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Abstract: Nanoparticles, as a novel material, have a wide range of applications in the food and
biomedical fields. Nanoparticles spontaneously adsorb proteins in the biological environment,
and tens or even hundreds of proteins can form protein corona on the surface of nanoparticles.
The formation of protein corona on the surface of nanoparticles is one of the key factors
affecting the stability, biocompatibility, targeting, and drug release properties of nanoparticles.
The formation mechanism of protein corona is affected by a variety of factors, including the
surface chemical properties, sizes, and shapes of nanoparticles and the types, concentrations,
and pH of proteins. Studies have shown that the protein structure is associated with protein
distribution on the nanoparticle surface, while the protein conformation affects the binding
mode and stability of the protein on the nanoparticle surface. Since the mechanism of the
formation of protein corona on the surface of nanoparticles is complex, the roles of multiple
factors need to be considered comprehensively. Understanding the mechanisms and influencing
factors of the formation of protein corona will help us to understand the process of protein
corona formation and control the formation of protein corona for specific needs. In this paper,
we summarize the recent studies on the mechanisms and influencing factors of the formation of
protein corona on the surface of nanoparticles, with a view to providing a theoretical basis for
in-depth research on protein corona.
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Figure 3 Comparison of the formation of protein
corona on the surface of AuNPs of ovispirin and
lysozyme!*.
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Figure 6 Effect of four rigid silicon nanocapsules
on protein corona formation'**.
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SR 1 R 55 T REHE SN T ML Z1 8K 1R NPs 2 [7]
A AR . Huber ZEP2HWF5E T pH X 4K A
FNPs Z [ PR 5200 . 78 pH {E M 3.5 F110.0
i, A I 2 B S A AR AR A, TIAE pH o 5.1
1 6.0 B, 113 F 25 F(bovine serum albumin,
BSA)f£ NPs FMIAT s ZIA WM, B e i
HC, S8 fT % . Givens 298 T % BSA
SRR B 4 J8 E Ak TiO,NPs F1 SiO,NPs
FEAE FURIERYE pH T AOA AR o 38 2 (5 FH 20
4 S A B I AR 8 2T AR Sl 3 R B ER 43 B R
PS5 P R (S B pH A NPs AR 22
St EFANIE 7 fiR , BSA 7E TiO,NPs fil SiO,NPs
FE ) TR M pH B REAR MRS , 7281 pH
T, BSA 7£ TiO,NPs |54 JF, MMi7E SiO,NPs
R IEMY S

pH X 155 NPs 454 A BAE A i
fRKEE ML, Wang =58 T ARSI NPs (solid
lipid nanoparticles, SLN)FI BSA 2 [a] () +H H.AE
A, DIRZRPUR KN pH {EXT BSA PC JE LAY
i, BSA WRRHE th 280 1 KEhE), pH iy 7.4
B 3 A B i fiAe g U 1T pH ok 6.0
BRI S 75 IeAh, T HE w59, PC
SRR R AT pH 6.0 I, T7E pH 7.4 i
AHBRENLES; PCEAMUG, BSA WKL
A, ALFEE L FRER L R BR B R LA K o8
JEST BN, NPs BT LAYE—E /) pH {EVL N

Protein adsorption on hydroxylated oxide nanoparticles
BSA

7 7A[E pH % TiO,NPs PC #A SiO,NPs PC 7%
P 2 0 !

Figure 7 Effect of different pH on the formation of
TiO,NPs PC and SiO,NPs PC™**!,
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WS BT, X R T A R, pH (E R
SEH A, MR (IR BE S kiR . Shan 4ERY
K T pH 2.0-11.0 X} TiO,NPs J& I 5 i 7135
PC (25 A B LA VE B g ;. 25 R R
WY pH H 20 FLIE 8 0 FIuasty, AEEN
TE 55 L S W R R T e K, T e R Mk s S
R FfFBE 18l Davidov ZEPUHFSE T AgNPs
i) SC H* BSA 43 F7EA A pH A T B BC & W i 45
B BU(Kas) Fll BSA K 1 A3 B F8H 4L
(Ka); 4590 pH X} Kas Fll Kq HI5200 2 BlE
IR RS, 7E pH 6.0 BHRK; 454100
SAECEE N BSA (1) SC JEEETE pH 6.0 Fhth 2 fx
KA, TR S AR pH A R FEAIK.
2.2.2 BHEFLEE X & B QR KR R0

T FIUTAE NPs A IR 56 A fige i e A 2
PREE PR S ASHY, NPs 76 SR F W B a4 5
1 118 0 5t BSR4 067 A ) 0 7
AU AL, Palchetti ZEPPHIFSY & LY Rk
PEFIR O AL IR T NPs 282 TG40 s
iF, AL I AT LRI PC B4R, AT X 4 i
RO . Li SRS SbL R A a)
Ak, WEEE TR PC EEIREI N R b
A7 BRI 32 R0 2 D 2 IR s 30 o o302 2 1 B Y 4
B RE TR M B 15T P R 5 25 SRR ITE A
—2FH) Au—S BRI A2 A B R R R E
BF R YR A (B R 2 B BB, 7 F HC A
PR EE 1R REZE A Mr B o0 Tl Rt B-si st
LR R Ay B s Au—S BB B ] R E X
AuNPs [ 25 F1 T & % W g i 17 2 %
Mahmoudi % BUIMIEEINT PC HIANA
FERW, G SIS GG Y PC AT
TEME 2SR 16 45 °CH/MF N, HC i+ &
FEAR SR ERE. Gorshkov ZEPHFgE TIREFI
pH {E X} AgNPs 78 A1 5% HH I B PC A5
45 L3R W] 38% M E i B I BT 7E T A Il B T AR 2
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G54, 4T%IET pH [E N ERSSE G TEIX A
FAMEATRT, K4 60%7EE A FUEZE T
F WA BB AR A o XL SRR ) B R
TP A BT A B 5, B e A B A A P
WM 37-41 °C), Tt 2 m & 1 i HeR Al
X NPs [5EF T AR AT KN, 1R 4
1 Si0, PC B BUAE— € Y0 Fil N 55 1) TR R
JE S IE ARG, T Ak e 114 30 5 e ) ) e )
T3 Si0, PC I & it R, S PC
(R KM S P AL EE 110,
223 EHRKE. ARMRESXNELBHK
B9 M

A NPs Z I8 A B AR 52 8 )
WREE . 2 RIS A2 ), 28 1 5 1 45 Ry
PE, Wi, IR AR AT, HRER
M S NPs SEF AP etk R 2, X2
T PC LR AL A S AR BT, w0k, Bk
Jo R ) B TSR B S 2 NPs FIER 15 A9 T
i, $3 PC MEEMREENZERPY, PC B
b 5 i 2 Bl A 3R A T A SIS R ok T 4% DT A
Ko K B B AR FEBER B A SAE A AR A A
AR A 2R, 40 AR HAb A [/ 9 i i 3
#R2xm PC 14 REP”, Solorio-Rodriguez %1%
3 3 20 K YRR i B I R A A T 1 AR 1 A
O E SRR SIONPs 78 AR/ LI 2
PC REZ 2R S5REFMAENS PC Fik
PR e F 8 A AR 1 R S Bk AR 1 | LT A kR
M. #MA C3 EEFFIIEE M A-1 % [FEF, /D
PC W T 22 2R 26 B 9 | v S kR
o-1-PUIEEE (A . LF4EE I y 1B 8ESE . AN
P 1 ) £ ) IR S AT LASE AgNPs () PC 7E2E
1B 2Rk, 2R BT ARG L R 2 1
JERRICI BRI R A2 5O M £
Herb i) — SR B RS, LB 2 RE
M, EEEAT LGS AgNPs R E 8 B 42,
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WA NPs 2 85 fE AR AP AT, PC Y
BT e RANAHIA] . 75— T 55, Cui
SEOIPRAl TR A . R 2 R AR AR b
EH-1 Fhlm R IR AR PC; —41h
TESEFE T 5/ BRUME — R 950 DU FE A4 A 20 3¢
PC, J—2H 0 H 4% /N Kk 5 i B A A
10 min J5PR & ML ; #£ PC 48 Al i 5
R T MR, K5 PC BRer4itE & Bl
w, BAH AT T AR AR BT s MR 20
PC SR FIL Y & AR EAREER
s&=, KN PC AR M2 M4k, If H LIRS &
PERIH LA . Barbero 45 5T T 2K
Mel, HRR-HER . WA B-H5iiklm
XiF 4085 37 5 AuNPs PC TE RS2 5 7 X 26
M, B RE)Z AP BT S 2 ],
WA LA T 284k, [RIE AuNPs )4
BRI NP REEARATE B kg

ALl B 7 S AR B SR S T P AE AN
] () P TR A AN 252 PC IIE . PC 7
A ARSI N IR TR A £
M Ao HEASE RM R, AR sh
A BTN F143HE AuNPs IR T A2 2R i 1
JZ1°1, Bonvin UL T AN LIRS [R) 3 R
(0.03-30.00 co/s)IKSME A PC HEY, 457
< W AL P 3 00 1 o s ek 2R R 11 T A 4
T, LS Y I ) A B B SRR A ) RS
M, W—LEE R NPs BUSERI IR, A%
TR R SR 5 FE UM AR IR HOR B & 1 e )2
FIFXT B R 30%, IMERRSIL A
B R 2 R 26%; BT 153 PS NPs
SO R TR R B INLTE A 1, R IR B R4 I
B EA

IR ZE X PC W52 A 36746 pH. BHE]
W . BV . AUSARASSE . i pH.
FI ) 098 B 32 5 0 1 1 T T A R A
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AL, HETEN T E AR AP Kas fl Kg. BT
pH B8 T EE A AE L AL, B R AR R b 52
EER, P e = e g5 sk faf . pH
W25 NPs R i A RE LB R s, JF:
I Zl R L e R T . AR
B ARNRAS, RS el SRR R B,
DAL K AE TR B FR 55 A6 A2 0 A P9 s 44 A 3 B 5
Wi, ERTELEAE PC YoM R BRAE . %) Tl
JE . pH BYZEFEN 5 AN [R] 2 1 5T Y 55 L e e A8
PEIREE, oAb, XA BUEDL, HAR M RIG
PEL X NPs 58 [ 509 AH B4R A R K5
Wi 55 WP B T AH L, R B T e A
TR S TTRR S G (R TR A X BB R B TR R
{520 NPs FIAEY)rF Z B A AR, T HL
W2 AE NPs AGRReE, A Rchsr . RE
RS, PR R B EMREIE T MR Iz 5%,
X T2 R WS GROVA TR IRA K . AR
ZHOCT PC I ER AR thTEARSMIF 5, 45 R
ANBESEA B PC HUSEIA . NPs (1) PC 5 FIZ
FAER 22 Bl A A8 KL I8 1 A8 A AR, ARSI
RABERITA RN S5, WARERRHE—15%
EHESMBNAS WL IS . X FIRIMIFTY, Nk
BRAEWIR N & A TR BV R SC bR, PR
P RS, A AR A B S ANE AR,
IO 2% 55 A AR 1 AR B DA RO A 2kt
AR R A S A Rl S AR N B AR D R B
P25, X NPs BIBFR N A R A Py A58 T ik
ok, DR FAEE
23 HFEMER WM EB B KRN
GrFE AR AR VE R, 4R B KA
L ERA RN JuiEe ) . A - AR
XA B A T 4R BRI R S A )R
T FRIGERE ., TR RE RO 2L, X 284 LAY
AHEAEFH St n] LA7E PC AT il i gz 3],
X - B VR O i 2 B i B e T 8 R
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M NPs Z[EIEFT), IS T 8l )2 5h;
TERE L T X o AR A B ) R S O A v
SO, R LS A SRR AT DL o $4)
ESROHEWT R . 24 AH>0 F1 AS>0 I, AHEAE
MW 2R ) R s KER; iR 4H<0 A
AS<0, FE S RFuEA T M EE; R 4H<0
M 4S>0, FEAEF Sy 111,

B KA FR A R 2 8 B AT 2 1Y) 32 B IR B
77, SRR TR S . RS TR AR i L
BEERN, EAATRESTE NPs FLH R H
B K AR I, — AR 4 K A AR T 35 [ T L)
A NPs $R{EZ5 G 8, il g K AE S Z A0 E
PER™, e 0 BRI E AE K 4 FF1 NPs
S AE T Z 0] Y AT A8 40 5 | A A R 5 | sl e A
o A EAERIX PC (M a] LLIHZS H LR
PSP = 0 SR T a1 VA e g = D ok
EGCRTTAY F 5 R A, LAVE ST 5 60 Y NPs
AR EAE . RN, X PPN 7 A
N ZR G H R (R R N, 30 TR NPs
Z g G I, Amifest NPs PR . I
JE SR 1 2 R S A AR, ] RS i

ZUREREAE . w55, L2
P 4 AN NPs 454 19 F 288 5h 7770 Huang
SEUTAR T R P T 1) R g AT A o 7 AR AR
R T LT 2 T NPs FIE L R EWL 22
(] ) e FL A BLAE o Ve M2 AE PC TR
BT R ARR L, ZERBH NPs FIEE )52 (6]
FAE B FHBLI B, 75 22 SR P RD T i
AR R M NPs Z A (50 Flal 1, &
R ER AR TE NPs (/) 4k 2% 35 RN AR 15 Ak
FIER A7, i MEAEFX PC BRI
ARASHABAE F 18N, B4R P55 iR
BRI PC Hh ., ILAESEXT NPs F PC [a] 43145 1 /1
IRIFSE W35 1,

PC (WTE BURIRR 8 1 2 fh 2 Fh 20— (A B
FA 3 L[ R e 1, Jorp, SV RE K VR
BN X PC IR i i A5 K 1) 43 1Rl AH B4R
To G R—FEERN ST RAAEEAER T, %0
TR A S SRR AR L = A] AU T DU T
L (R AH B 5 | A, SES2 I PC IR B
FIFE M o B /KA B AR SR8 AR 2 Z ) )
FHEAERJT, A DA B 5 5 22 [ f A

F1 JZWMNPs-ZBEARARFDEM PCHEREESFEIEAN

Table 1 Summary of the effects of intermolecular forces on PC formation in various NP-protein systems
Nanoparticles types Protein types Main mechanisms References
AuNPs Ovispirin-1 and lysozyme Hydrophobic interactions [25]
TiO,NPs BSA Electrostatic interactions [48]
PolystyreneNPs Plasma proteins Electrostatic interactions [73]
SiO,NPs BSA Hydrophobic, electrostatic interactions [74]
ZeoliteNPs Fibrinogen Electrostatic interactions [75]
Dopamine-functionalized TiO,NPs PARP1, HSP90 (two proteins that Electrostatic interactions [76]

are overexpressed in cancer cell)

FluorescentNPs HSA

AgNPs Pepsin, a-amylase, trypsin
AuNPs HSA

OH-TiO,NPs Gliadin, zein

MWCNTs BSA, immunoglobulin G
PEG-MWCNTs Plasma proteins

CNTs Serum proteins

van der Waals force, hydrogen bonding [77]
van der Waals force,hydrogen bonding [78]
van der Waals force [79]
Hydrogen bonding [80]
n—n stacking interactions [81]
n—n stacking interactions [82]
n—n stacking interactions [83]
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W5 | R E . BKAEFTE PC AIE ORI ER e P
R IE T BB . BRI EAEN .
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TESRINUK SN ) o X ASFEFP S0 TR
JI7E NPs HE A IR PC i A8 i & # 1E H
T B — 5T, XA R ERRR I DL R 4 5135
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(R BRI

3w T ROR R T

PC A LI5S NPs B LR WIAS € PR MIAR A1k
S NPs SR RGERIAHEA A, R0 NPs /Y
IR BRI M. {5 PC L nl fE T PEHt 1) fic
PR U S Z AR B LA, TR i 25 4]
IR, BLAh, H L Al BRI 2K AR
PR A ZA A, AR b S FsE: PC Ay
KBRS DR e RC AR EA T D e
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TR PR SR B 1 R A 5 N KR T Y

N T Wik PC IE AR, W I I 5 Rl i 4
B SR K BEA P (F1 a0 PEG) A& M 44 K kL 7 3%
11, TEROKA)Z, B 1k TR, X Rk
RO, REVIEE . 4y TR AR LS
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BORIRIBEEE, e AT i 1ok f e AR EAE ) sl AR AL
AP BT R R A,
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E TR Z B, W R AE I EMRIE R G
Yy, ATDARRAIGEE (R, [ AT RERRAIE NPs
OR7 ARt I G BN N AR A o
VAT IhREA, AT DL SE IR ik B, B —r
11, PC AT I v] B £ 52 i i 1Ak - 22 (A HLAE
PRI It 5 B2 SR BUHE it A i/ xR g, i 2o
WHMEY PEG [ BT PC AR o5 4% A 4Kk
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LR R8I 26 (2 H IR T RE O
o IR P 2% e T s PR ST, B 2
FF NPs Wyikith, B s fie .
DAERR AR, FRAER NPs [IEIR 5
. BTSSR R GO 2R A i
SN DM EAEN, 2 NPs #hik 2H4H
241, WSERE RS NPs SHER—
IR, HHYI 2] NPs FHE M.
AR, A EA BN NPs ZERAR
e 241 P A 20 R RO TR R B R A IR,
78 H Bl A AL Ak BECE R AR R L g
SIA AR Tk R & (I 7E NPs i
B R B e AR UE NPs 28 3 o P9 B2 )iz
i, 40 ApoE “F# S MR IRJZ I HE5E NPs 1
i 1) 01

AN PC oo 46 o F (X5 NPs
A TR MBI A L0 5 R 2R 1, B AT Rk
HEER) PC, Kim ZPVH 2 B IR AL Si0,
NPs W5l AR, 5% siRNA f&i6 LU e
A Li ST Ol R A8 1 1Y) PLGA NPs
SR A G, B MRG0 55 R LR
Goppert Nl 5t R I AL R FR A2 (1) NP 5] 2%
NREE LSS, e efl#ial LDLR fiik sk
i, FfJ5 Prabhaka Z5°*R F R L ZLEERE 80 11N
NPs ZA i 2 Thm el 1751, DA 24 9 1) R i 40
%, Chen P I8 /AR 4/ K i (lipid nanoparticle,
LNP)R &M TIEH AT, W5 THERA, #
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BT AN, JUHE o3 PHYE4NM. Santi 250
WIT R R E 45 G S Au NPs Ry 25
A, BN T HRRRE A 2R R IR NP R
B, Zhang ZFEC7 65 B 200 W G2 9l
KWK (RCP NPs)W 5| T ML B BESS A& &
EE, Hh&EamRg AL T NPs BRE, I
S A B O 1) T IR 4H S . RCP NPs
YEAE A A S BLR AR, % T R R
M i SCBEAZ AT BR i % 2 JHF AR 20 A LA /D i £
Atk

3 32 X g K- R T A B L T R R R IR
ANRCIBVES T =25 S ARl M A [ E S ER NP BES €
Zhang 258V FH S IR 0 1) R B (ACHR 8 ot 3
MEAEE T Al. BAsEN E MEfs®Er J, 5
PR 0 Arbeg () 8 T RNA #h3%, FF7E S A
U R I A JR LS W AR I O AR -SR
BE-Z K, L SIEEAZIRMHCENA | lHEE
VAR 2 0 7 B i |, s 22 PR SR A2 st 26 28
T EEAH IR, AR SR Ay, 0 PH R AR
{1 DNA Z 459K DNA IR)2, ALk NPs
f) PC HBJEE, i X6 B 40326 36 SR, X 4
K Sm A FH R AR E R, W22 259 1) 254X 3))
FI2F RN A W A i R e 1 O S T
AWAFEHSEL PC REHZAY, B LNP
TER NI ZS B T M, Zhao ZEUOIFSY A FHLIBK mk AL
RGBT LNP il ] T4 ) U, 7 R A B
A LNP ) 3= ZEUTRUE RS o Shen 26U 5 &
PR RBEALEE M2 NPs ] DL 1 i85 SR R
AMAEARSE I EE A B 4IME. Astarita S5V
YIRS FIs R E S WAIH AE PC Bizhaefk,
A A S T R AN M A AR, PR AR IR BRI A3
RRCR

TEVFZET, AR PC 2 THgK
BT NPs BT TIRE, S30 NPs 7EIRKNFL SR |
G I N 52 40 LA K B 1o o S PR AH B AR

&: 010-64807509
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