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SUMMARY

Human Tg, the site of synthesis of thyroid hormones, thyroxine (T4) and triiodothyronine (T3), is one of
the major autoantigens in autoimmune thyroiditis. The degree of iodination of Tg may have a major
impact on its immunological properties by changing its antigenicity with respect to antibody binding.
We have previously prepared a panel of MoAbs that bind to different epitopes of the Tg molecule. In the
present study, we show that iodination alters the conformation of Tg molecule in such a way that it is
recognized differently by different MoAbs. Monoclonal antibody 137C1 recognizes Tg regardless of its
iodine content. Monoclonal antibody 42C3 recognizes Tg only if the Tg is iodinated eitherin vitro or in
vivo. Monoclonal antibody 133B1 recognizes bothin vivo iodinated Tg and non-iodinated Tg, but this
MoAb did not recognize Tg followingin vitro iodination. Monoclonal antibody 41A5 recognizes intact
Tg and tryptic peptides of normal (in vivo) iodinated and non-iodinated Tg, but did not bind the tryptic
peptides of artificially (in vitro) iodinated Tg. From the results of these experiments, we conclude that
iodination of Tg by eitherin vivo or in vitro methods changes its conformation in such a way that some
natural epitopes are ‘lost’ and some ‘new’ epitopes are generated. The generation of new epitopes may
be important in the generation of autoimmune responses leading to autoimmune disease.
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INTRODUCTION

Tg is one of the major proteins synthesized by the thyroid epithelial
cell and is used for the storage of iodine with subsequent synthesis
of the thyroid hormones, thyroxine (T4) and triiodothyronine (T3)
[1]. Several epidemiological and clinical reports suggest that the
incidence of autoimmune thyroid disease has risen concomitantly
with increased iodine consumption [2–6]. Furthermore, experi-
mental evidence in animal models showed that increased dietary
iodine enhanced the development of autoimmune thyroiditis in
genetically susceptible CS and OS chickens [7,8], BB/W and BUF
rats [9,10], NOD-H2h4 mice [11], and hamsters [12]. Additional
work has been performedin vitro. Championet al. have shown that
certain T cell hybridomas responded to Tg in direct proportion to
its iodine content [13]. The T4-containing peptides recognized by
these hybridomas have also been shown to induce thyroiditis
experimentally [14]. Further work by Konget al. [15] confirmed

that certain iodinated peptides heightened the proliferative
responses of cultures from mice immunized with Tg. However,
they also demonstrated that all peptides were not dependent upon
iodine to induce T cell proliferation, since one peptide that
contained a hormonogenic site induced proliferation equally well
with or without iodine. Thus, it appears that for T cell recognition,
some peptides are dependent upon the presence of iodine while
others are not. In a recent report, we also demonstrated that human
T cells responded more vigorouslyin vitro to iodinated Tg than the
same non-iodinated Tg [16].

The mechanism by which iodine promotes autoimmune thy-
roiditis has not been clarified. Iodine may have multiple effects,
one of which, suggested by various animal studies, is that iodina-
tion of the Tg molecule changes its antigenic characteristics. We
have considered two possibilities to account for these changes. The
insertion of iodine may alter the stereochemical configuration of
the Tg molecule and thus affect the manner by which it is
recognized by the immune system. The second possibility is that
iodine may create novel binding sites by its presence on a
particular antigenic determinant. The latter possibility is dealt
with in a companion paper [17]. In the present study, we present
evidence that the presence of iodine alters multiple epitopes of the

Clin Exp Immunol 1998;113:297–302

297q 1998 Blackwell Science

H.S.B. present address: Division of Hematology and Oncology, The
Ohio State University, Columbus, OH 43210, USA.

Correspondence: Dr C. Lynne Burek, Department of Pathology, School
of Medicine, Ross Research Building, Room 648, The Johns Hopkins
University, 720 Rutland Avenue, Baltimore, MD 21205-2196, USA.



Tg molecule, indicating both a direct involvement of iodine as well
as a major conformational change.

Monoclonal antibodies raised against Tg have provided a useful
tool to map various epitopes of the Tg molecule [18–21]. For this
study, we selected four MoAbs on the basis of their differing specifi-
city for Tg. Three of the four MoAbs were inhibited by T4, whereas
the fourth MoAb was not [22]. We compared the immunoreactivity
of these MoAbs with naturally andin vitro iodinated Tg and Tg
containing no detectable iodine. In addition to the intact molecule,
we evaluated the reactivity of peptide fragments of Tg produced by
limited proteolytic digestion to test for hidden determinants.

MATERIALS AND METHODS

Chemicals and the method for protein assay used in this study were
described in a previous communication [23].

Murine MoAbs to Tg
Preparation and characterization of the MoAbs were described by
Bresleret al. [22]. The specificity and inhibition properties of the
MoAbs used in this study are shown in Table 1. We also indicated
that the MoAb reacted with a sequential (S) or conformational (C)
determinant as judged by binding to reducedversusnon-reduced
Tg [24].

Thyroglobulin preparation and trypsinization of Tg
Preparation and trypsinization of Tg have been described in detail
in the previous publication [24]. Thyroglobulin with no detectable
iodine was obtained from a patient with non-toxic goitre (INeg-Tg)
and this Tg was later iodinated with iodobeads.

Iodination of Tg
Iodobeads were washed with 100 mM phosphate buffer pH 7·0, and
dried on filter paper. Twenty beads were used for iodination. The
beads were put in 1·5 ml of 1·5 mM potassium iodide for 5 min at
room temperature with continuous shaking. Protein (3 mg) was
added to the beads and incubated at room temperature for 30 min
with continuous shaking. The supernatant, containing the iodinated
protein, was dialysed against four changes (each of 8 h at 48C) of
500 ml of 100 mM phosphate buffer pH 7·0. The iodine content of
the sample was determined by a method described previously [25].
As a control, the procedure was carried out with Tg omitting the
potassium iodide. Thein vitro iodinated Tg (Iþ-Tg) had 150 atoms
of iodine/molecule of Tg.

Dot blot analysis
For the dot blot experiment, 5ml of 5 mg/ml of Tg with different
levels of iodination, or the tryptic peptides of these Tg were applied
to nitrocellulose (NC) membranes. The membranes were incubated
for 2 h at room temperature with different MoAbs, diluted with 1%
bovine serum albumin (BSA) in PBS containing 0·05% Tween-20
(PBS–T). At the end of the incubation period, the membranes were
washed with PBS–T and incubated with alkaline phosphatase-
labelled goat anti-mouse antibody for 2 h at room temperature.
The membranes were then washed with PBS–T, and incubated
with alkaline phosphatase substrate (5-bromo-4-chloro-3-indolyl
phosphate/nitro blue tetrazolium) according to the method of
Sambrooket al. [26].

Gel electrophoresis and Western immunoblotting
Methods for gel electrophoresis and Western immunoblotting were
described in detail previously [27].

RESULTS

Dot blots of iodinated and non-iodinated Tg and their tryptic
peptides
The MoAbs listed in Table 1 were tested by dot blot for their
reaction with iodinated and non-iodinated preparations of Tg and
their tryptic peptides. Each of these MoAbs recognized a different
epitope, since the binding of one MoAb to Tg did not inhibit the
binding of the other MoAbs [22]. Monoclonal antibody 42C3,
which is inhibited by T3 and T4, reacted with sequential deter-
minant shared by naturally iodinated Tg of all species tested. This
MoAb failed to react with INeg-Tg (Fig. 1a) and its tryptic peptides
(Fig. 1b). It did react, however, when this preparation was
iodinatedin vitro (Iþ-Tg).

Monoclonal antibody 133B1 is human-specific and is inhibited
by T4 but not by T3 (Table 1). This MoAb also recognized a
sequential determinant but differed from the determinant recog-
nized by MoAb 42C3. In contrast to MoAb 42C3, MoAb 133B1
reacted with INeg-Tg but failed to react with this preparation afterin
vitro iodination (Fig. 1a). It even failed to react with the tryptic
peptides generated fromin vitro iodinated Tg (Fig. 1b), showing
that the corresponding sequential epitope was not available even on
the peptide fragments.

Monoclonal antibody 41A5 was reactive only with human and
bovine Tg and inhibited by T4 and T3. This MoAb reacted with all
three Tg preparations regardless of their iodine content (Fig. 1a). It
failed, however, to react with the tryptic peptides ofin vitro
iodinated Tg (Fig. 1b), suggesting that a sequential epitope of
the iodinated product was altered or destroyed by proteolytic
digestion. Although each of the three MoAbs was inhibited by
T4, they clearly differed in competitive inhibition assays [22],
suggesting that each MoAb reacts with a different determinant of
Tg. Thus, the presence of iodine is associated with changes in
multiple epitopes.

Monoclonal antibody 137C1 is a human-specific MoAb that
was not inhibited by T3 or T4. This MoAb bound to a conforma-
tional epitope that was not affected by the presence of iodine in the
Tg molecule. This MoAb also reacted with the whole Tg and
tryptic peptides generated from iodinated and non-iodinated Tg
(Fig. 1a,b). These findings indicate that the presence of iodine does
not affect the immunoreactivity to other epitopes of Tg.
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Table 1. Specificity of the murine MoAbs produced against human Tg

C or S* Concentration of
MoAb Specificity epitope Inhibition T4 and T3† (mg/ml)

42C3 Cross-reactive‡ S T4, T3 $31·6
133B1 Human-specific§ S T4 >100
41A5 H- and B-specific¶ S T4, T3 $316
137C1 Human-specific§ C Not inhibited

* The epitope of this MoAb is either conformational (C) or sequential
(S) as judged by the immunoreactivity of the MoAb in SDS–PAGE with
reduced or non-reduced Tg [24].

† Lowest concentration of T4 and T3 that competitively inhibits binding
of MoAbs to Tg.

‡ This MoAb reacted with Tg of human, bovine, mouse, rat, guinea pig,
rabbit, porcine and red panda origin.

§ These MoAbs reacted only with human Tg.
¶ This MoAb reacted with Tg of human and bovine origin.



Western immunoblots of intact Tg
We then tested the immunoreactivity of the four MoAbs, 42C3,
133B1, 41A5 and 137C1, by Western immunoblot with Tg having
different levels of iodination. Monoclonal antibody 42C3 reacted
with the 330-kD monomer of normal Tg (N-Tg) but failed to react
with INeg-Tg (Fig. 2a), thus confirming the results of the dot blot
experiments shown in Fig. 1. This MoAb also reacted with some
low molecular weight peptides of N-Tg, suggesting that the
sequential epitope recognized by this MoAb is present in naturally
occurring low molecular weight fragments of Tg. Monoclonal
antibody 42C3 reacted with Iþ-Tg, the Tg preparation iodinated
in vitro, by Western immunoblot. In contrast to N-Tg, however, Iþ-
Tg did not produce distinct bands. It showed a smeared pattern
rather than the distinct bands of N-Tg.

When analysed on SDS–PAGE and stained for protein by
coomassie blue, Iþ-Tg failed to resolve into distinct bands (Fig.
3a). This pattern of Iþ-Tg may be due to the addition of iodine on
this Tg or to treatment of the Tg with iodobeads used for
iodination. To rule out the latter possibility, we treated INeg-Tg
with iodobeads without the added iodine. The iodobeads-treated
INeg-Tg showed distinct bands on SDS–PAGE (Fig. 3b). Hence
the smeared pattern of Iþ-Tg on either SDS–PAGE stained with
coomassie blue (Fig. 3a) or Western immunoblot with MoAbs
42C3 and 41A5 (Fig. 2) is not due to the treatment of this Tg with
iodobeads. We attributed this finding to an alteration in the con-
formation of in vitro iodinated Tg molecule, as will be discussed
later.

Figure 2b shows the Western immunoblot pattern of the three
Tg with MoAb 133B1. This MoAb reacted with N-Tg and INeg-Tg,
but not with INeg-Tg afterin vitro iodination, confirming the results
of dot blot shown in Fig. 1. Thus,in vitro iodination of INeg-Tg
changes its structure in such a way that it is no longer recognized
by MoAb 133B1.

Figure 2c shows the immunoblot pattern of N-Tg, INeg-Tg and
Iþ-Tg with MoAb 41A5. In contrast to the immunoreactivity of
MoAbs 133B1 and 42C3, MoAb 41A5 reacted with all three Tg.
Similar to the Western immunoblot pattern of MoAb 42C3 with Iþ-
Tg, the Western immunoblot of MoAb 41A5 showed a smeared
pattern.

Figure 2d shows the immunoblot patterns of MoAb 137C1.
This MoAb reacted to both N-Tg and INeg-Tg. A faint band was
seen in the immunoblot of this MoAb with Iþ-Tg, indicating some
diminished reactivity compared with N-Tg. This reduced reaction
may be attributed to an altered configuration of the corresponding
epitope on iodinated Tg. In contrast to MoAb 42C3 (Fig. 2a),
MoAb 137C1 did not react with naturally occurring low molecular
weight peptides of Tg (Fig. 2d), suggesting that this conforma-
tional epitope is not present in the low molecular weight fragments
of Tg.
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Fig. 1.Dot blot analysis of thyroglobulins with different levels of iodination
and their tryptic peptides reacted with MoAbs 137C1, 41A5, 42C3 and
133B1. The normal Tg (N-Tg) contained 19 atoms of iodine/molecule of
Tg. The INeg-Tg had no detectable iodine. The Iþ-Tg was made from NTG-
Tg that was iodinated to the level of 150 atoms of iodine/molecule. Five
microlitres of 5mg/ml of Tg or 2·5ml of 100mg/ml of tryptic peptides of Tg
were applied into NC membrane. The protein on the membrane was treated
with the appropriate MoAb. Details are given in Materials and Methods.
The figure shows the immunoreactivity of these MoAbs with intact Tg (a)
or tryptic peptides of Tg (b).

Fig. 2. Western immunoblot patterns of binding of MoAbs 42C3, 133B1, 41A5 and 137C1 to intact thyroglobulins. Thirty micrograms of
normal Tg (N-Tg), non-toxic goitre-Tg (INeg-Tg), and iodinated-NTG-Tg (Iþ-Tg) were analysed on a 7·5% SDS–PAGE. The proteins on the
gel were transferred into an NC membrane. The membrane was treated with either MoAb 42C3 (a), 133B1 (b), 41A5 (c) or 137C1 (d). The
molecular weights of protein standards are shown on the right.



Western immunoblot of tryptic peptides
Since both physiologically andin vitro iodinated Tg reacted with
MoAb 42C3 (Figs 1 and 2), we attempted to identify the iodinated
fragments that reacted with this MoAb. For this purpose, the tryptic
peptides of the three Tg used in Fig. 2 were analysed by Western
immunoblot for reactivity with MoAbs 42C3, 133B1, 41A5 and
137C1 (Fig. 4a–d, respectively).

Monoclonal antibody 42C3 (Fig. 4a) failed to react with tryptic
peptides of INeg-Tg, but did react with multiple peptides with
molecular weights from 20 to 100 kD of N-Tg and Iþ-Tg. The
electrophoretic patterns of tryptic peptides of N-Tg and Iþ-Tg
differed, suggesting that the structure of Iþ-Tg changed during the
process of trypsin cleavage.

Figure 4b shows the Western immunoblot pattern of MoAb
133B1 with the tryptic peptides of the three Tg. This MoAb reacted
with the peptides of N-Tg and INeg-Tg, but not with Iþ-Tg, confirm-
ing the data presented in Figs 1 and 2. Thus, the epitope of MoAb
133B1 was not available even on the tryptic peptides of Iþ-Tg.

The Western immunoblot pattern of MoAb 41A5 with tryptic
peptides of Iþ-Tg differed markedly from the pattern of the other
two MoAbs, 137C1 and 42C3. In the dot blot experiment presented
in Fig. 1b, MoAb 41A5 reacted with peptides of normal and INeg-
Tg but failed to react with Iþ-Tg (Fig. 4c). Similarly, the immuno-
blot pattern of this MoAb with Iþ-Tg showed faint bands in
comparison with the distinct bands produced by this Tg before
iodination (Fig. 4). Since in Fig. 1 this MoAb did not react with the
tryptic peptides of Iþ-Tg in the dot blot experiment, the faint band
seen in Western immunoblot of the MoAb might be due to reduced
reactivity of this MoAb with this Tg.

Monoclonal antibody 137C1 (Fig. 4d) reacted similarly to
tryptic peptides of both normal and INeg-Tg. The reactivity of
this MoAb to tryptic peptides of Iþ-Tg, however, differed from
the pattern of INeg-Tg and N-Tg; peptides of these Tg showed
distinct bands, in contrast to the extended band produced by
peptides of Iþ-Tg. Furthermore, a prominent low molecular
weight band (Mpa of 15 kD) in the immunoblot pattern of Tg
was substantially reduced or absent in the peptides generated
from Iþ-Tg, indicating that in vitro iodination altered the con-
formation of the Tg molecule and changed the gel pattern of the
tryptic fragments.

DISCUSSION

The major finding in this study is that iodinated Tg differs from
non-iodinated Tg in its reactivity with a panel of MoAbs, indicat-
ing a loss of some epitopes and the gain of others. Although MoAb
42C3 failed to react with Tg that lacked detectable iodine, it
reacted with this same preparation of Tg if it were iodinated
in vitro. In our previous experiments, we used Tg preparations
from different individuals to obtain Tg with various levels of
iodination [24]. A limitation of these studies was that allotypic or
post-translational differences may be responsible for the differ-
ences seen [28]. These problems were avoided by starting with a
Tg preparation that had no detectable iodine; we then iodinated this
preparationin vitro. Our present study shows that addition of
iodine to the Tg molecule enabled it to bind to MoAb 42C3. Thus,
Tg reacted with this MoAb if the protein were iodinated, eitherin
vivo or in vitro. This indicates that iodine but not other post-
translational modifications are involved in the binding of MoAb
42C3 to Tg.

We have considered two possible explanations for these find-
ings: (i) MoAb 42C3 binds directly to an epitope that contains
iodine, such as iodothyronine, or (ii) the presence of iodine alters
the conformation of the Tg molecule. We found evidence support-
ing both of these possibilities. Considering the first alternative,
certain of our experimental data favour the concept that the binding
site of MoAb 42C3 contains iodinated thyronine or tyrosine. This
issue is considered in detail in a companion paper [17]. Other
findings support the view that iodination produces profound
changes in the configuration of the Tg molecule, eliminating
some determinants and perhaps revealing hidden or cryptic
determinants [29].

Work by Dunnet al. [30] demonstrated that major changes
occurred in the stereochemical configuration of Tg when iodinated.
These authors, however, did not investigate changes in immuno-
reactivity of the iodinated Tg. They did show that increased
iodination had dramatic effects on the naturally derived fragments
of Tg. The observations of Dunn and colleagues are similar to
those we found by SDS–PAGE and Western immunoblot experi-
ments (Figs 2, 3 and 4). For the experiment with MoAb 42C3, we
used either a 7·5% gel with 3% stacking gel to analyse the whole
Iþ-Tg or 5–20% gel with no stacking gel to analyse the tryptic
peptides of thisin vitro-iodinated Tg. We did not see any protein
remaining on the top of the gel, therefore intact Tg or its
tryptic peptides entered the gels. We concluded therefore that
the smeared pattern of Iþ-Tg was not due to aggregation of this
Tg on the top of the gel. The broad band in the gel is consistent with
the production of many fragments from the intact iodinated
molecule due to changes in enzymatic degradation.

Additional evidence supports the concept that iodine affects Tg
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Fig. 3. Electrophoretic gel pattern of Tg with different levels of iodination.
Fifty micrograms of normal Tg (N-Tg) (with 19 atoms of iodine/molecule
of Tg), INeg-Tg (with no detectable amounts of iodine), and Iþ-Tg (with 150
atoms of iodine/molecule of Tg) were analysed on a 7·5% SDS–PAGE and
the gel was stained with coomassie blue (a). (b) Fifty micrograms of Tg of
either control (not treated with iodobeads) (INeg-Tg) or Tg treated with
iodobeads (IB-INeg-Tg) were analysed on 7·5% SDS–PAGE and stained
with coomassie blue. The molecular weights of protein standards are shown
on the right.



by changing the shape or stability of the molecule. Electron
microscopy showed that iodinated Tg has a compact appearance,
whereas Tg with no iodine had a porous cylindrical structure [31].
Furthermore, iodine-induced changes in the conformation of Tg
molecule may make it more resistant to enzymatic degradation, as
Lamas & Ingbar showed that highly iodinated Tg was less
susceptible than normally iodinated Tg to hydrolysis by intra-
thyroidal proteases [32]. Changes in the conformation of Tg
molecule following iodination might result from addition of
iodine to thyronines, tyrosines, and even other amino acids such
as cysteines and histidines [33].

The reactivity of the three other MoAbs (137C1, 41A5 and
133B1) allowed us to look for specific alterations as well as more
general changes in the shape of the Tg molecule. An example is
illustrated by the 15-kD peptide recognized by MoAb 137C1. This
peptide was present in Western immunoblot pattern of normal Tg
and INeg-Tg, but was absent from the immunoblot pattern of Iþ-Tg
(Fig. 4), suggesting that iodinationin vitro altered the configuration
of this conformational epitope.

Monoclonal antibodies 133B1 and 41A5 also showed differ-
ences in recognizing INeg-Tg after iodination. These MoAbs
differed from MoAb 42C3 in their precise specificity, since these
MoAbs were only partly inhibitable by T3 or T4 [22]. In contrast to
MoAb 42C3, MoAb 133B1 reacted with INeg-Tg but failed to react
with this Tg if it were iodinatedin vitro. Both MoAbs, 42C3 and
133B1, however, recognized physiologically iodinated Tg. These
results suggest thatin vitro iodination of Tg changes its conforma-
tion in such a way that it can still be recognized by MoAb 42C3 but
not by MoAb 133B1 (Figs 1, 2 and 4).

Our findings may help us to understand how increased dietary
iodine can bestow greater autoantigenic potency to Tg. Iodination
of Tg may change the conformation of Tg in a way that affects its
uptake and processing by antigen-presenting cells (APC). B cells
may be particularly important as APC in recognition of Tg. The
binding of Tg to some B cell receptors, like the binding to MoAb
42C3, may be enhanced by iodination [34].
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