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5S rRNA interactome reveals that 5S rRNA is
involved in mRNA splicing regulation
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Abstract: This study aims to systematically reveal the new function and molecular mechanism of 58
rRNA regulating cell process. The biotin-labeled probe was synthesized, and the 5S rRBP was obtained
by molecular hybridization. 162 5S rRNA interacting proteins was identified by high sensitivity mass
spectrometry and bioinformatics analysis. Protein complex-based gene sets analysis was based on Consen-
susPathDB. Protein-protein interaction network was constructed basing on STRING database. The GO da-
tabase was used for acquiring functional annotations of interactive proteins. KEGG database was used for
pathway enrichment analysis. The analysis showed that in addition to interacting with translation-related
proteins, 5S rRNA also interacts with a large number of proteins from microRNA processing pathways,
mRNA splicing pathways and signal pathway regulation pathways, etc. The result indicates that 5S rRNA

not only have the function of protein translation regulation, but also participate in the regulation of mRNA
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splicing and other processes. This study points out a new direction for the study of 5S rRNA function and

regulatory mechanism.
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Ao rf, 5S tRNA 5 el5/LIS k&, 23S
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1.1 ChIRP-MS 21%

L1 R4 fE UCSC R b4 i H iy 5L A
Feolo MR H AR B0 HR T, IR e B AR T
BIEWREARICIRE .

112 ffEmpast i ARG TS A ¢
=3% HIEE T (JH PBS 258 107 /M4 10 mL i
H) EEAIM, HENRY, 7EREK EEIRIRES) 30
min, HIA 1/10 fRFLH 1. 25 mol/L H & & (gly-
cine) , IRAIGTEREIK L ZEIREE 5 min, 4 CE.OFFE
FiE. PR PBS YE—IK, 4 CELTFE L. %52
x 107 A4 LY 1 mL PBS fyHHIA TS PBS &
B BN LS mLAEMA L mL 41HE R %, 4
CHELIE R,

113 ZUfamie  AIMIFRE, NA Lysis Buffer
40 (0.05 mol/L Tris-HCl pH7.0, 10 mmol/L
EDTA, w=1% SDS, #Z 84 100 me 20 {75 1
mL Lysis Buffer, Lysis Buffer #7142 §ijin A & [ B
#137 . PMSF £ RNasin) .

1.1.4 # %478 DNA %= RNA 4 C/KIBPHES
BERELL 30 s ON, 45 s OFF 45/ B4, B S ul
R A ROCR, a2k DNA R/MFE 100 ~ 500 bp,
UL SE R, WORANE, WAkERs .

LLS 0 RolmAmes 4 Celoi kg, Hed
LB FR Y 17100 AE K Tnput Xf B, HC 10 pL
FERE R MR MR 100 pL Lysis Buffer £ =¥ (i%
SR T LR RS HE ) o R0 2% K
HRH) 15 mLA& Y, A Hybridization Buffer (750
mmol/L NaCl, w =1% SDS, 50 mmol/L Tris-HCI]
pH7.0, 1 mmol/L EDTA pH 8.0, w =15% For-
mamide , 1 mL Lysis Buffer 53/l 2 mL Hybridiza-
tion Buffer, Ff #2710 A 8 F B30 415 . PMSF FI
RNasin) o A 10 uL. ¥t MORETK, 76282 e 37
C P 30 min J5FEfEER. 2 x 10" DAIMIIMA 1 pL
100 wmol/L #5t, TEAALN v 37 CIHH LK. I
100 wL #4¥k, H Lysis Buffer P& =K. FH 2% 20 0
FHTF] P B Lysis Buffer (A S H i 400 0 5510 |
PMSF FI RNasin) AR BB 0F . TERCHER)T,
R B IF RO B BB, FEAR s 37 CiE
R 5130 min, [ 1 mL Wash Buffer (2 xSSC, w =
0.5% SDS) W5 Wik, Tefe)a—IRBER Ca
JEIMA S WEER SR LAY Wash Buffer, H(10 pL #EEk
T4 RNA, R r Bk TR EH

1.1.6 qRT-PCR # ncRNA % Za3R4HH3E 78

10 wL RNA Input H1jii A 85 pL RNA PK Buffer
pH7.0 (100 mmol/L NaCl, 10 mmol/L Tris-HCI
pH.7.0, 1 mmol/L EDTA pHS8.0, w=0.5% SDS),
JIMA'5 wL Proteinease K, 10 wL #£¥kH A 95 pL
] RNA PK Buffer pH7.0, I A 5 uL Proteinease K.,
TEZ3E v 50 CHEE 45 min, JIA 100 pl. DEPC
K, A 200 WL Br&dfs (ORE: &p5=1:1),
FUATES so 4 C LI EEMASERIRGE N, B
FURATE S so 4 C LI LT, mA 1710 & 3
mol/L NaAc, 0.5 pL #iJC (glycogen blue), 3 f%
RRTEK OB, -20 CULIERH . 4 CE.OFF L
H, EEHTEM 10 wl DEPC 4bHiK B, oRT-
PCR #;il H #5 ncRNA F1 GAPDH mRNA )£
1.1.7 wk&a R T MS FEEBHHK, A5
TG ¥R 28 /K FH 1Y Biotin elution Buffer (12.5 mmol/L
D-biotin, 7.5 mmol/L. HEPES pH7.5, 75 mmol/L
NaCl, 1.5 mmol/L EDTA pHS.0, w =0.15% SDS,
w =0.075% sarkosyl, w =0.02% Na-Deoxycholate
6.4 x10° mol/L NaOH) , R JEIR 5] )5 % i # & 20
min, 65 CiA 10 min, WAL B, FRUIMAS#
PRELARFHAY Biotin elution Buffer, ZEJE#HE 20 min,
65 C T 10 min, SIFPIR B, A 4 5K
R NE, -20 CUREL K. 4 CE.LFF L,
FEEE | min, S2ZINA 30 pL 1 x laemmli sam-
ple buffer (biorad), 95 C 1 30 min, 5 min &
=, mEAPREEES . EEFENE 0 =10%
SDS-PAGE Ji& J5 AR YL I FH T i A Il o
1.2 EAFSEHRERAZ

Uniport (The Universal Protein Resource) J&—
MEAFIIRE AR LE SRR e, A
s HAE B B w . W) M5t B B
JE o AWFFEH ] uniprot 7E L e 4 T HAS 8 A 5
(protein accession) F5HtNFER 4 (gene symbol)
1.3 ZEAEAUEESTS PPl MK E

T AR LN A R S 1) Y ELAE A B TR R A
PIRITRABITE, BT LA — ] AR 2015
YRR e 5 Ok 1Y 25 5 MRS . Consensus-
PathDB gl @ 1) — M EUE %, ERa 1 30
NPT HAEMRRA . RAMEER R, S
T 215 541 T EAE (HERSEREAR . Ak
B, BRI EAE) 4 601 ZGE kSR, FFrDk
O T RAE 27, SCEE AT ConsensusPath-
DB 73 #4k1% 5S rRNA BAEEHAMEHE G
S EYSH

STRING %% (Search Tool for the Retrival of
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Interacting Genes/Proteins Database) & — 1~ 3&
FIBCZ [ AR AR 2 . B RS B A AR
MURRRY BT R T SR DA S IR B AR G R A
B, BESEARZEWN YR, BasE
FI BT 2Z [R] R LD REAH DGR . BERR 1AL & A SE IR 4L
#i . M\ PubMed #i 2 rh a2 4 (14 245 SR AN L5 oA 35
JEECHE S, 38 W] ) AR W A S o O 12 B0 4 2R
Cytoscape J&— X ETE AL 0.7 [ 45 3 3347 43 A1 0 i
BB, FATHH] Cytoscap ¥ STRING il 45
LR AS R PSR f e Sk JE RN (=
( protein-protein interaction network, PPI) X%
1.4 GO FREEMKECC FSEREE

GO (Gene Ontology) J&—PHEALELR K=Y
DIRETERAS B B4 2 . KEGG (Kyoto Encyclope-
diaof Gene and Genome) J2&— P& 3EA ., @K,
PN 2 L B T . R GO A KEGG
X E bR AT oA, DTSRI i R 2 5 i A=
2 (biological process, BP) . #Hfii434i ( compo-

nents of cells, CC) . /3T IHEE (molecular function,
MF) kZ Y5 (pathway)
2 PR
2.1 MRS5S rRNA EfEEARHRME
ChTRP-MS $ AR I 4F K J e ok 1) — Fl R g 45
SERHE RNA IR EAREE A ER, B8 el H]
HEESCHRANMT, 2R R B DNA R4k B
B RNA, SR 5 28 2o B 85 2 R 2 1 3R V% FA 20 1
JBt, 255 mRORAR 6% - BTGB (HPLC-MS)
HAR, R4&HEHFF RNA NEE/AEREAA™ (B
TA) o (BN Hela K HF5E 5SS tRNA YA
BHAEEAN, M)A o =3% P EEXS 41
JRUASC T SR AL FOT AT R . R I 7EZR ChIRP 45
EM T8 f ChIRP-Designer, #3174 %} 5S rRNA
MR (3R 1) o S 7D BG4 R R R
Pk, FATE B 7 — A5 5Rm 4H RNA 79 NC X if
HPREE (1) o TEFATBOTHEREH#ZK 5S rRNA

x1 AU RFS

Table 1  The sequences in this study

AR ¥4
GTCTACGGCCATACCACCCTGAACGCGC-
CCGATCTCGTCTGATCTCGGAAGCTAAG-

55 rRNA

CAGGGTCGGGCCTGGTTAGTACTTGGAT-
GGGAGACCGCCTGGGAATACCGGGTGCTGTAGGCTTT

F:. GCCATACCACCCTGAACG
R: AGCCTACAGCACCCGGTATT

5S rRNA qRT-PCR 5[4

5S rRNA #4}
NC X} RE 2 %t

AGGGTGGTATGGCCGTAGAC
CCAGTGAATCCGTAATCATG

HARER)E, B—A85r L4 RNA, J@ i S e &
PCR ( quantitative real-time polymerase chain reac-
tion, qRT-PCR) #ailll, % B 5S rRNA 443k 5]
B 5S TRNA |5 input 5S rfRNA 9 (23 +2.3)% (HA
2A), T 5S rRNA 541 JLF 3 A 4 3K 3] GAPDH
mRNA, NCXf M R4 LT BA i3k 2] 5S rRNA
FI GAPDH mRNA 245 5 U6 A AT s oy b A1) e
G 5S rRNA #RETH R A AR 7 5S RNA, H.
NC X BREAEREF A e e M2 AR w0 o BRI BT 3R
# K 5SS rRNA HAEH 1 # SDS-PAGE JRf5 4%, 4
PR R 5S RNA BR[0T 8 ANk,

FHELZ T NC X BRAAERET UGB B W R A5 5, X
] 5S rRNA TEZH LN AT RESE & A KREWMEE, 1M
X LT A 4 R 43 2 AT BE RS RN (&12B)

H AR qRT-PCR Z5 3R 7R I SE 90 i i TR 5S
rRNA $R4EH4i3R 2 A9 5S tRNA i3] T input 5S TRNA
1 (23£2.3)% ([ 2A), {HZTELIG 1) ChIRP-
MS ey, LR 5S rRNA R4 K
LY ENIE =M il A AT [ N a7 A S 7N
FEOF LB T RRCR IS, PR Ul SRR s 1Y)
PREF AT 250
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Fig.2  5S rRNA captured efficiency detection and silver staining

2.2 HPLC-MS %7 58 rRNA EEEH4A

W5 HPLC-MS R4 T NC Xf B #R%F
F15S TRNA R REH R BRI 8 H . NC X REZ 3
Rl 4 266 A~ 5, 5S rRNA 2 L 334 4
BEF, AT b Bk s R e vk, 32
RS R G, BAARMAEAPRIEES
R E, W RI protein match <3 AYZE I ; Bl 5

ZERFE AL NC X R P Ir A M e TR
5S rRNA 125 B8] & PR R NC rp[al A A7 78 1) 2R
Fls BRZGRIST 162 Dl {E R R 5S rRNA I H.
YEEH, 1M uniprot 7EZ4EH T H A protein acces-
sion #1ft/y gene symbol , 3 2 /R T 5S rRNA HAE
HEH P S E S HEA T 20 EE .

#2  5SRNA BARS A4 S 5 HE4 0T 20 iR
Table 2 The top 20 proteins of MS signal in the 5S rRNA interactome

Protein accession Gene symbol

Protein match

MUC19_HUMAN MUC19
SSF1_HUMAN PPAN
RAB7B_HUMAN RAB7B
MYH7_HUMAN MYH7
DYHC1_HUMAN DYNC1H1
CE290_HUMAN CEP290
DYH10_HUMAN DNAHI10
DMD_HUMAN DMD
MDN1_HUMAN MDN1
SRSF7_HUMAN SRSF7
SCNND_HUMAN SCNN1D
RL5_HUMAN RPLS

NUCL_HUMAN NCL
ACTB_HUMAN ACTB
RL13_HUMAN RPL13
HNRPM_HUMAN HNRNPM
MYOF_HUMAN MYOF
CRYAA_HUMAN CRYAA
SPAT1_HUMAN SPATA1
HNRPC_HUMAN HNRNPC

84
73
62
43
35
32
30
29
28
26
26
25
24
23
21
21
21
21
21
20
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2.3 SSRNA EffERAEGBKEELES T
PPI [0 28 44 &

FIH ConsensusPathDB $(#5 FE P I & S 1K & &
4381 ( protein complex-based gene sets analysis) X
5S TRNA W AR & AU 4T T Rt (&
3A) o T4 R R 5S rRNA W EAEE A B &S
TR EABBFEMECHER RS, B
U1, Nop36p-associated pre-tRNA complex' ™' | PGC-
1-SRp40-SRp55-SRp75 complex''®’ | Ribosome, cyto-
plasmic, 60S ribosomal subunit, cytoplasmic, 40S
ribosomal subunit, cytoplasmic 4§, X 5 ATEEI
5S rRNA #H H #iIF I REAH— 2, Beoh, ibmT LA
FF| 5SS RNA BEAREAA PR SHEEARES
fi, f14%: TRBP containing complexm: . TNF-o/
NF-kB signaling complex 6. Spliceosome . capped,
methylated pre-mRNP: CBC complex'®' | DGCR8

] 20]

g

multiprotein complex''’ | Large Drosha complex'

NopS6p-associated pre-rRNA complex
Ribosome, cytoplasmic

hRNP proteins

60S ribosomal subunit, cytoplasmic

capped, methylated pre-mRNP CBC complex
408 nibosomal subunit, cytoplasiic

C complex sphceosome

Large Drosha complex

TNF-alpha/NF-kappa B signaling complex 6
TREP containing complex

TLE1 corepressor complex:

DGCRS multiprotein complex

TLE1 corepressor complex>" | pS54nrb/PSF/Matrin3/
inosine RNA'?' | H2AX complex, isolated from cells

1 Emerin complex 251241

SNW1 complex' ™' 4545 ) |- 45 i3] 5S rRNA 1]
BAMULSE TEARMIFERE, TRtz S5 T
microRNA JI1 T 24 % A1 RNA %% 5% 4 . mRNA
BYRERE . AN S m B R . DNA B 4516 42 4
idfE . HE— M STRING $dfs 4 Xt 5S rRNA B ff:
AP RIS S HEA T S0 I E A4 T PPL
% (K3B), 45 ER, 55 rRNA HAEE M4 E W
BRI AR, FFH M B PPT M 2% 2
HNRNP % 5| SR & (KB | k&
RPL K5 DDXS 2 1 #y sl M 45 F ik, x s
B TRA TR, HAEAN b e P Bk
Wi BE . X LE I AE AL IR OB K BRI mRNA
B, XU H ER LT 5S tRNA 192 5 FARA ]

RES ISR

without IR exposure

Complex name

PSANYPSFMatrindinosine RNA
PGC-1-SRp40-SRpS5-SRp7S complex
SNRNP-free UTA (SF-A) complex
Spliceasome

H2AX complex, isolated from cels without IR exposure:

SNW1 complex
IGF2BP1 complex
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Fig. 3 Protein complex enrichment and PPI network of 5S rRNA interactome

2.4 GOFMKEGC BEEEETS5SRNA S5
mRNA BTH:E#=

% 5S rRNA HAEE 4 AF ConsensusPathDB %§
R iEAT GO 43Hr, BE p <0.01, FFEH] R #)ff
fEEL (Bl 4). GO [ BP 43 #r 45 R 7R : 5S rRNA
HAFERHRERE TR EAZSHREIE . B
Hiagh (K4), HMNEE £ LTS YA
ARG B R, GO 4R (CC) i
B85S tRNA 5 KRB EE (nuclear part) £
HAE, XS AR 5S rRNA A9 T AL G,

A AT RE RS 58 RNA NMUAEA R 2 5
FEHFEABIERES, S REE AR RS 55
FER R BE I T, v LA 5S rRNA B
EE AP RIZ EE N IR AR, X8 T
GO 43 FUifie (MF) Z#ras Ry L +E, MF 437 i
/R 5S TRNA HAREREH LB EE THRSEAEA,
UL FRAT T B ol {5 B = o MF 43Pt /R 5
rRNA 256 T HEREMEN, XEIREEAH
AR AE LR Y RNA S5 581 (B 4). XF 58
RNA FAE&E A A 1T KEGG # B H & i (%
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3), FEME p (EHERE (p (EBU), &SR A A]
R ), 5S vRNA AHE AR FI 2 F A s A 3 1 5d
AR R R AE B, SEAE GRS
IR — B [EARE A2 mRNA 5 4% 5 B% 5
EAMEEEHEA SR =, (UK TR % . 5SS tRNA
S 2E SRSF RINEFEN K 14 4> mRNA 57
HAHRE FA BAE, RW mRNA 393890 % D gl
fiE/2Z 55 rRNA B RTE DN AEZ Sy X —H ZIIfiE.
B T RZOE(4GE B% 1 mRNA BYEGEEKSL, 5S rRNA A

ribonucleoprotein complex biogenesis

translational initiation

nucleobase—containing compound metabolic process
cellular nitrogen compound metabolic process
heterocycle metabolic process

cellular aromatic compound metabolic process
organic cyclic compound metabolic process

negative regulation of biological process

chromatin silencing

cellular biosynthetic process
nuclear part

intracellular non-membrane-bounded organelle

LR (AR ERNTE WL ob st Ty S i |
EAIN TR BEH p (AR, 5S tRNA HAEE
P2 B ) A2 o RS A PR B 2 i T

BT (ARG, T 4 B B O 2R 1 b

ZibTk, diaEALGHEES. PPIH
Ay . GO 43Hr. KEGG i % & 001, A%
i1 58 rRNA 25 mRNA BY R 92518

intracellular organelle lumen Go-term
ibosomal subunit
£ o bosome | 4
6 nucleosome . cc
o extracellular vesicle MF
vesicle
catalytic step 2 spliceosome
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hydrolase activity, acting on acid anhydrides{
RNA helicase activity 4
calmodulin binding 1
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dynein light chain binding
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Fig. 4  Genetic ontology analysis of 5S rRNA interactome
# 3 5SRNA BARE Y KEGG ja & & b
Table 3 KEGG pathway enrichment analysis of 5S rRNA interactome
P ) qz) Term Genes
RPS13; RPL37A; RPL8; RPSI4; RPL6; RPL7; RPL4;
hsa03010;  Ribosome-Homo RPS18; RPS15A; RPS3; RPS8; RPL7A; RPL29;
1.04E-24  4.46E-23
sapiens ( human) RPL23A; RPL24; RPL5; RPL14; RPL17; RPL11; RPLI3;
RPS4X; RPLI8; RPL19; RPL26L1; RPS3A; RPL1OL
SRSF5; SRSF4; SRSF7; SRSF6; SRSF1; HNRNPA3;
hsa03040 . Spliceosome-Homo
3.13E-14  3.37E-13 HNRNPA1; HNRNPU; SRSF8; RBMXL1; DDX5; RB-

sapiens (human)

hsa05168 : Herpes simplex in-
( hu-

0.003 075 65 0.022 042  fection-Homo

sapiens
man)
hsa04141 . Protein processing
0.007 294 18 0.039 206

in endoplasmic reticulum-Ho-

mo sapiens (thuman)

MXL3; HNRNPK; HNRNPM; RBMX; HNRNPC; TRA2B

SRSF5; SRSF4; SRSF7; SRSF6; SRSF1; SRSF8; HNRNPK

SYVNI;
RRNPI

CRYAB; CRYAA; HSP90AB1; HSP90AAL;

1),2)E-n: x107"
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3 9F 8

RNA H AR 40582 RNA BF5E B Rl i 4 )
Z—, A RNA NUE B/ (AL R B rT LTS
BhFRATT A T R A% RNA B9 D ge A= pLE] . R HI4E
SiiRSMFARIE RNA Pull-Down J5 3 % RNA H A
FIFE TR SE A AL, SC00 BEBRE I RIS
B, R H R — 2L RNA 55 M1,
FIFLS 9 RNA 2558 %2 7 R AR MEXT RNA
&SGR IS A WM 7. i, M mRNA %
PUEHL4ER], AR A %@ T 500 £ F
mRNA 254 % 4. T7E 2012 4%, Castello 252 fi)
FARIFRA M F 2SR S R 570 85 T mRBP, Ff7
JH HPLC-MS f§%5€ , # mRNA 456 8 (1 ok
HEINE) T 900 B, AR KHLAR R T RNA 454
PR E R R . FEHLan il ¥ X e fR 28 35 /9 In-
cRNA Xist, jfiit ChIRP-MS £ A K HHAEE MR
10 Fh— T HENFE] T 81 A7, {445 Xist B L RERN
VEFERLHAS DA EHA

AWML, FIF ChIRP-MS X ff RNA H {E
FEHARERECHRRGEHYEE T 55 tRNA 1)
HAEERAMEE, % 162 4~ 58 rRNA HAEEK
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