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Abstract: Objective To analyze the differences in the expressions of the total and phosphorylated proteins
in human colon cancer HCT116 cells after the knockout (KO) of retinoic acid-induced protein 16 (RAI16)
and explore the possible mechanism and related signaling pathways affecting its protein function in HCT116
cells. Methods HCT116 KO and WT cell proteins were collected and extracted, and the protein extraction
efficiency was detected via a sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
experiment. After protein digestion, the peptides were labeled with TMT and analyzed via mass spectrometry.
We used bioinformatics methods to analyze the identified differential proteins and differentially phosphory-
lated proteins by using GO, KEGG, and STRING databases. Results The results of SDS-PAGE showed no
evident protein degradation. In addition, some key bands were significantly different between the experi-
mental and control groups. A total of 147 up-regulated and 230 down-regulated differential proteins were
screened in accordance with the conditions of Foldchange=1.5 or Foldchange<1/1.5 and P<0.05. Meanwhile,
106 up-regulated and 217 down-regulated phosphorylation sites were screened. GO enrichment analysis
revealed that the differential proteins were mainly enriched in the composition of nucleoplasm, nucleus and
cytoplasm, RNA binding, cadherin and chromatin, DNA repair, RNA splicing, and positive regulation of
DNA as template transcription. The results of KEGG enrichment indicated that the differential proteins were
mainly enriched in nucleocytoplasmic transport, spliceosomes, cell cycle, cell-cell tight junctions, viral
carcinogenesis, microRNAs in cancer, efc. The protein interaction network mainly focused on DDX17, NCL,
EEF2, CDK1, SSRP1, and SMARCCI. The statistical findings unveiled the up-regulated changes in the two
omics of SKP1, ORCI, and BAD and the down-regulated changes in RBL1, RB1, CDK1, CDC6, MCM4,
TFDP1, CHD4, and SNW1. Moreover, the phosphorylation differences were more significant than the protein
differences. Conclusion RAI16 plays the possible crucial role in multiple biological functions and signaling
pathways through key proteins, such as SKP1, ORCI1, RBI1, and CDK1, which affect the cell cycle and
thereby the occurrence and development of cancer.
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A: correlation analysis of credible proteins between the experimental group and the control group; B: correlation analysis of credible phosphorylated

proteins between the experimental group and the control group; C: histogram of peptide length distribution in protein samples; D: histogram of
peptide length distribution in phosphorylated protein samples. *: P<0.05, **: P<0.01, ***: P<0.001.
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sis results
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A: bar chart of GO enrichment analysis at the levels of biological process, cellular composition, and molecular function; B: comparison chart of up-

regulation and down-regulation of differential proteins.
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Figure 3 GO enrichment analysis of differential protein functions
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A: enrichment of differential proteins in the KEGG pathway; B: comparison of up-regulation and down-regulation of differential proteins.
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Figure 4 KEGG enrichment analysis of differential protein functions
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Figure 5 Differential protein interaction networks
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A: bar chart of GO enrichment analysis at the levels of biological process, cellular composition, and molecular function; B: comparison chart of up-

regulation and down-regulation of differential phosphorylated proteins.
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Figure 7 GO enrichment analysis of differential phosphorylated protein functions
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A: enrichment of differential phosphorylated proteins in the KEGG pathway; B: comparison of up-regulation and down-regulation of differential
phosphorylated proteins.
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Figure 9 Differential phosphorylated protein interaction networks
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Figure 10 Functional enrichment analysis of modified sites inbackground-removal proteins

A6 bR 0 o) B R R TR AR FHEY, SORTSE A
CDKI1 st mfe s A A K . T sz
28 CDK1JE WL 204 vl — % &4t i Jo] S0 i 7 =
KEEMCDK, AT S5 EEAL S, it
GyMIIG /SIS, LUK G I, JfaT
VE AR RE AV 7R IR 7 A5 CDC6JE: 4t i J&] 1
TMEESSE, S5SHAMBINEYT, JFHE
U ECDK 1 B A 57 K71, CDC6ik j&—Fh
KRR TR, 7687 DNAK il id 72
HOREER, WS MR & A% UM, CHDAZ
Mi-2/% /MR EE BRI 2 T i A2 400 1) B L 2 R
Iy, WS SENEES . DNASGIEE | difiieN

HCT116-KO vs HCT116-WT

gLEC

ARLN

6MNA

NBI
M@wvia o

TRIM2S
D17

NeL

GDKI

SsRPI EfD

RANBP2

SMRRCCI S 7

RDXT8 N@Bpi NI

6HD4 5F3B1

wRNP70

PR

SUMZ

POMI

B 11l EFREEEIGLAESEIEME

WTCHI

Ia\IRNPL

HAENE YL T4, CHDAX TR Lt
JECAT R R A 185 0 T B AR A O,
2R S R R DIRES . BADEBcl-2 Z KR
fleddT-dEr, HFREREAR AT . FS R
FUBE IR PR AR VBRI T, SNWI
HUZ5DNABKE, EHNA 225058

Zi b, PSR E A U LT — S0t A
JEFE, PR A LR A T A SR ATL6
FOCHATIIFHERVEE M . SRR NSRS
R, RS XAV TR TR

PR R

A A AR A e

Top protein rank

Q92841:DDX17-
P19338:NCL
P13639:EEF2
P06493:CDK 1 -
Q08945:SSRP1 -
Q92922:SMARCC] -
Q13573:SNW1 1
Q14839:CHDA4
POG748:NPM1 A
Q09161:NCBP1 A
Q13263:TRIM28
QINVPI1:DDXI18-
P08621:SNRNP70
P20700:LMNBI A
P49792:RANBP2 -
P12270:TPR -
P33991:MCM4 -
P02545:LMNA 1
P14866:HNRNPL -
075533:SF3B1 |
Q14671:PUML
Q8TB72:PUM2 -
P46531:NOTCHI -
QINQW6:ANLN
Q15149:PLEC -

Degree

o 14
® 6
®
® 20
[ ¥
o ¢

30
Degree

Figure 11 Protein interaction network of modified sites in background-removal proteins
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Table 3 Differentially expressed key modified sites in background-removal proteins after RAI16 knockout in HCT116 cells

Gene name class Product NEGG description
SKP1 Phospho-more up S-phase kinase-associated protein 1 Modification-dependent protein catabolic process
ORCl1 Phospho-more up Origin recognition complex subunit 1 DNA replication
RBLI Phospho-more down  Retinoblastoma-like protein 1 Regulation of cell cycle
RB1 Phospho-more down  Retinoblastoma-associated protein Regulation of cell cycle
CDK1 Phospho-more down  Cyclin-dependent kinase 1 Cyclin-dependent protein serine/threonine kinase
activity
CDC6 Phospho-more down  Cell division control protein 6 homolog DNA replication initiation
MCM4 Phospho-more down = DNA replication licensing factor MCM4 DNA replication initiation
TFDP1 Phospho-more down  Transcription factor Dp-1 Cell cycle
CHD4 Phospho-more down  Chromodomain-helicase-DNA-binding Peripheral T cell tolerance induction
protein 4
BAD Phospho-more up Bcl2-associated agonist of cell death Positive regulation of intrinsic apoptotic signaling
pathway in response to osmotic stress
SNW1 Phospho-more down ~ SNW domain-containing protein 1 Generation of catalytic spliceosome for second
transesterification step
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