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We have previously reported that the chicken polyubiquitin gene UbII is preferentially expressed during spermatogenesis and we show here that 
UbII is the predominant polyubiquitm gene expressed in early embryogenesis. Two main initiation sites were detected. Transcription from the 
initiation site used in early embryos results in the presence of an intron in the S-untranslated region of the transcripts as has been reported for 
other polyubiquitin messages. In mature testis, however, the use of a different initiation site, located within the intron. produces intronless 

transcripts. Distinct promoter sequences, present in each initiation site, may regulate the differential expression observed in this gene. 

Ublquitin; Initiation site; Spermatogenesis; Embryogenesis; tRNA; Ubiquitm-fusion gene 

1. INTRODUCTION 

Ubiquitin, a highly conserved, highly stable, 76- 
amino acid residue globular protein found in all eucar- 
yotic cells, has a fundamental role in mediating intracel- 
lular selective protein degradation [l-3]. In yeast, ubi- 
quitin conjugation is essential for cell cycle control, 
DNA repair, resistance to stress and sporulation [4,5]. 
Ubiquitin conjugation could be also essential for sper- 
matogenesis [6,7]. Formation of ubiquitin conjugates 
may be crucial for proliferation of spermatogonia. In 
addition, ubiquitination may be needed in subsequent 
stages of spermatogenesis. We have postulated that the 
increase in the levels of histone ubiquitin conjugates 
observed during rooster spermiogenesis may participate 
in the mechanism of nucleohistone replacement by pro- 
tamine [8,9] and in the final stages of condensation of 
chromatin after histones have been replaced by protam- 
ine [lo]. We have shown previously that the UbII gene 
is preferentially expressed during chicken spermiogene- 
sis [l 11. In the present study we attempted to elucidate 
if the preferential expression of this gene in certain tis- 
sues could be dependent on special characteristics of its 
promoter region. 

purified through a CsCl gradient. For hybridization analysis two spe- 
cific probes were prepared. one containing the XmnI-SacI3’ region of 
the UbII gene and the other (BanII) containing the tail sequence and 
3’ region of the Ub-t52 gene [I 1,141. An additional BgfII probe was 
obtained from the ubiquitin coding region. Due to the high slmilarlty 
of the ubiquitm codmg sequences, the BgflI probe strongly hybridizes 
to the UbII and UbI transcripts and much less to the Ub-t52 tran- 
script. To detect selectively the UbII and Ub-t52 transcripts the filters 
were stripped and hybridized sequentially with the XmnI-Sac1 (UbII) 
and Ban11 (Ub-t52) probes. The probes were labelled using the multi- 
prime system from Amersham and [cc-“P]dCTP. Total RNA was 
electrophoresed in 1.2% agarose-2 M formaldehyde gels. RNA was 
transferred to nylon filters (Hybond N from Amersham). Blots were 
baked, prehybridized and hybridized as recommended by manufactur- 
ers (Amersham) using strmgent conditions. 

2.3. cDNA cloning and DNA sequencmg 
Positive clones for the ubiquitin gene were isolated from a chicken 

EMBL3 genomic library [ll]. A 4 kb Sac1 and 1 kb SacI-Hind111 
subclones were constructed in the phagemid Bluescript SK+. They 
comprise the whole gene, extending 268 nucleotides at the 3’ and 4 kb 
at the 5’. Additional subclones were obtained after cutting with &I. 
SacII, SnlaI, BgfII, ApaI and NotI. 

Sequencmg was performed from double and single stranded DNA 
and from both strands using the dideoxy method [15], T7 polymerase 
(Pharmacia or USB) and the primers T3. reverse primer, SK, KS, T7 
or the universal primer from Stratagene. 

2. MATERIALS AND METHODS 

2.1. Separation of chicken testls ceils by centrifugal elutrration 
Hubbard White Mountain roosters (S-50 weeks old) were used m 

the experiments. Chicken testis cells were prepared and separated by 
centrifugal elutriation as previously described [12]. 

2.2. Isolation of RNA and hybridization analysis 
RNA was isolated by the guanidine isothiocyanate method [13] and 

2.4 Sequence comparison 
Computation analysis was performed at the NCBI using the 

BLAST network service. 

2.5. Reverse transcriptase-PCR 

Correspondence address: C. Mezquita, Facultad de Medicina, Fisl- 
ologia, Casanova 143, 08036 Barcelona, Spain. 

For the analysis of the 5’ end of the polyubiqmtin UbII mRNAs, 
total RNA was purified through CsCl and 5 fig were used as a sub- 
strate for the synthesis of first-strand cDNA. Synthesis was performed 
by random hexanucleotides and murine reverse transcriptase as rec- 
ommended by Pharmacia. Excess primer and dNTPs were removed 
using a Centricon 100 spin filter and the sample was further concen- 
trated by speed vacuum centrifugation [16]. Oligo(dA) tailing was 
accomplished as recommended by Boehringer. The reaction was ter- 
minated by heating at 70°C and diluting to 300 ~1. Aliquots of IO ~1 
were used for PCR amphfication. PCR amplification was done using 
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CGGGCGCCCAGTACTTTTGTCCACATTGCGCATTTTGTCATCGCATTCACTCACAGAAAAAGCCGCCACCCTAAAAAGCC 

CTCGACGGCGGCTTCCTGCGGCACGCAATGACTCTTTTACCACTGGGTTCTCCTCACCATGCAAACACCACGTTCTCATT 

TTTCTCAATACCAAACCACGGCTCTGCAGATGCACAGCGGCCCAAAAGGAGGAAGGCAGCAGAGGCCGAGCCTAGCCGTG 

CTGGTACAGCACAGAGACCCGAGCCCGTGCAGATGTGACACAGCTTTTATCTGCACAGCTCAGCCACTGAATGCTTCATC 

TCCCCCATTCCATCAAGCTCCTGCCAGCTCAGGAAAGCGTTGCTCTGCACGCTGCCAGGCACGTGTAGGGACTGAAGAAG 

TGGGCACAGCATCTGCCCGCAGTCTGACTGGGACACAAGTCTGAACCCTCAGGGCTGCGGCGCTCCACAGCGTGTCTGTA 

AGATTCAGACATCAGCTACAAACTCAGTGCAGCGCTCAGCAGTTGACTGCCCACCCCAAGAACTGTGTCACTGCAGTCCA 

TTCCTGTTACAGCACAAAGCAGAGTGCCCTGTGTGCTTTTCCAGCTATCTTTCAGACCACCCCACAGCGTGTGCTGTAAC 

TACAAGCGGCAGCTTAGCGTTACTTTTCCATCTCAGGTGATGAAAGACCTCCTCAATCTCACGGTCTGCTCACGTTACTT 

TATGTTTGCACACATGCACACAGCGTAAGCGATTGAGTGTGACCCCAACCTCATCCTGAGTGAAAATCAAAAGACTTTTG 

GGGATTGTTCCTTCAACCTGAGTGCCGGAGCTGCTTTTCTTGTACTATGGTTATTACAGCAACTGGGATCTCACACACTT 

GTAAATCACAGGGGTTGGGGAGATCCCACAGCTCTCCCCTCCTGTTAGAGCCCCCTTTCCCCACACCAATGGCTGTGCTG 

TTGCTGGGCCCGTGGGATGGCTCTGGGCGGCAGCAGAGCGCTGTGGGTGCGTGCAAAGGAAGGATGTGAGCGGATTGAAC 

CGAGCGGCAGCACAGGAACCTGCAAACAAAGCACTGCGCTGTTCTCTGCTGTGCCCCCGAGTGCTGCACGGTTTGGCTAC 

AACAGCACAGGAGCCAACGGAACACAACGTGGATCTACCAGGGGGTGCTCTATAAGCTGGAAATAAGAGTTATTCGTATT 

TATATTTGTGACAGATCTCTCCTCAGCTGGCAAAGCCATGGCCCTGCATGGGAGACTGATATACTCAGGTACATCCTCAC 

TTTACATGCACTGGTAATGGTGATGCGGTCTCCATGCCAAGGCTGCATCTCCAGAGCCAATGGCCCAGCACAGCCTGCCT 

GCAGCGTTTATTTGTGCCACTCCCAAATACTTTGTGTTATCTCACACTGTTCCTGGCCCAGGACCATGTTCTCACTTCT~ 

TCCCTTTAAAAATGTGAAATATCAGAGGCTGCTGAGGTAAAACACACAGCTCCTTGAGACAAAGGCATTTCCTTCCCTCA -- 

GGGGCACCTCGGGGCCTCTGTGAAGCCCGCACTGTGCCCGATGAAGGAAACTGAGGGCCGTTTGGGAATGGATGCACTGC 

AGGGCTTCAGAACCCCGTATACAACATCAGGCTGACATAAAACTTACAACAGGCCGCTCCAATGGCTCCGCTCCGGCGGT 

TCCCGGCCGGGCTTTCTGCTGCGCCGCATTGTGCGCCGAGCGCCGATCCC~AGCCCTCAGAGCCGCATC~CAGCGC 

CGCGGCAGCCTCCGCGCACCGCCCCGCGCTC~TTGCCGTCCTCCCCACACAGCGGCGGCAACG~CCGCG~GAAAGTAGTG 

CGCGGCGGAGTGATCGGAGCGGCGCG~GGCGTCGGAGG9CGAGCGGGAGCAAACGTGTGGCG~GG 

AGACGTTAACGGGTTTGGTCTGTTGTGCTTTTGAGTTTGGCCCGCGAGCCCCGTGgtgagtgctccgctgcgatcagccg 

cggttcggcggggcggagggagagcggggcgtgcgtcgggggtcggcggacgtgagcgtgtgctttgtgctcggaccgga 

gagcgctggggggatgggctgcggcgggcagagatggcggcgggcggacggggctgtgggtcgggatgttagttttctcc 

tcgcgggccgcagcgcgagccggcggcggagatgggaaaggtgcggggagccgccgggaaaatggcggccgcgcaggcgc 

aacagcggcccctaagatggaggagggcgggcgcgcgccgtgagcgggaaggggaggaggcgcgtggccccgccctcggg 

gctgtgggcggttcctccgcc tgacgtca agggaggcatgggcggttggcggcggcgggtgttgctgttgtcctgtta 
(1 - 

acgtgtgctcgcctcccttccagACCAACATG 2432 
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Fig. 1. Nucleotide sequence of the 5’-flanking region of the chicken polyubiquitin UbII gene. The intron within the 5’ non-coding region is typed 
in lower case. The transcription start sites are indicated by arrows. The putative TATA box and CAMP responsive element (CRE) are boxed. Major 
transcription start sites are indicated by arrows. Minor heterogeneous start sites located upstream of the TATA box are indicated by dots. Sequences 
similar to the adenovirus E2 promoter, to the glucocorticoid responsive element, and several potential Spl binding sites are underlined. A sequence 
similar to the interferon regulatory factor promoter is overlined. The EMBL Data Library accession numbers for the sequence are X58195 and 

214958. 

Not1 d(T)l8 bifunctional primer from Pharmacia and a specific primer, 
synthesized by Isogen Bioscience, complementary to the first ubiquitin 
unit of the UbII gene (S-AGGTGATGGTCTTGCCAGTG-3’). The 
nucleotide at the 3’ end is not complementary to any of the other 
ubiquitin units of the UbII and UbI genes, giving the primer the 
necessary specificity to prime only the 5’ region of the UbII gene. The 
extension product of the specific primer generates a BgnI site located 
14 nucleotides from the primer that was used for subsequent cloning 
of the amplified product. PCR amplification, 35 cycles, was carried 
out using 37 pm01 of specific primer in a total volume of lOOp1. Cycles 
were performed at 95”C, 1 min; 55”C, 1 min and 72”C, 3 min. The 
cDNA’s were cut with restriction enzymes BgflI and Not1 and inserted 
in BumHI and Not1 sites of Bluesctipt SK+. 

3. RESULTS AND DISCUSSION 

3.1. Chicken polyubiquitin gene UbII contains two main 
initiation sites 

A recombinant clone containing the promoter region 
of the chicken polyubiquitin gene UbII has been iso- 
lated from a genomic library derived from chicken tes- 
tis. A 4 kb fragment of the S-flanking region of the 
chicken polyubiquitin UbII gene has been sequenced, 
and 2.4 kb of this sequence are shown in Fig. 1. Using 
a reverse transcriptase-PCR method to determine the 
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Fig. 2. Schematic representation of UbII initiation sites and tran- 
scripts. Specific initiation sites are used in different tissues giving rise 

to intron and intronless transcripts. 

initiation site of transcription, two main initiation sites 
have been detected. In early chick embryos and adult 
kidney the initiation site of fourteen clones sequenced 
is located 514 bp or 516 bp upstream from the start of 
translation. A 448 bp intron within the 5’ untranslated 
leader region extends from the intron donor site, located 
60 bp downstream of the transcription start site, to the 
acceptor site 6 bp upstream of the first codon ATG. In 
mature chicken testis, however, most of the transcripts 
(12 of 18 clones sequenced) initiate 80 bp upstream from 
the start of translation and contain no intron. Few tran- 
scripts (4 of 18 clones sequenced) start upstream of the 
TATA box (Fig. 1, marked with dots) and fewer (2 of 
18 clones) at the same position found in chick embryo 
and kidney (Fig. 2). 

The intronless transcription of the chicken polyubiq- 
uitin UbII gene in mature testis must permit the synthe- 
sis of ubiquitin, regardless of heat shock and other 
stresses that inhibit RNA splicing. Ubiquitin plays an 
essential role in the stress response system of eukaryotic 
cells [17-l 91. Brief severe heat shock blocks the process- 
ing of intervening sequences of most eukaryotic genes 
and produces developmental abnormalities [20]. Heat 
shock proteins confer protection to the cell and their 
synthesis is not interrupted by heat shock because most 
of the genes encoding these proteins are free of introns 
and transcripts do not require splicing 1211. Several pol- 
yubiquitin genes do not follow this rule; an intron is 
present within their 5’ non-translated region [21,22] as 
we report here for the chicken polyubiquitin UbII tran- 
scripts of early embryos and adult kidney. In mature 
testis, however, the use of a different initiation site, 
produces intronless ubiquitin transcripts, that must 
allow the synthesis of ubiquitin in male germ cells in 
spite of heat shock and other stresses. This is particu- 
larly important due to the well known sensitivity of 

male germ cells to increased temperature. In most mam- 
mals, germ cell development is affected adversely if the 
temperature of the testis is raised even to body temper- 
ature [23]. Avian spermatogenesis takes place, however, 
at the high internal temperatures of birds (38.5-43.8”C) 
[24]. The molecular basis for thermosensitivity or ther- 
motolerance are unknown at present. Selective intron- 
less transcription of the polyubiquitin UbII gene during 
chicken spermatogenesis may be required for optimal 
differentiation of avian male germ cells at the elevated 
internal temperatures of birds. 

The existence of different initiation sites of UbII in 
mature chicken testis could be explained by the hetero- 
geneity of the cell population of this organ. Mature 
testis contains somatic cells and male germ cells at suc- 
cessive stages of spermatogenesis. During spermato- 
genesis the expression of certain genes is altered either 
quantitatively or qualitatively [25]. The use of testis spe- 
cific promoters of the polyubiquitin gene UbII produces 
intronless transcripts and transcripts containing the 
TATA box and other putative promoter sequences in- 
corporated in the 5’-non-translated region of the mes- 
sage. We have reported previously the striking presence 
of a TATA box and other promoter sequences in the 
chicken carbonic anhydrase CA11 testis message [26]. 
The same observation has been reported for the human 
ol-tubulin gene, H-44 [27]. The importance of the TATA 
box in correctly positioning the RNA polymerase for 
initiation of transcription has been well established. 
Why a different mechanism is used during spermato- 
genesis is not known at present. 

abc def 

Ubl 

Ubll 

ghij k Im 

Fig. 3. Northern blotting analysis of the polyubiquitin UbII and Ub- 
t52 expression during chicken embryogenesis, in different chicken 
tissues, and in male germ cells at successive stages of spermatogenesis. 
Chick embryo: (a) four days; (b) five days; (c) seven days; (d) muscle 
(12 days); (e) fibroblasts; (f) brain (15 days). Adult chicken tissues: (g) 
testis; (h) kidney; (i) heart; (i) brain; (k) liver. Stages of spermato- 

genesls: (I) meiotic and premeiotic cells. (ml round spermatids. 
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3.2, Preferential expression of the polyubiquitin gene 
UbII and the gene coding for a ubiquitin hybrid 

protein Ub-t52 in early chick embryos and during 
spermatogenesis 

Ubiquitin gene Ub II is the predominant polyubi- 
quitin gene expressed in early chick embryos (Fig. 3a). 
Later in embryogenesis similar levels of polyubiquitin 
UbI and UbII messages were detected (Fig. 3b,c). In 
late embryogenesis the expression of UbII sharply de- 
creases (Fig. 3d-f). The expression of the polyubiquitin 
gene UbII during embryogenesis is parallel to the ex- 
pression of a ubiquitin gene coding for a hybrid protein 
of ubiquitin and a ribosomal protein of 52 amino acids 
(Ub-t52) (Fig. 3a-f). The expression of UbII and Ub- 
t52 is also parallel in chicken adult tissues (Fig. 3g-k). 
Both mRNAs are also preferentially expressed during 
spermatogenesis. UbII and Ub-t52 mRNA’s are abun- 
dant in a fraction containing meiotic and premeiotic 
cells and also in a fraction of non-replicating spermatids 
(Fig. 31,m). 

In yeast, two genes encoding hybrid proteins of ubi- 
quitin and ribosomal proteins are expressed in exponen- 
tially growing cells, when ribosome synthesis is active, 
while their expression is repressed in stationary phase 
cells [ 181. In addition to cell cycle control, ubiquitin may 
participate in other cell functions in early embryogene- 
sis. Ubiquitin-protein conjugates are selectively present 
in early chick embryos in cells undergoing major cyto- 
morfological reorganisation: cells of the lens, notochord 
and myotome [28]. 

Chicken spermatids do not divide as early embryo 
cells but grow during spermiogenesis with a concomi- 
tant development of the rough endoplasmic reticulum 
[29]. At the end of the process the endoplasmic reticu- 
lum cisternae break down into vesicles that dissociate 
from ribosomes and swell to give a vacuolated appear- 
ance to the cytoplasm of late spermatids [29]. In a sim- 
ilar way, during embryogenesis, ubiquitin conjugates 
are present in the notochord during the inductive events 
preceding vacuolisation [28]. 

3.3. 5’-Flanking region of the polyubiquitin UbII 
Preferential expression of polyubiquitin gene UbII 

during early embryogenesis and spermatogenesis may 
depend on special characteristics of the promoter ele- 
ments present in the 5’-flanking regions of the start sites. 
The 5’-flanking region of the initiation site detected in 
early chick embryos contains a TATA box located 31 
bp upstream from the initiation site and several poten- 
tial Spl binding sites. The sequence GCGGGAAA, lo- 
cated 57 bp upstream of the TATA box, is identical to 
a sequence present within the Myc P2 promoter [29] and 
shows only a single G/C difference with promoters of 
the E2 gene of adenovirus. These sequences interact 
with the cellular transcription factor E2F [30]. Genes 
such as c-myc, N-myc and c-myb contain similar sites in 
their promoters [31]. These sites appear to be important 

for transcriptional activation of genes involved in cellu- 
lar proliferation. 

A sequence of 21 nucleotides, present 28 bp upstream 
of the TATA box, differs only at two positions from a 
sequence found in the promoter region of the virus in- 
ducible mouse interferon regulatory factor-l (IRF-1) 
[32]. This nuclear factor induces the expression of genes 
as interferons IFN-p, IFN-a, MHC class I and other 
genes involved in immune responses [32]. Concomitant 
expression of the virus inducible IRF-1 and ubiquitin 
could participate in the processing of viral antigens 
through the postulated ubiquitin-dependent 26 S pro- 
tease pathway [33]. The most frequent similarities 
found, comparing the 5’-flanking region of the UbII 
gene and the sequences of the EMBWGenBank data 
libraries, correspond to DNA sequences of the genome 
of the herpes simplex virus and related viruses. It has 
been shown that lytic infection with herpes simplex re- 
sults in specific transcriptional induction of a member 
of the polyubiquitin human gene family, mediated by 
the viral protein ICP4 [34]. 

The hexanucleotide TGTTCT of the glucocorticoid 
responsive element is present in a region of 27 nucleo- 
tides, located 461 bp upstream of the TATA box, 90% 
similar to the promoter sequence of the human liver- 
type arginase gene, a gene induced by glucocorticoids 

[351. 
The 5’ flanking region of the testis initiation site con- 

tains a CAMP responsive element (CRE) and five poten- 
tial Spl binding sites. The CRE is immediately followed 
by the dinucleotide CA. This feature has been observed 
in other genes expressed during spermatogenesis 
[36,37]. A sequence that differs only at the last position 
from the sequence GCGGGAAA of the Myc P2 pro- 
moter [30] is present 59 bp upstream of the CRE. 

An interesting feature of the chicken polyubiquitin 
gene UbII is the presence of sequences coding for a 
tRNA gene cluster 1.9 kb upstream of the TATA box 
[38]. The presence of this cluster containing RNA 
polymerase III promoter sequences may exert a positive 
enhancer effect on the downstream adjacent RNA 
polymerase II promoters [39]. Moreover, the proximity 
of the tRNA gene cluster and the polyubiquitin UbII 
gene suggests the possibility of a coordinate expression 
of these genes. The tRNAs are key components of the 
protein synthesis machinery. Both in dividing (early em- 
bryogenesis) and non-dividing cells (spermatids) the ex- 
pression of the polyubiquitin gene UbII is concomitant 
with very active protein synthesis. The expression of 
two ubiquitin genes in cells active in protein synthesis 
and the essential role of ubiquitin in selective proteoly- 
sis, suggest the existence of a link between protein syn- 
thesis and selective protein degradation. The putative 
coordinate expression of the tRNA genes and polyubi- 
quitin gene UbII may serve a more specific function: the 
ubiquitin-dependent degradation of some proteins was 
found to require tRNA [40]. Recognition of target pro- 
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teins as substrates for ubiquitination depends on the 
identity of their N-terminal residues (N-end rule) [3]. 
Aminoacyl tRNA-protein transferases, which conju- 
gate specific amino acids to the N-termini of acceptor 
proteins, may provide a mechanism for selective degra- 
dation or stabilization of proteins during cell differenti- 
ation [3]. Co-regulation of gene expression of tRNAs 
and ubiquitin could be important to assure the cell a 
proper ratio of tRNAs to ubiquitin for polyubiquitina- 
tion of those target proteins which require a tRNA 
mediated addition of new N-terminal amino acids. The 
26 S proteasome involved in selective degradation of 
ubiquitin conjugates contains tRNAs [41]. 
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