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In vivo studies haveshown that the ribosomal large subunit pro-
tein L23a (Rpl23ab) in Saccharomyceserevisiaeis methylated at
lysine residues.However, the geneencoding the methyltransferase
responsible for the modification hasnot beenidentified. We show
here that the yeast YPL208wgene product, a member of the SET
domain family of methyltransferases,catalyzesthe reaction, and we
have now designatedit Rkm1 (ribosomal lysine (K) methyltrans-
ferase 1). Yeaststrains with deletion mutations in candidate SET
domain-containing geneswere in vivo labeled with S-adenosyl-.-
[methyl-*H]methionine. [*H]Methyl radioactivity was determined
after lysateswere fractionated by SDS gel electrophoresis. When
comparedwith the parent strain or other candidatedeletion strains,
a loss of a radiolabeled 15-kDa specieswas observedin the rkm1
(! ypl208w) knock-out strain. Treatment of wild-type cell extracts
with RNaseor proteinase K demonstrated that the methyl-accept-
ing substrateis a protein. Cellular lysatesfrom parent and knock-
out strains were fractionated using high salt sucrose gradients.
Analysis of the gradient fractions by SDSgel electrophoresis dem-
onstrated that the 15-kDa methyl-accepting substrate elutes with
the largeribosomal subunit. In vitro methylation experiments using
purified ribosomes confirmed that the methyl-accepting substrate
is aribosomal protein. Amino acid analysisof the in vivo labeled 15
kDa polypeptide showedthat it contains "-[*H]dimethyllysine res-
idues.Massspectrometry of tryptic peptidesof the 15kDa polypep-
tide identified it as Rpl23ab. Analysis of the intact massesof the
largeribosomal subunit proteins by electrospraymassspectrometry
confirmed that the substrate is Rpl23ab and that it is specifically
dimethylated at two distinct sitesby Rkm1. Theseresults showthat
SET domain methyltransferases can be involved in translational
roles aswell asin the previously describedtranscriptional roles.

Methyltransferasesontainingthe SETdomain havebeenshownto
post-translationallymodify cytochromec, RubiscoandhistonesH3 and
H4 atthe e-amino groupsof lysinesidechains(1). The SETdomainwas
first identified in the Drosophilaheterochromatin-associategroteins
Su(var) Enhanceiof zesteandTrithorax, speciegaterdeterminedto be
histonelysinemethyltransferase@b5).The SETdomainisanS-adeno-
sylmethionine(AdoMet)® binding domain that doesnot resemblethe
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canonicalseveng-strand AdoMet-binding fold seenin the majority of
methyltransferasewhosestructuresare presentlyknown (6).

In the yeastSaccharomycerevisiagthree SET domain methyl-
transferasedavebeenidentified, two of which areinvolvedin regulat-
ing transcription by methylatinghistoneproteinsin chromatinandone
isthe cytochromec lysinemethyltransferas€tm1p (799,10).The two
SET domain methyltransferasesnvolved in transcription are desig-
nated Setland Set2.Setlis a histone H3 lysine-4 methyltransferase
involved in transcriptional activation, while Set2 is a histone H3
lysine-36 methyltransferaseinvolved in transcriptional repression
(7D9).In higher organismshomologousSET domain protein histone
methyltransferasebavealsobeenidentified and their roleshavealso
beenlinked to both the activationand repressiorof transcription (11).
Ctm1p wasfound to specificallytrimethylate lysine-72of iso-1-cyto-
chrome c. The functional role of this modification is not understood
(10), although it has been suggestedthat the trimethyl group on
lysine-72 may aid in abrogatingthe pro-apoptotic activity of cyto-
chromec (12).In contrastto the methylationof histonesthe methyla-
tion of cytochromec hasonly beenfound to occurin plantsandfungi
andnot in higheranimals(10,13).

Other cellular processesmay also be regulated by methylation,
including translation.In a massspectralanalysif the largeribosomal
proteins of S.cerevisiagit wasfound that six of the proteins are post-
translationally modified by the addition of methyl groupsincluding
Llab,L3, L12ab,L23ab,L42ab,and L43ab(14). The yeastribosomal
protein L23aor YL32is encodedasidenticalamino acid sequenceby
the RPL23aand RPL23lgenesandis designatedereRpl23abRpl23ab
wasshownto be oneof the threemosthighly methylatedproteinsin the
largeribosomal subunit (15, 16), modified in vivo and in vitro by di-
methylation at the sidechain of one or more lysineresidueg15).The
small subunit of the ribosomeis also modified by methylation (17).
However,the physiologicakolesof ribosomalprotein methylationare
poorly understood(18).

Currently,onlytwo geneshavebeenidentifiedthat encoderibosomal
protein methyltransferasedn S.cerevisiaghe RMT2 geneencodesan
enzymethat monomethylateshe & nitrogen of arginine67in the L12
protein of the largesubunit(19).1n the fissionyeastSchizosaccharomy-
cespombe the protein-arginine methyltransferase homolog (Prmt3)
asymmetricallydimethylatesanarginineresiduein the smallribosomal
subunitprotein S2(20).Deletingthe PRMT3generesultedin anaccu-
mulation of free60Ssubunits(20). The mammalianPRMT3geneprod-
uct can also specificallymethylate the S2 protein (21). Biochemical
effortshavebeenmadeto identify the methyltransferaseesponsiblgor
modifying Rpl23ab.However, purification to homogeneitywas not
achievedduelargelyto the instability of the activity (16).Nevertheless,
theseeffortsdid leadto the estimationof the nativemolecularmassof
the partially purified enzymeat 82 kDa by sizeexclusionchromatogra-
phy and an isoelectricpoint of 4.45by isoelectricfocusing(16). The
genesand proteinsfor the methyltransferasethat modify the remain-
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ing ribosomalproteinshavenot yetbeenidentified. Herewehavedeter-
mined that the geneencodingthe Rpl23ablysine-N-methyltransferase
is YPL208wwhich we now referto asRKM1 (ribosomalprotein lysine
(K) methyltransferasd.).

MATERIALSAND METHODS

In Vivo Labelingof Potential SET MethyltransferaseMutants with
[®*H]AdoMetNYeast strainswere obtainedfrom Invitrogen (Carlsbad,
CA) in which the geneencodinga potential SETmethyltransferasavas
deleted Genotypeof strainsusedin this studyaredescribedn TABLE
ONE. Thesestrainsweregrown at 30Cin YPDmedia(1%bacto-yeast
extract,2%bacto-peptone2%dextrose)o anopticaldensityof 0.7£0.9
at600nm. Oncethe cellsreachedhe desiredoptical density,7 Aggonm
units of eachculture wereharvestedy centrifugationat 5,000 gfor 5
min at 4 jC andwashedwice with 1 ml of sterilewater.The pelletwas
resuspendedn 924 ul of freshYPDand 76 ul of [°H]AdoMet; Amer-
shamBiosciences]l miCi/ml, 70B81 Ci/mmol, in dilute HCl/ethanol
(9:1,v/v), pH 2 to 2.5). Cells were labeledfor 30 min at 30{C with
shakingpelletedat5,0000 gfor 5min at4 jC,washedwicewith water,
andlysedin 100 ul of 1%SDSand0.7mm phenylmethylsulfonyFluo-

TABLEONE

Strains used
Strain Genotype Source
BY4741 MAT ahis3#1 leu2#0 metl5#0 ura3#0 a
#ypl208w(BY4741) | BY4741#ypl208w Kan" a
BY4742 MAT « his3D1leu2#0 lys2#0 ura3#0 a
#ybrO30w BY4742 #ybro30w:Kan" a
#ydr257¢c BY4742#ydr257cKan" a
#yhl039w BY4742#yhl039w:Kan" a
#yhr207c BY4742#yhr207cKan’ a
#yjl105w BY4742#yjl105w.Kan' a
#ypl165c BY4742 #ypl165cKan a
#ypl208w(BY4742) | BY4742#ypl208w Kan" a
YIT617(CB012) MAT aade2b1his3b11,19eu2b3,112 b
trp1Dlura3blpepd#:HIS3
prcl#:hisG
YIT613 YIT617 rpl25::LEU2$pRPL25-FH- b
URA3CENA
@ Strainswerepurchasedrom the SaccharomyceSenomeDeletion Project (www.
sequence.stanford.edu/group/yeast_deletion_project/deletions3.html).
®The YIT617 andYIT613 strainswerekindly providedby Dr. Toshifumi Inada(40).

RibosomalProteinRpl23abMethyltransferase

ride.Lysiswasperformedbyvortexingthe cellsfor 1 min in the presence
of 0.2g of bakedzirconium beadqBiospedProducts;Bartlesville OK),
followed by cooling on ice for 1 min, for atotal of 7 cycles.The lysate
obtainedfor eachmutant wasthen centrifugedfor 15min at 12,000 g
followedby a10-min centrifugationat 17,000 g bothat4{C.10ul of
the resulting lysatewas mixed with an equalvolume of 2! SDSgel
samplebuffer (180mm Tris/HCI, pH 6.8,4%SDS 10%B-mercaptoeth-
anol,20%glycerol,and 0.002%bromphenolblue)and heatedat 100;C
for 3 min. Samplesverethen electrophoresedt 30 mA for 5 h usinga
Laemmli buffer system(24) on a gel preparedwith 12.6%acrylamide
and 0.43% N,N-methylene-bisacrylamide(unless otherwise stated)
(1.5-mmthick, 10.5-cmlongresolvinggel,2-cmlong stackinggel).Gels
werestainedwith CoomassieBrilliant BlueR-250for 1 h anddestained
in 10%methanoland 5%aceticacid overnight. For fluorography,the
gelsweretreatedwith EN*HANCE (PerkinElmetLife Sciencesjor 1 h,
followed by a 20-min washin water.Gelsweredried at 70iC for 2 h in
vacuoand allowedto cool for 1 h in vacua The gelswere exposedo
KodakX-Omat AR scientificimagingfilm at" 80iC.

Cellular Fractionationby High Salt SucroseGradientsNThe proce-
dure of Lhoestet al (15) and Hardy et al. (25) wasusedwith a few
modifications.Briefly,500-mlculturesweregrownin YPDto anoptical
densityof 0.580.8at 600nm, harvestecandwashedasdescribedabove
and in vivo labeledfor 30 min at 30 iC in the presenceof 152 ul of
[*H]AdoMet and 20 ml of freshYPD medium. The amountof radioac
tivity usedin this labelis 20-foldlessthanthe amountusedin thein vivo
labelprocedure After labelingthe cellswereagainharvestedy centrif-
ugationat5,000! gfor 5min, washedwice with water,lysedin 1.5ml
of buffer A (20mm Tris/HCI, 15mm magnesiumacetate60mm KCI, 1
mw dithiothreitol, 1 mm phenylmethylsulfonylfluoride, pH 7.4) and
1.5gof bakedzirconium beadsausingthe methoddescribedabove After
lysis,the beadsverewashedwith anadditional1.5ml of bufferto max-
imize the yield of lysate . The combinedlysatewascentrifugedtwice at
12,000 gfor 5min at4 jC,followedby onecentrifugationat 20,000
gfor 15min at 4 {C.In eachcasehe pelletwasdiscardedThe resulting
supernatantwasthen centrifugedat 100,000 gfor 2h at 4 {C usinga
Beckmantype Ti 65 rotor. The ribosomal pellet obtainedwasresus-
pendedn 500pl of bufferB (50mm Tris-HCI 5 mm magnesiuracetate,
500mm KCI, 1 mm dithiothreitol, 1 mm phenylmethylsulfonyfluoride,
pH 7.4)andlayeredonto a7b25%ucrosegradientmadein the presence
of bufferB.The gradientswerecentrifugedat60,000 gfor 16hat 4 C,
usinga Beckmantype SW41rotor. Fractionswerethen collectedfrom

TABLETWO

SETdomain proteins in Saccharomyceserevisiae

Information on localization (42), amino acid length, calculatedisoelectric point, and predicted transmembranedomain (TD) region wasobtained from the
Saccharomyce&enomeDatabasewww.yeastgenome.orgnformation on the location of the SET-domainand PHD domain wasobtained from the Protein
Family Databasewww.sanger.ac.uk/Software/Pfamlhe PHD domainis aninterleavedtype of zinc finger fold that chelatestwo Zn?* ions.

Genename ORFname Function Localization g_r?)rt]git:/;())lf SE‘eF;(iidourgzin Other domains Ref.
SET1 YHR119w |Histone H3-K4 MT# Nuclear 1,080/9.68 | 932D1061 7,8
SET2 YJL168c Histone H3-K36 MT Nuclear 733/8.56 114D243 9
SET3 YKR029c | NAD-dependenthistonedeacetylase | Nuclear 751/9.12 | 315B463 PHD: 119166 31
SET4 YJL105w | Unknown Unknown 560/8.76 340D482 PHD: 162D210
SET5 YHR207c¢c |Unknown Cytoplasmic/Nuclear 526/6.43 106D140& 364D409 | TD: 236D253
SET6 YPL165c |Unknown Unknown 373/7.59 297D345 TD: 232D260
SET7(RMS1) |YDR257c |Unknown Nuclear 494/4.80 19D271 TD: 166D18% 344372
YBRO30w YBRO30w |Unknown Nuclear 552/4.37 10D341 TD: 74D92
YHLO39w YHLO39w | Unknown Cytoplasmic 585/6.64 80287 TD: 345D362& 457D473
YPL208w YPL208w | Unknown Cytoplasmic/Nuclear 583/4.86 TD: 196D224
CTM1 YHR109w |CytochromeclysineMT Cytoplasmic 585/4.72 10

2MT designatesnethyltransferase.
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FIGURE. In vivo labeling of putative SETmeth- A =33 ﬁu 5 2 88 % B E % E 5 § & E %ﬂ
yltransferase mutants. Yeast strains were =5 X § £ E 353 TS ESEEE L
obtained in which the gene encoding a potential MW 22233 3 553 mg @agg9 9 <
SETmethyltransferasewas deleted. Thesestrains : ==t
werein vivolabeledwith [*H]AdoMet,and lysates = 974kDam = —_—
of eachmutant were fractionatedby SDSgel elec- 66.2 P .
trophoresison a 12.6%polyacrylamidegel. Gels 450 — e —== -
were stained with CoomassieBrilliant Blue (A), p—
treated with ENPHANCE dried, and exposed to e — B ==
film for 76 h (B). Thearrowindicateswhere lossof g = = B
[®H]methylation is observedin a 15-kDaband in s = !_‘!ﬁ_!' &8 —
the #ypl208wdeletion strain. No obvious differ- 144 — B S Sl = S : <+
ence was observedin the other six putative SET :
methyltransferaseknock-out strains when com- - — — -
paredwith the parentBY4742train. Coomassie Stain Aumradiograph
A
No Treatment RNase Proteinase K No Treatment
No Incubation 30 min at 30°C 18 hat 30°C 30 min at 30°C
Wild Type BY4741 + + - +
Aypl208w (BY4741) + + & +
Wild Type BY4742 + + + +
Aypl208w (BY4742) + - + #l
97.4 kDa =1 2 S —
662 —— Eg = -1 | pe
-—
# = = s===
=== L% + + —
— — -— — e ——
31 - — g =' — e e
4 = = b - 4 E == FIGURR. Proteinase K and RNasetreatment of
T > = = [®H]AdoMet-labeled cell extracts. Invivolabeled
21.5 5 = lysate (from 0.35Ag0,,m UnNits of cells)wasincu-
= - -n s an bated with either 2.4mg/ml proteinaseKfor 18 h
144 at 30 {C(lanes5B8),0.2mg/ml RNaseA for 30 min
gl at30(C(lanes9P13,or not treated,andincubated
for 30min at 30 jC(lanes13D1§.Asacontrol, fresh
Coomussie Stain lysatewasloadedwithout incubation and without
treatment (lanes1P4). Lysatesobtained from the
wild-type BY4741and BY4742strainswere ana-
lyzed in addition to their respective #ypl208w
B deletion strains. The reaction mixtures were
No Treatment RNase Proteinase K~ No Treatment adjustedto final concentrationsof 9.6mm Tris/HCI,
No Incubation 30 min at 30°C 18 h at 30°C 30 min at 30°C 3;2 mwm NaCland %Zggw r'fDTé\de 7.5%Thereacl—
i ; tions were quenched by the addition of an equal
Wild Type Y4741 -+ + + + volumeof SDyel samplebuffer,electrophoresed,
Ayp (208w (BY4741) + + + + and analyzedby fluorography asdescribedin the
Wild Type BY4742 + + + + legend to Fig.1 above with a film exposureof 4
Aypl208w (BY4742) + + + + days Thearrowindicatesthe migration position of
the Ypl208w-methyl-acceptingsubstrate.
97.4 kDa—
66.2 —
450 —
30—
21,5 —
144 —
Autoradiograph

the bottom andthe A g0, @NdA,g0,m WeremeasuredFractionscon-
taining eitherthe 60 Sor 40 Sribosomalsubunits,or cytosolicproteins,
were individually pooled and ethanol precipitated by adding 0.7 vol-
umesof cold ethanolin the presenceof 15mm magnesiunmacetateThe
proteinswereallowedto precipitatefor 24h at * 20;C. Proteinswere
pelletedby centrifugationat 12,0000 gfor 20min at 4 jC.The pelleted
proteins were resuspendedn 200 ul of water, and the RNA was
extractedby the addition of 400 ul of glacialaceticacidand20 ul of 1 m
magnesiunchloride,in rapid successionThe mixture wasstirredfor 45

34592 JOURNADFBIOLOGICEHEMISTRY

min in an ice bath, after which the precipitatedRNA wasremovedby
spinningat20,000 gfor 10min at 4 jC.The supernatantvasdialyzed
against2%aceticacid,and lyophilized. The presenceof the ribosomal
subunitswasconfirmedby phenolextractingthe RNA anddetermining
the content of the 25 S-and 18 S-rRNA speciesafter agarosegel elec-
trophoresisusingmethodsdescribedpreviously(26,27).
Electrospray-lonizatiorMass SpectrometrfiAcetic acid-extracted
lyophilized ribosomalproteins were dissolvedin 90%formic acid and
immediately injected for reverse-phasediquid chromatographywith
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3 Wild Type 3 Aypl208w KO
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FIGURB. Fractionation of BY4742 and 0.5 - mall 0.5
! ypl208w extracts using high salt sucrosegra- i F'l"t{“f}“, B 0l PN
dients. A fractionswere collected from the bot- 1 3 5 7 9 11 13 15 17 19 1 3 5 7 9 11 13 15 17 19

tom of the tube and the Aygonm and Asgonm Were
measured.Peaksobservedrepresentthe large 60
Sor small40 Sribosomalsubunits,or free soluble
protein. The identity of the ribosomal subunits
wasdetermined by extracting RNAfrom 100 ul of B
the pooled sample and demonstrating the pres-
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enceof the 25 SrRNAIn the large subunitand the \[“drgl'_
18SrRNAIN the smallsubunit by gel electrophore- Subunit
sis(datanot shown).B, protein (100 ug) from the WT KO

large ribosomalsubunit, smallribosomalsubunit,
and soluble protein fraction was fractionated by
SDSgel electrophoresison a gel prepared with
15%acrylamideand 0.52%N,N-methylene-bisac-
rylamide, followed by fluorography for 2 months.
Alongerexposurewasrequiredthan in the exper-
imentsshownin Figs.1 and 2,because20-foldless
[®H]AdoMet was used. The arrow indicates the
position where lossof methylation is observedin
the #ypl208wknock-out strain when compared
with parentBY474train.
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Autoradiograph

electrospray-ionizationmassspectrometryandfraction collection(LC-

MS&). The procedurehas beendescribedin detail (28); briefly, the

stationaryphaseusedis polymeric(PLRP/SPolymerLaboratoriesand

buffersA (0.1%rifluoroaceticacidin water)andB (0.1%rifluoroacetic

acid in acetonitrile) are usedfor equilibration (95%A; 5%B) and an

extendedgradient. The massspectrometer(API 111 &, PE Sciex)was
tuned and calibratedasdescribed29) yieldingmassaccuracyof 0.01%
(' 1.5Da at 15 kDa). Approximately 50%of the column eluent was
directedto a fraction collectorusinga T flow splitter. Fractionswere
storedat" 20;C for further processing.

Purification of Tap-TaggedRkmINTap-taggedRkm1(OpenBiosys-
tems; Huntsville, AL) was purified by slightly modifying the method
usedby Puiget al. (30).Briefly, 2 liters of tap-taggedRkm1-containing
cellsweregrownto 2 OD at an absorbancef 600nm. The cellswere
harvestedby centrifugationat 5,000! gfor 5 min and washedtwice
with 50ml of water.The cell pelletwasstoredat” 20iCovernight.The
nextdaythe cellswerethawedandlysedin 10ml of Tap BufferA (10mm
K-HEPES10mm KCI, 1.5mm magnesiuncthloride,0.5mwm dithiothre-
itol, 0.5mm phenylmethylsulfonyfluoride,pH 7.9)andanequalvolume
of bakedzirconium beadsby severvortexing/icingcyclesAfter lysisthe
KCI concentrationwasadjustedto 0.2m by adding 1:9volumeof 2 m
KCI. The lysatewascentrifugedat 25,000 gfor 30min andthe super-
natantwasrecoveredThis materialwasdialyzedagainstTap buffer D
(20mm K-HEPESH0 mm KCI, 0.2mm EDTA, 0.5mwm dithiothreitol,
20%qglycerol,and0.5mm phenylmethylsulfonyfluoride,pH 7.9)for 3h
at 4 {C. Purification with 1gG affinity beads(AmershamBiosciences)
andcleavagérom beadswith TEV proteasgInvitrogen)wasperformed
asdescribedin Puigetal. (30). The TEV proteasewasthen separated
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from the purified protein usingcalmodulin-SepharosdB chromatog-
raphy (AmershamBiosciencesasdescribedpreviously(30).

RESULT&ND DISCUSSION

As describedn TABLE TWO, the genomeof the yeastS.cerevisiae
appearso encodeatleastelevenSETdomain-containingproteins.Two
of thesegenes(SET1and SETJ havebeenshownto encodehistone
protein lysine methyltransferasesone gene(SETJ encodesa histone
deacetylasgndanothergeng(CTM1) encodeghe cytochromeclysine
methyltransferase(7D10, 31). The remaining seven SET domain-
encodinggeneswere identified by the Pfam protein family database
(www.sanger.ac.uk/gi-bin/Pfanversionof 31 October 2002)(TABLE
TWO). The function of thesesevengeneproductsis unknown. In this
work, we investigatedthe possiblerole of these speciesas protein
methyltransferases.

We first comparedthe methylationof size-fractionategolypeptides
derived from parent cells and cellswith deletionsin the sevenSET
domain-containinggenesln S.cerevisiaeAdoMet is readily takenup
from the externalmediathrough a plasmamembranetransporter(32,
33),andit is possibleto directly labelmethylatedspeciesy incubating
intact cellswith [*H]AdoMet. Here,[*H]methyl groupsaretransferred
by the endogenougyeastmethyltransferaseto their methyl-accepting
substratesWhen cell extractswere fractionated by SDSgel electro-
phoresisand analyzedfor [*H]methyl groups by autoradiography.a
numberofradiolabeledspeciesverefound (Fig.1). We detectedittle or
no differencebetweenthe parentBY4742strain and six of the deletion
mutants. However,when analyzingthe #ypl208wdeletion strain, we
noted the loss of a 15-kDa radiolabeledspecies(Fig. 1). It doesnot
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FIGURE. Methylation occurs on lysine resi-

due(s) of the 15-kDa substrate. A, amino acid

analysiswas performed as described previously

(39).Gelslicescorrespondingto the 15-kDameth- A

ylated substrate were excisedfrom SDSgels of

purified large ribosomal subunit proteins from 400 -

both the BY4742and #ypl208wstrains. The gel

slicewasaddedto a6! 50-mmglassvial contain- 350 -

ing 100l of 6N HCland hydrolysiswascarriedout

invacuofor 24 h at 108 CusingaWatersPico-Tag 300 -

vapor-phase apparatus. Residual HO was removed -
250 -

* 200 4

150 -

100 -

(cpm/600ul)

by vacuum centrifugation. The free amino acids
were resuspended in 50 ul of water and then added
to 500 wl of citrate dilution buffer (0.2 m NaOH
titrated to pH 2.2 with citric acid). The hydrolyzed
sample wasthen mixed with standards (1 wmol each
of w-N&monomethylarginine (Sgma product
M7033; acetate salt), asymmetric o-NSN&-dimethyl-
arginine (Sgma product D4268; hydrochloride), Ne,
Ne,Ne-trimethyllysine (Sgma product T1660), and
Ne-monomethyllysine (Sgma product M6004; 200000000nconenaonconeosceeloponcononaoac
hydrochloride) and loaded onto ahigh performance _
cation-exchange column (0.9-cm inner diameter ! 31 41 51 61 71 81 91
11-cm column height, containing Beckman AA-15 .

sulfonated polystyrene beads). The column was Fraction Number (ml)

equilibrated and eluted with sodium citrate buffer
(0.35m NaOH, titrated to pH 5.27 with citric acid) at a |—-— Wild Tvpe *AypIZOSW |
flow rate of 1 ml/min at 55 jC. Fractions were col- -
lected, and aliquots counted for radioactivity and
assayed for amino acid content using a ninhydrin
assay (39). B, radioactive fractions 39944 from the
wild-type substrate amino acid analysiswere pooled
and desalted using a Sephadex G-15 column (1.5cm
in diameter and 77 cm in length), equilibrated with 1 Dimethyl

W-mono
methyl

. arginine
asymmetric

dimethyl
arginine

M

17
[— I —
L

Radioactivity

—
o
o
(&
[

=
@]

0.1 m acetic acid. Hution of the desalted sample was Lys
monitored by counting afraction of each sample for v
the presence of radioactivity. The peak fractions col-
lected from the desalting column were pooled and
concentrated by vacuum centrifugation to 200 pul.
One-tenth of thisfraction was spotted onto a 20-cm
sllica-coated thin layer chromatography plate and
developed using amobile phase consisting of meth-
anol and 14.8 N ammonium hydroxide (3:1, v/v). The
sheet was heated at 37 jCto evaporate the solvent
and then sprayed with 10mg/ml of ninhydrin in ace-
toneandincubated at 37 iCuntiItheRJheman@pur— .
ple color appeared. 1 umol of standard amino acids,

L-lysine, Ne-monomethyllysine, Ne, Ne-dimethyl- origin
lysine, and Ne, Ne,Ne-trimethyllysine were spotted in -
adjacent lanes. The solvent front isat the top. C sam-
ple lane was divided into dlices and radioactivity
determined after scraping the silicainto scintillation Niuhydrin Stain
vials. The scraped silica was diluted with 500 ul of
water in 5 ml of fluor and counted three times for
3min each.

Mono-
methyl

e LYS
20 - I'ri-

methyl
15 - Lys

Migrati
igration
.
A
]

Radioactivity (cpm/slice)

Mono- Di- Tri- Sample 0 2 4 6 8 0 12 14 16 18
Lys thyl thyl methyl . -
" mEy? m[c,y;y E)E Lane Distance Travelled (cm)

appearthat the lossof methylationat 15kDaiscausedythelossofthe  speciesn the RNase-treatedamplesvasobservedpossiblybecausef
YPL208wgene product as a methyl-acceptingprotein becauseits the presenceof the RNaseprotein itself at this position. Theseresults
encodedpolypeptidehasa massof 67.2kDa. We further confirmed indicatethatthe 15-kDaspeciess aprotein andthatthe YPL208wgene
theseresultsbyanalyzingheindependently-derived ypl208wdeletion  productis a protein methyltransferase.
strain obtainedin the BY4741background.Here, we alsoobserveda Becausehe previouslyidentified yeastSetland Set2proteinswere
similar lossof methylationat 15kDa (Fig.2). The #ypl208wdeletionin  shown to be histone lysine methyltransferase§TABLE TWO; Refs.
both strainswasconfirmed by PCRanalysis(datanot shown).These 7D9)wefirst askedvhetherthe 15-kDalabeledpolypeptidemight cor-
results suggestthat the YPL208wgene encodesa methyltransferase respondo oneor morehistonespeciesHoweverwefoundthatnoneof
activeon a15-kDaspecies. the yeasthistones(purified accordingto Ref.35) comigratedwith the
BecauseéRNA moleculesare alsomodified by AdoMet-dependent 15-kDalabeledspeciegdatanot shown).Becaus@numberof methyl-
methyltransferaseand becausahey canmigrateon an SDSgelin the  atedribosomalproteins had beenidentified (14D16),we then askedif
position of 15D25%Da polypeptideg34),wewantedto determineif the  the [*H]methylated 15-kDaspeciesco-sedimentedwith ribosomesor
YPL208wdependentl5-kDalabeledspeciesepresentedapolypeptide  with the solubleprotein fraction. In preliminary experimentswe used
or an RNA-methylatedspeciesLysatedrom in vivolabeledcellswere  sucrosegradient centrifugation to fractionate labeledcellular lysates
treatedwith eitherRNasewhichwould beexpectedo degradeallofthe  under low salt conditions and found that the 15-kDa[*H]methylated
RNA in the sample,or proteinaseK, which would be expectedto  speciesn factmigratedwith 80 Sribosomegdatanot shown).
degradeall polypeptidesAfter SDSgelelectrophoresisye found that We thenwantedto distinguishwhetherthe 15-kDaspeciesvasasso-
the samplestreated with proteinaseK did not contain the 15-kDa ciatedwith the large60 Ssubunitor with the small40 Ssubunit.In vivo
[®*Hlmethylated specieswhereasit waspresentin the sampletreated labeledcellularcomponentsrom boththe BY474%arentstrainandthe
with RNasg(Fig.2). A slight shift in the mobility of the labeled15-kDa  #ypl208w knock-out strain were thus fractionated using high salt
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TABLETHREE

Massspectral analysis of the Rkm1 substrate

Analysiswas performed asdescribed previously with modifications (43, 44). Protein bandswere cut from aCoomassie gel of purified large ribosomal proteins. Gel dices
werewashed by repeated cyclesof shakingfor 10 min with 50 ul of 25 mm ammonium bicarbonate, pH 8.0:acetonitrile (1:1, v/v) (threetimes) followed by 50 ul of 25 mm
ammonium bicarbonate, pH 8.0 (onetime) until the stain wasremoved. The gel diceswere then dried by vacuum centrifugation. Proteinsin the gel werereduced and
S-carboxyamidated by incubation for Lh at 56 jCin thedark with 25 ul of 10mm dithiothreitol, followed by incubation with 100 wl of 55 mwm iodoacetamidefor 1 h at room
temperaturein the dark, while shaking, after removal of excessdithiothreitol. The gel dlice wasthen washed as described above for removing stain and dried by vacuum
centrifugation. In gel trypsin, digestion was performed by adding 30 ul of 0.25 units/ ul of trypsin and alowing the gel sicesto rehydrate over icefor 15 min, followed by
incubatingthedigest at 37 {C for 14D20 h. Thedigested peptideswereeluted from the gel dicesby incubatingthem with 50 ul of 50%acetonitrile, 5%formic acid in water
for 20 min with shaking, followed by placingin asonicator bath for 5min. The processwasrepeated threetimes, and each timethe supernatant wascollected and pooled.
Thepooled supernatant, which containsthe digested peptide fragments, was concentrated down to 20 ul by vacuum centrifugation, desalted usinga10-ul C18 column
(QipTipQTC183096, Fisher Sientific, Tustin, CA). This column was equilibrated by washing first with two 10-ul aliquots of methanol, then with three 10-ul aliquots
of 0.1%trifluoroacetic acid/ 70%acetonitrile, and finally with five 10- ul aliquotsof 0.1%trifluoroaceticacid/ 5%acetonitrile. T he peptideswere then loaded on the column,
and the column was washed with six 10-ul aiquots of 0.1%trifluoroacetic acid/5% acetonitrile and then was eluted with 6 ul of a 10 mg/ml solution of «-cyano-4-
hydroxycinnamic acid (SgmaProduct, C2020) in 0.1%trifluoroacetic acid/ 70%acetonitrile. The eluted material wasthen spotted on aplate and analyzed by MALDI on
a VVoyager-DE STR (Applied Biosystems) mass spectrometer in the positive ion mode using a laser intensity of ( 150091900 and shooting the laser 800 times per

spectrum. The datawere analyzed using the Data Explorer program (Applied Biosystems).

Trypsin fragments Residuesin Rpl23ab Observed mass® Theoretical mass Error®
m/z m/z ppm
LNRLPAASLGDMVMATVK 46D63 1887.0266 1887.0196 3.7
GKPELR 65D70 699.4145 699.4153 1.1
VMPAIVVR 73b80 884.5412 884.5392 2.2
RRDGVFLYFEDNAGVIANPK 87D106 2281.1796 2281.1729 29
RDGVFLYFEDNAGVIANPK 88D106 2125.0823 2125.0718 5.0

observedmass.

the Rpl23abprotein obtainedfrom the parentstrain BY4742.

2 Observedmassis reported asan averageof at leastthree masse®bservedn spectraobtainedfor the Rpl23abprotein excisedfrom both the wild type and#ypl208wgellane.
b Error is calculated((theoretical” observed)/theoretical) 1,000,00Gndis reported asanabsolutevalue.The observedmassusedin the calculationis the calculatedaverage

°Thesepeptidefragmentswereonly observedn spectraobtainedwhenanalyzingthe Rpl23abprotein obtainedfrom the #ypl208wstrain andwerenot observedvhenanalyzing

sucrosegradientsdesignedo dissociatethe largeand smallribosomal
subunits.The majority of contaminatingproteinswereremovedby dif-

ferential centrifugation beforeloading the extractsonto the high salt
sucrosegradientin order to betterisolatethe substrate Upon SDSgel
electrophoresi®of individual gradientfractions, we observedthat the

[®Hlmethylated15-kDaspeciesnigratedwith the largeribosomalsub-

unit in the parentBY4742strain.However the radioactivityobservedn

that region wasgreatlyreducedwhen the #ypl208wknock-out strain
was analyzed,indicating that the bulk of the methylation seenwas
becauseof the activity of the Ypl208wgeneproduct (Fig. 3). Two-di-

mensionalgelelectrophoresisvasalsoperformedon thein vivolabeled
proteinsof the largesubunitandthe 15-kDalabeledspeciesvasfound

to migratein anelongatedspotatapH valueconsistentwith its isoelec-
tric point (datanot shown).

To identify the amino acid modified by the Ypl208w-dependent
methylation reaction, the 15-kDa [*H]methylated species from the
purified ribosomal large subunit was converted into its component
amino acids by acid hydrolysis. Fractionation of the hydrolysate by
high performance cation exchange chromatography demonstrated
that the bulk of the radiolabel elutes with a standard mixture of
e-monomethyl and trimethyllysinewith asmall amount of label elut-
ing in the early fractions (Fig. 4A). In this chromatography system,
no separation of mono, di, and trimethyllysine is observed. No
detectable radioactivity was seen at the position of the methylated
arginine standards. The material in the region of the SDSgel corre-
spondingtothe 15-kDasubstratein the #ypl208w mutant strain was
also acid hydrolyzed as a control. Significantly, no detectable radio-
activity was observed in the methyllysine peak, but asimilar amount
of radioactivity was observed in the early fractions (Fig. 4A). Thus,
thesmall amount of residual radioactivity seen in theautoradiograph
of the mutant in Fig. 3B was not due to protein lysine methyltrans-
ferase activity. Taken together, these results demonstrate that
Ypl208w is a protein lysine methyltransferase.

Lysineresiduesn proteinscanbemodifiedby mono, di, or trimethy-
lation on the e-side chainamino group;all three derivativescomigrate
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on the cation-exchangecolumn shownin Fig.4A. However,we were
ableto separatehe mono-, di-, and trimethyl derivativesof lysine by
thin layerchromatography(Fig.4B). We pooledanddesaltedhe radio-
labeledfractionscorrespondingto the methyllysinepeakshownin Fig.
4A andfractionatedthe methylatedspeciedy thin layerchromatogra-
phy.Here,the radioactivitywasfound to migrateonly with the dimeth-

yllysinestandard (Fig. 4C). Theseresultssuggest that thereaction catalyzed

by the YPL208w gene product isadimethyllysne modification of aprotein

of thelargeribosomal subunit. Wehavethusdesignated the YPL208w gene
RKM1 for ribosomalprotein lysine(K) methyltransferasd.

Examinationof the literature revealeda candidatefor alargeriboso-
mal protein correspondingto the 15-kDamethylatedspeciesLhoestet
al. (15)hadpreviouslyobservedhat the ribosomalprotein L23a,with a
polypeptide molecular massof ( 14.5kDa, is dimethylatedat lysine
residuesBoth the polypeptidesizeand the type of methylation match
that seenherefor the Rkm1-catalyzedeaction,althoughsomemono-
methyllysinewasalsoobservedyLhoestetal. (15).Furthermore Lobet
etal. (16)estimatecthe nativemolecularmassof the L23amethyltrans-
feraseto be about 82 kDa by gel filtration chromatographyand the
isoelectricpoint to be 4.45by isoelectricfocusing(16). We then com-
paredthesepropertiesto those predictedfor the Rkm1 methyltrans-
ferase.This polypeptidehasan expectedmolecularmassof 67.2kDa
and a calculatedisoelectricpoint of 4.86,valuesconsistentwith those
reportedfor the L23amethyltransferas€16). The authorsalsofound
that the methyltransferasevasvery specificin modifying only Rpl23ab
(16). Additional evidencefor the possibleidentification of Rpl23abas
the 15-kDasubstratdfor Rkm1lcomesfrom proteome-wideaffinity pre-
cipitation assayshat indicatea physicalinteraction betweenthe Rkm1
protein andthe Rpl23akribosomalprotein (22,23).

To determine whether the substratefor Rkm1is indeed Rpl23ab,
massspectralanalysisvasperformed.The band correspondingto the
Rkm1substratevasexcisedrom agelin which purified largeribosomal
proteins had beenseparatedThe band wastrypsin digestedand ana-
lyzedby MALDI-TOF. The trypsin fragmentsproducedin the MALDI
analysisvere queriedin the Protein Prospectordatabase(prospector.
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ucsf.edu/).From theseresults,we were ableto clearlyidentify several
peptidesfrom the large ribosomal protein Rpl23abfrom both the

BY4742and #ypl208wstrains (TABLE THREE).To confirm that the

methylation siteswereon Rpl23abwe analyzedntact largeribosomal
proteins purified from both the wild-type BY4742 strain and the

#ypl208wWBY4742)strain by electrospraymassspectrometry.In the

protein from the #ypl208wstrain we observeda speciewith amassof

14,384Da,which corresponddo that of the Rpl23aksequencevith the

lossof the initiator methionine and the addition of an acetylgroup.

However this speciesvasnot detectedn the protein preparedrom the

wild-type yeastwhere a specienf mass14,440wasdetectedinstead.
The 56-daltondifferencecorrespondsexactlyto that expectedfor the

presenceof two dimethylatedlysineresiduesThis resultled usto con-

clude that the 15-kDa protein whose methylation is absentin the

#ypl208wdeletionstrainis in fact Rpl23abBecauseave know that the

substrates exclusivelydimethylated ,asdeterminedby thin layerchro-

matography(Fig.4, B andC), we concludedthat the Rpl23alproteinis

modifiedattwo distinct lysineresidueshy the Ypl208wprotein. A yeast
ribosomalspeciesvith amassf 14,440vasalsoidentifiedwith Rpl23ab
by Leeetal. (14).By MS/MS analysisof proteinaseArgC peptideswe

haveshownthat the N terminusis indeedacetylatecbn Ser-2andhave
beenableto obtain preliminary evidencelo narrow down possiblesites
of dimethylationto Lys-40,Lys-1060r Lys-110(datanot shown).

We then wantedto demonstratethat the Rkm21 protein encodedby
YPL208wvasdirectly responsibldor modifyingRpl23abTherefore we
testedthe in vitro activity of Rkm1.The yeaststrain YIT613 containsa
FLAGtagon theribosomalprotein L25that allowsrapid purification of
the intact 80 S ribosomal complex. Purified FLAG-taggedribosomes
werein vitro methylatedusingwild-type and rkm1 lysateasthe meth-
yltransferasesource We found that Rpl23abwasmethylatedin FLAG-
taggedribosomesincubated with the wild-type lysate but not with
mutant rkm1 lysate(Fig.5A). Non-taggedribosomesfrom the YIT617
isogenicparentstrain of YIT613 werepurified in parallelasa control,
andno proteinswereobservedo non-specificallypull-down after Coo-
massieBluestaining.To confirm that the geneproduct of YPL208wis
directly responsiblefor methylatingRpl23abFLAG-taggedibosomes
werein vitro methylatedin the presenceand the absenceof purified
Tap-taggedRkm1.TheisogenidBY474Iparentstrainof the Tap-tagged
Rkm1strain waspurified in parallelwith the taggedstrain asacontrol,
but no 15-kDalabelingwas observed(data not shown). When Tap-
taggedRkm1is presentthe Rpl23abprotein is methylated.However,
methylationis not observedvhenthe Tap-taggedRkmlisnot present
in thereaction(Fig.5B). The relativelylow levelof methylationin the in
vitro experimentsmay be becausef the instability of the methyltrans-
ferase.This is evidentin the low yield of methyltransferasebserved
during the Tap tagpurification; silver stainingwasrequiredin order to
visualizethe enzymeLobetetal. (16)alsoencounteredsimilar difficul-
ties, which preventedthem from purifying the methyltransferasdo
homogeneityand identifying the methyltransferaseThe in vitro data
demonstrateshat Rkm1lisdirectly responsibldor methylatingRpl23ab
andthat the interactionobservedn the proteome-wideaffinity precip-
itation assayss arealinteraction betweenthe Rkm1lmethyltransferase
andits substrateRpl23ah(22,23).

At this point, the physiologicalfunction of the Rkm1 methyltrans-
feraseis unknown. It is clearthat yeastcells lacking the enzymeare
viable Affinity precipitationexperimentsdemonstratea physicalinter-
action with its substrateprotein Rpl23abas well as with the BCP1
(YDR361¥ gene product (36). Currently, it is known that Bcplis
requiredfor the nuclearexportof Mss4,aphosphatidylinosito¥-phos-
phate 5-kinase,and is involvedin regulatingthe production of phos-

34596 JOURNADFBIOLOGICEHEMISTRY

Wild Type Lysate + +
Aypl208w Lysate
Flag-Ribosomes + o+ o+ + & &
97.4 kDo — |
66.2 — |
45.0 — R
R 310~ _m—
g et —_—
- 215 — A i e
A Bt —
14‘4—I & ———
Coomassie Stain Autoradiograph
Tap Tagged Rkm1 + +
Flag Tagged Ribosomes + + + 4+
97.4 kDa— -
= 662 — B
450 —
—— o0 —
——
215 —
—-— —
144 —
Coomassie Stain Autoradiograph

FIGURE.Invitro methylation of Rpl23ab. A yeaststrainYIT613hat carriesaFLAGag
on the ribosomal protein L25and permits the purification of intact ribosomesand its
respectiveisogenicparent strain YIT617Awvere kindly provided by Dr. T.Inada(Nagoya
University,Japan).FLAG-taggedibosomeswere purified accordingto the method of
Inadaet al. (40).Purified FLAG-taggedibosomesstill bound to anti-FLAGbeadswere
incubatedwith wild-type lysate #ypl208wlysate or no lysateand 1 um of [°H]AdoMetfor
2hat 30 jCin the presenceof lysisbuffer (9.0mm HEPE®,.9mmmagnesiumacetate 45.2
mwm potassiumacetate,45.2 ug/ml cycloheximide,0.23mw dithiothreitol, pH 7.4).The
BY4742and#ypl208wlysatewasobtained asdescribedunder OMaterialand Methods.O
After the incubation, the FLAG-taggedibosomeswere spundown by centrifugation at
1,000! gandwashedthree timeswith IXAbuffer (50 mm Tris/HCI100mm KCI,12 mm
magnesiumacetate,1 mm dithiothreitol, and 1 mm phenylmethylsulfonylfluoride, pH
7.5)to rid the ribosomesof the lysateand unused[*H]AdoMet. Thepolypeptides of the
ribosomes were analyzed by 12.6% SDS-PAGEAfter electrophoresisthe gel was
enhancedfor 1 h,dried and exposedto film for 2monthsat" 80 {C.Thearrowindicates
the 15-kDasubstratepoint of migration. B to testthe in vitroactivity of the YPL208wgene
product, 50 ul of Tap-taggedRkmlwasincubatedwith 50 ul of FLAG-taggedibosomes
and 10 ul of 12 um [°H]AdoMetfor 2 h at 30 jC(lane ). Thereactionwasbuffered by the
addition of 10 ul of 12! buffer (600mm Tris-HCI1.2m KCI,144 mm magnesiumacetate,
12mwmphenylmethylsulfonylifluoride,and 12mmdithiothreitol). Asacontrol the reaction
the Tap-taggedRkmlwasincubated with 50 ul of water instead of FLAG-taggedibo-
somes(lane2). Thereactionwasquenchedby the addition of anequalvolumeof2! SDS
loading buffer. Thedegreeof methylation wasanalyzedby loading the sampleonto 15%
SDS-PAG#&sdescribedabove.After electrophoresishe gel waspreparedfor fluorogra-
phy and exposedto film for 3 weeksat " 80;C. The arrow indicates the position of
migration of the 15-kDasubstrate.

phatidylinositol 4,5-bisphosphat€37). However,we find it of interest
that it appeardo interactnot only with our methyltransferaséut also
with the Rpl23alsubstratetwo proteinsthat do not seento beinvolved
in either nuclearexport or synthesisof phosphatidylinositidesin an
attemptto identify aphenotypewe comparedgrowth of the #ypl208w
deletionstrainto its parentstrainunderdifferentconditions.We found
no differencein growthon YPDsolidmediumbetweerthe rkm1knock-
out andits parentstrainat 18C,25;C,30;C,and37C,nor did wesee
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TABLEFOUR

SET-domainmethyltransferases
SET-domain methyltransferase Substrate Modification site Species Ref.
Ctm1 (S.cerevisiag Cytochromec Trimethyllysine-72 Plants/fungi 10
RubiscoLSMT (Pisumsativum) Rubiscolargesubunit Trimethyllysine-14 Plants 45
Setl(S.cerevisiae) Histone H3 Mono-,di-,trimethyllysine-4 Widespread 7,8
Set2(S.cerevisiap Histone H3 Lysine-36,ND? Widespread 9
Rkm1(S.cerevisiag Rpl23ab Dimethyllysine,ND Plants/fungi This study
2ND, not determined.
19'YSFpAFLWSh1IFISRAFP216 230YL1PIVDLLNHD?4l 268ELsNNYGgKgNEELLsgYGEV?288 Ypl208w
198WnSFvAYLWSycIFnSRAFP?17  235fL,yPTVDLLNHk?46 21SELENNYGnisNEkcL1nYGFEw?®s Yh1039w
187sYSFdlemgdssvneneeee?06 220gmi PlaDmLNaD??! 23°qvyNi¥YGehpNSELLrrYGyV27"® Ydr257c
205dvtqddFfWafgmlrSRAFt?28  236yLiPlaDLaNHs?4" 285yLiqydlnKsNaELaldYG1t3%s SSMT
20lrit1ddFiWafgI1kSRAFs?20 228VLjiPlaDLiNHn?3® 277vyigydlnKsNaELaldYGEV?%7 LSMT
228ftSdelFslfvhvyfiinsr?4’ 265tLvPyVDfmNHi27¢ 219ELf1NYGahsNdfLLneYGFV?23? Ydrl98c
228sdpdlkFvslydvcdkcgeP?d’ 27metrviDedlik?®® 329EifNsYGelsNvfLLarYGFt3!®  Ybr030w
187ylnlsdikhlysaiISRcle?06 221t vPIVDfaNHe?3? 288yfisysptedlfsmLvtYGEt2®® Ctmlp
317tvwekcyelfcgaFpkasee?®® 3%'quyhwisfiNHD3%® ¢15ELrvNwGflcgcdrcgnelst??s Yhr207c

FIGURE. Amino acid sequence alignment of Ypl208w and other SETdomain-containing proteins. Proteinsequencesof known SETmethyltransferasegRubiscoSSMTand
LSMTand Ctm1p)and putative methyltransferase¢Yhl039w Set7,Ydr198c,Ybr030w,and SET5)vere comparedwith the amino acid sequenceof Ypl208w.Initial alignmentswere
performed using PSIBBLAST41).Theseproteins were chosenbecausethey had the highestsequencesimilarityto Ypl208w.

anydifferencein growthon YPDsolidmediaat30 jCwith or without 0.4
m NaCl.No differencesvereseerfor growthat30;Cin liquid media.ln
addition,wedetectedno growth differenceson solidmediabetweerthe
rkm1 knock-out and its parent when grown on minimal media (38)
supplementedvith 2%b-glucose ethanol,sodium lactate,glycerol,or
potassium acetate.Finally we tested growth on various antibiotics
including cycloheximide,gentamicin, hygromycin B, paromomycin,
andtetracyclinandobservecdho differencein growth betweenthe dele-
tion strain and the wild-type strain on solid media.In an attempt to
identify arole for the methylationof Rpl23abwveassessedbosomaland
polysomalkssemblyy comparingpolysomalprofilesbetweerthe wild-
typeBY4742trainandthe #ypl208wdeletionstrain.Howeverwewere
unableto detecta significantdifferencein the polysomalprofile of the
deletionstrainascomparedwith the wild-type strain (datanot shown).
Further experimentationwill be performedin anattemptto determine
arole for the methylationof Rpl23ab.

The novel observationthat SET domain-containing methyltrans-
ferasesanalsomethylateribosomalproteinsin additionto histonesor
cytochromec, opensup anewareaof studybecauseftheir possibleole
in regulatingtranslation. TABLE FOURlists variousSETdomain-con-
taining methyltransferaseandthe variousprocesse@ which theyare
currently known to beinvolved.From the sequencalignmentanalysis
illustrated in Fig.6, it is evidentthat Rkm1sharesmuch similarity to
many of the putative SETmethyltransferasebut little or no sequence
similarity to the known histonelysinemethyltransferaseSetlandSet2.
This opensup the possibilitythat the other putative SETdomain-con-
taining methyltransferaseblsted may alsofunction asribosomallysine
methyltransferasedike Rkm1.Currently, there are variousribosomal
proteinsknown to be methylated(14),but their methyltransferaseare
still unknown.

BLAST searche®f Rkm1did not pull up anystatisticallysignificant
protein matchesin higher non-plant organisms.Rkm1 does share
sequencsimilarity to the cytochromeclysinemethyltransferaseCtm1,
which alsoappeargo bepresentonly in plantsandfungi, aswell asthe
plant Rubiscolysine methyltransferaselt will be interestingto see
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which non-histoneSETmethyltransferasearemorewidelydistributed
to animalspecies.
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