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Application of Mass Spectrometry-Based Proteomics in Organelle Research
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Abstract Organelles are specialized compartments within eukaryotic cells with distinct structures and
biological functions. In-depth analysis of protein abundance, protein spatial distributions, interactions, and trans-
portations in different organelles is crucial for understanding organelle functions and disease mechanisms. Mass
spectrometry-based proteomics has been extensively utilized for identification and quantification of various com-

plexed biological samples, and hence, is widely applied in organelle research. Mass spectrometry-based proteomics,
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accompanied by centrifugation or proximity labeling, has played a central role in advancing our understanding of

organelle proteomes, inter-organelle transportations, post-translational modifications, and the mechanisms underly-

ing various diseases. The demand for proteomic technologies in organelle research is growing, and the proteomics

of trace samples will potentially have a tremendous application in mapping disease-related organelle proteome and

deciphering the functions of organelles in diseases in the future.
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Fig.1 Application of mass spectrometry-based proteomics in organelle research
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R, SEEL T 2 APEX IO EbRL, JFAH Turbol DA
APEXIX WA IEAZ FIARAIARICHEIT & T TransitIDFEIA
H1 T~ TurboIDAN APEX S5 B2 F) IEAZ 4, A FH P& #EAT
A DAZERS TA) B SB35, N b ic g 5 A A
AR E RS, T RAE S E] b SEIARIC R 7 .
[FIIS, PR TR G B AR R R S AN e 2 — 2,
KRR [F AN E ] LR g7 AR, i my
KA RIS AAL S & B, vl Ao B 1S 3IE—
B[] A — MR8 A0 2 e 72 21 ) — DN 2 0 2R
FUBT, DRSS v 0 i A R 4 i ) ) 2
BN E L. QINAE BUH A TransitIDH AR Z: ] |
RPT SLRAA . AT S AEA% . AR S RO
KL A 8 A s B v, 487 1 SORURTRLLE (R4
SR R TUN S 32 B L b i B B2

2 0 85 P S B R 1 DT 2 A T LLIE S A A R
JAE A MO A0 B % P B =F BRI AN PR T 2 E
JoTAE 20 0 25 TR ) i 1 00 B9 ITZHAKSE IRk T
A DAL T- 81 R 10 2 B U O B A 4 i 2
P (dynamic organellar maps, DOMs)1) /7% . A
S SILACHR VSN, BURARAH 158 F 225 B 0
T H BN 6N FIALSY, ks FE AR E L
B Lor BONANEAZ . dHM 5T S A as 32 o X
PA_EFEASS AT o i il A AL, SR 2
)5, FT SILACH)E BB —> SVMA AL, i
T 75 265 B E B E L. FESLERA b, A) DLd
giit tE E SRR [ 3 AT AR, b — e AP O%
P A PR A 25, FRIETE4
[¥] SCHESSNER 5“2l DOM /7 VA MIDIAZE &, FFR T
DIA-DOMIA o AZBAAE 5 B IAH [ S 36 ks,
BT 25 IR, I HRE R T T RS
AE ST, DIA-DOMAA AN S B ey & 43 B A
VR A o, 0 T2 AN R R EOR AT T A0 s ) 2
P A B 3 A2 ) ) e TR 45 A AR S
o SCHESSNERZE WIN HI1Z J7 53R 3 1 1Lkl i
PRpHIA SR A S A T A 2 1) 2 1 e A R4k, R T
2 NSRRI N AR = /R B HE BT . DOMSs
H B8 B T #2322 A K Rl 1 (epidermal growth
factor, EGF)i/5 S I 8 @ AL AR, R I A P-4k
SFE E WA ¢ R [ 9A (autophagy-related protein 9A,
ATGOA)IER R 731 DL K B I SR R AL A 1857 THT

4 MRS EAEINASE

2 25 11 2 1 5T 2 st 4 1) Ty e 1 G B TR
%o BIEJ5 1211 (post-translational modification, PTM)
PRAL T — BT REALE, AT AP, T T B R
e, 2 20 8545 5 1k PTMEIE A A T- i i3
S In4 THHAR 2R AR A 1 A SRR AL o

oL 3T B T 78 O e AL sh Y B A AL
HYSE T A PTMAL A, e AR EE A
HRILIIPTMA A5 £ M, 75 K HUPTMAN 7L,
H T 1R i 1 0 P i B s AR B A 2 T A, 75
B &P PTMSE M S S SR hHME I K IR BOdEAT &
£, 7 BB i b @ i T A T S AT Y i g
G 2 aEbRid /AR E B AT, 1 DR R
dtr B ZE MRS T I E PTMIRIAR X N2 %) 2 7

BE & 41 A% o B BRI E A A HARA
Wik, A BS B B RS T 2 N .
LR AR AR 1 O A2 . KOENTGES
2L Vg Y Al R B ER 2 BEAL PR L kA B A
BEAT T SR UTUE FR AT T BRI . AE 5 B
165 T 20 BE . RAL I 2 1 i, 84M R i /s 7E
SIRT3(Sirtuin 3)HR /N B2 RAA 1) 2 BE AL 2 i
E T IR LS ZIRAL Y R 5N /B T R T R
SIRT3f 4 /I B 2R 4 Dy i B i (1) 2 362 52 0] [R] 3%
AT R R A A ) — A R A ) e R D OGS 11
PTM. APONTEZ: P05 B8 11 0o IIE AN P I 28 R 4
4545 Phos-Tag H {5l R0 5 1 AR M 2R A4 o 2%
7 64FhBERR AL B T, oA R 200 B R AR
LRARIG B SRR P PEEEB AN, iR T
SO T AR JF £ o Ak 66 I HR A7 19 )32 1) o B TR
W CL R A4, 5 A M 25 Hh R S 1 1) 2R IR AL TR
FELESG BUACH h R B 2/EH . KRAHMERS: PUZE
— TG B RG P A 7 P S T 9 R 20 e A T /N B
JEF 4411 6 11 4 200 A DL % 400 L 285 11 2 1 2 RN B IR A B 1
4, W TR R AR M R R R 24 6 000FH T HE
B 16 000 BERR K (1) & 2 M40 i o0 A o %M 5T
o A B 1 5 STV 4 e R 400 P 8 o S PR B R gk
1T 7RG 0HT, {178 F7 68 T an ] 5 S04 i =
ZH A T RE RS I I 5 o

5 ImARERTMAMEREREAFHR
Y25 20 e R P B — R TP R . 2
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O UR B ARG TR AE A Joi I S B PRI AT 28 2
H J % (unfolded protein response, UPR)RJ 175 & A H 12
FHIRE B, IXF UPRS O NUEEFE . BRI 1 Co I
DA L JEE AR o JIL 5 22 ol LB 9 S T 235 17) 3%,
VTR IR D Be Rt A Wik A2 1Y) 203 ©AE 2 P
(ELFE B B e AR AT B R ) i &
PO, AR S AT AN AR B S A A A % 2
Fily ARAEFVERE SN R IEE AR, BT
[ E A A AR R B E T E B4 E , DA
Y H 2% 8] ELAE R G AR DGR FE R L 2, A2
0 3 R 8 ST — KR

— L R RS R TS EAR N AR, DLRC Dl
AT ERIAML SR, (R EE IR G0 1E 4 s 14 = 1t
SO ANTE R . G R A M o B A S )
#r, JEAN BELTRANZE S35 A [5 21 g 75 (human cyto-
megalovirus, HCM V)B4 I #E A 1 A2 o SR AR AT 4E 4
4B B R AT T A gl e B N B AR . A ST
FEFR IO TMTARIC 8 R 4H 225808 T3 4 00015 3=
HEM100FRE R H, R E VLA S X e R
IAZRRRrE AP, RIS R T AEAN A ) S e )
8], B AR R AN A4 e 15 55 5 T
R4, N T AR HCMV A R A R 1 A 5 A4
R T AmNER.

1 2 Phlm PRI 1, B0 4 B s 1) 2 4RI 9
FIRERIE T EEAEH . AMBEKARZS 3T TurbolD
Rl B BRIV, SEBIL T/ B A A EOE iR R
BALE G AT A I RaRn 17 B B2y, #iE
TI10MZALED, K H A SFRih = 3R 8 B B
ENZALE AW, Flid a0 e B A bR EHE 1 IX
SFREE FIE N, RN LR G it 4
9 AR ALE A sk D A HARE
TThReFR AL 1R TTRES  FEOE R RS We ST
WEFLBEE 1Al SR R U N R A7 AR
TIPS, HAGhR & 2 2l IR RIS UE ) 254
bR TR PTGt S, B
Ji AR P JH Al R S ) AR A B A D B 2 Y
I & 1) V2 5T . LAMBEE OIS AR A A i Al
JE R R A P i AT TR ) SRR )
EAMAFIT. LR PR S H HSP6O ) %6 3 7
H1|38 5 Turbol D HE B BE [r) B 2 b i, LAY Z=Arid
e SRR T A T 1 122 kiR R . g
— ISR E AL IS BN E T AR I REAR RN B 2k A

iR H . BT S E 1 12250 8 B st B 1 B
i M i B R AR AR ) 2 I AT RS T fE SR P
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75 LT g A0 45 B /N SR 2Rk LAk AT B
SRS & RTINS % A N SRV ES Y R N R 7
¥ (oxidative phosphorylation, OXPHOS)E &4 F1#H 5
(Mo S (1) = B2, LE B P AR AS [ e R / BRH R KR
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FPETAR T HAh S AL TR AR, SRR s ki
A e AU IR AT BRI (V6 97 T BT g 2= e — 2D g
FRI T A ds B A T, A A Fadk— 20 s i 4 24
ZRIAA L RE . 25 B2 — PR R 2 AR I 48
M#s, HERFEFA T 0 —RAEE, ATRESRE— &
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5N, BOLDTAE! Mg H R ISR M4 5 1% (tandem
affinity purification MS, TAP-MS), F|FH217FFric A
R BEAYIE 71 319MEATT. 4 905FAH HAFH]
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g B HERIE A 6
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SEMSE 2 Al EE 1 R, JF XA AR A MR I B 1 kAT
W7, SOV S AT A B T R . R E 4l
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Table 1 Proteomic methods in organelle research

MRS
Classification of

application

R L 25 7 1T A

Application in organelles

FEAR i 4%

Sample preparation

bic I/ s i
Labeling methods/mass
spectrometry methods

HAw

Data analysis

Quantitative
proteomic
technology
after physical
separation of
organelles

Quantitative
proteomic
technology
integrated with
proximity label-
ing

Organelle inter-

action

Proteomic
modification of

organelles

Analysis of single organelle proteins (mito-
chondria) !

Analysis centrosome protein 7

Analysis of extracellular vesicle proteins 1*”
Identification of receptor of protein aggre-
gates 1°!

Global analysis of organelle proteins %

Global analysis of organelle proteins **)

Global analysis of organelle proteins *%)

Global analysis of organelle proteins ©*”

Global analysis of organelle proteins %)
Analysis of proteins in stress granules and
processing bodies !

Analysis centrosome-cilium interface pro-
teins [}

Extensive protein localization in HEK293
cells ¥

Map the architecture of functional immuno-
synapses ¢

Analysis of mitochondrial, nuclear and ER
proteins !

Analysis of mitochondrial proteins ")

Study on the interaction between ER and
plasma membrane 1)

Identification of mitochondria-ER contact
sites proteins "%

Discover proteins that traffic between ER,
nuclear and mitochondrial compartments 7*
Map the protein composition of endoplas-
mic reticulum-mitochondria contact sites I’”!
Dynamic organellar maps !

Identify subset of Golgi proteins that cycle
through endosomes **

Map proteome trafficking between cytosol
and mitochondria, cytosol and nucleus,
and nucleolus and SGs (stress granules) *!)

Mitochondrial acetylation *”

Mitochondrial matrix phosphorylation ")

Density gradient centrifugation
(Percoll)

Density gradient centrifugation
(Sucrose)

FAVS

FAPS

Density gradient centrifugation

(Sucrose)

Density gradient centrifugation
(Sucrose)

Density gradient centrifugation
(Optiprep)

Differential centrifugation

Differential centrifugation

BiolD

BiolD

BiolD

SOG tag

RinID

CAT-Prox
APEX

APEX

LOV-Turbo

Split-TurboID

DOMs
DOMs

TransitID

Immunoprecipitation and in-gel
digest

Phos-tag protein phosphoryla-
tion fluorescent stain

Lable-free quantification

Lable-free quantification

Lable-free quantification

Lable-free quantification
Lable-free quantification
LOPIT (ICAT)
hyperLOPIT, SPS-MS*
LOPIT-DC, TMT, SPS-
MS?

TMT

DIA

Lable-free quantification
Lable-free quantification
LUX-MS

Lable-free quantification

Lable-free quantification

Lable-free quantification

SILAC

T™T

Lable-free quantification

SILAC
DIA

TMT

Lable-free quantification

Lable-free quantification

PCP

PCP

PLS-DA

SVM

SVM

t-SNE

t-SNE

SVM
PCA, SVM

ROC curves
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Classification of ~ Application in organelles

Sample preparation

Labeling methods/mass Data analysis

application spectrometry methods
Organelle-specific phosphorylation " Density gradient centrifugation  Lable-free quantification -
(Sucrose) and the EasyPhos and PRM
workflow
Proteomics Global influence of virus infection on host Density gradient centrifugation ~ Lable-free quantification Random forest
in organelle- organelles ¥ (Sucrose) and TMT and support
related diseases vector ma-
chines
Protein visualization of plasmodium berghei =~ TurbolD Lable-free quantification -
nuclear pore complex ¥
Proteomics of Plasmodium falciparum TurboIlD Lable-free quantification -
targeting mitochondria !'"")
Mitochondrial proteomics of mice with Differential centrifugation Lable-free quantification -
liver cancer and colorectal cancer ' and TMT
Ciliary proteome and fibrosis !'* Density gradient centrifugation ~ Tandem affinity purifica- -
(Sucrose) and affinity purifica- tion-MS
tion
Exosomes proteome in Alzheimer’s disease '*  Ultracentrifugation Lable-free quantification ROC curves

and PRM

PCP: & [ KIKIHT; FAVS: JOUHBI I 70 1%; FAPS: FOLHGT MR 73 1k; LOPIT: {3 ] IR 3 bR % A0 AL AS &% 11 52 AL ICAT: [F) A R i A
FRid; hyperLOPIT: 3 iof [7)fr 2 bR i SC LA &% 2 (1 BN 52 45 8 iz, SPS-MS®: [FIZP BHE TIEFEMS®, SVM: SCHF AL, LOPIT-DC: Z5#iHiE
Y0 d I (RS 2R AR 1 (AT 2 2 1 s TMT: B R AR 25 BOR ; BiolD: ARAAKIGT A= ) 3 %5 5 5 -SNE: -3 A BEALATIR KN ; SOG: H2kAs
SR A AR RinID: 35 VRS G 0 & H ARG A $5E; APEX: TARELGUIR AL AL YIBE; SILAC: 25T RS AN NRIE IR A2 R L & brid
BAR; DOMs: hAANA 13 ROC: 324k E TARRHIE; PRM: “FAT KBS, ER: BRI PCA: 7 70 T -+ Tl s Bt 70 B J5ik

PCP: protein correlation profiling; FAVS: fluorescence-activated vesicle sorting; FAPS: fluorescence-activated particle sorting; LOPIT: localization of

organelle proteins using isotope tagging; ICAT: isotope-coded affinity tags; hyperLOPIT: hyperplexed localisation of organelle proteins by isotope tag-

ging; SPS-MS?®: synchronous precursor selection MS®; SVM: support vector machine; LOPIT-DC: localisation of organelle proteins by isotope tagging

after differential ultracentrifugation; TMT: tandem mass tag; BiolD: proximity-dependent biotin identification; ~-SNE: #-distributed stochastic neighbour

embedding; SOG: singlet oxygen generator; RinID: reactive oxygen species induced protein labeling and identification; APEX: engineered ascorbate

peroxidase; SILAC: stable isotope labeling by amino acids in cell culture; DOMs: dynamic organellar maps; ROC: receiver operating characteristic;

PRM: parallel reaction monitoring; ER: endoplasmic reticulum; PCA: principal component analysis; -: no specific data analysis method.

it A ) 5 SURE (R DA LR R SR R PR
SUFHSAR, R S A A A EOR D A 5 P T 08
i M. HATHE R E T4 RS E 5 i B M 7L
ZNIZR AN AR IR B bt (0 5] 1 BRIA T L, W]
FEHANHIE S E B 1 000> PA_E 8T 5T 1%, BEAR R 3R
BOARD BT 7K. BRI E AL
7 TH IR BRI IR T B AR 0, Hi
PR A A R A A A3 Sl PR AS IR L1y —
N ILIRITR JERaH o TR BLIE 7> B I7%, B
FENTC ARSI T REALAR T, A O B 4
s BSR4 DL = 0 PER I B RO, ROKREHE
J A DA 4 I SR 1 B A 4 P 5 ERE R RT RE
DR b ok B i 1 0 B AR A A i 9F 7 ) L
BRI EAN R TT R 4T 2 R AR
TR, BILAAHMIAE A 3, 4R 0 7 e 2okt S 9

TATHREARRIR . PR HIpIRE R, IO
FEAR 40 M0 35 55 2 RORN = 5 L 41 R ELAR R ok
a5 ) B , Rt — B3R T i R A 4
P Iy, o T BB LA, G R0 RT BE K
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