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Alternativee polyadenylation cleavage sites 
inn human thyroglobulin mRNA. 

EE Pauws, SAR van de Graaf, JJM de Vijlder, C Ris-Stalpers. 

ABSTRACT ABSTRACT 

Afterr constructing and analyzing a SAGE (Sena! Analysis of Gene Expression) 
expressionn library, 6099 different mRNA molecules from a human normal thyroid 
glandd were identified. A SAGE tag corresponding to the mRNA of thyroglobulin (Tg), 
codingg for the most abundant thyroid-specific protein involved in thyroid hormone 
synthesis,, was present. This lObp tag was located in the 3' end of the mRNA 
spanningg the polyadenylation cleavage site. Apart from the 'wild-type' tag, 2 other 
tagss were present in the library at a lower expression level closely resembling the Tg 
tagg sequence, but could not be identified as such through GenBank. To study if these 
tagss represented Tg mRNA molecules with alternative cleavage sites a total of 62 Tg-
3'RACEE clones were sequenced. The results show that the 3 putative Tg SAGE tags 
mustt be attributed to Tg transcripts and reflect the use of alternative polyadenylation 
cleavagee sites in vivo. In addition, an extra polyadenylation variant of Tg was found 
withh the cleavage site 16bp downstream of the wild-type poryA-site. All cleavage sites 
matchh the consensus for polyadenylation cleavage sites in eukaryotic RNA 
processing.. This evidence of alternative polyadenylation within a single mRNA implies 
aa biological inaccuracy of the polyadenylation machinery in vivo. 
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ALTERNATIVEE POLYADENYLATION IN TG mRNA 

INTRODUCTION INTRODUCTION 

Polyadenylationn of eukaryotic mRNAs is characterized by the cleavage of the 
precursor-RNAA and the addition of a po!y(A)tail. Polyadenylation of a primary RNA 
transcriptt is suggested to have a function in RNA metabolism such as export of the 
maturee mRNA, stability and recognition by ribosomes. The signals that determine the 
exactt site of polyadenylation have been studied extensively in in vitro experiments. 
Thee upstream element AAC1AAA together with a downstream Cl/GCl-rich element are 
presentt in nearly all eukaryotic (pre)mRNAs and are proposed to regulate the 
complexx machinery of proteins necessary to complete polyadenylation; for review see 
(1-3).. The exact site of cleavage in the pre-mRNA is determined by the position of the 
regulatoryy elements together with the specific nucleotide composition in the cleavage 
regionn (fig. 1). This approximately 6bp region is typically 1 l-24bp downstream from a 
AAÜAAAA element and 10-30bp upstream from a (J/GCl-rich element. The preferred 
nucleotidee at the cleavage site is ordered A>CJ>C>>G (4). In general, in a given 
mRNAA sequence one specific cleavage site is used by the polyadenylation machinery 
althoughh mutational analysis shows that in in vitro cleavage experiments neighboring 
nucleotidess can be used (5,6). The enzyme responsible for the actual cleavage of the 
mRNAA molecule and its mechanism is untill now unknown. 

AAUAA A A 

11-24bpp 10-30bp 

Figuree 1 Consensus regulating elements of the polyadenylation region in eukaryotic pre-mRNA 
(Adaptedd from Chen, et al. 1995). Indicated are upstream poIyA-signal AAÜAAA, downstream 
regulatingg Gü-rich element with their relative consensus distances. Preferred nucleotide in 
cleavagee region is shown. 

Thyroglobulinn (Tg) is the most abundant protein present in the thyroid gland 
functioningg as a matrix protein for the synthesis and storage of thyroid hormone (7). 
Inn studying the expression profile of the human thyroid we constructed a SAGE 
(Seriall  Analysis of Gene Expression) library containing 10994 sequence tags each 
representingg a mRNA molecule. In total 6099 different mRNAs and their relative 
abundancee was determined. Tg was found to be the highest expressed mRNA in the 
thyroidd with a relative abundance of 2.6% in the total mRNA pool (8). The principle of 
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thee SAGE technique is that each lObp sequence tag corresponds to a unique mRNA 
consideringg its position 3' to the last Nlalll restriction site in the cDNA (9). In the case 
off  Tg the so-called SAGE tag is located at the veiy end of the mRNA spanning the 
polyadenylationn site. Surprisingly two additional tags were found not corresponding 
too any known gene but showing close homology with the Tg SAGE tag sequence. We 
investigatedd whether these tags correspond to Tg mRNA molecules with alternative 
polyadenylationn cleavage sites. Furthermore we studied if the preference of cleavage 
sitess used in Tg mRNA follows the consensus for polyadenylation in eukaryotic 
mRNAs. . 

MATERIALMATERIAL & METHODS 

SAGEE library 

Thee library was constructed from human normal thyroid tissue according to original 

protocoll  (9) and as described previously (8). 

3'RACEE PCR 
lst-strandd RACE cDNA was synthesized from the same thyroid mRNA as used in the 
SAGEE library. As a primer oligo-dT10_18 with a 3' linker 
5'GCATGCCAGAATTCTGGATCCC was used (10). The linker sequence was used as a 
reversee priming site in subsequent amplification of the Tg 3' region. Tg-specific 
forwardd primer Tg-2F 5'GAGAAGATCTCCTAAGCCTC was designed according to Tg 
cDNAA sequence (GenBank accession no. Ü93033) generating a PCR product of 
aboutt 200bp. PCR amplification was performed using standard conditions, 2mM 
MgCl22 and 1'95°C, 1'55°C, 172°C, for 30 cycles. 
Cloningg of 3'RACE Ta-fraaments 
Tgg 3'RACE PCR fragments were cloned using the pGEMyT-easy vector (Promega). 
Ligationn reaction was transformed in DH5a cells and plated. DNA from Tg-positive 
cloness was isolated using the Wizard Mini-Prep (Promega). 
Amplificationn of Tg exon 48 
Genomicc DNA was isolated from the same thyroid tissue as used for the 3'RACE 
experimentss using Trizol (Gibco-BRL) following manufacturer's protocol. 100 ng of 
DNAA was used in a PCR amplification of exon 48 using intron-located primers with 
Mll 3 linkers attached. Tg48-for: 5,AGAGAAGTCCTAATCTGGCTTG, Tg48-rev: 
5,CTGGTGCATAACAGATGCTCATT (GenBank accession no. AF080484). 

Sequencing Sequencing 
Tg-RACEE clones and exon 48 PCR product were sequenced with the Dyenamic Direct 
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cyclee sequencing kit (Perkin Elmer) using Ml 3 forward and reverse priming sites in 

thee vector or PCR fragment. Samples were run on an ABI377XL Automatic 

Sequencerr (Perkin Elmer) and analyzed using Sequence Analysis 3.0 software. 

RESULRESUL TS & DISCUSSION 

Fromm the SAGE library results (8) the sequence tag corresponding to Thyroglobulin 

(Tg)) mRNA presented itself as 5'CGGTGAAAAA and was scored 210 times out of a 

totall  number of 10994 sequenced tags. Two tags not corresponding to any known 

humann cDNA, 5'CGGTGAAGCA and 5'CGGAAAAAAA , were scored respectively 54 

andd 9 times. Because of the similarity of these tags to the 'wild-type' SAGE tag we 

optedd to clone Tg-3'RACE fragments to determine whether these tags corresponded 

too Tg mRNA. In cloning 3'RACE fragments a representation of the Tg mRNA pool 

cann be found concerning the region of interest, namely the polyadenylation region. 

Becausee priming sites are flanking this region no selection on sequence differences 

willl  be made in the amplification step. 

SAGEE tag Freq q Sequencee 3'RACE clone Freq q 

Tg-tag1 Tg-tag1 

CGGTGAAAAA A 

Tg-tag2 Tg-tag2 

CGGTGAAGCA A 

210(77%) ) 

54(20%) ) 

CC 1 T C B R T F . H B E T K 1 C 1 ( t g *l ¥ 6|C S S T 6 ft I! A ft ft ft ft ft ft ft ft ft f 

tii n o c n T 7 G T T o n e T C T 

Tg-tag3 Tg-tag3 

CGGAAAAAAA A 
9(3%) ) 

455 (73%) 

9(15%) ) 

33 (5%) 

55 (8%) 

Figuree 2 Alternative cleavage sites in thyroglobulin mRNA. Results from SAGE and 3'RACE are 
summarized.. Sequence for each variant is shown together with their relative abundance. 
SAGE-tagg frequency is out of a total of 10994 tags, 3'RACE-clone frequency is out of a total of 
622 clones. 

Ass is shown in figure 2, after sequencing 62 Tg 3'RACE-cIones we found 4 different 

polyadenylationn sites. 45 correspond to the 'wild-type' Tg mRNA, so 5,CGGTGAAAAA 

(Tg-tagl),, 9 clones have a polyadenylation site 4 bp downstream and corresponded 

too 5'CGGTGAAGCA (Tg-tag2) and 5 clones show a polyadenylation site 3 bp 
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upstream,, 5'CGGAAAAAAA (Tg-tag3). Additionally, 3 Tg cDNA-clones with a 

polyadenylationn site 16bp downstream of the 'wild-type' cleavage site were found 

showingg a fourth polyadenylation variant. Because in this case the first lObp 

downstreamm from the Nlalll-restriction site (CATG) is similar to Tg-tag2 this variant 

couldd not be detected in the SAGE results. The extra 16bp Tg 3'UTR in these 3 

cloness correspond to the sequence as published for the last Tg coding exon 

(GenBankk accession no. AF080484).The abundance of the four different Tg mRNA 

moleculess is similar to the abundance of the respective tags in the SAGE expression 

libraryy (fig. 2), also confirming the SAGE tags to arise from Tg mRNA. The 150bp 

sequencee upstream of the polyadenylation site was identical for all 62 clones and to 

thee Tg genomic sequence, indicating that there are no mutations in the upstream 

regionn that could be responsible for the variation in cleavage site selection. To 

excludee any mutations in the pre-mRNA sequence downstream from the polyA-site 

putativelyy responsible for the variance in polyadenylation, we sequenced the last 

codingg exon of Tg in the thyroid tissue used in these experiments. The genomic 

sequencee of Tg in this particular thyroid gland is identical to the published Tg exon 

488 sequence (results not shown), ruling out this possibility. After examination of the 

downstreamm pre-mRNA sequence present in the genomic sequence of the last Tg 

exonn 48, a consensus pattern concerning the wild-type polyadenylation (4) could be 

foundd (fig. 3). 

GCTAAGAGAAGATCTCCTAAGCCTCCAGGAACCAGGCTCTAAGACCTACAGCAAGTGACCAGCCCTTGAG G 

CTCCCCAAAAACCTCACCGAGGCTGCCCACTATGGTCATCTTTTTCTCTA A 

AAATAGCCACTTACCnCAAJMAGTATCTAOTiCGGJGAAGCATTGTTG G 

ACTCTAATG7GTGAATCCAAGGCAATTCG7TGG7AACACCAACTATATCT T 

TAATAATCTTTCTAAGGnTGAATCCCAGGCTGCTGTTTCCATTCAACAAAT T 

GTTTAT T 
ÏÏ Polyadenylation cleavage sites 

GUGU putative GU-rich region 

AATAAAA upstream polyadenylation signal 

ICATGll most 3'Nlalll-site preceding SAGE-tag(s) 

TGAA  stopcodon Tg coding sequence 

Figuree 3 Genomic sequence (accession no. AF080484) of the last coding exon (48) of the 
humann thyroglobulin gene. Consensus regulating elements are indicated as well as the 4 
describedd cleavage sites. Smal font is coding sequence, large font represents pre-mRNA 
containingg regulating polyadenylation signals. 
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Thee AAÜAAA signal is present and for the three most abundant polyadenyiation 
variantss the distance to the polyA-site is within the defined consensus distance {11-
24bp).. As for the infrequent fourth variant, with 28bp the distance to the polyA-site 
mayy explain its low abundance. Following consensus downstream of the cleavage site 
aa putative GCJ-rich site is present 18-23bp downstream of the Tg wild-type polyA-site, 
whilee another is present between 39-44bp from the wild-type polyA-site (fig. 3). It 
seemss that the first putative GCJ-rich region 5TGTGTG would be the most likely 
candidatee responsible for the three most abundant cleavage sites, since the distance 
too this GCJ-rich region is 13-20bp. The fourth variant is only 6bp from this region and 
probablyy too close. It may use the second putative GCJ-rich region located 27bp from 
itss cleavage site. This second GCJ-rich region may have a lower preference for the 
polyadenyiationn machinery since the expression of this last variant is lower compared 
too the three most abundant polyA-sites probably using the most upstream GCJ-rich 
region.. The variation between the three most abundant polyadenyiation variants 
possiblyy using the same upstream (AACJAAA) and dowstream (CJGCJGCJG) signal can 
bee explained by the presence of several possible polyA-sites in the actual cleavage 
region.. The first A seems to be the preferred site of cleavage since this variant has the 
highestt expression level compared to all other variants. 

Inn summary, it seems that the variation in pofyadenylation/cleavage site in the human 
thyroglobulinn mRNA is due to an in vivo variance caused by the presence of different 
downstreamm GCJ-rich regions such as in the case of the 16bp downstream variant. 
Thee three polyadenyiation variants in the same cleavage region may be due to 
inaccuracyy of the cleavage enzyme's cleaving at different nucleotides. This 
phenomenonn may be tissue-, gene- or cleavage enzyme-specific and it would be 
interestingg to study whether it influences further processing of the mRNA in the cell. 
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