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ChapterChapter 6 

Thee revised 8307 base pair coding 
sequencee of human thyroglobulin 

transientlyy expressed in eukaryotic cells. 

SARR van de Graaf, E Pauws, JJM de Vijlder, C Ris-Stalpers. 

ABSTRACT ABSTRACT 

Wee developed a transient transection system for human TG cDNA in both human 
thyroidd cells and in COS-1 cells. Four overlapping TG cDNA Fragments were 
amplifiedd by RT-PCR from RNA of normal thyroid tissue. The most 5' fragment 
includess the natural translation initiation site and the sequence encoding the signal 
peptidee (SP). After subcloning, the nucleotide sequence was determined and 
comparedd with the published human sequence resulting in the detection of 30 
nucleotidee variations. For validation purposes, all variations were screened in 6-12 
normall  human alleles. Twenty-one were present in all screened alleles and have to be 
revisedd in the published nucleotide sequence. Since one variation concerns a triplet 
insertion,, the coding sequence of the mature human thyroglobulin is 8307 
nucleotidess encoding 2750 aminoacids. The TG cDNA constructs were transiently 
transfectedd in HTori 3 and COS-1 cells and protein expression was detected using a 
polyclonall  anti-human-TG on fixed cells and after SDS PAGE. In both cell-lines all 
fourr TG protein fragments were expressed. The mannose structures detected on the 
proteinss by lectins and localization after expression in the cells, suggests that only the 
N-terminall  TG fragment (containing SP) is directed to the endoplasmatic reticulum 
butt is unable to reach the Golgi complex. The described expression system in human 
thyrocytess will be a helpful tool to study the structure-function relationship of human 
TGG in thyroid hormono-genesis. 
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TGG EXPRESSION IIS CELL CULTURE 

IMTRODCICnON IMTRODCICnON 
Thyroglobulinn (TG) is the major component of the thyroid gland and has the unique 
abilityy to synthesize and to store thyroid hormone (1,2). Catalysed by thyroid 
peroxidase,, tyrosine residues in the TG molecule are iodinated and subsequently 
coupledd to form thyroxine (T4) and triidothyronine (T3). Mature TG (i.e. iodinated, 
hormone-containingg TG) is stored in the lumen of the thyroid follicles. Hormonal 
secretionn to the venous flow requires endocytosis of mature TG within the thyrocyte 
andd fusion with lysosomes for cleavage of TG, releasing T4 from the protein 
backbonee (3). 

TGG isolated from thyroid tissue is a homodimeric glycoprotein consisting of two 
identicall  330 kDa subunits. Each monomer contains 2749 aminoacids (4), An 
additionall  stretch of 19 aminoacids at the N-terminus of the molecule encodes a 
signall  peptide. It has been shown that the signal peptide is removed after expression 
off  a functional recombinant N-terminal TG fragment in a baculovirus system (5). 
Withinn the aminoacid sequence of TG twenty potential N-grycosylation sites are 
availablee of which sixteen sites are found to be glycosylated in TG isolated from 
thyroidd tissue. Three types of carbohydrate chains have been identified in this case: 
highh mannose, hybrid/complex and complex (6). The human TG homodimer 
moleculee contains 134 tyrosine residues of which in vivo 6-34 are iodinated (7). Two 
diiodotyrosine-residuess can be coupled to form T4: the donor residue is donating its 
iodophenolgroupp to the acceptor tyrosine residue {hormonogenic site). The 
preferentiall  acceptor site is Tyr5, which is the first one to be iodinated in vivo, but 
severall  other tyrosine residues are also involved in thyroid hormonogenesis (8,9). We 
havee shown that in the N-terminal fragment of TG (198 aa), expressed in insect cells, 
Tyr55 and 130 are preferentially involved in T4 formation, although in the mutated 
fragments,, other tyrosine residues participate in T4 synthesis (10). 
Thee 8.7 kb TG mRNA contains 8304 nucleotides coding sequence (4). The human 
TGG gene is located on chromosome locus 8q24.2 - 8q24.3 (11,12), covers over 300 
kbb and contains at least 37 exons separated by introns as large as 64 kb (13). 
Mutationss in the TG gene can result in aberrant TG protein expression giving rise to 
congenitall  hypothyroidism (14). 

Wee have developed an in vitro eukaryotic expression system for human thyroglobulin 
cDNA.. Four overlapping TG cDNA constructs were prepared using human thyroid 
RNAA as a template and were transiently transfected in a human thyroid cell line 
(HTorii  3) and in COS-1 cells. The expression of antigenic TG protein fragments on 
Westernn blot, type of carbohydrate chains on the expressed fragments and 
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localizationn in the cell were investigated. This system provides the opportunity to 
furtherr elucidate the function of natural occurring mutations in the TG gene on 
thyroidd hormone synthesis. 

MAMA TERIAL AND METHODS 

RNAA isolation and complementary DNA preparation 
Totall  RNA was isolated from normal thyroid gland tissue, obtained with informed 
consent,, using TRIzol7Reagent (Life Technologies BV, Breda, The Netherlands). 
cDNAA was synthesized using random hexamers and reverse transcriptase according 

too standard procedures. 

Tablee 1 Sequence of oligonucleotide primers. 

primers s 

TGIs s 

TGIas s 

TGHs s 

TGIIas s 

TGHIs s 

TGIIIas s 

TGIVs s 

TGIVas s 

nucleotidee sequence (5' —* 3') 

AGGAAAATGGCCCTGGTCC (-6) 

AGCACTCTGAGTTGAAGCACTT (2110) 

GGGCTacCATGCAAAGCCTCATGG (1997) 

CAGATGAAGCTGGAATGAGCCC (4236) 

GGCAccATGTGCAGTGCTGACTACC (3907) 

CATCGCACCGTCGTTCACAA (6004) 

TGTGATGACAcCAIGGAGTCC (5782) 

GCTGGTCACnTGCTGTAGGTT (+5) 

sensee (s), antisense (as) cDNA position of the most 5' nucleotide in 
parentheses.. Translation initiation codons for different TG fragments are 
underlined.. Mismatches introduced to create Kozak's consensus 
sequencee (16) are indicated by lowercase letters. 

DNAA amplification 
Inn order to amplify approximately 2.3 kb cDNA fragments and to minimize 
amplificationn errors, PCR amplification (15) was done with 100 ng of cDNA using 
DNAA polymerase from the Expand High Fidelity kit (Boehringer Mannheim, 
Mannheim,, Germany). The relative positions of the oligonucleotides (synthesized on 
Expeditee Nucleic Acid Synthesis System; Millipore, Bedford, USA) used to amplify the 
fourr different TQ fragments are specified in Table 1. Sense primers TGII, TG11I and 
TGIVV were designed to create a Kozak's consensus sequence (16) surrounding an 
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internall  in frame ATG. A schematic representation of the amplified human TG cDNA 

fragmentss is shown in Fig. 1. The overlapping regions between the fragments contain 

aa unique restriction site (Spel, Haell and EcoRV, respectively). This creates the 

possibilityy to reconstruct the full-length TG cDNA or to prepare other combinations of 

fragments. . 

5'' . . . . J . . .J' TGG cDNA 

t t 
'' " " » «« " ' "  I I» ' H I I ' . 1 I Mil l 

8307 7 
II  i T i l t l l l 

<-3r° ° ü -- 7ST T ooo o 7T7BT T öööö 6 5 «) 
j-CC TG protein 

(2750) ) 

-66 (-19) 2110(684) 

vzzzzzzzzzza vzzzzzzzzzza 
1997(650)) 4236(1393) 

vzzzzzzzzzza vzzzzzzzzzza 
3907(1286)) 6004(1982) 

pTGI I 

pTGII I 

pTGHI I 

XZZZZZZZZZZZZZZkXZZZZZZZZZZZZZZk P T G I V 

5782(1913)) 8307(2750) 

Figuree 1 Schematic illustration of TG cDNA and protein. 
Top:: Relative positions of the nucleotide numbers of the TG open reading frame and positions 
off  the first and last aminoacid residue (between parentheses) are shown. 
Bottom:: TG fragments (pTGx), amplified from cDNA with primers described in Table 1, with 
nucleotidee and aminoacid positions. The black box indicates the signal peptide. Relative 
(revised)) positions according to ref. 4 and Table 2. Tyrosine residues (I = 1, Y = 2 residues) 
andd putative N-glycosylation sites (o) are indicated. 

Expressionn vectors 
Thee EcoRV polylinkersite of the pcDNA3 plasmid (Invitrogen, Leek, The Netherlands) 

wass used to clone the amplified blunt TG fragments. The constructs are referred to 

ass pTGI, pTGII, pTGHI and pTGIV. A termination signal located in the polylinker was 

usedd in constructs pTGI, pTGII and pTGHI leading to the addition of 16-24 non-TG 

aminoacidss at the C-terminal site. 

DNAA sequencing 

Nucleotidee sequence analysis was performed to verify the amplified TG cDNA 

fragmentss using T7, SP6 and internal TG specific oligonucleotides (synthesized on 

Expeditee Nucleic Acid Synthesis System; Millipore, Bedford, LISA). Reactions were 

performedd using the cycle sequencing method procedure and the 

Dyedeoxyterminatorr Cycle Sequencing Kit (Applied Biosystems/ Perkin Elmer, Foster 

City,, USA). After electrophoresis on a sequencing gel the samples were analysed on 
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thee ABI Prism 377 DMA sequencer and aligned to the TG cDNA sequence reported 
byy Malthièry and Lissitzky (4) using AutoAssembler software (Applied Biosystems/ 
Perkinn Elmer, Foster City, USA). 
Celll  culture and transection 

COS-11 cells and HTori 3 cells (17) were cultured in Dulbecco's Modified Eagle 
Mediumm (Life Technologies BV, Breda, The Netherlands) containing 4.5 g glucose/I 
supplementedd with NaHC03, L-GIutamine, antibiotics and 10% Fetal Calf Serum 
(FCS,, Life Technologies, Breda, the Netherlands). Cells were grown to 60-70% 
confluencee at 37°C, 5% C02 and 95% humidity, and transfected using the calcium 
phosphatee precipitation method (18). For immunofluorescence microscopy cells 
weree grown on coverslips in 3.5 cm dishes. One ml calcium phosphate precipitate 
containingg 18 \ig pTGx construct and 2 |ig pcDNA3 was used per 5x106 cells. 
pcDNA3CATT (Invitrogen, Leek, The Netherlands) was used for mock transfection. 
Afterr 24 hrs of incubation, cells were lysed with Reporter Lysis buffer (Promega, 
Madison,, USA). After centrifugation, the cell-rysate containing cytoplasmic proteins 
wass stored at -70°C. The cells grown on cover slips were fixed with Kryofix (Merck, 
Darmstadt,, Germany), 2.5 ml per 3.5 cm dish, and kept at room temperature until 
furtherr analysis. 
Thyroidall  TG isolation 

Normall  thyroid gland tissue, stored at -70°C, was also used to purify TG. About one 
gramm tissue was pulverized under liquid N2 and homogenized in phosphate buffered 
salinee (PBS: 9.2 mM Na2HP04, 1.3 mM NaH2P04, 140 mM NaCl pH 7.4) containing 
proteasee inhibitors. After centrifugation at 100,000g the supernatant was brought to 
50%% ammonium sulphate saturation, incubated at 4°C for 16 hrs and centrifuged at 
100,000g.. The precipitated TG was solved in and dialysed against PBS followed by 
chromatographyy on Sepharose CL-6B (Pharmacia Biotech, Wisconsin, USA). 
Fractionss containing TG were pooled and concentrated with an Amicon YM100 filter 
(Amicon,, Danvers, MA, USA). For the glycosylation differentiation 1.5 \LQ was 
subjectedd to SDS PAGE and electroblotted (procedures described below). 
Proteinn determination 

Proteinn concentration was determined of isolated total TG and in the cell-hysates of 
thee transfected cells using the BioRad Protein Assay (BioRad, München, Germany). 
Immunoblott analysis 

77 p,g cell-lysate and 1.5 ng TG protein were subjected to SDS PAGE according to 
LaemmlFss method (7.5%) and electroblotted to nitrocellulose filters (0.1 |im; 
Schleicherr & Schuell, Dassel, Germany). Immunodetection of TG protein was 
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performedd at room temperature using PBS containing 0.1% Tween 20, completed 
withh 5% low fat milk to prevent nonspecific binding in steps containing primary 
antibodyy (RaHuTG; 19) or secondary antibody (GARPO; DAKO A/S, Glostrup, 
Denmark).. Antigen-antibody complexes were visualized using the ECL kit (Amersham 
Internationall  pic, Buckinghamshire, CJK). 
Immunoprecipitation n 

Expressedd TQ fragment proteins were immunoprecipttated from approximately 200 
Hgg cell-lysate, using polyclonal rabbit anti-human TQ (RaHuTG; 19) coupled to 
Proteinn A-Sepharose CL-4B (Pharmacia Biotech, Wisconsin, USA). The TG-
Sepharosee complexes were subjected to SDS PAGE and electroblotted as described 
above.. These blots were used for grycosylation differentiation. 
Gh/cosviationn differentiation 
Nitrocellulosee filters, containing immunoprecipitated TG protein fragments and 
isolatedd total TG protein, were incubated with different lectins labelled with 
digoxigenin.. Galanthus nivalis agglutinin (GNA) recognizes terminal mannose linked 
too mannose. Both Sambucus nigra agglutinin (SNA) and Maackia amurensis 
agglutininn (MAA) recognize sialic acids linked to galactose, a(2-6) and a(2-3) 
respectively.. Datura stramonium agglutinin (DSA) recognizes Gaip(l-4)GlcNAc. 
Lectinss were detected with anti-digoxigenin conjugated to alkaline phosphatase and 
visualizedd with NBT/X-phosphate (DIG Glycan Differentiation kit; Boehringer 
Mannheim,, Mannheim, Germany). 
Immunofluorescencee microscopy 

Transfectedd cells Fixed on coverslips were incubated for 30 min with 10% FCS in PBS 
too prevent nonspecific binding. The 16 hrs primary (RaHuTG; 19) incubation and 2 
hrss secondary (FlTC-conjugated goat anti-rabbit IgG; ICN Biomedicals, Costa Mesa, 
USA)) (in darkness) incubation were performed in PBS containing 2% bovine serum 
albuminn at 4°C. Cells were embedded in Vectashield (Vector Laboratories, 
Burlingame,, USA) before covered with a glass slide. Microscopy was performed with 
modell  AH 3-RFCA (Olympus, Tokyo, Japan) in combination with B excitation (BH2-
DMBB cube) for FTTC visualization. 

RESULTS RESULTS 

Fourr overlapping cDNA fragments encoding for the human thyroglobulin were 
amplifiedd by RT-PCR and cloned into an expression vector (pcDNA3) designed for 
highh level expression in eukaryotic cells. Relative positions of the constructs are 
shownn in Figure 1, basepair and aminoacid positions are according to ref. 4 and 
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Tablee 2. The size of the TG constructs range from 2097-2525 nucleotides encoding 

forr 696-837 aminoacids. In the N-terminal pTGI construct translation was initiated 

fromm the natural TG translation codon thus encoding the signal peptide; pTGII, pTGIII 

andd pTGIV initiate from an internal methionine. For validation purposes all PCR 

generatedd constructs were sequenced. Thirty variations detected in the TG constructs 

comparedd to the published sequence (4) are shown in Table 2. To determine whether 

thesee variations are based on proofreading errors during amplification or on 

polymorphismss in the TG sequence, RT-PCR followed by direct sequence analysis 

wass performed on RNAs isolated from 3-6 different normal thyroid tissues. The allele 

frequencyy of the screened nucleotide variations is shown in the last column (Table 2). 

Nucleotidee variations at positions 78, 405, 1810/11, 1958, 2760, 2952, 3127, 3141, 

3176/77,, 3339, 4302, 4309, 4386, 4388, 5806, 6273, 6446/47, 6509, 6725, 7038 

andd 7589 were present in all screened alleles. The CAG insertion at position 2952 

resultss in the insertion of a glutamine residue. The nucleotide and aminoacid 

positionss are adjusted after this insertion. Fourteen revisions result in an aminoacid 

change.. One tyrosine residue substitution was found (aa position 3127). No 

variationss affecting the putative N-glycosylation sites nor nucleotide deletions were 

detected.. Nucleotide variations at positions 2200, 2334, 3082, 4506, 5512, 7408 and 

75011 were only present in some alleles and are considered to be polymorphic. Four 

off  these polymorphisms result in an aminoacid change. Only nucleotide variations 

15433 and 2185, resulting in an aminoacid substitution, could not be verified in other 

alleless and are considered PCR artefacts. 

II  II  II I  I V -

HT T 

III  II I  I V -

COS S 
Figuree 2 Immunoblot of TG fragments (I, II, III and IV) expressed in HTori 3 and COS-1 cells. 
244 hrs after transfection, cells were lysed and cytoplasmic proteins were separated by SDS 
PAGEE (7 |ig protein/lane), blotted and screened with the polyclonal antibody RaHuTG. Lane (-) 
containss cell-lysate of mock transfected cells. Positions of 117,000 and 89,000 MW markers 
aree shown. 
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Tablee 2 Variations detected in TG constructs after aligning nucleotidee sequence with published 
TGG sequence (4). 

nt t 
position n 

TGII 78 

405 5 

1543a> > 

1810/11 1 

1958 8 

TGIII 2185"> 

2200 0 

2334 4 

2760 0 

2952->b> > 

3082b> > 

3127b> > 

3141b> > 

3176/77b> > 

3339b) ) 

TGIIII 4302b> 

4309b> > 

4386b> > 

4388b) ) 

4506b> > 

5512b) ) 

öSOö^ ^ 

TGIVV 5806b>e> 

62736273b) b) 

6446/47b) ) 

6509» » 

6725b> > 

7038b> > 

7408b> > 

7501b> > 

7589b) ) 

ntt mutation 
reff 4->this paper 

GTJ.->GTG G 

CAI-»CAG G 

CAA-+GM M 

GAC-+AGC C 

GAT-^GGT T 

CCC-+TCC C 

ICT-^GCT T 

ccr->ccc c 
ACG-+ACA A 

->CAG G 

ATG-yGTG G 

TAC->CAC C 

GGI-+GGG G 

ACT->ATC C 

GAA-»GAG G 

CCI-+CCC C 

CGG-^TCG G 

TGC^TGI I 

CAT->CCT T 

GCC-+GCT T 

AAC->GAC C 

ACC-+GCC C 

ACC->GCC C 

GAA->GAC C 

CTC-+CCT T 

CGG-j-CAG G 

CAC->CGC C 

GGA-+GGG G 

CTG->ITG G 

TGG-»CGG G 

CGA-+CAA A 

aa a 
position n 

7 7 

116 6 

496 6 

585 5 

634 634 

710 710 

715 5 

758 8 

901 1 

966b) ) 

1009» » 

1024b) ) 

1028b> > 

1040b) ) 

1094b> > 

1415b) ) 

1418b> > 

1443b> > 

1444b> > 

1483b> > 

1819b> > 
1917b) ) 

1917b> > 

2072b) ) 

2130b) ) 

2151b> > 

2223b> > 
2327b) ) 

2451b> > 

2482b) ) 

2511 lb> 

aaa change 

hiss -» gin 

ginn -> glu 

aspp -»• ser 

aspp -> gly 

proo -> ser 

serr - * ala 

gin n 

mett -» val 

tyr->> his 

thrr -»• ile 

argg - * t rp 

hiss -> pro 

asnn -» asp 

thrr -> aia 

thrr -> ala 

gluu -> asp 

leuu -»• pro 

argg -> gin 

hiss -> arg 

trp-»» arg 

argg - • gin 

nt:: allele-frequency 
inn normal cDNA 

G:: 10/10 

G:: 10/10 

C:: 10/10 

AG:: 10/10 

G:: 10/10 

C:: 10/10 

G:: 6/10 T: 4/10 

C:: 6/10 T: 4/10 

A:: 10/10 

CAG:: 10/10 

A:: 6/8 G: 2/8 

C:8/8 8 

G:8/8 8 

TC8/8 8 

G:6/6 6 

C:: 12/12 

T:: 12/12 

T:: 10/10 

C:: 10/10 

C:: 5/10 T: 5/10 

AA 4/10 G: 6/10 

G:8/8 8 

G:8/8 8 

C:: 10/10 

CT:: 10/10 

AA 10/10 

G:6/6 6 

G:6/6 6 

T:: 7/10 C: 3/10 

C:: 3/6 T: 3/6 

AA 6/6 

nucleotidee (nt), aminoacid (aa) 
B)) Variation at this position due to PCR amplification artefact;b) CAG insertion causes a shift in 
publishedd positions (4); all positions downstream this insertion are adjusted (nt +3, aa +1).c) 

Variationn at this position was detected in both TGIII and TGIV constructs. 
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HTorii  3 and COS-1 cells were transfected with plasmid DNA, and expressed TG 
proteinn was analysed by immunoblotting using polyclonal antiserum (RaHuTQ) raised 
againstt total human TG. As shown in Figure 2, TG protein fragments I, II, HI migrated 
underr denaturing conditions with an apparent MW of 109,000, 98,000 and 95,000, 
respectivelyy in both HTori and COS transfected cells. Fragment TGIV was poorly 
recognizedd and could only be detected after immunoprecipitation with the polyclonal 
TGG antibodies giving a signal at MW of 105,000 (data not shown). The MWs after 
SDSS PAGE differ from the pTGx calculated ones: 80,700, 82,800, 78,800 and 
91,900,, respectively. 

Thee specific binding of lectins to different carbohydrate moieties was used to identify 
thesee structures in the TG protein fragments expressed in HTori and COS cells. 
Beforee SDS PAGE, TG proteins were immunoprecipitated with RaHuTG. Total TG 
isolatedd from normal thyroid tissue was also analysed by recognition of four different 
lectins.. Total TG reacted positive with all four lectins. Of the expressed TG 
fragments,, only TGI was recognized by lectin GMA, reacting with terminal mannose 
linkedd to mannose, when expressed in either HTori or COS cel!s.The native TG 
proteinn fragments were detected in transfected and fixed HTori and COS cells with 
RaHuTGG and visualized with a fluorescent label. In Figure 3 images are shown of the 
localizationn of the TG fragments in HTori and COS cells. Also under these non 
denaturingg conditions the TGIV fragment showed weak staining, however clearly 
abovee background, with the polyclonal antiserum in both HTori and COS cells. The 
signall  did not increase when mixtures of monoclonals described by Den Hartog et al. 
(19)) were used. The TG fragments showed a diffuse pattern of fluorescence in both 
cell-lines.. However, the TGI pattern was different from that of TG1I, III and IV, showing 
aa more granulous pattern. The patterns did not change on longer incubation of the 
cellss after transfection (up to 96 hrs; data not shown). 

DISCUSSIONDISCUSSION AND CONCLUSIONS 

Althoughh the structure and function of TG have been the subject of investigators for 
manyy years, several questions remain unanswered. In order to investigate the 
structure-functionn relationship of wildtype and mutated TG in relation to thyroid 
(dys)hormonogenesiss we have developed an eukaryotic expression system. We have 
usedd an immortalized human thyroid cell line, HTori 3, that does not express 
endogenouss TG (data not shown), and COS-1 cells to transiently express transfected 
TGG cDNA constructs.TG cDNA was amplified from RNA isolated from thyroid tissue 
inn four overlapping fragments of approximately 2.3 kb (Figure 1). 
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COS S 

Figuree 3 Immunocytochemical localization of the TG fragments expressed in HTori 3 and 
COS-11 cells. Cells were plated on coverslips before transfection and fixed after 24 hrs 
incubation.. Screening was performed with the polyclonal antibody RaHuTG and FTTC-
conjugatedd secondary antibodies. Magnification is 400x. Transfected constructs are indicated 
inn the left corner of each image. 
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Thesee fragments were selected based on the presence of a unique restriction site in 
thee overlapping regions making it possible to reconstruct either the full-length TG 
cDNAA or combinations of fragments in the future. After subcloning, the nucleotide 
sequencess were determined and aligned with the already published human cDNA 
sequencee (4). Thirty variations were observed (Table 2), 10 of them would not alter 
thee wildtype aminoacid sequence, 19 could result in an amino acid substitution. 
Surprisinglyy one variation comprised an in frame CAG insertion and subsequently an 
aminoacidd insertion. Variations at nucleotide positions 78, 405 and 2760 were 
alreadyy mentioned in literature (20,5,21, respectively). In order to investigate whether 
thee variations were due to polymorphisms, errors in the published sequence or simply 
too PCR amplification artefacts, we checked 6-12 normal alleles for the presence or 
absencee of these variations. Two variations appeared to be due to a PCR artefact (nt 
15433 and 2185) both resulting in an aminoacid substitution, 7 polymorphisms were 
scoredd (nt 2200, 2334, 3082, 4506, 5512, 7408 and 7501) of which 4 result in 
variationn of amino acid residues. Twenty-one revisions have to be made to the 
publishedd sequence (Table 2). The most striking revisions are the triplet insertion 
afterr nucleotide position 2952 since this leads to the insertion of a glutamine residue 
andd subsequently to repositioning of nucleotides (+3) and aminoacids (-1-1) 
downstreamm of this insertion. Furthermore, one tyrosine residue (1024) was 
substitutedd by a histidine residue, thus mature TG protein contains 66 instead of 67 
tyrosinee residues as reported (4). None of the revisions involved putative N-
glycosylationn sites. Moreover, the inclusion of the extra glutamine residue removes a 
gapp in the comparison of aminoacid sequence between human (4) and bovine (22) 
TGG and due to the aminoacid revisions the homology between human and bovine 
increasess (77.22 to 77.52%).The pTGx constructs were transiently transfected into 
HTorii  and COS cells. The expressed TGI, II and 111 proteins were immunodetected on 
Westernn blot by a polyclonal rabbit anti-human TG, whereas TGIV protein was below 
detectionn limit (Figure 2). Only after immunoprecipitation TGIV protein was 
detectablee on SDS PAGE (data not shown). 

Thee MWs of the expressed protein fragments as determined under denaturing 
electrophoresiss conditions (Figure 2) are identical in HTori and COS cells. They differ 
fromm the calculated MWs, probably due to post-translational processes.The signal 
peptidee on the N-terminus of the TGI peptide is used in general for directing pre-
proteinss from the cytosol to the endoplasmatic reticulum (ER) where the SP is often 
removedd and polypeptide synthesis is completed, thereby raising the opportunity for 
post-translationall  processes like glycosylation. The N-terminal part of TG (198 aa) 
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wass found to be glycosylated after expression in a baculovirus expression system (5) 
emphasizingg the proposed function of the signal peptide. The glycosylation status of 
isolatedd total TG and of the four TG protein fragments expressed in COS and HTori 
cellss was evaluated using various lectins recognizing either terminal mannoses or 
sialicc acids on galactoses or non-sialysed N-acetylglucosamines. Thyroidal total TG 
wass recognized by all lectins indicating that all different glycosylation types (i.e. high 
mannose,, complex and hybrid) were present as already reported (6). As could be 
expected,, only TGI reacted with the lectin recognizing terminal mannoses, while TGII, 
TGIIII  and TGIV, that contain no SP sequence, reacted with none of the lectins. No 
differencess with respect to type of glycosylation detected was observed in HTori and 
COSS cells. The staining pattern (Figure 3) of TGI resembles staining of ER specific 
proteinss and differs from the TGII, HI and IV staining pattern, suggesting that TGI is in 
thee ER while the other TG protein fragments are located in the cytoplasm. The e 
mannosee complexes and ER localization suggest that in our expression system the 
TGII  protein was not able to reach the Golgi complex, due to either aberrant folding of 
thee synthesized protein fragment or to defects in post-translational processes as a 
resultt of the high level of expression. 
Inn conclusion the work presented here leads to several adjustments in the human TG 
mRNAA sequence published by Malthièry and Lissitzky (Table 2) and the mature TG 
proteinn now has extended to 2750 aminoacids encoded by 8307 nucleotides. We 
havee developed an eukaryotic expression system for human TG in a cell-line derived 
fromm human thyroid tissue. This will be a valuable tool to study the structure-function 
relationshipp of mutant thyroglobulin involved in dyshormonogenesis in for example 
patientss with a TG synthesis defect. 
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