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Abstract

In the post-genomic era the major challenge is to investigate the complete expressed proteins
in cells, the proteome. Posttranslational modifications increase the complexity of proteins beyond the
combination of twenty amino acids. The project will investigate one type of protein posttranslational
modification— protein arginine methylation using the proteomic tools, basically two dimensional gel
electrophoresis followed by mass spectrometry to identify specific protein spot. We have started the
investigation of the methylaccepting proteins using proteomic approach and successfully identified
some known and novel putative methylaccepting proteins. In this project we focus on four areas.
Firstly, we perform global analysis of protein methylaccepting proteins by the proteomic approach.
Secondly, we analyze protein arginine methylacceptors globally in subcellular localization. Thirdly,
we characterize the novel protein methyl- acceptors identified through the above approaches. At last,
we analyze the relationship of protein arginine methylation with specific human diseases by
proteomic analyses of the arginine methylaccepting proteins in different biomedical samples.
Through these studies we will identify, and specify the function of arginine methylation of the
methylaccepting proteins through the proteomic approach, to help to better understand the roles of
this posttranslational modification.
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Introduction

Protein arginine methylation is an irreversible posttrandglational modification involved in
various cellular functions such as signal transduction, protein subcellular localization, and
transcriptional regulation and protein—protein interactions (McBride and Silver, 2001). Since the
identification of the first protein N-arginine methyltransferase (PRMT) gene PRMT1 (Lin et al., 1996),
by now at least eight PRMT genes have been identified in the mammalian system and seven of them
has direct or indirect evidences to be able to catalyze the transfer of methyl groups from AdoMet to
the side chain w-guanido nitrogens of arginine residues in protein substrates. The PRMT activity can
be further divided into type | and type 11, depending on the catalyses of formation of asymmetric N,
N —dimethylarginines (aDMA) or symmetric N®, N’ *—dimethylarginine (SDMA) residues
respectively (Gary et a., 1996).

The type | enzymesinclude PRMT1 (HRMT1L2) that appears to be the predominant
methyltransferase in the mammalian system (Lin et al., 1996; Pawlak et a., 2000; Tang et al., 2000),
the zinc-finger containing PRMT3 (Tang et al., 1998), the coactivator-associated arginine
methyltransferase CARM L/PRM T4 (Chen et al., 1999) and PRMT6 (Frankel et al., 2002). Direct
evidences of the catalysis by these methyltransferases to form the type | products have been reported.
The N-terminal SH3 domain containing PRMT2/HRMT1L 1, even though was the first identified
PRMT1 homologue by sequence comparison (Katsanis et a., 1997; Scott et al., 1998), has no direct
evidence of PRMT activity. However, it is most likely to be responsible for an hnRNPE1B-AP5
methylation in vivo (Kzhyshkowska et al., 2001) and its potential methyltransferase activity is
important for its acting as a coactivator for estrogen receptor (Qi et a., 2002). Another PRMT-1-like
PRMT gene (HRMT1L3) at chromosome 12p13 with 80% sequence identity with PRMT1 was
identified in human but with no reported function yet (Zhang and Cheng, 2003). Its mouse orthologue
was identified recently by aneural gene screen (Aubert et al., 2003).

The only type Il PRMT identified is the Janus kinase-binding protein BPL/PRMTS5 (Pollack et

al., 1999; Branscombe et al., 2001; Rho et a., 2001), which was first identified in



Schizosaccharomyces pombe as an Shk1 kinase binding protein skbl (Gilbreth et al., 1996) and a
Saccharomyces seveviciae histone synthetic lethal gene hd7 (Maet al., 1996). Another recently
identified PRMT7 gene p82/p77 is a genetic suppressor element mediates cell sensitivity to
DNA-damaging agents. Evidence of in vitro methylation of myelin basic protein, atypical type-l
substrate, had been demonstrated for the p82/p77 immunoprecipitants (Gros et al., 2003). However,
Miranda et al. suggested that PRMT7 can catalyze the formation of « N® —monomethylargininein
peptides exhibiting the type 111 activity most recently (2004).

In comparison with eight membersin mammalian PRMT family, there are only two related
protein arginine methyltransferase genesin yeast S. seveviciae. RMT1/HMT1 corresponds to the type
| methyltransferase activity (Gary et a., 1996; Henry and Silver, 1996) while Hdl7p isresponsible
for the type Il activity (Lee and Bedford, 2002). The survival of yeast HMT1 or Hsl7 mutants
indicates that they are not essential genes (Gary et al., 1996; Gilbreth et al., 1996; Henry and Silver,
1996). On the contrary, mice null for PRMT1 die early during embryogenesis (Pawlak et al., 2000)
and mice deficient in PRMT4/CARM 1 show neonatal lethality (Y adav et al., 2003).

Different mammalian protein arginine methyltransferases are localized in different subcellular
compartments and appear to have their own substrate sets and physiological roles. For example, the
predominant PRMT1 appears to be located mainly in the nucleus (Tang et al., 1998). Its physiological
substrates include along list such as histone H2A, many hnRNPs, fibrillarin and STAT1 (Linet al.,
1996; Tang et al., 1998; Mowen et al., 2001; Lee and Bedford, 2002; Wada et a., 2002). The other
widely studied CARM 1/PRM T4 were first identified as a coactivator-associated arginine
methyltransferase (CARM) and islocalized in the nucleus (Chen et al., 1999). Identified PRMT4
substrates include histone H3 (Xu et al., 2001), p300/CBP (Li et a., 2002), PABP1 (Lee and Bedford,
2002) and an mRNA —stabilizing protein HUR (Brahms et al., 2000). BPI/PRMT5 islocalized in the
cytoplasm and the substrates include myelin basic protein (Pollack et al., 1999; Branscombe et al .,
2001; Rho et al., 2001), SmD1, D3 (Brahmset al., 2000), Sm B/B’, Lsm4 (Brahms et al., 2001) and
coilin (Hebert et al., 2002).

The specific aim of the project isto investigate one type of protein posttrandglational



maodification—protein arginine methylation using the proteomic tools, basically two dimensional

gel electrophoresis (2-DE) followed by mass spectrometry to identify specific protein spots. Protein

arginine methylation is an irreversible modification on the guanidino nitrogen of the arginyl

residues that accounts for the majority of stable protein methylation eventsin cells. In this project,

after one year getting working directions, we adjust our focus on three different areas, to help to

better understand the roles of this posttransational modification.

1. Wewill performglobal analysis of protein methylaccepting proteins by proteomic approach

2. Wewill characterize the novel protein methylacceptors identified through above approaches.

3. Wewill analyze the relationship of protein arginine methylation with specific human diseases
by proteomic analyses of the arginine methylaccepting proteinsin different biomedical

samples.

Results and Discussion
The effects of adenosine dialdehyde treatment on in vitro and in vivo Sable Protein Methylation in
HelLa Cells

Treating cells with a methyltransferase indirect inhibitor AdOx that would accumulate
methylaccepting proteins in the hypomethylation states was one of the most important tools we would
use. However, this approach was limited to in vitro methylation. We used lymphoblastoid cells as our
study system previously. When we were studying the subcellular localization of the methylarginine
containing pol ypeptides, we used Hel a cells since they were easier to handle for microscopic analyses.
We thus determined the suitable treatment conditions of AdOx to HeL a cell, and performed more
experiments to demonstrate that AdOx can be applied to in vivo mehtylation studies. We described our
interesting results in a manuscript titled “ The effects of adenosine dialdehyde treatment on in vitro and
in vivo Stable Protein Methylation in HeLa Cells’, which is submitted to Archives of Biochemistry
and Biophysics. In this paper we a so suggested that the methyl accepting proteins accumul ated upon
AdOx treatment are most likely to be from the newly synthesized proteins in the incubation period.

Our results also indicated that protein methylation, mostly arginine methylation, occurred soon after



its synthesis, and the methylated proteins were rather stable (Fig.1A, B for some representative
results). Thisinvestigation also provides us with a good experimental system for future studying of in
vivo methylated proteins proteomically.
Proteomic analyses of arginine methylaccepting proteins and basic proteins
Secondly, we are continuing the proteomic analyses of methylaccepting proteins. Since AdOx
treatment is likely to affect a small fraction of total methylaccepting proteins, we have two approaches
to directly analyze cellular proteins without AdOXx treatment. One is to analyze HelL a extractsin pH
6-11, the pH range most arginine methylaccepting proteins presumably belong. We had spent some
timein getting good |IEF separation conditions at this pH range. We then compare the western blot
probed by methylarginine specific antibodies to the protein staining pattern of 2-D electrograms (Fig.
2). We have just sent some of the putative methylarginine-containing proteins for MALDI analyses.
Our preliminary analyses indicate a possible candidate hnRNP M. Another approach isto use
chromatofocusing chromatography to pre-fractionate proteins prior to 2D analyses. We use a pH9-6
gradient to fractionate mouse brain extracts. Since many methylarginine containing proteins are RNA
binding proteins, we treated the brain extract with nuclease or not before the chromatofocusing. The
resolution of the column was satisfactory as we first examined the fractions by SDS-PAGE and silver
stain (Fig. 3). We further picked up spots for MALDI analyses. For fractions with simple protein
patterns, we can directly digest the proteinsin the fractions for LC-MS/M S anayses. We can have a
proteomic documentation of the mouse brain proteins and we will pay additional attention to the
fractions with signals that can be detected by methylarginine specific antibodies for methylarginine
containing signals by MS analyses. Preliminary result of thiswork is submitted to the poster
presentation in International Proteomic Conference.
Modulation of stable protein methylation by KCI

Thirdly we were analyzing the methylaccepting proteins that can be differentially modified
when the cell extracts were treated with 0.5M KCI (Fig. 4). The high salt condition enhanced the
methylation of certain methylaccepting proteins but weakened the methylation of some other proteins.

The high ionic strength most likely interrupted non-covalent associations of proteins. We proposed



that certain fraction of the type | methyltransferase activity might be associated with components that
are associated with membrane or other large complexes. Release of the methyltransferase from the
association affected the methyltransferase activity. We have performed the 2-D gel electrophoresisto
separate the methylaccepting proteins and are going to identify the proteins by mass spectrometry
soon.
I dentification and phyl ogenetic analyses of the protein arginine methyltransferase gene family in fish
and ascidians

We found that there are eight PRMT genes in human, although only six of them had been
designated as PRMT1-6 previously. We searched for the human, mouse, as well two other fish model
system puffer fish Fugu rubripes and zebra fish Danino rerio and an invertebrate chordate ascidian
Ciona intestinnalis. The results of the data mining and the analyses of the putative PRMT genesin
these systems are in a manuscript “ldentification and phylogenetic analyses of the protein arginine
methyltransferase gene family in fish and ascidians’, now under review of GENE. The PRMT genes
we identified in both fish model system are conserved not only in the amino acid sequences, but also
in the genomic structure. We also constructed a phylogenetic tree with these data and it correlated
perfectly with the type | and type Il activity divisionsof PRMT (Fig. 5). Besides, We cloned the
human PRMT6 as well as the zebrafish PRMTG6 gene, both differ from other vertebrate PRMT genes,
contain only one coding exon. We were able to express both PRMT6 as GST fusion in E. coli, but are
not able to detect methyltransferase activity in either recombinant protein yet.

Protein arginine methylation analyses of PAI-RBP1

We are also analyzing putative novel methylaccepting proteins. We finally subcloned and
expressed GST-fused recombinant protein of prohibitin, a putative methylaccepting protein identified
through our previousinvestigation. We have troubles in cloning and expression of recombinant
proteins for our studies that slowed down our progress. We are glad that the Core facilities now can
provide the service for recombinant proteins constructs. Even though we have successfully subcloned
anovel RGG containing protein PAI-RBP1 (plasminogen activator inhibitor RNA binding protein)

into expressing vector, we had struggled for obtaining the proteins and thus cannot get convincing



results (Fig. 6). We have obtained the PAI-RBP1 expression construct from the Core and are
reanalyzing the putative methylaccepting protein. It can be recognized by porcine brain extract and
we are reconfirming the identity of the recombinant protein by MALDI-MS and are purifying this

recombinant protein for antibody induction and other analyses.
Protein arginine methylation in autoimmune disease

Many methylarginine containing proteins such as fibrillarin, several hnRNP, myelin basic
protein and SmD1 and D3 are known to be autoantigens of different autoimmune diseases. Thusin
this project we will firstly obtain anti-Sm and anti-RNP autoantibodies from SLE patients and other
antisera from the Project Core to search for the methylated autoanti gens proteomically. We obtained
some antiseraincluding anti-Sm and anti-RNP from SLE patients through collaboration with Dr.
Gregory Tsai in Institute of Immunology in our school. We performed preliminary studies using one
anti-Sm serum for immunopreci pitation. We then use the anti-Sm to immunoprecipitate in vitro
methylated proteins from lymphoblastoid cell extracts (Fig. 7). We used radioactive
[ methyl->H]-S-adenosylmethionine (AdoMet) to in vitro methylate AdOx-treated lymphoblastoid cell
extracts. The labeled reaction mixture was then used for the immunoprecipitation and analyzed by
gel electrophoresis and fluorography. The result indicated that anti-Sm recognize specific
methylaccepting proteins or proteins that specifically interacted with the methyl-modified proteins.
We were planning to analyze the immunoprecipitants for methylarginine containing polypeptides.
However, the signals from the immunoglobulin proteins from the antisera were too strong thus
covered the signals detected by methylarginine specific antibodies. We thus immobilized the
autoantibodies to gel supports to prepare the autoantigens by immunoaffinity. We are currently

analyzing the proteins recognized by the affinity resin.
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Fig. 1 (A) Treatment of HeLacells by AdOx and cycloheximide. HeL a cell extracts were
prepared from cells incubated in the presence of both 20 uM of AdOx and 0.08 pug/ml of
cycloheximide or only either one treatment for 1, 3 or 6 hrs. (A) In vitro methylation reaction of the
above extracts without the addition of exogenous substrate was performed as described.
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(B) In vivo methylation of Hel.a cells treated with AdOx or not. In vivo methylation was performed as
described in Materials and Methods. HeL a cells werein vivo labeled either with 24 hr
AdOx-pretreatment, or with AdOx present in the labeling medium. The cells chased for 12 hr in
non-radioactive medium after in vivo labeling were indicated. Cell lysates were collected, separated
by SDS-PAGE and the in vivo methylated proteins were detected by fluorography.
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Fig. 2 Analyses of HelL a extractsin pH 6-11 2-D electrophoresis. HeLacell extracts was prepared
in IEF lysis buffer then separated on a 7-cm pH6-11 IPG strip and SDS-PAGE. The gel was then
transferred and then detected by a mono- and di-methylarginine specific antibody 7E6 (upper panel).
Parallel 2-D gel was stained with colloidal blue for protein pattern (lower panel). The positions where

protein spots can be matched to the western signals were circled.
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Fig. 3 Mouse brain extract treated with nuclease (upper panel) or not (lower panel) was separated by
mono P chromatofocusing chromatography. The column was washed with 2 column volume (CV, 4
ml) of buffer A (0.075 M Tris-acetate, pH9.3), then eluted with the gradient of 100% buffer A to
buffer 100% buffer B (poly buffer 96, pH 6.0) in 11 CV. The flow rate was 1 ml/min and the
fractions were collected every one min. The proteins in each fraction were examined by SDS-PAGE

and silver stain.
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Fig. 4. High KCI concentration changed the pattern of in vitro protein methylation in HaLa cell
extracts. The upper panel is the fluorography of in vitro protein methylation of HeLa cell extract with
the addition of KCI or not. The reaction mixture had been dialyzed. The lower panel isthe 2-D

separation of the above dialyzed reaction mixture. The gels are under fluorography now.
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Fig.5 Phylogram of the PRMT genes. The phylogeentic tree was constructed by Neighbor Joining

methods. The exclude position with gap option and the correct for multiple substitutions option were

disabled. Numbers at the nodes represent bootstrap proportions (BP) on 1000 replicates, and the scale

bar represents 0.1 nucleotide substitutions per site. The core region of each PRMT was used in this

analysis (see supplement materials). Asfor different species, h indicates human, r indicates rat, zf

indicate zebrafish, ci indicate Ciona intestinalis, Y sp indicates Schizosaccharomyces pombe and Y sc

indicates Saccharomyces seveviciae. The PRMT was indicated by the number of the PRMT gene at

right. hPCMT is the human protein-L-isoaspartate(D-aspartate) O-methyltransferase (PCMT) used as

the outgroup.
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Fig. 6. Invitro methylation of PAI-RBPL1 by porcine brain extract.

Recombinant PAI-RBP1 (RGG) was used as the methylacceptor and porcine brain extract (S3) was
used the methyltransferase source. Even though the PAI-RBPL protein (mw. About 50 kDa)
appeared to be specifically methylated by certain methyltransferase in S3, we were not able to
modify the protein with recombinant arginine methyltransferase such asrat PRMT1 or yeast RMT1.

Mass spectrometric analyses also could not provide support for the PAI-RBP1 protein.
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Fig. 7. Immunoprecipitation of in vitro methylated proteins by anti-Sm. AdOx-treated lymphoblastoid
cell extracts werein vitro methylated with radioactive [methyl->H]-S-adenosylmethionine (AdoMet)
and then used for the immunoprecipitation with protein-A agarose. The immunoprecipitant in the

presence of anti-Sm or not were analyzed by gel electrophoresis and fluorography.
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