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Abstract

In mammals and yeasts, arginine methylation, catalyzed by protein arginine methyltransferases (PRMTSs), has been implicated in regulation c
diverse processes such as protein—protein interaction, protein localization, signal transduction, RNA processing, and transcriptioombdarge nu
of PRMT substrates are RNA binding proteins. In trypanosomes, gene regulation is controlled primarily at the levels of RNA processing, stability,
and translation, and likely involves numerous RNA binding proteins. Thus, arginine methylation may be especially important in controlling gene
expression in this evolutionarily ancient group of organisms. To begin to understand the role of arginine methylation in trypanosomes, we identifiec
and characterized a type | PRMT frdfypanosoma brucei, termed TOPRMT1. TbPRMT1 displays 51% amino acid identity to human PRMTL1.
It possesses an S-adenosylmethionine binding site and double E and THW loops, common and absolute features associated with other PRM’
Recombinant TOPRMT1 methylates both an artificial RG-rich peptide and. the.cei mitochondrial RNA binding protein, TBRGG1, and it
exhibits differences in substrate specificity compared to rat PRMT1. TOPRMT1 is constitutively expressed ddrivgitia¢life cycle. Disruption
of TOPRMT1 gene expression by RNA interference did not result in a significant growth defect in procycliE foumei. Finally, we observe a
dramatic decrease in the cellular level of asymmetric dimethylarginine upon ToOPRMT1 knock down, indicating that TOPRMT1 is the predominant
type | PRMT inT. brucei. The strong conservation of PRMT1 homologs between protozoa and humans highlights the importance of arginine
methylation as a regulatory mechanism in eukaryotes.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction methylation events is currently unknown. Arginine methylation
is catalyzed by enzymes known as protein arginine methyltrans-
Protein arginine methylation is an irreversible post-ferases (PRMTs). In mammalian cells, two major and distinct
translational modification resulting in the addition of methyl types of PRMTs have been identifidd]. Type | enzymes
groups fromS-adenosylmethionine (AdoMet) to the nitrogen catalyze the formation of both monomethylarginine (MMA)
of arginine residues in proteins (reviewed[ih2]). Arginine  and asymmetrical dimethylarginine (ADMA), while the type
methylation has been described in a variety of organism# enzyme forms MMA and symmetrical dimethylarginine
including mammalg3-5], yeast[6,7], filamentous fungi8], (SDMA). Asymmetrical dimethylation catalyzed by type |
Drosophila [9], Xenopus [10], trypanosome$ll], and during PRMTs often occurs within glycine-arginine-rich domains
infection by adenovirufl?]. Recent reports have established a[1,23]. RNA binding proteins, particularly those containing
role for arginine methylation in the control of signal transduc-RGG RNA binding motifs, are common type | PRMT substrates.
tion [13-15] RNA transpor{16,17], RNA processing18,19], Known type | substrates include hnRNP Al and f20,23],
protein localization[20,21], and transcription (reviewed in nucleolin[24], fibrillarin [25,26] the yeast Npl327], Ewing
[22]). However, the functional significance of many arginine sarcoma proteif28], SAM68[29], and thelrypanosoma brucei
RNA editing accessory factor, RBP1@&1]. Transcriptional
regulatory proteins such as p3[BD] and STAT1[31], as well

* Corresponding author. Tel.: +1 716 829 3307; fax: +1 716 829 2158. as histone$32,33] are also asymmetrica”}’ methylate_d_by type
E-mail address: Iread@acsu.buffalo.edu (L.K. Read). | PRMTs. Sm proteins DI, D3, and B/Bwhich were originally
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reported to contain only SMDJ18,34], have also recently been 2.2. Transfection and induction of ThPRMTI RNAi
shown to contain ADMA, indicating that some proteins may
be substrate for both type | and type Il PRMTSs, or that certain To achieve down-regulation of TOPRMT1 expression by
PRMTs carry both activitie§35]. Mammals contain multiple RNAI, a 503-bp fragment of the TOPRMT1 coding region
type | PRMTs, while budding yeast possess only one type torresponding to nucleotides 4-507 from the start codon was
enzyme, a homolog of mammalian PRMTL, termed HMZ[L  amplified by 35 cycles of PCR from the pMal-TbPRMT1
T. brucei is the etiological agent of African sleeping sicknessplasmid (see below) using primers PRMTBE5 (5-
in humans and nagana in African livestock. It is an evolution-CCCAAGCTTACGCGHACGGTGGACGCAAATGCCGCCT-
arily ancient organism, further removed from yeast than yeas®) and PRMT1-3ST (3-GCTCTAGAGTCAGTAATGCCGC-
is from humang36]. In this parasitic protozoan, transcriptional ATACGTGCAT-3) which allowed introduction ofMiul and
gene regulation is essentially absent. Rather, gene expressiorHsdlll (PRMT1-5ST) and Xbal (PRMT1-3ST) restriction
controlled primarily at the levels of RNA processing, stability, sites (underlined). Cloning of the PCR product into the “stem-
and translation, and likely involves a substantial number of RNAoop” vector (a generous gift from Drs. Christian Tschudi
binding proteing37-39] Interestingly, a large percentage of and Elisabetta Ullu, Yale University Medical School) was
type | PRMT substrates are RNA binding proteins, suggestingchieved as describdd3]. For transfection, cells (1.4 10)
that arginine methylation is likely to play a key role in the were washed once in 1.5ml ice-cold EM buffgt4] and
control of gene expression i brucei. To understand the roles resuspended in 0.45ml of EM buffer containing 1a of
of arginine methylation in trypanosome gene expression, welasmid linearized wittEcoRV. Electroporations (two pulses)
began by identifying PRMT activities and PRMT encoding were carried out on ice in 2-mm cuvettes using a Bio-Rad
genes il brucei. We have previously reported the presence ofelectroporator with the following settings: 800V, &b, and
both type | and type Il PRMT activities ifi brucei cell extracts  40%. Following electroporation, 0.25 ml of the cell suspension
[11]. In addition, we demonstrated that the mitochondrialwas transferred into 4 ml SDM-79 supplemented with 15% fetal
RNA editing accessory protein, RBP16, is methylated on abovine serum, in the presence of G418 and hygromycin and
least three arginine residues in viydl]. A type | PRMT  allowed to recuperate for 20 h. Selection was then applied by
activity present inT. brucei whole cell extracts methylates the addition of 2.5ug/ml phleomycin, and the cells were grown
RBP16, as well as multiple unidentified endogenous proteinfor 4 weeks to obtain stable transfectants. Phleomycin-resistant
[11]. cultures were then cloned by limiting dilution in 96-well
Here, we identify and characterize a type | PRMT from microtiter plates. For induction of dsSRNA, cells were cultured
T. brucei, which we term TbPRMT1. TbPRMT1 is 51% in the presence of 24og/ml tetracycline. Growth curves were
identical to human PRMT1 at the amino acid level andobtained by plotting the cell densities (represented as the
possesses common and absolute features associated with othevduct of the cell number and the total dilution).
PRMTs. Recombinant TbOPRMT1 is able to methylate both an
artificial RG-rich peptide and thE brucei mitochondrial RNA  2.3. Production of recombinant proteins
binding protein, TBRGG1, in vitro. Despite the high sequence
similarity between TOPRMT1 and rat PRMT1, these enzymes TbPRMT1 was identified by an in silico database
display somewhat different substrate specificities. Disruptiorsearch (Wellcome Trust Sanger Centre and the Institute
of ThPRMT1 gene expression by RNA interference (RNAI)for Genomic ResearcH. brucei databases) for proteins
had no significant effect on the growth of procyclic fofth  displaying homology to the yeast HMT1 enzyme. The search
brucei. Finally, TbOPRMT1 down-regulation leads to a dramaticrevealed the presence of a gene encoding a putative PRMT1
decrease in cellular ADMA levels, indicating that TOPRMTL1 is enzyme located on chromosome | (locus Th927.1.4690).

the major PRMT in vivo inT. brucei. To clone TbPRMT1, total procyclic form cDNA was gen-
erated by reverse transcription primed with [dT]-RXS-(5
GAGAATTCTCGAGTCGACTTTTTTTTTTTTTTT-3). The

2. Materials and methods entire TOPRMT1 ORF was amplified using oligonucleotides
PRMT1-8 exp (B-GCGGATCCGCTAG@ATGACGGTGGA-

2.1. Trypanosome growth CGCAAATGCCGGC-3) and PRMT1-3exp (8-CCCAAGC-

TTCTACTCGAGCCGCAGCCGAAAATCCTGGTCA-3

Procyclic formT. brucei brucei clone IsTaR1 stock EATRO  (restriction sites are underlined) which were constructed based
164 was grown as describ¢40]. Bloodstream forn¥. brucei  on the genomic sequence. The PCR product was then digested
strain 427 (a generous gift from Dr. George A.M. Cross, Rockwith BamHI and Hindlll, ligated into the pMal-C2 expression
efeller University) was cultured in HMI-9 medium as describedyector (New England Biolabs), and transformed i#tocoli
[41]. ProcyclicT: brucei strain 29-13 (provided by Dr. George DH50 competent cells (Invitrogen). MBP-TbPRMT1 expres-
A.M. Cross, Rockefeller University), which contains integratedsion was then induced with isopro#p-thiogalactopyranoside
genes for T7 RNA polymerase and the tetracycline repressofipTG) for 2h at 30C. Cells were resuspended in amylose
were grown in SDM-79 supplemented with 15% fetal bovinecolumn wash buffer (20mM Tris [pH 7.5], 200mM NaCl,
serum (FBS) as describgd0,42] in the presence of G418 and 1mM EDTA) containing 1mM phenylmethylsulfonyl
(15p.g/ml) and hygromycin (5Q.g/ml). fluoride (PMSF), Jug/ml leupeptin, 0.12 mg/ml lysozyme, and
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25 units/ml DNase |, and lysed by sonication (four pulses of 30 254 nm for 30 min at 4C using a UV Stratalinker 2400 (Strata-

each). The lysed cell suspension was centrifuged at 14Q00 gene). Reactions were stopped by the additionoSDS-PAGE

for 20 min at 4 C, and the supernatant was mixed with amylosesample buffer and boiled for 5min. Samples were resolved

resin (New England Biolabs) for 2h af€. The mixture was by SDS-PAGE. Gels were stained with Coomassie Brilliant

poured into a column and the column washed with 15 volume8lue R-250 for 30 min and destained in 10% methanol and 5%

of amylose column buffer. The MBP-TbPRMT1 fusion was acetic acid overnight. For fluorography, gels were treated with

eluted with 4 volumes of amylose column buffer containingEN3HANCE (Perkin-Elmer Life Sciences). Gels were dried at

10mM maltose. The MBP moiety of MBP-TbPRMT1 was 70°C in vacuo and exposed to Kodak X-Omat AR scientific

cleaved with factor Xa (2.g/ml of recombinant protein) for imaging film at—80°C.

18h at 25C. PMSF was then added at a final concentration

of 0.3mM to stop digestion, and the incubation was allowe.6. Glutaraldehyde cross-linking assay

to proceed for an additional 30 min. Following dialysis against

1000 volumes of amylose column buffer, the sample was mixed Recombinant TbPRMT1 (0.15nmol) was incubated for

with amylose resin for 2 h at4C. The mixture was poured into 20 min at 25 C in 50 mM sodium phosphate [pH 7.4] in a total

a column, and the cleaved TbPRMTL1 recovered in the flonwolume of 30ul. Glutaraldehyde was then added to a final con-

through. This protein was used in all subsequent experimentscentration of 0.2%, and reactions were allowed to proceed for an
For expression of MBP-TBRGGL1, the nucleotide sequencadditional 10 min at 25C. Reactions were stopped by the addi-

corresponding to amino acid 30-268 from TBRG[8%] was  tion of 5x SDS-PAGE sample buffer and resolved on a 12.5%

amplified from [dT]-RXS primed cDNA using oligonucleotides SDS-PAGE gel. Proteins were visualized by silver staining.

Rgg-8 exp (3-CGGGATCCGCTAGCAGCGTGGCCAGTG-

GGGAAAT-3) and Rgg-3 exp (B-ACGCGTCGACCTAC- 2.7. Invitro methylation assays

TCGAGCGCTCGCCGCACGATGCGGCXR The PCR prod-

uct was cloned into pMal-C2, and MBP-TBRGG1 was The in vitro methylation activity of recombinant ThOPRMT1

expressed and purified as described above for TOPRMT1 exceptas assayed as follows. Purified MBP-TBRG G or an arti-

thatthe MBP moiety was notremoved. His-tagged RBP 16, CSOijcial peptide (H-CGRGRGRGRGRGRGRG-NH15; a gen-

and RGG were obtained as describ#®]. Rat GST-PRMT1was erous gift from Dr. John M. Aletta, Department of Pharmacology

expressed and purified as publish#d]. and Toxicology, SUNY at Buffalo] (0.p.g) was incubated with
4 g of purified recombinant TOPRMT1, in the presence of
2.4. Nucleic acid analyses 2 nCi [®H]AdoMet in either PBS [pH 7.4] or 40 mM Tris [pH

8.0], at 25 or 37C, in a total volume of 3@.l. All buffers con-

For Northern analysis, total RNA from procyclic forfi  tained 0.4 mM PMSF and 2M benzamidine. Reactions were
brucei clone IsTaR1 stock EATRO 164, bloodstream fofim  carried out for 2 h and stopped by the addition &fSDS-PAGE
brucei 427, and procyclic form 29-13 cells transfected with loading buffer, and boiled for 5 min. Proteins were resolved by
the TOPRMT1-RNAi vector (either uninduced or induced with SDS-PAGE on 10% (for reactions containing MBP-TBRGGI) or
tetracycline), was purified fromv1 x 10° cells using the Pure- 20% (for reactions containing the RG-rich peptide) acrylamide
script RNA Isolation Kit (Gentra Systems). Total RNA ()  gels. For in vitro methylation of his-RBP16, his-CSD, his-RGG,
was electrophoresed on a 1.5% agarose/formaldehyde gel andmaltose binding protein (New England Biolabs), 0.2 nmol of
transferred to Nytran. The membrane was pre-hybridizedin 5 protein was incubated with 1.5-3.@ of purified recombinant
SSPE, k Denhardt’s, 50% formamide, 1% SDS, 0.15 mg/ml TOPRMT1, in the presence ofii [*H]AdoMet in PBS [pH
denatured salmon sperm DNA for 6 h at€h An antisense 7.4] or 40 mM Tris [pH 8.0], in a total volume of 50 for 18 h
riboprobe for TOPRMT1 was generated by in vitro transcrip-at 25°C. Reactions were stopped as above, and proteins were
tion with incorporation of §-32PJUTP and added to the pre- resolved on 20% SDS-PAGE gels. Gels were stained and treated
hybridization buffer, and the hybridization was carried out forfor fluorography as described above.
18h at 65C. The membrane was then washed 25 min in
2x SSPE, 0.1% SDS at 6&, and 2x 15min in 0.1x SSPE, 2.8. Thin layer chromatography (TLC) analysis of in vivo
0.1% SDS at 63C. An antisense-tubulin riboprobe was gen- methylated proteins
erated as described for the TOPRMT1 probe using p#BYlas

atemplate. TbPRMT1 RNAIi expressing cells were diluted to
5x 10° cells/ml in SMD-79 media supplemented with 10%
2.5. UV cross-linking of [>H]AdoMet to ThPRMT1 FBS, 15ug/ml G418, 5Qug/ml hygromycin B, and 2.h.g/ml

phleomycin. The culture was split and incubated at@7n
TbPRMT1 (4u.9) was incubated with 0.4M [3H]AdoMet  the presence (induced) or absence (uninduced) of@/5l
(Amersham Pharmacia Biotech,pCi/pl, 80 Ci/mmol) in  tetracycline. On day 4 post-induction, uninduced and induced
50 mM sodium phosphate [pH 7.4] in a total volume ofifB0  cells were harvested by centrifugation (6608/10 min/4°C),
In competition experiments, unlabelled AdoMet (ICN) or ATP washed in 50 ml PBSG (PBS supplemented with 7mM glu-
(Sigma) were added to a final concentration of 0.4 mM. Samplesose), and resuspended tox 108 cells/ml in PBSG. Cells
were added to 96-well plates and exposed to UV irradiation aivere then incubated in PBSG in a final volume of 130
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for 1h at room temperature in the presence of 10’ cells,  substitutions result in four amino acid changes (E9%93,
0.5uM [3H]AdoMet, and 0.§«M unlabeled AdoMet. For R96— K96, N182— S182, S324- L324). The gene encodes
the preparation of whole cell extract, cells were harvested predicted 345 amino acid protein, that we termed TbPRMT1.
by centrifugation at 10,000 ¢ for 10 min at £C, washed The predicted protein has a molecular weight of 39.2 kDa &nd p
with 500! PBS, and resuspended in 3 volumes buffer/1 gof 5.38, and displays 51 and 49% identity at the amino acid level
cell mass [volume (ml) =X cell mass (g)] low salt hypotonic to human PRMT1 and yeast HTM1, respectively. Alignment of
lysis buffer (10 mM HEPES [pH 7.9], 1.5mM Mggl10mM  the amino acid sequence of these three enzymes emphasizes the
KCI, 0.5mM DTT, 0.5 mM PMSF, .M leupeptin, and 2mM high degree of identity between TbPRMT1 and its human and
benzamidine) containing 0.2% NP-40. Lysates were incubategeast homologs throughout the protekfig. 1A). Importantly,

on ice for 10 min before an additional 12 volumes cell massTbPRMT1 contains the conserved methyltransferase motifs I,
low salt hypotonic lysis buffer containing 0.5% NP-40 was post-I, Il, and Ill, including G63 (# irrig. 1A), which has been
added. Cells were then disrupted with a dounce homogenizethown to be essential for the activity of the yeast enzj#8g In

and passed through a 26-gauge syringe 10 times. Proteaddition, two conserved glutamate residues, E126 and E135 (*
levels in whole cell extracts were quantified by BradfordinFig. 1A), part of the arginine binding active site, are also found
assay. Sixty-five micrograms of uninduced and induced wholén TOPRMT1. Searches of several protozoan parasite databases
cell extract was then precipitated with cold TCA (10% final) revealed the presence of genes encoding a predicted TOPRMT1
on ice for 30 min, centrifuged at 13,000¢ for 10min, and  homolog inTrypanosoma cruzi, Leishmania major, Leishmania
washed with 50 acetone. The TCA precipitated pellets infantum, Plasmodium falciparum, and Plasmodium berghei.

were then resuspended in 2000f 6 M constant boiling HCI,  All of these predicted proteins display a very high amino acid
and acid hydrolyzed under vacuum at 2@for 20h. HCI identity to TOPRMT1, ranging from 42% fa®. falciparum to

was evaporated in a speed vac at medium speed for 1 h, af®% for T. cruzi (Fig. 1B). Remarkably, TOPRMT1 shows a
pellets resuspended in L0 distilled water. Separation of higher degree of identity to the human PRMT1 (51%) than it
methylated amino acids was performed as previously describatbes to the PRMT1 homologs of the protozoan paradit¢si-

[47]. Briefly, hydrolysates were loaded onto a LK6DF silica ciparum andP. berghei.

gel 60 TLC plate (Whatman) alongside 30nmol each of Southern blot analysis indicates that tRePRMT1 gene is

the following amino acid standards: ADMA (Calbiochem), present as a single copy in the brucei genome (data not
MMA, SDMA, L-methionine (Sigma), and AdoMet iodide salt shown). Northern analysisrevealsthat TOPRMTL1 is expressed as
(MP Biomedicals). Samples were separated with ammonian approximately 1800-nucleotide transcripigy. 2). Since the
hydroxide:chloroform:methanol:water (2:0.5:4.5:1). Amino ORF predicts a 1042-nucleotide long transcript, this indicates
acid standards were visualized with spray ninhydrin reagerthe presence of @nd 3 untranslated regions of approximately
(AllTech). For the analysis of tritiated arginine residues, the750 nucleotides combined. Northern analysis also indicates that
TLC plate was treated with ENMANCE spray reagent and TbPRMT1 RNA is expressed at similar levels in both procyclic
visualized by fluorography. A second in vivo analysis of and bloodstream forfl brucei (Fig. 2).

methylation activity in TOPRMT1 RNAiI cells was carried out ~ As the amino acid sequence of TOPRMT1 revealed the pres-
essentially as above, but with the following modifications: (1)ence of a conserved AdoMet binding domain located from amino
cells were labeled in vivo for 4h on day 5 post-induction; (2)acids 35 to 158, we first asked if TOPRMT1 could bind to
100.g whole cell extract was acid hydrolyzed and analyzed bythe methyl donor AdoMet. Recombinant TOPRMT1 was pro-
TLC. Non-saturated autoradiographs of the TLC plates wereluced as described under Sectmand exposed to UV irra-

analyzed by densitometry. diation at 254 nm in the presence ¢HJAdoMet [49]. The
reaction mixture was then separated by SDS-PAGE and ana-
3. Results lyzed by fluorography. As shown iRig. 3A, a radiolabeled
band was observed at 40 kDa, the size of TOPRMT1. To confirm
3.1. TbPRMTI possesses all the characteristic features of a the binding specificity for AdoMet, we included a 1000-fold
protein arginine methyltransferase excess of unlabeled AdoMet or ATP in the cross-linking reac-

tion. Addition of the unlabeled AdoMet severely inhibited the

In an effort to identifyI’ brucei homologs of protein arginine  cross-linking reaction, whereas the addition of the UV-absorbing
methyltransferases, we used the BLAST algorithm to search theon-substrate ATP had no effect. The Coomassie stained gel
Wellcome Trust Sanger Centre and the Institute for Genomishown inFig. 3B demonstrates that equal amounts of TORMT1
Researchl. brucei databases for proteins with homology to were present in all reactions. From these results, we conclude
the yeast HMT1 enzyme (accession number CAA84976.1)that TOPRMT1 specifically binds AdoMet as predicted by its
The search revealed a gene encoding a putative PRMTdmino acid sequence.
enzyme located on chromosome | (locus Th927.1.4690). The Crystal structures have been solved for the human PRMT1
complete predicted ORF was amplified from procyclic formand PRMT3 enzymes. The structures are similar, and indicate
oligo(dT)-primed cDNA, cloned into the pMalC-2 vector, thatthese type | PRMTs form both dimers and tetrarfs$1]
and sequenced in both directions. Five different clones wer8imilarly, the human type Il PRMT5 is present as dimeric and
sequenced and they all displayed the same minor differencestrameric forms. Oligomerization is critical for the catalytic
from the sequence present in the database. Four nucleoti@etivity of both PRMT3 and PRMT%50,52] To determine
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(A)
TbPRMT1

PRMT1
HMT1

TbPRMT1
PRMT1
HMT1

TbPRMT1
PRMT1
HMT1

TbPRMT1
PRMT1
HMT1

TbPRMT1 T --EEETl T oEE
PRMT1 B MR - — SRR TG ’
HMT1 [ G T R PR P Kl Pl

TbPRMT1  [pC a1 PIRRIS AINR AT E'R I (@SSHIPaN T N CISUBAMBRR T © -\ B — — ——— I L ONgSiH
PRMT1 [ EEvIET RE - €T GRS TR D g - — - - | 0 1.Ciesc
HMT1 SNGID@USRSRK
(B) Amino acid identity (%)
T.b. Tec. L.m. L.i. Pf. P.b.
T.b. 100 76 71 71 42 46
Tec. 76 100 74 74 42 46
L.m. 71 74 100 93 44 46
L.i. 71 74 93 100 44 46
Pf. 42 42 44 44 100 73
P.b. 46 46 46 46 73 100

Fig. 1. (A) Amino acid sequence alignment of TOPRMT1 with human PRMT1 and yeast HMT1. Sequences were aligned using CLUSTALW. Identical and
conserved amino acids are showbinck andgrey boxes, respectively. Signature PRMT moitifs |, post-1, Il, IIl, and the THW looplarerd. The glutamate residues
conserved in all PRMTs are indicated byterisks (*). The conserved glycine residue, shown to be essential for the activity of the yeast HMT1, is indicated by
the (#) symbol. (B) Amino acid sequence identity between PRMT1 homologs from protozoan pafasites: (7.0.) (locus Th927.1.4690Y. cruzi (T.c.) (locus

00.1047053508593.11Q), major (L.m.) (locus LmjF12.1270)L. infantum (L.i.) (locus LinJ12.0850)P. falciparum (Pf.) (locus PF140242), andP. berghei (P.b.)
(locus PB001663.02.0).

whether TOPRMT1 forms homo-oligomers, purified recombi-strate specificity. To this end, we incubated purified recombinant
nant TOPRMT1 was incubated in the presence of the proteifbPRMT1 with EH]JAdoMet and one of several potential pro-
cross-linking agent glutaraldehyde. Untreated and cross-linketdin and peptide substrates. One putative substrate for TbOPRMT1
proteins were then analyzed by SDS-PAGHQ( 4). While is the RNA editing accessory factor, RBP16. RBP16 is the only
the untreated TOPRMT1 migrated at the size predicted for &entified methylprotein iff. brucei, and we previously demon-
monomeric form {£40kDa) Fig. 4, lane 1), TOPRMTL1 that strated that this protein is methylated by a type | PRMT activity
had been cross-linked with glutaraldehyde formed species coin T. brucei cell extractd11]. RBP16 is comprised entirely of
responding to the sizes of homo-dimers, homo-trimers, or homawo distinct RNA binding domains: an N-terminal cold-shock
tetramersfkig. 4, lane 2). No difference was observed when thedomain (CSD), and a C-terminal RGG domain that contains
cross-linking was performed in the presence of AdoMet. Theséhree methylated arginine residues in vjiid]. We first tested
results suggest that TOPRMT1 is able to assemble into multiwhether RBP16 could serve as a substrate for TOPRMT1 in

meric forms. vitro by incubating either recombinant full length his-RBP16
or its constituent domains, his-CSD and his-RGG, with puri-
3.2. ThPRMT1 displays protein arginine methyltransferase fied TOPRMT1 andyH]AdoMet in PBS [pH 7.4] for up to 24 h
activity and differs in substrate specificity compared to its at 25°C. Surprisingly, neither full length RBP16 nor its RGG
mammalian homolog domain was methylated under these conditidfig.(5A, lanes

1 and 3). The RBP16 CSD was also not methylated in vitro
We next wanted to demonstrate that TOPRMT1 has intrinsi€Fig. 5A, lane 2), as predicted, since arginine residues within the
protein arginine methyltransferase activity and assess its sul>SD are not methylated in viia1]. The inability of TOPRMT1
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PF BF KkDa - *

kb 200—= - tetramer

o6 116 = - trimer

6 — 97.4—
p— > dimer

5.0 =

2.6 = 45 = - monomer
3 —

-~ -

1.4 — - Fig. 4. TbPRMT1 forms homo-oligomers. TOPRMT1 (0.15 nmol) purified as

described under Secti@was incubated in the absenee) r the presence (+) of

. 0.2% glutaraldehyde for 20 min at 26 prior to SDS-PAGE and silver staining.

1.0 = Stained bands corresponding to monomers and potential dimers, trimers, and
tetramers are indicated.

strates: (1) an artificial peptide consisting of seven RG repeats
(Fig. 5A, lane 5)[15] and (2) the N-terminal RGG domain of the

T. brucei TBRGGL proteinFig. 5A, lane 6)[45]. The artificial
RG-rich peptide has been shown to block methylation of PC12
cell proteins in vitro, and represents a substrate for mammalian

ThPRMI1 type | PRMT[15]. TBRGGL is af. brucei mitochondrial RNA
: . binding protein whose N-terminal RGG RNA binding domain
“ contains several arginines found within the preferred site for
- asymmetric arginine dimethylatio@5]. The in vivo methy-
tubulin lation status of TBRGGL1 is unknown, but the presence of an

Fig. 2. Analysis of TOPRMT1 expressionihbrucei procyclic and bloodstream RGG domain suggests that it is likely to serve as a PRMT sub-
forms. TOPRMT1 mRNA levels from procyclic forfi brucei brucei clone strate. Following incubation of the RG peptide with purified
IsTaR1 stock EATRO 164 (PF) and bloodstream fdtrbrucei strain 427 (BF)  ThPRMT1 in the presence o?f[i]AdoMet in PBS buffer [pH

were analyzed by Northern hybridization. Ten micrograms of total RNA was. )
subjected to 1.5% agarose/formaldehyde electrophoresis, transferred to Nytr7'4] at25°C, a labeled band was detected-dt.7 kDa, the pre

and probed with$2P]-labeled antisense RNA probe to TOPRM &2 Tubulin gi]CtEd size for the RG-rich peptid€&ig. 5A, lane 5). Similarly,
RNA levels were assessed as a loading control. the RGG domain of TBRGG1 expressed as a MBP fusion pro-
tein (MBP-TBRGGI) also served as a substrate for TOPRMT1

to methylate RBP16 was unexpected. We repeated this reacti@s evidenced by the presence of a labeled band6&tkDa,
using several different buffer conditions and temperatures, anthe predicted size for the MBP-TBRGGI proteffig. 5A, lane
extended incubation times up to 24 h, but never observed methg). ToPRMT1 did not methylate MBH-{g. 5A, lane 4), indi-
lation of RBP16 orits RGG domain by ThOPRMT1. These resultscating that the labeled band observed-&3 kDa was due to
may indicate that TOPRMT1 requires a cofactor for this reactiormethylation of the TBRGG1 moiety. These data conclusively
or that another enzyme performs this function in vivo. show that TOPRMT1 possesses protein arginine methyltrans-

To further examine the potential enzymatic activity of ferase activity, and that it displays activity towards at least one
TbPRMTL1, we utilized two additional RG-rich potential sub- native trypanosome protein, TBRGGL1.

(A) (B)
1] 5]
= - Z -9
Competitor: 3 7] - 2 >
P : - < < L <
kDa kDa
200 — 200 —
116 — 116 —
974 = 974 —
66 — 66 —
45 — - 45 =—
31 — 31 —

Fig. 3. TbPRMT1 specifically bindSIH]AdoMet in vitro. (A) Recombinant TOPRMT1 (0.1 nmol) was incubated witH]AdoMet in the absence of competitor
(=) or in presence of a 1000-fold molar excess of unlabeled AdoMet or ATP, and irradiated at 254 nm. Proteins were separated by SDS-PAGE and analyze
fluorography. (B) Coomassie stain of the gel prior to fluorography.
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ThPRMT1 Tris on TbPRMT1 and its mammalian homolog, we assayed
the activities of these enzymes in reactions buffered with either

& 00\ 40mM Tris or with PBS. Methylation of both the RG peptide
> ,3‘}' and MBP-TBRGGI substrates was assessed. The trypanosome
and rat enzymes differed dramatically in their sensitivity to Tris
when the RG peptide was used as a substFage 6, left panel).
66 —d Methylation of the RG-rich peptide by TbOPRMT1 was decreased
12-fold when the assay was performed in Tris buffer [pH 8.0]
compared to assays performed in PBR)( 6, left panel). This
inhibition is due to the buffer composition and not the pH, as a
similar decrease in RG-rich peptide methylation was observed
when the reaction was carried out in Tris buffer at pH 7.4, the pH
of the PBS buffer used (data not shown). In contrast, 40 mM Tris
buffer inhibited the activity of the rat PRMT1 towards the RG
peptide only slightly 2-fold) (Fig. 6, left panel), in keeping
with previous resultfs3]. Remarkably, unlike the RG peptide, in
vitro methylation of the MBP-TBRGGI substrate by TOPRMT1
was essentially unaffected by the buffer compositibig( 6,
right panel). This suggests that Tris competes more efficiently
with some substrates than with others for TOPRMT1 binding.
Overall, these experiments demonstrate that TOPRMT1 sensitiv-
1 2 3 4 5 6 ity to inhibition by Tris is substrate specific. Moreover, the ability

Fig. 5. TOPRMT1 displays protein arginine methyltransferase activity with aof TrIS.tO O_“ﬁere”“a")/ inhibit trypanosome andrat enzymes fur-
substrate specificity different from that of mammalian PRMTL. (A) In vitro ther highlights the divergence between the trypanosome and rat
protein arginine methyltransferase activity of purified ToPRMTLg3 was ~ PRMT1 enzymes regarding their substrate preferences.

assayed with 0.2 nmol of the following substrates: his-RBP16 (lane 1), his-CSD

(lane 2), his-RGG (lane 3), maltose binding protein (lane 4), RG-rich peptide3'3_ TbPRMT] is non-essential in procyclic form T. brucei
(lane 5), and MBP-TBRGGL1 (lane 6). (B) The same substrates as in panel A

were incubated with the rat GST-PRMT1(d).

(A)

14.5 =

(B) Rat PRMTI

To gain insight into TOPRMT1 function in vivo, we gen-
erated clonal procyclic forn¥. brucei cell lines in which
Because the trypanosome and mammalian PRMT1 enzymd$9bPRMT1 mRNA levels were down-regulated by RNAIi. A
are highly homologousHig. 1), we next wanted to compare 503-bp fragment of the TOPRMT1 coding region corresponding
the biochemical properties of the trypanosome and mammaliato nt 4-507 from the start codon was cloned into a “stem-
enzymes. Rat PRMT1 was expressed as a GST fusion préeop” plasmid, allowing production of dsRNA as a stem-loop
tein for comparison to TbPRMTL1 in in vitro assajid]. We  from a tetracycline-regulated T7 promofé8]. The linearized
first compared the substrate specificities of rat PRMT1 anghlasmid was transfected intéi brucei strain 29-13, which
TbPRMTL1, using the substrates described above. Trypanosonharbors integrated genes encoding T7 RNA polymerase and
and rat PRMT1 were similar in their abilities to catalyze methyltetracycline repressor protejd2]. Cultures containing cells
transfer to the RG peptide and MBP-TBRGGI (comaige 5A  in which the TbPRMT1 RNAI plasmid had integrated into
and B, lanes 5 and 6). However, the two enzymes differed strikthe non-transcribed rDNA spacer were selected by addition of
ingly in their abilities to methylate RBP16 or its RGG domain. phleomycin to the growth medium. Clonal lines were subse-
While TOPRMT1 could not utilize these substrates, both RBP1@uently obtained by limiting dilution, and one of these clones
and its RGG domain were robustly methylated in vitro by recom-was further characterized. Northern blot analysis showed that
binant rat PRMT1 (compargig. 5A and B, lanes 1 and 3). As by days 3—-4 following addition of tetracycline (3.8/ml) to
predicted, neither MBP nor the RBP16 CSD was methylatedhe medium, ToPRMT1 RNA was almost completely absent
by rat PRMT1 Fig. 5B, lanes 2 and 4). We note that in vitro (Fig. 7A, left panel). The level of a control mMRNAy-tubulin,
methylated his-RGG migrates atl6 kDa, while recombinant did not change following tetracycline induction, indicating that
his-RGG migrates with an apparent molecular mass®kDa  the mMRNA down-regulation was specific to TOPRMFIg. 7A,
under denaturing conditiorfg6], indicating that methylation right panel). We next assessed the effect of TOPRMT1 disruption
significantly affects the electrophoretic mobility of this small on cell growth. Although the TOPRMT1 mRNA levels were dra-
protein. We conclude from these experiments that, despite theinatically reduced by day 3 following tetracycline induction, we
sequence similarity, trypanosome and rat PRMT1 possess diflid not observed a significant effect on the growth rate of these
ferent substrate specificities. cells compared to uninduced celBig. 7B). Together, these
Tris buffer has been reported to inhibit the activities of sev-experiments indicate that TOPRMTL1 is not an essential protein
eral mammalian PRMTs in vitro, presumably due to its abilityfor survival of procyclic fornil. brucei. As anti-TbPRMT1 anti-
to act as a structural analog of the arginyl side chain methylbodies are currently unavailable, we could not determine the
accepting substrath3]. To compare the inhibitory effect of TbPRMTL1 protein level in cells induced for TOPRMT1 RNAI
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ThPRMT1 Rat PRMT1 TbhPRMTI1 Rat PRMTI
kDa PBS Tris ?BS . Tris _ kDa PBS Tris PBS Tris
14,5 = e )
r 97.4 =
6.5 =
[ -
— — -
RG peptide MBP-TBRGG1

Fig. 6. Tris inhibits TOPRMT1 activity in a substrate specific manner. Left panel: RG-rich peptide (0.2 nmol) was incubated with purified ThPR) Bt (4t
GST-PRMT1 (Ig) in PBS or 40 mM Tris buffer for 2h at 2% in the presence of 2Ci [°H]AdoMet. Right panel: the activity of purified TOPRMT1 or rat
GST-PRMT1 was determined as described above using MBP-RGG1 (0.2 nmol) as a substrate. Proteins were resolved by SDS-PAGE on 10% (right panel) or
(left panel) polyacrylamide gels. Gels were stained with Coomassie, and labeled bands detected by fluorography.

versus that in uninduced cells. Therefore, it remains possiblH]AdoMet for 1 h, followed by acid hydrolysis and separa-
that the protein level in TOPRMT1 RNAi cells exceeds the RNAtion of MMA, ADMA and SDMA by thin layer chromatography
level measured by Northern blot, and that this amount of residugh 7). SDMA is significantly less abundant than ADMA in these

TbPRMTL1 protein is sufficient to allow the cell to survive. cells and was not detected in the experiments presentég.if.
However, we observed a very significant decrease in the level

3.4. TbPRMT1 disruption results in a dramatic decrease in of ADMA (~90%) in cells in which TOPRMT1 expression was

asymmetric dimethylarginine in vivo disrupted by RNAI, as opposed to uninduced cells as well as the

parental strainFig. 8, Experiment 1, and data not shown). Thus,
In order to confirm that TOPRMT1 catalyzes ADMA for- ThPRMT1 possesses type | PRMT activity in vivo, consistent
mation in vivo and determine whether the enzyme constitutegith the high degree of homology to mammalian and yeast type
a predominant type | PRMT iff. brucei procyclic form cells, | PRMTs. Moreover, TOPRMT1 is responsible for synthesis of
we assessed the effect of TOPRMT1 disruption on total celluthe majority of total cellular ADMA inT: brucei.
lar ADMA levels. To this end, we down-regulated TOPRMT1  |n addition to the decrease in ADMA, we observed that
expression by induction of RNAI with tetracycline over a periodthe levels of MMA were increased approximately 2-fold in
of 4 days. Cells were then labeled in vivo in the presence offbPRMT1-disrupted cells. This suggests TOPRMT1 may cat-
alyze sequential formation of MMA and ADMA on a given
(A) ThPRMT1 Tubulin arginine residue, but when present at low enzyme to substrate
ratios the enzyme acts distributively, producing primarily MMA.
Alternatively, TOPRMT1 may catalyze ADMA production on
, ! - m arginine resid_ues thgt have been monomethylated by anqther
Days T i q 5 P 5 3 enzyme, again leading to MMA buildup when TbPRMT1 is
down-regulated. To confirm the effect of TOPRMT1 knock down
on cellular ADMA levels, we performed a second experiment
in which tetracycline induction was performed for 5 days and
cells were labeled in vivo in the presence &fJAdoMet for
4h instead of 1 hKig. 8 Experiment 2). While the decrease
in ADMA levels in induced versus uninduced cells was not as
dramatic following a 4 h labeling as compared to a 1h label-
ing, we again observed a substantial decrease in ADMA levels
upon TbPRMT1 down-regulation (compdfig. 8 Experiments
1 and 2). Comparison of the 1 and 4h labeling experiments
. . . . . . . (Experiments 1 and Zig. 8, respectively) suggests that resid-
0 1 2 3 4 5 6 7 8 ual TOPRMT1 catalyzes ADMA formation in the knock down
Days post-induction cells and that proteins containing this modification are relatively
Fig. 7. Down-regulation of TOPRMT1 expressionfirbrucei procyclic forms. stable over the 4h Igbe!lng period. In summary, in vivo labeling
(A) Northern blot analysis of TOPRMT1 (left panel) ertubulin (right panel) of methylated proteins in TboPRMT1 knock down cells demon-
RNA from TbPRMT1 RNAi transfectants uninduced or induced with tetracy- Strates that TOPRMT1 comprises the major type | PRMT.in
cline (2.5un.g/ml) for 3 or 4 days. Total RNA (1Qg) was separated on a 1.5% brucei.
agarose/formaldehyde gel, transferred to Nytran, and probed witRlgbeled
antisense RNA probe against ToOPRMT1 (left panelxdubulin (right panel).
(B) Growth of procyclic formr. brucei TOPRMT1 RNAi cells either uninduced 4. Discussion

(closed squares) or induced with 2.§/ml tetracycline (open squares). Growth

curves were obtained by plotting the cell densities as the product of the cell num- . . .
ber and the total dilution. The values shown are the average of two independent 1N this report, we describe the major type | PRMTTirbru-
determinations. cei, a homolog of mammalian PRMT1 that we have termed

uninduced |induce(l uninduced | induced

(B) 10" 5

101"

10?

10*

Cumulative cell number
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Fig. 8. TbPRMT1 disruption results in a decrease in asymmetrical dimethylarginine in vivl.fA)ei TOPRMT1 RNAI cells either uninduced (U) or induced (1)
with tetracycline (2.5.g/ml) for 4 days (Experiment 1) or 5 days (Experiment 2) were labeled in vivo with a mixture pM[SH]AdoMet and 0.§.M unlabeled
AdoMet for 1 h (Experiment 1) or 4 h (Experiment 2). Cells were harvested and labeled amino acids were analyzed as described ungg(Bjéttiorsaturated
autoradiographs obtained from the TLC plates were analyzed by densitometry. The intensity of the ADMA and MMA signals are represented asititensitgtive
of the radioactive signal between tetracycline-induced and uninduced cells (the intensity of the ADMA and MMA residues obtained from the ueilsdvasd c
arbitrarily fixed at 1).

TbPRMTL1. TbPRMTL1 is the first PRMT identified in a pro- T. brucei. The fact that TOPRMT1 is dispensable is reminiscent
tozoan. Althought: brucei is a very early branching eukaryote, of the yeast HMT1, which is not required for cell surviyad].
TbPRMTL1 displays strikingly high amino acid conservation Likewise, the murine PRMT1 and the fission yeasttype | PRMT3
with its mammalian and yeast homologs50% in both cases). have been shown to be non-essential for cell viabjbty,56]
Homology is evident in each of the four distinct PRMT domainsHowever, mouse PRMTL1 null mutations result in embryonic
that were identified upon crystallization of rat PRMT1: the N- lethality [56]. It remains possible that TbOPRMT1, although not
terminal domain, the AdoMet binding domain, the dimerizationessential for procyclic fornT. brucei, may be more critical for
arm, and theB-barrel domain[50]. The N-terminal domain, the growth of other developmental stages.
extending from amino acids 1 to 41 and 38 for the human and Acid hydrolysis of the in vivo labeled proteins frombrucei
yeast PRMT1, respectively, is the least conserved region amorgglls disrupted in TOPRMT1 expression clearly showed a signif-
PRMTs. Interestingly, TOPRMT1 and human PRMTL1 displayicant decrease in the levels of ADMA when compared to unin-
high amino acid sequence identity in this region (64%) compareduced cells. This unequivocally demonstrates that TOPRMT1
to the human versus yeast enzymes (43%). The AdoMet bindingxhibits a type | PRMT activity in vivo and that it constitutes
domain of TOPRMT1 is extremely well conserved and con-the predominant type | PRMT in trypanosomes, similar to its
tains the methyltransferase motifs I, post-I, I, and I, includingrole in yeast and mamma(§,14]. The reduction of ADMA
residues G61 and G63R, as well as E126 and E135, which havevels in TbOPRMT1 knock down cells is accompanied by a
all been shown to mediate interaction with the substrate AdoMesignificant increase in the MMA, which is an intermediate
in rat PRMT1[50]. In accordance with this sequence conservain the synthesis of both ADMA and SDMAL]. Accumula-
tion, we show that TOPRMT1 specifically binds AdoMet. The tion of MMA in TOPRMT1 knock down cells suggests that
dimerization arm of TbOPRMT1, which extends from residuesTbPRMT1 acts primarily in a distributive manner at low cel-
170 to 196 in TOPRMTL, is also well conserved. While thelular concentrations, performing only the first step in ADMA
oligomerization status of TOPRMTL1 in vivo is unknown, our synthesis (i.e., MMA formation) before dissociating from its
results demonstrating that TOPRMT1 can form multimers uporsubstrate. In this case, primarily MMA would be synthesized,
incubation with the cross-linking agent glutaraldehyde suggesind this residue would accumulate because it is not efficiently
that the enzyme may form homo-oligomers in its native envi-converted to ADMA. This model is consistent with the properties
ronment. Finally, the C-terminal regions of PRMTSs typically of human PRMT7, which catalyzes increased synthesis of MMA
form B-barrel structures. This region of TOPRMTL1 is the leastand severely decreased synthesis of SDMA at increasing sub-
conserved. Nevertheless, prediction of TOPRMT1 secondarstrate to enzyme ratigS7]. Itis also possible that other PRMTs
structure using the GOR4 tool suggests that the C-terminus jgresent in TbPRMT1-depleted cells are able to catalyze the for-
likely to form ap-barrel structure (data not shown). The high mation of MMA, which then accumulates due to the reduced
level of overall amino acid identity between the trypanosomdevels of conversion to ADMA by TbPRMT1. Predicted pro-
and human PRMT1 homologs strongly suggests that processt=ins that could catalyze MMA formation ifi brucei include
inwhich arginine methylation participates are universally impor-homologs of human PRMT3 and PRMT5 that are identifiable
tant to eukaryotes. in the genome sequence [M. Pelletier and L. Read, unpublished
Disruption of TOPRMT1 expression by RNAi demonstratedresults]. Double RNAi knock downs of each of these proteins in
that the enzyme is not essential for survival of procyclic formcombination with TOPRMT1 would reveal whether the PRMT3
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or PRMT5 homologs can provide monomethylated substrategene regulation is essentially absent. Instead, polycistronic tran-
for TOPRMTL1 in vivo. scripts are resolved by Brans-splicing and 3 cleavage and
Despite the high sequence identity between TOPRMT1 angolyadenylation, and gene expression is controlled primarily at
mammalian PRMT1 homologs, a comparison of the properthe levels of RNA processing, stability, and translation. Each
ties of recombinant rat PRMT1 and TbPRMT1 revealed a dif-of these processes likely involves multiple RNA binding pro-
ference in substrate specificities. While the RG peptide antkins[37—-39] As a large percentage of type | PRMT substrates
MBP-TBRGG1 could serve as substrates for both enzymes, fulire glycine-arginine-rich RNA binding proteifisl,20,23—-29]
length RBP16 or its RGG domain were only modified by the ratit is tempting to envision a role for arginine methylation in
PRMTL1. Moreover, the two enzymes differed markedly in theirmultiple facets of gene regulation i brucei. Indeed, a large
ability to be inhibited by Tris. TOPRMTL1 activity towards the number of proteins containing RGG-type RNA binding domains
RG-rich peptide was much more dramatically inhibited by Trisare present in th& brucei genome [M. Pelletier and L. Read,
than was the activity of the rat enzyme, whereas neither enzymeénpublished results]. In this study, we identified one such pro-
was inhibited by Tris in the presence of the MBP-TBRGG1tein, TBRGGL1, as a TOPRMT1 substrate in vitro. It has been
substrate. It has been suggested that Tris acts as a competitseggested that TBRGG1 functions in mitochondrial RNA edit-
inhibitor of some PRMTs by acting as a structural analog of theng [45], although this has not been conclusively demonstrated.
arginyl side chain on the substrg&s]. Our results indicate that Future investigations of RNA processing, stability, and transla-
some substrates are more successful at competing with Tris théon in TOPRMT1 RNAI cells will shed light on the functions
others, particularly for binding to TOPRMT1. TOPRMT1 may of this enzyme ir. brucei, and may provide insight into early
recognize the RGG motif that is present in multiple copies inevolving roles of arginine methylation.
MBP-TBRGG1 much more efficiently than the RG motif that
is repeated in the RG peptide substrate, leaving the latter open
to Tris competition. The differences in the biochemical properACkHOWIedgementS
ties of rat and trypanosome PRMT 1s suggest that comparison of
these enzymes will be useful for future studies defining motifs This work was supported by NIH grant #ROI Al 060260
involved in substrate recognition by PRMTSs. to LKR. DAP was supported in part by NIH Training Grant
The inability of TOPRMT1 to methylate the RNA binding in Microbial Pathogenesis #Al 07614. We are grateful to Dr.
protein, RBP16, in vitro was somewhat surprising. RBP16 isJohn M. Aletta (SUNY Buffalo, Department of Pharmacology
methylated in vivo on three different arginines, and at least som@nd Toxicology) for providing the rat GST-PRMT1 construct
of these events are mediated by a type | PRMTitbrucei and t_h_e RG pe.ptide substrate. W_e thank Dr. Cr_]ristopher Ryan
cellular extract§11]. It is possible that RBP16 methylation in for critical reading of the manuscript and Katherine Murray for
vivo does not involve TOPRMT1, perhaps being mediated byechnical assistance.
the PRMT3 homolog described above. Alternatively, ToOPRMT1
may have arelatively low affinity for RBP16, preventing the effi-
cient methylation of RBP16 by TbPRMT1 under the conditions
used in of our in \_/IUO assay. Itis particularly mtngumg t_hat' In [1] Gary JD, Clarke S. RNA and protein interactions modulated by protein
contrast, RBP16 is arobust substrate for rat PRMTLin vitro. The ~ arginine methylation. Prog Nucleic Acids Res Mol Biol 1998;61:65-131.
inability of TOPRMT1 to methylate RBP16 in vitro may suggest [2] McBride AE, Silver PA. State of the Arg: protein methylation at arginine
that cellular cofactors are required for TOPRMTL1 to properly ~ comes of age. Cell 2001;106:5-8.
and efficiently methylate certain substrates, thereby conferring®! Lin WJ. Gary JD, Yang MC, Clarke S, Herschman HR. The mammalian
[ . immediate-early TIS21 protein and the leukemia-associated BTG1 pro-
SpeCIfICIty to these_ methylatlo_n events. In terms of RBP16 tein interact with a protein-arginine N-methyltransferase. J Biol Chem
methylation, potential cofactors include RNA and/orthe RBP16-  1996:271:15034-44.
associated protein, p438]. Stimulation of TOPRMTL1 activity = [4] Cimato TR, Ettinger MJ, Zhou X, Aletta JM. Nerve growth factor-
by a protein binding partner would be similar to reported PRMT specific regulation of protein methylation during neuronal differentiation
modulation in other systems. For example, two immediate- _ ©°f PC 12 cells. J Cell Biol 1997,138:1089-103. .

. . rg5] Scott HS, Anto'n.ara!qs SE, Lalioti MD Rossier C, S'|Iver PA,
early/primary response proteins, TIS21 and BTG1, have been™ [\« \iF |gentification and characterization of two putative human
shown to stimulate the methylation activity of both endogenous  arginine methyltransferases (HRMT1L1 and HRMT1L2). Genomics
and recombinant human PRMT3]. In addition, the interleukin 1998;48:330-40.
enhancer binding factor 3 (ILF3) both serves as a PRMT1 sub{6] Gary JD, Lin WD, Yang MC, Herschman HR, Clarke S. The predomi-
strate and enhances the methylation activity of a recombinant nan_t protein-arginine methyltransferase fréaccharomyces cerevisiae.
PRMT1[14]. To sort out these possibilities, we are currently J Biol Chem 1996;271:12585-94. -

. . ) ' 7] Niewmierzycka A, Clarke SS-Adenosylmethionine-dependent methy-
attempting to determine the precise methylatlon status of RBP1 lation in Saccharomyces cerevisiae. ldentification of a novel protein
in TOPRMT1-depleted cells. In addition, we are performing in  arginine methyltransferase. J Biol Chem 1999;274:814-24.
vitro assays of TOPRMT1 activity towards RBP16 in the pres- [8] Trojer P, Dangl M, Bauer |, Graessle S, Loidl P, Brosch G. Histone
ence of potential cofactors. methyltransferases ispergillus nidulans: evidence for a novel enzyme

. . . . with a unique substrate specificity. Biochemistry 2004;43:10834—43.
Smce TbPRMT]_‘ constitutes the major.type I I?RM'T.Ibrlu— [9] Boulanger MC, Miranda TB, Clarke S, et al. Characterization of the
cei, itis likely that this enzyme plays a role in multiple physiolog- Drosophila protein arginine methyltransferases DARTI and DARTA4.

ical and gene regulatory processesTlarucei, transcriptional Biochem J 2004;379:283-9.
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