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Abstract Blood proteomics plays a crucial role in biomedical research in the post-genomic era and has
attracted much attention as an important field for studying biomarkers. Through high-throughput proteomics detec-
tion techniques, various protein substances in plasma/serum can be analyzed, including the total proteome and post-
translational modifications of proteins, providing assistance for the discovery of new biomarkers and the develop-
ment of clinical diagnostic methods. This article reviews the background and progress of blood proteomics research,
focuses on introducing two major types of protein identification and analysis methods based on mass spectrometry,
namely LC-MS/MS technology and affinity-based Olink and SomaScan technologies, discusses the latest research
and application progress in the field of blood proteomics, and looks forward to its future development trends.
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i SN S BB S 8., AR R 2 W A T
T R B Mbn & . B B AL BRI
TR S, R A i B R R A A RO T
IRARTE BT B AN BT B, I FT N 5145 DA R B iR Al i
WAEN A R 35 B A R B T, R B2 W
ANEST S fbaR KRBy ) 02, BERE A A AR D
LR LART N 58 A AT IR A, I o
MSJEHEAX 2 AT LLZE 873 4 73 4 8 000Fh i A 2 1 o,
BN T MSM RIS B R, fEVE 2 BT TGIR SR
e PR MLV EE 1 B 2 20T FE AR A5 I AT, 7T DUMER F K
PR EZ AT AL, ARBE A HOR R, a0
Olink(proximity extension assay)f SomaScan Assay, 1
Ry e 1R E M R A B 2 2 R A

1 MiEEEREFENA

I35 25 15 2 2 (P R o 32 0 i 2R R I
EAER S F A — SR A, (B A — B %=
SR D). MR MR AP G, &
RO BARIN AR R PUEET
FEEDTA. FFHEMITEIRS . M & M LE 5 S8 5t
] J5 , 283 B 0o o B A9 B B R AR 2 o 7RSI
SRR, Ao A B I R T R, T R
B, BT LA A A S A IR e L R 7. I R R R
15 2H 5 i i AR AL, K 22 HoRs Ik, AT
JER LA H ). AR, SIS AR L, I3 ) 45 5 FE

I

Ao FE— S L R AR B 2%, DR G AE SR AL
T N 1 A N SR R (B - S DR E R S T = ST
SRR, I AR LI 102 L R 15 ot 4 2 7 b
FLRE SRR, SN TS A R mAE FYE . 7R BRI
WHoeH, F5EARERE T B ) SIS IR AN U5
KRR G 8, A& A kT it 7.
1.1 Mi&%E B REFE

I /i3 B A B2 A 5 BORRIPk R, LA
FEARZ/DALE 10 000 A [\ 1) 8 1 JTFPEE , W FEAR AL
RF 10 R EE LY, shasTa B e &5 filln, S
I R-6IM 3K 2045 pg/mL, A LE H £ FH (human
serum albumin, HSA)[#) 3£t 7K 2850 mg/mL. I
PEREENEARYE 48, i e s A RA
H195%, tHHEEH. RBEREH . FHEPEa M4
HEESE, EAIEAS 105 R AR B A 5 ks
W, 15 R B 1 0T 4 2 0 9 PR ) 7 of v B o
for HHaE B, RIS JE T R 0T FE AR A (tandem mass tag,
TMT)FHEE K #5 K £E (data independent acquisi-
tion, DIA) I 550 v 1 2 1 o 2 2 e R U9, KR
SR HH 5 B R 7E 20042 800N R R 2 [ Bl 4
TRAN S 2R I B i ik BN, vl RUR I 31 5T
FhER 15, {H R A 20 AT IR (8], Ty i it 73
(IR FERE K BT LAY 1 32 e I 2 1 o 4H A 0 7
B ARSI AT, W BT — AN MRS =
HHSE.

Anticoagulant + + )
o () ()
Plasma Serum
Whole blood Leukocyte
Erythrocyte ' Blood clot

Bl MR, m3RMmERNES

Fig.1 Differences in blood, plasma and serum

R1 MR, MRFIFHRSES

Table 1 Differences in the composition of blood, plasma and serum

FEA ik e

Sample Component Color

Blood Plasma+blood cells Red

Plasma Without blood cells, containing fibrinogen Translucent, light yellow
Serum Without blood cells, without fibrinogen Transparent, yellow
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1.2 SFEEEBEEERIRXT

A EEEASEEAKFEE RO, BRI
s s, Ais - HHEENEAGEE. R2K
FREA ALY N RIEEIEE EEZNEN,
FEEE AR b B B ERAS, B DAAE JoT 3 s W A7 75 22
HATEmFEEEONERAMKEREREANES. A
Jike L5 / 0t 375 v = B B ) B 2 R I PR 1), AH
KIFARPERBIHWEHATT . EFtulg— M
FH 7, s B — P Eln] AR R Pk /2R, T
BROEREFEERARY . KR PO 5,
Al L% Agilentf'IMARSAHE . ThermoFisher Scientific
/7 7] ) Pierce Albumin/IgGHIAFI & SIGMAA ][]
Human IgY 14 and SuperMix Columns$# {347 IfL i
mEEERAREER. i1, KESHISHIANAS R
IgY 141 SuperMix>K 2[R K ER MK EH , H4EE5%
JEFRIC, PRI EASEE tHa 600 L5 2, 0
1645 1) 3 40015 AT 1 e & M. SR, 1%
SRR AFAE— 1 1) 8, B REAE Z ) 8], DL
Al Sl AT . B T WA JT %, Bio-Rad
A A ProteoMiner™XFEE A B E RS, LEH
FNIR ST R (PR LS | AT v R S P S AR A AR I
FEMEOR, MEE S8 E0 RGN E &
e = E B e 5 R Il XA A S,
2R SE B R B Bea g n, H2 A —E
JRBR, aE e A R H 2 s E A R T, —

Protein
solubization

MC/MS2
) | ‘? %l

Untargeted scanning
Targeted MS
Raw data |
|

Plasma/serum

|I‘ Hl‘l[ |

Protein/EV enrichment

T 88 L5 2903 K SR 2K 1 T 1 Seer B39 T 6 5 5 Sk £, 1%
T4 BERRT T LC-MS/MSHURTE I35 55 A 5 4153
Mo R, ) FH 9K BoR sl 1) 2R T AR
1 RAH AR PR R e, AT S 30 4 2 141 o 4.
PRI FEE RN, 32 31K 22 BUFD A AE (4 12 25 -9 A= Wb
CYDFTTE I 2 AR B Y MY 7E— Tk TR/
1T et PO P 92 SRS o, S8 I SFR AR BURL R B, 7
1414 MLSEREAS A I HE 2 0002 Fh 2R 145, 515 =g
FE ) A 1 LR S B R B A At T O IS

2 MBREBRAEFMRGE

bEE mEERARN SRR, HEl, F2AME
MBI T G B R B AR & . 2T K
BRI 5 i R (B 2) 5 3T 28 81 /5 ) Olink (/& 3)
FSomascan(FEl4)F A = R ERF AR TTEM. i
WA RAEN AR R EIEEE S TR, B
S LE A 75 B el S BT R ER 1 o R e M i) ) 1
BUR, AT TR AR AL R S AREEA
JoR ZEL ARG U R AR i 3 5 T T A — LA Uy
gt eAT& B BRAMR I HOR R, PERRRR S LA
J N7 5(3K2).
2.1 ETFRIEMIAEBREAFMHRIAR

B NN R g S DR 2 T 5 IS E (SN
M H B E B I A Thae dR At 7ok i T H . Bl
F A (AN W Sk A T AR AR R s Ak, i T
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Database search
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Bioinformatic analysis
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Fig.2 Mass spectrometry-based bottom-up proteomics workflow (modified from reference [26])
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Fig.3 Schematic overview of Olink Explore proteomics (modified from reference [27])
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P: protein; A: aptamer; F: fluorescent; L: linker; B: biotin @ )

(1) FRICHISOMAmers 5 & HURE 0 8, 598 145 45, SR 45 S0 AR R (BY RIS IEARIE(P); (2) 801 BR(AB Wil $SOMAMers- 2 14
AW (3) LR T AL R E AT b (4) SAMRRE B LRI S5 (5) 5I NI 7555006 F(PC) LR IFRF R ESOMAmers; (6) 5
WER(PB)H B Tl SR A, (7R S A WO ek E Y s pHER A AR

(1) The labeled SOMAmers are incubated with prepared samples to bind with proteins (P), and then the binding complexes are tagged with biotin (B)
and fluorescent label (F); (2) The avidin beads (AB) are used to capture SOMAmers-protein complexes; (3) The biotin need to tag to the proteins; (4)
The ultraviolet light (hv) is utilized to cleave the photocleavable group in order to release the complexes; (5) Polyanionic competitors (PC) are intro-
duced to remove the nonspecific SOMAmers; (6) The primer bead (PB) facilitate the complexes capture; (7) Captured complexes are dissociated in
specific high pH condition.

El4 SomaScan TIERTERER
Fig.4 Schematic representation of SomaScan

TR . A UL R A s R AT ZEIRP A, Il L s s sm i i . 2T A

A 7 BERIRTT. [ P FL B RN BT B 2 BT 2%, B R Ay 2 AR
JoT B 2 P — — b AT DLEE AN S5 T e ot ) 1 i DAL PR PR B R T B O R I /R S (matrix-
ORI A B s SR S B R T . i R — assisted laser desorption/ionization, MALDI)A F; 55 Hi

PR L N s T v NI =5 i e O =z R i a2 1% (electrospray ionization, ESI), 1fii i &0 48 WA &



270 - LR -
32 FRIEDIA, Olink, SomaScanZE B REFIHALLER
Table 2 Comparison of mass spectrometry DIA, Olink, and SomaScan proteomics technologies
Lba i B JiEDIA Olink$ A Somascand¥ A
Comparison items Mass spectrometry DIA Olink SomaScan

Basic principle

Detection principle

Throughput

Sensitivity

Quantitative accuracy

New protein discovery
Modified protein detec-
tion

Sample requirement

Data processing diffi-
culty

Application scenarios

Detect proteins based on mass spec-
trometry DIA

Proteins are enzymatically digested
into peptides, and the mass-to-charge
ratio is detected by a mass spectrom-
eter. The DIA mode scans and collects
data without bias

High, can reach thousands

Relatively high, reaching femtomolar
level

Relatively accurate, with quality
control, calibration, and algorithm
guarantee

Can discover new proteins

Can conduct modified protein detec-
tion

Milligram level, complex pretreatment

High, requiring professional DIA data
analysis software or self-built database
Basic scientific research, clinical diag-
nosis, drug development

Detect proteins by PCR amplification
after antibody binding based on PEA
technology

A pair of oligonucleotide probes bind
to the protein epitope, and the adjacent
extension forms a DNA fragment. The
DNA content is detected to indirectly
reflect the protein amount

Relatively high, hundreds to thousands

High, picomolar-femtomolar

Relatively accurate, with less interfer-
ence from nucleic acid amplification

Cannot discover new proteins
Cannot conduct modified protein detec-
tion

Microgram level, relatively simple

Moderate, with mature process and
commercial software

Clinical early screening, drug develop-
ment

Quantify proteins by sequencing

after DNA aptamer binding

Nucleic acid aptamers specifically
bind to proteins and are quantified
relying on photolysis, fluorescence,
and slow inactivation characteris-
tics

High, thousands
High, as low as picomolar level

Relatively accurate, assisted by
aptamer characteristics and calibra-
tion system

Cannot discover new proteins
Cannot conduct modified protein
detection

Microgram level, relatively stan-
dardized

Moderate, mainly automatic soft-
ware processing

Clinical diagnosis, chronic disease
research, etc

4TI} [E](time of flight, TOF)~ 13 B (orbitrap) F1 VU F AT
(quadrupole, Q)& fEE H I 4H#H 7t bottom-
updh T AH A SR — A T AR R, w1 Jent &
AT EEY) , SR 58 O il — B /i (liquid
chromatography-mass spectrometry/mass spectrometry,
LC-MS/MS)Z Tk B 171, LC-MS/MSHERSTE—IK
BATTPNERTAEAR, BAmo RN R,
& T AR S RN E A B . Ak,
HE s R AR AN R 7 FoAR 1c 7772 (1 TMT) ¥ )32
M 7 AU S 0T TRl AT AR R U A
IF) 2 5 40 2 e i 22 8 e 8l (multiple reaction
monitoring, MRM)F1 347 S I i Il (parallel reaction
monitoring, PRM)Z5H AR, IR FEF48 B b Ik B B4
AP T, SKBUNRE € 8 B AR AR 1Y, 24
AR, MSECR W s — Lo Pkl anHods A3 i) B A% 1%
X e BT EEFRE A R 7 oK e A, ANEIZRAL I MSAX
SETEREAE FHVEH _EAFEZE S, 26T MSH) AR
HARZ AN, Wroxk 22 IRFE dh BEAT = OB B 77y
1, P e S R R BB s AU B EOR T

FEE L 45 A% G2 B 4 M 3 0 1738 (R 4r B AERE 5 I
FE il S HUARAE S G RN A AT 5 PR E
LR, BT AR S TR, R e s
£ B bR E PO B, $ rmer il i) R AR, K
22 B0 O AT I RS AS I AT A BRI AR D IR AR 2 A
ABRZ A 1, e g 2 AR T 2% A e M R 2 AR A i
R 56 S e 24 1R o 1 E s AT 1220, i DD AKIHRE 73 #r
“*F- 5 Proteome Discoverer. MaxQuantflIPEAKS Stu-
dio%5 P, i T s R AR R SR BOR DIABE A N i
A K BAF S i 8 A 22 9, 78 DIABE-F &
H, U Spectronaut. DIA-NNAFI Skyline%s ) & 41 45
EPEwE AR BT, SN T R A E SR
R AEIX R T AR 2 1 T2 N . X g
g eSS e AE B A, AE B AR
Cr L N
2.2 OlinkESBEEHREAFMR

T RIR I E A B ASOR,, PEASOREN Olink
A 5, ek R R T T R I, Refg7E o
i P ARFEE R E A, 5 LU A ) B
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i 2H 5 B AR 9 i BAMAE

PEA LA ZEA 44T, & —Fh I T iU i
eIk, IRBEEIEANE A, Wt (B 4P, A
VLHC K pifk E 5 — N EAR R A R 45 &, FF DUERR
(1) DNASEAZ B AR IC 5 I8 B 101 A7 A A5 7 o
PUATELT , 7 57 11 DNAZEAL T IR T 51 42 58 T SR ;
FEDNAZEGBAE AN, BEAREAT ORI S A, 32 17 gk
ATPCRY 1, A1) HH A e (1) XUE DN AR TS, Bl
FEAR M KM —, HEE SR AVIRIRE
FIE L i it s qPCRER AR R 71 &5
NGSXH 3 AT =i 2 2.

Olink £ 457 ZEAH F7 AK: PCR 1 151 R U A T
T EHAHT, MBS, BRI A A
7 55 S B RS . OlinkdA I 2032 B TG R M
Aiitek, 20214 Nature CommunicationZ< & F— 2 iz
H Explore 1536°F- & #JF 78 — Kk bRJp £ 25 A — FH XU
WVE T 8 G 2R AR, RI4AN & A br ST
RITHI/ G W 22 3Rk . Bl J5F+2¢¥ Olink Explore
3072°F 6, AT ST dh A IER I 3 0007
P&, 78 55 100% 3 ZAY) 2 . BT IR
Sr il R 2R, Olink 4B A7 AE {8143 AR B i s il R BRE
BN e R, IR A TR A, HErc) iz
JFH T I R LR A0, A B2 At FE e it 1
B SRR,

2.3 SomaScanSBEEBFREFMR

SomaScanth & & T~ 5% F 7 1) e & 2 1 4
&, it g H s s A BT TR, B4R, So-
maScanfiff A HLNZ IR e AR A I B A 2 g B,
1M Olink 77 Z2 45 & WM AN R FL Ak b AT S e 3 o ™
P EZIEBEAZER, (A et atA H
AMEAE .

SomaScanf§ I #) /& —Fh#K A SOMAmer ) H 5%
DNAE LR (B 5). X & Aok c il imik At fe
5 58 B R E PAERR =R N ) R e A .
FERT IR, P AR 5 [ 7€ A SOMAmer Bk 1R
Ho AR E A5 AH N SOMAmer4 &, 8Bk
T LI SOMAmertric FAEYI R . SR )G, il et E]
1 SOMAmer \NER+ FREECT K, FHA8 H AR BT
REARTXPRAA AV E K SOMAmer #7414k .
B 264k J5 1) SOMAmerid ik DNAM 7 i R HEAT
EE, BT AR SOMAmer 545 52 [ 8 A i AH
XPRE, PR AT DA I AS I SOM Amer [ 55 & KA 72 FF

A AR E . SomaScanBE % [F] I 6217 000
PR AT A, ShASTERIT LIS 8N & 4,
A& A E /D B I B R RS AR = B A =
JERIE L. PENN-NICHOLSONZ: BIR 78 A 53 fif
FH SomaScan 73 A1 Kl & M 45 4% 8k G (1) i i /D 4F
FRIER I 2R, FEIX L R AT 1 3 0007
K, RS AN [F) 8 E B 2H A nT BLH
KIFFAT —F AN BB TN . HHT, SomaScanfi AR
BN T 22 Bl AT 7T, RLAE IR R R PR
M RGBS . B A B, A
BT 48 7 1 ST ) R ML AR RN SR 8 E R R I T B
o

3 MiREHRAFMRERKREZSR
Rz At RR

BEE BORBIAWE D, s RS . ma i
H R R R AR ) & &, Olink A1 Somascan— S A i
HEEFARBIHIN, PLI 2 4 = G A R B
H, MRS B 2B FOR i R = 27 SR B 22 () 2R
TEANGIHT . FEZIRIZ W7 T, 80 L B2 )
3T, I T V2 S8R AR AR YIRS B0 1,
PR ML Y, R E B 0 B3R IA 7K AR AR mT
T WU o0 ) 3288 50 ; FERAE U, 1
TR E A A BT Rk IR 5 A AR B,
P& =S W IR U 4 AN B IR B738) FE TS DR A
S RN 11 ¥ R A ST R SR V€ e = X (S P i B U]
BFRIT R E A UK AR, B BAPAL
P [t R AR YT ROR, NIRRT 7 AR
3.1 FRiEEBRAFEAMRHER

KNIGHT VR @A B i i 4D 2 H i 41 27 1
AR HAZ A2 Wt 775 %, NAFE COVID-19™
RN EFERME T —NRE N2 A i E .
MATTHIAS-MANNGZ 5 [ Jii 4 22 T 78 sk ) — o2
F PSR, AR R 0 2 25 R HOR BT AT 7 TR 3R
13 T2 EEP SR BCR , 20224 1% A B S 24 T
JFHE (MS) 18 i 4H 22 TAERAE 24 1759641k
(137/1%F BRI 4594~ ALDAMA ) ¥ ML 3 AE A A 7963 JHF
AEVEARGREAS, HEWT T Y8R AH 54 95 (alcohol-related
liver disease, ALD)¥) 7> 7 #AE B 22 FR4R BT 1M
HE A AW RS g ) 4. ASHTONZS: (4!
K AR 1) £ 1 5 2 5 0 A 2, AT B R R B
Jpi(Alzheimer’s disease, AD) IR FAS, FF45 & k2
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IR 43 R R RS S 3 R ARG A B
ST TR ABREYE 2K B 1 2R FAEASE AL, FF 1k B
H A B M HER T . TARDIFZS W57 & 1 5
TR ER R 7, B T H KT %8 (osteoarthritis,
OA)FF 5 M LG AE bR £ 4, KILCRTAC 1. FBN
1. VDBPUL X A] it [ SERPINF 13X 4Ff 2 (1 Jfi {5 15
BE— BT, VBN OA NI LE 3T AL WhR 54
ik # . QUEIPA ™It , F1F DIAJS i £ 11 i 41
SHR, 36241 bR % b R (upper tract urothelial
carcinoma, UTUC) & 3 F1 239 44 {8 X6} 1 10 i ¢
FEARBEAT 8T, S 78359 336 NE AR, i
T UTUCKAZI () I 3% 8 E i H 7 500, i 17—
10FhER (1 70 25 8%, IR T — AT UTUCEE T
R AW RN A g2 EPTR, FEE AR A
e, %0 I 3R B iE B AT T80 12 W A e )
P A B AEYIbr SR — DU N A . RESFEE
T 22 B DL R B ) o B R e i S AR
VbR EXI 58 TAE, SRTITHT Y BT 1A 28 (14D s i
1 Astral JJ {55 ) P AS WA B8 7, B A I 75 gt
AT BRI B A PR AR, A S0 R
I AH S B R RS VA o 33K i3k — S A4 i A=
VbR EVI R IFIG R, H R A S e Wy
ERGRTT TR A
3.2 OlinkERREFHEARARER

Olink 2 [ 5 41 2% 1% Bl v B2 %5 S (R P Ak, X6 of
T~ MR DL B S A YR A B B AT e
S AR PG AR I R R U SRR £
HEMZE, Olink B £y T— L y)getkan H) 2 %2 %
HEE, BonEE R AR, Olink &6/ —
AN T ZDRIR SN S B R SRR S B
B, WF S0 G AT DR 75 B 47 BAR R &6 1t 1
BRI . AN E A M panel L FE 1% 28 iR
EVIRREY . O IE R IR AT R A
PP AT A U B 7. CARRASCO-ZANINI
S B T A B I ERBE S T 41 9314 MM 2
3 000 IfiL 3% 25 3 I B 40Hs S5 AR5 B, 7 14
X 218 i LR 2 L I 1 104 R0 28 Tt A2 Y .
KONGZE "It 5t A 53 4 F Olink A% I 921 55 48 JiE #H
KM AR IE KT, XF 9944 6% g e £ 2 F1 5044 fik
FRORT HEZH 1) L35 AN PRV AR AT 2 #r, e 1 — 4.
55 B (0 A= b B, IR T — MR R A
For i 753, A5 FH L7 AR R A AN Sfe S B % M e 1)

Wik, XEE RS BEREN R RE R, AAE
FA I PRAS 0 L B 2590 FF I DA CSCE I Bfe  6 F T3
J& o JIANGEE USTHIEA N 52481 F Olink PEAR A i 1%k
FIGAUE T ADBAFIFEA )1 160FP MK E (A, Fi T
RG4S AT, %58 195 5 ADFH I 38 4% 0
HEARED, HAEITE R T ED b S, A
HH N T ADIIG RS Wi Eff 2 AD R 355 7™ EE AE
J&. ALVEZZ: U4 5¢ A A {% F Olink Explore 1536
XK E 1 4002 2 AE B 1 1 463Fh R 1 5 1 1K
AT RAL, RIERNRF L T ERE R B
9% 2R A R AL AE . ZHONGES: P 7t % 18
Olink Explore 1536, % 27§ K J5 (type 2 diabetes,
T2D) R R [ 4g BE N BB REAT R, F 9% T2D i3
THRGEITRT /M E AR A E R, i KRG
Ja R T — RBIHIbREY), A RIXLehy E 4 AT B H
T IR RIS TSR Wbr B4, R SR 8 3
oA, D IS MR SR IR RS YR T
3.3 SomaScanZE HRAFHAHRHRE
SomaScanii AR BEME 7] i &K &8 A 5 K
P, IX B TN R B A L AT 2% . Somas-
can’ti A A = HARTELE VR EV R DL AFIHT T
MZWRE RS E 2 M, ZHEAR R T
ZREB AT, AAEIR I . MR AR
GRS . IS T B B UK AR, AR s R
993 117 R 93 ML N 4R 7R (VR 7 B 55 . OHAE SRS
FN BRI ZE AR K H SABAFITI S 67645 5%
HEAT 7 MR B SR 0T, e T A E RS AR
P LI 22 Fe b, 2% B 35 2 e T T £ B A
93, FEFFH I B A R 2 8 N T SR e A AR )
THARHELE . MOINZS R 4] “ i ] SomaScan
R T 644N MLVRFEAS , LA T K J 40 P58 A1 L AR
i B A LA o T2 6 R | R 6 R A R
7 13Fh I /N AH 5 5 1 (platelet-rich plasma, PRP)[Y)
SO, BRI T O PR S TR AR AR S T i/ MR
T RS B AL o 250 UK I R R P88 A af R 357 5
N RS IR 24/ BB 35 PRPARAK , 38 B 1M b
{14 712 L it 55 R R S8 B () T e AR AR B 2 AT P 1)
K A 46 ] B S8 PRPAS (b 386 Jin o ifil 5 JRUE 51
CARRASCO-ZANINIZE PO 53 [ B f# F SomaScan
REARAEBARIIHN T 11 54642 5% At A
IS 000F0 85 R I RIE /KT B LA 2 IR JE
5, KILRTN4R. CBPMAI GHR =FhiE A IMH S
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