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without chemical modification and its applications: a review
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Abstract: Identification of the target proteins of small molecule drugs is crucial for understanding the mechanisms of drug
actions and its side effects. Conventional methods require chemical modification, which might alter the activities of the drugs.
Various label-free techniques have been developed to identify drug target proteins without chemical modifications. This
includes drug affinity responsive target stability (DARTS), stability of proteins from rates of oxidation (SPROX), cellular
thermal shift assay (CETSA), thermal proteome profiling (TPP) and many others. Here we review the principles and
applications of these label-free techniques, their advantages and limitations, as well as the most recent advances.
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1 AoFhhREBEFREYE (Drug
affinity responsive target stability, DARTS)

1.1 DARTS AR HY KB RL F
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DNA i s % DNase FY i 52 PE3G 5% , DL K 38 1 o A
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Yy 5 R LR I — RS, AR (g
AL, TN T2 6 Ja vl LA 2 1 4l
FOX 2R R ) BUSE RGBT DAL IR BE RS e )5
X EEAN M2 AL, RS2 AP B 4y, P
i R A T S 2R 1 (1), X
Fe A 9 28 1 L 3 AN IR R ) R
FPE R e, A A ), e R R
ICREXTHEYT SRS E AR AEATUIE], AR
HHH 24— 40 B FOWHZ I AT PR kO, A2
FF B EE B SR K s, ek TS
s AT SR E AT, BT 5E S Y
X HEBR B 1A AR R AR DR iz R
A AT oA B A ff P % 5 1T R 11 R B B s 2 P 2
FIBHR S YA T AR, BRARIER AR 1 A0,

Table 1 Examples of identifying target proteins of small molecule drugs with label-free techniques

Techniques Drugs Target proteins References
DARTS Rapamycin/FK506 FKBP12 [6]
E4 mTOR [6]
Resveratrol elF4 [6]
a-KG ATP4B [7]
Andrographolide DRP1 [8]
Daurisoline HSP90 [9]
APZ HSP70 [10]
SPROX CsA Cyclophilin A/UDP-glucose-4-epimerase [11]
CETSA MDL-811 SIRT6 [12]
G6PDi G6PD [13]
TPP Palbociclib ECM29 [14]
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Fig. 1 Scheme of DARTS.
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AREENT o R (a-ketoglutaric acid, o-KG)
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2 BEREANEEREM (Stability of

proteins from rates of oxidation, SPROX)
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proteome profiling, TPP)
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Fig. 3 Scheme of CETSA.

% : 010-64807509

(TMT10) %5 1 JURP R R 10 700 6y B S s, F:
WELH T 2R 40P ATP 45478 11 PV 3
T, B A YR T o 2 P R LA R A B
UbJ5, TPP iRz e =& A -1 . A
JR - R . R S-SR B SRR R A
24 E B 1R VR E TR A gk g BB
A P A A R E AR 5 Hr T 40 B SR 30 v 28 5
T R E AR L, WP E A RS S e 4k
FIE Bh Bk e R S A IR S Hp ik VR RS T
— Tl g A Iy B0 potel 2544 TPP Hi AR S5
R BRI, SR T —Fh e 2R 1 Al
905 B VAl R 57 A0 S AR S 1) 05 3 B,
SAh, BARE ARG —FSBIERERS, J
AT AR B IR B R R, S ECEAE A
A2 A R i [ — AN IR & A e BT, ST B
% . Miettinen Z£F ] TPP £ AR, & Fi Palbociclib
AL PRI 20S B FABHA R AT Fh 5 2 25 W fa] 432 4
ECM29 DA ZE 1 A< 1 fiff 25 42 0 20S 2 g4 1 A
SE PSR

3.2 CETSA #1 TPP Hi KRB R &

CETSA HEGMANI R/ HTE AR (Thermal
shift assay, TSA) ekdtmisk, MHET TSA gt
FHAE B 5, CETSA KEFE i T8 Bl 58 2 440
ML . 2R A b, BEE 2 4l e 0
BB ARG BT AR, (AR

- — -+ Drug
—— + Vehicle

Relative band intensity (%)

. cjb@im.ac.cn



1136 ISSN 1000-3061 CN 11-1998/Q :# 1.#22%#k ChinJ Biotech

L 2RI B T R G B T L e R kA
W HL P e 5 4 8390 DR A R 9 B & AT BAEE
2015 4E LY e T TPP EARK I /Ny 25 W s 1
BB 0 2 00 SR o L S e S IR RN () R
FISR A 1o AT — A A 3R A T 0 8 )
HRAESE T 0.4% NP-40, X /2 LA/ 2 I E A,
I B S TR 25 i S AN g S O,
HJZ, CETSA YA B AT B 23 52 i 241 g i
PR, DT S A A AR B S T AN Rk A4
T 9 24 W 0 N A PR BRI B 12842 R b
PR 2% 11 R e %) s 0 R e A 50 A 380 e ik
FHRAb B, TR A AT DU AR B SE 5 A6 56 4% %
T 20 B A s B0 S A, 2 i
THU9E B B I, Tl 2 5 o 24 40y B 1) A Y 2R T
Jio QAR5 5 p N (S, e
B2 3 O AR Y B RS s, DR FE A
PR3 25 TR Z B R, P RE 2 R M HT ARG
MEARES . ZEWT, AR 5 AR
EREARPUA, SEERE MS REEREN.
USRI 7 BT R R, 259 AT e e 7 SR AN RS
M, RECEAKEAR, RS, i
B PP A, 3 I 30-60 mint*Y,
e TPP (R A, B i 2Pk, H—
SO AR I A BE T I, BRI
A B R TG M R 4 BT Lim 454t
X i — [R) i, 2 TS8R A 5 e - (Isothermal dose-
response fingerprint, ITDRF), 37 T —F8r A9k
W, BNEE 37 “C. 52 “CHI 58 “C =ML K AN
10 NYIRERREE , KR RIEE | ARF 259k
JETR, EA AR E AL 1% e RR AN
BB T A IR T X Ry i i A AT
Becher SFtLf i T—Rhelit vk, mifE 2D-TPP
(B 12 DA B 5 A2k i wb i) 44 i
PRI AR SR F (8 4 K 0 25 W vk B DR A 1125 9 1
M SRRy, I FRRE T e h R I . BRIt
ZAh, KPR AR FeVFAE R — B A HT R

http://journals.im.ac.cn/cjbcn

[l 2 A Ab BEARE i, BRI 1 TPP SE30 A R
BB A AL

4 RELERE

SETE /NI T LSRR N T Bl A W R S T T
HARKENX, @ &20259 7 L& e nT L
FI 25O LR, SRR T E, dal LA
TR BEAHSCHI R . SO 4 T 3 Mhofbss
M A E /N> T2 E Rk, BLEE TR L
P B A 28 78 1%k /N 1 25 W T A A S R 5
M, [r) sk i A R 75 9 R S B B 9 0 2 S8 B
MM RAL L, B A A 25 - A
7, MR R a5 . 734h, BEHEARE
HAZNARE, EREARSHARZER A bR
DA 56 S A ROR IV L, FRAT U015 4 X S e
PRGBS A IR, BN HE 8 NI 124
YL A Ay I TR

REFERENCES

[1] Min J, Kim YK, Cipriani PG, et al. Forward
chemical genetic approach identifies new role for
GAPDH in insulin signaling. Nat Chem Biol, 2007,
3(1): 55-59.

[2] Park J, Koh M, Park SB. From noncovalent to
covalent bonds: a paradigm shift in target protein
identification. Mol Biosyst, 2013, 9(4): 544-550.

[3] Sleno L, Emili A. Proteomic methods for drug target
discovery. Curr Opin Chem Biol, 2008, 12(1):
46-54.

[4] Annis DA, Nickbarg E, Yang XS, et al. Affinity
selection-mass spectrometry screening techniques
for small molecule drug discovery. Curr Opin Chem
Biol, 2007, 11(5): 518-526.

[5] Burdine L, Kodadek T. Target identification in
chemical genetics: the (often) missing link. Chem
Biol, 2004, 11(5): 593-597.

[6] Lomenick B, Hao R, Jonai N, et al. Target
identification using drug affinity responsive target
stability (DARTS). Proc Natl Acad Sci USA, 2009,
106(51): 21984-21989.



O FIRUFERNND FEMEEALERAREM AR 1137

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

s

Chin RM, Fu XD, Pai MY, et al. The metabolite
a-ketoglutarate extends lifespan by inhibiting ATP
synthase and TOR. Nature, 2014, 510(7505): 397-401.
Geng J, Liu W, Gao J, et al. Andrographolide
alleviates parkinsonism in MPTP-PD mice via
targeting  mitochondrial mediated by
dynamin-related protein 1. Br J Pharmacol, 2019,
176(23): 4574-4591.

Huang XH, Yan X, Zhang QH, et al. Direct
targeting of HSP90 with daurisoline destabilizes
B-catenin to suppress lung cancer tumorigenesis.
Cancer Lett, 2020, 489: 66-78.

Park C, Zhou S, Gilmore J, et al. Energetics-based
protein profiling on a proteomic scale: identification
of proteins resistant to proteolysis. J Mol Biol, 2007,
368(5): 1426-1437.

West GM, Tang LJ, Fitzgerald MC. Thermodynamic
analysis of protein stability and ligand binding using
a chemical modification- and mass spectrometry-
based strategy. Anal Chem, 2008, 80(11): 4175-4185.

Shang JL, Zhu ZH, Chen YY, et al. Small-molecule
activating SIRT6 elicits therapeutic effects and
synergistically promotes anti-tumor activity of
vitamin Dj in colorectal cancer. Theranostics, 2020,
10(13): 5845-5864.

Ghergurovich JM, Garcia-Cafiaveras JC, Wang J, et
al. A small molecule G6PD inhibitor reveals
immune dependence on pentose phosphate pathway.
Nat Chem Biol, 2020, 16(7): 731-739.

Miettinen TP, Peltier J, Hartlova A, et al. Thermal
proteome profiling of breast cancer cells reveals
proteasomal activation by CDK4/6 inhibitor
palbociclib. EMBO J, 2018, 37(10): €98359.

Tanie Y, Kuboyama T, Tohda C. GRP78-mediated
signaling contributes to axonal growth resulting in
motor function recovery in spinal cord-injured mice.
Front Pharmacol, 2020, 11: 789.

Ceccacci S, Deitersen J, Mozzicafreddo M, et al.
Carbamoyl-phosphate synthase 1 as a novel target of
phomoxanthone A, a bioactive fungal metabolite.
Biomolecules, 2020, 10(6): 846.

Hwang HY, Cho YS, Kim JY, et al. Autophagic
inhibition via lysosomal integrity dysfunction leads
to antitumor activity in glioma treatment. Cancers
(Basel), 2020, 12(3): 543.

fission

010-64807509

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Chang J, Kim Y, Kwon HJ. Advances in
identification and validation of protein targets of
natural products without chemical modification. Nat
Prod Rep, 2016, 33(5): 719-730.

Dearmond PD, Xu Y, Strickland EC, et al.
Thermodynamic  analysis  of  protein-ligand
interactions in complex biological mixtures using a
shotgun proteomics approach. J Proteome Res, 2011,
10(11): 4948-4958.

Roberts JH, Liu F, Karnuta JM, et al. Discovery of
age-related protein folding stability differences in
the mouse brain proteome. J Proteome Res, 2016,
15(12): 4731-4741.

Baud F, Karlin S. Measures of residue density in
protein structures. Proc Natl Acad Sci USA, 1999,
96(22): 12494-12499.

Geer MA, Fitzgerald MC. Energetics-based methods
for protein folding and stability measurements.
Annu Rev Anal Chem, 2014, 7: 209-228.

Kaur U, Meng H, Lui F, et al. Proteome-wide
structural biology: an emerging field for the
structural analysis of proteins on the proteomic scale.
J Proteome Res, 2018, 17(11): 3614-3627.
McFedries A, Schwaid A, Saghatelian A. Methods
for the elucidation of protein-small molecule
interactions. Chem Biol, 2013, 20(5): 667-673.
Walker EJ, Bettinger JQ, Welle KA, et al. Global
analysis of methionine oxidation provides a census
of folding stabilities for the human proteome. Proc
Natl Acad Sci USA, 2019, 116(13): 6081-6090.

Tran DT, Adhikari J, Fitzgerald MC. Stable isotope
labeling with amino acids in cell
(SILAC)-based  strategy  for  proteome-wide
thermodynamic analysis of protein-ligand binding
interactions. Mol Cell Proteomics, 2014, 13(7):
1800-1813.

Liu F, Meng H, Fitzgerald MC. Large-scale analysis
of breast cancer-related conformational changes in
proteins using SILAC-SPROX. J Proteome Res,
2017, 16(9): 3277-3286.

Molina DM, Jafari R, Ignatushchenko M, et al.
Monitoring drug target engagement in cells and
tissues wusing the cellular thermal shift assay.
Science, 2013, 341(6141): 84-87.

Seashore-Ludlow B, Axelsson H, Lundback T.

culture

. cjb@im.ac.cn



1138 ISSN 1000-3061 CN 11-1998/Q :# 1.#22%#k ChinJ Biotech

(30]

[31]

(32]

[33]

(34]

(35]

(36]

[37]

Perspective on CETSA literature: toward more
quantitative data interpretation. SLAS Discov, 2020,
25(2): 118-126.

Miettinen TP, Bjorklund M. NQO2 is a reactive
oxygen  species  generating  off-target  for
acetaminophen. Mol Pharmaceutics, 2014, 11(12):
4395-4404.

Axelsson H, Almagvist H, Seashore-Ludlow B, et al.
Screening for target engagement using the cellular
thermal shift assay——CETSA//Assay Guidance
Manual [Internet]. Bethesda (MD): Eli Lilly &
Company and the National Center for Advancing
Translational Sciences, 2016: 649-674.

Mateus A, Kurzawa N, Becher I, et al. Thermal
proteome profiling for interrogating protein
interactions. Mol Syst Biol, 2020, 16(3): €9232.
Savitski MM, Reinhard FBM, Franken H, et al.
Tracking cancer drugs in living cells by thermal
profiling of the proteome. Science, 2014, 346(6205):
1255784.
Becher |, Andrés-Pons A, Romanov N, et al.
Pervasive protein thermal stability variation during
the cell cycle. Cell, 2018, 173(6): 1495-1507.e18.
Dai LY, Zhao TY, Bisteau X, et al. Modulation of
protein-interaction states through the cell cycle. Cell,
2018, 173(6): 1481-1494.e13.

Potel CM, Kurzawa N, Becher I, et al. Impact of
phosphorylation on thermal stability of proteins.
bioRxiv, 2020. DOI: 10.1101/2020.01.14.903849.
Dai LY, Prabhu N, Yu LY, et al. Horizontal cell
biology: monitoring global changes of protein

http://journals.im.ac.cn/cjbcn

[38]

[39]

[40]

[41]

[42]

[43]

[44]

interaction states with the proteome-wide cellular
thermal shift assay (CETSA). Annu Rev Biochem,
2019, 88: 383-408.

Guettou F, Quistgaard EM, Raba M, et al.
Selectivity mechanism of a bacterial homolog of the
human drug-peptide transporters PepT1 and PepT2.
Nat Struct Mol Biol, 2014, 21(8): 728-731.
Quistgaard EM, Low C, Moberg P, et al. Structural
and biophysical characterization of the cytoplasmic
domains of human BAP29 and BAP31. PLoS ONE,
2013, 8(8): e71111.

Bantscheff M, Eberhard D, Abraham Y, et al.
Quantitative chemical proteomics reveals mechanisms
of action of clinical ABL kinase inhibitors. Nat
Biotechnol, 2007, 25(9): 1035-1044.

Reinhard FBM, Eberhard D, Werner T, et al.
Thermal proteome profiling monitors ligand
interactions with cellular membrane proteins. Nat
Methods, 2015, 12(12): 1129-1131.

Jafari R, Almgvist H, Axelsson H, et al. The cellular
thermal shift assay for evaluating drug target
interactions in cells. Nat Protocols, 2014, 9(9):
2100-2122.

Lim YT, Prabhu N, Dai LY, et al. An efficient
proteome-wide strategy for discovery and
characterization of cellular nucleotide-protein
interactions. PLoS ONE, 2018, 13(12): e0208273.
Becher I, Werner T, Doce C, et al. Thermal profiling
reveals phenylalanine hydroxylase as an off-target
of panobinostat. Nat Chem Biol, 2016, 12(11):
908-910.

(AR5 METTT)



