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Abstract: Malignant tumor is a disease that severely threaten human health. Common chemotherapeutical drugs
currently used in clinical practice have some problems in severe side effects and chemoresistance. In contrast, natural
venom peptides and artificially designed targeting peptides have excellent biological activities and potential drug-
gability due to their small molecular weights and high affinity to tumor tissues. Thus, the methods for the discovery of
anti-tumor peptides have attracted much attention. In this paper, we summarized the types of anti-tumor peptides from
recent literatures. Then, we systematically reviewed screening theories, methods and applications based on traditional
chromatographic separation, peptidomics, phage display, phenotypic screening, and artificial intelligence. These
strategies and technologies will provide a methodological reference for accelerating anti-tumor peptides research.

Key words: anti-tumor peptide; chromatographic separation; peptidomics; phage display technology; phenotypic

screening

Wi FE H 391: 2020-04-09; ﬂ% H 1: 2020-07-16.

FeUH: HE AR STTITH (81673563, 81274199); LLI544 J5 Al B AW 7 H A S0 5 /AL I3 48 P 25 R0 = b A0 B2 Bk [5] 6035 v 0 B2 B 10 H
(FIGJS-2015-15, ZDXM-14); VLI 4 5 TR AR L ANTH .

*HIAE H Tel: 86-25-85811625, E-mail: zhoujing_nj@126.com;
Tel: 13770535004, E-mail: hongyuema@126.com

DOI: 10.16438/j.0513-4870.2020-0513



VLIRSS TR 25 1) v 200 128 77 4k Bt S BIR © 2299 -

A NATTER T 22 1) A v R AN {g B 1) A v S LA 7
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RIFFETE, & BN MR I AL 2 7480, s 4y 1
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Ji g8 25 W6 T I B B AR R, S sy
KB 25 UL LT ot i e A A — s R A% 77, (R
PUFENLRIEH A, AR RBK B 5N 2. 5 IAH
b, Z R385 1 i T A B SR 31 ot /N M [ 1
S SR U T R B S R T 24 12 W IR AT RS T s ik
W 5t %) 2T [, HAH w7 O 0RO v 4 2
KVE . ARICLRR T 3L G il 70 55 VSR 2H 5 W 18 4
7R AR DL K N T e S5 5 R IR 0 e UK 7 38 R
W7V (S 49 IR 24 e R 9 L3R 1), A N T 22 3
TR 2 e A 1 JOR ) R AR AL T AR IR AN 2
1 MBS BRSE

BT PUMIE 2 IKAE 53 1 P& AR VDA 2 1 DL R A
Iei) 11 77 T ) R O 35, U IMRE 22 Ik — B2 B i R A
WEFE BB R, AT AL Bh A A B 28 1 R AR Bl
8 2 G0 AR AP SR A IR FNIR B (. I A
JCAT Zy ) 1 AE 17 A AR 36 T B A% 23 WA 1) 23 A, X B8 3
PEHFEMRAREEZIK, EHT GEAMKRZ
PRV EE B I TE, I PR E M . R R M B
(Blarina brevicauda) &7 HILZL R FREEL (SOR-C13) /&
Il B H 25 7 MF. 2 Ji% V6 il (transient receptor potential
cation channel, subfamily V member 6, TRPV6) f] & 3
M5BT, REAEARIR L 4011 TRPV6, £ I 55 A1 7L
U e 1) LS ZRY e 0 ) fieb B S Y. AR N SO AR D Sk
5 7R SOR-C13 Jik nJ LAPR i 4 51 53 4% AEL 1 B3 X, 20~
30 min I °] LUF 2{5 516, 29 1 hik B KAE, JFH 2
DARFE 72 WM, 7E 23 4 bR R T I R 1K 56
HH) SOR-C13 Ik AT A5 RO 22 il v i A2, e 30t 47 b
JETE I . TEVE RS (Leiurus quinquestriatus hebraeus)
(R EE U PP A — P RS 1 L T IR, A HmT B

VRN TE S WrRET DL S AT B IR R T 1 1 K00

i Esperance Pharmaceuticals /A &) 7 & ] EP-100
v RS WD AIUEAS ) N SR M SN (R S e
TG & (gonadotropin-releasing hormone, GnRH) 52 4 .
PG IR B GnRH KRR LA 547 A 18 MM LR I
FH B o-WR e 2L AR IRZEFE T o BHBS ¥ JIK 547 67 H A
14 b 96 40 B R AR ELAE D, O ELAE TL 43 P 22 A8 4 L e
fEA LT, 78 AL /N BRAR Y, EP-100 {2 4 5P
L9 A M A B O T B, RO R AR R o (1 e
AR, IR T LS R R IR AE AR P B A 1) 1) R, Ry
SEAA bR VR T SR AL T e A AT BB AT R0

AR, ARSI 42 0. IRMA (peptibodies)
W EAAEYEER Z RSP %R E A G (immu-
noglobulin G, 1gG) 88k X 1 Fe Bk 47 3 A 5 20 1y
FKIEWREGEH . A2 PrRtG 2 K0 A0 1
FEE 5 26 F 1, 7 HLIE B AF 1gG Fe B 1 D) g 4 i),
RE 0% Wk 2 K i - 5 Y DL R 45 6 0 A0 B R A i
B SR A% 40 M, AT B2 v X ik 98 P e 9% A% 2808
WAL, RAR B 43 ot £ 2 BR v B U AR 19 1/3, % S A4 ey
R — B EYE . Torchia U4 ik I B 14 R
71N A A 0 45 31 B [ bk 98 )RR S MR BIR, ST 4A Fe fib
A 10 DA R DL 38 15 24 i 7 ek ke, O A SRR LR
RS A 2805 B NI R

Z IABELZ5%) (peptide drug conjugate, PDC) & 73
h—FR Ak 2 g T . @A N T A BIEE
S8 A7 A IE R 1) M 22 T DA G 58 245 470 firk e HEL 1 12k, B
ANy EAEBEA BRI ER 2K, 52 E N
T IR B B SRV TT R . — Pl R %7 1 K iIRGD
(CRGDK/RGPD/EC) 5 ' 57 1 32 1 78 M 98 1ML 587 9 1
L av BEA R4 A, iIRGD JIKHE N MR 5 4 K A Rk
CRGDKJ/R, C ¥ % & )5 i3k — 2 5 NRP-1 (neuropilin-1)
SR, fil R 2l 23 % 33, iRGD L2 ALy T 254 (% 3¢
EE A2 ) 5 R 3t EL B A o 245 S A 1R 0 i 8 28 R0

Table 1 Several peptides through different screening approaches in preclinical phase study. mAb: Monoclonal antibody

Peptide drug Type Clinical trail Application Screening approach
Trebananib Peptibodies Clinical phase III Epithelial ovarian cancer Phage display
Romiplostim Peptibodies Listed Thrombocytopenic purpura Phage display
Soricimed Natural venom peptides Clinical phase I Anemia after tumor chemotherapy Chromatographic separation

GRN-1201 Chemical synthesis Clinical research
ANG-1005 Peptide-drug conjugate Clinical phase III
MBI-226 Chemical synthesis Clinical phase 11
ITK-1 Single peptide Clinical phase IIT
LTX-315 Natural cationic peptides Clinical phase II
ICT04-CYP Chemical synthesis Preclinical phase
ANG-4043 Peptide-mAb conjugate Preclinical phase

Non-small cell lung cancer
Neuroglioma and breast cancer
Vulvar intraepithelial neoplasia
Glioblastoma and prostate cancer
Soft tissue sarcoma

Bladder cancer and colorectal cancer
Brain metastases

and identification

Synthesis

Phage display

Synthesis

Phage display
Chromatographic separation
and identification

Phage display

Phage display
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HIE DT avp3 B 5 KUY C (anti-avp3 integrin
peptidomimetic, AmpRGD) 5 i 2 & Wi 417 i) 77 &7 J&
B Je 34 45 & it C-AmpRGD-£7 )8 # Je 4 & 47,
A P9 A 1 BN R O SRR A R B 4K, BT
JB & J A Rk ek 96 A L PR M G RS AR 28, AR SR
JEIRFAVE B 564 R, 22 IR IBCA) w] BE AT 0 a2 /N B
TR AL (1) P8 €5 2R A LS
2 RAMMEMIRE S SFMELEESE
21 FEMHSENENREBESBERE AR L
J& TR T HE A, R LA BT (R A R AR
G KA RN 731 o R /INEE), H T I SR BT VA A A 2
B Wi RIS IE AR TR SE TR BT AL
e o3 THERE SO SR AT 15 DL R B KR P B S
2 K FH 2 DR 00 e A i 2555

TR AT R T 82k, 8K B A % 2
JREH 43 o 51, 36 sk e e AR g P JE ATV 40 S Al Ak HA R
W S B P /N T ORORE 22 Ik, 2 Tk e 5 4
To IR T G2/M ), Y8/ A 2253 288, DT 90 i) ok e A
Ko WA fiRIE R A A2 SEER et DA o Mg AR V00 A
A1) e PC-3 200 0 18 B 4 1 2 4R b, R IR JIK
(1 B A Tl ARG 2 SRR VAR L T g I i) DA R fn il i, 42 ek
Ji&2 JZ #7 FH g e 5 45 7 771 (thiazolyl blue tetrazolium bro-
mide, MTT) 273 44 71 57 126 15 21 75 0 o Mos 2 K

TR 2 BRI 23 5t B A0 IR Ve 1, 86 SR e I i 8
Az 3% 1) 77 2 AT 4 B 264k . Zhang UK A HL
T IE A B R K, £0d Sephadex G-50 1% Al
b R R B — R T T M B S HL UK (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, SDS-PAGE)
43 15153 3 Saxis ik, % HeLa. SMMC-7721 fl SGC-7901

S5 22 b IR 20 L A A 9 A, S B i R (50%
inhibitory concentration, ICy,) N 54~66 pg-mL'. Xf T
WA Ik, FLAE R RE VAR T DAY SR AR B AR AE, SRR
Bl A2 73 ¥ U K/ RR T, B — ik oy e A A IR X, (5
Je il i 2 4 (5 1% 1 77 30, 4 Sephadex #5148 I S AH
i, REfEIR1T i Al S SR I IR

FERUH B S B R RES LI R E B R E B E,
B R R IR S U E I RCR AN AR, W R T
EAHEE R TR E R A7 bR IC (stable isotope labeling
by amino acids in cell culture, SILC)- [F] 37 2 A5 25 4 X
5 % % % & (isobaric tags for relative and absolute
quantification, ITRAQ). i Bk i & 47 iC. (tandem mass
tag, TMT) PA A2/ 7~ 25 AE PR IR 4R (drug affinity
responsive target stability, DARTS) 25, %€ “ £ 7).
LRI 2 2R R RS AR SR AL TR R A
22 ETESHBRERMERANFHRALZIKES
TE TR 7 U A AR PR P R B A
ASLHT, B4 98 7 R AR 2 BRI FT ) FEANER BE (18
DS, R 2T VEIE T 6% (shot-gun) d HZH 77,
{EREAHT AL BT T (2 Ik A S B Aifh) fAAE 7 R . 1E
J R €1 — J5 i 73 A 7 T, A B AR 48 TR A
# 5T W% (linear ion trap quadrupole-mass spectrometry,
LTQ-MS).QE-orbitrap (quadrupole exactive orbitrap)
MALDI-TOF (matrix assisted laser desorption/ioniza-
tion-time of flight mass spectrometry) & BT & . 24 H]
% ] Q-Exactive IR H1E K153 547 B 7R 1 F- 5,
BT oy 7 R BRI K, HmE S B (elec-
tron spray ionization-mass spectrometer, ESI-MS) 1] f&
FAEIRI LS, 7 R H MALDI-TOF Jii 1% ~F & #E47 #b

b/y ions

Figure 1

Peptide library
sequence identification

Voltage ramp

_ 4

Amplifier  Detected signal

Peptidomics

Screening anti-tumor peptides through peptidomics. Secretion of several species (cone snail, sea anemone, snake, gila monster,

spider, and sorption) which was separated and purified have revealed anti-tumor activity. A strategy that combines liquid chromatography-

mass spectrometry, RNA sequencing, and bioinformation analysis was applied to unravel the peptides in the natural venom secretions. b/y

ions: In the secondary spectrum, the parent ion collides with inert gas, breaking the peptide bond in the peptide chain, forming a series of

product ions, namely N-terminal fragment ions (b series) and C-terminal fragment ions (y series)
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FEHT. MaZEROR B NanoLC-orbitrap-LTQ $5¢ AR X H
HE R WS 73 WA FE AT 20T, S5 1 1 035 IS REE Ik
FE 51, 43 ¥ 5 & AE 700~5 000 Da 2 [d], 712 000 Da
e 2 IR B d i, 45 A TE VEVTAN A B R i BT
JigRg 22 Bk o i T R AR OR M R 1R L R 41 AN IS AE, AT
FoE A TSI R BOR AL T R E A
(coding sequence, CDS), 5 & 9 1§ 1) 4 J& 5] 1y %)/
AHEL, BEE e B 2 iE R £ K. Dutertre S50 %
SN 5 e 43 R B S IBG, L E 13 MR K
I BT 25 R K F A1, 38 I TN i Al C o A A AR
A DA KT R ARG 1 1R S R K, Ay v T8 o 0 e R
JRIRAE T —Fhohr K
3 ALE I ERE A R 7~ BREE 0 1

1985 £F, Smith S22 i 2k P T A2 K — BUANIR
JUK 7 1) Je 7 TE 22 PR W B AR PRI 3R THT, 1988 47 SUHg & s Y
BEHL T 51 ) T A% IR v B ve B B 22 IR R B A |, Rk
Ji AN W TR AAORE 1 1R 2 TR R o — ARR B, BT A X R
T AN T3] JEA BB ) Wk A A A i 17 R A R s K, A i
LR T SR EEASEA NS EIK (B2). HTRE
AR RS b DR B A 0%, S R S bR S IR 5
133 DNA FP 31, B I HE ST 7 Wk T 44 3 1T R 7 %) B L IR
R34, ZHRTIZ N T HUE 2 IR IR A2l
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Figure 2 Approaches in capturing high affinity peptide through
display screening. Molecular-level screening: Homogenous in situ
screening requires only the specific target to be coated on a 96-
well; Cellular-level screening: /n vitro cell screening offers high-
throughput approach for identifying multiple peptides that bind
specifically to a single cell (i.e., cell lines or primary cells) can be
performed on adherent cells (live or fixed); Animal & human
screening: By performing biopanning and selection in a living

animal, organ-specific peptides could be isolated

30 FFKFRALOFIE A7 28 /& 7 i 1S AR
A 96 FLA L, A fuh B — BB AR, 2 IR0 ik
WA G Z 2 AR R R T Kim P12 R 2 1R
FLEESE I 8 R, Bt 1 —Fhs 55 A ) 2 Ik APTgpy
(aptides modified by extradomain B), Kd & 65 nmol-L"',
GRS TR E SO G (VR IR B BE) 12 A4S
XA R TR AR R R R HOR, R A S R A
JIH 2 IRBCAA o
3.2 YAREIKIEGHIE AT ST AN DL IR H A0 A
i ide t 55 e A0 M s SR A RS PR 22 IR . XL 2 IR AT 4
BT Rg 2 M v R0 (1) 4H 43 BRER T B2 428301 T B
A R R M . Qin BV FH W T AR R B
A, AR/ B Gr-1 F1 CD LD A ich 14 B 40 i 5 Jok vk 24
W IRSCPET 4 °CWEE 1 h JavE iy 48, KIHADG T
P H 5 SR YR 1) 300 1) 4 411 B (myeloid-derived suppressor
cell, MDSC) #7145 & K, 2K AE 22 B fit Jgg 45 28 o B
A B MDSC 40 i - 42 i e e 2 i AE .
3.3 EEOROKEOHIE w5 IK I SR IR R T A S
TN A, AEZ T Ik e 25 23 4/ B o A4 O F 97 3
St 3~5% R EAEMEIEE, S5 H R A S
L RN Sy SR CE ) N BB L i)
HROARIE 2 RS MR A S 2k (nk 2 A s
RGD MINGR /75 (e IR R . 9 1 92D /N BT
Z (A b 22 S AR 25 P, Arap SEPAHEAT TN AR T 14
JE IR R i %, % I SMSTARL Jik AT DA 57 4 1 45 &
B BRI AE ZR gi b, o 0 51 B e e v R Atk 28
10~ 15 1%, ¥)82 R WIFE N AR AT L3R AT IR B 44 e 7 ik
i 1T AT o
4 ETHERMIMER % KIFiE

I 96 A A 5 B 9 e R i L ) ) i 4 L R 4
HRFE 5T, i e 40 P 5 O 85 B 5% SR an - A
37, TT R IR A S AR DG 2 ) 2 A o I R e B 1R 28
R R B3
4.1 ETHEMEMSIGE 8 k2 )
THZRGD I, € —MEARHER-HEKR-RELR
% (Arg-Gly-Asp) [ =KJF 1, 4% & =R e i,
PO AL I R, 7E40 MR N R 28 I AR A T
SRR P AT SR IS T BE . Rouslahti 04 1T 14
WA WG T 6 e o B3R 73 B Y T IR Ik CDCRGDCFC, 1%
R BT HL S5 B avp3 Tl avpS #E42, VHEE T R I
R (R 2)o AT HRIE 1T M13 RIS B 14 Ji 7R ST PERS),
TE & N 7 3% BCP ik (blood circulation-prolonging
peptides, BCP), % & i H % RGD J¥ 41, RGD 5 Ifi
ANERCERRE S 1 4G A B v T BCP K Y IV BE . H
BCP Jik il il 2k 2 2 LL R R 9Koks, v el 2 R E
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Table 2 Anti-tumor peptides targeting tumor microenvironment through phage display screening. LCy,: Lethal concentration 50%; Kd: Dis-

sociation constant; MC: Mander coefficient; MMP: Matrix metalloproteinase; FN: Fibronectin

Year Sequence

Target Affinity

1994 LWXXYWFHXFXXYLW
1995 ACDCRGDCFCG

1999 TAASGVRSMH

2000 CNGRC

2002 SMSIARL

2003 AEPMPHSLNFSQYLWYT
2012 CRRHWGFEFC

2012 CTTHWGFTLC

2012 HCSSAVGSWTWENGKWTWKGIIRLEQ
2012 FHKHKSPALSPV

2013 YEQDPWGVKWWY

2015 CTVRTSADC

2016 HTTIPKV

2016 APPIMSV

MMP-9
MMP-2

Urokinase plasminogen activator receptor
Endothelium/av integrin

Transmembrane chondroitin sulfate proteoglycan NG2 -
Endothelium expressing aminopeptidase N/CD 13

Tumor-associated FN
Tenascin C

Tumor-associated FN
Cancer associated fibroblasts
Cancer associated fibroblasts

LCy,: 0.01-10 mmol-L"!
LC,,: 10 mmol-L"!

LC,,: 34-481 mmol-L"!

Prostate endothelium -
Urokinase plasminogen activator receptor -

LC,,: 10 mmol-L"!
LCj,: 10 mmol-L~!

Kd: 65 nmol-L"!

Kd: 4.58 + 1.4 pmol-L"!

Tumor associated macrophages -

Kd: 11 pmol-L"!
MC: 0.70
MC: 0.74

2B J3 R, B0 T 2 R LR 5 3 B AL R
AR LA AN R L T2 AS16 k2 — Pl IfiL
BN A KT VEGF 3244 2 (vascular endothelial
growth factor receptor 2, VEGFR2) fJ#% #1771 ATWLPPR
1PN 7 400 i 7 SR ¥ I Tie2 (tyrosine kinase of endo-
thelial 2, Tie2) 45 H 7 NLLMAAS i i 22 P 72 352 1
B 2 IR, 5 VEGFR2 A I % A2 % 3% 2 (angiotensin
2, Ang-2) FLA U H ] 1453, 58 8 gak 2 Fif g 1 A= K A
T oI A I AR B, AR O T IE K AST6
HIAR 23 0, Bt 7 — M AL AS16 IRFI IgG Fe Jv
B R, BT RLAT R i) M2 I 20 i s i R i A AR
Ji, HLIL AR A oz o Al fi Y AST6 Ik . Martina
SEBTHIE 72 AIE B T % VEGF/Ang-2 11 XU #1011 7] A
5 I TR Ak, I B R S BUME AR .

42 ETHEZBHNZKGE ERE&EEA
(matrix metallopeptidases, MMPs) 7& /198 A 55 1
Wz —, Z5MEaiuriash iR, miditst
53 B 1% i e 45 ) 1) Bt ik e e B UK, 38 BEL BT NF-«B
(nuclear factor kappa-B) I PI3K/Akt/mTOR (phosphati-
dylinositide 3-kinases/protein kinase B/mammalian target
of rapamycin) J&# % /1 5 ) MMP-9 £ &, #1 il FL 2 g
MM Z8 . KB EF X MMPs [ 2 BK #0 /2 p 0 1 1
INHE AR RS ) a0, Ndinguri S8 H 22 4K 4 B
A% J I 38 MIMP-2 A MIMP-9 (4 401 1) 3% 1, ¢ ) 73 %)
H[F] &4 HWGF Fr 81 1) 2 25 Z Jik: CTTHWGFTLC A
CRRHWGFEFC. JLt, CTTHWGFTLC Xf MMP-2 ]
ICs, 1B N 10 pmol L',

43 ETHERRNEZIKIGE MFMHILT 2k PD-1
(programmed cell death protein-1) & — F il T 41 i %%
P 5 B (1) 3R 1 3244, BT PD-1 572 )7 P I8 T/ /& PD-
L1 (programmed cell death-ligand 1) {40 & 1F f nJ 14

iR JH RS G 2 S REBY. AT B ST ARG AUNP-12 2 JIKES &
PD-L1/L2 /] #iil J5UR b Jed i AE KR 6 42, IF 22 /Db 4k
24 h LIRS i 1 o L SOV I B A R O O I
ML A PD-L1 1) 22 A 55 TPP-1, J @ i i 14 3
40 4 1% (magnetic activated cell sorting, MACS) Ffl
¢ 6 4 43 % (fluorescence activated cell sorting,
FACS) JiiEit— 2 E4E T 5PD-L1441k. MMACS
8 ¥ J5 B A 5% 100 ik PE T 46 F1) FACS 1) 8 > i 36
J&, A3 % K A 2.1% (40 nmol-L! PD-L1) 3 11 5 54.1%
(10 nmol-L"' PD-L1), 743 9 AN ik, L ILH 7 51
N CWCWR, 3£/ Kd %195 nmol- L. LAk, A 5T
# M B B398 (Pardachirus marmoratus) 38 i3 £ 4t
AR Aoy B M 58 I PUE K GE33 ] DA 9 8 i A 77
FTHHE I B e A i (MBT-2) 1 G 9% Jd 4, 76/ AR
W ER S T R T 41 (cytotoxic T lymphocyte,
CTL) = SR 75105 20 o 1) 250 & DA SR e ME i A7k P25,
WER T P B R S g5 1 TS TR e

5 ETHEMRENZIKIGE

1 458 32 U i 0 S A 20 N R S AR Y | 0k i %
MBI ED, FIRANR NS R HAE
)RR FH BT 1, X o 52 6 A3 PR A “ T o) 245 400 9
Tl " B R ZGY) K I (phenotypic drug discovery,
PDD).

SRR A P dEAT B IR 2 BRI o F T JRd T
=, WK S MW < Bk B [ 2 (S-phase kinase-associated
protein 2, Skp2) I CyclinA 2 [8] AR E.AE T, T e B
MR ME AN . D& W 78 il s B RERUR A HR
i 126 H 5 Skp2 i 7 M 45 S B ROE FC A4, JFRs 2L 2 5]
FLAZRIB AR R b, DU Y 1) J7 5 B 44 i 1k 3 A8 28040
il e AR A 2 AW, (HR I BRI AR S E R E
AR AT g0 MR A, T VR 22 8 1 TR] AR AT
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BVESE N L, e R 2 AR MR Y sk, BRIA R K
B, AR R PRI . B S S Ah— e TR X
S, PRV IGE W 2 v AR A R S ELAR R ARG,
T 576 b 6 4 i S P B2 L 1) R ZF B2 204143, Gallardo S U4
I A 9 AR 1C )P 25 DA X 4 0 226 S — Aoy 58 PRI )
JK SU6656, i REAM1 ] iy 15 28 14 LI i Jed £ L ) e 7%

B BRI A1, 4L R PN TR R AR R — i B
(2 T R IVRHAE R 25 IR 77 005 v AR AR A AE AR
FR 41 45 74 R0 D e 58 ML AT 52, T8 IR ARG U 45 07
w0 AR VARG VA G R R T AR AR S
T B IAATRM], FRIUK AN R R
20 B R BB A SR, AR s AR S I I AE R
SAHRA BN, 40, Gram] 080K = 2 3L R £
RS 2 ZHEG P IEMY &, BT T R
REREDR 2 A 3 AN R B B, e 2 fRe 1 BN R DRI 2
AN AR B RN DL S X B FRAE D RE B IR AR

g0 B # I # B R (cellular thermal shift assay,
CETSA) je& 4 173 1 55— 77 i S 32 2 7Y ) 245 ) i ade
T, FJR PR N 2 AP I S R R Y o-C
iR T 2 T 5 2 A I ) 88 7 45 A AR T I B A g AR
MRS B, FES G A J5, FE LR JE (temperature,
T) MR S 1 3 1 5 BE A 7 5 IO 2R A 73190, T ]
TRALGYIN > T 5 is B ROBaE A2 48 i . i,
WE 5 AL 40 M 7K T bR HI CETSA 7 V& i it 3R Pl 1
AN TR 22 Joxt b 968 248 i 1) 27 52 14 AR Mdm2/Mdm4-p53
(murine double minute 2/murine double minute 4-protein
53) B 0 45 G R, il , Massey S5 Ry PN VR O
HHOR 5 CETSA M4 &, fEA K- E3RIGE Z AW
6 HAbiFEsN
6.1 ATERE MMM F T ENL D 70 55
RS H b5 5 5 e 148 2459 2 1) (R AH B AR R AT B,
THR P Z 2R A0 ) KN, TN L 25 A e s & 4 &
1A, DA AE T A B 1Y e bR A IV 1 22 ik ik 70 1
Kadioglu £E52F] F A W45 I8 57 L 73 5 R BOR T4 A1
I8 UE U 346 H 1A X B3 4% 11 IR & 1 (translationally
controlled tumor protein, TCTP) [ & 3§ 1 71 fik
WGQWPYHC, H 8% 75 5 1 1fiL % 40 il (MOLT-4) 1)
TCTP H1 4 g J& 3 #H 5¢ 28 ©H CDK2 (cyclin dependent
kinases 2)-CDK 6 1 Cyclin D3 [F)3R1& N i, LiZE0H]
FION T e TR IR 60 B 42647 9, X AN [R) B R B Ak
RALIRFF BVHEAT 73§ 3l F3 R0 AN B A T30

N B BE R SRS PRI 1 22 JIK 6 24 O F 7 0 00, 4
Thir b 22, 2 B R Ik v T R PR Al ) — A B
BRTFB B, NTHE REBORIE I I v 2 Pk

Z A R R AR AL (R R TS 1 ) ), A AR 22 AR ik
BER b B R A5 4 (RIVE S )@ty DA G o] 4 5 56
B 5 RE AU T SR T R B 5 B 2 IR T R
H (RNZR-E AR ] ) o

6.2 A5 H$E (cryo-electron microscopy, cryo-EM)
P R FRLBE 77 V2 A R o R B A T AR BB ) BRI A UK
H IR R T -2 IR G M A G b RS I = 4Rk
SERT. BB 5T A8 cryo-EM 5K € I EbT T
BOEIRSEFES R GEAOMANEN R 2 BHRGHE
118 B 32 {4, G protein coupled receptors, GPCR) ] 5
PR = AR g pi0), DL B e A 25 FEAK 1 (glucagon-like
peptidel, GLP1) 4.1 A ffj cryo-EM £5 44, R A IXFi o =X,
— Lo vk B Ik 5 FH 25 F TRPV 1 ifiiE (transient receptor
potential vanilloid1, TRPV1) [ 45 & 158 20 8 4 % 27,
1 T cryo-EM 3R 7E %5 5E Bie Ak 5 51 £ 25 5 AL s Al 4
5 2077 T R SRAIL B, AR 3 T AR ok — 8 55 B ik
Jo8 22 IR 5 B8 LA 6 1) 40 T LA A 1

7 BESRE

BEAT 7RSS, R TR SO B I
5 R R AR SR EW R T DL R N T R AR R SR L
J7 i A R AR BUM R IR IR 8 25 ik RN . B
IR LEER IR D, ORI B AN [F A WAL R 3T
i Jeg kA A AL AL, DAAE M UL 25 5 (0 2B ) SRR R
RN D IR BAB PO FARIE b TGk SR
FECARHEA % B BIPLsh s, MG 2R BRI LSS &
AN ER IBCAE P, 5 AR R BR 22 JIK 285 W 1) A BRI A i 7

& STk: VR R A G ST R A SRR ) IR B9 3
WA E 3R PR Z 5 7 A% 10 B B K4 1T A 22 1 A 5 A
Iy BRE B T A SO G VAR R Bl A B
iR T 4SO T AT S8R

F B AT EE I TE AR TR 28 0 2%
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