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An RBM homologue maps to the mouse Y
chromosome and is expressed in germ cells
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We have isolated a murine homologue of the human Y-linked RBM genes (previously termed  YRRM), agene family
implicated in spermatogenesis and which encodes proteins containing an RNA recognition motif. A number of

very similar copies of this gene (called Rbm) are present in the mouse. These mouse homologues are also
Y-encoded, mapping on the short arm of the chromosome, proximal to Sry. Expression is confined to the testis,
specifically the germ line on the basis of lack of expression in the germ-line negative testes of adult sex-reversed

mice. The timing of Rbm transcription is regulated, with fetal message levels reaching a peak at 15 d.p.c.
Transcripts are clearly detectable by 4 days after birth and reach their highest level at 14 d.p.p. which is the time

at which the Y chromosome condenses during meiotic prophase. These results suggest that Rbm is functionally
involved in germline RNA metabolism.

INTRODUCTION nuclear transcripts forming ribonucleoprotein particles. Some
hnRNPs shuttle between nucleus and cytoplasm, although in
As a result of the absence of essential genes from the mammatiaese cases they are found at steady state to be more concentrate
Y chromosome, many deletions can occur without fatah the nucleus3,10). Acommon feature of these and many other
consequences for their carrier. The availability of such YRNA binding proteins is the RNA recognition motif (RRM)
chromosome deletions in the human population has compensatddch can be present in more than one copy in the protein.
for the absence of recombination-based methods of genetidMembers of the hnRNP family may have more functions than
mapping and resulted in the development of some of the fil®NA binding and particle formatioi1) and may be involved in
chromosome interval map4)(and the most complete YAC several aspects of RNA metabolism. HhRNP Al has been
contig to date for any chromoson. (Although deletions of the implicated in the influencing of splice site choice by competing
Y chromosome are not lethal they are not necessarily withowith the SR proteins1@) and immunodepletion of hnRNP
consequence. For example, those which involve the sex determinpigteins can reduce splicing efficienayvitro (13). P element
gene SRY can result in sex reversal and others which involve as gisruption of aDrosophilagene encoding an hnRNP leads to
unknown genes can lead to small stature and inferliy. ( spermatogenic failure as its only apparent effetgnd another
Deletions of the human Y involving the distal euchromatic pafrosophilagene encoding a RRM-containing protein, snf, has
of the long arm can result in oligo- and azoosperB)iarfis is been shown to be an essential gene involved in splice site
thought to be due to the loss of a locus AZF (azoospermia factogcognition in the sex determination pathway. Some mutations in
which has been postulated to be present in this Yq11.23 région (this gene can give rise to dominant lethal phenotyiigslt the
A range of different male infertility phenotypes has beemontext of the testis both the RNA binding activities and the
associated with deletions in this regi@®) &nd by positional potential of these proteins to influence splicing are intriguing.
cloning a gene familyfRRM—now renamedRBM, for RNA  Sequestration of some mRNAs is known to occur in testis and
binding matif, in the Genome Data Base) has been fomdth ~ there are many other messages which have spliced forms which
members in or close to this region. Members of this family arare apparently testis-specificdj. The role of the CREM protein
transcribed in the testis giving rise to MRNAs which potentiallyn the testis switches in response to follicle-stimulating hormone
encode an hnRNP protein similar to hnRNP26),(a widely  as a result of a change in polyadenylation site, as a response to the
expressed member of the large family of heterogeneob®rmone (7).
ribonucleoproteins (hnRNPs). HNRNPs are in general highly The analysis of the humdRBM gene family and proof or
abundant nuclear proteing)(which are found associated with disproof of its involvement in spermatogenesis is complicated by

*To whom correspondence should be addressed



870 Human Molecular Genetics, 1996, \ol. 5, No. 7

the presence of between 20 and 40 genes and pseudogenes bguss ¥ chromosome Shoot amm
(Prossert al, submitted). Zoo blots witRBM cDNA probes -
suggested that there was a low copy number or perhaps a single
copy Y-linked homologue in species other than prima@s\(ve

wished to identify the mouse gene because of the relative ease et deleticn

with which developmental and biochemical material can be N ks Eﬂ"nuﬂm
obtained and to determine if it corresponded to any Y-linked locus : H
known to be involved in spermatogenesis. Several of these have e ad = ] =
already been mapped in the mouse. Mapping of homologous =

H Ehimi & 6 o o

mouse sequences would also facilitate the construction of mice

with this gene or genes either disrupted or deleted and so provide

a rigorous test of the hypothesis that this gene (or genes) plays an

essential role in spermatogenesis in the mouse. Such mice might

also provide a useful model system for some forms of human

male infertility and could give insight into the function of the - T

RBM protein. The cloning of these genes in mice is also an

important first step in studying the biochemistry of this protein.

Here we report the cloning and characterization of a murin&igure 1. The short arm of the mouse Y chromosome with relative positions

homologue of th&BMcDNA, the mapping of the mou&bm of genes, breakpo!nts apd dele_tlons marked. The shaded oval represents the
. .. .._centromere and thin horizontal lines Riemgenes. Not to scale.

gene family on the Y chromosome and the timing of its

expression during the development of the testis.

cDNA or the h114/h118 PCR product (see below) to probe

RESULTS Southern blots under low and high stringency conditions. Figure
2 (a) shows such a set BEAR1 digests and Figub) a low
Genomic cloning and mapping stringency probing dfag digests. Low stringency hybridization

to EcaRl digests with the whole cDNA detects a number of

We isolated a mouse genomic lambda clai3e2] by screening a hybridizing fragments in both male and female DNA. However,
lambda 2001 library with the humdRBM cDNA under low the h114/h118 probe under high or low stringency detects only a
stringency conditions. Homology detectable by hybridization witlmale-specific 6 kb fragment—also detected in mouse DNA by
the human cDNA was confined in this clone to a 750 bp fragmelaw stringency hybridization with the human cDNA. This 6 kb
generated bibd digestion of the phage DNA. This fragment wasfragment is also present in the %X@ and XXSxP samples at
subcloned into a plasmid vector and partially sequencedpproximately equal intensity suggesting that there are few or no
Comparison of this sequence with the huRBMcDNA sequence  copies olRbmin theSxP deletion interval. The digests in Figure
revealed high homology to the RNP1 region of this gene. 2(b) suggest that some hybridizing sequences fall outsiSathe

Two approaches were taken to confirm the Y chromosomaggion and are presumably proximal to this breakpoint. As only
origin of this clone. In the first te3.2 DNA was used as &m  asingleEcdR| fragment is detected the simplest conclusion is that
situ hybridization probe to male mouse metaphase spreads. Ttiiere are multiple copies of fragments identical in size but derived
gave a clear signal in the pericentric region of the Y chromosorbeth from theSxrregion and from more proximal regions of the
(data not shown). To confirm this result and to provide a moré chromosome. There are differences in restriction fragment size
precise localization primers were synthesized (g632 arisktween theMus musculusderived Y present in BALBI/c,
g747—see Materials and Methods for sequences) based on @&7BI/6 and theSxr region and theMus domesticuslerived
genomic sequence. DNA from male, female, SXR and chromosome present in SWR and AKR strains. Quantitation of
XX SxP mice (L9) was tested by PCR amplification. All exceptrelative signal levels is consistent with twice as many copies
the female DNA sample amplified, giving a product of thebeing present proximally to tisxrbreakpoint as are distal on the
predicted size (data not shown). This STS maps one or mdvlis musculu¥ chromosome.
copies of the gene within ti8x® region of the short arm of the  To determine if there was only a single sequence withBxfe
mouse Y chromosome, and excludes the possibility that all copiegjion the g632/h295 PCR product from 3@ DNA was
of the gene are within the region defined bygk deletion. One  directly sequenced. There were redundancies in several locations
or more copies of this STS map within 8¥? region to the same in the sequence (not shown) presumably resulting from the
deletion interval aSry, the sex determining locus, but this doespresence of more than one gene in this region ohtisgulusy
not exclude the possibility of copies elsewhere on the ¥hromosome. Assuming a minimum of two copies in this region
chromosome. Further analysis using the Yd chromosdiigs ( and combining the quantitation of Southern blot hybridization
places most if not all of these sequences proxin@it®?2) in  indicating twice the number of copies outsideSRe region as
the region containing the Sx1 repe&?s)( The location of the in it, there must be a minimum of six copies of this sequence on
Sx@breakpoint, th&xP deletion,Sry, Rbmand the Yd deletions the musculusy chromosome.
are illustrated schematically in Figure

We were concerned that the. use of RCR might be biasing g, se cDNA analysis
sequences we were detecting as it had been suggested
(P. Burgoyne, pers. comm.) that there may be a number of clos8lgreening of mouse testis cDNA libraries with the huRBNM
related sequences in this region of the mouse Y chromosome.¢IdNA identified many positively hybridizing clones, presumably
examine this possibility we used either the whole m&isa  due to the homology between different hnRNP genes. To focus on
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as a probe on the same adult testis cDNA library (derived from a
mouse strain withlslus domesticug chromosome) and a further
three cDNA clones isolated. Sequencing these shows a humber
of differences from pRbnil but these could be due to RNA
processing—in one case to incomplete splicing resulting in a
message retaining one intron or to differences in the site of
polyadenylation of less than six bases—as well as transcription of
different genes. In contrast, sequencing of RT-PCR products
derived from aMus musculugestis showed at least one clear
difference between the two subspecies with a C-G change at
position 784 resulting in a non conservative Q-E amino acid
change (data not shown). These results are consistent either with
transcripts originating predominantly from a single gene or with
multiple transcribed genes which are identical within a strain but
different between strains.

Figure 2. Southern blot analysis of mouRemgenes. &) Female and male
genomic DNA was restriction digested withdR| and then probed under low Expression
stringency conditions (lanes 1 and 2 respectively) and higher stringency

conditions (lanes 3 and 4) with the compRENcDNA as a probe. Similar : - ; ;
samples were also probed with a regioRlbfnoutside the RRM (lanes 5 and We wished to use RT-PCR to detect transcripts of this gene

6). (b) Genomic DNA from males and females of a number of mouse strainsSIMPly and reliably without the complication of signals from
were restriction digested wiffad and probed foRbm contaminating genomic DNA. Homology between the

ubiquitously expressed hnRNP G and the m&Isatranscript
might be another source of false signals. Dot blot comparison was

the closest homologues of RBMgenes we analysed 50 primary used to find regions dRbmwith minimal homology to human
positives derived by hybridization of a directionally cloned adulbtnRNP G and primers were selected within these regions.
testis cDNA library il\ZAP with the humafiRBMclone pMK5  Primers h114 and h118 are suitable as they fail to amplify mouse
(7). Amplification of the phage DNA was carried out with onegenomic DNA.
vector primer (d15) and a primer g842 derived from the region of A variety of adult mouse tissues was assayed by RT-PCR using
A3.2 homologous to the coding sequence of the human cDNBAe h114/h118 primer pair and 30 cycles of amplification. There
(see Materials and Methods). One cDNA clone was purified tare no detectable transcripts in kidney, placenta, lung, spleen,
homogeneity. The plasmid moiety was excised and the 1.6 kigart or brain (not shown). Testes fromSg@ (Fig. 4, lane 12)
insert of this plasmid (pRbnl) sequenced. and XXSxP mice (not shown) were also negative under these

An open reading frame (ORF) of 1251 bp initiating with aPCR conditions but testis RNA from normal adult mice is
methionine residue was the longest present and the concepttabngly positive (Figd, lane 9). Nested PCR using primers h118
translation in this frame is shown in Fig@ealigned (using the and h115 in the second set of 30 cycles produced a low level of
GCG pileup program) with the predicted human hnRNP G artoduct from the XXxr samples but not from a control kidney
RBM polypeptide sequences. The N-terminal regions, includingNA sample (not shown). This may reflect the presence of small
RNP1 and RNP2 of the RNA recognition motif, are highlyregions of cells in these testes which have lost an X chromosome
conserved between these proteins. In addition, a second matifd can proceed partially through spermatogenesis and implies
MNGXXLDG is also found in all three proteins just to thethatthe gene or genes present irstkreegion is transcribed. This
C-terminal side of RNP1. The region of the mdRbenwhich is  is supported by the detection of transcription using RT—-PCR in
C-terminal to this motif, between residues 90 and 470, is basic aiwe testes of %xP0 and to a lesser extenSXPO mice (Fig4,
contains a high content of glycine residues interspersed with bakines 11 and 13). The reduction in signal iB8xRO mice
and aromatic residues. A number of each of these residuexdnpared with $xPO could be due to the presence of a highly
either conserved or changed conservatively, suggesting that theynscribed gene in t18xP deletion but is perhaps more likely to
might be functionally important. The SRGY motif present in thée due to the much earlier failure of spermatogenesis in these
humanRBM genes is present once in the moR&e and is  animals compared withS&PO animals.
absent from the human hnRNP G protein. In huRBM, this We have also examined the timing of expression of this
tetrapeptide is part of a more complex repeat motif whickequence during development using RT-PCR @)igTran-
includes the sequence SSRETREYAPP and is repeated theeeipts are detectable in the testis during embryonic development
times (the third repeat has a conservative E-D substitution with an apparent peak at 15 d.p.c. (lane 1). They are barely
position 7). This motif is not found in the mouwlem A third  detectable at birth or 2 d.p.c. (lanes 2 and 3) but are found at 4
motif GYGGX is found in the C-terminal region of all threed.p.p. (although at an apparently reduced level compared with
proteins. The remainder of the C-terminus (residues 471-515)ager stages) and continue to be detectable thereafter (lanes 4-9)
the least conserved region. Northern blot analysis of total RNA from kidney, testes and

As we had sequenced only one cDNA, it was possible that theain is shown in Figurg A transcript of 1.7 kb, consistent with
sequences detected by Southern blot which are derived frahe sequenced length of the cDNA clone, is detectable in the testis
regions of the Y chromosome more proximal than $ixe sample when it is probed with the PCR product produced by
breakpoint might encode other transcripts which might encodel14/h118 from either testis cDNA or the plasmidiimi as a
significantly different proteins. The h114/h118 PCR productemplate. As expected, ibmtranscript was detected in RNA
which detects these other genomic fragments was therefore ugsadated from either brain or kidney.
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human hnEHNPS EVERDRDG ETH EBEALEAVFUE YGRIVEVLLM
hanan RBY HMVEADH EBEMLEAVPGE HEPISEVLLI

nause Rhn  MKETCO IKTR JETLOETFGR FGPVARVILM
104
human hnENED DAKDRAR TE VEQATHEP.SF ES.GRBETPT
homsn R CREHRAK I¥ VEQARKP .5F [SGERRRTEA
rauss Rhn DARERVE HIE VHOARRPESL ES0SEXRIPS
150

human hnENED LEGEREGEGE TRE. PPEAGD HMODIOYENH FHMESSRGRL
bamsn BN LESARIERG] THOWLPEHES HLODGEYTPD LEMSYSRALI
nsuss Rbnm FSRTRGASAI LECCROGAER RS GPSCEG MLGGDRYTPH FHVEESCRHF

151 Ed L

hisman GnENFO FPFYEROFPPRE CGPFPERSAD SGPVESEGEN GORAFVSRGR DEYGOIFPEAE
human ABM PYEBGCRSSRE GGPFPERSAP SAVARSRIWH QEQIPMSQER ENYGUDDERA
molsa Fh AVERNPESKR DGPESERIAT SAQTASHTEL RGREF.  NER EISENHERIE

201 LT

humal RARHPG PLPSRARDIVEL SPRDDSYAT. ..cuvarere soetrorans snasnasnssal
human HEM TISEWRHDEM STRHDGTRTH DOMHFSCOET EDFAFPERGY RYRDHGHSNR
Eougd Rl PASSFROEYE LPRDTD.a.c cucascvare samarnrsns srsnangnas
283 100

buman WARAFE DETEIBDY.a assscacats Gdcmrarers somsransns ouabssasas
human FBH DEHSSAGYEN HRSSEETREDY AFFSROHAYR DYGHERRDES YERCYRMNRRS
PR L PP ok i R B i B e B A P arrraranan
301 150

umEn BERMPG .. .vaiears sssassssss wasasasess naeePSSRT TROYAEEERD
hurarn FBE SHEEIREYAFP SHRGHGYROYG HSRRHESYER OFRMEFESRE TROYAPPHED
mouga RbE L ,... rewes ammssassss waksas4s4e b4 rar-LEENH DREYESTERD
51 400

uman h&REPG TTYROYGHSS SAODYFEREY SOADSYGR.. DRDYSONFEG GSYADEYESY
fuman REM YAYRDYGH.S SWDEHSSEGY SYNDGYGEAL CROHGEHLEG SEYADALOEY
mouge Rba EC..DYGHYR SREQEASFVE EOHMIYLOGR DEDFSEYLEG HEYRAOTTREY

40l 450

human haRKPG GHNSREAFPTE GPEPEYIGIE AVDDYESSED DEYE EERSOLTSEG
hunan REM GTEHOAPPAR CFRHSTSEST .CHAYSMHTRD EYE BC.JDFHYCDH
mouse &b CREHERPERR ... .. .GEHN AYDDYEHEQD PYT SMRERITESD
451 S0

human BAENFG RORVORQERG LIPEMERCYL LEVIPTAVQR RODOEVVAVE EADT.IEGEAE
howan REM REEVLREDQR HPPSLER... . .VLPOFREAR CGSESTVA.. .SIVDGEESR

mouge fhm  YERSGROE.V LFPFIDREYF D...REGAQE RCHEDHDELY SRERESTHEH

501 544

human BnBMEG  ADTRNEQEFG PEGOFEETEES GHYSIITIOS LLEGKIVLLEF LMSLLESPR
himwan RBM BERGDSHEY. .cavscicas rrarsraren srasananes asasasss
monss Rbn TEIBCIFPERS WREDI. . er sronavaass asacacacst odnasnrar

Figure 3.Peptide sequence comparison of mouse RBM, human RBM and human hnRNP G predicted proteins. The RNP1 motif is boxed and cross hatched, the |
motif is boxed and shaded, the SRGY repeat is in bold typeface and other highly conserved motifs are shaded.

M1 2 3 4 5 6 7T 8B 81011121314 M transcript was also detected in RNA from round spermatids
isolated from adult testes by staput fractionati@f).(The
presence dRbmtranscript in round spermatids suggests that the

R MRNA may have a long half-life, and may be translated at a later

-318 stage than when it is transcribed. An additional higher molecular
weight transcript was detected with the ribosomal protein S16
probe, which may correspond with the previously reported
pre-mRNA from this gene2{).

Figure 4.Reverse transcription-PCR analysi®bfnmRNA expression. RNA
was isolated from embryos 15.5 and 17.5 gags coitun{lanes 1 and 2),and  D|ISCUSSION
from the testes of newborn, 2 day, 4 day, 6 day, 8 day, 10 day, and adult (lanes

géi)élavr\‘lgsffgg"sgr‘setssvtﬁ; glfjt}%érféSt;(:nzfc’ﬂpﬁ;‘s%é:?:i%)ll&lfg-ﬂ’:‘g a2 NUMber of candidate genes and two genetically defined loci on
control (lane 14) ' the mouse Y chromosome have been implicated in
spermatogenesis. One locBgy (27) has been defined and
mapped to the region of the Y chromosome short arm deleted by
Northern blot quantitation of the level BbmmRNA in the  theSxP deletion on the basis of differences betweeSx@®and
testes of prepubescent mice shows a maximal amount of the RM@SxP testes. This locus is thought to be required for the early
is present at 14 d.p.p. when corrected for loading by comparisstages of spermatogonial development. Two g&masy(Hya)
with the level of a transcript encoding ribosomal protein 346 (  andUbely-lare known to be located in this region and therefore
as a loading control (Fidp). At this stage, spermatogonia andare strong candidates Bpy(28,29). A long arm locus involved
early spermatocytes are present in the testis. Howben, in sperm head morphology has also been described and
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% that found in RBM might also play a role in RNA binding. The
5 extreme C-terminus is the least conserved region between these
E homologues, suggesting it might play a species/molecule-specific
role. A detailed analysis of the evolution of this gene will require
the sequence of the mouseRNP Ggene in order to be able to
compare the related autosomal gene with the Y-linked one in the

Brain
| Kidnay
| Adult lestis

TRl

o= Flboacmal protein two species.
¥ H16 precursar A TheRbmgenes and related sequences appear to be confined to
.~ Abe mRHA a small region of the chromosome and the family is less variable
T in sequence than the corresponding human family which is
I 77 el Frain widely distributed on the Y chromosome and is not obviously part

of a repeated DNA organization (Prosseal, submitted). The

Y chromosomes of both mouse and humans contain a number of
Figure 5. Quantitation oRbm mRNA expression during the first wave of ene and pseudogene families apart frorRthdRBMgenes In
spermatogenesis by Northern blotting. Total RNA isolated from the testes OE . . ;
adult mice and those of mice between 6 and 18 days after birth, from roun um_ans thé’SPYgene famlly consists of about 200 COp[ﬁQ ( .
spermatids isolated by Staput fractionation (25), and from male brain andNd in mouse the short arm of the Y chromosome has two copies
kidney was electrophoresed through a formaldehyde/agarose gel. Afteof Zfy(36) and a number of pseudogenes relatetbail Y-1(37).
blotting, the filter was hybridized with a random primed probe specifikifior A possible reason Why these gene families might arise frequently

(using the PCR product derived from primers h114 and h118 as atemplate). T the Y chromosome could be the lack of recombination. Gene
level of Rbmtranscript in each lane was quantified on a phosphor imager, an '

then the filter was re-probed using a random primed probe specific forduplication in a recombining fegion of the genome might be
ribosomal protein S16. corrected by the recombination process whereas on the Y

chromosome such duplications are more likely to survive. If there

was no requirement for multiple active genes (and our cDNA
transcripts deriving from this region of the chromosome hav&fduence data are consistent with this) then divergence might

quickly result in the presence of closely linked pseudogenes. A

been detected3()). Our mapping data exclude the moten - -
gene described here from these regions of the chromosome M(?fer consequence of this is that gene conversion _betvyeen gene
pseudogene could be a frequent event resulting in loss of

therefore suggest that they do not correspond to any of these | ) g A . .
99 y P y uriction. An alternative explanation is that multiple copies of the

in particularS :
b ied es are a response to a requirement for a large amount of

Spermatogenesis is a complex developmental process whi .
includes both germ cell division and differentiation, and requiréggNA' Because of the repeated nature ofRbengenes in
use, knockout experiments designed to test these hypotheses

h f ic cellsin th .Thech I f th ; ) )
the support of somatic cells In the testes. The chronology oft € not be straightforward and so a biochemical approach to the

events in mouse spermatogenesis has been determined by tirrg); . £ theRb ; b .
the appearance of specific cell types during the first wave tion of theRbm protein may be more appropriate.

spermatogenesis after birtB1(32). The absence of transcripts

from XXSx® and XXSxP testes suggests that transcription ofMATERIALS AND METHODS
Rbmis confined to the germ line. Transcripts fromRiisengene
are detectable during embryonic development with a peak
around 15.5 daysost coitum-this is the time at which gonocytes A genomich clone was initially isolated from a male C129 library
and undifferentiated type A spermatogonia are at the end of thgirr2001 (a gift of M. Smith) by hybridization with a labelled
period of embryonic proliferation. Transcripts are agaithuman cDNA probe in’6SSC at 60C followed by washing at
detectable four days after birth, which is about the time at whighom temperature inSSC. Subsequently, a further clone was
spermatogonia resume division. Expression is maximal prior {golated from this library using a mouse cDNA PCR product as
condensation of the Y chromosoni@)( HenceRbmmay have  a probe at high stringency. Genomic P1 clones were purchased
multiple roles at different stages of germ cell development.  from Genome Systems.

The protein encoded by thBbm gene has substantial cDNA clones were isolated from an adult CD-1 testis library in
differences from the human RBM protein. Although the RNAhe A\ZAP vector and after purification were excised to give
recognition motifs are conserved, the SRGY motif is repeated filasmids by infection with helper phage. The initial clone was
the human protein but is a single SRGY tetrapeptide in mouse. dérived by low stringency hybridization to a hurRBMcDNA
the peptide level the human and mouse sequence are 4gPobe. Subsequent clones were isolated by high or low stringency
identical and 66% similar (using the GCG program gap). Thisybridization with this clone or with RT-PCR products.
homology is present throughout the reading frame, in contrast taSouthern and Northern blots and hybridizations were carried out
theSrygene in which the HMG box is the only region conservedy standard method$). Ribosomal protein S16 mRNA was
between species4). Several specific sequence motifs are sharegetected using a random primed probe prepared using a PCR
between hnRNP proteins, although the functional significance pfoduct made from primers-BGGAGCGATTTGCTGGTGTG-
these apart from the RNA recognition motif is not known. IrGA and 5 TCCATCTCAAAGGCCTGGTAGC on the mouse
general, the hnRNP proteins are thought to be modul&@DNA library as a template.
containing an auxillary domain attached to an RNA binding
domain (containing one or more RRMs). The auxillary domain ig
thought to be responsible for the biological properties of the
molecules, such as interacting with other proteins and targetidd) PCR primers were designed using the Primer program
within the nucleus. However, a basic auxillary domain such g&. Lander—provided by the MRC HGMP resource centre) to

Igplation of mouse homologues of the humaRBM genes

CR and sequencing
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have annealing temperatures of 60and were used at a final 6.
concentration of 1 mM in TAPS buffer containing 0.2 mM dNTPs
and 2 mM MgC} (39). PCR reactions were carried out on
samples prepared either as genomic DNA, by reverse
transcription of total RNA with an oligo d7_igprimer, or by 8.
toothpicking samples of bacterial colonies or phage plaques
directly into PCR reaction mixes. Primers used for STS mappi
were g632 5 AGAGGC TTT GCT TTC CTT AC and g747-5 14
AGG AAT TTG CTC ATT TTT CAG C. Primers used for 12.
RT—PCR analysis were h114GAT GGT GCC TCA TGG AAT
CT and h118'5AAA TAT GCC AAG AAGG AGA GCC. Intron
spanning primers were g632 and h293 BC CCT TCA CAT
GAA GGA CC (this oligonucleotide was synthesized with a 5
biotin modification). Phage DNA was amplified during cDNA 15.
screening with vector primers-BGCGGATAACAATTTCA- 16
CACAGGA (d15) and (c853 ATTAACCCTCACTAAAGGGA). -
Primer g842 used for library screening was GCAGCGCG-
TCGGAAAGTAAGG. All amplifications were carried out using 18.
a Hybaid omnigene thermal cycler with a 4 min initial denatura-
tion at 95 C in the absence of polymerase which was added Whii%
reactions were held at 80. Subsequent cycles were*@4for 5,
45 s, 60C for 45 s and 7 for 45 s repeated for 30 or 35 cycles
and followed by a final extension of 10 min at €2Biotinylated
products for sequencing were bound directly to streptavidin beatls
(390 and sequenced using dideoxy terminators (U§2
Biochemicals, Cleveland, Ohio). The mouBbm cDNA '
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