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Abstract: Objective To investigate the target proteins of astragaloside IV (ASI) in HK-2 cells (renal tubular epithelial cells) using
drug affinity responsive target stability (DARTS) and liquid chromatography-tandem mass spectrometry (LC-MS/MS), and to validate
these targets. Methods HK-2 cells were treated with 40 mmol-L™! glucose for 24 h to establish a diabetic kidney disease (DKD) cell
model. Cells were randomly divided into control, mannitol (isotonic control), model, and ASI low-, medium-, and high-dose groups
(1.6, 3.2, and 6.4 pmol-L "), respectively. After modeling, drugs were added and incubated for 24 h. Cell viability was assessed by

CCK-8 assay, apoptosis was analyzed by flow cytometry, and levels of tumor necrosis factor-alpha (TNF-a), vascular endothelial
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growth factor (VEGF), and kidney injury molecule-1 (KIM-1) in cell supernatants were measured by ELISA. DARTS combined with
quantitative proteomics was used to identify potential proteins interacting with ASI in renal tubular epithelial cells. Based on
differentially expressed proteins, intersection analysis was performed with targets related to “diabetic kidney disease” and “apoptosis”
from GeneCard, DisGeNET, and OMIM databases to select DKD-related proteins. These candidates were further validated through
molecular docking, DARTS-Western blotting, and bioluminescence resonance energy transfer (BRET) assays. Results Compared
with the model group, ASI significantly improved cell viability, inhibited apoptosis, and reduced secretion of TNF-a, VEGF, and KIM-
1 under high-glucose conditions (P < 0.05, 0.01). DARTS combined with quantitative proteomics identified 32 differentially expressed
proteins, among which mitochondrial apoptotic inducer 1 (AIFM1) and 2,4-dienoyl-CoA reductase 1 (DECR1) were associated with
“diabetic kidney disease” and “apoptosis”. Molecular docking showed stronger binding affinity between ASI and AIFM1. DARTS-
Western blotting revealed that ASI enhanced the enzymatic stability of AIFM1. BRET experiments confirmed strong binding affinity
between ASI and AIFM1. Conclusion ASI may exert its protective effects on HK-2 cells by targeting AIFM1.

Key words: astragaloside IV; drug affinity responsive target stability (DARTS); biolayer Interferometry (BLI); HK-2 cells; apoptosis;

target protein; diabetic kidney disease
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17 Ja 925856

232 ASIWRFIRESE HUREIREN 5 pg-pl ' I
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60 min Ji7 , 73 BTN 0.03%4E 5 55 (A B 2 pLs
TRA]. 25 C R WAk 15 min. B HE AN S5iEE
5X SDS-PAGE #E [ EFEGEMRIRS], &3 10 min,
JESEA “2.3.27 TN EE(E. ik AST 415 xR ZHAH
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(1) BAZKWIRTAAE % K2R E AL
YIRS 21 1 mm? KL, 4372 N 1.5 mL EP
b, N 1 mL 8 50% ACN-50% 50 mmol-L™!
NH4HCO; ¥ bt AT i te, B 1 mL (1)
100% ACN, fEfh 2 [ eagi 2 FR, 32 ACN,
FIE TR FRUGHIAT IR R e i I g Y)
MIRBE IS . B )5, H C18 stage-tip AT/
AL, T 45 CEAFE. WINET, HE 0.1%H
FR 1Y) 80% LML, el s) 30 min, & CoHU_Ei
i 0.45 um JEME, BIFE.

(2) EREAM DM WA K FikE
A ReproSil-Pur 120 C13-AQ (50 mm X 150 pm,
3um); ZHTHEN, packing: Reprosil-Pur 120 Ci5-AQ
(170 mm X 150 pm, 1.9 um); FAF & 600 nL-min™';
WM 0.1%H R (A 5 0.1%HF R 80% LM
(B); BAFEWEME (0~2min, 4%—8% B; 2~35 min,
8%—28% B; 35~55min, 28%—>40% B; 55~56 min,
40%—>95% B; 56~66 min, 95% B).

Ji B 2% A s — P HE 240 Resolution: 70 000;
AGC target: 3 X 10 MaximumIT: 100 ms; Scanrange:

300 to 1 800 m/z. TS HN Resolution: 17 500;
AGC target: 1X10% MaximumIT: 50 ms; TopN:
20; NCE/steppedNCE: 28.
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X, THE ASTS & 8 H 45 A re T4 H 45 .
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243 AEPETHEE B 100 pL i EIREN
500 pg-mL~! ] AIFMI1 & H, IIANEEEREDR
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ERRIFE AR, BAEVMRELK AIFM] EA
W . L 2 1 SA fR A, KR N PBS iR
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2 WAE NZG FESEREE 1 %1000 PBS, 26 2 Fin
AIFM1 EH. H& 0.2% DMSO ) PBS
ASI BN 6 NKREE (50.00. 25.00. 12.50+ 6.25.
3.13, 1.56 pmol-L™1). HFE{L AIFM1 1) SA 1L/
XIRE AT A 23 B, AR AL 3 ALY B
AT SEE SRR, BIRERESIIEIR, S
KM 60 s, WREETEET 30 'C. fFH Octet BLI
Discovery 73t K U AT B0HE S F0 77 3
(Kp i) /NSRRI THR5HR .
25 GutESH

tTEZEEM X+s £x, XA IBM SPSS
Statistics 26.0 JTJE2H[H] 2 5455 : GraphPad Prism
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3 4R
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3.1.1 CCKS8 Efulgnfuist: S A, 4
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VERNJESE ASIG. W B 2ikE, S5RIE 1.

L5 5%F HR A B e, AR ZH 40 B3 1 B 2 PR (P<
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ET e
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EIFEAI M. CCK-8 Ha il 45 5 LK 2.

1.57

H
o
1

2 0 A7 261%
o
.
(I
——
)
|

16 32 64 128
ASI/(umol 1)

HX AL "P<0.01.
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Fig.1 Screening of optimal administration concentration
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1.57
§ 1.0 o
= o
&
2 0.5
g

0 , = '

pajiict A HEERE L6 3.2 6.4

ASH/(umol LT

XA #P<0.01; SEAALLE: “P<0.01.
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Fig. 2 Detection results of cell viability in each group ( X *
ss n=20)
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A (1.64 3.24 6.4 pmol-L™") ZH 41 i JE 2538
) FIEw . BoE R .

16 32 64
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Fig. 3 Cell morphology of each group observed under inverted microscope
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] T AL T ) HK-2 4R T

3.1.3 4iff L& W TNF-0. VEGF. KIM-1 25X+
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Y ELAS, WAL PR A 4 HK-2 400 TNF-a.. VEGF.
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SRR #P<0.01; SHERALR: "P<0.05 "P<0.01.
#P <0.01 vs control group; "P<0.05 *P<0.01 vs model group.
4 HRAMAEARENZHEMARADAT (X L5, n=06)
Fig. 4 Apoptosis of cells in each group detected by flow cytometry ( X £s, n=26)
1000+ 600+ 2 0004
~ 800 P
5 ** 0 Hok
£ 600 & 4007 *
=J *x o> | RS L] T s T pEmmE || e *k
e k=3
T 400 ** T
< Q 2004
F 2004 >
ol r 1 . ol ' 0 r T : T
X R 16 3.2 . X B 16 3.2 6.4 PR R 1.6 3.2 6.4
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ExRAIE: "p<0.01; SEMAIKE: "P<0.05 "P<001.
#P <0.01 vs control group; "P<0.05 *P<0.01 vs model group.

5 HEMMEFRPRERTFHIKE (X s, n=6)
Fig. 5 Levels of inflammatory factors in cell supernatant of each group ( X x5, n=6)

KIM-1 K FRETE (P<0.01); SHMAHELE, (P<0.01). Z55L0, ASI AJ 522 3005 a ki b 2 1)
ASI & AbFEH TNF-a.. VEGF. KIM-1 7K~F & 3 A HK-2 40 28 5E K1 R 354 hs E4 KIM-1 155
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3.2 DARTS BABSEEEBESTATIERR
3.2.1 ASIIKIZRI#ESE DARTS LK h/Ng 7 5H#E
HAMSE AR, Rk, ASTIRFERFH%E
FE S R (B BN &K, LA R 6, SR
M, ASIIRELE 20~100 pmol- LI, &[4
SO REZR; HMERERIGM, 255805,
2R E N 80 100 pmol-L7! i, HBLEEKZERE
Flo B SR s AR R R R RS A
£ 80 umol-L~' Ay AST AR 4MiF & I IR FE
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Fig. 6 Investigation of ASI concentration in in vitro

incubation system
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Fig. 7 Investigation of pronase concentration
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Fig. 8 Differential proteins between control group and ASI
group detected by DARTS assay
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Fig. 9 Base peak chromatograms of protein identification
by liquid chromatography-mass spectrometer (Easy-nLC
1200/QExactive)
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1 ASI7E HK-2 4fa E#Y 32 MBESAER
Table 1 Totally 32 potential binding targets of ASI on HK-2 cells

HAID H 44 HAMGE
QINUJL CA2 Carbonic anhydrase 2
095831 IKBIP Inhibitor of nuclear factor kappa-B kinase-interacting protein
P30038 DECR1 2, 4-dienoyl-CoA reductase [(3E)-enoyl-CoA-producing]
P04083 YARS1 Tyrosine-tRNA ligase, cytoplasmic
P08758 TPP1 Tripeptidyl-peptidase 1
Q9HDC9 NRAS GTPase NRas
P59998 ARPC4 Actin-related protein 2/3 complex subunit 4
P50895 NUDC Nuclear migration protein nud C
Q07021 SCP2 Sterol carrier protein 2
P16152 PSME2 Proteasome activator complex subunit 2
Q8N726 SERPINH1 Serpin H1
P20674 PSMA3 Proteasome subunit alpha type-3
P07858 UBQLN2 Ubiquilin-2
P07108 ARF4 ADP-ribosylation factor 4
Q92499 DUT Deoxyuridine 5'-triphosphate nucleotidohydrolase, mitochondrial
P33316 RPN2 Dolichyl-diphosphoo ligosaccharide-protein glycosyltransferase subunit 2
043854 PITPNA Phosphatidylinositol transfer protein alpha isoform
P63241 TARS1 Threonine-tRNA ligase 1, cytoplasmic
Q96A26 ARPC3 Actin-related protein 2/3 complex subunit 3
P04062 MAT2A S-adenosylmethionine synthase isoform type-2
P62873 H2BC21 Histone H2B type 2-E
Q16778 ACSF2 Medium-chain acyl-CoA ligase ACSF2, mitochondrial
Q53H82 AlFM1 Apoptosis-inducing factor 1, mitochondrial
P31153 DAD1 Dolichyl-diphosphooligosaccharide-protein glycosyltransferase subunit DAD1
P50579 ETHE1 Persulfide dioxygenase ETHE1, mitochondrial
Q9Y266 GRHPR Glyoxylate reductase/hydroxypyruvate reductase
QIUKK9 SSR4 Translocon-associated protein subunit delta
P55809 CYB5R3 NADH-cytochrome b5 reductase 3
095336 CANX Calnexin
015173 ECH1 Delta (3, 5)-Delta(2, 4)-dienoyl-CoA isomerase, mitochondrial
Q9Y237 UBQLN1 Ubiquilin-1
Q00169 RPN1 Dolichyl-diphosphooligosaccharide-protein glycosyltransferase subunit 1
_— DKD 3.3 1EREEARROIE
331 yxEE &RER, ASI 5 AIFMI.
& L 1164 DECRI 455 HE7079-38.91+ —30.12kI-mol !, 5
AIFM1 (45551 5 . {8 ] PyMoL ¥ %t AST 5
AIFM1 &5 G AT A UL EL /0T, a5 R K 11, §E
5 2 314 HEHLRIE (cartoon). JRIEE (cyan) FRix, Kb
ik O BCE S RS AR Cstick)\ 284 (purple)
1107 %ﬁ_\" EEM—‘ U\*Ellﬁ}ﬁi (StiCk)\ ‘E@é]:@ (llght red) %E_\"
WO FONE ., K ASI 5 AIFMI1 A HE K
LS Z A SR R E A 1 AR R A
10 BELAEES DKD SR ENSEE B iR, By SHRE R BRI G ArE .

Fig. 10 Venn diagram of intersection between potential

binding proteins and diabetic nephropathy targets
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ASI 5 AIFM1

11 SFHEREE
Fig. 11 Schematic diagram of molecular docking
i )a, Re ARG H I E AIFMI FIBGHE
FasE M, FEA T BERE HE 1 MR U AR 1 A AR
AIFM 1 7] /& ASIAE HK-2 40 b 1) 3= EL 0 F AR .
333 AMETWE Octet® R4 40§ HAEHT
AR SIS I AST 5 ATFM 28 [ 2 AR FLAEF .
gL R E 13 B, ASL 5 AIFMI 1) Ko N

0.20q 4

A i 2 1 il 11 0.03 %% % 5 (1

AIFM | S - A .- 70

B-actin| MEEE_G S e 42X 10°

20 40 80 X 20 40 80
ASI/(umol-L™") ASI/(umol-L ")
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Fig. 12 Effect of ASI on proteolytic stability of AIFM1
investigated by DARTS-Western blotting assay

29.873 124 pmol-L . 7E 1.56~50.00 pmol-L~!, ASI
5 AIFMI 256 11 R AH B AST R BE I =it =
FFER s anEs, WEE%EE.
Kp=29 873 124 pmol-L!
0.20n B

0.15+

0.10+

0.05= /

0 T T T T 1
0 10 20 30 40 50
Cl(pumol-L71)

Response

A G i ZA S B K- A K

A-Binding dissociation plot of ASI and AIFM1; B-Steady-state binding curve response plot; Kp-affinity constant.
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Fig. 13 Binding of ASI to AIFM1 detected by bio-layer interferometry
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amsE A fe, HASIRE AIFMI RIEgfRAL e, FRAK
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5 AIFM1 454, IR N#HT ASL $1 DKD 15+
PLEI SR 7B .
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