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When  nanoparticles  (NPs)  enter  into  biological  systems,  proteins  would  interact  with  NPs  to  form  the
protein  corona  that  can  critically  impact  the  biological  identity  of  the nanomaterial.  Owing  to  their  funda-
mental  scientific  interest  and  potential  applications,  Fe3O4 NPs  of  different  sizes  have  been  developed  for
applications  in  cell  separation  and  protein  separation  and  as  contrast  agents  in  magnetic  resonance  imag-
ing  (MRI),  etc. Here,  we  investigated  whether  nanoparticle  size  affects  the  formation  of  protein  coronas
around  Fe3O4 NPs.  Both  the  identification  and  quantification  results  demonstrated  that  particle  size does
rotein corona
e3O4 NPs
article size
uantitative proteomics

play  an  important  role  in the  formation  of  plasma  protein  coronas  on  Fe3O4 NPs;  it  not  only  influenced  the
protein  composition  of the  formed  plasma  protein  corona  but also  affected  the abundances  of the  plasma
proteins  within  the  coronas.  Understanding  the  different  binding  profiles  of human  plasma  proteins  on
Fe3O4 NPs  of  different  sizes  would  facilitate  the  exploration  of the  bio-distributions  and  biological  fates
of  Fe3O4 NPs  in  biological  systems.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Nanoparticles (NPs) have been widely applied in drug/gene
elivery, disease diagnosis and biosensing due to their unique prop-
rties compared with their corresponding bulk counterparts [1–5].
hen NPs enter biological systems, proteins can bind onto their

urfaces, leading to the formation of so-called “protein coronas”,
hich represents the first interfacial physicochemical properties

f the NPs [6,7]. It has been observed that protein coronas bound
n the surfaces of NPs critically affect the biological identity of
he nanomaterial [6–9] and/or result in physiological and patho-
ogical changes, including macrophage uptake, blood coagulation,
omplement activation and cellular toxicity [10–17].

Studies of protein coronas for different types of NPs, such
s copolymers [18,19], silica [15,20,21], polystyrene [21–23] and
etallic NPs [24,25], have been performed extensively. It was found
hat protein coronas on these NPs could be affected by several fac-
ors, such as the chemical composition [26], cell culture medium
27], serum inactivation [28], plasma concentration [21,29], surface

∗ Corresponding author. Tel.: +86 411 84379828; fax: +86 411 84379617.
∗∗ Corresponding  author. Tel.: +86 411 84379610; fax: +86 411 84379620.

E-mail addresses: wurenan@dicp.ac.cn, wurnan@gmail.com (R. Wu),
anfazou@dicp.ac.cn (H. Zou).

ttp://dx.doi.org/10.1016/j.colsurfb.2014.06.016
927-7765/© 2014 Elsevier B.V. All rights reserved.
properties [24,30] and particle size [20,23] of the NPs. For instance,
differences in plasma proteins bound on the surfaces of SiO2, TiO2
and ZnO NPs have been observed due to differences in the chem-
ical compositions of the materials [26]. Additionally, it has been
reported that the formation of a protein corona on cationic lipo-
somes is strongly related to the membrane charge density [30].
Moreover, it has been illustrated that particle size could critically
influence human plasma proteins bound on the surfaces of silica
NPs [20].

Fe3O4 NPs have been extensively developed for applications
in cell separation, protein separation, targeted drug delivery
and as contrast agents in magnetic resonance imaging (MRI)
[31–36]. Although many types of Fe3O4 NPs have been syn-
thesized with different sizes and functionalities to meet the
needs of various applications, studies of the interactions between
Fe3O4 NPs and human plasma proteins are relatively rare.
Recently, Mahmoudi et al. found that superparamagnetic iron
oxide NPs induced irreversible changes in the conformation
of human transferrin protein [37]. Additionally, it was  found
that the plasma proteins adsorbed onto iron oxide NPs vary
depending on the initial NP surface coating and the concentra-

tions of plasma, while the formation of protein corona would
further influence the internalization of the iron oxide NPs
into macrophages [38]. However, the above-mentioned studies
only focused on protein coronas formed on superparamagnetic
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ron oxide NPs less than 10 nm in size and with coatings of
olymers, the protein coronas on the pristine Fe3O4 NPs in larger
izes were not investigated. Furthermore, whether the particle size
f Fe3O4 NPs influences the formation of the plasma protein corona
s unknown. Although pristine Fe3O4 NPs are not directly applied in
iomedical fields, they are precursors of the magnetic NPs used in
iological and biomedical applications. During the fabrication pro-
ess, pristine Fe3O4 NPs can be inhaled by humans, pass through
embranes and barriers, and finally enter the blood [39]. Here,
e quantified the plasma protein coronas bound on three different

izes of pristine Fe3O4 NPs (∼30 nm,  200 nm and 400 nm)  by means
f label-free quantitative proteomic strategy. Our results demon-
trated that the particle size was an important factor that not only
nfluenced the protein composition of the human plasma protein
oronas on Fe3O4 NPs but also affected the abundance of plasma
roteins in the protein coronas.

. Materials and methods

.1.  Chemicals and materials

Fe3O4 30 (∼30 nm), dithiothreitol (DTT), iodoacetamide (IAA),
PCK-treated trypsin, bovine serum albumin (BSA), formic acid
FA), tetraethyl orthosilicate (TEOS) and (3-aminopropyl) tri-
thoxysilane (APTES) were obtained from Sigma–Aldrich (St. Louis,
O,  USA). Acetonitrile (ACN, HPLC grade) and ammonium solution

25%) were from Merck (Darmstadt, Germany). Iron (III) chloride
exahydrate (FeCl3·6H2O), anhydrous sodium acetate (NaAc), eth-
lene diamine, isopropanol, ethylene glycol (EG) and ethanol were
ought from Tianjin Kemiou Chemical Reagent Co., Ltd. (Tianjin,
hina). SDS-PAGE marker and loading buffer were obtained from
hermo Scientific (San Jose, CA). The water used in the experiments
as doubly distilled and purified by a Mill-Q system (Millipore,
edford, MA,  USA).

.2. Human plasma

Human  blood was taken from 20 different healthy donors and
ollected in tubes containing EDTA to prevent blood clotting. The
ubes were centrifuged for 5 min  at 1000 RCF to pellet the blood
ells. The supernatant (the plasma) was transferred to new tubes
nd mixed together in order to eliminate individual differences.
hen, the plasma was divided into portions and stored at −80 ◦C
ntil use. Upon thawing, the plasma was centrifuged again for 2 min
t 16,000 RCF to further reduce the presence of red and white blood
ells. The plasma was used immediately upon thawing and was
ever refrozen.

.3.  Synthesis of Fe3O4 NPs of different sizes

Fe3O4 NPs with sizes of ∼200 and ∼400 nm were synthesized
ccording to previous literature [40]. Briefly, FeCl3·6H2O (1.35 g,

 mmol) was dissolved in EG (40 mL)  to form a clear solution,
ollowed by the addition of NaAc (3.6 g) and polyethylene glycol
1.0 g). The mixture was stirred vigorously for 30 min  and then
ealed in a Teflon-lined, stainless-steel autoclave. The autoclave
as heated and maintained at 200 ◦C for 8 h and 48 h for the
reparation of the ∼200 nm and ∼400 nm Fe3O4 NPs, respectively.
inally, the mixture was allowed to cool to room temperature. The
lack products were washed several times with ethanol and dried
nder vacuum at 60 ◦C overnight.
.4.  The formation of human plasma protein corona on Fe3O4 NPs

To ensure comparability between the identification results for
he protein coronas on the Fe3O4 NPs of different sizes, the ratio
ointerfaces 121 (2014) 354–361 355

of  the total particle surface area to the plasma concentration was
kept the same for the three different particle sizes. For this pur-
pose, the mass of Fe3O4 NPs of different sizes (suspended in PBS
with a concentration of 0.2%, w/w) possessing a total surface area
(A = 4�R2) of 0.01 m2 was  calculated and incubated in a constant
amount of human plasma at 37 ◦C with shaking at 1000 rpm for
1 h. The ratio of the plasma volume to the particle surface area
was adjusted to a constant value of 5.56 mL/m2, as reported pre-
viously (PBS was added to obtain a total volume of 1 mL) [23,24].
After that, the nanoparticle–protein complexes were collected by
a magnet and washed at least 3 times to remove the loosely bound
and unbound proteins. The amount of plasma proteins absorbed
onto the Fe3O4 NPs was  roughly calculated by subtraction of the
amount of plasma proteins before and after incubation. In addition,
the microcentrifuge tubes were changed after each washing step
in order to eliminate the potential influences of proteins adsorbed
on the surfaces of the tubes. Then, the nanoparticle-protein com-
plexes were resuspended in 500 �L of 100 mM  NH4HCO3 solution
(pH ∼8.1) and divided into two  parts. One portion was pelleted,
resuspended in SDS-PAGE loading buffer, then boiled at 95 ◦C for
5 min  and finally separated with 1-D SDS-PAGE to illustrate the
binding patterns of the plasma proteins on the Fe3O4 NPs. The
other portion was  analyzed with the on nanoparticle digestion
shotgun proteomics method [41]. Briefly, the nanoparticle-protein
complexes were resuspended in a solution containing 8 M urea and
100 mM NH4HCO3 (pH ∼8.1) to denature the proteins, then reduced
and alkylated with DTT (10 mM,  2 h at 37 ◦C) and IAA (20 mM,
30 min  in the dark at room temperature), respectively [42]. Next,
the solution was diluted with 100 mM NH4HCO3 to 1 M urea, and
the proteins were digested with trypsin at 37 ◦C overnight with
shaking (the amount of trypsin applied to digest the plasma pro-
teins was set to an enzyme:protein ration of 1:40 according to the
amount of adsorbed proteins). Finally, the digestion solution was
adjusted to pH 2–3 with a 10% TFA solution and desalted with
homemade C18 SPE columns. Briefly, after the C18 SPE columns
were sequentially activated and equilibrated with methanol and
0.1% TFA solution, respectively, the digestion solutions were loaded
onto the SPE columns, washed extensively with 0.1% TFA solution
and then eluted with 0.1% TFA in 80% ACN. Finally, the elutions were
lyophilized in a vacuum freeze dryer. The samples were stored at
−40 ◦C until RPLC-MS/MS analysis.

Furthermore,  to investigate the plasma protein adsorption
dynamics of the Fe3O4 NPs, Fe3O4 NPs of different sizes and with
a total surface area of 0.005 m2 were also incubated with the same
amount of human plasma at 37 ◦C with shaking at 1000 rpm for
1 min  and 30 min. After that, the nanoparticle–protein complexes
were collected and washed at least 3 times to obtain the hard
protein coronas. Finally, the nanoparticle-protein complexes were
resuspended in 1× SDS-PAGE loading buffer, boiled at 95 ◦C for
5 min  and separated with 1-D SDS-PAGE to illustrate the binding
dynamics of the Fe3O4 NPs of different sizes.

2.5. RPLC-MS/MS analysis

The  digested peptides from the human plasma protein corona
were dissolved in 100 �L of 0.1% FA solution. The analysis was
carried out on a 1-D nano LC-MS/MS system with 5 �L of the
resuspended peptides injected each time. The C18 trap column
(7 cm × 200 �m i.d.) was  connected to a reverse phase (RP) C18 col-
umn (12 cm × 75 �m i.d.) packed with C18 AQ beads (5 �m,  120 Å
pore size) from Microm BioResources in tandem by a union. For the
RPLC separation, a Waters Nano-ACQUITY UPLC system was used

to deliver the mobile phases of 0.1% FA in water (mobile phase A)
and ACN (mobile phase B) with a total flow rate of ∼350 nL/min; the
binary separation gradient of mobile phase B was  increased from
2% to 30% in 60 min. Tandem mass spectrometry was performed on
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Fig. 1. TEM images of the Fe3O4 NPs of different 

 triple TOF 5600 mass spectrometer (AB SCIEX, USA) operated in
ositive ion data dependent (IDA) mode with one MS  survey scan
ollowed by 30 MS/MS  scans using a 120 s exclusion window. The
can range of the full MS  was set from m/z 350 to m/z 1250, while
he MS/MS  was from m/z 100 to m/z 1500.

.6. Database searching

The  MS/MS  spectral data acquired by the triple TOF 5600 mass
pectrometer were searched by the “Paragon Algorithm” of the
rotein Pilot software (AB SCIEX, USA) with trypsin specificity in
Thorough ID” mode [43]. The peptide false discovery rate (FDR)
as controlled <1% by setting the criterion for the corresponding

onfidence of global FDR of hit. The results from the human plasma
rotein coronas were searched against the International Protein

ndex (ipi.human.3.80.fasta). To confirm the identification results
or the plasma proteins bound on Fe3O4 NPs, each sample was  ana-
yzed in at least three replicates, and only proteins that were both
etected at least 2 times in triplicate analysis and identified by at

east 2 unique peptides in each run were considered as positively
dentified.

. Results and discussion

.1.  Characterization of Fe3O4 NPs

The Fe3O4 NPs of different sizes were characterized by transmis-
ion electron microscopy (TEM, Fig. 1.). The size distributions and
eta potentials of the Fe3O4 NPs with different particle sizes of 30,
00 and 400 nm (denoted as Fe3O4 30, Fe3O4 200 and Fe3O4 400)
re listed in Table 1. The Fe3O4 NPs exhibited approximate zeta
otential values of −28.9 mV,  −23.4 mV  and −24.3 mV  for Fe3O4 30,
e3O4 200 and Fe3O4 400, respectively. The particle size of NPs
nfluences their surface curvature and free energy, which may

esult in different aggregation states of the NPs in suspensions. This
ould explain why the Fe3O4 NPs of different particle sizes were
ound to be aggregated in PBS buffer to different degrees (shown in
able 1).

able 1
he  sizes and zeta potentials of the Fe3O4 NPs.

Fe3O4 nanoparticle Size (nm) Zeta potential 

Fe3O4 30 30 ± 10.3 −28.9 ± 0.87 

Fe3O4 200 225 ± 11.5 −23.4 ± 0.35 

Fe3O4 400 375 ± 16.3 −24.3 ± 1.34 

he error bars represent the standard deviation from the mean (n = 3).
Fe3O4 30 (A), Fe3O4 200 (B) and Fe3O4 400 (C)).

3.2. Plasma protein binding patterns for Fe3O4 NPs with different
sizes

Once introduced into biological systems, proteins would com-
pete for binding sites on the surfaces of NPs. After incubation
in human plasma for 1 min, 30 min and 1 h, the obtained
nanoparticle–protein complexes were washed at least 3 times
with PBS to obtain the hard protein corona of Fe3O4 NPs. The
nanoparticle–protein complexes were resuspended in SDS  loading
buffer and separated using 1-D SDS-PAGE. The adsorption dynam-
ics of the human plasma protein coronas on the Fe3O4 NPs are
shown in Fig. 2. It was observed that the adsorption of plasma
proteins on the three different sizes of Fe3O4 NPs evolved as the
incubation time went along and reached a relative equilibrium
state after 1 h of incubation in human plasma. On the other hand,
the plasma proteins displayed different binding patterns depend-
ing on the size of the Fe3O4 NPs, illustrating that nanoparticle
size impacted the formation of the protein corona. Additionally,
the total band intensities for the plasma protein coronas exhibited
obvious differences depending on NP size (shown in Fig. 2D); i.e.,
there were much more plasma proteins bound on the Fe3O4 200
and Fe3O4 400 NPs than on the Fe3O4 30 NPs, which may  be
due to the obvious aggregation of the Fe3O4 30 NPs, indicating
that NP aggregation also affects the formation of protein coronas.
Moreover, the optical intensity distributions of the plasma protein
coronas formed on Fe3O4 NPs of different particle sizes were fur-
ther analyzed with the Image Lab program (shown in Fig. 3), which
also confirmed the different adsorption patterns on the Fe3O4 NPs
and the equilibrium state achieved after 1 h of incubation in human
plasma.

3.3. Identification and quantification of plasma proteins bound
on  Fe3O4 NPs with different sizes

In  our study, to guarantee identification accuracy, each sample
was analyzed in at least three replicates, and only proteins detected

in at least two runs and identified by at least two unique peptides
in each analysis were considered as constituents of the protein
coronas formed on the Fe3O4 NPs. The protein coronas bound on
the Fe3O4 NPs after 1 h of incubation with human plasma were

(mV) Z-Ave diameter (nm) PDI

822.4 ± 73.9 0.41 ± 0.02
643.1 ± 34.6 0.38 ± 0.03
571.1 ± 10.8 0.44 ± 0.06
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Fig. 2. Silver stained SDS-PAGE gel lanes showing the plasma protein binding profiles on different sizes of Fe3O4 NPs after incubation in human plasma for 1 min  (A), 30 min
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B)  and 1 h (C) and the corresponding optical intensities of each gel lanes for the pla
rom the mean (n = 3).

sed to investigate the size effects on the formation of protein
oronas on the Fe3O4 NPs. In total, there were 117, 133 and 100
lasma proteins identified in the protein coronas of the Fe3O4 30,
e3O4 200 and Fe3O4 400 NPs, respectively (the detailed iden-
ification results were listed in Table S1). A total of 71 human
lasma proteins were detected in the protein coronas of Fe3O4
Ps of the three different sizes, with 22, 31 and 11 distinct pro-

eins for the Fe3O4 30, Fe3O4 200 and Fe3O4 400 NPs, respectively
shown in Fig. 4). For example, serum albumin, apolipoprotein
-I and Platelet factor, among others, were observed to bind on

he surfaces of all three types of Fe3O4 NPs, while ceruloplas-
in and serum amyloid P-component, among others, were found

o be uniquely bound on the surface of only the Fe3O4 30 NPs.
ibronectin, serotransferrin and serum paraoxonase/arylesterase

 were observed to only be adsorbed on the Fe3O4 200 NPs, and
oagulation factor XIII A chain and inter-alpha (Globulin) inhibitor
2 were only bound on the Fe3O4 400 NPs (Table S1). In addi-

ion, with the analysis of GoMiner and Panther databases [44,45],
t was found that most of the 71 common proteins bound on the
e3O4 NPs of all sizes were related to cellular process, metabolic
rocess, response to stimulus, immune system process and other
rocesses (shown in Fig. 5A). By contrast, the plasma proteins

niquely bound on the surfaces of the Fe3O4 NPs of only one
pecific size (Fe3O4 30/Fe3O4 200/Fe3O4 400) were observed to
articipate in different biological processes (shown in Fig. 5B). For

nstance, plasma proteins that related to metabolic processes were
roteins adsorbed on the Fe3O4 NPs. The error bars represent the standard deviation

found to comprise 33.3% of the total distinct proteins bound on the
Fe3O4 30 NPs, which were observed to take up 9.5% and 16.7% of
the total distinct proteins bound on the Fe3O4 200 and Fe3O4 400
NPs, respectively. Additionally, the plasma proteins uniquely bound
on the Fe3O4 30 NPs were observed to be related to the cell cycle
(6.7%), while it was  not found for plasma proteins that uniquely
bound on the Fe3O4 200 and Fe3O4 400 NPs. Thus, the size of the
Fe3O4 NPs seemed to be an important factor regulating the compo-
sition of the plasma protein corona on the Fe3O4 NPs, which may
pose great impacts on the biological fates of NPs.

On the other hand, based on the spectral counting (SpC) method
[46], we applied the label-free quantitative proteomic strategy to
quantitatively analyze the plasma proteins bound on the surfaces
of the Fe3O4 NPs of different sizes. Here, the SpC of each protein
identity was  normalized to the protein mass and described as the
relative protein quantity by applying the following equation:

MWSpCk =
(

(SpC/Mw)k∑n
i=1(SpC/Mw)i

)
× 100

where MWSpC is the percentage normalized spectral count for pro-
tein k, SpC is the spectral count identified and Mw is the molecular

weight in kDa for protein k. This correction takes into account the
protein size and evaluates the real contribution of each protein to
the hard corona composition [20,21]. By using this equation, the
relative protein abundances for the plasma proteins bound on the
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G-I)) after incubation in human plasma for 1 min  (A, D and G), 30 min  (B, E and H) 

e3O4 NPs were calculated and listed in Table S1. It was found that
lthough there were 71 common plasma proteins bound on the

ifferent sizes of Fe3O4 NPs, the relative protein abundances for
hese proteins differed. For instance, serum albumin was observed
n the protein corona of the Fe3O4 200 NPs with an average MWSpC
f 9.01, while the average MWSpC for serum albumin in the
 profiles on different sizes of Fe3O4 NPs (Fe3O4 30 (A-C)/Fe3O4 200 (D-F)/Fe3O4 400
h (C, F and I).

protein coronas of the Fe3O4 30 and Fe3O4 200 NPs were 1.27 and
2.50, respectively, indicating the selective binding of plasma pro-

teins on different sizes of Fe3O4 NPs. Additionally, platelet factor 4
was observed in the corona of Fe3O4 30 with an average MWSpC of
8.57, which accounted for 3.51% and 4.01% in the protein coronas of
the Fe3O4 200 and Fe3O4 400 NPs, respectively. Furthermore, the
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Table  2
The  top 20 most abundant plasma proteins bound on the Fe3O4 NPs of different sizes.

Rank Fe3O4 30 Fe3O4 200 Fe3O4 400

1 Platelet factor 4 Apolipoprotein A-I Apolipoprotein E
2  Apolipoprotein E Serum  albumin Vitronectin
3  Vitronectin Apolipoprotein C-III variant 1 Histidine-rich glycoprotein
4  Platelet basic protein Apolipoprotein C-I Platelet basic protein
5  IGK@ IGK@ protein Apolipoprotein E Platelet factor 4
6  IGKC Anti-RhD monoclonal T125 kappa

light chain
Isoform LMW  of Kininogen-1 Complement C1q subcomponent subunit C

7  Putative uncharacterized protein Vitronectin Complement C1q subcomponent subunit A
8  Complement C1q subcomponent subunit C Platelet factor 4 Isoform  1 of Gelsolin
9  IGHG1 Histidine-rich glycoprotein APOC1 Apolipoprotein C-I

10 Apolipoprotein C-III variant 1 Platelet basic protein Complement C3 (Fragment)
11  IGHG1 Isoform HMW  of Kininogen-1 Prothrombin (Fragment)
12  IGHG1 Isoform 1 of Gelsolin Serum albumin
13  Prothrombin (Fragment) Apolipoprotein A-II C1QB Uncharacterized protein
14 Complement C1q subcomponent subunit A Complement C3 (Fragment) IGHG1
15  CLEC3B Putative uncharacterized protein

DKFZp686H17246
Isoform 1 of Inter-alpha-trypsin inhibitor
heavy chain H4

IGHG1

16  Apolipoprotein A-I clusterin  isoform 3 IGHG1
17  Isoform LMW  of Kininogen-1 ITIH4 protein APOH Beta-2-glycoprotein 1
18 Complement C3 (Fragment) inter-alpha (globulin) inhibitor H4 isoform

2 precursor
IGKC Putative uncharacterized protein

19 Beta-2-glycoprotein 1 Prothrombin (Fragme
20 IGHM Putative uncharacterized protein

DKFZp686I15212
Apolipoprotein C-II 

Fig. 4. Venn diagram displaying the number of proteins identified in the protein
coronas  of the different sizes of Fe3O4 NPs.

Fig. 5. Biological processes related to the common proteins identified on all three sizes o
one specific NP size (Fe3O4 30/Fe3O4 200/Fe3O4 400).
nt) Complement component 4B
IGKC Anti-RhD monoclonal T125 kappa light chain

plasma proteins with an average MWSpC ≥ 1 in the protein corona
on the Fe3O4 NPs are illustrated in Fig. 6, which also reveals the
distinctive properties of the plasma protein coronas formed on the
different sizes of Fe3O4 NPs.

Moreover, it has been reported that adsorbed protein layer
on NPs would affect the cellular uptake and subsequent traf-
ficking in cells, while in vivo, the specific binding of proteins
would influence bio-distribution and blood clearance [47]. For
example, the adsorption of opsonins such as IgG and comple-

ment factors is supposed to promote rapid clearance from the
bloodstream, while the binding of dysopsonins, such as serum albu-
min  and apolipoproteins, would promote prolonged circulation
time in blood [21,47,48]. Although proteins with higher relative

f Fe3O4 NPs (A) and those related to the plasma proteins uniquely bound on only
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bundances do not directly reflect biological impacts, proteins with
xtremely low relative abundances are not expected to be critical
actors that determine the bio-distributions and biological fates of
Ps [48,49]. Here, we list the top 20 most abundant plasma pro-

eins comprising the protein coronas formed on the Fe3O4 NPs in
able 2 to further illustrate the different binding patterns of the
lasma proteins and understand the following potential biological

mpacts. It was found that as the most abundant protein in human
lasma, serum albumin was the 2nd most abundant protein in the
rotein corona around the Fe3O4 200 NPs, while it was  the 12th
ost abundant protein in the protein corona on the Fe3O4 400
Ps and was not among the top 20 most abundant proteins for

he Fe3O4 30 NPs (27th). Thus, the quantitative results confirmed
he selective binding of plasma proteins to different sizes of Fe3O4
Ps. Additionally, platelet factor 4, which is supposed to pro-
ote rapid clearance from the bloodstream, was found to bind on

he aggregated Fe3O4 30 NPs with the highest protein abundance.
polipoprotein A-I and apolipoprotein E, which are supposed to
romote prolonged circulation times, were the most abundant pro-

eins bound on the Fe3O4 200 and Fe3O4 400 NPs, respectively.
herefore, the different binding profiles of plasma proteins on the
ifferent sizes of Fe3O4 NPs may  have different impacts in human
rganisms.
C) satisfying the criterion that MWSpC ≥ 1 in the coronas of the different sizes of
ent the standard deviation from the mean (n = 2 or n = 3).

4. Conclusions

In this study, the plasma protein coronas formed on pristine
Fe3O4 NPs of three different particle sizes were investigated for the
first time. According to the results, it could be concluded that the
particle size induced different surface curvature and aggregation
state of the Fe3O4 NPs, both of which may  have played impor-
tant roles in the formation of plasma protein coronas on these
Fe3O4 NPs; the protein compositions as well as the abundances
of the plasma proteins in the protein coronas of Fe3O4 NPs were
found to be critically affected by particle size. Moreover, the pro-
teins bound on the Fe3O4 NPs of different particle sizes may pose
great influences on the biological distribution and fates of the Fe3O4
NPs.
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2 

Table S1 Total identified plasm
a proteins in the protein coronas of the Fe

3 O
4  N

Ps of different sizes and their isoelectric points (pI), m
olecular w

eights (M
W

) and 

relative protein abundance (blank spaces indicate that the corresponding proteins w
ere not identified in the analysis). B

ecause the proteins w
ere detected in m

ore than 

2 replicates, the standard deviation w
as from

 the m
ean (n=2 or n = 3). 

IPI 
N

am
es 

pI 
M

W
 

（
kD

） 

Fe
3 O

4 _30 
Fe

3 O
4 _400 

Fe
3 O

4 _400 

M
W

SpC
 

_1 
M

W
SpC

 
_2 

M
W

SpC
 

_3 
A

verage 
SD

 
M

W
SpC

 
_1 

M
W

SpC
 

_2 
M

W
SpC

 
_3 

A
verage 

SD
 

M
W

SpC
 

_1 
M

W
SpC

_2 
M

W
SpC

_3 
A

verage 
SD

 

IPI00021842.1 
A

polipoprotein E 
5.65 

36.13 
5.52 

5.38 
5.52 

5.47 
0.08 

4.27 
4.26 

4.27 
4.27 

0.01 
8.55 

7.66 
8.43 

8.21 
0.48 

IPI00298971.1 
V

itronectin 
5.55 

54.27 
4.09 

4.07 
3.94 

4.03 
0.08 

3.75 
3.73 

3.66 
3.71 

0.05 
6.37 

6.64 
6.79 

6.60 
0.21 

IPI00022371.1 
H

istidine-rich 
glycoprapotein 

7.09 
59.54 

0.26 
0.26 

0.28 
0.27 

0.01 
3.14 

3.17 
3.18 

3.16 
0.02 

4.42 
5.16 

4.59 
4.72 

0.39 

IPI00022445.1 
Platelet basic protein 

9.04 
13.89 

3.71 
3.75 

4.18 
3.88 

0.26 
3.00 

3.33 
3.07 

3.14 
0.17 

4.32 
4.55 

4.51 
4.46 

0.12 

IPI00022446.1 
Platelet factor 4 

8.93 
10.84 

8.95 
8.36 

8.39 
8.57 

0.33 
3.55 

3.32 
3.64 

3.51 
0.16 

4.09 
4.08 

3.87 
4.01 

0.12 

IPI00022394.2 
C

om
plem

ent C
1q 

subcom
ponent subunit C

 
8.61 

25.76 
3.47 

2.81 
3.28 

3.19 
0.34 

0.82 
0.86 

0.72 
0.80 

0.07 
4.08 

3.96 
3.76 

3.93 
0.16 

IPI00022392.1 
C

om
plem

ent C
1q 

subcom
ponent subunit A

 
9.26 

26.00 
2.30 

2.39 
2.56 

2.42 
0.13 

0.62 
0.76 

0.80 
0.73 

0.09 
3.44 

3.82 
3.58 

3.61 
0.19 

IPI00026314.1 
Isoform

 1 of G
elsolin 

5.90 
85.64 

0.61 
0.57 

0.74 
0.64 

0.09 
2.01 

2.19 
2.18 

2.13 
0.10 

3.40 
3.49 

3.41 
3.44 

0.05 

IPI00021855.1 
A

polipoprotein C
-I 

8.01 
9.33 

0.95 
0.51 

0.69 
0.72 

0.22 
5.83 

6.81 
6.19 

6.28 
0.50 

3.07 
3.50 

3.13 
3.23 

0.23 

IPI00783987.2 
C

om
plem

ent C
3 

(Fragm
ent) 

6.02 
187.03 

1.99 
1.99 

2.01 
2.00 

0.01 
1.53 

1.59 
1.59 

1.57 
0.04 

2.65 
2.60 

2.70 
2.65 

0.05 

IPI00019568.1 
Prothrom

bin (Fragm
ent) 

5.64 
69.99 

2.76 
2.56 

2.78 
2.70 

0.13 
1.41 

1.51 
1.47 

1.46 
0.05 

2.47 
2.34 

2.70 
2.51 

0.18 

IPI00745872.2 
Serum

 album
in 

5.92 
69.32 

1.33 
1.24 

1.25 
1.27 

0.05 
8.83 

9.32 
8.89 

9.01 
0.27 

2.53 
2.52 

2.45 
2.50 

0.04 

IPI00967849.1 
C

1Q
B

 U
ncharacterized 

protein 
8.83 

26.44 
1.48 

1.52 
1.71 

1.57 
0.12 

0.23 
0.38 

0.30 
0.11 

2.24 
2.11 

2.31 
2.22 

0.10 

IPI00785084.2 
IG

H
G

1 
8.91 

51.05 
2.10 

2.09 
2.10 

0.01 

IPI00876888.1 
IG

H
G

1 
8.44 

51.56 
3.21 

3.07 
3.14 

0.10 
0.67 

0.73 
0.76 

0.72 
0.04 

2.00 
2.07 

2.03 
0.05 

IPI00784817.1 
IG

H
G

1 
8.64 

52.33 
2.83 

2.92 
2.88 

0.07 
1.89 

2.04 
1.96 

0.11 

IPI00298828.3 
A

PO
H

 
B

eta-2-glycoprotein 1 
8.34 

38.27 
1.92 

1.79 
2.06 

1.92 
0.13 

0.96 
0.94 

0.93 
0.94 

0.02 
2.07 

1.83 
1.84 

1.91 
0.13 
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3 

IPI00969456.1 
IG

K
C

 Putative 
uncharacterized protein 

8.17 
25.79 

0.93 
0.93 

0.81 
0.89 

0.07 
1.85 

1.95 
1.88 

1.89 
0.05 

IPI00887154.2 
C

om
plem

ent com
ponent 

4B
 

6.89 
192.63 

0.64 
0.63 

0.73 
0.67 

0.05 
0.46 

0.42 
0.44 

0.03 
1.80 

1.81 
1.81 

0.01 

IPI00853045.1 
IG

K
C

 A
nti-R

hD
 

m
onoclonal T125 kappa 

light chain 

8.69 
25.68 

3.62 
3.55 

3.58 
0.03 

1.75 
1.88 

1.77 
1.80 

0.07 

IPI00021841.1 
A

polipoprotein A
-I 

5.56 
30.76 

2.21 
2.21 

2.41 
2.28 

0.11 
9.44 

10.11 
9.63 

9.73 
0.35 

1.77 
2.03 

1.50 
1.77 

0.27 

IPI00657670.1 
A

polipoprotein C
-III 

variant 1 
7.90 

12.81 
3.37 

2.91 
2.82 

3.04 
0.30 

6.67 
6.15 

6.05 
6.29 

0.34 
1.22 

1.43 
1.78 

1.48 
0.28 

IPI00032328.2 
Isoform

 H
M

W
 of 

K
ininogen-1 

6.33 
71.91 

1.46 
1.35 

1.51 
1.44 

0.08 
2.96 

2.93 
2.84 

2.91 
0.06 

1.41 
1.37 

1.33 
1.37 

0.04 

IPI00032179.3 
SER

PIN
C

1 
A

ntithrom
bin-III 

6.32 
52.57 

1.01 
1.16 

1.18 
1.12 

0.09 
0.69 

0.56 
0.64 

0.63 
0.06 

1.45 
1.32 

1.27 
1.35 

0.09 

IPI00017696.1 
C

om
plem

ent C
1s 

subcom
ponent 

4.86 
76.63 

0.55 
0.63 

0.66 
0.61 

0.06 
0.16 

0.17 
0.18 

0.17 
0.01 

1.21 
1.30 

1.19 
1.23 

0.06 

IPI00021856.3 
A

polipoprotein C
-II 

4.72 
11.28 

1.05 
1.31 

1.26 
1.21 

0.14 
1.16 

1.10 
1.08 

1.11 
0.04 

1.15 
1.09 

1.20 
1.14 

0.06 

IPI00418153.1 
IG

H
M

 Putative 
uncharacterized protein 

D
K

FZp686I15212 

8.39 
56.98 

1.85 
1.59 

1.86 
1.77 

0.15 
0.46 

0.50 
0.54 

0.50 
0.04 

1.02 
1.23 

1.12 
1.12 

0.11 

IPI00021727.1 
C

4b-binding protein 
alpha chain 

7.15 
66.99 

0.28 
0.34 

0.37 
0.33 

0.04 
0.88 

0.92 
0.88 

0.89 
0.02 

1.01 
1.17 

1.14 
1.10 

0.08 

IPI00296165.6 
C

1R
 cD

N
A

 FLJ54471, 
highly sim

ilar to 
C

om
plem

ent C
1r 

subcom
ponent 

5.96 
81.84 

0.52 
0.53 

0.54 
0.53 

0.01 
0.14 

0.13 
0.16 

0.14 
0.02 

1.04 
1.13 

1.11 
1.09 

0.05 

IPI00399007.7 
IG

H
G

2 Putative 
uncharacterized protein 

D
K

FZp686I04196 
(Fragm

ent) 

7.63 
46.03 

1.04 
1.13 

1.08 
0.06 

IPI00654888.4 
K

LK
B

1 Plasm
a 

kallikrein 
8.60 

71.32 
1.10 

0.97 
1.19 

1.09 
0.11 

0.82 
0.88 

0.84 
0.85 

0.03 
1.02 

1.09 
1.12 

1.08 
0.05 

IPI00792115.1 
C

LEC
3B

 Putative 
uncharacterized protein 

D
K

FZp686H
17246 

4.96 
17.78 

2.36 
2.26 

2.21 
2.28 

0.08 
0.95 

1.03 
0.79 

0.92 
0.13 

1.00 
1.15 

1.00 
1.05 

0.09 

IPI00827875.1 
Lam

bda-chain 
7.54 

24.64 
1.27 

1.56 
1.73 

1.52 
0.23 

0.67 
0.80 

0.60 
0.69 

0.10 
1.05 

0.97 
1.01 

0.06 

IPI00021854.1 
A

polipoprotein A
-II 

6.27 
11.17 

1.32 
1.43 

1.39 
1.38 

0.05 
1.87 

2.15 
1.93 

1.98 
0.15 

0.79 
1.04 

1.15 
0.99 

0.18 

IPI00011264.2 
C

om
plem

ent factor 
7.39 

37.63 
0.52 

0.50 
0.48 

0.50 
0.02 

0.85 
0.76 

0.87 
0.83 

0.06 
0.83 

0.87 
0.83 

0.84 
0.02 
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4 

H
-related protein 1

IPI00019581.2 
C

oagulation factor X
II 

8.04 
67.75 

1.63 
1.49 

1.66 
1.60 

0.09 
0.50 

0.61 
0.57 

0.56 
0.06 

0.89 
0.85 

0.79 
0.84 

0.05 

IPI00954954.1 
clusterin isoform

 3 
5.89 

53.61 
0.85 

0.86 
0.91 

0.88 
0.03 

1.57 
1.46 

1.57 
1.53 

0.07 
0.75 

0.71 
0.81 

0.76 
0.05 

IPI00296099.6 
Throm

bospondin-1 
4.71 

129.30 
1.06 

1.06 
1.05 

1.06 
0.00 

0.69 
0.67 

0.70 
0.69 

0.02 
0.74 

0.78 
0.70 

0.74 
0.04 

IPI00946337.1 
IG

H
M

 52 kD
a protein 

5.79 
51.82 

0.63 
0.71 

0.68 
0.67 

0.04 
0.42 

0.40 
0.48 

0.43 
0.04 

0.64 
0.54 

0.62 
0.60 

0.06 

IPI00329775.8 
C

PB
2 Isoform

 1 of 
C

arboxypeptidase B
2 

7.61 
48.39 

0.20 
0.24 

0.24 
0.23 

0.03 
0.09 

0.12 
0.09 

0.10 
0.01 

0.65 
0.48 

0.62 
0.58 

0.09 

IPI00916434.1 
A

nti-(ED
-B

) scFV
 

(Fragm
ent) 

8.35 
25.13 

0.54 
0.61 

0.44 
0.53 

0.09 
0.18 

0.20 
0.19 

0.01 
0.52 

0.65 
0.57 

0.58 
0.07 

IPI00964994.1 
H

A
B

P2 
hyaluronan-binding 
protein 2 isoform

 2 

5.99 
59.82 

0.17 
0.20 

0.23 
0.20 

0.03 
0.08 

0.09 
0.10 

0.09 
0.01 

0.57 
0.49 

0.55 
0.54 

0.04 

IPI00292530.1 
Inter-alpha-trypsin 

inhibitor heavy chain H
1 

6.31 
101.33 

0.19 
0.26 

0.28 
0.24 

0.05 
0.14 

0.13 
0.12 

0.13 
0.01 

0.51 
0.48 

0.48 
0.49 

0.02 

IPI00019580.1 
G

ene_Sym
bol=PLG

 
Plasm

inogen 
7.04 

90.51 
0.18 

0.22 
0.22 

0.21 
0.02 

0.56 
0.53 

0.50 
0.53 

0.03 
0.50 

0.45 
0.49 

0.48 
0.02 

IPI00022395.1 
C

om
plem

ent com
ponent 

C
9 

5.43 
63.13 

0.74 
0.70 

0.87 
0.77 

0.09 
0.17 

0.23 
0.20 

0.20 
0.03 

0.44 
0.46 

0.48 
0.46 

0.02 

IPI00922213.2 
FN

1 cD
N

A
 FLJ53292, 

highly sim
ilar to H

om
o 

sapiens fibronectin 1 
(FN

1), transcript variant 
5, m

R
N

A
 

5.83 
111.23 

0.04 
0.05 

0.04 
0.00 

0.45 
0.42 

0.45 
0.44 

0.02 

IPI00903293.2 
IG

FB
P3 cD

N
A

 
FLJ52568, highly sim

ilar 
to Insulin-like grow

th 
factor-binding protein 3 

9.24 
30.12 

0.36 
0.47 

0.43 
0.42 

0.06 

IPI00956602.1 
IG

LV
1-44 

A
nti-streptococcal/anti-

m
yosin im

m
unoglobulin 

lam
bda light chain 

variable region 
(Fragm

ent) 

6.32 
11.59 

0.53 
0.31 

0.42 
0.16 

IPI00029739.5 
Isoform

 1 of 
C

om
plem

ent factor H
 

6.21 
139.00 

0.31 
0.29 

0.32 
0.31 

0.02 
0.83 

0.78 
0.87 

0.83 
0.04 

0.40 
0.41 

0.36 
0.39 

0.02 

IPI00939824.1 
141 kD

a protein 
6.66 

140.85 
0.23 

0.24 
0.25 

0.24 
0.01 

0.11 
0.13 

0.14 
0.13 

0.02 
0.37 

0.36 
0.37 

0.01 

IPI00945846.1 
PR

SS1 28 kD
a protein 

6.92 
28.10 

0.80 
0.44 

0.67 
0.64 

0.18 
0.26 

0.26 
0.33 

0.29 
0.04 

0.49 
0.41 

0.20 
0.37 

0.15 

PREOMICS EXHIBIT 1008 
Page 12 of 19



5 

IPI00645038.1 
Inter-alpha (G

lobulin) 
inhibitor H

2 
6.56 

105.15 
0.00 

0.00 
0.00 

0.36 
0.38 

0.36 
0.36 

0.01 

IPI00220327.4 
K

eratin, type II 
cytoskeletal 1 

8.15 
66.00 

0.16 
0.17 

0.19 
0.17 

0.01 
0.54 

0.48 
0.50 

0.50 
0.03 

0.33 
0.32 

0.39 
0.35 

0.04 

IPI00008556.1 
Isoform

 1 of C
oagulation 

factor X
I 

8.47 
70.06 

0.78 
0.68 

0.85 
0.77 

0.09 
0.34 

0.34 
0.38 

0.35 
0.02 

0.36 
0.36 

0.30 
0.34 

0.03 

IPI00847381.1 
SEPP1 selenoprotein P 

isoform
 2 

8.17 
45.70 

0.17 
0.20 

0.18 
0.02 

0.35 
0.36 

0.32 
0.34 

0.02 
0.28 

0.39 
0.34 

0.34 
0.05 

IPI00022229.2 
A

polipoprotein B
-100 

6.58 
515.28 

0.51 
0.53 

0.55 
0.53 

0.02 
0.13 

0.15 
0.14 

0.14 
0.01 

0.31 
0.30 

0.29 
0.30 

0.01 

IPI00855916.1 
Transthyretin 

5.16 
20.19 

0.49 
0.56 

0.66 
0.57 

0.08 
0.24 

0.35 
0.29 

0.08 

IPI00011261.2 
C

om
plem

ent com
ponent 

C
8 gam

m
a chain 

8.49 
22.26 

0.21 
0.24 

0.29 
0.25 

0.04 
0.00 

0.00 
0.00 

0.31 
0.24 

0.29 
0.28 

0.03 

IPI00007221.2 
SER

PIN
A

5 Plasm
a 

serine protease inhibitor 
9.30 

45.65 
0.09 

0.13 
0.13 

0.12 
0.02 

0.10 
0.12 

0.09 
0.10 

0.01 
0.30 

0.24 
0.25 

0.26 
0.03 

IPI00294004.1 
PR

O
S1 V

itam
in 

K
-dependent protein S

5.48 
75.07 

0.17 
0.18 

0.18 
0.18 

0.01 
0.15 

0.13 
0.14 

0.14 
0.01 

0.25 
0.26 

0.25 
0.25 

0.01 

IPI00785067.1 
LO

C
100126583 

5.89 
51.96 

0.22 
0.27 

0.24 
0.03 

0.10 
0.11 

0.10 
0.10 

0.01 
0.18 

0.26 
0.22 

0.05 

IPI00294395.1 
C

om
plem

ent com
ponent 

C
8 beta chain 

8.50 
67.00 

0.03 
0.03 

0.03 
0.03 

0.00 
0.19 

0.21 
0.24 

0.22 
0.03 

IPI00019038.1 
Lysozym

e C
 

9.38 
16.53 

0.17 
0.13 

0.11 
0.14 

0.03 
0.21 

0.25 
0.13 

0.19 
0.06 

IPI00386879.1 
IG

H
A

1 cD
N

A
 FLJ14473 

fis, clone 
M

A
M

M
A

1001080, 
highly sim

ilar to H
om

o 
sapiens SN

C
73 protein 

(SN
C

73) m
R

N
A

 

6.46 
53.05 

0.00 
0.00 

0.00 
0.19 

0.19 
0.19 

0.00 

IPI00009865.4 
K

eratin, type I 
cytoskeletal 10 

5.13 
58.79 

0.11 
0.11 

0.10 
0.11 

0.01 
0.26 

0.30 
0.29 

0.29 
0.02 

0.22 
0.15 

0.19 
0.19 

0.04 

IPI00011832.1 
SPP2

Secreted 
phosphoprotein 24 

8.59 
24.32 

0.32 
0.22 

0.37 
0.30 

0.08 
0.13 

0.16 
0.13 

0.14 
0.02 

0.20 
0.11 

0.23 
0.18 

0.06 

IPI00029717.1 
Isoform

 2 of Fibrinogen 
alpha chain 

8.24 
69.71 

0.07 
0.06 

0.07 
0.07 

0.01 
0.36 

0.38 
0.37 

0.01 
0.18 

0.19 
0.17 

0.18 
0.01 

IPI00879231.1 
SER

PIN
F2 

A
lpha-2-antiplasm

in 
5.87 

54.53 
0.14 

0.16 
0.20 

0.17 
0.03 

0.23 
0.19 

0.26 
0.23 

0.04 
0.18 

0.12 
0.23 

0.18 
0.06 

IPI00021304.1 
K

eratin, type II 
cytoskeletal 2 epiderm

al 
8.07 

65.83 
0.05 

0.10 
0.07 

0.07 
0.02 

0.28 
0.21 

0.23 
0.24 

0.04 
0.16 

0.17 
0.17 

0.16 
0.01 

IPI00006114.5 
SER

PIN
F1 Pigm

ent 
epithelium

-derived factor 
5.97 

46.28 
0.05 

0.04 
0.08 

0.06 
0.02 

0.02 
0.02 

0.05 
0.03 

0.02 
0.24 

0.15 
0.09 

0.16 
0.07 
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6 

IPI00478809.4 
F5 C

oagulation factor V
 

5.68 
251.55 

0.12 
0.13 

0.12 
0.12 

0.01 
0.08 

0.08 
0.08 

0.08 
0.00 

0.16 
0.15 

0.13 
0.15 

0.01 

IPI00879931.1 
SER

PIN
G

1 cD
N

A
 

FLJ58826, highly sim
ilar 

to Plasm
a protease C

1 
inhibitor 

6.28 
59.45 

0.00 
0.00 

0.00 
0.10 

0.18 
0.14 

0.05 

IPI00656092.1 
Isoform

 F of 
Proteoglycan 4 

9.50 
146.38 

0.08 
0.09 

0.13 
0.10 

0.03 
0.11 

0.11 
0.11 

0.00 
0.15 

0.12 
0.14 

0.02 

IPI00964840.1 
IG

J U
ncharacterized 
protein 

5.92 
17.67 

0.00 
0.00 

0.00 
0.15 

0.12 
0.12 

0.13 
0.02 

IPI00010295.1 
C

arboxypeptidase N
 

catalytic chain 
6.86 

52.25 
0.03 

0.05 
0.07 

0.05 
0.02 

0.09 
0.12 

0.14 
0.11 

0.02 

IPI00847179.1 
apolipoprotein A

-IV
 

precursor 
5.28 

45.34 
0.87 

0.89 
0.86 

0.87 
0.01 

0.12 
0.09 

0.11 
0.02 

IPI00553177.1 
SER

PIN
A

1 Isoform
 1 of 

A
lpha-1-antitrypsin 

5.37 
46.71 

0.09 
0.10 

0.07 
0.09 

0.02 
0.29 

0.32 
0.32 

0.31 
0.01 

0.10 
0.13 

0.08 
0.10 

0.03 

IPI00027462.1 
Protein S100-A

9 
5.71 

13.23 
0.18 

0.20 
0.19 

0.01 
0.00 

0.00 
0.00 

0.10 
0.10 

0.10 
0.00 

IPI00019359.4 
K

eratin, type I 
cytoskeletal 9 

5.14 
62.03 

0.19 
0.19 

0.19 
0.19 

0.00 
0.10 

0.10 
0.10 

0.10 
0.00 

IPI00843942.1 
C

om
plem

ent factor 
H

-related protein 5
6.81 

64.38 
0.17 

0.15 
0.16 

0.02 
0.16 

0.16 
0.13 

0.15 
0.02 

0.07 
0.08 

0.13 
0.10 

0.03 

IPI00292532.6 
C

athelicidin 
antim

icrobial peptide 
precursor 

9.48 
19.58 

0.06 
0.07 

0.06 
0.00 

0.05 
0.07 

0.04 
0.05 

0.02 
0.07 

0.10 
0.11 

0.09 
0.02 

IPI00896419.3 
Isoform

 1 of 
Inter-alpha-trypsin 

inhibitor heavy chain H
4 

6.51 
103.29 

1.54 
1.59 

1.53 
1.56 

0.03 
0.11 

0.07 
0.09 

0.09 
0.02 

IPI00879573.1 
SER

PIN
D

1 H
eparin 

cofactor 2 
6.41 

57.03 
0.08 

0.08 
0.08 

0.00 
0.09 

0.12 
0.11 

0.11 
0.01 

0.06 
0.07 

0.07 
0.01 

IPI00641737.1 
H

aptoglobin 
6.28 

46.69 
0.18 

0.17 
0.25 

0.20 
0.04 

0.10 
0.04 

0.05 
0.06 

0.03 

IPI00019576.1 
F10 C

oagulation factor 
X

 
5.68 

54.70 
0.45 

0.52 
0.51 

0.49 
0.03 

0.05 
0.03 

0.03 
0.03 

0.01 
0.06 

0.06 
0.07 

0.06 
0.00 

IPI00925635.1 
IG

FA
LS insulin-like 

grow
th factor-binding 

protein com
plex acid 

labile subunit isoform
 1 

precursor 

6.48 
70.19 

0.04 
0.05 

0.05 
0.05 

0.01 
0.05 

0.09 
0.05 

0.06 
0.02 

IPI00554504.1 
K

R
IT1 krev interaction 

trapped protein 1 isoform
 

2 

8.97 
78.60 

0.00 
0.00 

0.00 
0.06 

0.06 
0.06 

0.00 
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7 

IPI00021364.1 
C

FP Properdin 
8.32 

51.24 
0.09 

0.08 
0.11 

0.10 
0.02 

0.02 
0.01 

0.03 
0.02 

0.01 
0.04 

0.07 
0.06 

0.05 
0.01 

IPI00025204.1 
C

D
5 antigen-like 

5.28 
38.06 

0.03 
0.03 

0.03 
0.00 

0.06 
0.07 

0.08 
0.07 

0.01 
0.04 

0.07 
0.05 

0.03 

IPI00914948.1 
apolipoprotein L1 

isoform
 c precursor 

5.58 
42.13 

0.07 
0.07 

0.06 
0.07 

0.01 
0.08 

0.10 
0.09 

0.01 
0.06 

0.03 
0.05 

0.02 

IPI00032311.4 
Lipopolysaccharide-bind

ing protein 
6.23 

53.35 
0.02 

0.08 
0.07 

0.06 
0.03 

0.08 
0.08 

0.08 
0.00 

0.05 
0.06 

0.03 
0.05 

0.02 

IPI00032291.2 
C

om
plem

ent C
5 

6.11 
188.19 

0.06 
0.08 

0.05 
0.06 

0.01 
0.04 

0.03 
0.03 

0.03 
0.00 

0.04 
0.04 

0.05 
0.04 

0.00 

IPI00947307.1 
C

P cD
N

A
 FLJ58075, 

highly sim
ilar to 

C
eruloplasm

in 

5.49 
108.75 

0.00 
0.00 

0.00 
0.04 

0.03 
0.04 

0.01 

IPI00967086.1 
H

G
FA

C
 U

ncharacterized 
protein 

6.69 
71.44 

0.03 
0.03 

0.04 
0.03 

0.00 
0.05 

0.02 
0.03 

0.02 

IPI00645849.1 
EC

M
1 Isoform

 4 of 
Extracellular m

atrix 
protein 1 

6.43 
63.52 

0.01 
0.01 

0.02 
0.01 

0.00 
0.04 

0.02 
0.03 

0.03 
0.01 

IPI00029168.1 
A

polipoprotein(a) 
5.58 

501.00 
0.03 

0.03 
0.03 

0.03 
0.00 

0.00 
0.00 

0.00 
0.03 

0.03 
0.03 

0.03 
0.00 

IPI00478003.3 
A

lpha-2-m
acroglobulin 

6.03 
163.19 

0.04 
0.05 

0.05 
0.05 

0.00 
0.03 

0.03 
0.02 

0.03 
0.01 

IPI00298497.3 
 Fibrinogen beta chain 

8.54 
55.89 

0.06 
0.10 

0.10 
0.09 

0.02 
0.08 

0.04 
0.07 

0.06 
0.02 

0.02 
0.03 

0.02 
0.00 

IPI00297550.8 
F13A

1 C
oagulation 

factor X
III A

 chain 
5.75 

83.21 
0.00 

0.00 
0.00 

0.02 
0.02 

0.02 
0.00 

IPI00879709.3 
C

om
plem

ent com
ponent 

6 precursor 
6.41 

105.68 
0.03 

0.02 
0.05 

0.04 
0.02 

0.07 
0.09 

0.09 
0.08 

0.01 
0.03 

0.02 
0.02 

0.01 

IPI00215894.1 
 Isoform

 LM
W

 of 
K

ininogen-1 
6.29 

47.85 
2.00 

2.02 
2.01 

0.01 
4.30 

4.26 
4.15 

4.24 
0.07 

IPI00944960.1 
ITIH

4 protein 
6.43 

103.82 
0.04 

0.06 
0.05 

0.02 
1.48 

1.47 
1.48 

0.01 

IPI00896413.1 
inter-alpha (globulin) 
inhibitor H

4 isoform
 2 

precursor 

6.06 
99.80 

1.48 
1.47 

1.47 
0.00 

IPI00784985.1 
IG

K
@

 IG
K

@
 protein 

6.14 
25.50 

3.73 
3.69 

3.71 
0.03 

0.97 
0.86 

0.91 
0.08 

IPI00550731.2 
Putative uncharacterized 

protein 
8.24 

26.22 
3.57 

3.50 
3.53 

0.03 
0.90 

0.92 
0.91 

0.01 

IPI00304273.2 
A

polipoprotein A
-IV

 
5.28 

45.37 
0.22 

0.24 
0.23 

0.01 
0.87 

0.92 
0.89 

0.89 
0.02 

IPI00552578.2 
SA

A
1 

6.28 
13.52 

0.57 
0.55 

0.61 
0.58 

0.03 

IPI00953689.1 
A

lpha-2-H
S-glycoprotei
n 

5.43 
39.30 

0.48 
0.44 

0.46 
0.46 

0.02 
0.58 

0.49 
0.55 

0.54 
0.04 
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8 

IPI00930442.1 
IG

H
G

4 Putative 
uncharacterized protein 

D
K

FZp686M
24218 

7.89 
52.39 

0.38 
0.38 

0.38 
0.00 

IPI00556155.2 
insulin-like grow

th factor 
binding protein 3 

isoform
 a precursor 

8.96 
32.20 

0.31 
0.33 

0.28 
0.30 

0.03 

IPI00006146.4 
SA

A
1 

9.20 
13.52 

0.29 
0.29 

0.29 
0.29 

0.00 

IPI00019399.2 
G

ene_Sym
bol=SA

A
4 

Serum
 am

yloid A
-4 

protein 

9.17 
14.74 

0.22 
0.34 

0.24 
0.26 

0.06 

IPI00022488.1 
H

PX
 H

em
opexin 

6.55 
51.64 

0.23 
0.21 

0.22 
0.22 

0.01 

IPI00022463.2 
TF Serotransferrin 

6.81 
77.01 

0.17 
0.23 

0.22 
0.21 

0.03 

IPI00855777.2 
FN

1 Isoform
 14 of 

Fibronectin 
5.66 

249.25 
0.20 

0.19 
0.21 

0.20 
0.01 

IPI00022731.1 
A

polipoprotein C
-IV

 
9.19 

14.54 
0.22 

0.22 
0.15 

0.20 
0.04 

IPI00968027.1 
G

C
 U

ncharacterized 
protein 

5.47 
55.04 

0.18 
0.22 

0.18 
0.19 

0.02 

IPI00423462.5 
IG

H
A

1 Putative 
uncharacterized protein 

D
K

FZp686K
18196 

(Fragm
ent) 

6.52 
56.39 

0.21 
0.22 

0.21 
0.01 

0.16 
0.20 

0.18 
0.02 

IPI00305461.4 
Inter-alpha (G

lobulin) 
inhibitor H

2, isoform
 

C
R

A
_a 

6.48 
106.50 

0.18 
0.19 

0.19 
0.00 

0.15 
0.19 

0.17 
0.17 

0.02 

IPI00607707.2 
Isoform

 2 of 
H

aptoglobin-related 
protein 

6.66 
43.05 

0.13 
0.10 

0.21 
0.15 

0.06 

IPI00556459.2 
SER

PIN
G

1 cD
N

A
 

FLJ58564, highly sim
ilar 

to Plasm
a protease C

1 
inhibitor 

6.08 
49.73 

0.14 
0.13 

0.12 
0.13 

0.01 

IPI00032293.1 
C

ST3 C
ystatin-C

 
9.00 

15.79 
0.09 

0.13 
0.16 

0.13 
0.04 

IPI00924574.1 
A

PO
D

 U
ncharacterized 

protein 
5.45 

24.14 
0.15 

0.12 
0.12 

0.13 
0.02 

IPI00956313.1 
K

R
T6C

 58 kD
a protein 

8.09 
58.29 

0.11 
0.11 

0.11 
0.00 

IPI00555752.2 
Isoform

 2 of 
C

4b-binding protein beta 
chain 

5.05 
28.27 

0.08 
0.06 

0.09 
0.08 

0.01 
0.12 

0.09 
0.11 

0.11 
0.02 
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9 

IPI00218732.4 
Serum

 
paraoxonase/arylesterase 

1 

5.08 
39.71 

0.11 
0.10 

0.12 
0.11 

0.01 

IPI00384444.6 
K

eratin, type I 
cytoskeletal 14 

5.09 
51.53 

0.11 
0.12 

0.08 
0.11 

0.02 

IPI00784950.1 
LO

C
100126583 

5.48 
51.61 

0.22 
0.26 

0.24 
0.03 

0.10 
0.10 

0.10 
0.00 

IPI00964000.1 
IG

J U
ncharacterized 
protein 

5.41 
18.11 

0.20 
0.21 

0.20 
0.01 

0.06 
0.12 

0.12 
0.10 

0.03 

IPI00008554.1 
A

N
G

 A
ngiogenin 

9.73 
16.54 

0.11 
0.12 

0.11 
0.01 

0.06 
0.09 

0.09 
0.08 

0.01 

IPI00796364.1 
K

R
T31 51 kD

a protein 
4.97 

50.64 
0.08 

0.08 
0.05 

0.07 
0.02 

IPI00974160.1 
FG

G
 Putative 

uncharacterized protein 
D

K
FZp779N

0926 
(Fragm

ent) 

5.76 
45.06 

0.08 
0.07 

0.08 
0.01 

0.09 
0.04 

0.06 
0.03 

IPI00296608.6 
C

om
plem

ent com
ponent 

C
7 

6.09 
93.46 

0.06 
0.05 

0.05 
0.06 

0.01 

IPI00022426.1 
A

M
B

P Protein A
M

B
P 

5.95 
38.97 

0.08 
0.05 

0.06 
0.02 

0.05 
0.07 

0.04 
0.05 

0.02 

IPI00299738.1 
Procollagen 

C
-endopeptidase 

enhancer 1 

7.41 
47.94 

0.05 
0.03 

0.08 
0.05 

0.03 

IPI00032541.1 
K

eratin, type II cuticular 
H

b5 
6.27 

55.77 
0.04 

0.04 
0.04 

0.00 

IPI00165972.3 
C

om
plem

ent factor D
 

preproprotein 
6.82 

27.76 
0.03 

0.05 
0.04 

0.04 
0.01 

IPI00884107.1 
H

B
B

 B
eta-globin gene 

from
 a thalassem

ia 
patient 

6.28 
18.92 

0.04 
0.04 

0.04 
0.00 

IPI00011252.1 
C

om
plem

ent com
ponent 

C
8 alpha chain 

6.07 
65.12 

0.04 
0.07 

0.05 
0.05 

0.02 
0.03 

0.03 
0.04 

0.03 
0.01 

IPI00022895.8 
Isoform

 1 of 
A

lpha-1B
-glycoprotein 

5.56 
54.22 

0.03 
0.03 

0.04 
0.03 

0.01 

IPI00296176.2 
F9 C

oagulation factor IX
 

5.34 
51.74 

0.15 
0.11 

0.12 
0.13 

0.02 
0.02 

0.03 
0.04 

0.03 
0.01 

IPI00966295.1 
C

FI Light chain of factor 
I 

7.72 
65.02 

0.01 
0.04 

0.03 
0.03 

0.02 

IPI00012269.3 
M

M
R

N
1 Isoform

 1 of 
M

ultim
erin-1 

8.15 
138.02 

0.06 
0.06 

0.06 
0.06 

0.00 
0.02 

0.03 
0.03 

0.02 
0.01 

IPI00872013.1 
Q

SO
X

1 U
ncharacterized 

protein 
8.85 

66.80 
0.01 

0.04 
0.02 

0.02 
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10 

IPI00847635.1 
SER

PIN
A

3 Isoform
 1 of 

A
lpha-1-antichym

otrypsi
n 

5.33 
47.62 

0.02 
0.04 

0.03 
0.01 

0.01 
0.03 

0.02 
0.02 

0.01 

IPI00908365.1 
A

G
T cD

N
A

 FLJ52255, 
highly sim

ilar to 
A

ngiotensinogen 

5.64 
44.38 

0.02 
0.02 

0.02 
0.00 

IPI00973177.1 
LTB

P1 Isoform
 4 of 

Latent-transform
ing 

grow
th factor 

beta-binding protein 1 

5.63 
186.74 

0.01 
0.01 

0.01 
0.00 

IPI00783931.3 
C

O
L18A

1 Isoform
 1 of 

C
ollagen alpha-1(X

V
III) 

chain 

5.67 
178.08 

0.00 
0.01 

0.01 
0.00 

IPI00384938.1 
IG

H
G

1 
8.75 

52.82 
3.05 

2.88 
2.96 

0.12 

IPI00022391.1 
A

PC
S Serum

 am
yloid 

P-com
ponent

6.10 
25.37 

1.45 
1.26 

1.37 
1.36 

0.09 

IPI00887169.2 
IG

LV
1-44 Putative 

uncharacterized protein 
7.59 

25.01 
1.09 

1.37 
1.23 

0.20 

IPI00930072.1 
IG

H
G

2 Putative 
uncharacterized protein 

D
K

FZp686E23209 

7.51 
51.50 

1.24 
1.13 

1.25 
1.21 

0.07 

IPI00829640.1 
IG

LV
3-19 IG

L@
 protein 

6.29 
24.84 

0.71 
0.88 

0.80 
0.12 

IPI00017601.1 
C

P C
eruloplasm

in 
5.44 

122.13 
0.72 

0.70 
0.70 

0.71 
0.01 

IPI00827906.1 
A

nti-m
ucin1 light chain 

variable region 
(Fragm

ent) 

8.64 
11.61 

0.41 
0.50 

0.45 
0.07 

IPI00743194.2 
K

appa light chain 
variable region 

(Fragm
ent) 

6.70 
13.17 

0.36 
0.45 

0.40 
0.05 

IPI00291866.5 
SER

PIN
G

1 Plasm
a 

protease C
1 inhibitor 

6.09 
55.12 

0.40 
0.38 

0.42 
0.40 

0.02 

IPI00940493.1 
cD

N
A

 FLJ51179, highly 
sim

ilar to V
itam

in 
K

-dependent protein C

8.24 
46.03 

0.41 
0.35 

0.42 
0.39 

0.04 

IPI00827829.1 
 H

R
V

 
Fab 

N
8-V

L 
(Fragm

ent) 
6.54 

12.80 
0.46 

0.20 
0.33 

0.18 

IPI00827891.2 
Im

m
unoglobulin V

-set 
dom

ain containing 
protein 

7.74 
13.03 

0.14 
0.25 

0.19 
0.08 
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11 

IPI00007047.1 
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