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A+ () PRMT €48 zdee AdAE #=23tx, (i) PRMTe Eoldoz ZEs)
v A E EEeted O A4S e =24 protein arginine methylationd} Al E o] A&
A (cellular processes)=  olaidl7] 3] FHHUYS. B AFdA PRMTE
oncogene§! Src tyrosine kinaseo}] 2}8] <1AlslE 71 PRMT13 PRMT57} Srevp M2 ZAgsls, A%
ol A colocalization®] o] §lom, PRMTQ] ¢14k3l= arginine methyltransferase #4-& #5447
31, PRMT9] <14kl PRMISF ZAdste giid g9 Aitsd 93e Foe AMS ez
PRMTE9 848 23T & 3lE AEAAE Src tyrosine kinase e AL Ao 8 AT F
AN L PRMTEH ZFsts dWidEs 22, 24 23 azd W 44
2l 40S ribosome?] T4 8.4~%1 ribosomal proteins S2 (rps2)2} PRMT37} ¢4 &+ =34
= dHote Ae HAE2E LHSYS. 53 T &L rps27} ubiquitination-
proteasome AZE F3to] EEE 49 PRMT3E ms2st A2 2 rps29
ubiquitination-mediated proteolysisE® A& IteE  AY. PRMT39 93 ms29
proteolysis®] A= PRMT39 4 A= FAsdon Mzhe &8 Aggd ¢
sl dojutg. of A= A PRMT37F #pAle] a4847% FastA Axy duds
of % (half-life)e £4ddte 7]5& 2t glow, E4. rps27} PRMT39 484 &
F78 38t noncatalytic subunit®. 24 7158 £ LS AAS glow A rps27t
40S ribosome® HFHQl FAHL A HE AE nH W PRMT3-rps2 &34 = ribosome
A 52 didel MY (translation)d] #E % &S 9uidn S B d+H
o] olelgt WHL Ao AE %L FAd Az B AUAAAHLE ojdi ¢ Y= 9n
e BHeE ddE 4 Qe Aoz H<9. PRMT37F PRMT3 Z4A8Ax F33HA
ps29t A3l rps29 ubiquitin-mediated proteolysisE A8 3 ttE 2H-& PRMTE o)
a8y FasA MEy dmiE s half-lifes 24T & Jde A2 715E 2o
T AYE AL GAE. w3 A © 2 ribosomal proteinE o] ribosome? TA L
7I5ete o2 AAHJoy B AF ZAE rps27F PRMT39 noncatalytic
= M5AS AAE T Qo2 R rps27F extraribosomal function
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Az F4A4 FAE 93 protein arginine methylation® 71% 4

Aol Z& ME7t R A wh-g3ato] dojul posttranslational covalent modifications 2]
shufolty, ©@¥ide] AdAU7IZ wdsE] AstdE methyl”’]| S 7]12d AEsE protein
arginine methyltransferase (PRMT) ©¥ &3} methyl donor®A] S-adenosylmethionine
(AdoMet)°] B g sttt _%L_Tr o“xﬂy_\%oﬂﬂ d7" PRMTY 7A(WAsHE d9d)E2A
= RNATIAL #" @S histone®} 2 HAAF @wWAE p300, STATI(signal

=

transducer and activatlon of transcription)iﬂr 22 AALZRAJ A}, fibroblast growth factor %
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o 2rt ¢4HA 9t Protein arginine methylation® HAALZE, ATz AY, Gl gd-guz

A%, RNA oA}, delde] g xuie) AAa 27 (protein trafficking) 5ol #o3 8t} Protein
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& HZd F2EH7] AFSAL o5 AXY VTEY APAA FAE] Bo
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protein Kinase cascade %A %-& protein arginine methylationd] M =& Az 7]%4}
A AT Aol tHE o2 1Y o FWdA B AFE AA, PRM
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1. PRMTEA4 & ZAste AXQIAY Tz E 7% &4

7}. In vivo 2 in vitro 274 PRMT1 2 PRMT5Y 14kst %A}
. PRMT1 ¥ PRMT5Y A3 2 §EstE AlZAA 79 = PRMTS AZAAe] 2

T 2A}

Q12kstEl PRMTEY SH2 949& 2= @ exe] 4%
716 1A 5 IAEC o9& PRMTY <Ql4iksh ZA}
v}, PRMT1 2 PRMT5 ¢14tst x5 ¢] 218 PRMT3 2 PRMT49] {14ks A}
vl PRMTY] ¢Ql4tsle] w2 PRMT &4 84 %A
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2. PRMTS Solfox Aste AFAdA 22 8 75 &4

7}. Protein mass spectrometryoll 213 PRMT1 % PRMT5 {143} o|&H o2 Afete AL
Azte] =

. PRMT Sold oz Aiste AEAR] d=

o 2ZE AEAAS PRMTSE 2o S04 #F

2} PRMT7} PRMT ¢} A8l A EAAEe] gl kA4 711 24}

ol PRMT¢} ZA3ets AEQAAS] 2399 ¢ duid g 23 949 =4

vf Al ZQI Ao ARste PRMT3 2% 99 A 2 248439 484 A

A}, PRMTS ZA3tsl= AlZoxte] wruld B zA}

o}. PRMT$} Z¥ste MEJADY EFA &4 #4

A PRMT9} Aftshs AEZQAAZEE] B34 3493 PRMT &4 @439 434 A
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V. d7EEs

I. PRMTEA4 S Z2-s= AEAAe vz 9 75 B4

A ol arginine methylationg ¥ 97]% PRMTY 4z2AAAE 2ZF3l7] 9std viral
Src tyrosine kinase(vSrc)E PRMT1 2 PRMT5% &7 HdAFHE w PRMTI1, PRMTH
Zyzyol QlAtstE = AL HASFH I, o] HA44L cellular Src kinase(cSrc)E AFE3IY S dol =

#AZAEHA 0¥ cSrcel dominant negative mutant cSrc (K295M)f’= AFE-EH S o 1AksE] A
2 931, tyrosine phosphatase #1314 pervanadateE A£3%5& wl PRMTASE ASE 4
AR 3L, Src kinase A&, PP2E A&3%< @ PRMTS! ﬁz}ﬂ dojutA] esten, AAd

cSrc kinase® ©] €% in vitro <IAFsE A golAM PRMTS d4tstE &<lsiqivt. 283 o=
PRMT uptream 44 AAZA Src kinaseS 23131, PRMT2A3E= Src kinase S 9]
Ao dojdtds AL WA

PRMT13# PRMT5E GST-vSrc kinase ¢+ $tA z+zZh 293T A% of &
kinase® GST pull—downﬁ}ﬁio i PRMTE°] #AE£H% e PRMTES 9
GST-vSrcol HZ X3, Flag-vSrc kinaseZ GFP, GFP-PRMT1 E¥ GFP- PRMT59} e
Zbzy 293T Mo BEHAZHS o) PRMTE#H GST-vSrc7t colocalization® o] Q&< &

o1, Flag-PRMT1E GST E& GST-vSrcE 293T AXe] 2dEAA 2 AE F
sedimentationdt32 ¥ &3 % Flag-PRMTI1# GST-vSrce] &A1& 2243
Srco] cosediment® = g3t ol e AB(EZ PRMTE JAHEA7)

(e}

A B
AE Qeld Az 2Fen 9ee AFH,

A

PRMT1 % PRMT57F Fyn tyrosine kinaseo] <& <¢lxtgtEE AL 931, PRMTI ¥
PRMT47} Src kinase &2 tyrosine phosphatase # &A%l pervanadated] ]3] QAtsla =
A& Y3, PRMT Aldel adwldEo] duba 02 tyrosine kinased] 712 ¢EL #FAstath.
PRMT5¢] Q4tstH = F9E AAQ3sH7] st PRMTS9 @A gd S F e dogez
ol RISt RS ZAIRE A3 A g &8 PRMTS9 tyrosine residueE o] <latst=
T UTE A& IR AFEATHAG #EE tyrosine kinase (c-Abl, Fyn), adaptor
(Grb2, ch) 2 PLC-7 ¢ SH299S zte didEo] A gdAuiolr <lakzte PRMTSO 2
Adizo g Aggcts AMEE 8133, c-Abl tyrosine kinase®] SH29 9 wuldo] A3 oy
ol PRMT3, PRMT4E5# %= Agsle A& AFstq, Ad43td PRMTES] AlFAITAD
AAE 5 e s AHE AANE 5 UJx, PRMTSE 08¢ 714<¢ SmD3yY MBPe| o3k
1std PRMT5S g48Ado] atdl=z] & PRMTSe vl&) #2891, PRMT19 7]
49 GST-GAR7F <12tst®l PRMTI1el 93] methylation® & HAE7F Qatsisx ¥e
PRMTL1ol &) & AL 7H=38ko], Src tyrosine kinaseo] 913 PRMT<SIAM37F PRMTE
S Z2EE £ JddE J5AE AANEIYT PRMTI 2 PRMT5¢9 homo-oligomerd A &
PRMT9] <14tshel F#3tw, PRMTI 3 PRMT59] & o AL vxth



PRMTE©] Src tyrosine kinase familyE¢ 7]29-& 831 PRMT1Z PRMT57t {14tst

ol FagAd AFS e AAL 83, Srcy PRMTEHRS ZF 9 Srcoll o7

PRMTE ] Q4tstel Ax o] A& AL Fotrnr] 95t Flag-PRMTS7E 34 2@ S
2% A TF9 NIH3T3 (HeLa-PRMT5 2 NIH3T3-PRMTH)E A&t A=ZF

T

=

= 0
EA4

M
N
>

ol i o

A7} Flag-PRMT59 exogenous expressione A|X 9] FAld FojAl ¢
A3E A5, NIH3T3-PRMTSA XF o)A Flag-PRMT57} AAZ

o] Q=X 2AE AT Flag-PRMTS57F 2@ EH A cSred AFHY Aok
S WAooz #9359, NIH3T3-PRMTS5 A ¥£FZ hydrogen peroxide® A& ot
Flag-PRMT59] 238 cSrcE ZAME A3} hydrogen peroxide® A 3tR& W 213 A
7492t} Flag-PRMT5% cSrczte] Aol F7tH0] gl 234 43t
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2. PRMT} Bolx oz Agste AEAA T2 2 75 &4

rlo

AN QANSE R @& PRMTIY Soldoz Ayste AZAAE AFHA/silver
staining WH< £t QA HR @& PRMTS & PRMTIo Agsht abstsa A st
A Rate gilgde wdstn, 2% EAWAos $4% 43 PRMTS st AEJAA7}
methylationg 2 G domain® %3 9+ mRNA splicing®] #43sl+ Splicing factor
SRp30CY 4 USS 4%, PRMTIo A3 st ¢IAE Zinc finger protein 37AY & A&
S sttt PRMT3d Eoldog AFetes AXAAZA 40S ribosome & T34 &l
arginine methylation® ¥ RG repeat® ZE mps29-S ©7319 3, PRMT39 rps27t Al
ooz AIUYAA AFgste AL &gkm, PRMT37F ms29 in vivo half lifeo] F 8
determinantQ-& A A3} o

ot R

6Z5 9 1ps29 deletion muntantE< A#eti, PRMT39 Zste d9& A4S 2
ps2(100-293) AGo] 238t o, PRMT3% rps29te] A ] rps2 protein stabilityE 2
e dgkom  rps? arginine methylation®} rps2 protein stability$te d#do] fien,
ms29t AEetE PRMT3 ©d ddE golny] 9dte] 559 PRMTS3 deletion mutantE =
A zZste], AAZ PRMT3 N¥#do] 4348 2ty A &thE 3 in vitro methylation
assayE Boto] FUsPa, NTG 104709 ofnjite]l AMAE PRMT3(104-529) ¥old= &
2848 Jetyoen, z+zhe) Flag-PRMTS deletion mutantE-& GST-rps2(100-293) ¢+ &7
203T M2o] LAAZ Fof rps29t A= PRMT3S HA @il o9& AR 23 rps2
s} ZAgtetE PRMT3 99L& 1-134709 NZwd & &tk

o B

4840 ¢iE PRMT3 NZ T 949 (1-134 & 1-264)0] 2dE uw GST-rps2 @A <
ol AASA F7IEE dskor, 134709 oAt NEWE Fi3tE Flag-PRMT3 HolA
2 PRMT3 &4 240 ¢l PRMTS3 mutant (PRMT3M) Z&8A A o ©]E°]| intrinsic rps2
9 AEeta rps? protein stability® Z7FA1A PRMT3 42419} rps2 protein stabilitye 4
A s dgon ms27t AAE ubiquitin-mediated proteolysisol]l <3 E3ET= A
S HSoz wrygow PRMT37F rps29 polyubiquitinationd A3jgdte RS #HioH,
PRMT39} mps2¥ in vivo 2 in vitrodlA A E&A 2 BA3lY heterodimer® monomer
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£ & dimerZ2A4 EAY & v 7M54E AAEH e, His-PRMT3= intrinsic rps29t 53
FAste EdAe 2 viAE S48 5484 S dEde A& 4¥ten, His-PRMTI
is-PRMT3%E in vitrodl A GST-mps2E methylation A17]3, His-PRMT1 ¥ His-PRMT3
o 28} methylation® = ps2¢ 49L& RG repeatE 43 & rps29) NEEA-60)L & 4
How FABAol Q= PRMTS mutantys A EWolA rps22] methylatione A 33k £33l

2 Ro}l rps2y A X UolA PRMT39o] o8] E0]3 02 methylatioin® A &=thes A
A A8 25, Src tyrosine kinaseol] ©3F PRMT39] 143l PRMT3-rps29te] E3A| 34
S AT 5 Jvbe AHE AUTh

B
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ol

WA 9 arginine”] ¢ methylation® FE3tE @A E PRMTE©] Src tyrosine kinase®l
3 AA3EgE 2AL YgHoz RyudE v gE ANESE LAY} Src tyrosine kinase
= AT d3tE dorle A FAA oItk Fyn, Lek, Yes $& EH3IE 10 & o149
Src tyrosine kinase family7} THEE AT LAHY I, o] tyrosine kinaseE2 A X F
2l cytoskeletal alteration, A% ¥3}, A £ AZF, cell adhesion, X olF 53 #L ¢
ALY SdAFAY Bt PRMTEC| Sre® A#eta AastEr, 14tstd PRMTE Y
LB ol AdtE AMAL Sred 93 AE ZEU)Fd PRMTEC #49F 4 e A
AN gk T=F QA3E A & PRMT5 &2 PRMTIO Zdats AlZJAA7E Q43
PRMT5 £& PRMT1dlE AEstA o, s A &L PRMT30 Seojxoz Agst

rps27F QlAtsEd o AgEo] Hiadue A2 PRMTE 9% AE -7 2 Src
tyrosine kinaseo] &8} & & & e A& AR vk 53] PRMTEC] SH2 =4
ALzt ¥ adaptor@®MAEF in vitrool A Boldoz AIUIFHoE R ol PRMTE]
tyrosine kinase cascadeol] 9% AsAGHAo] oA SAE AeHA AL 3
ok oiut ol g dAAE 1
Aejstd oz AR @A o]
PRMTZe] &3 ZAde ogul&
At EoloF & Aoz nelt,

i o rft

(et tlo o ok of

PRMTE¥ A%ss gz es @2, £4¢ A7 @8d Hgo 2532 40S ribosome?]
T L2 rps29t PRMT37F 9448 EdAE FAdse s 23Utk 2 A7+ o053
2o ZWo 71 A3st Bestt A, PRMT3S A BEFAE dAsE ms27t &
A Hdo A QX A£7]B 40S ribosome TA LadE ¥ o PRMT37F @i
A (translation) S T3 ribosome biogenesisol] A7HH oz #As £ e JFHES A
AletaL, ofel dig F7}

o] PRMT39 715S& & 5= IA & Aolvk. E4, rps27F PRMT3% A g EdAE A st
& Jth= A7 A= mps27F PRMT39] noncatalytic subunit
S AA S oo tE F7F AFE PRMT3-rps2 £ A &
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de] PRMT3¢] 714 Hold 9 Z4A8HE Zd™ste dd mps27t #ddds A& 4T
JAl B3 o= rps27t ribosome T84 To] ofye} rps2¢] A EF 7]%E (extraribosomal
function)& TFH3EY 7198 Aotk AA, ms2E Al 2D FE9o AN TN T Lo
750l Qlow, AH Zro] AAWH+E (liver regeneration) Fe¢hll® I Bdo] FrksE A
o2 BRAuEJI, rps27t AFAEL FA 9 biomarkerd + otz FFEHI Jv. PRMT37}
PRMT3Y =484 3 F &34 rps29  ubiquitin-mediated proteolysisE A5t  rmps2
protein stability® ZZ3tE A XA B AFge] &AL rps29] ©de] FUtd e 279
Al PRMT39] %ol g A ZAHHEAE ZAEE F7F A37F $838H, o] 2% PRMT3
zo

7} rps2¢t gEo] I @do] FUEERA L mps2Ut 2 EHE A A PRMT3Y 3o 7
*th}g gd FFA ZAEIE Aol o RoE Y, EI AFHRY EA Fe

% (hepatectomy) 7to]l AMABEE E¢to]l PRMT3 2 rps2o] thd mRNA 2 ¢ =Fof A
01%94 B FL FAstE AL dxAHo® PRMT37F 7+ A Ao positive factord A Z-&
negative factor A& & 4 A & RAolv} {ESH PRMT3IY @HdZE7|AE ZASE
T7F Zesitt olgd F7F A7E EF3te PRMT3-rps2 H3A AT AE &34 ¢ 2
3 AE BT ABAE B FAHLE ST & JE Aot oy Awzxdda & A
kel BExEAC & F dow, MEFAArIee M o] HE A7 2 F Y
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SUMMARY

Protein arginine methylation as a post-translational modfication has been implicated in a
number of cellular processes such as protein ftrafficking, signal transduction, and
transcriptional  regulation.  Currently, six different kinds of protein arginine
methyltransferases (PRMTSs) responsible for the arginine methylation have been reported,
which transfer the methyl group from S-adenosyl-L-methionine to the guanidino group
nitrogen atoms of an arginine residue symmetrically or aymmetrically.

Our specific aims are to search for a cellular factor regulating the activity of PRMTs and
to search for and characterize cellular proteins specifically interacting with PRMTSs. This
study allows us to partly understand the roles of protein arginine methylation in cellular
processes and eventually may provide us with a potential biomarker useful for the
detection of malfunctioned cells or a molecular target for the treatment of malfunctioned
cells.

PRMT3 can methylate substrates similar to those of PRMTI, but its specific role in
cellular processes has not been known. The N-terminal 194-amino acid fragment of
PRMT3 contains the acidic amino acids-rich region (NAR) including a C2H2 zinc finger
motif and a tyrosine phosphorylation consensus sequence. The zinc finger motif is required
for the recognition of RNA-associated substrates, but not the enzyme activity. The unique
amino-terminal domain was proposed to regulate the enzyme activity and/or substrate
specificity of PRMT3. Besides, PRMT3 was suggested to be present as a monomer in rat
cells that is different from PRMT1, PRMT4/CARMI, and PRMTS5, which are present as a
homo-oligomer or associated with other molecules. The structure of catalytic core of
PRMTS3 revealed a potential dimer formation of the PRMT3 core. However, a cellular factor
associated with PRMT3 has not been known that regulates the enzyme activity and/or
determines substrate specificity.

Translation is a cellular process to synthesize polypeptides or proteins with structural
and/or catalytic properties. The 40S and 60S ribosomes form the core of the translation
machinery in eukaryotes. The ribosome components composed of 4 RNA species and 80
different proteins apparently assemble and mature in a temporally and spatially regulated
manner. It is largely unknown molecular mechanisms by which the ribosome components
co—produce in a coordinated manner and assemble with stoichiometric precision in
mammalian cells, although myc genes were suggested to function as major regulators of
the protein synthesis machinery. Some ribosomal proteins produced in excess or not
incorporated into ribosomes are rapidly cleared in the cell, as small, highly charged,
nucleic-acid-binding ribosomal proteins could be a danger to the cell. The ribosomal
protein S2 (rps2) of rat, which is almost identical to human rps2 at the amino acid level
(21), is located at or near the ribosomal P-site and can be cross-linked by UV irradiation
to 285 and 185 rRNA and to aminoacyl-tRNA bound to ribosomes. The results suggest
that rpsZ2 is an essential component of 40S ribosome. The rps2 contains the
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arginine-glycine (RG) repeats region in its N-terminus, in which arginine residues are
potentially methylated. The gene expression of rps2 is increased in human or animal cancer
samples and cancer cell lines. However, it has not been known molecular mechanism by
which the protein level of rps2 is regulated in mammalian cells. The function of rps2 apart
from ribosome also has not been known except that Drosophila rps2 has Minute-like
characteristics and is required during oogenesis.

Here we found that PRMT3 associates with rps2 by mass spectrometric analysis of a
protein co-immunoprecipitated with FLAG-tagged PRMT3. PRMTS3, but not PRMT1 forms
a stable heterodimer with rpsZ in vivo and in vitro. The association of PRMT3 with rps2
inhibited ubiquitin-mediated proteolysis of rps2 and increased the protein level of it in the
cell. The in vitro association of intrinsic rps2 with recombinant PRMT3 or the presence of
recombinant rpsZ increased modestly the enzyme activity of recombinant PRMT3. The
results suggest that rps2 is a potential regulator of the enzyme activity of PRMT3, which
regulates post-translationally the protein level of rps2 in the cell.
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A1 d7Ldde e

gl Aol Ayl W A3 protein arginine methylation)® @& o] translation(H J)g 3}
FA £ AFE7F FE 7ol wbgsle] dojuE posttranslational covalent modification% &
shipolty, vl d ol AX 7|7t WA Yt E methylZ|E& 712 A23E protein
arginine methyltransferase (PRMT) ©@@¥a3 methyl donorZ4 S-adenosylmethionine
(AdoMet)el Hastth (Z€¥ 1) (1, 2). d¥dY dAd7I7t oS 35379 AKE
(monomethylarginine, symmetric N© N’G-dlmethylargmme, asymmetric NG,
N®-dimethylarginine)e] A4 Bt} (29 1). T§ SEAT YA 224" PRMTY 712 (W2
stee 9¥d)E24 = RNAUAL @@ oW A& histoned 722 AAEFT @wdE, p300,
STATI(signal transducer and activation of transcription)® 7Z& XA}Z=<QIA}, fibroblast
growth factor & X33 200 & o|4te] dwlido] &R Yot oS0 wAsEE HET
A oue FEAHozZT Ad#x 9th (3). Protein arginine methylatione AALZHE AITAS
Ag dud-gma A3 RNA Al @@ Az ue] Alza] 27] (protein trafficking) 5
o #AZT (1 2).

1.1. Protein arginine methylation® A A}=ZA (transcriptional regulation)

Histone @@ & chromatin 7ZdA o] 23 9 F3st= lldoltt (2¥ 2). A¥)
2ol MolRol= T ZE retincic acid, HlE}Y DE I ATdE FEAE dAZEH AEl
o] $28 483 (nuclear hormone receptor: NR)o|t}. T2 & $&Ad 93 HAASA 3
(transcriptional activation)® NRY HZ&8A43¢14 (NR coactivator)d] 93] 234,
PRMT4 (coactivator-associated arginine methyltransferase; CARM1)E= NR coactivatior® ¢
sttt GRIP1 @dide] EolH oz A3 PRMT4E GRIP-13 g7 LdAAZ AL
FT2E FE&Ad g HAArt 43"t PRMT4x A Y3l A  histonte 3 ¢
methylationA| 21t} Methyltransferase@4 -8 22X %3+ PRMT4 ®olA] (mutant)®E %
T&A Y HAAEGE VTS E£35A] £l PRMT1 histone 4 @@ o] 33 9 X0
arginine residue® %°¢]4 2.2 methylationA] 712, PRMT1 &A1& 7% E3le WHolde
TE&A Y HAIEAGE V)5S AR} ol#d AFEEE histone arginine methylation©] A

[e)
o=
Azde] FLF 715S £95%n Yo AL RAFT gk

o

oll

1.2. Protein arginine methylation®} A ZA s A G

PRMT1 & 2= TIS213 BTG13 Agtste A XAAEAN F2YHY. TIS21E 388
%, phorbol ester 53 #-2 mitogenic agentE ol A E7} wEdled WHe= AF 273
44 (early-response/immediate early gene)olt (Z¥ 2). TIS213 FAe BTGlL Wy
BAre] Axel FAA 9 breakpoint QIFHRA Gl EAFEZA FAHARA T, AT A EAZA A
osf 2 2Heol FET. TIS2I/BTGLE AZAEE A Aoz diysd. a3y,
PRMT1# TIS21/BTG1#¢] Jaag9o MESA <9ul (biological significance)7t oFAE A
gy FHEHA g i

OE, ol ek
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Protein arginine methylation®] A EAZAGutA o] fAod3icte AHFAA THA
HH & $8A4, STAT1# 233, STATIS arginine residue® wW2st gt
(19 2). STATS QEHHE 98 Asrt Agd o F27 7] ALz A=}
olt}. Protein arginine methylationo] A EAZAG #AAZttE = Y& FHE PRMTSH7
Janus kinase$} ZA&stthE Ao|t} (5). 23y, PRMT5H9 JAKZHY s dde] AEEZH v
7} o} RAAA FHEZ 9A vt o)2ld dFFA 358 protein arginine methylation©] A E &
Nz AGAY dAd5o] 9o  arginine methylation®] o)A AFAM X BT AdaAdol
Q

&
L
A& AN F

PRMT1o] &
£ Aol @)

e ool

S
T
=

N

AA

1.3. Protein arginine methylation¥ 9% & o] 4

2%

Protein arginine methylatione] &&=z dojur] ¢35ty arginine residue 3 ofvj it
o] 2% o E3| arg-gly-gly (RGG), gly-arg-gly (GRG), arg-X amino acids-arg (RXR)
motifE& 21 g A EY arginined methyldtd s A2 <ax Jdoh. o83 RGG,
GRG, RXR motifE #& RNA ZgdHAd s Aot & &9, preriobosomal RNAE©]
processing® W #FostE el @A (nucleolar protein)E ¢l fibrillarin, 1o &A=
nucleolin, 40S ribonucleoprotein® L2 GA1A)2 heterogenous nuclear ribonucleoprotein
(hnRNP) Al, Ewing sarcoma protein, poly(A) binding proteinE<2 glycine-arginine-rich
(GAR) =91€ 2t3 v}t (1) (Z¥ 2). GAREWL i 2242 A 71539, AZWd
A methylst® @Az A5 ol FEHAY GAREW o] Ga7tae sitd 2EE
o arginine®] FA3F-she} Hake] QA SR oA B5AEAE] 2T Aoew A
7LQ—7 oh;} 1:/_}3 A 3 r‘sﬂ)\}ﬂ-g] Eo];@o] 6‘}_0_ o]{.ﬂ{ﬂ. H]ET ];53?1 salt brldgeir/}‘—:
arginine?] guanidino nitrogen¥ 3 r#}ol =A AT o] s1elgk Aol Arginine®] methylshs
W guanidino nitrogen?®] %A Fdt= A9 9L WA oy} guanidino nitrogen® methyl”]
o] A= HAH arginine 7Y FA2AFE Y FHE WEE JbA e R @R Ao FolF
ol At AFe & AHo = xgﬁg—, olt;]_ 11,]_’ 1315‘;_} 71_}4& EJ,’“_QE =3} /\].gql

A9 ot ANZAIL dMAE 9] arginine methylatione RNA 22 Ee] EolAd 2 AeAs
ZkAl & Zojal o]Eo] RNA tiAte] ojudt AESH g5 FET o FAHHY 447
RNA ZZG WA E 9] arginine methylationd] AE87 ule= FHEA &l o

1.4. Protein arginine methylation® dwdeo] AxuUjel AAe] Z7]  (protein
trafficking)

O

3t7] $18t9 nuclear

SRS Folih Yo

—

Aol EASte B gulAL e XAy FAY F HEHoF olF
localization signal (NLS)& Zt3 §ivh. GAR E=W¢g 21 Q+=

A FE W 8% 48E I 9E = nucleolin B EE NLSE 23 glof Sz o
3y, UM "oz o] FF Y] A E GAR T o8 AF S RNA AdEwlol
LT8EY = & JdF 18 kDa 9 basic fibroblast growth factor (bFGF)olth (28 2). 18
kDa-bFGF+= F2 A X "o EAst}t Ex#o] & bFGF (NZ o) GAREW I

1

[e}
= =N
= "Huld  EA3Y methyldEHo] e Aoz ¥ Y. add AHEE  protein

v

Q.
EARTINIE Y

_14_



methyltransferase # 3§41 MTA(methylthioadenosine)® A &34 =W GAREHU L zt:=
bFGF= ¢ o] #&o £A84] &A ¥l Chromosomal translocationd] <] AAH
Ewing sarcoma (EWS) @22 RNA AW dZA F2 Ao &5t d MEge &
AstE EWS @28 4% A3} arginine methylationo] deojd Aoz vz (6). ol ¥
3 AL dwiA S AXEoAe AAg Z7)o) protein arginine methylation©] #ojsti

28 AAH F1 dt. kA protein arginine methylation®] o4& WA E] Azt

Zlol 4SS F Aola ole AAMNEY HAIANTERY HOlE FEIE AX/ E AR

A L T
o
% 2

N

} vFe} o] protein arginine methylatione] A E382 oul= vpdkdta FR3e Az
A BgAola, AEAMFEe FAAT A#Eo] 9lt}. Protein aginine methyltions
T B4ES HId EEYEH7] ARSAL o5 AZU VsEY] A¥HA TAE]
EZAHA @ Uk ey, o] Fobd Uig w9 AFEY BAHY FTUIE AsHY A
protein kinase cascade £ X &2 protein arginine methylation®] M=% AXW 753
Az LA AHgdol HE ZoF BT olyd ZWAA E dFe AA, PRMT

FAsE AAE =S, E54 PRMT Sol8o 2 AFss QAAE sty
AL st EZ A (29 3), protein arginine methylation®] A X< 344 F3) ] ol
St < SteAE Rt A ol#d ATFE Tt AXe F4A ARG ZIAR
LAt} Agdo] Bl AAE olsiE AoE welth B AT dojXE AFREREL
FAe) qEFAAEAAY (B A, A e aRH THEAER FEE FE
2g (9 As8A A AANGAD SN " oMo e Aol

ok
0%
o

ol
S

s

o o Ho§2
ox Mt T
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AP
HzN"§ /NHz OH OH + G
¢ AdoHcy MM ¢’ :rg—ir:u]icr)}réorz;:ihuyé
I\IIH \ } > I}lH
fc)' ((|:H2)3 H %\ (CHas H
- CH N Type fand ti ~ Ch~ :
He” \HN/ [CI’/N CH" protein arginine Hg/ E/ '(C)'/N \EH/
R O R methyl transferases
Substrates (methy acceptor) : 1,3,4,5,6 AdoMet AdoMet

arginine residues of proteins
Type Il enzyme: PRMTS Type | enzyme:

PRMT1, 3,4, 6

NG,NCG-dimethyl
N€,N’G-dimethylarginine arginine residue
residue (symmetric) (asymmetric)

2% 1. Structure of N-methylated arginine residues found in proteins. Protein
arginine methyltransferases (PRMT], 3, 4, 5, and 6) catalyze the transfer of methy groups
from S-adenosylmethionine (AdoMet) to the terminal guanidino nitrogen atoms of arginine
residues. Type I PRMT produces asymmetric dimethylarginine, while type II PRMT

produces symmetric dimethylarginine.
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1 IFN-receptor

Protein trafficking Signal transduction

Transcriptional

RNA metabolism regulation

I3 2. Protein arginine methylation is involved in a number of cellular processes including

transcriptional regulation, signal transduction, RNA metabolism, and protein trafficking.
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Receptor

Activation Upstream-regulatory

factor of PRMTs?

~

LModu|ation of PRMTs activities? ]

Bpecific binding—proteins or substrates for PRMTs? |

|

LRoles of protein arginine methylation in homeostasis of the cm

histones

Cytoplasm

18 3. Our specific aims are (i) to search for a cellular factor regulating the activity of
PRMTs and (ii) to search for and characterize cellular proteins specifically interacting with
PRMTs. This study allows us to partly understand the roles of protein arginine
methylation in cellular processes and eventually may provide us with a potential biomarker
useful for the detection of malfunctioned cells or a molecular target for the treatment of

malfunctioned cells.
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H 2 & FUel 7lsHd 64

19963 PRMT1 HAdx7F ALoxg Y olF IFHFEANITINM HAZAA 6FFe
PRMT (PRMT1, PRMT2, PRMT3, PRMT4, PRMT5, PRMT6)E¢] @&t Z4Ze] PRMT
£ FAATEFEFLE g3 2k

PRMT1S A REE EZHESEZXZA 2 AXo EA5e ©¥Z 9 asymmetirc arginine

methylation (238 1€ #%3d. uF Az ¥ Yo}l thste] M. David ATEH-E STATI @9
A 9) arginine residue’t PRMT19l 28] methylation®+ A& 2A8 1, o] STATI @l d

=1

9] arginine methylationo] ¢1E}HZ2¢] &3 AAFA G sFHGE AS WG @), g F&

o] A E =AHo] 9+ methylthioadenosineMTA)S methyltransferase?] A|A 24 &
HA & ¥ MTAE STATIC 938 wA"dE dE#AE 84S At STAT1IH 2
g3t STATI19 7154 Asists PIASIG¥do] 48 A lth Arginine methylation®] %]
WA e 2eA atstd STATL @A PIASIE AR Adsts A=t S7HHo <

Bl &) 9|d STATI @A DNA Z¥5S AsAA AAHoz AP A A=

& Aol AstEdnt. o)eldt dF A= protein arginine methylationo] AALZ A9 7%
< 2AJGgE RS AN F1 Az, AEH 2 o) vestA| ¥ FTIANEE TEAX
9] protein arginine methylation®] W3lel AAH A& 5 Y= RS AAH F1 U
=3

-

3] protein arginine methylation©] dojd w F 23 motif 24 4# A RGG, GRG motif7}
STAT1 @¥idoles &4 4 L% arginine residue’} methylation®BtheE 9742 A3 S
o] A3 Aol arginine methylation® & vt A& AA S T2 Uo 4.

Histone @32  chromatin JZEA z938 QI

S St GWEIA
acetylation-deacetylation® %Z& posttranslational modificationd E3jA HAAZ A A3
e Ae Z 48 vk Histone @ Aol Aikshv v @ 3o 93] posttranslational
modificationg o+ AMAE <8z ok vl= 8K Yol et Zhang ATEL PRMT19]
histone 4 @ Ao} 3 9 x)o) = arginine residueE 5°]4 22 methylationA 1t A
S ¥ Histone 4 ©¥A9] arginine methylation® p300°1 2§+ histone 4 €2 9]
acetylation® 2331 oY, histone 4 ©¥ & 2] acetylatione PRMTI1e] ¢}3+ histone 4 @9
29 arginine methylations A8istEth. o] A= PRMTI1ol 23 histone 4 @@z e
arginine methylation®] HAAIZdo] Q3 A& s Hx AHAQ AsEE FANA
o (7).

PRMT2E A2E2A $&4 <st st PRMT2e &4¥A
®).

PRMT39 44 42099 Axd 715 &z v g (9).
PRMT4 (coactivator-associated arginine methyltransferase; CARMIl)+= 3228 $F£3)
(nuclear hormone receptor) co-activatorz¢] 3t1}Ql GRIP1 ©@¥ &) Eolxdoz ZAFSH,
PRMT4E GRIP-13 37 d@AZ A9edwt 328 FE&Ad g% AA7E @43k,
PRMT4+ histone 3 @& & methylationA] 71

rlo

THEA &3 Yo

¢k WZdst 8495 241 2 PRMT4 WHolA
T ZEE FE£AY ANEAE VTS EAEH EIFZE PRMT4 94 PRMT1# Z9]
histone modification® %3} chromatin remodelingg %349 HAIZE7]5E& JVeEdg, AX
AR $8% Al CREB-binding protein (CBP)/p300 @& o] PRMT4] &3] Soj3oz
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methylation® & methylaion®] AALZEA] AQAX2A HAZdvie Aol AFA oz AZFHAUT (10).
CREB (cAMP response element binding protein)¢] KID (kinase inducible domain)®@ ZA#ste
CBP/p3009] KIX domain®]l &A= arginineo] PRMT49] 23} methylation®|™ CREB @iz z}le] 4+
3AEH] szl cAMP signaling pathwayol A& PRMT47} corepressor2X 2438l WA steroid,
retinoid, thyroid hormonesol 9|3t A Z A= PRMT47} coactivator24] g8}, A4 A| A4
1A} (NGF)E PC12¢} 22 AlAAE Al w CREB7} ¢latstso] 8442l 51 CREBYEA 0.2 &
dHE NEZAPEAAGNAE Bel-27t St AAARY AEAFS AT o] W PCI2AIE
PRMT4E 2dA7]1H cAMP Az Ago] xpdtE o] (CBP/p3002] methylationo] €13+ CREB# CBP/p300
o} Agto] ok F) Bel-29 wdEo] AT AHAHOE PCI2AEY APEE =gt (11). olzd &
AL PRMT4d 93 CBP/p3002] arginine methylation®] nuclear hormone®] &4 3-& CREB94 &4 %
ArEAgsle] 288 BA 2SA2A Vst RS A ol SENLd 282 —’F
Eo] methylation®d CBP/p300¥E S demethylationA] 7)1 PRMT49] 84& Eol8og
A =L CREBYEA AAMEAsE £18 4 gtk CREB 9¥dEe 5% 7]‘-’4"1] FB-
S &7 Wi ol AL NHAEY F5F V9% Es 50““1?:_1 FIA F T
HHo 2 PRMT484S £ SFEBEL 2EH 20 U3t AFHE =9 + Utk
PRMT5E £ d7do] wlolegls odildy) Aitste dfdzA 2R 4 two-hybrid 334} A A
& B3tq #Asdn (12), A9l PRMTs5E ©h& AF®el 93 Janus kinase?t Agst=
©@ AT 5). 534 AFEEY XV\ELH%%— (spinal muscular atrophy)& 24z ¢l
T 54 ABAEY Haje] o) e f o] AL FFo] 43EHI ASFHE TS YEhdth
&
=

Lo
2

N
o 30

ot

i ofr <y mu

;;0
£ >
k)

FABALY A& 523 7152 FF3 = SMN (survival of motor neuron) Fr8A AHEE A

AEF T4 BRI #Ho] HoAJYAY AAHY itk SMN @¥2e snRNP (pre-mRNA slicing
machinery) TAYHAS  SmDl, SmD3g¥dEx A= o 53] sDMA  (symmetrical
dimethylarginine)& -3t Y= SmDI, SmD3GHA] §HHoz At hide sDMAE A
AA71e 84 PRMTSZA €84 Qi) o] A9EL& PRMTSe] 2% SmD1, SmD3@ 92 9] arginine
methylation®] SmE®2AEo] SMNGH A A B S o]Fo snRNP core particle®] Ao F&
3t o8g &M arginine methylation®] snRNP assemblyE ZZAE 4 doheE AL AAgo (13, 14).
Cajal body: small RNAZF A WolA stz o #Aodsts & Yo &A435tE 473 (suborganelle)
olt}, &fo] gem (twin structure)°]te= F+ZE SMN EAE 1FEE FH32 Y Cajal
body(CB)%} geme & o] &7 &A8tH, o] 7+l communication coilin®] 2= CB marker T2
of o3 wj/j=oAAc} o] coilin @¥AL PRMTS 28] methylation®lo] SMN= Z&sd). Coilin®]
methylationo] A3 TAHH SMN#S] B4 Fdo] aAH o2 dojubA] ¥o} AXE gemTEE 3
AL GemTZEE 2= AEY A% coilin®] hypomethylation o3& dhdel], CBE z1 e AlX
NHE coilin®] hypomethylation®e] A &th E& Gem FXE JehiE AXE @Gl ZZHe Y
# Wl coilinolyt Sm Y¥MAESEL EHFHOEF methylationA]71A] &gtk o] AHES protein
arginine methylation e1e] ¥sl= AL & 7z WIS FEY F JvdeE A& 453 g (15).
PRMT5] 9% arginine methylation® Cajal bodye]l SMN@® A o| localizations & ©lol 5
8% ¥rto] ofye} pre-mRNA splicingl = HQ3te] ¥ Ao (16). PRMTS7F Al2F71%
AAAL cyclin E promoterdl EA43E repressor complex T4 AE2E EA8H histone
methylation® %3} cyclin E promoter®] @432 oAstn dxzoz HEY = A

r\o rir

3 "'I E -1
A F 9ouz, PRMTSE AXF7] 22849 A4 4 AL348 288 5 Joke 4
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o] WaHT (17). PRMTSE SPT5E w4471 SPT5 #As: RNA FHE4 [9 2%
AgE Fo] AARA7]ES YENAT (18).

PRMT6+= automethylationS F=3tH & ulo] &A%t} o] gdlde] M 7152 ¢ 8 glth
(19).

B WA ENA 9 asymmetrical dimethylarginine (ADMA)¢] 430l LDL cholesterolo] 93] Z7}=
1l ©] protein arginine methyltransferased] 243 A= o] v} (20). WA LA 9] nitrix oxide:
dugtgo] a3 wAAAE ADMAYE NOAA S FE3H= nitric oxide synthase®] 4& A3t
ADMAS ¥R5%7l aAEF @A F7tso] ) o]# g A= protein arginine methylation©]
WA T B3} A H 0w FHHY Joke A& AAE

o
o
fru
2
&
PR
)
o
e

A7gd e FWAA FL3A PRMTS AEY 715¢ AF3ste s
A2l C& zFgdulol ¥ & (hepatitis C virus: HCV)9] H|F& @l dF 9] 4l NS3
A3 Agste AXJAAZE EAd wds 84498 2 UdES WE PRMTSEA HH s
12). T3 PRMTI1el] 2}s) NS3 @l d(NS3 @32 RNAZF % RNA helicase E4&
)9 arginine”| 7} WA g A= A& H3o (21,
() PRMT #4¢& ZFE3ste AdAE 23k, (i) PRMT Eold oz Hist= <l
W=2dted 2 EAS TFHSIEEA protein arginine methylation® AXe AEIA
(cellular processes)E ©ld3}7] 18t FAHJYG £ AFA PRMTE©] oncogene?! Src
tyrosine kinased| ¢j&) ¢14slE)a PRMT13 PRMTS7F Src kinase$t A2 Adsty, AZ oA
colocalization®]©] ¢Jo™, PRMT® <143+ arginine methyltransferase 848 #3IA17]|31, PRMTS
Airste PRMTS 2ste dlZdE9 Hisd 98S £ve AMds We|22X PRMTES 24
< 2 F e AEJAE Src tyrosine kinase 2 RAE& A2 AANET 4 AUtk £3 PRMT
29 Agste ddES #E, A% A5 9E Hoge 4 40S ribosomed] T4 &
2¢l ribosomal proteins S2 (ps2)¢t PRMT37} ¢kA % E3AE dAste RS Hx=2 24
Atk £33 £33 AL rps27b ubiquitination-proteasome A ZE F3le] B HE
PRMT3E ms29 A& ZAgste mps29] ubiquitination-mediated proteolysisE A 3igtbe 3
o]t} PRMT3¢] 213 rps29] proteolysis®] A& PRMT39] arginine methylation &4 &4
e FEedoy ME3re B8 Afdd oA dolwdth o] HAie A PRMT37E AHA

£ o8 o2 rfe

—~ % 1o
e
ro
2
o

N
~

41 yo
(i oo

ey
o K
-

>

ol

o 484 FHAsA AxU auwAdEe $9 (half-life)S 2HEI}E VTS 2 Yo,
=5 mps27F PRMT3¢ &484S %A+ noncatalytic subunite 24 7158 4= A2 Al
Aetz e, AR mps27t 40S  ribosomed AN FAHLAEFHE AL 1HIW
PRMT3-1ps2 B84+ ribosome A &2 whwide] WA (translation)o] #48 F& J&S
oulstir it} Rps2e Abge] bl el Zo] wEA FAste AEoA I wHol 715
AL, AFA 7ve A4 (liver regeneration)o] doljd WE rps2 LdHo] F/HE HoE HIiH
ATH (22-26). °l# 7 rps29 Wdo] FrtElE ZxoA PRMT3¢ A& 754 & 3l

LB dAT3gY AFASE cellular processesolA PRMT 2 protein arginine methylation$]
S dolE & gy 9 AAE ATE & JE AoE HAY WA, B AFEHY oy
Axe AE 2 AF MNxe Ay (AL ol F e dn U ¢H

o
T
g 5 dE& Aol
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.?_
Al

A4, PRMTEA & ,
W PRMTel| tigt So)&<Q 7AL 1% o) &E3d9 1 7% 3
A4 A9} protein arginine methylation®te] AL ZALSY) 913 BEFog £y
. ATFFREYL A, PRMT 848 228 = e dxs 244 #3x (oncogene) 2
M AEe o) dFE Ay AP A UE Src tyrokine kinaseol™, &, @A WA P
) 40S ribosomed] FA4¥-¢1 ribosomal prostien S2 (rps2)7} PRMT39} Eo)Z o g A
s™ 2 Zd3e PRMT3Y AAste] o8 &S &g & gves A7 2345 Ay o718
A & AF A= rps2E ubiquitin-proteasome A E) 93 Es@EuE A # PRMT3E
4843 FB3A rps29]  ubiquitin-mediated proteolysisE A3  1ps29  arginine
methylation¥= proteolysis®} F#3stt= AbA ot} rps2E PRMT3$} heterodimeric complex®
o]0} PRMT3 &4 84S 248 4 & 7% (extraribosomal function)g Ued & ot
T 2AA4E FEAeE Atk FAFE 47 £33 UE 9 A OS5 2o

PN
B
o
rir
Y
Hd
r o
2
i
=
ol
<
ox
i3
i
o
]
o it
o
x
=2
3
lo
&
fe
-3

Y Mool

2 L & i
.Kl o?‘_i r[m e
_L! o

Al 1 A PRMTEA & A= AXQAAY & 9@ V)5 A

3.1.1. In vivo ¥ in vitroPRMT1 2 PRMT59¢] <1443}

M 44 Ao protein arginine methylation®] 7]%< 39w
methylation® ZvlstE PRMTY A48 2A3s AZAAZ e Aoz a5 dx, ol
g A 2H A= PRMTS posttranslational modification®] & < o

AEAT Az AFHLA A kinase cascade= ATt B FAH =
Al AzAGAAoltt. PRMTYF kinase cascaded] & ZAELEAE Lolry] 93ty
PRMT1 ¥ PRMT57} Src tyrosine kinased] ¢l8} <At =& A& ZASEY. PRMT1H
PRMTS ZtZ+&  Src tyrosine kinase 2@ WEl e} &7 203T Az #&A 713, PRMTE @
AHA AZ) E anti-phophotyrosine #AZ immunoblottingS FA3AT (28 4). ol
GST-Sam68 (Sam: Src-associated protein in mitosis) 2@ W E & internal control® AF&3}%3
. Sam68% Srcoll 93 A HE tiEHQ dHAFe] stueltt. 48 4y PRMT1 %
PRMTS EF vSrcell 93] dastdvde e AS5o2 2AAT. PRMTY 487t ¢Sre
kinase Sol& o2 dojUyesXE dolr 7] 93l cSrcd 295-lysine®] methionine® 2 X &
cSrc dominant-negative mutant(K295M)E Ar&3t51S W PRMT1& <Ql4tsi=x] @grom,
cSreoll 918 PRMT59] §4k3l= c-Src(K295M) WeolAlol 9 s) M) wokrt (2 5A).
AT A EedAR AR His-PRMT1 @& o] Ax3 ¢Src @M A (Upstate Biotechell
ATl 98] 248 EE A E in vitro kinase assay® #S ¥ 23 His-PRMT1 @A o]
AistEE RS 2ASAY (1™ 5B). ©] A% enolase@ ¥ A& positive control® AFE-3+S
}.

PRMT1 % PRMT5% Zt7 293T AIX el

pervanadateE A ¥ F AIFHE A E

W& A)7] 3L, tyrosine phosphatase®] A 342
83 % anti-Flag antibody® HIHAAAZ



PRMT1 ¥ PRMT5E anti-phosphotyrosine (PY20) 3#E o] &3t immunoblottings 43
g A3} pervanadate H A7t ¢}&A 082 PRMTI £-& PRMT59 <4tsrt E7HE Q0 (1
2 6). o] 2dAA PRMTY <4k3}7} Sre tyrosine kinase Eol& o2 dojuEXxE dolr 7|
$st9) PRMT1 £ PRMTSH7 2#3EE 203 M XEFE pervanadate® 2087t g dlq
PRMTY] ¢l4tslE fxstn o] w thddt X9 PP2 (Src tyrosine kinase A& A)E 7135
1 Al 5k AEE 8|93 F anti-Flag 33 E PRMT1 3 PRMT5E ®He AAAZ F
anti-phosphotyrosine &A1 S o] £3t9 immunoblottings 3% ZA3 PRMT1¥ PRMT5¢
Aud37E PP2 s oEHo 2 AfHEAUT (29 7). °o] Z2F4ES PRMT1# PRMT57F Src
kinased] 4tstE = 7ldolgte AL AA S

3.12. Src®t PRMT1 2 PRMT5%+e] &35 4%

PRMT7} Src tyrosine kinase® Z]Zolgld AXUdA AMIZ ZAFE AR AlgFHo
Flag-PRMT1 %<& Flag-PRMT5Z GST-vSrc (viral Src)# 37 &8 AZ] & glutathione
agarose beads®l GST-vSrcE& ZATAZ % anti-Flag A2  immunoblotting3t A< )
Flag-PRMT1 &< Flag-PRMT57F A& 53, anti-Flag FA2 AQ9AAAZ & anti-GST
A2 immunoblottingdt & W GST-vSrcd¥do] AEHJT (2¥ 8). o] 23 PRMT
9 Srct#ido] JEHHANL W PRMT1 & PRMT59 vSrce o] M2 AT A&
AA gt AZWo A PRMT1 & PRMT57} vSrc kinase®t @7 EA48t=X& dolrnr] 9
3te] (colocalization) Flag-vSrc kinase® GFP, GFP-PRMT1 ®*3+ GFP-PRMT5¢9 &7 7tz
293T Al Widl F@AZY. oju] ey uiet Zo] GFP-PRMT12 o] FAgion,
GFP-PRMT5% Flag-vSrce MEXYAFZ EA39 9 (GFP-PRMT57F AX 9482 &)

g AL B A"l 2ad vk S) (29 9). GFP-PRMT1# Flag-vSrcE &7 2@ A
1€ W GFP-PRMT12 Flag-vSrc®} &7 Ax 98- &A8ts AE & & U=,
GFP-PRMT5%} vSrcx 7 AX fd8Fo) SA% = AS & 5 AdAG. Tv e A4
o EAste GFP-PRMTI1o| Flag-vSrcol & 2dE A4 AX 934d¢ EA3dds A2
ol o] A= PRMTIZF Sre AFsAY d4kst=® PRMTI19 locatlizationol] <3 &8
< T AvE HE AAET Flag-PRMT1E GST %+ GST-vSrcE 293T AE o
cotransfection¥ %, MX @Wd FEES 5-20% sucrose gradientdollA A3AZ ¥ 7z ¥

g BA43% AH Flag-PRMT12 GST&E cosediment® ®] & ¢A v, GST-vSrct 37
cosediment¥ & A& ¢ & AAT (23 10). Flag-PRMT1S monomer (MW; 40 kDa)&A
EAeHAl %3l homo-oligimerE FA T+ RS B dAFHo] 2uy ut gloy o 4y &
= PRMT1 homo-oligimer$} GST-vSrco] &7 28 ¢ dttE AL A A s}

ME OE 9REEE AEXuUelA 3TEAZL 3 pEEo| Z

T o2 = intrinsic PRMTE 3 intrinsic cSrco] M2 Ag3}
< cSrcg EHHoE AAAAANZL ¢ e A7 YAV Wi & F/He duE s 2y
= AZFE A&t PRMTS cSrco] A2 2&steE AE F2Ae At Flag-PRMTS7F 2
A= NIH3T3 AlXFE AZetx (NIH3T3-PRMTS) A ¥e] dwid &2 dlS anti-Flag 3
2 AEIAANZ T anti-Src@ A E immunoblotting3tg & wWf WA AEF ¢-Src @A
o] HEHAY (¥ 11A). NIH3T3-PRMTS A|EFE tyrosine phosphataseE A 3]st
hydrogen peroxide® A& sAY 34 &2 UL anti-Flag FAZ WA A7 o] AAE

X

fr 2
e
sy

)

(g Ok

Mt
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Zdl cSrcol A= AE anti-cSrc FAZ ZAFSYE W hydrogen peroxide® ] $ Al
EFAM @2 PRMTS BAAEAAN 2894 @& HLET BLE cSrc @A AFH o
= A& ¥ F AAS (Z¥ 1B). o A3 PRMT57 intrinsic Sre@ A|ZUlelA M2 2
st H3E PRMTSHS cSrcol aax oz AFGITUE AL dAsta drh. Hydrogen
= AZstAE W PRMT59 cSrcd] QiR E At oy atss e g &
AdA B3 Hrt ole ittt de oz dojuyt AFE-3 anti-phophotyrosine Aol ¢
3 AAHA ¥ AoE FAHHG
JAstEl = PRMTS #4998 2437 Y3ste] PRMTSE 5 M9 99 £ Flag-PRMT5(N)
(1-308 v Flag-PRMT5(C) (308-637 ¢tvl:=ihE € od WeE Afd & (1Y
12A), full-length PRMT5, PRMT5(N), PRMT5(C) Z4+Z+& GST-vSrcet A 2HdA 7 F
anti-Flag &A= #HAIZ) ©¥ anti-phophotyrosine A Z immunoblotting3t< o)
PRMT5(N) 3 PRMTS(C) 5% diss e, o]&& 242} GST-vSrcet AE3AT (1¢
12B). o] Z3+= PRMT59 22709] tyrosine residue® 1@ tyrosine residue’} ¢14t3ls =&
DAL el AAstE Zo] 7R €& AoE A HUY

et

3.13. Q4tstd PRMTOH+= SH2 9494 2 dWd &9 4%

PRMT5¢] tyrosine7] 8] A4tst= A EQlAtete] HolHQl S A58 & Jg A=z JHA
3t QA4S HE tyrosine residued] Eo]lF o g A¥slE domaine ® 42| Z SH2 domain &
AEH] A& ZAII S SH2(Src homology 2) 992 I3 13A0 A|AE wigp 2o
~Y-X-X-hydrophobic amino acid® ©]%o % motif?] tyrosine residue’} 12k3t8 H$- A%
o] dojduls AL FX9 Abdoltk. Grb2, cAbl, Fyn, v-Src, PLC gamma, Nck® SH2 <
=& Zte GST-SH2 fusion 9WAES A Tolr o2& ®8 AAsta glutathione-agarose
beadsoll H&AIZN F 293 A EFoA ZAAZL PRMTS5 =2 A4tstd pPRMT5S &3t
AEgdd FE&d8 247 A7 3 43332 PRMTE¢] SH2 domaindl A2FHAEAE
anti-Flag A2 immunoblotting 22 AZFs AR (2™ 13B). 2 23} A4kstd PRMTHel ¢l
AbstE Al oFS PRMTS ZA-$-Htul GST-SH2 §§8 wfidEo] A A A¥sdd. o A
tyrosine kinase cascade®t d#® NZALZ 2o PRMTH/F @€ & dte AL U

.

3.14. Fyn tyrosine kinase°l] 2|3 PRMT13 PRMT59] <14ks}

PRMT13 PRMT57} Src tyrosine kinaseo] €38} <QlAF3lE| 2 2 Src tyrosine kinase familyE
¢l Fyn¥ Lcko 93] <AAslsl=xE =AY Flag-PRMT1 &-& Flag-PRMTHE
Flag-Fyn 22 Lckot @4 28N F Zt79) gildE9 Bd S 203 5 anti-Flag T4
2 Flag-PRMTI, Flag-PRMT5, Flag-Fyng WIEAd Al & A EE immunoblotting2 2
A% 23, PRMTI 2 PRMTS7F Fynol &) absts slen, Lekell dside ks A
24Tt (28 14, middle panel). Lck7} PRMTE 14HsHA| ol AEd Lkt &
Aol ¥7] iEY X% 3, PRMTE ] Lcke 7]”o] o} A& AAE YT
o] A3+ PRMTE°|] Fyn tyrosine kinaseE¢] 7]&dolet= AL A8tz St}

{WENT)
4 2
K g
3o rlo
)

rir

N T
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3.15. Src tyrosine kinase©°] ¢]3 PRMT3 ¥ PRMT49 <143}
PRMT34 PRMT4%E Src kinaseol €3] <l4tsls &X& ZA}ete] PRMTS d4tsirt dwtH

A HAARJAAE 413 Flage 2 tagging® PRMTI1, PRMT3, PRMTY4, && PRMTS5 z+z}
< Srco} A 203M| EFo| ZHAZIAY tyrosine phosphatase A3 Al pervanadate® # &)
sl d& vz FZES anti-Flag A E WY AANZ] ¥ anti-phosphotyrosine 34| 2
immunoblotting3 3t} (29 15). = Z3 PRMT3 @ PRMT4 EF ClAgHtE AL & &
NATE o] A= PRMTE S Src tyrosine kinase®] 7]&o]lw tyrosine kinase cascadeo] €]
3l 2 el A e & e AL dAsm . @ud ddS
anti-phosphotyrosine 3# ¢+ AT3IE intensity® A A o2 vjuwstRS uf Srcoll & <Ak
g7t A#AH o g dojvbE PRMTE PRMT3% PRMTS ©] it

Q145h8 PRMT3, PRMT4E°] GST-SH2cAbl (cAbl kinase®] SH2 @%)el A@steAs @
olH7] 93] Flag-PRMT3 2 Flag-PRMT4E 2 d3l+= MELE pervanadateZ A2 s-AY 3}
A e AEe d@fd 28-S GST-SH2cAbl §8¢8 23 w-gA121 & GST pull-down
assayE TH3te  GST-SH2cAbl Ao ZH3g PRMTES anti-Flag IA=
immunoblotting3t3th (Z¥ 16, top panel). = ZAI <A4std PRMT3¢E PRMT47}
GST-SH2cAblell ZatA A= qidol Qlitstsa] & PRMTER GST-SH2cAbldl A ¢
A3stA uth. o] A= PRMTE®] Src tyrosine kinaseol] 98] <14+&=™ SH2 domain

s 2t wMASY AR A% 4 Ao AL AT g

[e]

[«

3.1.6. PRMT9| Q143}d] 9|3 PRMT &4 849 %4

Src tyrosine kinase®ll €% PRMTSY] 214tsl= RAA, QAlksle] ut& PRMTEAZA Y 4332
€ F I, 4, onF-auAe] F3A% dFL F £ v Q437 PRMTESE
e ZEFERAE dotry] Y3t GST-vSre EAFF3dtolA 2EAIZ Flag-PRMTH S
anti-Flag A& A AN, A43kE PRMT58 QA8 H A ¢4 PRMTS 293148 S
myelin basic protein (MBP) £& GST-SmD3 9¥zas w$AAT AN ES
fluorography & 3l AF3HE T (¥ 17A, top panel). & %
Fol A9 T3 E AL anti-Flag 99 H U ES anti-Flag &2 immunoblottingdte] 7
Z3t9th (bottom panel). MBPY SmD3% A% oA type II PRMT5 (2§ 1)o 2ol&f oA

B

i r_}:rt,_‘
ole
=2

>
Dl
oo
st
d
>0
=
—
(@)
aY
=

A

stety. 2 A3 1Atstd PRMTS7) <14b3st s x] ¢F& PRMTSX T 2 &4 o] Fgo] A F
doe AL 4 ¢ 93t Flag-PRMT1E Src kinase &858t A} 2034 EFo] w@A I

<  anti-Flag-agarose beads® %3to EEAAST YU 3= GST-GAR
(glycine-arginine rich region)E& 7|22 39 PRMT assayE o F HSAHES
fluorography 2 7 M3} th. GST-GARE fibrillarinel &3l arginine® glycine©] &% o
EAE A9 GSTol A dlZ8 PRMTL 71&elth. 1 23} Q4tstdl PRMTL
A3t E 2] @& PRMTIRY I £4840] 20-30% A% #AHASS & & Y (2
17B).

ot o
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GST-Samd8 + + + +
FLAG-PRMT1 [ - | + | - | +
FLAG-vSrc - - + +

GST pull down < GST-Sam68

Blot: «-GST
GST pull down <4 GST-Sam68
Blot: a-pTyr
IP: a-FLAG
Blot:o-FLAG < Flag-Src
<« Flag-PRMT1
IP: a-FLAG <4 Flag-Src
Blot: c-pTyr 4 Flag-PRMT1

GS8T-8am68 + + + +

FLAG-PRMT5 - + - +
FLAG-vSrc - - + +
GST pull down 4 GST-Sam68
Blot: a-GST
GST pull down _
Blot: a-pTyr <« GST-Sam68
IP: o-FLAG
Blot:a-FLAG Flag-PRMTS
Flag-vSrc
IP: a-FLAG
Flag-PRMT5
Blot: a-pTyr t\ﬂag_vsﬂ;

713 4. vSrc tyrosine kinase phosphorylates PRMT1 (A) and PRMT5 (B) in vivo.
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A B

FLAG-PRMT1| + + + - - - - R
FLAGPRMTS [ - | - | - | + | + | + | + | +

o-Sre(KeosMy | - [ + | - [ - | 2 [ - | 1 |18 (k) pBOCSe |+ ] +

¢-Src 1 2 l(ng) enolase - + -

o 7 His-PRMT1 - - |+

IP: a-FLAG  Blot.a-FLAG

kL i i _S
B A <ot
2 | ¢ His-PRMT1

IP: «-FLAG  Blota-pTyr 3 <4 enolase

Blot:a-Src

2% 5. ¢Src kinase phosphorylates PRMT1 and PRMT5 in vivo (A) and His-PRMT1 in
vitro (B).
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Pervanadate Pervanadate
0 2 5 10 20 (min) 0 2 5 10 20 (min)
IP: - "
et < FLAG-PRMT1 IP: o-FLAG k| ¢ FLAG-PRMTS
’ Blot: a-FLAG
IP: a-FLAG y IP: o-FLAG ’ < FLAG-PRMTS
Biot: a-pTyr < FLAG-PRMT Blot: a-pTyr

% 6. Pervanadate, tyrosine phosphatase inhibitor, phosphorylates PRMT1 (A) and
PRMTS (B) in vivo.

- 28 -



PP2uM) 0 1 2 5 10 50 PP2uM) 0 1 2 5 10 50

100 S5 by i oy 8. | Bloto-FLAG 100 |Blot.a-FLAG

Blot: a-pTyr <3 |Blot: a-pTyr
80 80}
60 60T
40t 40¢

20 20
0 0 L | ! | |

0 1 2 5. 10 50 (uM)

¥ 7. PP2, Src kinase inhibitor, inhibits tyrosine-phosphorylation of PRMT1 (A) and
PRMT5 (B) in vivo.
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1 2 3 4 B 1 2 3 4
GST__, + | - - - GST + | - Z N
GST-vSre - + + + GST-vSrc - + + +
FLAG-CMV2 - - + - FLAG-CMV2 - - + -
FLAG-PRMT1 + + - + FLAG-PRMTS + - +
% ”ﬁ [ 4— GST-vSro 5
14} s B : o
sl . T s e ]
P B s oo 8
o B & % «— GST @
GST pull down ©
Q
o :
3  [¢— FLAG-PRMT1 3
8 k<]
© 5
IP: o-FLAG IP: a-FLAG
ol 4 le— GST-vSrc L %
s T T
PPN, ¢— FLAG-PRMT1 g |
GST pull down] IP: a-FLAG GST pulldwon] IP: a-FLAG
Blot: a-FLAG o-GST Biot: a~-FLAG a-GST

[4— GST-vSrc

[ — GST

| |&— FLAG-PRMTS

j¢— GST-vSrc
[4— FLAG-PRMT5

19 8. vSrc associates with PRMT1 (A) or PRMT5 (B) in vivo.
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GFP-PRMT5 Flag-vSrc

Rhodamine

GFP / Flag-vSrc GFP / Flag-vSrc

GFP / Flag-vSrc

GFP-PRMT1/Flag-vSrc | GFP-PRMT1/Flag-vSrc | GFP-PRMT1/Flag-vSrc

R

GFP-PRMT5/Flag-vSrc | GFP-PRMT5/Flag-vSre | GFP-PRMTS/Flag-vSrc

GFP Rhodamine Merge

219 9. vSrc colocalizes with PRMT1 or PRMT5.
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-
»

5% 208 20%
1
1 234 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20

Flag-PRMT1 >

GST b —— W N— —. T ———

Flag-PRMT1 '

¥ 10. PRMT1 cosediments with vSrc on sucrose density gradient.
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Parental NIH3T3- NIH3T3-PRMTS
NIH3TS PRMTS H,0,(1mM, 20mins) -  +

IP: o-FLAG

. P: o-F
Blot: o FLAG < FLAG-PRMTS a-FLAG

Blot: a-FLAG j| 4 FLAG-PRMTS

P: - a FLAG i C--Src 1P a—FLAG < c-Src
Blot: -a Src Blot: a~Src

Crude extract
Blot: a-Src <4 c-Src

Crude extract
Biot: a-Src

a9 11. (A) Intrinsic cSrc associates with PRMT5. (B) Hyrogen peroxide treatment
increases- the association of PRMTS5 with intrinsic cSrc.
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A B [Flag-PRMTH] F
GST |+ |+ | -] -]-
—

GST-vSre

|4 FLAG-PRMTS

Crude extract |

FLAG

\ ¢4 FLAG-PRMT5C
v PRMT5 . , .

l ,

1

FLAG-PRMTSN

FLAG-PRMTS5 (F) — ]
637

GST pull-down
FLAG-PRMTSN (N) i J Blot: a-GST

4 GST-vSrc

1
— west
FLAG-PRMTS5C (C) 308 637
4 FLAG-PRMT5
GST pull-down | ——
Blot: a-FLAG SR—— tFLAG-PRMTSC
GS8T-vSrc FLAG-PRMT5N

4 FLAG-pPRMT5

| ¢ FLAG-pPRMT5C
FLAG-pPRMT5N

IP: o-FLAG
Blot: a-pTyr

1% 12. vSrc kinase phosphorylates the N- and C-terminals of PRMT5.
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B GST-SH2 domain fusion proteins

-

5 - N B g A

ad o 2 2 5§ & Y %

£ 0 ¢ b c 3 7 2
= 2 RT— <_Flag.
C |- - - PRMT5
3
= % Flag-

pPRMT5

. G

Y- X- X-hydrophobic amino acids

MW Coomassie staining

1% 13. Tyrosine-phosphorylated PRMT5 binds preferentially many

GST-SH2 proteins in vitro
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FLAG-CMV2 - - 4+ - + - - 4+ -+
FLAG-PRMT1 + 4+ - 4+ - = = = - .

FLAG-PRMT5 - - - - - + + - + -
FLAG-Fyn - + + - - - + + - -
Lck - - - + + - - - + +
IP: a-FLAG < FLAG-PRMT5
Blot: o-FLAG FLAG-Fyn
<4 FLAG-PRMT1
FLAG-PRMT5
IP: o-FLAG
Blot: a-pTyr t FLAG-Fyn

< FLAG-PRMT1

Crude extract
Biot: a-Lck

% 14. Fyn kinase phosphorylates PRMT1 and PRMT5 in vivo.
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Pervanadate GST-vSrc

F-PRMTA[+ [ - [ [-[+]-T-T-T+[-[-1-
F-PRMT3 - |+ -|-t-{+1-|-{-1+}-]-
F-PRMT4| - |- [+ 1 - |- - T+ 1-1-1+1-
F-PRMTS| - [ - [T+ - T-T+[-[-[-1+
o | FLAG-PRMT3/5
iP: a-FLAG | L FLAG-PRMT4

Blot: o-FLAG |l - e |« FLAGPRMTH

o

G

FLAG-pPRMT3/5
FLAG-pPRMT4

FLAG-pPRMT1

IP: o-FLAG
Blot: a-pTyr

29 15. PRMT3 and PRMT4 also are tyrosine-phosphorylated
by vSrc or pervanadate in vivo.
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pervanadate - - - - + + + +
F-PRMT1  + - - -« + - . -
FPRMT3 - + - - - + - .
F-PRMT4 T
FPRMTS - - - 4+ - . . 4+

. FLAG-PRMT3/5
GST pull-down| = W ww = |4 F{AGPRMTA
Blot: o-Flag e <4 FLAG-PRMT1

Crude extracts PR R s i
Blot: o—Flag )

Pt a—Flag
Blot: a—Flag | s

IP: a-Flag
Blot: a—pTyr

Coomassie |;

|4~ GST/SH2 c-Abl
staining

19 16. Phosphorylated PRMT3 and PRMT4 bind preferentailly GST-SH2(cAbl)
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A

FLAG-PRMT5| + + + +
GST + - + -
GST-vSrc - + - +
Substrates MBP GST-SmD3C32
GST-
iz oot (- SMD3C32
TR <« MBP
in vitro methylation
FLAG-
PRMTS

IP: o-FLAG/ Blot: a-FLAG

B

Purified PRMT1 Purified pPRMT1

0.2 l 05 | il I 2 | 0.2 I 0.5 I ! I)z GST-GAR (uM)

GST-GAR

Flag-PRMT1

Silver staining

19 17. Tyrosine—phosphorylation of PRMTS (A) and PRMT1 (B) decreases

activity of methyltransferase.

-39 -



A 2 4 PRMT¢ Soldo=w Afste AXAA 2= 2 7%

) =]
4]

3.2.1. PRMT1 %-& PRMT59} 243} o|&F o2 AgFstc AXAAS

PRMTS <itshrt Aftste @ild 5& 7129 Sods AAs & 5 e A, =3 W
AT At AT FAAJA, 2 AFEY ovE FUAJMAE LotV gt PRMTSE
GST-vSrc &4 F5 oy, PRMT1IS c-SrcZ@ WY &4 F53tollA] 203THAE o &
HAAZ ¥, anti-FlagFA 2 Qa3tEAY I PRMT1 2 PRMT58 717 993xA 2
T He JAES silver stainingg 3te] ZFHE d¥id e Xol7t Y= AE A (¥
18). o A3 AAEE A gL PRMT5 £& PRMTI1d Holdog Ajste dild s I
4 9t (2¥ 18A, PRMT5-x, 19 18B, PRMTI-y). PRMTo] Solzez Agsy o

A WMEE silver staining® gelo| Al sz, o] dde] A& A EHog EA3 Ay
PRMT5-x¥ mRNA slicingol @3+ splicing factor SRp30CZ 93 % 2™ (Table 1), ©]
gl o] olu| = AFS FANSE A3 PRMTE 93] arginine methylatione] H+= o 8.3
RGG motif& 37 ztal &S & & AAT (¥ 19). SRp30CTH W = 3 PRMT5H] 435
Fol AMEUAA doltExs zABIAoY Az AFeA &gtk SRpC Aol
methylation® =3 & FALSIAAT FAAQA 2748 d4 EeAd. ¥ E PRMT5% SRp30CTH
o] A5 AHE A= E3GA T PRMTS57} splicing® #HEE RNAC] 23t dldE
I FzFEzete] BEAE stz WA SAIZIZE PRMThE SRp30Cst A Aoz ZAjgst
A gort PRMTSS A 84%9 shtd + & 7542 wAE = gtk PRMTI %
ZA3%st= 32 PRMTl-y @iz 2l 53l ZAFSE A3} Zinc finger
protein 37A% Y& ow (Table 1), o] @& o] o}u]i dE A3 A3 RGG motifE&
o
5]

=2

i

)1\_]:
2n S G, Wb o) Sudst PRI 4EATE | o dTad e,
PRMTIS 71424 71587 nts 84¢ 248 & 9t 9949 754l

322. PRMTS} So]doz Agsts Axolze wz

PRMTI1, PRMT3, PRMTS m}oﬂ ol o2 AWl methylationo] HiE 7145g w23

| 98ty 2o PRMTE S 2dAZ & AGHAAAZS mono/dimethylarginineS o] 2 ¢l
f%ila o] &3l3 FAlel silver stammgﬁ}oﬂ 74—’(-4 PRMT| Eo|F oz AGsts dydEo]
ATt AE ZRAMRE 23 PRMT3 ol oz Afsts Alxudds AT 5 JUx
(¥ 20, middle and bottom panels, lane 3), o] gl AAE ‘:’f‘ﬂ“/ﬁ AFRNS B3y
2% A3 40S ribosome? TAEHE rps2EtE AS FA 3T} Tl A o] ofny A}

AqEdE B3 A rps2 N2 wro] arginine-glycine (RG) repeat”’} &4 O]—% AL & F U
ot (2 21). 298 219 rps2 ofv]ie AF A EolA HER Foe AFENOAM #EE HE o]

- =

I

5
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3.2.3. PRMT3$%} rps2& AIXZUdA HE Foldoz Agg.

PRMT3¢ rps23te] 2o} A4 MEUolr dojve A& dotr 7] 93t ALFE9] rps2f 3
AHE GST-€8 99z 4dAd & Jdve GST-rps2 HAWEHE A3t PRMTI,
PRMT3, PRMT5 2}t GST-rps29t &4 238 A7) GST pull-down A7 F GST-rps2¢l
233 PRMTES anti-Flag@# £ immunoblotting 3t3-& = PRMT3%o] rps2¢t 2 3Het sl
T} (29 20B, upper panel, lane 5). o] A8 AFA 2AR AHDS PRMTES 23
719 FU}ALAE B85 (¥ 20B, bottom panel), GST-rps2¢] @4 d o] PRMT1¢]
U4 PRMT58 7Rt PRMT37F &8RS 35 dAsA S71E0] dve Aot (o
¥ 20B, middle panel, lane 5). ©] A}A-E ps29] A|E W half-life7} PRMT399] A <3
F TS 5 JSE IdAFAY. Flag-PRMT3¢ intrinsic rps27F &-& Flag-rps27} intrinsic
PRMT3¢ M2 Holzes HAPsteAE dotrr] HsiA Flag-epitope® tagging® PRMTI,
PRMT3, PRMT5, rps2& Z4Zt Z3HAAIZ] Fof anti-Flag@dAl2 WF A A7), anti-PRMT3
A £ anti-rps2 @A (K protein®] peptideZ o] &3l #+E &<l 8] rps2 @ AL 71X
g oOl=m AlfEe] v AAEY A AFLS)E immunoblottings FA3IT. I A
Flag-PRMT3% intrinsic rps2¢}, Flag-rps2% intrinsic PRMT3¢ ZAdsteE AL &34 9
(28 20C, lane 3, 5). Flag-rps2+ intrinsic rps2E.t+ SDS-PAGE geldl 4] Flag epitoped] 7]
Asted A3 o] FH Ut o] A= PRMT37E rps2et M2 A Z el A Solx oz Az

£ A ANsE
3.2.4. PRMT3+= rps2 protein stabilityE Z7}x) 71t}

Rps2 protein stability”7} PRMT3 Eoj& ez Z7lE e A E golry] s GST-rps27t &d
5= 2394 Flag-PRMT3 £ Flag-PRMT19 #3& Z7MA#HS ®, GST-rps2 @A 9]
%°] Flag-PRMT39 ¥ L@ &M o3 ZrteE ¥hA, Flag-PRMT19] B $-ole 7}
HA &t (28 22A, lanes 4-9, 10-12). o] @} GSTE internal control2 Al&3tg 1 GST
protein stability= PRMTES @d3 F @A dAsA LHHAJS (anes 7-12). Rps2
protein = stability®] F7}7F PRMT3 Heoldoz douyexE FHsA 371 Ystdd,
GST-rps2(1-293) (full-length 1ps2) && GST-mps2 (60-293) (RG repeat’} A& ms29 N
T 5970 ofvmate]l AAH UH)7t A4F wHHE oA Flag-PRMT3 @5 Z&
Flag-PRMT1 (Z1¥ 22B, lanes 2 and 5)3 Flag-PRMT3S 34 2@XN#HE A$ (lanes, 3
and 6), GST-rps2 protein stability?] Z7}= ©A PRMT3 &8 oz velyon rmps2s
PRMTle] &t el PRMT3St Eo|8 o2 A3ttt (29 22B, lane 3 and 6). o] A3
= free mps2T AZUWlA proteolysis7t doiubyd rps29t Z¥stE PRMT37E &4 294
proteolysis7} dojubA] ol kAt E RE AAst
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3.2.5. Rps29] 100-293 o] PRMT3%}9] A3g 2 protein degradationS dAd = Yol
t}.

PRMT3¢ A%slil rps29] protein stabilityES ZAASE 92 dolryl A 6FF9 mps2
9] deletion muntantE< A Z3la (2 23A), |59 PRMT39e] AR A A
GST-rps2(60-293) 3 GST-rps2(100-293) ¥ dAxte] PRMT3el AFaAtt (2™ 23B,
middle panel, lanes 5 and 6). GST-rps2(60-180), GST-rps2(180-293) Z&
GST-rps2(60-220) W2 E2] THL FAHYAR Flag-PRMT39h= 2§34 sttt of 2
A rps29 100-293 d¥o]l PRMT3t Aol fxHoldte AL AAstn Ut GST-1ps2
ol &o] methylation =X E anti-mono/dimethylarginine & A 2 immunoblotting3t 2
7 gATdE RG  repeat’t ¥ NZH (RGR)Y9YS ZE  GST-ms2(1-60)3%
GST-1ps2(1-293) et} & qko] methylation® o] A= AL ZE YEST (29 23B, bottom panel,
lanes 2 and 8 ©]& in vitro methylaton assayZ2#9t= € X&; 29 29 F %), o] Ais
rps29] arginine methylation® protein stability9t= A2 F#HA] Eevhe AL SAIEE 9
th. Rps29] protein stability® AAste J9E £437] 98 Z42be] GST-rps?2 mutantE S

PRMT3Z@ME &4 5t SRANZ F Axe 98z FFES IL ¥ anti-GST
A2 immunoblottingd} Gt (2¥  23C, left panel). I A}, GST-rps2(60-293),
GST-1ps2(100-293), @ GST-rps2(1-293) ©¥l @ uko] Flag-PRMT37} #a =] ks A$
gl A oFo] AT of =7A GST-mps29) mRNAS RT-PCRZ A @39S o z7
9] GST-rps29] mRNA¥ Flag-PRMT37F AV IAY Hl& o2 AEHAY. o] 4
= rps29] protein stability® ZAAsHE 99E rps2(100-293)el® o] Aol PRMT3S 2%
1= Ao 2 Hol PRMT3% mps27he] A3 Agto] protein stability® AA e AL A s
AT

Ol

bl

3.2.6. PRMT39] catalytic domain< PRMT3¢} rps2(100-293)7te] Agto] "7 o] ofy
.

Rps29} Z#stE PRMT3 ©¥d do& Lolrr] flste] 5% 9 PRMT3 deletion mutant®
= Azt (28 24A). PRMT3E 529709 obrjxit e Zk3 gloew 34 F 79 g9e
2 FAHo] 9} dhvE acidic-rich amino acids(NAR) % C2H2 type® zinc finger domain
=2 TAE 134749 Ngdol (NAR Zn; ©] 992 PRMT3 E4 4& 23 A &8
PRMT39] 71d 5ol 43t 4848 2dste 4922 5L ), e v g9d
o XY WAF qa42#EAE JeElHE catalytic core (135-529)ojt}. A AE in vitro
methylation assayE &3le] PRMT3 NZtlho] 84848 2ty QA gkonm NI 10470 <)
ofulzatol A A" PRMT3(104-529) WHolAlE EAEAE Yeads AL sy (29
24B). ZtZ+ 2] Flag-PRMT3 deletion mutantE-2 GST-rps2(100-293)9} §H7] 293T Al Eoj
A7l Foll rps29} 2= PRMT3Y FH4 oz gdS A8 A3 rps2et dgsts
PRMT3 992 1-13471¢] NZ ottt (238 24C, middle panel, lanes 2 and 4). PRMT3 N
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2ok 99 (1-134 £& 1-264)0] 2@E ) GST-rps2 @2 o] dAAFA F7HHEAT (2
4 24C, top panel, lanes 2 and 4). =3 Flag-PRMT3 deletion mutants %<& PRMT3 &4
Aol 9 PRMT3 mutant (PRMT3M) L&HWE & 203TH X FLHA| 7|2 anti-Flag &
A2 AdZAND F AAEES silver staining 3HE 9 AAZ 134709 ofpmlid NIw
& ztE= Flag-PRMT3 WolAlE 2 PRMT3ME©| intrinsic rps29t A3t intrinsic rps2
protein stability® F7MAIZATH (¥ 24D, lanes 2, 3 and 6).

3.26. Rps2¥ ubiquitin-mediated proteolysis®] 93} ¥3IHH3 PRMT3E r1ps29
poly-ubiqutitination$ A &89 rps29) protein stabilityE 57217 9.

Ribosomed 47 RNA%t ¢F 80%9] ribosomal ©@HAZ FAH a1, 7F
ribosomal protein©] Y} 40S ribosome®) incorporation® A &2 ©¥lIEL2

ot 2 H rps27t AAE ubiquitin-mediated proteolysisell ¢l8] ¥IAH=AE
GST-1ps2(1-293) && GST-rps2(60-293)E 671¢] histidine®] tagging® ol %l ubiquitin
(HisgUb) Zawele} dhA 203TA Xo] 2dA717 g3t %9 MGI32 (proteasome
inhibitor)2 A& HNIE FZFEL d& F Ni¥-NTA pull-down assayS e
ubiquitination® rps2E°] MG132 & &FH oz FH7HAY (28 25A). PRMT37F rps2¢]
ubiquitination® A #h8t=AE PRMT3E 2dAANE ZAAA FAE 23 PRMT37F &4
73 9 poly-ubiquitination® rps27F A& H X &goen (2¥ 25B, top panel, lanes 3 and 7),
ZAld] PRMT37} A8 A9 AlxWd] GST-rps2 @A 9 ko] F71E At} (middle panel,
lanes 3, 4, 7, and 8). ©] A¥+E free rps2E A FE WA ubiquitin-mediated proteolysisel] <]
8 2s)=, rps2= PRMT39 A @322 A ubiquitination® 2] o} AEZ oA <A stth
= AL AAET o] 4% methylationo] dolye rps2 Nddo| A" GST-rps2(60-293)&
A}R DB R rps2 proteolysis® mps2¢] arginine methylationE A#Alo] e Aoz H
g+ sl

3.2.6. PRMT39} rps2:= in vivo 2 in vitro ojA] ¢tAI EHAE FA g

PRMT3$}t rps27t AlZUlolA] AE B
PRMT3%} rps2E 293TAH X0 &HA LddAZ
T3t HAAZD F Edstn 779
Flag-PRMT3% Flag-rps2%}t cosediment® Ath (29 26). ztzhe}l ¥3 2 anti-Flag A H
AAAANZ & AY2AHES anti-rps2 A E immunoblotting 3t rps29l EAE &l
(2¥ 26). PRMT3-1ps2 E#AEo] 68 kDadt 240 kDaAlolo]l HAHE Aoz RHo}
PRMT3-mps2E heterodimer®] monomer (¢ 97 kDa) £ dimer24 &AM T 7b540] w4
o] A3}& PRMT37F Aol A rps29t A EGAE JAZE & e }\% AIBFL S)
t}. o]l E3% rps27F PRMT39] noncatalytic subunit® #&3te] PRMT3 E4848 23¥E
T AE 7HEAAE gAS
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PRMT37} rps2¢t A AWolA M2 AT EFAE JFAFEAE A et $4d8e=
ol A HEAZ rps29 His-PRMT3E o] &3] A EgAE FAd=AE A 8HA
o giFelA BHP GST-rps2t His-PRMT39 A @@delA asx oz At st
o ol iR TAA HHHE st EFFEAFAA BEE rps29tE conformationo] HHE
gz FxE O zta g 7 Roeg FAHUT. Rps2E arginine™ lysined 22
717 obrlx=ibE Wol Zx e HE sy, TRFEAEANA o FHHA &
rps2¢] posttranslational modification®] €oid ¢ dde AL 7HASNHE TN AL
ps2%t PRMT37he] ZdaZd el HH o2 dojuA && F AUe 71542 23 d& A
o2 AEHAY. olH o]fFE Flag-mps2E& BFAZ] 293T Ax) @dd FE9d (o] 3%
PRMT3 @@ o] Aty oz &EAQ37] w| &l proteolysisol <3 Flag-rps2 @i gd g2 2o

s

U HAEE S Q0T AT B AA T His-PRMT3E Wl A12l F sucrose density
gradient’doll A Al A Flag-rps29t His-PRMT37te] A3 A% o] dojyeEAE ZAE I
A" His-PRMT3% Flag-ps2& $fle dld FZd2 wbgAlzl & Ni¥-NTA
pull-down assay® 3}3l anti-Flag & A Z immunoblottingd Z 3 His-PRMT3¢} Flag-rps2
7} in vitrodl A BFAE FATES & F AW (2 27C, lane 2). Flag-rps2& 2dAIZ Al
Eo) gid FZ A5 A His-PRMT3E w3217 9H&EE (28 27B)7 Flag-rps2E
Fohe @ld FE2 A (29 27A) 4Z4E sucrose density gradientdoll A A7) #

% His-PRMT3, Flag-mps27t oW £ o] E&AeAE 3AIdste IAE o
immunoblotting & 2  FA}E Tl Flag-mps2E TH3F @wld FZE A9 HE oi wo
Flag-rps2 (rps2 MW: ¢F 31 kDa)7} 68-240 kDacllAl AEHAY (23 27A, top panel,
fractions 6-10). ol Flag-mps27F Al Woll A self-associations el A Y, intrinsic PRMT3
£ E¥ste v& dHAEH A AT F U&E AMez U o) FEEE
anti-PRMT3 &3 & immunoblotting?dt Z 3 intrinsic PRMT37} Flag-rps2}t cosediment® ©
AE & 5 AT (1Y 27A, bottom panel, fractions 6-8). Flag-rps2E A7) AE &
W FZA3 AHA¥ His-PRMT3E ®-&AZ ¥9&E3EY sucrose sedimentationd 3
Flag-rps29} His-PRMT37F &7 68-240 kDaolMcosediment® = AL & & 4+ Uz (2
Y 27B, fractions 6-9), Fractions 9, 10 oA #ZHAJY Flag-rps29 band intensity7}
PRMT3¢} wHEA)7l Fole Agidor #As¢9a (29 27A, top panel), Fractions 7, 89
Flag-rps2¢} band intensity7} AdlHd o2 F7189 0 (28 27B, top panel). o] 8742 in vitro
oA Flag-mps29} His-PRMT37} stable complexE A 519 7] ol Yeld Ao E AR H
Aot wkde AAE His-PRMT3%S sucrose density gradient oA ZZAIZ-& W 45-68
kDaollA AE&HAT (o] His-PRMT37} monomer® &A%d= AE onjdh) (2@ 27E,
top panel, cl). 28 27A%} 27B9] fraction 8¢ ¥HE 3l Ni*-NTA pull-down assayE
3t anti-Flag &3 & immunoblottingd 23 His-PRMT3% Flag-rps27F A3 B3 E
FAstL S A FAY F ddd (2 27D). o] AFHEL EFFEATNA TEL

rps27F PRMT3¢} in vitrool X 8§ EAE F4dohe e AA s

oo

¥

b ool o
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3.27. His-PRMT3% intrinsic rps2% 2§AE A& 2FA= 243488 Jegd

QA" His-PRMT37} intrinsic rps2%} 5§ & o BAE BaAs 4284 VERY
=AE dolr7] 95t Bosc23 ME @A T%%(BZS)‘?’]’ AA 9 His-PRMT3& WA %
t} ¥kSEol A His-PRMT3%} intrinsic rps27t B@AE FAFI=AE HEE 59 BA

2 His-PRMT3E Ni*-NTA pull-down assay® 3}3 anti-rps2 &% 2 immunoblottingdt 2
7 A A ¥ His-PRMT37} intrinsic 1ps29 &A1& 4331 A+S ¢ F AT (29 27F,
top panel, lane ¢2). A9 58 %9 His-PRMT37F Ni¥'-NTA¢| AgsAx (23 27F, top
panel, lanes cl and c¢2), °©]& in vitro methylation assay®l ©]&3tgth o W methyl
acceptor24  GST-GAREZE Arg384ct. wrg AAMES fluorography® AAAE W
His-PRMT3-intrinsic rps2 B& A7} His-PRMT3 @51t} ¢ 28] A% & §4284& 4
E}IHO*E} (1Y 27F, third panel). ©] 7<- Ni*-NTA agarosed] ZAF3stx ¢l His-PRMT3
%2 His-PRMT3-intrinsic rps2 £ Ao PRMT1 & PRMTo7F EAS=XE dotr7] 9
st anti-PRMT! £ anti-PRMT5% immunoblotting2 33 . =2 23 His-PRMT39t Al
¥ oA 22A(B23)E EFAZ dEEo|U AX FEEB23)E PRMTL (2 ¥ 27G, top
panel) % PRMT5 (2% 27G, third panel)7} &28t%.o1 Ni*'-NTA agarosed] 2ge @iz
o]l = PRMTI1olY} PRMT57F A& 53R &udtt (28 27G, second and bottom panels). ¢ 23}
= NiZ'-NTA agaroseol] Z%3s His-PRMT3 £& His-PRMT3-intrinsic rps2 2&Ao 23]
A GST-GAR7} methylation® 1&& A} A 3+t
Ax duid FZ2E3 AAY His-PRMT3E E¥sd L& wsE (7] 432434
His-PRMT3% intrinsic rps27F E3dAE dAsta A1) AAY His-PRMT3E sucrose
density gradientoll A AAFA 712 ojw B3] His-PRMT39} intrinsic rps27F EAst=A&
anti-His 33 & immunoblottingd}$3th. 2 A3 A A ¥ His-PRMT3% 45-68 kDaoll A 7=
2131, o]+ His-PRMT37F monomer24 ZAj3tt= AL AASo}r (2P 27E, top panel, cl,
fractions 5, 6). ME @A FEE7 AHAAE His-PRMT3E T3t AL &9 #
His-PRMT37} 68-240 kDaAlolol A HAZ=HAG (¥ 27E, bottom panel, c2, fractions 7- 9)
o] A3+ His-PRMT37} intrinsic rps2¢} ¢tA S B2 A= RS AAgG AR
His-PRMT3% sucrose gradientol Al 7 A7) fraction 59 AE ©¥d FEFEI A=
His-PRMT3& &£%3sle] 4& ¥r&E9 sucrose gradientdl A 3 7A170 fraction 89] 4FE FH
9 Ni¥-NTA pull-down assay® 3}% anti-rps2 A E immunoblotting? A3 A
His-PRMT3$} intrinsic rps27} ¢t EFAE FAddE 2E ¢ F MW (¥ 27H,
lanes c1-5 and c2-8). ¢ A% 72 E%9 His-PRMT37} Ni¥'-NTA agarosed] 2&3t4 1
°] & in vitro methylation assay©l ©]&3}%t}. o w methyl acceptor24 GST-rps2(1-60)&
A3t WS AAES fluorography® A3 A3} His-PRMT3-intrinsic rps2 534 ¢
84 Aol His-PRMT3 @5Hr 2 v AE =3t (29 27H, third panel). Ni“-NTA
agarose®] AT TWHAZF PRMT1I =2 PRMT57F AEHA &3kt o] HAAge
His-PRMT3-intrinsic rps2 E3A7} His-PRMT3 Rt F7t8 2484 < Ueidtdes AL
A A8k

—{o
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3.2.8. His-PRMT1 ¥ His-PRMT3x GST-rps2E methylation*] 71},

GST-rps27F PRMT3 Eolxel 71ZJAAE  Zolry] #std iAoy EIRAAS
GST-rps27F His-PRMT34 93] Eo|H o0& methylaton® =AXE& ZAEAT o] A%
GST-GAREZ control® o] £8t4ith B3 HE9 GST-GAR %2 GST-mps2E His-PRMTI
29 His-PRMT3¢ wHe A7l thg WS AAHES fluorographyE &3te AFsIRR (19
28A) ©|E& vphosphorimagerg® %3l9 AFgstAtt (2d¥ 28B). 2 23 GST-GAR=
His-PRMT1¢]Y} His-PRMT3] 98] 8]£3 AEZE  methylationH oy, GST-rps2<
His-PRMT12.t} His-PRMT30 ¢l&)] 2 A% o] methylation® 1t} o} A= GST-rps2
7} Hol%= PRMT3 Seol& < 72L& oldgs A& AA T

329. RG repeatE 21 9+ rps29] NZ&(1-60)°] methylation™ & 4% old.

Rps29) o= Yol methylation®=x&  gopr 7| #3ho GST-1ps2(1-60),
GST-rps2(60-293), GST-rps2(1-293), myelin basic protein (£284d0] A& HAF7] 9
3 control) Z+Z& methyl acceptor® 319 in vitro methylation assayE 335 th o] 4
293 LA FHAZ Flag-PRMT1, Flag-PRMTS3, Flag-PRMT5 Z}Z}S anti-Flag3dA =
AHA A7 F HAEL assayel AHEEATY. SR ES fluorography=2 2 F3te HA
A7 RG repeat® zZti ¥ GST-1ps2(1-60) ¥ GST-rps2(1-293)7} methylation® At (
4 29).

Mo 2 Ao

3.210. 22840 ¢ PRMT3 mutant® AX WA rps29 methylation2 A 3314
L 3ia=

PRMT3 Z& PRMT19 Z4a¥Aol §lE WolAEL AXUAA H2AAZ BF ms2e
methylation®] 9 @& LEXE ZAEY mps27t PRMT39 Fol#<¢l 7|AJAAE AR
PRMT39) catalytic domain®] amino acids substitution mutations %3 F o] WojA7} &
284¢ YA EEXE in vitro methylation assay® S RAEES

Al 203TAIXE] WHAIZ] ¥ anti-Flag FAE HYHAAIZ  anti-Flag AR

immunoblottingdted Z+7+e] Flag-tagging® @@ Eo] A 553 FEoz LAHISE
#elstn (28 30B, top panel), ] HYFHNES asymmetric dimethylarginined %+ @42
& Eoldozm A= FAZ o]£3t9 immunoblottingdtAtt (¥ 30B). Iz A

PRMT3M<E FEEA Y6 &% Flag-rps2 % intrinsic rps2+ methylation® o] 818 st
4 94t o] AFE rps2E Al EW EA3E type I PRMTO 93] methylation®the A
< AA st 3
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3.2.11. PRMT39] Q14}3l:= PRMT3-rps29e] B34 AL A&

PRMT3= ©& PRMTEo| B8} pervanadatett Src kinaseol & 71 &3pd o2 <iAtsty
A3 (a8 15 FR), B dFE £33 PRMT30| EolH o g Aste HEJARNZEAM rps2E
dAsA T PRMTY 148k 24894 43S FAY (28 17 F=, PRMTY Adabske
B4 E ASAZ), dulE-gd ke A IS F 5 dvh. PRMT39 mps2ite] 2
ol PRMT3 2237}t viX = o3& A7 $18H9] Src tyrosine kinase &A5F 3kl A
Flag-PRMT3E 2d A7l & anti-Flag A2 247 29AAAZYG. 9y IAAES 44 5%
A 3 FEeozZ Uy £ AIHAAELS anti-Flag A2 immunoblottingdte] <14ks}
H Flag-PRMT3%} 9141385 %] & Flag-PRMT37F 55314 EAst=xX & A 43, o
A5tE Flag-PRMT37} €14kl s x] ¢k& Flag-PRMT30] u]&) o] E&As9Y (¥ 31,
bottom panel). Src kinase FFEA3tol A B A AA 7] Flag-PRMT37F 2 A2 A4ksks LA
Y HA] 9%=AXE anti-phosphotyrosine @A & immunoblottingdte] AZ3F A3 GST-vSrc
S EdA 7 Flag-PRMT37F A4kt ol &€ AT & AJx (Zd 31, third
panel), GST-vSrce] HdE &A& F AU} (7Y 31, second panel). 2 A HAHAE
zyz} 300, 500, 1000 mM NaClz A3} F  Z+Z4e AxdE dHAHAE
anti-monodimethylarginine 3 £ immunoblottingdts] PRMT3¢| 2 &3+ methylated rps
o] g ZAEAT. I A3 QA3lE Flag-PRMT3¢] Z 33 methylated mps29] %
NaCl 5% ooz Z4AHAr}t (2¥ 31, top panel). ©] A= PRMT37F 24k
methylated rps2¢te] Aol Astdtte RS AAIET o] Aie =g 4kstyE gl g -
[e)

WAz AFe] JE Frhe AL A 3

=
& e o

(o]

L

HURN*)
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A B

Flag-PRMT1| + | + | +
Flag-PRMT5 + + pCDNA3 + - -
GST + - c-Src(k205M)| - + -
GST-vSrc - + c-Src
Flag-
PRMT5 Flag- )
PRMTH1
PEMT1-y 9
Silver staining Silver staining

¥ 18. Tyrosine-phosphorylation of PRMT5 (A) and PRMT1 (B)

modulates  their association with cellular proteins.
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Table 1. Summary of mass spectrometric analysis of proteins interacting with PRMT5 or PRMT1

Protein bands Identified Identification Nnﬂggﬁ;gf Sequence Identification
analyzed proteins by MALDI peptide coverage by MS/MS

PRMT5-x  Splicing factor SRp30c + 24 54% ND

PRMT1-y  Zinc finger protein 37A + 17 51% ND

Amino acids sequence of splicing factor SRp30c (PRMT5-x)

1 msgwadergg egdgriyvgn 1lptdvrekdl edlfykygri reielknrhg lvpfafvrfe
61 dprdaedaiy grngydygqc rlrvefprty ggrggwprgg rngpptrrsd frvlvsglpp
121 sgswgdlkdh mreagdveya dvgkdgvgmv eylrkedmey alrklddtkf rshegetsyi
181 rvyperstsy gysrsrsgsr grdspygsrg sphyfspfrp y

238 19. Amino acids sequence of SRp30C potentially interacting with PRMT5.
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A IP: o FLAG B . 123456
GST-rps2 - = - + + +
1t 23 4 FLAG-PRMT1 + - - + - -
FLAGPRMTS - + . - + -
, FLAG-PRMT5 - - + - - +
o e :FIAG-PRMT3/5 GST pull-down [ <€FLAG-PRMT3
Blot: a FLAG FLAG-PRMT1 Blot: o« FLAG
GST pull-down |- Gl GST-rps2
Blot: o GST ’ |¢GsT
Cell lysates | FLAG-PRMT3/5
Blot: 68— FLAG-PRMT3/5 Blot: « FLAG FLAG-PRMT 1
o Mono/Di 43
methyl FLAG-PRMT1 C IP: a FLAG  Cell lysates
arginine 29 ps2 12 345 678910
Blot: | e — |gFLAG-PRMTIIS
o« FLAG T e FLAG-PRMT1
S 68 4 FLAG-PRMT3/5 L. = JSFLAG-Tps2
itver S s Blot: W e iy o i o e FLAG-PRMT3
staining 3] 4 FLAG-PRMT1 o PRMT3 L & = | % Sinsic PRMT3
204 <'l‘p32 Blot; i o 4Kprotein
o rps2 & FLAG-rps2
o s e 4 1 Intrinsic rps2

28 20. (A) Identification of 1ps2 specifically interacting with PRMT3. Lanes; 1,
pCMV-flag; 2, Flag-PRMT]1; lane 3, Flag-PRMTS3; lane 4, Flag-PRMT5. (B) Exogenously
expressed GST-rps2 interacts with Flag-PRMTS3, but not PRMT1, or PRMT5, and appears
to be stabilized in the presence of Flag-PRMT3. (C) Exogeneously expressed PRMT3

interacts with intrinsic rps2 and exogenously expressed rpsZ interacts with intrinsic
PRMTS3.
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Amino acids sequence of ribosomal protein s2 (RPS2) interacting with PRMT3

1 MADDAGAAGG PGGPGGPGMG NRGGFRGGFG SGIRGRGRGR GRGRGRGRGA RGGKAEDKEW
61 MPVTKLGRLV KDMKIKSLEE IYLFSLPIKE SETIDFFLGA SLKDEVLKIM PVQKQTRAGQ

121 RTRFKAFVAI GDYNGHVGLG VKCSKEVATA IRGAIILAKL SIVPVRRGYW GNKIGKPHTV

181 PCKVTGRCGS VLVRLIPAPR GTGIVSAPVP KKLLMMAGID DCYTSARGCT ATLGNFAKAT

241 FDAISKIYSY LTPDLWKETV FTKSPYQEFT DHLVKTHTRV SVQRTQAPAV ATT

¥ 21. Amino acids sequence of rps2. Rps2 contains a number of arginine-glycine (RG)
repeats in its N-terminus and are methylated by PRMT1 and PRMT3 in vitro (see Fig.
29). The peptide sequences which are identified by mass-spectrometry are underlined.
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213 51617]|8|9f10(11]12
GST + |+ Sl e i+ ]+
GST-RPS2 -] - [ +]+]+]+ +
F]ag-PRMTs + |4+ L e TR IR B B A
Flag-PRMT1 - -]« -]l-{-1-1+]+
GST pull-down
Blot: a GST

Crude extract
Blot: a GST

Crude extract
Biot: a FLAG

2% 22. PRMT3, but not PRMT1 increases the
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GST pull-down
12 3 4 56
FLAG-PRMT1 + - o+ 4+ -4
FLAG-PRMT3 P T
GST-rps2(60-293) - - - + + +
GST-rps2(1-293) + + + - - .
e ew| € FLAG-
& i PRMT3
Blot: « FLAG e
GST-rps2
1-293
Biot: o GST 1 &ST-W))SZ
(60-293)
5
Cell lysates
Blot: « FLAG
7 8 9 10 11 12
FLAG-PRMT1  + o+ .+
FLAG-PRMT3 B T
GST-ps2(60-293) - -~ -~ + + +
+ o+ o+ - - .

GST-ps2(1-293)

wean s 4 FLAG-

PRMT3

e waes  w|€FLAG-

PRMT1

protein-stability of rps2.



B

GST

GST-rps2(1-60)
GST-rps2(60-180)
GST-ms2(60-220)
GST-rps2(60-293)
GST-rps2(100-293)
GST-mps2(180-293)
GST-rps2(1-293)
FLAG-PRMT3

GST pull-down

Blot: o GST

GST puli-down
Blot: o FLAG
Cell lysates
Blot: a FLAG
GST pult-down
Blot: o M/D

methylarg

O R T AP

O T A R A N

>

rps2 wild type
[GSTIRGR |
1 293
rps2 deletion mutants
1 60
GST
60 180
]
60 220
]
60 293
GST ]
100 293
GST ]
180 293
34 56 7 8
.oooDl Do
. o+ - - - -
- - + - - -
- - - + - -
- - - - + -
- - - - - +
S . 4 +‘ +
: GST-rps2(1-293)
GST-rpsZ?GO-ZQS%
GST-1ps2(100-293)

FLAG-PRMT3

FLAG-PRMT3

GST-rps2(1-293)
GST-rps2(1-60)

PRMT3 Arginine
binding methylation
+ +
- +
+ -
+ -
Cell lysates RT-PCR
Blot. o GST GST-rps2 GAPDH

FLAG-PRMT3 — + - +
GST-rps2(1-293) i
GST-rps2(1-60)

GST-rps2(60-180)
GST-1ps2(60-220)
GST-rps2(60-293)
GST-rps2(100-293)
GST-rps2(180-293)

19 23. (A) Schematic illustration of GST-fused rps2 mutants with the indicated deletions.
RGR stands for the RG repeats region.
GST-rps2(1-60) is essential for its binding to PRMT3 and determines the protein stability

of rps2.
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A rps2 rps2 PRMT .
PRMT3 wild lype(wt) binding  stability  activity B PRMT activity
: +

+ )
_—~ o~ N o~
3228
T 9 3w
L S5Fss
eS5ES
- - - Qxrx ¥ ¥
i
+ + - Lo b w w
B } N | i (4 GST-rps2(1-60)
- - + - ) |
14C-incorporation
C 12 3456 7
FLAG-CMV2 + 2T T Tl
FLAG-PRMT3(1-134) e oo 1L
FLAG-PRMT3(134-264) - - + - - - - D
FLAG-PRMT3(1-264) o e e ol
FLAG-PRMT3(264-529) - -~ - - + - -
FLAG-PRMT3$104-529) R IP: & FLAG / Silver staining
FLAG-PRMT3(1-529) e e e e
GST-1ps2(100-293) + 4k 4+ 4+ 1 2 3 4 5 6
GST PUI-AOWN | el il GST-rps2(100-203) 97 ' FLAG-PRMT3M
. 68 FLAG-PRMT3(1-520
Blot: o GST FLAS ERMIS163%8%)
€ FLAG-PRMT3(1-529) 43 .
glitT pull__l-Lcifévn € FLAG-PRMT3(1-264) FLAG-PRMT3(1-264)
- - € FLAG-PRMT3(1-134) ” rps2
i | FLAG-P 4529
e ?m@p?%gﬁmx;.s)zg) | FLAG-PRMT3(1-134)
Cell lysates fond FLAG-PRMT3{1-264)
Blot: o FLAG | e FLAG-PRMT3(1-134)
FLAG-PRMT3(134-264)

19 24. (A) Schematic illustration of Flag-tagged PRMT3 mutants with the indicated
deletions. NAR Zn stands for the N-terminus acidic amino acids—rich domain and Zn finger
motif present in the N-terminus of PRMT3. (B) The N-terminus of PRMT3(1-104) is not
required for the methyltransferase activity. (C) The N-terminus of PRMT3(1-134), but not
the catalytic domain binds rps2. (D) The N-terminus of PRMT3(1-134) determines the
binding to and stability of rps2. PRMT3M is a catalytically inactive mutant (see Fig. 30A).
Lanes; 1. pCMV-Flag; 2,  Flag-PRMT3(1-134); 3, Flag-PRMT3(1-264); 4,
Flag-PRMT3(104-529); 5, Flag-PRMT3(1-529); 6. Flag-PRMT3M. IP stands for
immunoprecipitation.
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A B 3h 15h
i - - - 12 3 4 5678
' GST-rps2(1-293) GST-rps2(60-293) Motg |2 3458768
HisgUb + + + + + o+ o+ o+ HisUb = + v 4 4+ a v
MG132 0 10 20 50 0 10 20 50 (uM) GST-rps2(60-293) + + + + + + + +
Nit"-NTA ' ol o FLAG-PRMT3 - « + + - - + +
pull-down » His,Ub-rps2 NZ-NTA - T ]
iloltl:‘a GtST : 6 pull-down : | HisgUb-rps2
ot b GST c o GST |- o
Blot: o« GST |/ GST-rps2 Blot: i
gle;::'}:gtg'sr <« GST-rps2
Cell lysates < FLAG-
Blot: o FLAG {

PRMT3

¥ 26. (A) Rps2 is degraded via ubiquitination—proteasome pathway. (B) PRMTS3 inhibits
polyubiquitination of rps2 and thereby stabilizes rps2 protein.
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vvvyy v A\
Fraction# 1 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20
Protein extract e e et . 4. FLAG-PRMT3
Blot: o FLAG T — : 4 FLAG-rps2
IP: a FLAG —— iy e s e . |4 FLAG-PRMT3
Blot: o FLAG
IP: a FLAG . rps2
Blot: a rps2 R
59% —p 20%
Sucrose gradient

234 26. PRMT3 forms a stable heterodimer with rps2 in vivo.
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A 13 25 45 68 158 2'40 (kDa)

Yyvyy C
12 3 4 Ni2*-NTA puli-down
1 2
Blot: o FLAG < FLAG-rpsZ e | His-PRMT3
Blot: . His
Blot: . PRMT3] ¢ [ntrinsic PRMT3 o | FLAG-rps2
Blot: o FLAG
B 123 4567 8 910
Blot: o FLAG € FLAG-rps2 Ni2*-NTA pull-down
‘ — A8 B8
Blot: o His | e o s i |4 His-PRMT3 & His-PRMT3
Blot: o His '

12 3 45 6 78 910 i & FlLAG-rps2

ctBiotaHs| — e e e His-PRMT3 Blot: o. FLAG
e2BlotaHis| e | His-PRMT3
F  neenTA pull-down G H
¢l c2 B23 c1_c2 B23 o Ni2*-NTA pull-down
gl > € PRMT1
e |4 His-PRMT3 E Sl c15 c28
, - E 10% Input i e Lo His-PRMT3
Blot: o His T ——
g € rps2 Bl o [€PRMT1 Blot: o His
’ ps S| NR-NTA =
Blot: o rps2 @ [ pull-down ' €S2
, Blot: o rps2
10 PRMT5
4 GST-GAR E L <« ‘ 2 & GST-rps2(1-60)
14CH, transfer | 10% Input 14CH, transfer
5 o PRMT5
: ~ N - i 4 GST-rps2(1-60
4 GST-GAR 5 [TNeNTA < ps2(1-60)
a

Blot: o GST

puli-down Blot: o GST

¥ 27. (A) Flag-mps2 cosediments with intrinsic PRMT3. (B, C, and D) PRMT3 forms a
stable complex with rps2 in vitro. (E) His-PRMT3 forms a stable complex with intrinsic
ps2 in vitro. (F, G, and H) His-PRMT3 forms an active enzyme complex with intrinsic
rps2.
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A B

**C incorporation T ePRMTI+GST-0AR
<0 His-PRMT3+GST-GAR
GST-GAR 0 0.5 12 5 10 20 (uM) 141 "o His PRMT3+GST rps2
His-PRMT1 c —% - His-PRMT1+GST-rps2
S 12
His-PRMT3 @ .
g 107 -
GST-rps2 0 0.5 12 5 10 20 (uM) g
His-PRMT1 : s 8
His-PRMT3 2 6]
3 o
g 4
2-
0 r r
0 5 10 15 20 (1M)

Concentrations of GST-GAR or GST-rps2

29 28. His-PRMT]1 and His-PRMT3 methylates GST-rps2 and GST-GAR.
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Substrates (Methyl Acceptor)

GST- GST- GST-
RPS2 RPS2 RPS2
MBP (1-60) (60-293) (1-293)

FLAG-PRMT1 + . . + . . +« - . + -
FLAG-PRMT3 - + - - + - - + . - + -
FLAG-PRMT5 - - + - - + - - 4 - - «

In vitro methylation

13 29. The N-terminus of rps2(1-60) is the region methylated by PRMT1 and PRMT3
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A
=
Lo, ®
ok oE
= =
2F 2f

FLAG-

PRMT3/3M
IP; o FLAG
Blot: o FLAG
< GST-
rps2(1-60)

CH,
~transfer

B

IP: a FLAG

FLAG-CMV2

FLAG-PRMT1
FLAG-PRMT1M -
FLAG-PRMT3 -
FLAG-PRMT3M

1
FLAG-rps2 +
+

IR )

Blot
o FLAG

Blot: o
Dimethylarginine

FLAG-PRMT3/3M

FLAG-PRMT1/1M
FLAG-rps2

FLAG-rps2
Intrinsic rps2

28 30. (A) PRMT3M is catalytically inactive. (B) The overexpression of PRMT3M does
not affect arginine methylation of rps2. The results suggest that rps2 is methylated by a
type I arginine methylatransferase in vivo, but not PRMTS3 specifically.

_60_



FLAG-PRMT3 | + | + | + | + | + | +

GST + |+l +f-1-]-

GST-vSrc e R e o O O 5
NaCl (mM)

IP: a FLAG
Blot:
a~M/D methyl Arg

% | -g RPS2

e wee. | € GST-vSrc

Crude extract
Biot: o GST

W——— < GST

IP: o FLAG

Blot: o pTyr A Flag-pPRMT3

IP: a FLAG |..
Blot: o FLAG

< Flag-PRMT3

13 31. The tyrosine—phosphorylation of PRMT3 affects the complex

formation of PRMT3 with intrinsic rpsZ.
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Had surdd: 9

Ell"'l

T orolef 7l0i=

1IAdE A7ER 24E 2 Jlds
ATEE g4 9 7|dx
- @A 9] arginine methylationg € 27]= PRMTY %”7‘7\% 125
WZ35l7] 98t viral Src tyrosine kinase(vSrc)E& PRMT1I &2
PRMT59} &7 2 A ZA-E wf PRMTI1, PRMT5 ZZbo] ¢iitsls= A
S dhsda (28 4),
PRMTH¥ 3& - °o] @4& cellular Src kinase(cSre)E AME3H S W= TN
e o cSrc®] dominant negative mutant cSrc (K205M)E Al&8-3t31S o

f+ % 3= upstream
A EQAL 15 oA
d= 9 PRMT
HE AE

QA=A Fska (28 5A),
- tyrosine phosphatase A 3}A pervanadate® AF&3l8<S W PRMT<
AEE ASE & AN (29 6).

~ Src kinase A& A, PP2E Al&3t9S
gkom (29 7

- AAE cSrc kinaseE ©}43% in vitro
AFE st (2F 5B).

ZEX o2 PRMT uptream EAZEAXZEA Src kinase
PRMTQI4F3}= Src kinase 0] 02 dojdtls AL

W PRMTIA3H7E dojyA]

Ads Aol PRMTH <

-~ PRMT13% PRMT5& GST-vSrc kinase ¢ &4 7zt ZJ( 293T *ﬂit B
of wdAAZ % vSrc kinase® GST pull-downdtH-& wl PRMTE°|
AEHNeH PRMTES WAHAANAES o GST-vSrco] HAEHIYL
(19 8),

- Flag-vSrc kinaseE
zZvzy  293T ALl

GFP, GFP-PRMT! ¥ GFP-PRMT5% &7
dEANEESE o PRMT:ﬂ:JJr GST-vSrc7t

colocalization® o] ¢)&-& #clggoen (1Y 9),

- Flag-PRMT1E& GST =+ GST“VSrCE_ 203T Ao &EEHA|A A

ME FZE-E sedimentationdst 83 & Flag-PRMTI13 GST- vSrc
o] 2412 BA% A7 PRMT1# Srcol cosediment™E RE& FA34

o (2¥ 10).
o]l AE=Z PRMTE A3Al7]E Src kinase® AX WA A
2 23ty &S A5

A Z ¢} mitogenic
agents (2%
ol4h)ell &
PRMT® 3}

FrE QAo
PRMT % 2} ¢
q8d HF

M ZY protein arginine methylationg& Z&3}e ligandg dotR 7] #3
o dAHoZ Src kinaseE BTAIAIE AEZYAARE LI
PDGF T¥ EGFZ PRMT ZAAZFE AHgstzm PRMTE WA
A7l & PRMTSIAF8E  anti-phophotyrosine A2 E4stH ot
PRMTI4t3tE 24T 5 ¢ldch o 23k= PRMTS 24 3= PDGF,
EGFell o Aadge #ojsx] 4+ € 7bsAde dAlETh

2=
_rol
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223 =

ATEE FHE % J9E

PRMT
homo-oligomer
Hq4 =
FA84 79
g 79

ATER g4 9 7ldg %
- PRMT1 ¥ PRMT57} Fyn tyrosine kinased] ¢&) 2Al3HE= AL
gy (2¥8 14), PRMT3 %2 PRMT47} Src kinase &2 tyro sine
phosphatase A3 #1¢! pervanadated] <& <l4t3lddes AMES
(29 15), PRMT AlE9 "z Eo] Aty o2 tyrosine kmase«] 7)
Ade g4
- PRMT59] 43t H#9& 2437 93t PRMT59 @299
= F A8 4922 Yol AUFARE AT AF A FHo EA
PRMT® & ¢1ztel] 18} PRMTS59 tyrosine residueg ] 14tstd < doe S HF (2
Ss 3 12)
PRMTE & E4 - MEAZALD FHsE tyrosine kinase (c-Abl, Fyn), adaptor
T (Grb2, Nck) % PLC-7 9 SH299 ¢ Zte d¥idE O] 7\]?54-‘*‘4{0“"1
(PRMT® ¥ 1R14ksted PRMTSOH‘“P AeYgA oz AAsoe AME Wi (¥ 13),

c-Abl tyrosine kinase®] SH29 <% d¥zo] Algd @ "1 PRMTS,
PRMT4E# % A¥ste A& AFsted (29 16), 9Ast€ PRMTE ]
AENZTHAG AT 5 °‘—: 7}* % AAE F JdRx

- PRMT55 ]38 712 SmD34t MBPe| W3t Lﬁﬁ}ﬂ PRMT5¢]
5840 Qitsigx] && PRMTH ] 18] #4382, PRMTI1e 7]
A9 GST-GARZ} ,_4_@}&1 PRMT1e] 2j3] methylation®s & H=7} ¢l
2b8ts 2] ¢ke PRMTI1o Hld) w& AE HFstd (28 17), Src
tyrosine kinaseo] ¢}3&t PRMT?J’&-@V} PRMTEA S 238 + e
VEdE AAEE T

- PRMT1 2 PRMT59 homo-oligomer3
3w, PRMT!1 ¥ PRMT52 #F2do] 3k

R QTEEE 94,

PRMTS] <14k3tel F 3
& 9 AAE FId

¢

i rlo
r t
.

PRMTol Z%3t=
A ELAL 1514
Hl%

(A 38 PRMT
qE 5ol 712
a2 dE3
PRMT 7139
EolA HH)

- olalzlg 1 QIAEE A @& PRMTIo Hojdos Agste AXES
A2 AR A/ silver staining HE sl AAASHA ZES PRMTS
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T (2¥ 18), AF BEAuog A3 A PRMT5H Zgste AX
9127t methylation®g 4 £ RGG domaing Z3
splicing®ll #<oJ&}= Splicing factor SRp30CY &
PRMTI1e] A3t A+ Zine finger protein 37AY
(table 1, =¥ 19)

- PRMT3d Eo|&d oz AgsteE MEAAZA 40S ribosome <
A B0l arginine methylation®& RG repeatE Zte
A3 (2P 20A)

~ PRMT3% mps27t A2 Solx oz AEolA 24
(13 20B, C)

- PRMT37} 1ps2¢ in vivo half lifeol
(28 22) 39 ez

PRMTd] Agste AXAA 15 o4& TEFsta 2T So
E4S 73S A 1ps27t RG repeats: Ffste R A °§
goeEa PRMTY 712d £ dde AL &%1, 4714 &
A3 rpsZ protein stabilityE Z233l= AR} PRMT3Y &4 31
ZAES AAZHL

93 determinantd &
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ATEE g4E 2 V9%
1, 22303 AT E E3e PRMTE°] Src tyrosine kinase familyE 9
7189 & W3 PRMTM PRMTS57F 1Atst=|®A ol &9 aA8A
qas FoE AAE #sta, Src® PRMTE39 A3 ¥ Srcoll 9
3 PRMTE 2 <dAtstel M Eel AMETH AAAHELE golR7 HAsty

Flag-PRMT57F 4 2dqHs 239 AF A EFS  NIH3TS
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- 6572 rps29 deletion muntantS< A &st, PRMT3¢ A=
¥9ES HAAY ZAF rps2(100-293) FHel FLsHow, PRMT39
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(¥ 23)
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- PRMT37} mps2¢] polyubiquitinationg A& vte A& $ioH
(7Y 25B)
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- His-PRMT3%E intrinsic rps2¢t BEAE FAstH EFAE 2 WA
T Z7HE 2484 S Yehlle AS €teH (29 27)

- His-PRMT1 % His-PRMT3E in vitroold GST-rps2&
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~ His-PRMT1 % His-PRMT3¢l 2|8} methylation® & rps29] 49L&
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A 5 & oIpfuAe] B2HY

5.1. PRMTEA S =43+ A ¥4 Src tyrosine kinase

@A 9 arginine”] ¢ methylations %31 21 PRMTE©] Src tyrosine kinasedl
ol At ETE $AL Sy How Ry } %lt A Z-E BAolY, Src tyrosine kinase
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5.2. PRMT¢} SolAog Agste AEdA ¥E & 54 w9

PRMTEY ZA¢ste gz eg 22 B

4849 rps29t PRMT37} A8 2aAE 944
A S9olA 7 A7 2estth A, PRMT3S 3 E E3AE 94
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Z7t=o] o, AR 7ro] AAHE (liver regeneration) ST 1 H&Ho] Z/lHE A
o2 BIHNL, rps27t ALY BA 9 biomarkerd = vz FAET 9. PRMT37}
PRMT3¢e] &4-8A3 T 3eA rmps29 ubiquitin-mediated proteolysisE A 313t 1ps2
protein stabilityE® ZE3de AEXAATFE B A7 272 rps2el &do] 5= 249
A PRMT39] 2@o] g A ZAHEAE At F7F 477 8389, o] 4% PRMT3
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A 6 & AgadolA =& sfeldsi=ds

=9 protein arginine methylation®] AFAHE FTFH R EARsetd te 22 A2
=@t AA protein arginine methylatione HALZAE, AEANZAY, d¥I-ddy B
S - A, @iide Xl AAte] 2] (protein trafficking)F ol #Hodst™, thdst
253 ulE YEld Aoz o251 9t E4 protein arginine methylation
Ao 4 FAd drFoln, FEAE dAR dHH JE& 7HeAel 2. AA
o] Holo th3t F¢ AFTAEY #HAe Z712 st A|EW protein kinase cascade FA)
&2 protein arginine methylation®] M2 & 7|53 ASAHE dAF3 AHajo] FHE Ao
2 B o]#H 3 WA protein arginine methylatione] #3 AFE FUH o2 27|d
Ad gl AAY BT E AFE F3to W F7Hx 440 MEL &4 (PRMT-Src
interaction ¥ PRMT3-rps2 interaction) & Aoz Bug v gle MEL A7Z2H3E
EZ2A AgyeEotd A FAHQA AAHE A7 79T £ & Aer B
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