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Abstract

Protein arginine methylation is a posttrand ation modification catalyzed
by protein arginine methyltransferase (PRMT). The type |
methyltransferase catalyzes the formation of mono- and asymmetric
di-methylarginine and another type Il activity can catalyze the formation
of mono- and symmetric di-methylarginine on other methylaccepting
proteins. Before the identification of five different PRMT genes recently,
the type | and Il PRMT from various biological resources were
biochemically characterized to be of molecular weight from 275 kDa to
500 kDa. All these PRMT monomers are of molecular weight from 40
kDa to 70 kDa, thus are likely to be the cataytic subunit in a
methyltransferase complex. In this study, we used the biochemica
approach to isolate and analyze the arginine methyltransferase from a
natural source porcine brain. We fractionated the lysates by differential
centrifugation to obtain the supernatant S1, S2 and S3, as well as the
pellet fractions P1, P2 and P3. Part of the P3 was resuspended in lysis
buffer with 0.5M KCI and subjected to ultracentrifuge again to obtain $4
and P4. The mgjority of the PRMT activity (assayed by atype | substrate
fibrillarin) was in the S3 (cytosolic) fraction while the highest specific
activity was in the $4 fraction. Addition of KCl increase the arginine
methyltransferase activity in the P3 fraction as well as that in the
lymphoblastoid cell. Removal of the KCI in the $4 fraction decrease the
PRMT activity. It is possible that high KCl concentrate can help to release

the PRMT in P4 from associated inhibiting factors, thus increase the



methyltransferase activity.

However, PRMT1, the predominant type | PRMT in the mammalian
system is much more abundant in S3 than $4, and the PRMT activities in
S3 and recombinant PRMT1 were not affect by 0.5M KCl. Whether the
methyltransferase in S3 and 4 were the same or different enzyme is
under investigation. The type | activity in both fractions ailmost eluted at
the same position by anion-exchange (Mono Q) column. We are now
trying to purify the enzyme in both fractions to understand their identities.

Arginine methylation in RNA-binding proteins containing arginine-
and glycine-rich RGG motifs is catalyzed by specific protein arginine
N-methyltransferase in cells. We previoudy showed that lymphoblastoid
cells grown in the presence of an indirect methyltransferase inhibitor,
adenosine dialdehyde (AdOx), accumulated high level of hypomethylated
protein substrates. We aso demonstrated that protein-arginine
methyltransferases as well as their methyl-accepting substrates were
widely distributed in different subcellular fractions of lymphoblastoid
cells. Recently arginine methylation has been suggested to be related with
protein-protein interaction and subcellular localization of some
methyl-accepting proteins. Therefore, in this study we fractioned
lymphoblastoid cells into different subcellular fractions to study if
localization of certain RGG containing proteins such as FMRP,
hnRNP-A1, hnRNP-A2/B1, and nucleolin would be interfered upon Adox
treatment. By western blot analyses using antibodies against these
proteins, we demonstrated that subcellular localization of FMRP and
hnRNP-A2/B1 appeared to bedifferent in AdOx-treated and normal cells.

Further studies utilizing immunofluorescent staining and 2dimensional



gel eectrophoresis will provide more information of the relationship
between the methylation status of arginine methyl-accepting proteins and

their subcellular localization.
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fractions
(b) 003 (Lymphoblastoid cell line)
(c) HeLacdl line ATCC CCL-2
(@ FMRP mouse CHEMICON
(b) PRMT1 mouse abcam
(c) PCMT-II mouse Transduction Laboratories
(d) Sam68 mouse Transduction Laboratories
(e) methyl arginine mouse (7E6) abcam

(f) hnRNP A1 goat (Y-15)  SANTA CRUZ



(9) hnRNP A2/B1 goat (F-16) SANTA CRUZ

(h) Goat anti-mouse IgG-FITC CHEMICON

58 g 3 lysis buffer (0.32 M
sucrose 20mM Tris pH7.3 5mM MgCL 1mM PMSF 1 pg/ml

gorotatin - 1 pg/ml pepstatin - 1 pg/ml leupetin)

(So) S 800 x g
10 S P, Si 9200xg 15
S, P, S, 130,000xg 1
S; P; P; 0.5M KCI lysis buffer
130,000 x g 1 S Py
HelLa
003 (Lymphoblastiod cell) 10 mi
25 °? ND%RPMI 10%FBS 1%

PSN 1 % L-glutamine

37 5% 15 ml



1500 rpm 10 PBS

-80
75 cnt 8 HelLa 1 PBS
10 ml PBS 1
?  (trypsin, GIBCO BRL) 0.8 ml ?

(phase contrast, Nikon)
MEM (90 %MEM

10% FBS 1%PSN 1% L-glutamine 1%NEAA) 8 ml

10 ml 4 ml 75c’
8ml
Hel a (AdOXx)
003 (Lymphoblastiod cell) 10 mi
25 2 0 %RPMI 10%FBS 1%
PSN 1 % L-glutamine 37 5%
20 uM ? AdOx (adenosine periodate oxidized

Sigma) 72



2ml HelLa 18%x18 mm 6wdl

37 5%
20 uM ? AdOx (adenosine
periodate oxidized Sigma) 72
25 cm? flask ( 35x10° )
10 ml 15ml

1500 rpm (HITACHI O5P21, Japan) 10
1xPBS 10 ml 3
pellete 200-500 pl [1 PBS, 5% glycerol ;
1 mM sodium EDTA ; 1 mM sodium EGTA ; 1 mM dithiothreitol (DTT) ;
40 pg/ml leupeptin ; 40 pg/ml aprotinin ; 20 pyg/ml pepstatin ; 1 mM

PM SF phenylmethylsulfonyl fluoride PMSF

; 0.5% Triton X-100 ]
(MISONIX XL2020, USA) 8 20

30 3



4  12000g 20 (Beckman AVANTI30, USA)

Subcellular Fractionation

3-5x10° PBS 1 m  Extraction buffer
(10 mM Tris-HCI, pH 7.4 ; 150 mM NaCl ; 1.5 mM MgCk ; 100 mM
NaF ; 10 pg/ml aprotinin - 1 mM phenylmethylsulfonyl fluoride ; 1 mM

dithiothreito/DTT 40 pg/ml leupeptin 20 pg/ml pepstatin - 0.5%

NP-40) 10 (22
Gx1Y4 0.7x32 mm) 5-6 3000 g 5
pellete nuclear fraction 100,000 g
60 pellete ribosome fraction cytosolic
fraction 4 -20
BCA protein assay (Pierce)

(BCA Protein Assay Pierce)

(O 02 04 1 2 4ug/5W)

(Bovine serum albumin; BSA) 5ul 100



working reagent (BCA reagent A BCA reagent B=50 1)
60 incubate 30
(Beckman DU640, USA) 562 nm (ODsgy)

BSA

(Lg/Hl)

SDS

4X sample buffer

95 (THERMOLYNE 17600, USA) 5
Laemmli (1970)
125 (0.75 mm x 7 cm resolving gel) SDS
12.5% SDS-
Resolving gel Stacking gel
Acrylamide-bisacrylamide 3.125 ml 0.562 mi
(29:1)
1.5M Tris-Hcl pH8.8 2.5ml
0.5M Tris-Hcl pH6.8 1.25 ml
10% SDS 0.1ml 0.05 ml
5 .
10% ammonium persulfate 750 15 |
TEMED 15 | 4yl
D,H,O 5ml 3.188 ml

100 (Bio-Rad PAC300) 1



(25mM Tris 192mM Glycine 0.1 % SDYS) 2
(Bio-Rad Mini-PROTEAN 11 111)
Coomassie blue (0.5 g Coomassie blue R250 208
ml d,H,O 208 ml methanol 84 ml glacial acetic acid)

(25 methanol 10 acetic acid)

(invitro) :

fractions ?

(20 pg)

fibrillain 5pug MBP5pug R9

1871 n mole 15 pCi *H-SAM (S-adenosyl-L-[methyl-*H]
methionine, Amersham Pharmacia) reaction buffer
(50 mM sodium phosphate pH 7.5) 37 3x
SDS sample buffer 95 5 denature
12.5 SDS-PAGE polyacrylamide gel

Coomassie blue (25 methanol
10 acetic acid) EN®HANCE (Du
Pont NEN) d,H,O 30

dry (Moddl 583 Gdl Dryer, Bio-Rad) -80 X



(Kodak, MS)

DS- nitrocellulose paper
(Gelman Sciences) (filter paper, ADVANTEC)
transfer cassette mini Trans-Blot Cdl (Bio-Rad)

transfer buffer (12 mM Tris pH 83, 96 mM Glycine, 20 %
Methanol) 100 (Bio-Rad 200/2.0) 1 30
membrane 5% TTBS buffer (20

mM Tris-HCl pH 7.5 ; 150 mM NaCl ; 0.05% Tween 20)

blocking 30 4 blocking
buffer PRMT1 (mouse monoclone
ant-PRMTY1/1:500)  TTBSBuffer ( 0.5% ) 4

TTBS buffer 5
Anti-mouse |gG-HRP/1:20000 (Santa Cruz)
TTBS Buffer ( 1% ) 1
TTBShbuffer 5 11  Working
solution (Luminol/Enhancer solution: stable peroxide solution,
Pierce) 10 Working solution membrane

X (Bio-Max, Kodak)



Spot density

X data (LAS-1000,
FUJFILM) (Image Gauge,
FUJFILM) spot

spot spot (spot xspot )

FPLC S S
S S MonoQ (amersham
pharmacia biotech) -CH,-N"(CHy)3
sample sample
1 ml (AKTA purifier, amersham pharmacia
biotech) 1~-5ml sample buffer A
(0.02M TrispH 7.5) 5 buffer B (0.02
M TrispH 7.5+1 M NaCl) 5 (0~1 M

NaCl) buffer A



Time(min) | of buffer A | of buffer B
Initial 100 0 :
5 100 0 Flowrate 1ml/ min
10 0 0 Max pressure 750 psi
15 0 100
20 0 100
25 100 0
280 nm 5 30
30 fraction 10
30
MonoQ HR 5/5 sample  SDS-
Bio-Rad
SDS- 40 methanol 10 acetic acid 100ml
30 fix 10 oxidizr 9ml oxidizer 81
mi 5 dzHZO 15 5 dgHzO
10 slver reagent 9 ml slver reagent 81 ml
30 d,H,O rinse 30 developer (8 g 250 mi

d,H,0) 5 2 3 5



acetic acid dry

FITC
18%x18 mm Hela 1 PBS 5
3 2 ml paraformaldehyde (4 %) fixative solution
) 20 PBS 5 3
2mi 1% BSA-0.1% TritonX-100 PBS 25
PBS 5 3
200 1:600 PBS 7E6 (ab412, abcam)
parafilm 4 16 PBS 5
3 200 pl anti-mouse FITC parafilm
37 30 PBS 3 5
10 95 % 1 95 %
1 100 % 1

Mounting medium (Stephens Scientific)
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subcdlular fraction
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) ?
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2
fraction
fraction
fraction A
?
KCI
KCI
05M
P3 fraction
activity)
?
KCl

fibrillarin

S3 (cytosolic) fraction

fraction (specific activity)
HA fraction P3
P3
A ?
2
subcellular fractions
? KCI
? S3 fraction
(05M) KCI P3 ?
4 ? (specific
(0.5 M) KCI
PRMT1(6.7 p) KCl 05 M
PRMTL(6.7 W) 30
KCl



PRMT1 X PRMT1

KCl ( ) KCl PRMTL 2
KCl (
fibrillarin) ?
S3 P4 fraction PRMT1 05 M KC
P4 fraction ? fibrillarin
? HA fraction KCI
20mM PH 7.3 100y |
S3  SAfractions 20ug  fibrillarin
A ?
S3 fraction ?
KCl $4 ? A
P3 fraction
fibrillarin (
) KCl sS4 fibrillarin ?
KCI

fibrillarin total



extract ? 05M KCI

? spot density
0.5M KCI fibrillarin 55
23 kDa ( )
subcellular fraction ? ( 20 pg)
(0.5 M) KCI  fibrillarin KCI

nuclear cytosolic fractions fibrillarin

ribosomal fraction  fibrillarin ( ) KCI
total extract ? R9
()
KCI ?
RGG RO ? | GGRGRGGGF
? fibrillarin ~ fragile X menta retardation
rat mouse brain extract ?
yeast RMT1 (Aietd., 1999) ] R9

S1=82=S3 4 R9



( ) A fraction KCI

20 mM pH 7.3 100 ul
S3 A fractions R9 MBP fibrillarin
3 ?
A R9 MBP fibrillarin
4 ( fibrillarin
?) ( )
S3fraction  S4fraction ?
PRMT
subcellular fractions ?
A fraction ?
fraction anti-PRMT1
S3 fraction PRMT1 A fraction
( ) A fraction
? PRMT1

gd filtration (Superdex S200)  sample
S3 &4 fractions ? A S3

column fractions ? ( fibrillarin )



( 250 kD) 4
eluted ?
A A enzyme  S3 enzyme
) 3 A ?
(MonoQ) PI S3  SAfractions
? S3 &4

S200 S3 4 MonoQ S8 sample

Mono Q ?
samples ?

S3 S fractions

KCI ?

5ug MBP (myelin basic protein

S3 4 fractions ?

S3 fraction ( ) 3

28



A  MBP

( lane3 laned) KCI
? S3  S200 column sample (
) Su g MBP
? 30~36 ( 100 kDa )
? S3 fraction (data

not show)



Ad OXx subcel Ifurlaacrt i on

20mM  AdOx AdOx

nucleus ribosomal  cytosolic fraction (Corbin et ., 1997)

FMRP fraction (Lin et
a., 1996) anti-FMRP fraction
FMRP ribosome fraction (
lane2 4 6) subcellular fraction
1. FMRP subcel Ifulaacrt i on

FMRPFMR1 (fragile X ment al retar
2KH domaiCn RGG ri bosomal

factiof Wi ll emsen et al ., 1996)



‘FMRP

r

I bosbmatti on

Ad Ox FMRP ri bosomal
cytosolic fractions
2 . hnRNPAl Ssubcel Ifulaart i on
hnRNP Al
: hnRNP Al ri bmab
fraction Ad Ox
hnRNP Al
3 . hnRNPAZ2B1 Subcel fulaant i on
hnRNP A2/B1
AdOx  (N) hnRNPA2/B1
AdOX  (R) hnRNPA2/B1
4 . mono/dimethylar ginine
Ssubcel Ifulaacrt i on

(7E6)

mono/dimethylarginine
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5. FXR2 subcel Ifulaacrt i on

FXR2 FMR1 50% KH RNA domain
Ad Ox
FXR2 (N) ©
6. Sam68 Subcel Ifulaant i on

SamfSBr-associated Iin mitosis 68 kbDa

KH RNAomaiRGG boxRGG PRMT1
RMT 1 (Bedford et al., 2000)
. Sam6 8
Ad Ox Sam6 8
7. PRMT1 Ssubcel lfula@nt i on
PRMT1 ?
Ad Ox
PRMT1
8 nucl eol in Subcel Ifulaacrt i on
nucleolin preribosoma RNA

RGG domain RGG



(Nagjbauer et a., 1993)
nucleolin ri bosbomactti on

AdOx nucleolin

AdOx

subcellular fraction

HelL a HelL a 20 mM
AdOx 72 Hela
AdOx AdOx Hel a 4%
paraformadehy (7TE6 PRMT1 Sam68)
(FITC)
7E9 PRMT1 Sam
68 AdOx 7E6

AdOx ( )



KCI ? ? fibrillarin
A fraction total extract
KCI ?
KCI ?
?
( KCI strip membrane associated membrane
protein )
KCl ?
KCI
?
?
?

ribosomal/membrane fraction (P3) ?



A fractions

by gel filtration)

PRMT-4

bands

? S3

? (determined
Pl (association with anion exchanger)
PRMT-1
PRMT-1 A
? PRMT-2 PRMT-3
PRMT-6 3 A
? MALDI-TOF-MS
?
(Mono Q)
bands
bands PRMT-1 40.5 kDa
fibrillarin
?

fraction 50%



S3 S200 ? Mono Q

Pl

samples ? ?

? Mono Q S37?



AdOx export
/ Samb6 8
F X R BhARNPA2/B1
AdOx

nucl e ohhRNRA1L PRMT 1 AdOx

AdOx
hnRNP A2/B1
Nichols 2000 HEK-293 cdls NIH-3T3 cdls
lymphocytes Nichols
AdOx hnRNP A2/B1
hnRNP A2/B1
/membrane fraction hnRNP A2/B1 AdOx
hnRNP A2/B1

fractions



AdOx 15

kDa 33kDa 40kDa 49kDa 70kDa 90kDa

fraction AdOx 48 kDa

33 kDa 40 kDa ( )

: 33 kDa hnRNP A1 hnRNP
A2/B1 AdOx
fractions

MALDI-TOF-MS

AdOx
poly-D-lysine

HelLa

AdOx
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