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[ Abstract ] Background and purpose: As a tumor suppressor gene, ribosomal S6 kinase 4 (RSK4) plays
important roles in inhibiting cell proliferation, migration and inducing cell apoptosis. However, the proteins interacting
with RSK4 are still unknown. This study aimed to screen proteins interacting with RSK4 in breast cancer cell line
MDA-MB-231 by flag-tag affinity purification and LC-MS/MS (liquid chromatography/mass spectrometry). Methods:
The pcDNA3.1/EGFP-RSK4-Flag eukaryotic expression vector was constructed by inserting full length RSK4 gene into
vector pcDNA3.1/EGFP-Flag. And then the recombinant plasmids were transferred into MDA-MB-231 cells. Real-time
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fluorescent quantitative polymerase chain reaction (RTFQ-PCR) and Western blot were used to detect the expression
of RSK4 in MDA-MB-231 cells. Affinity purification and LC-MS/MS were applied to screen proteins interacting with

RSK4, and the related action mechanism of RSK4 with its interacted proteins was detected based on bioinformatics

gene ontology (GO) and ingenuity pathway analysis (IPA). Results: Twenty-four proteins, such as serine/threonine-pro-
tein kinase 38 (STK38)/serine/threonine-protein kinase 38-like (STK38L), MOB kinase activator 2 (MOB2) and protein
arginine N-methyltransferase 5 (PRMTS5), were successfully identified by Flag-tag affinity purification followed by LC-

MS/MS analysis, which probably interacted with RSK4. Bioinformatics analysis of the identified proteins suggested

the proteins interacting with RSK4 were involved in diverse biological pathways, such as apoptosis and cell migration.

Conclusion: According to bioinformatics results of proteins interacting with RSK4 identified by affinity purification

and LC-MS/MS, biological networks of RSK4 are involved in apoptosis and migration in breast cancer cells.
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Tab.1 The related primer sequences

Target gene Primer sequence (5°-3")

RSK4 forward

RSK4 reverse
KL5890-P6 forward GCATACATGCAACTACCAAC
EGFP-N-R reverse CTGGTCGAGCTGGACGGCGACG

GAGGATCCCCGGGTACCGGTCGCCACCATGCTACCATTCGCTCCTCAG
CACACATTCCACAGGCTAGTTACTTGTCGTCGTCGTCCTTGTAG

123 BRRTEE4mfin

PR 7S B IMDA-MB-23 141 i 2 a5/ ¢
ZofLARH, FEAMIERLA EEIE80%~90%HT, &)
PR RN G B R, A e A T
Flaghr 8 R SK 418 55 85 12 22 18 AR 1R R B 1
Xof B 223 P g AR 3 i % Y 2 MDA -MB-231
Y, 12 W BN IER R, 72 hig a4k
R GFPI L, THEIEAH2E WA T WS
YU,
1.2.4 RTFQ-PCRI&IES: Je tm ik 0 55 J 2 R

P B TRIzo 1L R EUANE ML RNA, RH
Nanodrop2000il] 5Z RNA ) 4l B Ak B, 4351 HL
FHPEXT HR 1 i IR SK 44 A M fiIRNA 3 ng, 1§
P cDNAS—EA iU e sl ) G B 1 71
Bk, FIHPrimer 508519, scHET
AP TR B A BRA R G R, RSK4514)
K B -acting | )P oI W2, § G 95 CH
AAP30s, 95 °C10s, 60 °C10s, 72 C10s, HL
40/MIEFR; 72 CHEH10 min,

%2 RTFQ-PCR#XSI415 7!
Tab.2 Related primer sequences of RTFQ-PCR

Primer sequence (5°-37)
CAGCCAGTGCAAATGCTCATC
GGAGCCAACACCAATATCCTC
CATGTACGTTGCTATCCAGGC
CTCCTTAATGTCACGCACGAT

Target gene
RSK4 forward
RSK4 reverse

p-actin forward

[-actin reverse
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for Annotation, Visualization and Integrated
Discovery) FIH X2 AEVERE TR -5 15 02
Yy# i TGOS M (gene ontology, GO),
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Fig. 1 Recombinant vector pcDNA3.1-EGFP-Flag identified by enzyme digestion

M: Marker; 1: Enzyme-digested products (10.4 kb); 2: Non-enzyme-digested products
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Fig.2 Overexpressions of RSK4 detected by RTFQ-PCR after

transfection
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Fig. 3 RSK4-Flag fusion proteins detected using different first
antibodies by Western blot

Upper: Anti-RSK4 antibody; Lower: Anti-Flag antibody; M: Marker;
1: Control; 2: Total protein
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Fig. 4 Silver staining after Flag tag purification

M: Marker; 1: Total protein of control group; 2: Total protein of
transfected group; 3: Control purified protein of control group; 4:
Purified protein of transfected group (The green dot showed RSK4
protein band)
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(1518).
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5 Western blot#&fllFlagir& 4 {L RSK4-Flagft & & B
Fig.5 Purified RSK4-Flag fusion protein detected using
different first antibodies by Western blot
Upper: Anti-RSK4 antibody; Lower: Anti-Flag antibody; M: Marker;

1: Control; 2: Total protein; 3: Control purified protein; 4: Purified
protein

LR GO SIPASI BT 45 2R, 22418/ I3
Z IR £ H P 38 (serine/threonine—protein kinase
38, STK38)/22% R/ 12 TR £k I i i 382 (serine/
threonine—protein kinase 38-like, STK38L). MOB
PSR [ F-2(MOB kinase activator 2, MOB2).,

*3 RIEXETEHMRSKAZEBREBEERER
Tab.3 RSK4 and its interacting proteins identified by mass spectrometry

Protein name Gene name Relative molecular mass
Ribosomal protein S6 kinase alpha-6 (RSK4) RSK4 83 872
SCY 1-like protein 2 SCYL2 103 709
Serine/threonine-protein kinase 38 STK38 54 190
Protein arginine N-methyltransferase 5 PRMT5 72 684
Tubulin alpha-1A chain TUBA1A 46 297
Probable C-mannosyltransferase DPY19L1 DPY19L1 77319
Adenylyl cyclase-associated protein 2 CAP2 52 824
ATP synthase subunit beta, mitochondrial ATP5B 56 560
Adenylyl cyclase-associated protein 1 CAP1 51901
Dedicator of cytokinesis protein 4 DOCK4 225206
Serine/threonine-protein kinase 38-like STK38L 54 003
Methylosome protein 50 WDRT7 36 724
E3 ubiquitin-protein ligase TRIM21 TRIM21 54170
Prelamin-A/C LMNA 74 139
MOB kinase activator 2 MOB2 26927
Cofilin-1 CFL1 18 502
Elongation factor 2 EEF2 95338
Signal transducer and activator of transcription 3 STAT3 88 068
60S ribosomal protein L3 RPL3 46 109
Heat shock protein 75x10°, mitochondrial TRAP1 80 110
Tropomyosin alpha-4 chain TPMA4 28 522
60S ribosomal protein L18a RPL184 20 762
Transmembrane protein 33 TMEM33 27978
Hornerin HRNR 282390
Protein DBF4 homolog B DBFAB 67243
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Fig. 6 Partial peptide fingerprint of RSK4 and PRMTS
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Fig. 7 Biological processes of RSK4 interacting proteins analyzed by GO
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Fig. 8 Interaction networks of RSK4 interacting proteins

detected by IPA
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