protein Corona References  

PEG (Polyethylene 
glycol) 

Hydrophilic, flexible 
polymer; "stealth" effect 

Reduces nonspecific adsorption 
but does not completely prevent 
corona formation 

(Gupta et al., 
2023) 

Dextran Natural polysaccharide; 
biocompatible 

Preferential adsorption of 
immunoglobulins and fibrinogen; 
potential immune recognition 

(Erensoy et al., 
2024) 

Silica Shell Chemically inert, easily 
functionalized 

Stable hard corona; suitable for 
ligand attachment 

(Phumsathan et 
al., 2025) 

Gold Coating Biocompatible, 
photothermal properties 

Strong binding of albumin and 
complement proteins 

(Chae et al., 2025) 

Zwitterionic 
Polymers 

Charge-balanced 
hydrophilic surfaces 

Minimizes protein adsorption 
and immune activation 

(Singh et al., 2025) 
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3. EFFECT OF pH ON PROTEIN CORONA 
FORMATION 

 
Environmental pH serves as a crucial factor 
which controls the formation process and stability 
maintenance and composition development of 
protein coronas on SPIO nanoparticles. The 
changes in pH values modify both the surface 
properties of nanoparticles and the binding 
proteins which leads to major differences in 
corona structure and function (Fig. 2). Table 2 
illustrates the effect of environmental pH on the 
formation of protein corona on SPIO 
nanoparticles. Biological environments maintain 
various pH levels which include blood and 
interstitial fluids at neutral pH 7.4 while tumor 
tissues have slightly acidic pH 6.5–6.8 and 
intracellular organelles like lysosomes maintain 
pH values between 4.5–5.5 (Peppicelli et al., 
2014). The adsorption of proteins onto 
nanoparticle surfaces at physiological pH occurs 
mainly through electrostatic, hydrophobic and 
van der Waals interactions because proteins 
maintain their native conformations. Acidic 
conditions trigger protein conformational changes 
that result in partial unfolding and hydrophobic 
domain exposure and increased positive charge 
through acidic residue protonation (Tenzer et al., 

2011; Salih et al., 2019). Protein surfaces show 
increased binding to nanoparticles when their 
structure changes because of which protein 
coronas become more stable and less flexible 
(Corbo et al., 2017). 
 
The surface charge and aggregation behavior of 
SPIO nanoparticles become affected by pH 
changes which modify their corona formation 
process. The interaction profile of proteins with 
dextran and PEG coatings changes when these 
coatings undergo protonation or deprotonation 
due to different pH conditions. The aggregation 
behavior of SPIO NPs increases when exposed 
to acidic conditions because electrostatic 
repulsion weakens which affects both corona 
composition and nanoparticle stability in 
biological fluids (Mirshafiee et al., 2013). The 
slightly acidic tumor microenvironment promotes 
the binding of particular plasma proteins which 
maintain stability better at these pH levels thus 
improving EPR-mediated passive tumor 
targeting. The formation of corona at acidic pH 
conditions enables the exposure of targeting 
ligands and generates new epitopes that tumor-
specific receptors can recognize thus enabling 
the development of pH-responsive nanocarriers 
(Shen et al., 2008; Wei et al., 2017). 

 

 
 

Fig. 2. Dynamic evolution of the protein corona on surface-modified SPIO nanoparticles under 
different pH and incubation conditions 
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Table 2. Effects of environmental pH on protein corona formation on SPIO nanoparticles 
 

pH Environment Protein Behavior Nanoparticle Surface Changes Biological Implications References  

Neutral (pH ~7.4) Proteins maintain native 
conformation; reversible 
adsorption 

Stable surface properties Prolonged circulation; moderate uptake 
by target cells 

(Tenzer et al., 
2011) 

Slightly acidic 
(pH 6.5-6.8) 

Partial protein unfolding; exposure 
of hydrophobic domains 

Surface charge may shift, increased 
protein binding 

Enhanced tumor targeting through EPR 
effect 

(Mirshafiee et al., 
2013) 

Acidic (pH 5.0-
6.0) 

Significant conformational 
changes; stronger binding 

Surface aggregation, potential 
coating degradation 

Promotes lysosomal accumulation; 
potential cytotoxicity mitigation 

(Albanese et al., 
2012) 

Highly acidic (pH 
<5.0) 

Protein denaturation; irreversible 
adsorption 

Loss of stealth functionality; core 
exposure 

Accelerated degradation; inflammatory 
responses possible 

(Debnath et al., 
2025) 
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The SPIO NPs experience increasingly acidic 
environments during their endocytic uptake into 
endosomes and lysosomes inside cells. The 
acidification process triggers changes in the 
protein corona structure. The acidic environment 
causes weak protein bindings at neutral pH to 
break while strong protein bindings become more 
stable. The modifications affect how endosomes 
escape and how quickly they degrade as well as 
which intracellular pathways they follow 
(Albanese et al., 2012; Omar et al., 2025). The 
acidic pH of lysosomes triggers the breakdown of 
biodegradable coatings such as dextran and 
chitosan which reveals the SPIO core and may 
boost its imaging or therapeutic capabilities. The 
direct exposure of bare iron oxide surfaces to 
cells through this process could trigger oxidative 
stress responses. The modifications of the 
protein corona that occur based on pH levels 
directly affect the pharmacokinetic behavior and 
therapeutic outcomes of SPIO NPs (Rasul et al., 
2025). A thorough comprehension of these 
processes allows scientists to create smart 
nanoparticles that use environmental pH 
gradients to improve targeting capabilities and 
enhance drug release profiles and reduce off-
target effects (Rennie et al., 2025; Salih et al., 
2021). 
 

4. INFLUENCE OF INCUBATION TIME 
 
The incubation time functions as a crucial factor 
which determines the protein corona composition 
and structure and biological behavior of SPIO 
nanoparticles. The protein adsorption process 
develops through fast initial protein binding 
followed by protein reorganization and exchange 
and maturation of the corona. The protein 
corona's temporal evolution determines how 
nanoparticles behave regarding stability and 
cellular uptake and biodistribution and immune 
recognition. SPIO nanoparticles experience an 
intricate protein competition for surface 
adsorption sites when they first encounter 
biological fluids. The "soft corona" emerges 
during the first minutes to seconds of exposure 
and contains proteins that bind weakly to the 
surface. The initial soft corona transforms into 
the hard corona through time as proteins with 
stronger binding properties and slower exchange 
rates become dominant (Kelle et al., 2025; Abdul 
et al., 2025). 
 
 Short incubation periods of less than 30 minutes 
result in a corona that contains abundant plasma 
proteins including albumin, immunoglobulins and 
fibrinogen. The high concentration and fast 

diffusion rates of these proteins enable them to 
rapidly form a surface coating on the 
nanoparticles. The proteins do not necessarily 
exhibit the strongest binding properties to the 
nanoparticle surface. The initial proteins that 
adsorb to the surface will be displaced by 
proteins with stronger surface binding properties 
but lower bulk concentrations including 
apolipoproteins and complement factors and 
coagulation proteins (Sun et al., 2024; 
Mohammed et al., 2025). The biological identity 
of nanoparticles becomes determined by a highly 
stable and resilient hard corona that develops 
after incubation times spanning from several 
hours to days. The matured hard corona covers 
up the original surface functionalities of the 
nanoparticle which disrupts active targeting 
strategies that depend on ligand-receptor 
interactions. The extended incubation period 
leads to structural modifications of surface-bound 
proteins which reveals previously concealed 
epitopes that might trigger immune responses or 
modify cellular uptake mechanisms (Sun et al., 
2024). 
 
Several factors control the rate at which corona 
evolves including nanoparticle surface chemistry 
and size and shape and biological medium 
composition. Tables 3 illustrate the impact of 
incubation duration on protein corona on SPIO 
nanoparticle. PEGylated SPIO nanoparticles 
show reduced protein adsorption rates and 
decreased total protein binding when compared 
to non-PEGylated nanoparticles. The exchange 
of proteins in the system depends on 
environmental factors including temperature and 
ionic strength and pH. The therapeutic field 
requires knowledge of protein corona temporal 
evolution patterns for proper control. The 
engineered surface properties of nanoparticles 
require minimal exposure to plasma before cell 
targeting because they need to reach their target 
cells quickly. Nanoparticles that need to stay in 
circulation for extended periods would gain 
advantage from forming a hard corona that 
maintains their biological identity (Ashkarran et 
al., 2024). 
 
The recent developments in proteomics and 
bioinformatics have made it possible to conduct 
detailed temporal analysis of protein corona 
composition. Mass spectrometry combined with 
label-free quantification techniques in time-
resolved studies have shown that particular 
proteins function as exchange catalysts which 
enable the replacement of initial protein 
adsorbates with higher-affinity proteins. 
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Table 3. Influence of incubation time on protein corona formation on SPIO nanoparticles 
 

Incubation phase Time frame Dominant proteins Biological impact References 

Early Phase Seconds to 
Minutes 

Abundant plasma 
proteins (e.g., albumin, 
immunoglobulins) 

Rapid soft corona 
formation; reversible 
binding 

(Gupta et al., 
2023) 

Intermediate 
Phase 

Minutes to 
Hours 

High-affinity proteins 
(e.g., complement 
proteins, apolipoproteins) 

Vroman effect; dynamic 
protein exchange 

(Mao et al., 
2022) 

Late Phase Hours to 
Days 

Stable hard corona 
proteins 

Defines long-term 
biological identity and 
immune interactions 

(N. Zhao & 
Yuan, 2023) 

In Vivo Evolution Variable, 
under flow 
conditions 

Dynamic reshaping due 
to environmental stimuli 

Alters targeting 
efficiency and clearance 
pathways 

(Sun et al., 
2024) 

 

The gained knowledge enables rational 
nanoparticle design through pre-coating methods 
which expose nanoparticles to chosen proteins 
before systemic administration to create 
predetermined coronas (Salih et al., 2021). The 
protein corona composition on SPIO 
nanoparticles undergoes significant changes 
based on the duration of incubation. The 
complete comprehension of temporal protein 
corona evolution remains crucial for predicting 
nanoparticle behavior in living organisms and 
designing them for particular biomedical uses. 
 

5. BIOLOGICAL IMPLICATIONS AND 
APPLICATIONS 

 

The biodistribution patterns of nanoparticles 
along with their clearance rates depend heavily 
on the characteristics of their protein corona (Ali, 
Obaid, & Jassim, 2024). The presence of 
opsonins including immunoglobulins and 
complement proteins in hard coronas leads to 
fast recognition by mononuclear phagocyte 
system cells which results in nanoparticle 
accumulation within liver and spleen organs 
(Jassim, Ali, & Tawfeeq, 2025; Salih et al., 2025). 
Nanoparticles that have dysopsonin-enriched 
coronas such as albumin or clusterin remain 
hidden from immune surveillance which enables 
them to stay in circulation for longer periods. The 
optimization of nanoparticle delivery to specific 
tissues requires knowledge of these interactions 
which can be engineered for better results 
(Lopez-Mitjavila et al., 2025). The composition of 
corona determines how cells will take up 
nanoparticles and their targeting precision. 
Nanoparticles with apolipoprotein-enriched 
coronas show better uptake by liver hepatocytes 
and brain endothelial cells which enables liver 
targeting and blood-brain barrier penetration. The 
uptake of nanoparticles by macrophages 
together with inflammatory responses occurs 

when coronas contain fibrinogen or vitronectin 
(Ashkarran et al., 2024; Rahman et al., 2021). 
Advanced theranostic applications become 
possible through rational preconditioning of 
nanoparticles with specific proteins or ligands to 
achieve controlled targeting of cancer cells 
neurons or immune cells. The recent findings on 
protein corona on SPIO nanoparticle show in 
Table 4.  
 
The immune system identifies nanoparticle-
protein complexes in a manner that either 
intensifies or decreases inflammatory reactions. 
The exposure of hidden epitopes through protein 
adsorption leads to complement pathway 
activation and cytokine production and 
hypersensitivity reactions. Stealth coronas made 
from non-immunogenic proteins work to 
decrease immune activation while improving 
biocompatibility. The outcome between these 
processes remains sensitive and needs thorough 
preclinical testing to validate both safety and 
effectiveness (Sharma et al., 2025). The corona's 
in vivo reshaping dynamics makes it difficult to 
predict how immune responses will evolve 
throughout time. The field of utilizing coronas for 
therapeutic and diagnostic applications continues 
to emerge as a new frontier. The addition of 
tumor-homing peptides or antibody fragments or 
small molecules to functionalized coronas 
enables active targeting of malignancies with 
enhanced effectiveness. Engineered coronas 
show potential to enhance MRI contrast 
enhancement as well as photothermal 
conversion in hyperthermia therapy and stimulus-
responsive drug release (Mahmood et al., 2019). 
Smart coronas that adjust their behavior based 
on environmental signals such as pH levels and 
enzymatic activity and redox conditions show 
potential to develop advanced nanoparticle 
platforms for precision medicine. 
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Table 4. Recent findings on protein corona effects on SPIO nanoparticles 
 

Surface Modification Key Findings Biological Outcome References  

PEGylation Reduced nonspecific 
protein adsorption, 
enhanced circulation time 

Prolonged systemic circulation, 
reduced liver uptake 

(Lopez-Mitjavila 
et al., 2025) 

Dextran coating Increased binding of 
complement proteins 

Enhanced clearance by MPS, 
reduced tumor targeting 

(Psarrou et al., 
2025) 

Silica shell with RGD 
peptides 

Selective enrichment of 
fibrinogen and vitronectin 

Improved targeting to tumor 
vasculature 

(He & Zhong, 
2025) 

Zwitterionic coating Minimal protein corona 
formation 

Low immunogenicity, improved 
biocompatibility 

(C. Zhao et al., 
2025) 

Chitosan modification pH-sensitive protein 
adsorption in tumor 
environments 

Enhanced tumor penetration and 
retention 

(Sharma et al., 
2025) 

 

6. CONCLUSION 
 
The biological identity and fate of SPIO 
nanoparticles along with their efficacy depends 
heavily on how the protein corona forms and 
evolves. The composition structure and 
dynamics of the corona develop through the 
combined effects of surface coatings 
environmental pH and incubation time to 
determine nanoparticle performance in clinical 
applications. A comprehensive understanding of 
these parameters allows researchers to create 
SPIO NPs that achieve better biocompatibility 
and precise targeting while reducing 
immunogenicity and delivering improved 
therapeutic results. Future research should focus 
on creating personalized nanomedicine 
approaches and using dynamic environmental 
triggers such as pH gradients and developing 
advanced computational models to design 
optimal protein coronas. The vision of intelligent 
corona-optimized nanoparticles for precision 
diagnostics and therapy is becoming increasingly 
real through ongoing interdisciplinary                   
research between nanotechnology and 
proteomics and bioinformatics and clinical 
research. 
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