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Determination of proteolytic hydrolysis of thyroglobulin
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ABSTRACT

A method for the determination of the free thyronine- and tyrosine-like amino acids in the thyroidal
proicin thyroglobulin is presented. The compounds of inlerest are monoiodotyrosine, ditodotyrosine,
thyrenine, diiodothyronine, trilodothyronine and tetraiodethyronine. The extent of proteolysis was fol-
lowed by high-performance liquid chromatographic monitoring of both the remaining peptides and the
formation of the free thyroidal amino acids. Total hydrolysis was achieved by a combination of proteolytic
enzymes, A number of enzymes were tested. such as trypsin, chymotrypsin, pronase, aminopeptidase-M,
carboxypeptidase-A, carboxypeptidase-P and carboxypeptidase-Y. The best combination turned out 1o be
pronase followed by aminopeptidase-M. The relative amounts of the enzymes, with respect Lo the subsirate
thyroglobulin, and the time of incubation were optimized to achieve total proteclysis in 4 h. The method
was applied successfully to samples from a toxicological experiment with sodium bromide.

INTRODUCTION

In the thyroid the synthesis of important hormones, such as triiodothyronine
(T3) and tetraiodothyronine (T4), takes place in the follicular cells and the inner
membrane between the follicular cells and the colloid inner space [1]. Firstly, the
precursors monoiodotyrosine (MIT) and diiodotyrosine (DIT) are synthesized by
binding of iodine to the amino acid tyrosine. Subsequently the iodinated tyrosines
arc coupled to form T3, reversed T3 (rT3) and T4. These reactions are catalysed
by thyroid peroxidase [2]. Gffects of toxic compounds on the thyroid will be
reflected by a change in the relative amount of the iodinated hormoncs and
precursors present in thyroglobulin [3,4]. Therefore a method is required to deter-
mine quantitatively the amount of T3, rT3, T4, MIT, DIT in thyroglobulin and
also some other related analogues, such as thyronine (TQ) and diiodothyronine
(T2).

This paper describes the optimization of the hydrolysis of thyroglobulin by
proteolylic enzymes into the free thyroid hormones and precursors. The method
was developed with bovine thyroglobulin and applied to rat-thyroid homog-
enates from a toxicity experiment with sodium bromide.

0378-4347/91/503.50 © 1991 Llsevier Science Publishers B.V.

4



472 E H. J. M. JANSEN ¢ af.

EXPERIMENTAL

Muaterials

The high-performance liquid chromatographic (HPLC) solvents were of ana-
lytical grade {Westhurg, Leusden, The Netherlands). Water was purified by a
Millipore-Q filtration unit. The following tyrosine and thyronine standards were
used: tyrosine (TYR) obtained from Merck (Darmstadt, Germany), 3-moeno-
iodotyrosine {MIT), 3,5-diiodotyrosine {DIT), thyronine (T0), 3,3’ 3-triiodothy-
ronine (T3), 3.3".5-triiodothyronine (r'T3) and 3.3".5,5 -tetraiodothyronine (T4),
all obtained from Sigma, (Brunschwig, Amsterdam, The Netherlands). The en-
zymes aminopeptidase-M, trypsin, chymotrypsin, pronasc, carboxypeptidasc-A.,
carboxypeptidase-P and carboxypeptidase-Y were obtained from Boehringer
Mannheim (Almere. The Netherlands).

Proteolytic assays

Incubation of proteolytic enzymes with thyroglobulin was performed as fol-
lows: the incubation mixtures consisted of 10 mg of thyroglobulin, 2 mM calcium
chloride, 5 mAM methimazole and a suitable amount of enzyme ([rom 0.1 to 1.0
mg) in 2 ml of Tris-HCI buffer (0.05 M, pH 8.0}. Incubation was performed at
37°C in a water-bath. After a given time, 200 ul were taken from the mixture and
20 ul of the internal standard T3 (330 pg/ml) were added. After centrifugation,
75 ul were injected onto the HPLC column.

HPLC with UV detection

The HPLC equipment consisted of the following components: an autoinjector
(Varian. Model 9000); two solvent-delivery systems (Perkin Elmer, Series 10);
two low-pressure thres-way valves (Rheodyne 5301); a high-pressure valve {Rhe-
odyne 7010); an UV-VIS detector {Linear, Model 200); and a data acquisition
system (Axxiom, Analytica, Maasdijk, The Netherlands). The column system
consisted of a cartridge of Chromphere Cg (100 mm > 3 mm 1.D.. 5 um)
(Chrompack, Middelburg, The Netherlands) with a concentrating column (15
mm x 32 mm [LD. 7 um) (Brownlee Newgard RP-18, Inacom Instruments,
Veenendaal. The Netherlands), and was thermostatted at 35°C with an electric
column oven (LKB, Mode! 2155). The foliowing HPLC conditions were used:
after injection of 75 ul of the incubation mixture, the concentrating column was
eluted for 2 min with mobile phase A. Then the analytical column was put in-line
with the concentrating column and cluted for 3.5 min with mobile phase C and
for 14.5 min with mobile phase D. At 11.5 min the concentrating column was
switched off and cluted with mobile phase B. The total time of analysis was 20
min. Mobhile phase A consisted of phosphate buffer (0.05 M, pH 2.2) containing
2.5 mM heptanesulphonic acid. Mobile phase B consisted of methanol containing
2.5 mM heplanesulphonic acid. Mobile phase C consisted of phosphate buffer
(0.05 M. pH 2.5) containing 2.5 mM heptanesulphonic acid and methanol (65:33.
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v/v). Mobile phase D consisted of phosphate buffer (0.05 M. pH 2.5) containing
2.5 mM heptancsulphonic actd and methanol (42.5:57.5, v/v).

Toxicological experiment with sodivin bromide
The experimental peformance and the results of the animal experiments with
sodium bromide will be published in detail elsewhere |5].

RESULTS

Thyroglobulin is a glycoprotein with a high molecular mass of 660 000. In
order to achieve total proteolysis for liberation of the thyroid hormones and
percursors, a number of proteolytic cnzymes and combinations of enzymes have
been investipated. For the first incubation, in order to cleave as many peptide
bonds as possible, the [ollowing enzymes were tested: trypsin, chymotrypsin and
pronase. The second incubation was then performed with various amino- and
carboxypeptidases. The sequences of enzymes used in this study are indicaled
schematically in Fig. 1.

The course of the proteolysis could be monitored with a reversed-phase HPLC
system for the analysis of peptides or with a reversed-phase HPLC system with
column switching, which was developed for the determination of thyroid hor-
mones and precursors. An example of a separation ol the various thyroid com-
pounds is shown in Fig. 2. In practice, the second mcthod turned cut to be more
suitable because the presence of peptide fragments could also be detected with
this system.

The combination of chymotrypsin and carboxypenptidases could be expected
theoretically Lo be a good choice. Chymoltrypsin cleaves aromatic amino acids at
the C-terminal side, producing peptides with thyroid-like amino acids at the C-
terminus. A second incubation with carboxypeptidases should specifically release
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Fig. |. Schematic presentation of the combinations of proteclytic enzymes used to hydrolyse thyroglobu-
lin.
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Fig. 2. HPLC separation of thyreid hormones and precursors. The abbreviations are indicated in the text,

thesc aromatic amino acids. In practice, however, this sequence was not success-
ful. since the liberation of the thyroid hormones and precursors was far from
complete. Also a great number of peptides were still present, as shown in Fig. 3.
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Fig. 3. Chromalograms of the incubation mixtures of thyroglobulin with chymotrypsin followed by vari-
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The same kind of chromatogram was also observed after trealment with trypsin.

Proteolysis with pronase, however, showed a rather clean chromatogram with
respect to peptide peaks as shown in Fig. 4. An additional pretreatment with
trypsin, followed by pronase, did nol show any improvements. As a [inal in-
cubation, the cnzyme aminopeptidase-M gave the best results with respect to the
intensity of the thyroid hormones and precursors. The quantitative results are
listed in Table 1, expressed as percentages ol the peak heights in the chroma-
togram after treatment with the combination of pronase and aminopeptidase-M.

The combination of pronase and aminopeptidase-M was further optimized
with respect to the proportion of enzyme to thyroglobulin and the time of in-
cubation. In Fig. 5 the peak heights of DIT and T4 are shown, both as a function
of the relative amount of pronase {1:10, 25, 50 and 100} and as a function of the
time of incubation. The behaviour of MIT and T3 was similar to that of DIT
and T4, respeclively. From Fig. 5 it can be concluded that a proportion of pro-
nase of 1:10 (w/w) gives the best results, especially for T4 (and T3). With this
concentration the proteolysis is almost complete after 1 h and complete after 2-4
h. The influence of the sccond proteolytic enzyme in sequence, aminopepti-
dase-M, is shown in Fig. 6. After treatment with pronase for 1 h, the incubation
with aminopeptidase-M gives an additional increase in peak heights for MIT,
DIT, T3 and T4 of 5, 0, 10 and 25%. respcctively. The proportion of aminopepti-

TABLE I

REILATIVE CONCENTRATIONS Ol° MI'T, DIT, T3, T4, TY ROSINE (TYR) AND TRYPTOPHAN
(TRP) IN BOVINE THYROGLOBULIN AFTLR PROTEOLYTIC HYDROLYSIS BY DIFFERENT
COMBINATIONS OF PROTEQLYTIC ENZYMES

The HPLC peak height after treatment with pronase and aminopeptidase-M is set to 100%.

Proteolytic enzyine Relative conceniration (%)

MIT DIT T3 T4 TYR TRP
Pronase 91 98 85 69 87 91
Pronase + AP-M [00 100 100 100 i00 100
Trypsin 41 35 58 [5 36 30
Trypsin + pronasc 87 92 85 69 95 89
Trypsin + pronase ~ AP-M 94 92 91 85 101 92
Trypsin + pronase + CP-A 94 88 82 7t 104 89
Trypsin | pronase — CP-P 93 87 76 0 106 87
Trypsin + pronase + CP-Y 94 K7 76 68 100 83
Chymotrypsin 46 13 82 6 41 39
Chymotrypsin + CP-A 105 55 76 53 91 91
Chymotrypsin + CP-P 51 46 9! 38 58 52

Chymotrypsin + CP-Y 62 51 70 69 66 6l
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Fig. 5. HPLC peak heights of DIT and T4 in thyroglobulin as a function of time and the proportion of

pronase in the mixture.
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Ig. 7. Chromatograms of rat thyroid extracts after complete proteclytic hydrolysis. (Top) A control male
rat: (bollom) 4 male rat treated with sodium bromide.

dase-M in this experiment was 1:25 (w/w). A proportion of 1:10 did not show an
additional improvement (data not shown).

In conclusion, the best results were obtained with the following procedure:
treatment with pronase (1:10, w/w) for | h, followed by treatment with amino-
peptidase-M (1:25, w/w) for 2 h.

o
V277 04 NaBug

component
Fig. 8. Summarized results of a toxicological experiment with sodium bromide. Data were obtained from

HPLC peak heights atter total proteolytic hydrolysis with pronase foliowed by aminopeptidase-M.
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This method was applied in a toxicological experiment to assess the possible
toxic effects of sodium bromide on the thyroid. Fig. 7 shows chromatograms of a
sample from a control animal and a treated animal. From this figure it appears
that the proteolysis of rat thyroglobulin 1s complete in real samplcs. In this exper-
iment significant differences where observed between treated and control animals,
as shown schematically in Fig. 8.

DISCUSSION

Reversed-phase HPLC with a step gradient has proved to be an excellent
method for the quantitation of thyroid hormones and their precursors [6-8].
Column switching has been used to allow only the compounds of interest into the
analytical column [9]. The same HPLC system has also proved to be suitable lor
monitoring the extent of proteolysis of thyroglobulin. Both the cxistence of pep-
tides and the increase in peak heights of the compounds of interest can be demon-
strated. When the peak heights of the thyroid hormones have reached their maxi-
mum values and all the peptides have disappeared, it can be concluded that the
proteolysis is complete. The optimal combination of proteolytic enzymes turned
out to be pronase followed by aminopeptidase-M which was described also earli-
er [10]. Theoretically, the combination of chymotrypsin and a carboxypeptidase
should also liberate the free aromatic {thyroidal) amino acids. In practice, how-
ever, it appeared that thesc particular amino acids do not behave as normal
aromatic amino acids. .

In contrast to carlier reported hydrolysis procedurcs [10--13], the optimized
condition of proteolysis can be performed in 4 h: 1 h of incubation with pronase
and a subsequent 3-h incubation with aminopeptidase-M. For a few samples the
whole procedure of proteolysis and HPLC analysis can be performed within onc
working day. Larger number of samples (up to 30) can be processed within one
working day and prepared for overnight automatic HPLC analysis.

The general applicability of the method described here was shown in a toxico-
logical experiment ol the effects ol sodium bromide in rats. The thyroid homog-
enates were subjected to the proteolysis described in this report. It appeared that
the method worked well on these real samples from an animal experiment, and
total proteolysis was achicved.
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