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Heterogeneity in the Xenopus ribosomal transcription factor XUBF has a
molecular basis distinct from that in mammals
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The Xenopus polymerase I transcription factor xUBF is an HMG-box protein which has been purified as two polypeptides of ~82 and 85 kDa.

Recently a cDNA sequence predicted an xXUBF protein (xUBF1) of 677 amino acids (79 kDa) containing five tandem HMG-boxes. Here a second

and distinct XUBF cDNA has been isolated and characterised. This cDNA codes an xUBF protein (XUBF2) of 701 amino acids (82 kDa), having

93% homology with xUBFI but containing an insertion of 22 amino acids between HMG-boxes 3 and 4. In vitro translation of synthetic nRNAs

derived from the xUBF1 and 2 cDNAs was used to show that the electrophoretic mobility of the gene products accounted for the major xUBF

molecular weight heterogeneity noted in vivo. It is also shown that the Xenopus laevis genome contains 3 or 4 distinct loci which hybridise with
xUBF coding sequences, leaving open the possibility of yet further unrecognised heterogeneity in xXUBF.

RNA polymerase I; Transcription factor; Ribosomal; xUBF; Xenopus laevis

1. INTRODUCTION

UBF is an RNA polymerase I transcription factor
which has been isolated and cloned from both mam-
mals [1-5] and Xenopus [3,6-8]. The UBFs are
characterised by tandemly repeated homologies to the
DNA binding domains of the chromosomal proteins
HMG 1 and 2, the so-called HMG-boxes as well as a
highly acidic and serine-rich C-terminal ‘tail’. They
form part of the growing family of HMG-box
transcription factors, which includes the mammalian
sex-determination genes [9,10], yeast proteins [11], lym-
phoid specific factors [12,13] and mitochondrial factor
1 [14]. It was recently shown that the major difference
between the Xenopus and mammalian UBF proteins is
a deletion in the form of a complete HMG-box. This
may explain the observation that neither the mam-
malian UBF can function in Xenopus ribosomal
transcription nor the Xenopus UBF (xUBF) in mam-
malian transcription [3,7].

The UBFs of different organisms have without excep-
tion been isolated as two polypeptides of differing
mobility on SDS gels [1-3,6]. Recently it was shown
that in mammals this is probably the result of the ex-
pression of two mRNAs coding different molecular
weight forms of UBF [5]. Whether these mRNAs
originate from two distinct genes or were the result of
differential splicing of transcripts from a single gene
was however not demonstrated. Here we show that in
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Xenopus, xUBF is expressed from two genes whose
products differ in molecular weight and that this xXUBF
heterogeneity has a molecular basis distinct from that
found in mammals.

2. MATERIALS AND METHODS

AXIUBF4b was isolated as previously described [8] from a Agt10
stage 17 X. laevis cDNA bank, using the human UBF ¢cDNA as probe
[4]. The XIUBF4b ¢cDNA was subcloned into pT3T7-U19 (Phar-
macia) to produce pA68 which was then sequenced [8,15,16]. In vitro
transcription of both pA68 (xUBF2) and a subclone of the xUBF1
coding sequence, p451 [8] with T3 polymerase [17] yielded synthetic
mRNAs which were then translated in the presence of [**S]methionine
(NEN) in a reticulocyte lysate (Novagen) as recommended by the
manufacturer. Protein gel electrophoresis was either performed on §
to 15% gradient gels (Mini-protean pre-cast gels, Bio-Rad) as describ-
ed by the manufacturer or on 10% gels as described [18] using SDS-
PAGE molecular weight markers (Bio-Rad). The gels were either
dried and autoradiographed overnight or silver-stained [19]. XUBF
was partially purified from a X. laevis tissue culture line as described
(Read et al., submitted). For Southern analyses, 5 xg DNA from a X.
laevis individual was digested with the appropriate enzymes and
separated on 1% agarose. After transfer, the DNA blot was probed
in 6 xXSSC at 65°C, the final wash being made in 0.1 X SSC also at
65°C.

3. RESULTS

During the screening of positive XUBF cDNAs, two
of eight clones were found to lack an internal EcoRI site
characteristic of xXUBF [8]. One of these clones was
therefore sequenced and found to encode an xUBF
distinct from that previously identified [8]. Fig. 1
presents the deduced primary structure of this xXUBF2
protein aligned with the previously published xUBF
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Fig. 1. The amino acid sequence of XUBF2 as deduced from its cDNA sequence, EMBL accession no. X59863. The sequcn'c/e has been aligned
with that of xUBF1 [8] and hUBFI [4], only differences with xUBF2 are shown and gaps () have been introduced to improve sequence alignment.
The region deleted in mammalian-UBF2 [5] is shown underlined. The HMG-box homologies are indicated for XUBF2 (<-Box-1-> etc) as are the

highly acidic (<-acidic->) and serine-rich (<-serine->) sequences. Amino acid numering is given for xXUBF2.
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{xiﬁB?EE seguence and that of the human UBF (hUBF!
and 2) 14,51, The two Xenopus UBFs are 53% identical
showing some 50 amino acid changes, often conser-
vative, distributed throughout the protein. A more
siriking difference between xUBFs | and 2 was the in-
certion/deletion of 22 amino acids beiween HMG-
»oxes 3 and 4. In comparison with the human UBF,
«iJBF1 was shown to lack a stretch of 82 amino acids
petween HMG-boxes 3 and 4. This essentially removes
2 complete HMG-box and 20 amino acids to its N-
rerminal side, which are present in the human protein.
The exira 22 amino acids in xUJBF2 as compared to
<1JBF1, show no homology with ‘%‘%’;e missing HMG-box
but are somewhat reminiscens of the seguences flanking
it in hUBF,

. The xUBF! and 2 explain the major heterogeneity

in purified xUBF proteins
XUBF is purified as a doublet of polypeptides of ap-
roximately 82 and &5 kDa [6]. The molecular weights
of xUBF1 and 2, predicied from Fig. 1 were 79.2 and
82.0 kDa, i.e. well in agreement with the molecular
welghts estimated by gel electrophoresis. To demon-
strate that the xUBF heterogeneity in Fig. 1 did in fact
expiain the two protein forms found in vivo, xXUBFi
and 2 were produced by in vitro translation of synthetic
message derived from the two different ¢cDNAs, Fig. 2.
The two translation products could be distinguished in
size on gradient gel electrophoresis, and when mixed,
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gave a doublet closely reminiscent of that noted for
xUBF purified from tissue culture, (Fig. 2a). The in
vitro transiation products also migrated ar ~85 kDa
relative to the molecular weight markers and identically
with xUBF purified from tissue cuiture, detecied by
silver staining, (Fig. 2b). Thus if would appear that the
products of the two xUBF ¢DNAs identified account
for the major heterogeneity in xUBF proteins found in
vivo.

3.2. How many xUBF genes exist in Xenopus?

The isolation of two distinct ¢DNAs for xUBF and
the distribution of sequence differences between these
cDNAs and also between their protein products
(Fig. 1), sirongly suggested the existence of two distinct
xUBF genes. Southern blotting with & range of enzymes
was therefore used to determine the minimum number
of xUBF genes in the X. Jaevis genome. After digesiion
of the genome with Hindili, which cuts in neither the
XUBF1 or 2 ¢DNA, the same three fragments were
detected using two adjacent probes from the xUBF
coding region {Fig. 3). A similar result was obtained for
the enzyme Pstl, which does cut in the two ¢cDNAs
(Fig. 3¢). In neither case could the three fragments be
explained in terms of only one or even two genes. To do
this it would have been necessary 0 postuiate that one
or both of the probes overlapped a Hindill or Pstl site
respectively. This in turn would have excluded the two
probes detecting the same three fragments. Thus it must

Fig. 2. 1n vitro translation products of xXUBF1 and 2 synthetic RNAs. (&) The respective RNAs were translated, the products fractionated on a
*’HG ient gel and the dried gel was autoradiographed overnight. XUBF1 and 2 indicates a mixture of the two translation products. (b} The same
ture of transiation products as in (a) was fractionated on: a 1% ge! in parallel with XUBF partially purified from tissue culture. The gel was
ned with silver (xXUBF T/C) to detect the purified xXUBF was autoradiogra phed overnight to detect the in vitro translation products (xXUBF 1
@54 2). The yield of the two molecular weight forms of xUBF in different purified preparations varied. The preparation used here predominantly

contained the lower molecular weight form.
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Fig. 3. {a) Southern hybridisation of Hindill {Hind) and Pstl {Pst)

restricted genomic DNA with probes specific for the HMG-box-1 (b1)

or -2 {b2) of xUBF. (b) The regions of the xUBFI cDNA contaiged

within probes bl and b2, Nco, Sph and Nae refer to sites for the en-

zymes Ncol, Sphl and Neel, respectively. (¢) The positions of

cleavage of Pstl within the xXUBF1 and xUBF 2 ¢cDNAs. Note that
Hindill cuts in neither cDNA.

be concluded that the X. laevis genome coniains a
minimum of three xUBF genes. The second largest of
the Hindlll and of the Pstl fragments in Fig. 3 were
found to be more intense than the other two, suggesting
two or more co-migrating fragments. Since the xUBF1
and 2 cBNA sequences are highly homologous and both
nrobes gave the same relative hybridisaiion intensities,
it seems unlikely that this was due to different
hybridisation efficiencies. Thus it can be concluded that
a minimum of three and more probably four distinct
xUBF genes or pseudogenes exist in X, loevis.

4. DISCUSSION

Here it has been demonstraied that the purification
of xUBF as two peptides of about 82 and 85 kDa
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relative molecular weight is the result of the expression:
of two distinct xXUBF genes, referred to respectively ag
XUBF1 and 2. The major difference between the twg
xUBFs is the presence in xURBF2 of an extra streich of
22 amino acids. These extra amino acids lie within the
region of major length difference betwesn the mam.
malian UBFs and xUBF1. Both xXUBF! and 2, however,
iack one of the putative DNA binding domains {HMC.
boxes) of the mammalian UBFs.

it has been shown in Fig. 3 that xXUBF may be codeg
on more than two genes. The c¢cDNA sequences
presented herg and in [8] were isolated from stage 17
2mbryos whereas the xXUBF (Fig. 2b) has been purifisd
from a tissue culture line. {1 is therefore possible thar
the genes expressed in the culture line and in the embryo
are distinct and hence their products are aiso distinct,
PCR amplification from tissue cuiture mRNA of the
region of length variability betwsen xUBFI and 2
however detects only iwo distinct RNAs, whose sizes
correspond with the cloned ¢DNAs, (A. Guimond, un-
published resuits). Thus it is likely that the same méajor
forms of xUBF are expressed in embryos and in tissue
culture.

Since the UBFs have been purified as a doublet of
two polypeptides in all species so far studied, it was
rather surprising to find that the UBF heterogensity
found in Xenopus had a distinct moleculiar basis 1o that
in mammals. Two forms of UBF mRNA were recently
found to exist in mammals [5I. Though it was not
shown whether these two forms were coded on distinct
genes, it was demonstirated that the encoded UBFs are
related by a deletion iying within HMG-box2, (under-
lined in Fig. 1). Amplification by PCR has clearly
shown no equivalent heterogeneity within X. /laevis
mRNA, (A. Guimond, unpublished resuits). The dif-
ferent molecular bases for UBF heterogeneity in
Xenopus and in mammals suggests a high degree of
evolutionary adaption. This is in good agreement with
the species specific transcriptional properties of the
UBFs, but not with their DNA-binding characteristics.
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