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1.0 Purpose 

Thyroid peroxidase (TPO) is an enzyme which is present on the apical membrane of thyroid 
follicular cells where it reduces hydrogen peroxide (H2O2), thereby elevating the oxidation state 
of iodide to an iodinating species (often considered to be hypoiodous acid), and iodinates 
tyrosyl residues in the thyroglobulin (Tg) glycoprotein. Initial iodination of Tg produces 
monoiodotyrosine (MIT) and diiodotyrosine (DIT) while subsequent oxidation of MIT and DIT 
by TPO to radical species couples two residues of DIT, both still linked to the Tg, to produce 
thyroxine (T4) and couples one residue of MIT and one residue of DIT to produce 
triiodothyronine (T3). When thyroid hormones are needed, hormone-rich Tg is taken up into 
thyroid epithelial cells by endocytosis and digested by proteases which results in the release of 
T4 and T3 into the blood circulation through the action of their transporters. Chemicals 
potentially can suppress TPO-catalyzed iodination and/or coupling and in that way alter thyroid 
hormone homeostasis in vivo. 

The FTC-238 human follicular thyroid carcinoma cell line was established from a lung 
metastasis of a follicular thyroid carcinoma from a 42-year-old male. The cells are polymorphic 
showing flat polygonal to spindle-like morphologies. The FTC-238 cells are genetically modified 
to incorporate human recombinant TPO and a neomycin resistance gene. Prepared cell lysates 
of hematin-stimulated FTC-238 hrTPO cells contain active human thyoid peroxidase. 

To evaluate potential interference with TPO-catalyzed iodination, FTC-238-hrTPO cell lysates 
can be incubated with L-tyrosine, potassium iodide and H2O2 in the presence or absence of a 
test item. During incubation, TPO enzymatically converts L-tyrosine into MIT and formation of 
this metabolite can be monitored by ultraperformance liquid chromatography tandem mass 
spectrometry (UPLC-MS/MS) as a direct measurement of TPO-catalyzed iodination. 

This guidance document describes the procedures for performing the TPO-catalyzed iodination 
assay which has been tailored for the EURL ECVAM validation study of the TPO-catalyzed 
iodination assay for the detection of compounds with potential to interfere with the TPO-
catalyzed iodination. The guidance document links to Charles River Standard Operating 
Procedures (SOPs) describing various aspects of the TPO-catalyzed iodination assay. In this 
guidance document, general information regarding the definitions, materials and methods 
needed to perform the TPO-catalyzed iodination assay are given. 

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations, SOPs, Standard Forms (STFs) and Calculation Documents 

Definitions 

Accuracy The accuracy of an analytical procedure expresses the closeness of 
the determined value to the value which is accepted either as a 
conventional true value or an accepted reference value. Accuracy is 
defined as (determined value/true value) × 100%. 

Analyte A specific chemical compound being measured in a biological matrix. 

Analytical run A complete set of analytical study samples with appropriate number of 
calibration standards and QC samples for their validation.  

Analytical 
procedure 

The analytical procedure refers to the way of performing the analysis. 
It should describe in details the steps necessary to perform each 
analysis. 

Calibration range The range of an analytical procedure is the interval between the upper 
and lower concentration (amounts) of analyte in the sample (including 
these concentrations) for which it has been demonstrated that the 
analytical procedure meets the requirements for precision, accuracy 
and response function. 
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Calibration 
standard 

A matrix to which a known amount of analyte has been added or 
spiked. Calibration standards are used to construct calibration curves. 

Control item 
(Vehicle) 

A chemical used to control the proper performance of the test system 
and therefore the validity of the executed experiments. 

Carry over Carry over is the appearance of an analyte signal in blank sample after 
the analysis of samples with a high analyte concentration. 

IC50 Concentration at which 50% inhibition is observed. 

Internal standard Test compound (e.g., a structurally similar analogue or stable isotope 
labelled compound) added to calibration standards, QC samples and  
samples at a known and constant concentration to correct for 
experimental variability during sample preparation and analysis. 

Lysis Destruction of the membrane structure of cells by chemical, osmotic, 
physical, or enzymatic treatment. 

Matrix effect The direct or indirect alteration or interference in response due to the 
presence of unintended analytes (for analysis) or other interfering 
substances in the sample. 

Negative control A chemical for which the test system should not give a response. 

Precision The precision of an analytical procedure expresses the closeness of 
agreement (degree of scatter) between a series of measurements 
obtained under the prescribed conditions. Precision is defined as the 
ratio of standard deviation/mean (%) (=coefficient of variation (CV)). 

Quality control 
(QC) sample 

A spiked sample used to monitor the performance of a bioanalytical 
method and to assess the integrity and validity of the results of the 
unknown samples analysed in an individual batch. 

Reference item A chemical used to provide a basis for comparison with the test item 

Response 
function 

Response function is a function which adequately describes 
relationship between instrument response (e.g., peak area or height 
ratio) and the concentration (amount) of analyte in the sample. 
Response function is defined within a given range. 

Selectivity Selectivity is the ability of the bioanalytical method to measure and 
differentiate the analyte(s) of interest and internal standard in the 
presence of components which may be expected to be present in the 
sample. 

Specificity Specificity is the ability to measure the analyte unequivocally in the 
presence of other compounds, either exogenous or endogenous, in the 
matrix. 

Test Item A chemical that is the subject of a study. 

Vehicle control The vehicle (or solvent) control assures that the test system response 
does not originate from the applied solvent. 

 
Abbreviations 

ACN Acetonitrile 

BSA Bovine serum albumin 

DEHP Bis-(2-ethylhexyl)-phthalate 

DIT Diiodotyrosine 

DMSO Dimethyl sulfoxide 

D-PBS Dulbecco’s phosphate buffered saline 

FA Formic acid 

FBS Fetal bovine serum 

H2O2 Hydrogen peroxide 

HCl Hydrochloric acid 

hr Human recombinant 

KI Potassium iodide 

MIT Monoiodotyrosine 

MoA Mode of action 
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MS Mass spectrometry 

NaOH Sodium hydroxide 

PTU 6-Propyl-2-thiouracil 

SOP Standard operating procedure 

STF Standard form 

T3 L-Triiodothyronine 

T4 L-Thyroxine 

Tg Thyroglobulin 

TPO Thyroid peroxidase 

UPLC Ultraperformance liquid chromatography 

 
Standard Operating Procedures (SOPs) 

Purpose SOP No. 

General introduction on TPO-catalyzed iodination assay CRL SOP 001 

Preparation of FTC-238-hrTPO cell culture and freezing medium CRL SOP 002 

Thawing, culturing and freezing of FTC-238-hrTPO cells CRL SOP 003 

Preparation of FTC-238-hrTPO cell lysates CRL SOP 004 

Determination of the protein concentration in FTC-238-hrTPO cell lysates CRL SOP 005 

Determination of cell lysate amount and time dependency of TPO-
catalyzed iodination in FTC-238-hrTPO cell lysates 

CRL SOP 006 

Determination of test item solubility CRL SOP 007 

The TPO-catalyzed iodination assay CRL SOP 008 

UPLC-MS/MS analysis method to determine the mono-iodotyrosine (MIT) 
concentration in samples 

CRL SOP 009 

Analysis and interpretation of data generated in the TPO-catalyzed 
iodination assay 

CRL SOP 010 

 
Standard Forms (STFs) 

Purpose STF No. 

Medium preparation for cell culturing CRL STF 001 

Cell culturing CRL STF 002 

Preparation of FTC-238-hrTPO cell lysates CRL STF 003 

Determination of the protein concentration in FTC-238-hrTPO cell 
lysates 

CRL STF 004 

Cell lysate amount and time dependency determination CRL STF 005 

Preparation of stock solutions CRL STF 006 

Preparation of test item solutions for the TPO assay CRL STF 007 

Preparation of reference item (PTU) and control (DEHP) solutions for the 
TPO assay 

CRL STF 008 

Preparation of calibration standards and QC samples for sample 
analysis 

CRL STF 009 

 
Calculation Documents 

Purpose Document No. 

Calculation of protein concentrations (Excel) CRL CAL 001 

Calculation of cell lysate amount- and time-dependency of MIT formation 
(Excel) 

CRL CAL 002 

Calculation of TPO-catalyzed iodination (Excel) CRL CAL 003 

TPO-catalyzed iodination suppression results (Graphpad) CRL CAL 004 

 

5.0 Extra safety information  

Not applicable. 
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6.0 Materials 

Test system 

The FTC-238 human follicular thyroid carcinoma cell line was established from a lung 
metastasis of a follicular thyroid carcinoma from a 42-year-old male. The cells are polymorphic 
showing flat polygonal to spindle-like morphologies. The FTC-238 cells are genetically modified 
to incorporate human recombinant TPO and a neomycin resistance gene. Prepared cell lysates 
of hematin-stimulated FTC-238 hrTPO cells contain active human thyoid peroxidase. 

 

Chemicals and reagents 

Chemicals and Reagents Supplier Cat. No. 

Cell maintenance, growth and assay medium 

Brain Heart Infusion solution e.g., Boom  

Dulbecco’s phosphate buffered saline (D-PBS) 
without calcium and magnesium chloride 

e.g., Gibco 

e.g., Sigma-Aldrich 

14190 

D8537 

Fetal Bovine Serum e.g., Gibco 10270-106 

Geneticin 50 mg/mL (200×) e.g., Gibco 10131-035 

Hematin (porcine) e.g., Sigma-Aldrich H3281 

Iscove’s (IMDM) selection medium with phenol 
red 

e.g., Gibco 12440 

Penicillin-Streptomycin (10,000 U/mL – 10,000 
µg/mL) 

e.g., Gibco 15140 

0.5% Trypsin-EDTA (10×) e.g., Gibco 15400 

Reference and control items 

Bis-(2-ethylhexyl)-phthalate (DEHP) (CAS 117-
81-7; purity ≥ 98%) 

e.g., Sigma-Aldrich 36735 

6-Propyl-2-thiouracil (PTU) (CAS 51-52-5; 
purity ≥ 98%) 

e.g., Sigma-Aldrich 46698 

Chemicals and reagents 

Acetonitrile (LC-MS grade) e.g., Biosolve B.V. 012078 

Dimethyl sulfoxide (DMSO) e.g., Merck 102592 

Ethanol e.g., Boom  

Formic acid (LC-MS grade) e.g., Biosolve B.V. 069178 

Hydrochloric acid (HCl) e.g., Merck 1.09057 

Hydrogen peroxide (H2O2) e.g., Merck 108597 

3-Iodo-L-tyrosine (MIT) (CAS 70-78-0; purity ≥ 
98%) 

e.g., Sigma-Aldrich I8250 

Isopropanol e.g., Merck 109634 

L-tyrosine (CAS 60-18-4; purity ≥ 98%) e.g., Sigma-Aldrich T8566 

Methanol (LC-MS grade) e.g., Biosolve B.V. 136878 

Monoiodotyrosine-13C6 (MIT-13C6; purity ≥ 98%) 
e.g., Toronto Research 

Chemicals 
A825050 

Potassium hydrogen phosphate (K2HPO4) e.g., Merck 105104 

Potassium dihydrogen phosphate (KH2PO4) e.g., Merck 104873 

Potassium iodide (KI) e.g., Merck 105043 

Sodium deoxycholate e.g., Sigma-Aldrich D6750 

Sodium thiosulfate e.g., Honeywell 72049 
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1 N Sodium hydroxide (NaOH) e.g., Merck 1.09137 

Ultrapure water e.g., Biosolve B.V. 232178 

 

Materials 

Materials Supplier Cat. No. 

Bovine serum albumin (BSA) protein standard e.g., Thermo Scientific  

Cell-scraper   

Clear glass vials (2 mL) e.g., Waters  

Cryovials (1 mL) e.g., Greiner 123261 

Culture flasks for tissue culture (75 cm2 and/or 
175 cm2) 

e.g., Greiner  

Eppendorf tubes (1.5 mL) e.g., VWR  

Mr. Frosty freezing containers e.g., VWR  

PierceTM BCA Protein Assay Kit e.g., Thermo Scientific 23227 

PierceTM 96-wells plates e.g., Thermo Scientific  

Sterile pipettes (5 mL, 10 mL and 25 mL)   

Sterile plastic 50 mL tube with cap e.g., Greiner  

Sterile tips (10, 100, 200, 1000 and 5000 µL)   

Transparent 96-wells plate, flat bottom e.g., Greiner 655182 

U-tubes (amber colored) e.g., Micronic  

 

Equipment 

- Analytical balance suitable to accurately weigh 5 mg 

- Absorbance plate reader for 96-well plates (e.g., TECAN® Infinite M200 Pro) 

- Centrifuge with swing-out rotor for 50 mL centrifuge tubes 

- CO2 incubator 

- Haemocytometer e.g., Bürker-Türk counting chamber or Coulter particle counter (window set 
at 10-24 µm) 

- Inverted light microscope with 4×, 10× and preferably 20× objective 

- Low temperature storage -80 °C freezer 

- Low temperature storage such as liquid nitrogen container or -150 °C freezer for storage of 
cryovials 

- Multichannel pipette 

- pH meter 

- Pipette controller 

- Pipettes for accurate pipetting volumes between 1 and 5000 µL  

- Plate shaker for horizontal shaking 

- Safety-cabinet or glove box for the safe handling of chemicals  

- Sterile flow cabinet 

- Vortex 

- Water bath, set at 37°C 

- Water bath, set at 56°C 

- Ultrasonic water bath 

- UPLC-MS/MS system (e.g., Waters Acquity I-class Xevo TQ-S) 
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Preparation of solutions 

Preparations of solutions, cell culture media and reagents required for culturing and lysing cells, 
performance of the TPO-catalyzed iodination assay and sample analysis are described in 
individual SOPs Preparations of solutions, cell culture media and reagents required for culturing 
and exposing cells and determination of luminescence are described in individual SOPs (for an 
overview of SOPs see the corresponding SOP table). 

 

Solutions, culture media and reagents needed for the TPO assay 

Item Purpose SOP No. 

Growth medium 

Iscove’s (IMDM) selection medium with phenol 
red supplemented with 10% heat inactivated 
Fetal Bovine Serum (FBS), 50 mg/mL 
geneticin, 100 units/mL penicillin and 100 
µg/mL streptomycin 

CRL SOP 002 

Heat inactivated FBS 
Fetal Bovine Serum (FBS), heat inactivated. 
Before use, inactivate 30 minutes in a water 
bath set at 56°C 

CRL SOP 002 

Freezing medium 
Growth medium supplemented with 10% heat 
inactivated FBS and 10% DMSO 

CRL SOP 002 

Trypsin-EDTA solution 
0.05% (w/v) Trypsin-EDTA solution prepared in 
D-BPS without calcium and magnesium 
chloride 

CRL SOP 003 
CRL SOP 004 

Hematin solution 
1 mg/mL Hematin in 1 N Sodium Hydroxide 
(NaOH) 

CRL SOP 004 

Sodium deoxycholate 
solution 

0.1% (w/v) Sodium deoxychlolate in 1× D-PBS CRL SOP 004 

0.1 M HCl solution Dilution (10-fold) of 1 M HCl in ultrapure water 
CRL SOP 006 
CRL SOP 008 
CRL SOP 009 

L-tyrosine stock 
solution 

Preparation of a 10 mM L-tyrosine stock 
solution in 0.1 M HCl 

CRL SOP 006 
CRL SOP 008 
CRL SOP 009 

Internal standard stock 
solution 

Preparation of a 1 mg/mL 3-iodo-tyrosine-13C6 
solution in 0.1 M HCl 

CRL SOP 006 
CRL SOP 008 
CRL SOP 009 

Sodium thiosulfate 
solution 

Preparation of a 2 M sodium thiosulfate 
solution in ultrapure water 

CRL SOP 006 
CRL SOP 008 
CRL SOP 009 

Potassium dihydrogen 
phosphate solution 

Preparation of a 0.1 M potassium dihydrogen 
phosphate solution in ultrapure water to 
prepare the 0.1 M potassium phosphate buffer 
pH 7.4 

CRL SOP 006 
CRL SOP 007 
CRL SOP 008 
CRL SOP 009 

Potassium hydrogen 
phosphate solution 

Preparation of a 0.1 M potassium hydrogen 
phosphate solution in ultrapure water to 
prepare the 0.1 M potassium phosphate buffer 
pH 7.4 

CRL SOP 006 
CRL SOP 007 
CRL SOP 008 
CRL SOP 009 

Potassium phosphate 
buffer pH 7.4 

Preparation of a 0.1 M potassium phosphate 
buffer pH 7.4 

CRL SOP 006 
CRL SOP 007 
CRL SOP 008 
CRL SOP 009 

Potassium iodide 
solution 

Preparation of a 100 mM potassium iodide 
solution in 0.1 M potassium phosphate buffer 
pH 7.4 

CRL SOP 006 
CRL SOP 008 
CRL SOP 009 

H2O2 solution 
Preparation of a 3.75 M and a 3.75 mM H2O2 
solution in ultrapure water 

CRL SOP 006 
CRL SOP 008 
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CRL SOP 009 

IS working solution 

Preparation of an IS working solution by mixing 
the 2 M sodium thiosulfate solution, the 1 
mg/mL IS stock solution and methanol in the 
appropriate ratios 

CRL SOP 006 
CRL SOP 008 
CRL SOP 009 

Test item stock and 
spiking solutions 

Preparation of test item stock and spiking 
solutions in an appropriate solvent at 
appropriate concentrations 

CRL SOP 007 
CRL SOP 008 

Reference item stock 
and spiking solutions 

Preparation of reference item stock and spiking 
solutions in an appropriate solvent at 
appropriate concentrations 

CRL SOP 007 
CRL SOP 008 

Control item stock and 
spiking solutions 

Preparation of control item stock and spiking 
solutions in an appropriate solvent at 
appropriate concentrations 

CRL SOP 007 
CRL SOP 008 

3-Iodo-L-tyrosine (MIT) 
stock solutions 

Preparation of two 10 mM MIT stock solutions 
in 0.1 M HCl 

CRL SOP 009 

3-Iodo-L-tyrosine (MIT) 
spiking solutions 

Preparation of MIT spiking solutions in 0.1 M 
potassium phosphate buffer pH 7.4 

CRL SOP 009 

 

Cell Culture (Growth) Medium – CRL SOP 002 

Growth medium for culturing FTC-238-hrTPO cells consists of Iscove’s (IMDM) selection 
medium with phenol red supplemented with 10% heat inactivated Fetal Bovine Serum (FBS), 
50 mg/mL geneticin, 100 units/mL penicillin and 100 µg/mL streptomycin.  

 

Freezing Medium – CRL SOP 002 

Medium for freezing FTC-238-hrTPO cells consists of cell culture (growth) medium 
supplemented with 10% heat inactivated FBS and 10% DMSO. 

 

Trypsin-EDTA solution (0.05%) – CRL SOP 003 

Trypsin-EDTA is used to separate cells during cell culture, by cleaving the peptide bonds 
between cells and cell culture material. The solution needs to be prepared in Dulbecco’s 
phosphate buffered saline (D-PBS) without calcium and magnesium chloride and should 
contain trypsin-EDTA at a final concentration of 0.05%. 

 

1 mg/mL Hematin in 1 N Sodium Hydroxide (NaOH) – CRL SOP 004 

This solution is used for cell culturing and should be prepared freshly, kept on ice and be 
protected from light. 

 

0.1% (w/v) Sodium Deoxycholate in D-PBS – CRL SOP 004 

This solution is used for cell lysis (CRL SOP 004) and determination of the protein concentration  
(CRL SOP 005) and should be prepared freshly, kept on ice and be protected from light. 

 

0.1 M HCl Solution – CRL SOPs 006, 008 and 009  
This solution is used to prepare L-tyrosine, 3-Iodo-tyrosine-13C6 and MIT stock solutions.  
 
0.1 M Potassium Phosphate Buffer, pH 7.4 – CRL SOPs 006, 007, 008 and 009 
Potassium phosphate is used as buffer for various purposes. 

 
Internal Standard Working Solution – CRL SOPs 006, 008 and 009  
The IS working solution is added to calibration standards, QC samples and  samples at a known 
and constant concentration to correct for experimental variability during sample preparation and 
analysis.  
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- The final concentration of sodium thiosulfate in the IS working solution should always be 
300 µM.  

- The final concentration of the IS in the IS working solution used to prepare calibration 
standards and QC samples should always be 3000 ng/mL.  

- The final concentration of the IS in the IS working solution used to prepare study samples 
depends on the final dilution step that is used during sample preparation. 
Recommendations for these concentrations are included in the relevant SOPs. The final 
dilution step that is used for sample preparation depends on the TPO activity of the FTC-
238-hrTPO cell lysates and may vary between batches. This needs to be evaluated for 
every new batch of cell lysates that is prepared. 

 

7.0 Method 

 
This Section outlines the general procedures and workflows used for the implementation and 
execution of the TPO-catalyzed iodination assay. For specific procedures, references are made 
to individual SOP(s). 
 
In general, the procedures can be subdivided into five areas: 
 
1) Cell culture of the FTC-238-hrTPO cells and preparation of FTC-238-hrTPO cell lysates. 
2) Characterisation of the FTC-238-hrTPO cell lysates. 
3) Evaluation of the test item solubility for selection of the concentration range to be used in 

the TPO-catalyzed iodination assay. 
4) Performance of the TPO-catalyzed iodination assay. 
5) Quantitative analysis of MIT formation by UPLC-MS/MS (including preparation of 

calibration standards and QC samples). 
 

7.1 Cell culture of the FTC-238-hrTPO cells and preparation of FTC-238-hrTPO cell lysates 

Thawing of culture cells – CRL SOP 003 
The medium used for freezing contains high concentrations of DMSO which protects the cells 
during freezing but is toxic to cells at room temperature. To minimize the damage to the cells 
during thawing, cells are thawed quickly in a water bath after which the cells can be  transferred 
to a larger amount of fresh medium. 

Culturing FTC-238-hrTPO cells – CRL SOP 003 
Procedure for culturing FTC-238-hrTPO cells. The cells grow continuously in cell culture 
medium attached to the cell culture flask. Part of the cells need to be transferred (subcultured) 
to a new flask containing fresh medium. 

Freezing of culture cells – CRL SOP 003 
Mammalian cells can be stored in liquid nitrogen for many years. To prepare the cells for 
nitrogen storage, healthy cells are trypsinated and then taken up in growth medium containing 
extra serum together with DMSO as a cryoprotective agent and first stored at -80°C for one day 
to allow for a rapid - but not too rapid - decrease in temperature. The next day, the cryovials 
are transferred to a liquid nitrogen container or the -150°C freezer to allow long term storage. 

Preparation of cell lysates – CRL SOP 004 
FTC-238-hrTPO cells are human thyroid carcinoma cells stably transfected with an expression 
clone coding for hrTPO and can be used as a TPO source for use in in vitro assays. This 
protocol describes the procedure to prepare FTC-238-hrTPO cell lysates for use in the TPO-
catalyzed iodination assay. It is estimated that each T175 cell culture flask will yield 1 mL of cell 
lysate with an average protein concentration of 1 mg/mL. It is recommended to prepare at least 
40 mg of cell lysate per FTC-238-hrTPO batch which can be used for determination of the 
protein concentration (CRL SOP 005), the protein- and time-dependency experiments (CRL 
SOP 006) and multiple TPO-catalyzed iodination experiments (CRL SOP 008). 

7.2 Characterisation of the FTC-238-hrTPO cell lysates 
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As properties may vary between different batches of FTC-238-hrTPO cell lysates, different 
experiments need to be performed to characterize the cell lysates before they can be used in 
the TPO-catalyzed iodination assay. 

Determination of the protein concentration in FTC-238-hrTPO cell lysates – CRL SOP 005 
When a new batch of FTC-238-hrTPO cell lysate has been prepared, the first step in the 
characterisation process is that the protein concentration of the lysates needs to be determined. 
This can be done using the PierceTM BCA Assay Kit. 

Cell lysate amount and time dependency determination – CRL SOP 006 
When the protein concentration has been determined, the next step of the characterisation 
process is to evaluate the of the MIT formation on the amount of cell lysate in the incubation 
and the incubation time itself. The influence of the incubation time and amount of cell lysate 
used in the incubation on MIT formation in the TPO-catalyzed iodination assay will be 
determined using different cell lysate concentrations and different incubations times. This in 
order to be able to determine the optimal incubation conditions for the TPO-catalyzed iodination 
assay. An incubation time and cell lysate amount need to be selected that result in linear 
formation of the MIT metabolite. After 15 minutes of incubation, the MIT concentration in the 
incubation should be between 10 and 20 µM.   

The cell lysate amount- and time-dependency experiment will furthermore yield information 
about the MIT levels that can be expected to be formed during the TPO-catalyzed iodination 
assay. This information needs to be used to determine the fold-dilution step to be applied for 
preparation of the study samples for analysis by UPLC-MS/MS. 

For preparation of the calibration standards and QC samples that are included during sample 
analysis, a 100-fold dilution step in 0.1 M potassium phosphate buffer is included and should 
always be kept the same. For study samples obtained from FTC-238-hrTPO cell lysate 
incubations, it may occur that when a similar fold-dilution step is applied, the response (MIT 
peak area/IS peak area) of the study samples falls in the lower range of the calibration curve. 
In these cases, it is better to enhance the response by using a smaller fold-dilution step. In 
order to ensure that the IS signal will not interfere with the MIT signal, in these cases the IS 
concentration needs to be adjusted (lowered) in the IS working solution that is used for 
preparation of the study samples. The SOP contains recommendations how to prepare the IS 
working solution for the different fold-dilution steps.      

7.3 Evaluation of the test item solubility for selection of the concentration range to be used in the 
TPO-catalyzed iodination assay 

Solubility assessment for test items – CRL SOP 007 
This SOP describes how to determine the solubility of a test item for testing in the TPO-
catalyzed iodination assay. The solubility of the test item will be determined in solvent followed 
by a 100-fold dilution in potassium phosphate buffer, pH 7.4. The preferred solvent will be 
DMSO with ultrapure water as alternative e.g., for inorganic salts. Other solvents can be used, 
however, suitability for use in the TPO-catalyzed iodination assay should be demonstrated. 
Solubility assessment in solvent and assay buffer will be based on visual inspection under the 
microscope. 

7.4 Performance of the TPO-catalyzed iodination assay 

TPO-catalyzed iodination assay – CRL SOP 008 
For the TPO-catalyzed iodination assay, at least two experiments will be performed. During 
each experiment, eight test item concentrations will be evaluated.  

- For the first experiment, it is recommended to use the highest possible test item 
concentration, however, the highest (nominal) concentration to be tested should be at least 
10-5 M irrespective of the test item solubility. When concentrations equal or lower than 
10-5 M are insoluble, this should be noted in the raw data files of the study. The lowest 
concentration to be tested is generally 10-10 M. 

- If the highest concentration to be tested is lower than 10-3.5 M, mid-log concentration(s) will 
be added near the lower end of the curve to obtain a total of eight test item concentrations.  
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- If during the first experiment the top of the curve (full enzymatic activity) is not reached at 
the lowest test item concentration, lower concentrations need to be selected for the second 
experiment and, only if applicable, subsequent experiment(s). 

FTC-238-hrTPO cell lysate containing TPO enzyme will be incubated together with potassium 
iodide and H2O2 in the presence or absence of the test item, the negative control item DEHP 
or the reference item PTU. During incubation, TPO enzymatically converts L-tyrosine into the 
metabolite MIT. MIT formation will be quantified using UPLC-MS/MS as a direct measurement 
of TPO activity. 

For preparation of the calibration standards and QC samples that are included during sample 
analysis, a 100-fold dilution step in 0.1 M potassium phosphate buffer is included and should 
always be kept the same. For study samples obtained from FTC-238-hrTPO cell lysate 
incubations, it may occur that when a similar fold-dilution step is applied, the response (MIT 
peak area/IS peak area) of the study samples falls in the lower range of the calibration curve. 
In these cases, it is better to enhance the response by using a smaller fold-dilution step. In 
order to ensure that the IS signal will not interfere with the MIT signal, in these cases the IS 
concentration needs to be adjusted (lowered). The SOP contains recommendations how to 
prepare the IS working solution for the different fold-dilution steps. 

7.5 Quantitative analysis of MIT formation by UPLC-MS/MS (including preparation of calibration 
standards and QC samples) 

UPLC-MS/MS analysis method for MIT – CRL SOP 009  
MIT formation will be quantified using UPLC-MS/MS as a direct measurement of TPO activity. 
Prior to routine use of this method of quantification, laboratories should develop a validated and 
reproducible analytical method to measure levels of the substrate L-tyrosine and the MIT 
metabolite. The SOP contains details for the method that has been used during the 
implementation of the TPO-catalyzed iodination assay and this method. When an analytical 
method is being validated, at least the following parameters should be evaluated: selectivity, 
linearity, carry over, accuracy and precision and the processed sample stability. 

The SOP also contains details how to prepare the calibration standards and QC samples that 
need to be included for sample analysis.   

Data analysis and interpretation – CRL SOP 010 
This SOP describes how to analyze and interpret data generated in the TPO-catalyzed 
iodination assay. 
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1.0 Purpose  

Preparation of cell culture and freezing medium for FTC-238-hrTPO cells. 

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations  

Not applicable. 

5.0 Extra safety information  

Not applicable. 

6.0 Materials 

6.1  Chemicals  

- Iscove’s (IMDM) selection medium with phenol red 

- Fetal Bovine Serum (FBS), heat inactivated. Before use, inactivate 30 minutes in a water 
bath set at 56°C 

- Sterile Brain Heart Infusion solution 

- Penicillin-Streptomycin (10.000 U/mL-10.000 µg/mL) 

- Geneticin 50 mg/mL (200×) 

- Dimethyl sulfoxide (DMSO) 

6.2 Equipment 

- Water bath 

- CO2 incubator 

7.0 Introduction 

Cell culture medium is used in cell cultures to supply nutrients, growth factors and the right 
cell culture conditions.  

8.0 Procedure Cell culture medium (growth medium)  

8.1 Cell culture medium (growth medium) 

8.1.1 Thaw the heat inactivated FBS and Penicillin-Streptomycin (10.000 U/mL – 10.000 
µg/mL) in a water bath (set at 37°C). 

8.1.2 Open a 500 mL bottle of Iscove’s (IMDM) selection medium with phenol red in the 
laminar flow cabinet. 

8.1.3 Remove 57.5 mL of Iscove’s (IMDM) selection medium from the bottle. 

8.1.4 Add 50 mL of heat inactivated FBS to the bottle with IMDM. 

8.1.5 Add 2.5 mL of geneticin (200×) (final conc. 50 mg/mL). 

8.1.6 Check the medium for sterility by taking a 1 mL sample and mixing this with 3 mL of 
sterile Brain Heart Infusion Solution. 

8.1.7 Incubate the sterility control for a minimum of 48 hours at 37°C ± 1.0 °C and 5.0% ± 
0.5% CO2.  

8.1.8 Add 5 mL of Penicillin-Streptomycin (final conc.:100 U/mL – 100 µg/mL) to the 
bottle with medium. 

8.1.9 Close the bottle and mix carefully, avoiding bubble formation. 
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8.1.10 Label the bottle, indicating name, content, date of preparation and expiration date 
(1 month from the day of preparation). 

8.1.11 Store the bottle with growth medium at 4°C. 

8.2 Freezing medium 

8.2.1 Thaw heat inactivated FBS in a water bath (set at 37°C). 

8.2.2 Take a sterile 50 mL tube and open the tube in the laminar flow cabinet. 

8.2.3 Add 32 mL growth medium (see for preparation Section 8.1). 

8.2.4 Add 4 mL of heat inactivated FBS. 

8.2.5 Add 4 mL of DMSO. 

8.2.6 Prepare freshly and keep on ice. 
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1.0 Purpose  

This SOP describes the procedure for thawing, culturing and freezing of FTC-238-hrTPO cells. 

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations  

Not applicable. 

5.0 Extra safety information  

Not applicable. 

6.0 Materials, chemicals and equipment 

6.1 Materials 

- 75 cm2 and/or 175 cm2 culture flasks for tissue culture 
- Sterile pipettes (5 mL, 10 mL and 25 mL) 
- Pipette (range up to 20 µL) 
- FTC-238-hrTPO cells  

- Sterile plastic Greiner tubes (50 mL) with cap 

- Bürker-Türk counting chamber or Coulter counter  

- Cryovials (1 mL) 

- Mr. Frosty freezing containers 

- Ice 

6.2 Chemicals 

- Growth medium (supplemented Iscove’s (IMDM) selection medium with phenol red)) (see 

CRL SOP 002) 

- Freezing medium (see CRL SOP 002) 

- 0.5% Trypsin-EDTA (10×) 

- Dulbecco’s phosphate buffered saline (D-PBS) without calcium and magnesium chloride 

- Isopropanol 

- Ethanol 70% 

6.3 Equipment 

- Centrifuge 

- Safety-cabinet 

- CO2-incubator 

- Inverted light microscope with 4×, 10× and 20× objectives 

- Pipette controller 

- -80 °C Freezer 

- -150 °C Freezer or liquid nitrogen 

- Coulter particle counter (optional) 

7.0 Introduction 

FTC-238-hrTPO cells are human thyroid carcinoma cells stably transfected with an 
expression clone coding for human recombinant (hr) thyroid peroxidase (TPO). FTC-238-
hrTPO cells can be stored frozen for a longer time. To prepare the cells for storage, healthy 
cells are trypsinated and then taken up in growth medium containing extra serum together 
with DMSO as a cryo-protective agent. The cells are transferred to cryovials, which are stored 
at -80°C for one day to allow for a rapid - but not too rapid - decrease in temperature. The 
next day, the cryovials are transferred to the -150°C freezer to allow long term storage. 
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8.0 Procedure  

8.1 Starting a FTC-238-hrTPO cell culture 

8.1.1 Equilibrate a flask of growth medium (see CRL SOP 002 for preparation) in a water 
bath set at 37.0°C. 

8.1.2 Pipet 14 mL equilibrated growth medium in a tube. 

8.1.3 Take a vial of FTC-238-hrTPO cells out of the -150 °C freezer (or liquid nitrogen). 

8.1.4 Thaw the vial immediately by putting it in a water bath set at 37°C. Swirl the vial 
gently in the water bath. 

8.1.5 Disinfect the vial with 70% ethanol and open the vial in the flow cabinet. 

8.1.6 Pipet the content out of the vial as fast as possible in the tube containing 14 mL 
equilibrated growth medium.  

8.1.7 Gently mix the cell suspension. 

8.1.8 Transfer the cell suspension to a cell culture flask of 75 cm2 (T75).  

8.1.9 Fill the flask to 15 mL with equilibrated growth medium.  

8.1.10 Incubate the cells in a CO2 incubator set at 37°C and 5% CO2. 

8.1.11 Replace the medium the next day.  

8.2 Replacement of medium 

8.2.1 Equilibrate a flask of growth medium in a water bath set at 37°C. 

8.2.2 Gently pipet the medium out of the culture flask. 

8.2.3 Pipet 15 mL of equilibrated growth medium into the culture flask. 

8.2.4 Gently mix the flask. 

8.2.5 Place the cells in a CO2 incubator set at 37°C and 5% CO2 for culturing 

8.3 Passing of cells 

8.3.1 Equilibrate a flask of growth medium in a water bath set at 37°C. 

8.3.2 Thaw and equilibrate 0.05% trypsin-EDTA (1×) (see Appendix I) in a water bath set 
at 37°C. 

8.3.3 Check the cells under a microscope. When the cells are approximately 75-90% 
confluent, they must be passed to a fresh culture flask. 

8.3.4 Gently pipet the medium out of the culture flask. 

8.3.5 Wash the cells gently with 10 mL D-PBS (without calcium and magnesium 
chloride), use a T75 culture flask. 

8.3.6 Add 1.5 mL (use a T75 culture flask) trypsin-EDTA (1×) to the culture flask. Divide 
the trypsin-EDTA over the bottom of the flask. 

8.3.7 Immediately pipet the excessive amount of trypsin-EDTA out of the flasks again in 
such a way that the cells are covered with a minimal amount of trypsin-EDTA. 

8.3.8 Incubate the flasks for 3-5 minutes in a CO2 incubator set at 37°C and 5% CO2, 
keep the cap of the culture flask closed. 

8.3.9 Check (using the inverted light microscope) if the cells have become round and are 
detached. If necessary, gently tap the culture flask to loosen the cells. 

8.3.10 Inhibit trypsin activity by adding 15 mL of growth medium (for a T75 culture flask) 
and resuspend the cells. 
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8.3.11 Pass the cells in a ratio ranging from 1:2 to 1:4 in T75 flasks (the passage ratio 
depends on the number of flasks that are needed). Use the table below to 
determine the amount of cell suspension and growth medium needed per flask. 

Passage ratio Number of flasks Cell suspension 
(mL) 

Growth medium 
(mL) 

1:2 2 7.5 7.5 

1:3 3 5.0 10.0 

1:4 4 3.75 11.25 

8.3.12 Gently mix the flasks and ensure that the cell suspension covers the whole bottom 
of the flask. 

8.3.13 Write the project number, cell name, date and passage number of the cells on the 
culture flasks. The passage number increases by 1 when splitting the cells (e.g., 
from P1.7 to P2.7 where 7 is the passage number of the original stock taken from 
the -150°C freezer). 

8.3.14 Culture the cells in a CO2 incubator set at 37°C and 5% CO2. 

8.4 Freezing of FTC-238-hrTPO cells 

8.4.1 Label cryovials with the cell type, date and passage number of the cells. Freeze  
2-6×106 cells per vial. 

8.4.2 Prepare the freezing medium freshly (see CRL SOP 002). 

8.4.3 Pipet the cell suspension into a 50 mL Greiner tube. 

8.4.4 Count the number of cells using a Coulter particle counter (window set at 
10-24 µm) or Bürker-Türk cell counting chamber.   

8.4.5 Centrifuge the cell suspension for 5 minutes at 150 ×g at room temperature. 

8.4.6 Remove the supernatant and resuspend the cells to a density of 2-6×106 cells/mL 
in freeze medium. 

8.4.7 Aliquot 1 mL of cell suspension per cryovial and place the cryovials in the Mr. 
Frosty vial holder (maximum of 18 vials per vial holder). 

8.4.8 Fill the Mr. Frosty with isopropanol up to the designated line. Gently place the vial 
holder back in the Mr. Frosty. 

8.4.9 Place the Mr. Frosty in -80 °C for at least 4 hours or overnight and transfer the vials 
to a -150 °C freezer for storage. 

8.4.10 Note the date of freezing, cell type, passage number and the number of frozen vials 
in the lab files. 

8.4.11 The isopropanol may be used a maximum of 5 times for freezing cells. Clean the 
Mr. Frosty with a non-abrasive or alkaline detergent 

9.0 References 

Not applicable. 
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Appendix I: Preparation of solutions 

 
1. 0.05% (v/v) trypsin-EDTA 

Add 10 mL Trypsin-EDTA (10×) to 90 mL D-PBS 

Expiry date and storage: 6 months at <-15°C 
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1.0 Purpose  

This SOP describes the procedure for preparation of lysates of FTC-238-hrTPO cells.  

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations  

Not applicable. 

5.0 Extra safety information  

Not applicable. 

6.0 Materials, chemicals and equipment 

6.1 Materials 

- 75 cm2 (T75) and/or 175 cm2 (T175) culture flasks, for tissue culture 
- Sterile pipettes (5 mL, 10 mL and 25 mL) 
- Pipette (range up to 20 µL) 
- FTC-238-hrTPO cells  

- Sterile plastic Greiner tubes (50 mL) with cap 

- Cell-scraper 

- Eppendorf tubes (1.5 mL) 

- Ice 

6.2 Chemicals  

- Growth medium (supplemented Iscove’s (IMDM) selection medium with phenol red)) (see 

CRL SOP 002) 

- Sodium deoxycholate 

- 1N Sodium hydroxide (NaOH)  

- 0.5% Trypsin-EDTA (10×) 

- Dulbecco’s phosphate buffered saline (D-PBS) without calcium and magnesium chloride 

- Isopropanol 

- Hematin 

6.3 Equipment 

- Centrifuge 

- Safety-cabinet 

- CO2-incubator 

- Inverted light microscope with 4×, 10× and 20× objectives 

- Pipette controller 

- -80 °C Freezer 

7.0 Introduction 

The FTC-238 human follicular thyroid carcinoma cell line was established from a lung 
metastasis of a follicular thyroid carcinoma from a 42-year-old male. The cells are 
polymorphic showing flat polygonal to spindle-like morphologies. The FTC-238 cells are 
genetically modified to incorporate human recombinant TPO and a neomycin resistance 
gene. Prepared cell lysates of hematin-stimulated FTC-238 hrTPO cells contain active human 
thyoid peroxidase. This protocol describes the procedure to prepare FTC-238-hrTPO cell 
lysates for use in the tyrosine iodination assay. 

8.0 Procedure  

8.1 FTC-238-hrTPO cell culture 
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8.1.1 Cells will be cultured according to CRL SOP 003 “Thawing, culturing and freezing 
of FTC-238-hrTPO cells”. 

8.1.2 Two days prior to cell lysis, the cells will be stimulated with hematin. 

8.1.3 Prepare a solution of 1 mg/mL hematin in 1N NaOH. Protect the solution from light 
and keep on ice (see Appendix I). 

8.1.4 Equilibrate a flask of growth medium in a water bath set at 37°C. 

8.1.5 Add the hematin solution to the equilibrated growth medium at a final concentration 
of 1 µg/mL. 

8.1.6 Thaw and equilibrate 0.05% trypsin-EDTA (1×) (see Appendix I) in a water bath set 
at 37°C. 

8.1.7 Check the FTC-238-hrTPO cells under a microscope. When the cells are 
approximately 75-90% confluent, they will be passed to a fresh culture flask. 

8.1.8 Gently remove the medium from the culture flask. 

8.1.9 Wash the cells gently with 10 mL D-PBS (without calcium and magnesium 
chloride), use a T75 culture flask. 

8.1.10 Add 1.5 mL (use a T75 culture flask) 0.05% trypsin-EDTA (1×) to the culture flask 
and divide the trypsin-EDTA over the bottom of the flask. 

8.1.11 Immediately pipet the excessive amount of trypsin out of the flasks again in such a 
way that the cells are covered with a minimal amount of trypsin. 

8.1.12 Incubate the flasks for 3-5 minutes in a CO2 incubator set at 37°C and 5% CO2, 
keep the cap of the culture flask closed. 

8.1.13 Check (using the inverted light microscope) if the cells have become round and are 
detached. If necessary, tap the culture flask gently to loosen the cells. 

8.1.14 Inhibit trypsin activity by adding 15 mL of growth medium containing 1 µg/mL 
hematin to every T75 culture flask and resuspend the cells. 

8.1.15 Pass all the cells from a T75 culture flask to a T175 cell culture flask by transferring 
15 mL of cell suspension (with hematin) to a T175 culture flask, followed by addition 
of 15 mL growth medium containing 1 µg/mL hematin. The total volume should be 
30 mL. 

8.1.16 Incubate the cells for (at least) 2 days in a CO2 incubator set at 37°C and 5% CO2. 

8.2 Lysis of FTC-238-hrTPO cells 

8.2.1 After 2 days, check the confluency of the cells. The confluency of the cells has to 
be at least 80% prior to cell lysis. 

8.2.2 Gently remove the medium from the culture flasks. 

8.2.3 Gently wash the cells with 20 mL sterile D-PBS. 

8.2.4 Scrape off the cells and resuspend them in 15 mL sterile D-PBS 

8.2.5 Transfer the cells to a centrifuge tube. 

8.2.6 Centrifuge the cells 5 minutes at 1000 × g at room temperature.  

8.2.7 From now on, sterile working is not necessary anymore. 

8.2.8 Remove the supernatant. 

8.2.9 Lyse the cells by resuspending them in 1 mL 0.1% sodium deoxycholate (see 
Appendix I) per T175 cell culture flask. 
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8.2.10 Place the cell suspension on ice for in total 20 minutes. Resuspend the suspension 
two times by pipet mixing during the incubation on ice.  

8.2.11 Transfer the cell lysate from each T175 cell culture flask to a 1.5 mL Eppendorf 
tube. 

8.2.12 Centrifuge the tubes for 5 minutes at 11.350 × g at 4 °C. 

8.2.13 Pool the supernatant of all the vials in a fresh tube. 

8.2.14 Aliquot the supernatant in 1.5 mL Eppendorf tubes and store these at -80°C (for a 
maximum of 1 year). 

 
It is estimated that each T175 cell culture flask will yield 1 mL of cell lysate with an average 
protein concentration of 1 mg/mL. It is recommended to prepare at least 40 mg of cell lysate 
per FTC-238-hrTPO batch which can be used for determination of the protein concentration 
(CRL SOP 005), the protein- and time-dependency experiments (CRL SOP 006) and multiple 
TPO inhibition experiments (CRL SOP 008).   
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Appendix I: Preparation of solutions 

 

1. 1 mg/mL hematin in 1N NaOH  

Prepare freshly, protect from light and keep on ice. 

Weigh 2 mg hematin and dissolve in 2 mL 1N NaOH. 

 

2. 0.1% (w/v) Sodium deoxychlolate in 1× D-PBS  

Prepare freshly, protect from light and keep on ice. 

Weigh 40 mg sodium deoxycholate and dissolve in 40 mL D-PBS. 

 
3. 0.05% (v/v) trypsin-EDTA 

Add 10 mL Trypsin-EDTA (10×) to 90 mL D-PBS. 

Expiry and storage: 6 months at <-15°C. 
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1.0 Purpose  

This SOP describes how to determine the protein concentration in FTC-238-hrTPO cell lysates 
using the PierceTM BCA Assay Kit. 

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations  

Not applicable. 

5.0 Extra safety information  

Not applicable. 

6.0 Materials, chemicals and equipment 

6.1 Materials 

- PierceTM BCA Protein Assay Kit 
- Bovine serum albumin (BSA) protein standard 

- Thermo ScientificTM PierceTM 96-wells plates 

6.2 Chemicals 

- Sodium deoxycholate  

6.3 Equipment 

- Plate shaker 

- CO2-incubator (or another incubator set at 37°C) 

- TECAN® Infinite M200 Pro plate reader 

7.0 Introduction 

The protein concentration of the FTC-238-hrTPO cell lysates will be determined to calculate 
the input of FTC-238-hrTPO cell lysate in the tyrosine iodination assay. 

8.0 Procedure  

8.1 Protein determination 

8.1.1 Prepare working reagent by adding 400 µL BCA reagent B to 20 mL BCA reagent 
A.  

8.1.2 Prepare dilution series of the BSA standard in 0.1% sodium deoxycholate buffer 
(see CRL SOP 004) according to the table below: 

Standard dilutions Standard concentrations 
(µg/mL) 

Preparation standard 
dilutions 

S1 2000 (=stock) 150 µL stock 

S2 1500 375 µL stock + 125 µL buffer 

S3 1000 325 µL stock + 325 µL buffer 

S4 750 175 µL S2 + 175 µL buffer 

S5 500 325 µL S3 + 325 µL buffer 

S6 250 325 µL S5 + 325 µL buffer 

S7 125 325 µL S6 + 325 µL buffer 

S8 25 100 µL S7 + 400 µL buffer 

Blank 0 Buffer 
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8.1.3 Prepare a dilution series of the FTC cell lysates in 0.1% sodium deoxycholate, 
according to the table below. Dilutions can be adjusted when necessary. 

Dilutions Preparation dilutions 

10× dilution 20 µL stock + 180 µL buffer 

25× dilution 8 µL stock + 192 µL buffer 

50× dilution 4 µL stock + 196 µL buffer 

100× dilution 2 µL stock + 198 µL buffer 

8.1.4 Pipet 25 µL buffer in the blank wells in the plate. See plate lay-out below. 

 
Plate layout: 

    
 

8.1.5 Pipet 25 µL of the BSA standard dilutions in triplicate in the plate (see plate lay-
out). 

8.1.6 Pipet 25 µL of the diluted samples in triplicate in the plate (see plate lay-out). 

8.1.7 Add 200 µL working reagent to the wells. 

8.1.8 Mix the plate on a plate shaker for 30 seconds. 

8.1.9 Incubate the plate for 30±5 minutes at 37°C in the CO2 incubator (or another 
incubator set at 37°C). 

8.1.10 Incubate the plate for 30±5 minutes at room temperature. 

8.1.11 Measure the absorption at 562 nm using a TECAN® Infinite M200 Pro plate reader.  

8.2 Calculation of the protein concentration  

8.2.1 Subtract the average absorbance (at 562 nm) of the blank standard replicates from 
all individual standard and unknown sample replicates. 

8.2.2 Calculate the protein concentration of each unknown sample using a non-linear 
fitted BSA standard curve. 

8.2.3 The protein concentration will be calculated by taking the average of all sample 
dilutions. If absorbance values of diluted samples are near or below the absorbance 
of the lowest calibration standard or above the absorbance the absorbance of the 

 1 2 3 4 5 6 7 8 9 10 11 12 

A S1 S1 S1          

B S2 S2 S2 Sample 
10× 

Sample 
10× 

Sample 
10× 

      

C S3 S3 S3 Sample 
25× 

Sample 
25× 

Sample 
25× 

      

D S4 S4 S4 Sample 
50× 

Sample 
50× 

Sample 
50× 

      

E S5 S5 S5 Sample 
100× 

Sample 
100× 

Sample 
100× 

      

F S6 S6 S6          

G S7 S7 S7          

H S8 S8 S8 Blank Blank Blank       
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highest calibration standard, they should be excluded from the calculation of the 
average. This should be noted in the raw data files of the study. 

 

9.0 References 

Not applicable. 
 

10.0 Revision History  

SOP 
Version 
Number 

Revision Date Reason For Revision 

01 New SOP 
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1.0 Purpose  

The influence of the incubation time and protein concentration on 3-Iodo-L-tyrosine (MIT) 
formation in the TPO-catalyzed iodination assay will be determined using FTC-238-hrTPO cell 
lysate. 

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations  

Not applicable. 

5.0 Extra safety information  

Not applicable. 

6.0 Materials, chemicals and equipment 

6.1 Materials 

- Glass vials (2 mL) 
- Amber colored U-tubes (1 mL) 
- Eppendorf tubes (1.5 mL) 

- Ice 

6.2 Chemicals  

- Ultrapure water 

- L-tyrosine (CAS Number 60-18-4; purity ≥ 98%) 

- Monoiodotyrosine-13C6 (MIT-13C6; purity ≥ 98%) 

- Dimethyl sulfoxide (DMSO) 

- Potassium hydrogen phosphate (K2HPO4) 

- Potassium dihydrogen phosphate (KH2PO4) 

- Potassium iodide 

- Hydrogen peroxide (H2O2) 

- Hydrochloric acid (HCl) 

- FTC-238-hrTPO cell lysate 

- Sodium thiosulfate  

- Methanol (LC-MS grade) 

6.3 Equipment 

- Plate shaker 

- Water bath 

- Vortex mixer 

- Centrifuge 

- Microbalance 

- UPLC-MS/MS 

7.0 Introduction 

The influence of the amount of cell lysate and incubation time on MIT formation in the TPO-
catalyzed iodination assay will be determined using FTC-238-hrTPO cell lysate. Incubations 
will be performed using different cell lysate concentrations and different incubations times in 
order to determine the optimal incubation conditions for the TPO-catalyzed iodination assay. 
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8.0 Procedure  

8.1 Preparation of dilutions and incubation mixture 

8.1.1 Prepare appropriate dilutions of FTC-238-hrTPO cell lysate in 0.1 M potassium 
phosphate buffer, pH 7.4, at concentrations of 250 µg/mL, 500 µg/mL, 750 µg/mL, 
1000 µg/mL and 1500 µg/mL (final concentrations in the TPO-catalyzed iodination 
assay are 25 µg/mL, 50 µg/mL, 75 µg/mL, 100 µg/mL and 150 µg/mL respectively). 

8.1.2 Prepare an incubation mixture (20 mL) containing the following: 

- 18524 µL 0.1 M potassium phosphate buffer 

- 1200 µL 10 mM L-Tyrosine in 0.1 M HCl (final concentration 500 µM) 

- 36 µL 100 mM potassium iodide in 0.1 M potassium phosphate buffer (final 

concentration 150 µM) 

- 240 µL DMSO 

8.2 Determination of incubation time and cell lysate amount dependency 

8.2.1 Incubations are carried out in amber colored U-tubes. 

8.2.2 The final volume per incubation is 300 µL. 

8.2.3 Pipette 250 µL incubation mixture in every U-tube (see overview of incubations in 
Appendix I). 

8.2.4 Add 30 µL 0.1 M potassium phosphate buffer to the U-tubes without cell lysates  
(0 µg/mL, see overview of incubations in Appendix I). 

8.2.5 Add 30 µL cell lysate with the correct protein concentration to the appropriate  
U-tube (see overview of incubations in Appendix I). 

8.2.6 Mix the tubes for 5-10 seconds on a plate shaker at 600 rpm. 

8.2.7 Pre-incubate the mixtures 5±1 minutes in a shaking water bath set at 37°C. 

8.2.8 Start the incubations by adding 20 µL of 3.75 mM H2O2.  

8.2.9 Mix the tubes for 5-10 seconds on a plate shaker at 600 rpm. 

8.2.10 Incubate the U-tubes for 0, 5, 10, 15 and 20 minutes in a shaking water bath set at 
37°C. 

8.2.11 At the appropriate time points, remove the U-tubes from the incubation plate to 
another plate and place them on ice. Immediately afterwards stop the incubation by 
adding 150 µL of the ice-cold IS working solution (300 µM sodium thiosulfate and 
an appropriate internal standard (IS) concentration in methanol (see for details 
Section 8.2.14)). 

8.2.12 Vortex mix the U-tubes for 5 seconds. 

8.2.13 Centrifuge the U-tubes for 5 minutes at 2000 × g at 4 °C. 

8.2.14 Dilute the samples in amber colored U-tubes by adding an appropriate sample 
volume to an appropriate volume of the 0.1 M potassium phosphate buffer. The 
fold-dilution depends on the expected MIT concentration in the samples. For each 
fold-dilution, details are presented in the table below: 
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Sample 
Dilution 

Volume (µL) IS Concentration (ng/mL) 

Sample Buffer 
IS Working 

solution 
Final concentration in 

diluted sample 

10-fold 50 450 300 10 

20-fold 25 475 600 10 

50-fold 10 490 1500 10 

100-fold 5 495 3000 10 

 

8.2.15 Vortex all samples and determine the MIT concentration in the samples using  
UPLC-MS/MS analysis (see for details CRL SOP 009). Keep the samples in the 
autosampler (2-8 °C) or refrigerator (2-8 °C) until analysis. Samples can be stored 
under these conditions for up to 8 days. 

8.3 Data analysis and interpretation 

8.3.1 The linearity of MIT formation expressed as the MIT concentration as function of 
time and protein concentration will be determined by linear regression.  

8.3.2 It needs to be demonstrated that there is a linear relationship between cell lysate 
amount/time and formation of MIT.  

8.3.3 A cell lysate amount that results in formation of 10 to 20 µM of MIT after 15 minutes 
of incubation will be selected for the TPO-catalyzed iodination experiment. 

9.0 References 

Not applicable. 
 

10.0 Revision History  

SOP 
Version 
Number 

Revision Date Reason For Revision 

01 New SOP 
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Appendix I: Overview of incubations (example) 

 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 
FTC (1) 
0 µg/mL 

T=0 

FTC (2) 
0 µg/mL 

T=0 

FTC (1) 
0 µg/mL 

T=5 

FTC (2) 
0 µg/mL 

T=5 

FTC (1) 
0 µg/mL 

T=10 

FTC (2) 
0 µg/mL 

T=10 

FTC (1) 
0 µg/mL 

T=15 

FTC (2) 
0 µg/mL 

T=15 

FTC (1) 
0 µg/mL 

T=20 

FTC (2) 
0 µg/mL 

T=20 

  

B 
FTC (1) 

25 µg/mL 
T=0 

FTC (2) 
25 µg/mL 

T=0 

FTC (1) 
25 µg/mL 

T=5 

FTC (2) 
25 µg/mL 

T=5 

FTC (1) 
25 µg/mL 

T=10 

FTC (2) 
25 µg/mL 

T=10 

FTC (1) 
25 µg/mL 

T=15 

FTC (2) 
25 µg/mL 

T=15 

FTC (1) 
25 µg/mL 

T=20 

FTC (2) 
25 µg/mL 

T=20 
  

C 
FTC (1) 

50 µg/mL 
T=0 

FTC (2) 
50 µg/mL 

T=0 

FTC (1) 
50 µg/mL 

T=5 

FTC (2) 
50 µg/mL 

T=5 

FTC (1) 
50 µg/mL 

T=10 

FTC (2) 
50 µg/mL 

T=10 

FTC (1) 
50 µg/mL 

T=15 

FTC (2) 
50 µg/mL 

T=15 

FTC (1) 
50 µg/mL 

T=20 

FTC (2) 
50 µg/mL 

T=20 
  

D 
FTC (1) 

75 µg/mL 
T=0 

FTC (2) 
75 µg/mL 

T=0 

FTC (1) 
75 µg/mL 

T=5 

FTC (2) 
75 µg/mL 

T=5 

FTC (1) 
75 µg/mL 

T=10 

FTC (2) 
75 µg/mL 

T=10 

FTC (1) 
75 µg/mL 

T=15 

FTC (2) 
75 µg/mL 

T=15 

FTC (1) 
75 µg/mL 

T=20 

FTC (2) 
75 µg/mL 

T=20 
  

E 
FTC (1) 

100 µg/mL 
T=0 

FTC (2) 
100 µg/mL 

T=0 

FTC (1) 
100 µg/mL 

T=5 

FTC (2) 
100 µg/mL 

T=5 

FTC (1) 
100 µg/mL 

T=10 

FTC (2) 
100 µg/mL 

T=10 

FTC (1) 
100 µg/mL 

T=15 

FTC (2) 
100 µg/mL 

T=15 

FTC (1) 
100 µg/mL 

T=20 

FTC (2) 
100 µg/mL 

T=20 
  

F 
FTC (1) 

150 µg/mL 
T=0 

FTC (2) 
150 µg/mL 

T=0 

FTC (1) 
150 µg/mL 

T=5 

FTC (2) 
150 µg/mL 

T=5 

FTC (1) 
150 µg/mL 

T=10 

FTC (2) 
150 µg/mL 

T=10 

FTC (1) 
150 µg/mL 

T=15 

FTC (2) 
150 µg/mL 

T=15 

FTC (1) 
150 µg/mL 

T=20 

FTC (2) 
150 µg/mL 

T=20 
 

 

G            
 

H            
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Appendix II: Preparation of solutions 

 
1. 0.1 M HCl 

Dilute 2 mL 1 M HCl in 18 mL ultrapure water 
 

2. 10 mM L-tyrosine in 0.1 M HCl 
Weigh 18.119 mg L-tyrosine and dissolve in 10 mL 0.1 M HCl 
 

3. 1 mg/mL 3-Iodo-tyrosine-13C6 in 0.1 M HCl (stock conc. 1 mg/mL) 
Weigh 5 mg 3-Iodo-tyrosine-13C6 and dissolve in 5 mL 0.1 M HCl 
Aliquot and store at: ≤ -15° 
 

4. 2 M Sodium thiosulfate (Na2S2O3) solution 
Weigh 3.16 g Na2S2O3 and dissolve in 10 mL ultrapure water 
 

5. 0.1 M Potassium dihydrogen phosphate (KH2PO4) 
Weigh 13.6 g KH2PO4 and dissolve in 1000 mL ultrapure water 
 

6. 0.1 M Potassium hydrogen phosphate (K2HPO4) 
Weigh 17.42 g K2HPO4 and dissolve in 1000 mL ultrapure water 
 

7. 0.1 M Potassium phosphate buffer, pH 7.4 
Add: 
-     100 mL 0.1 M KH2PO4 

-     400 mL 0.1 M K2HPO4 

Check the pH with a pH-meter and adjust when necessary with KH2PO4 and/or K2HPO4. 
 

8. 100 mM potassium iodide (KI) in 0.1 M potassium phosphate buffer 
Weigh 166 mg KI and dissolve in 10 mL 0.1 M potassium phosphate buffer pH 7.4. 

 
9. 3.75 mM H2O2 

-     Prepare 3.75 M H2O2:  Dissolve 20 µL 8.82 M H2O2 (30%) in 27 µL ultrapure water 
-     Prepare 3.75 mM H2O2: Dissolve 10 µL 3.75 M H2O2 in 9990 mL ultrapure water 

 
10. IS working solution: 300 µM sodium thiosulfate and IS in methanol 

Add: 
-     3 µL 2 M sodium thiosulfate solution 
-     X µL 1 mg/mL 3-Iodo-tyrosine-13C6 (IS) solution 
-     Y µL 0.1 M HCl 

-     19937 µL methanol 
 

Sample 
Dilution 

Volume (µL) IS Concentration 
(ng/mL) IS stock solution (X) 0.1 M HCl (Y) 

10-fold 6 54 300 

20-fold 12 48 600 

50-fold 30 30 1500 

100-fold 60 - 3000 
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1.0 Purpose  

Assessment of test item solubility to determine an appropriate test item concentration range for 
use in the TPO-catalyzed iodination assay (CRL SOP 008). 

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations  

Not applicable. 

5.0 Extra safety information  

Not applicable. 

6.0 Materials, chemicals and equipment 

6.1 Materials 

- Clear glass vials (2 mL) 
- Transparent 96-wells plate, flat bottom 
- Pipettes (ranges: 2 – 20 μL; 10 – 100 μL; 100 – 1000 μL). 

6.2 Chemicals  

- Ultrapure water 

- Dimethyl sulfoxide (DMSO) or another appropriate solvent (e.g., acetonitrile, ethanol or 

ultrapure water) 

- Potassium dihydrogen phosphate (KH2PO4) 

- Potassium hydrogen phosphate (K2HPO4) 

6.3 Equipment 

- Inverted light microscope with 4×, 10× and 20× objectives 

- Vortex mixer 
- Ultrasonic water bath 

- pH meter 

- Microbalance 

7.0 Introduction 

This SOP describes how to determine the solubility of a test item for testing in the TPO-
catalyzed iodination assay. The solubility of the test item will be determined in solvent 
followed by 100-fold dilution in potassium phosphate buffer, pH 7.4. The preferred solvent will 
be DMSO with ultrapure water as alternative e.g., for inorganic salts. Other solvents can be 
used, however, suitability for use in the TPO-catalyzed iodination assay should be 
demonstrated. Solubility assessment in solvent and assay buffer will be based on visual 
inspection under the microscope. 

8.0 Procedure  

8.1 Solubility in vehicle 

8.1.1 Prepare in a clear glass vial a 100 mM test item stock solution in solvent in a 
clear glass vial. Prepare a minimum volume of 0.5 mL and evaluate visually if 
the test item is dissolved. 

8.1.2 In case the test item is not dissolved, further dilute the 100 mM test item 
stock solution using half-log steps e.g., 31.6 mM, 10 mM, 3.16 mM, etc. 

8.1.3 If by visual inspection the test item is dissolved in solvent, check the solution 
under the microscope. If the test item is also microscopically dissolved, 
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continue with assessing the solubility in 0.1 M potassium phosphate buffer, 
pH 7.4. 

8.1.4 If by microscopical inspection the test item is found to be not dissolved, dilute 
to a lower concentration until the test item is dissolved completely. Use half 
log-steps. 

8.2 Solubility in potassium phosphate buffer 

8.2.1 If the test item is dissolved in solvent, evaluate the solubility of the test item in 
0.1 M potassium phosphate buffer, pH 7.4.  

8.2.2 Add 10 µL stock solution (highest soluble concentration as determined in 
section 8.1) to 990 µL 0.1 M potassium phosphate buffer, pH 7.4, in a clear 
glass vial, vortex mix and evaluate the solubility visually. In case the test item 
is not dissolved, prepare a half-log dilution of the test item solution (in 
solvent) and repeat the procedure. 

8.2.3 If by visual inspection the test item is dissolved, add 200 µL of the test item 
solution to a well of a 96-wells plate with transparent bottom and check the 
solubility under the microscope by comparing the well containing the test item 
solution to a control well containing potassium phosphate buffer only. 

8.2.4 In case the test item is not dissolved, prepare a half-log dilution of the test 
item solution (in solvent) and repeat step 8.2.3.  

8.2.5 The highest test item concentration dissolved in potassium phosphate buffer 
will be used as the highest test item concentration in the first TPO-catalyzed 
iodination assay experiment. 

8.3 Selection of an appropriate test item concentration range  

8.3.1 Eight test item concentrations will be tested in the TPO-catalyzed iodination 
assay. 

8.3.2 For the first experiment, it is recommended to use the highest possible test 
item concentration, however, the highest (nominal) concentration to be tested 
should be at least 10-5 M irrespective of the test item solubility. When 
concentrations equal or lower than 10-5 M are insoluble, this should be noted 
in the raw data files of the study. The lowest concentration to be tested is 
generally 10-10 M. 

8.3.3 If the highest concentration to be tested is lower than 10-3.5 M, mid-log 
concentration(s) will be added near the lower end of the curve to obtain a 
total of eight test item concentrations. 

8.3.4 If during the first experiment the top of the curve (full enzymatic activity) is not 
reached at the lowest test item concentration, lower concentrations need to 
be selected for the second experiment and, only if applicable, subsequent 
experiment(s). 

9.0 References 

Not applicable. 

10.0 Revision History  

SOP 
Version 
Number 

Revision Date Reason For Revision 

01 New SOP 
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Appendix I: Preparation of solutions 
 

1. 0.1 M Potassium dihydrogen phosphate (KH2PO4) 
Weigh 13.6 g KH2PO4 and dissolve in 1000 mL ultrapure water 
 

2. 0.1 M Potassium hydrogen phosphate (K2HPO4) 
Weigh 17.42 g K2HPO4 and dissolve in 1000 mL ultrapure water 
 

3. 0.1 M Potassium phosphate buffer, pH 7.4 
Add: 
-     100 mL 0.1 M KH2PO4 

-     400 mL 0.1 M K2HPO4 

Check the pH with a pH-meter and adjust when necessary with KH2PO4 and/or K2HPO4. 
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1.0 Purpose  

This SOP describes the procedure for the thyroid peroxidase (TPO)-catalyzed iodination assay 
to determine potential suppressive effects of a test item TPO-catalyzed iodination in FTC-238-
hrTPO cell lysates. 

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations  

Not applicable. 

5.0 Extra safety information  

Not applicable. 

6.0 Materials  

Materials 

- Glass vials (2 mL) 
- Amber colored U-tubes (1 mL) 
- Eppendorf tubes (1.5 mL) 

- Ice 

Chemicals 

- Ultrapure water 

-  L-tyrosine (CAS Number 60-18-4; purity ≥ 98%) 

- 6-Propyl-2-thiouracil (PTU) (CAS Number 51-52-5; purity ≥ 98%) 

- Bis-(2-ethylhexyl)-phthalate (DEHP) (CAS Number 117-81-7; purity ≥ 98%) 

- Monoiodotyrosine-13C6 (MIT-13C6; purity ≥ 98%) 

- Dimethyl sulfoxide (DMSO) or another appropriate solvent (based on outcome of the test 

item solubility assessment (see also CRL SOP 007) 

- Potassium hydrogen phosphate (K2HPO4) 

-     Potassium dihydrogen phosphate (KH2PO4) 

- Potassium iodide 

- Hydrogen peroxide (H2O2) 

- FTC-238-hrTPO cell lysates 

- Sodium thiosulfate  

- Methanol (LC-MS grade) 

Equipment 

- Plate shaker 

- Water bath 

- Vortex mixer 

- Centrifuge 

- Microbalance 

- UPLC-MS/MS 

7.0 Introduction 

In the TPO-catalyzed iodination assay, FTC-238-hrTPO cell lysate containing TPO enzyme will be 
incubated together with potassium iodide and hydrogen peroxide in the presence or absence of the 
test item, the negative control item bis-(2-ethylhexyl)-phthalate (DEHP) or the reference item 6-propyl-
2-thiouracil (PTU). During incubation, TPO enzymatically converts L-tyrosine into the metabolite 
monoiodotyrosine (MIT). MIT formation is quantified using ultraperformance liquid chromatography 
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tandem mass spectrometry (UPLC-MS/MS) as a direct measurement of TPO activity. A small amount 
of MIT may also be formed non-enzymatically, its formation will be assessed in separate incubations.  

 

8.0 Procedure 

Preparation of test and control item solutions. 

8.1.1 Prepare a test item stock solution in solvent at an appropriate concentration 
(depending on solubility of the test item as determined during the solubility 
assessment (see CRL SOP 007)). 

8.1.2 Prepare spiking solutions for eight test item concentrations. Selection of the final 
test item concentrations depend on the solubility of the test item (CRL SOP 007). 
An example of concentrations that can be prepared is presented in the table below. 

 

Test item 
concentration 

(µM) 
Dilutions 

Final concentration after 
100× dilution in the 
incubation mixture 

µM Log M 

100000 NA, stock 1000 -3 

10000 100 µL stock  100 mM + 900 µL solvent 100 -4 

1000 100 µL spike    10 mM + 900 µL solvent 10 -5 

100 100 µL spike      1 mM + 900 µL solvent 1 -6 

10 100 µL spike   100 µM + 900 µL solvent 0.1 -7 

1 100 µL spike     10 µM + 900 µL solvent 0.01 -8 

0.1 100 µL spike       1 µM + 900 µL solvent 0.001 -9 

0.01 100 µL spike    0.1 µM + 900 µL solvent 0.0001 -10 

8.1.3 Prepare a 3.16 mM stock solution of PTU (reference item) in solvent (e.g., DMSO). 

8.1.4 Prepare spiking solutions of PTU (reference item) as presented in the table below. 

 

PTU 
concentration 

(µM) 
Dilutions 

Final concentration after 
100× dilution in the 
incubation mixture 

µM Log M 

3160 NA, stock 31.6 -4.5 

1000 316 µL stock 3.16 mM + 684 µL solvent 10 -5 

316 100 µL stock 3.16 mM + 900 µL solvent 3.16 -5.5 

100 100 µL spike      1 mM + 900 µL solvent 1 -6 

31.6 100 µL spike   316 µM + 900 µL solvent 0.316 -6.5 

10 100 µL spike   100 µM + 900 µL solvent 0.1 -7 

1 100 µL spike     10 µM + 900 µL solvent 0.01 -8 

0.1 100 µL spike       1 µM + 900 µL solvent 0.001 -9 

8.1.5 Prepare a 100 mM stock solution of DEHP (negative control item) in solvent.  

8.1.6 Every experiment will include at least the following incubations: 

- No peroxide control (n = 3): Ultrapure water instead of H2O2. 

- Vehicle control (n = 3): Vehicle instead of test or control item. 

- No vehicle control (n = 3): 0.1 M potassium phosphate buffer instead of test or  

control item. 

- Non-enzymatic iodination control: Inactivated FTC-238-hrTPO cell lysate will be used.  

- PTU concentration curve (8 concentrations in triplicate; n = 24). 

- DEHP negative control item samples (1 concentration in triplicate; n = 3).  

- Test item concentration curve (8 concentrations in triplicate; n = 24). 
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If an additional incubation plate is used for the incubations (i.e., when more than 2 test items 

are being evaluated in a single experiment), the additional incubation plate will also contain 

the no peroxide controls (n = 3), vehicle controls (n = 3), no vehicle controls (n = 3) and non-

enzymatic iodination controls (n = 3). The additional incubation plate will also contain the 

reference item PTU which will only be tested at the highest concentration (31.6 µM; n = 3) 

and the negative control DEHP at a single concentration (1 mM; n = 3). 

Overview of the incubation samples included in one experiment for a single test item: 

Components 
(final concentration in 

incubation) 

No 
peroxide 
control 

Vehicle 
control 

No  
vehicle 
control 

Non-
enzymatic  
iodination 

control 

Test and 
control 
items 

Potassium phosphate buffer 
(0.1 M, pH 7.4) 

X X X X X 

Tyrosine (500 µM) X X X X X 

Potassium iodide (150 µM) X X X X X 

Hydrogen peroxide (250 µM) --- X X X X 

FTC cell lysates X X X --- X 

Inactivated FTC cell lysates --- --- --- X --- 

Vehicle (1%) X X --- --- --- 

Test item, PTU  
(8 different concentrations in 

triplicate) or DEHP  
(1 concentration in triplicate) 

--- --- --- --- X 

Total incubations (1 test item) 3 3 3 3 51 

Total incubations (2 test items) 3 3 3 3 75 

Total incubations (3 test items) 6 6 6 6 105 

Total incubations (4 test items) 6 6 6 6 129 

Total incubations (5 test items) 6 6 6 6 153 

TPO-catalyzed iodination assay 

8.1.7 Incubations are carried out in amber colored U-tubes. 

8.1.8 The final volume per incubation is 300 µL. 

8.1.9 For the non-enzymatic iodination controls, prepare an incubation mix containing the 
following: 
- 0.1 M potassium phosphate buffer pH 7.4 
- 10 mM L-Tyrosine in 0.1 M HCl (final concentration 500 µM) 
- 100 mM potassium iodide in 0.1 M potassium phosphate buffer (final 
 concentration 150 µM) 
- Inactivated FTC-238-hrTPO cell lysate in 0.1 M potassium phosphate buffer at 
 an appropriate concentration (prepared at a concentration 10-fold higher than 
 the final concentration determined suitable for use in the cell lysate amount-
 time-dependency experiment (see CRL SOP 006)) 

Components Volume (µL) 

Potassium phosphate buffer 4631 

L-Tyrosine 300 

Potassium iodide 9 

Inactivated FTC-238-hrTPO cell lysate 600 

Total volume 5540 

8.1.10 Pipet 277 µL incubation mixture in every non-enzymatic iodination control U-tube 
(see overview of incubations in Appendix II) 

8.1.11 Prepare an incubation mixture containing the following: 

- 0.1 M potassium phosphate buffer pH 7.4 
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- 10 mM L-Tyrosine in 0.1 M HCl (final concentration 500 µM) 

- 100 mM potassium iodide in 0.1 M potassium phosphate buffer (final 

concentration 150 µM) 

- FTC-238-hrTPO cell lysate in 0.1 M potassium phosphate buffer at an 

appropriate concentration (prepared at a concentration 10-fold higher than the 

final concentration determined suitable for use in the cell lysate amount-time-

dependency experiment (see CRL SOP 006)) 

Components 
Number of test items 

1 2 3 4 5 

Potassium phosphate buffer (µL) 16208.5 23155 32417 37048 43994.5 

L-Tyrosine (µL) 1050 1500 2100 2400 2850 

Potassium iodide (µL) 31.5 45 63 72 85.5 

FTC-238-hrTPO cell lysate (µL) 2100 3000 4200 4800 5700 

Total volume (µL) 19390 27700 38780 44320 52630 

8.1.12 Pipet 277 µL incubation mixture in every no peroxide control, vehicle control, no 
vehicle control, and test item or control U-tube (see overview of incubations in 
Appendix II). 

8.1.13 Add 3 µL DMSO (or another appropriate solvent) to the no peroxide control, vehicle 
control and non-enzymatic iodination samples. 

8.1.14 Add 3 µL 0.1 M potassium phosphate buffer to the no vehicle control samples. 

8.1.15 Add 3 µL test item or control item (PTU or DEHP) to the appropriate U-tubes. 

8.1.16 Mix the tubes for 5-10 seconds on a plate shaker at 600 rpm. 

8.1.17 Pre-incubate the mixtures for 5±1 minutes in a shaking water bath set at 37±1°C. 

8.1.18 Start the incubations by adding 20 µL 3.75 mM H2O2 to all the U-tubes with the 
exception of the no peroxide control samples.  

8.1.19 Add 20 µL ultrapure water to the no peroxide control samples. 

8.1.20 Mix the tubes for 5-10 seconds on a plate shaker at 600 rpm. 

8.1.21 Incubate the samples for 10±1 minutes in a shaking water bath set at 37±1 °C. 

8.1.22 Place the U-tubes on ice and stop the incubation by adding 150 µL ice-cold IS 
working solution (300 µM sodium thiosulfate and an appropriate internal standard 
(IS) concentration in methanol (see for details Section 8.1.23)). 

8.1.23 Vortex mix the U-tubes for 5 seconds. 

8.1.24 Centrifuge the U-tubes for 5 minutes at 2000 × g at 4 °C. 

8.1.25 Dilute the samples in amber colored U-tubes, by adding an appropriate sample 
volume to an appropriate volume of the 0.1 M potassium phosphate buffer. The 
fold-dilution depends on the expected MIT concentration in the samples. For each 
fold-dilution, details are presented in the table below: 

 

Sample 
Dilution 

Volume (µL) IS Concentration (ng/mL) 

Sample Buffer 
IS Working 

solution 
Final concentration in 

diluted sample 

10-fold 50 450 300 10 

20-fold 25 475 600 10 

50-fold 10 490 1500 10 

100-fold 5 495 3000 10 
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8.1.26 Vortex all samples and determine the MIT concentration in the samples using  
UPLC-MS/MS analysis. Keep the samples in the autosampler (2-8 °C) or 
refrigerator (2-8 °C) until analysis. Samples can be stored under these conditions 
for up to 8 days. 

9.0 References 

Not applicable 

 

10.0 Revision History  

SOP 
Version 
Number 

Revision Date Reason For Revision 

01 New SOP 
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Appendix I 
 

If applicable, other volumes may be used to prepare larger volumes of the solutions specified 
below as long as the ratios for the different reagents are kept the same. Especially when 
multiple test items are incubated, ensure that sufficient amounts of the different solutions are 
available. 

 
1. 0.1 M HCl 

Dilute 2 mL 1 M HCl in 18 mL ultrapure water 
 

2. 10 mM L-tyrosine in 0.1 M HCl 
Weigh 18.119 mg L-tyrosine and dissolve in 10 mL 0.1 M HCl 
 

3. Internal standard: 3-Iodo-tyrosine-13C6 in 0.1 M HCl (stock conc. 1 mg/mL) 
Weigh 5 mg 3-Iodo-tyrosine-13C6 and dissolve in 5 mL 0.1 M HCl 
Aliquot and store at: ≤ -15° 
 

4. 2 M Sodium thiosulfate (Na2S2O3) solution 
Weigh 3.16 g Na2S2O3 and dissolve in 10 mL ultrapure water 
 

5. 0.1 M Potassium dihydrogen phosphate (KH2PO4) 
Weigh 13.6 g KH2PO4 and dissolve in 1000 mL ultrapure water 
 

6. 0.1 M Potassium hydrogen phosphate (K2HPO4) 
Weigh 17.42 g K2HPO4 and dissolve in 1000 mL ultrapure water 
 

7. 0.1 M Potassium phosphate buffer, pH 7.4 
Add: 
-     100 mL 0.1 M KH2PO4 

-     400 mL 0.1 M K2HPO4 

Check the pH with a pH-meter and adjust when necessary with KH2PO4 and/or K2HPO4. 
 

8. 100 mM potassium iodide (KI) in 0.1 M potassium phosphate buffer 
Weigh 166 mg KI and dissolve in 10 mL 0.1 M potassium phosphate buffer pH 7.4. 

 
9. 3.75 mM H2O2 

-     Prepare 3.75 M H2O2:  dissolve 20 µL 8.82 M H2O2 (30%) in 27 µL ultrapure water 
-     Prepare 3.75 mM H2O2: dissolve 10 µL 3.75 M H2O2 in 9990 mL ultrapure water 

 
10. Heat-inactivated FTC-238-hrTPO cell lysate 

- Dilute FTC-238-hrTPO cell lysate with 0.1 M potassium phosphate to a suitable protein 
 concentration 
- Heat-inactivate the cell lysate solution by heating for 15 minutes at 90°C 
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11. IS working solution: 300 µM sodium thiosulfate and IS in methanol 
Add: 
-     3 µL 2 M sodium thiosulfate solution 
-     X µL 1 mg/mL 3-Iodo-tyrosine-13C6 (IS) solution 
-     Y µL 0.1 M HCl 

-     19937 µL methanol 
 

Sample 
Dilution 

Volume (µL) IS Concentration 
(ng/mL) IS stock solution (X) 0.1 M HCl (Y) 

10-fold 6 54 300 

20-fold 12 48 600 

50-fold 30 30 1500 

100-fold 60 - 3000 
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Appendix II: Overview of test item and control samples 

 
Proposed plate layout for 1 test item: 

 

 

Test item* PTU Controls  

1 2 3 4 5 6 7 8 9 10 11 12 

A 100 pM 100 pM 100 pM 1 nM 1 nM 1 nM DEHP DEHP DEHP    

B 1 nM 1 nM 1 nM 10 nM 10 nM 10 nM VC VC VC    

C 10 nM 10 nM 10 nM 100 nM 100 nM 100 nM No VC No VC No VC    

D 100 nM 100 nM 100 nM 316 nM 316 nM 316 nM NI NI NI    

E 1 µM 1 µM 1 µM 1 µM 1 µM 1 µM       

F 10 µM 10 µM 10 µM 3.16 µM 3.16 µM 3.16 µM       

G 100 µM 100 µM 100 µM 10 µM 10 µM 10 µM       

H 1 mM 1 mM 1 mM 31.6 µM 31.6 µM 31.6 µM NP NP NP    

DEHP = 1 mM DEHP 

VC = Vehicle control; 1% DMSO (when an additional vehicle is used, extra vehicle controls need to be included) 
No VC = No vehicle control; potassium phosphate buffer instead of vehicle 
NI = Non-enzymatic iodination; inactivated cell lysate (instead of active) and vehicle 
NP = No peroxide control; ultrapure water (instead of H2O2) and vehicle (when an additional vehicle is used, extra NP controls need to be included) 
* Example of a concentration series of the test item. 
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Proposed plate layout for 2 test items: 

 

 

Test item 1* Test item 2* PTU Controls 

1 2 3 4 5 6 7 8 9 10 11 12 

A 100 pM 100 pM 100 pM 100 pM 100 pM 100 pM 1 nM 1 nM 1 nM DEHP DEHP DEHP 

B 1 nM 1 nM 1 nM 1 nM 1 nM 1 nM 10 nM 10 nM 10 nM VC VC VC 

C 10 nM 10 nM 10 nM 10 nM 10 nM 10 nM 100 nM 100 nM 100 nM No VC No VC No VC 

D 100 nM 100 nM 100 nM 100 nM 100 nM 100 nM 316 nM 316 nM 316 nM NI NI NI 

E 1 µM 1 µM 1 µM 1 µM 1 µM 1 µM 1 µM 1 µM 1 µM    

F 10 µM 10 µM 10 µM 10 µM 10 µM 10 µM 3.16 µM 3.16 µM 3.16 µM    

G 100 µM 100 µM 100 µM 100 µM 100 µM 100 µM 10 µM 10 µM 10 µM    

H 1 mM 1 mM 1 mM 1 mM 1 mM 1 mM 31.6 µM 31.6 µM 31.6 µM NP NP NP 

DEHP = 1 mM DEHP 

VC = Vehicle control; 1% DMSO (when an additional vehicle is used, extra vehicle controls need to be included) 
No VC = No vehicle control; potassium phosphate buffer instead of vehicle 
NI = Non-enzymatic iodination; inactivated cell lysate (instead of active) and vehicle 
NP = No peroxide control; ultrapure water (instead of H2O2) and vehicle (when an additional vehicle is used, extra NP controls need to be included) 
* Example of a concentration series of the test item. 
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Proposed plate layout for additional incubation plate when more than up to 5 test items are evaluated: 

 

 

Test item 3* Test item 4* Test item 5* Controls 

1 2 3 4 5 6 7 8 9 10 11 12 

A 100 pM 100 pM 100 pM 100 pM 100 pM 100 pM 100 pM 100 pM 100 pM DEHP DEHP DEHP 

B 1 nM 1 nM 1 nM 1 nM 1 nM 1 nM 1 nM 1 nM 1 nM VC VC VC 

C 10 nM 10 nM 10 nM 10 nM 10 nM 10 nM 10 nM 10 nM 10 nM No VC No VC No VC 

D 100 nM 100 nM 100 nM 100 nM 100 nM 100 nM 100 nM 100 nM 100 nM NI NI NI 

E 1 µM 1 µM 1 µM 1 µM 1 µM 1 µM 1 µM 1 µM 1 µM PTU PTU PTU 

F 10 µM 10 µM 10 µM 10 µM 10 µM 10 µM 10 µM 10 µM 10 µM    

G 100 µM 100 µM 100 µM 100 µM 100 µM 100 µM 100 µM 100 µM 100 µM    

H 1 mM 1 mM 1 mM 1 mM 1 mM 1 mM 1 mM 1 mM 1 mM NP NP NP 

DEHP = 1 mM DEHP 

VC = Vehicle control; 1% DMSO (when an additional vehicle is used, extra vehicle controls need to be included) 

No VC = No vehicle control; potassium phosphate buffer instead of vehicle  

NI = Non-enzymatic iodination; inactivated cell lysate (instead of active) and vehicle 
NP = No peroxide control; ultrapure water (instead of H2O2) and vehicle (when an additional vehicle is used, extra NP controls need to be included) 
PTU = 31.6 µM PTU 
* Example of a concentration series of the test item. 
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1.0 Purpose  

This SOP describes the procedure for determining the monoiodotyrosine (MIT) concentration 
in TPO-catalyzed iodination assay samples using ultraperformance liquid chromatography 
tandem mass spectrometry (UPLC-MS/MS). 

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations  

Not applicable. 

5.0 Extra safety information  

Not applicable. 

6.0 Materials  

Materials 

- Glass vials (2 mL) 
- Amber colored U-tubes (1 mL) 
- Eppendorf tubes (1.5 mL) 

- Ice 

Chemicals 

- Ultrapure water 

- L-tyrosine (CAS Number 60-18-4; purity ≥ 98%) 

- Monoiodotyrosine-13C6 (MIT-13C6; purity ≥ 98%) 

- 3-Iodo-L-tyrosine (MIT) (CAS Number 70-78-0; purity ≥ 98%) 

- Dimethyl sulfoxide (DMSO) or another appropriate solvent 

- Potassium hydrogen phosphate (K2HPO4) 

- Potassium dihydrogen phosphate (KH2PO4) 

- Potassium iodide 

- Hydrogen peroxide (H2O2) 

- Sodium thiosulfate  

- Acetonitrile (LC-MS grade) 

- Formic acid (LC-MS grade) 

- Methanol (LC-MS grade) 

- Hydrochloric acid (HCl) 

Equipment 

- Plate shaker 

- Water bath 

- Vortex mixer 

- Centrifuge 

- Microbalance 

- UPLC-MS/MS 

7.0 Introduction 

Preparation of the calibration curve, preparation of analytical QC samples and UPLC-MS/MS 
analysis of samples is described in the sections below.  
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8.0 Procedure 

Preparation of calibration curve 

8.1.1 Prepare two stocks (A and B) of 10 mM MIT in 0.1 M HCl. 

8.1.2 Dilute the MIT stocks according to the table below: 

Concentration 
MIT 

Dilutions 

150 µM - A Add 15 µL MIT (stock A, 10 mM) to 985 µL 0.1 M potassium phosphate 
buffer 

150 µM - B Add 15 µL MIT (stock B, 10 mM) to 985 µL 0.1 M potassium phosphate 
buffer 

75000 nM 300 µL 150 µM - A + 300 µL 0.1 M potassium phosphate buffer 

35000 nM 105 µL 150 µM - B + 345 µL 0.1 M potassium phosphate buffer 

16200 nM 108 µL 75000 nM standard + 392 µL 0.1 M potassium phosphate buffer 

7560 nM 108 µL 35000 nM standard + 392 µL 0.1 M potassium phosphate buffer 

3499 nM 108 µL 16200 nM standard + 392 µL 0.1 M potassium phosphate buffer 

1633 nM 108 µL 7560 nM standard + 392 µL 0.1 M potassium phosphate buffer 

756 nM 108 µL 3499 nM standard + 392 µL 0.1 M potassium phosphate buffer 

353 nM 108 µL 1633 nM standard + 392 µL 0.1 M potassium phosphate buffer 

163 nM 108 µL 756 nM standard + 392 µL 0.1 M potassium phosphate buffer 

76.2 nM 108 µL 353 nM standard + 392 µL 0.1 M potassium phosphate buffer 

0 nM 392 µL 0.1 M potassium phosphate buffer 

8.1.3 For each point of the calibration curve, pipet 150 µL stop-solution (see 
Appendix I) in an empty amber colored U-tube. 

8.1.4 Add 300 µL of the appropriate MIT dilution to the U-tubes (final MIT 
concentration in the calibration curve is 75.0 µM, 35.0 µM, 16.2 µM, 7.56 µM, 
3.50 µM, 1.63 µM, 0.756 µM, 0.353 µM, 0.163 µM, 0.0762 µM and 0 µM 
MIT). 

8.1.5 Vortex mix the U-tubes for 5 seconds. 

8.1.6 Centrifuge the U-tubes for 5 minutes at 2000 x g at 4 °C. 

8.1.7 Dilute the samples 100-fold in amber colored glass LC-MS vials by adding 10 
µL sample to 990 µL 0.1 M potassium phosphate buffer.  

8.1.8 Vortex all samples and determine the MIT concentration in the samples using 
UPLC-MS/MS analysis. Keep the samples in the autosampler (2-8 °C) or 
refrigerator (2-8 °C) until analysis. Samples can be stored under these 
conditions for up to 8 days. 

Analytical QC samples 

8.1.9 Prepare the following QC samples in quadruplicate: QC-0 (0 µM MIT), QC-
low (L) (0.15 µM MIT), QC-middle (M) (0.75 µM MIT) and QC-high (H) (60 µM 
MIT). 

8.1.10 Dilute a 10 mM MIT stock (in 0.1 M HCl) in 0.1 M potassium phosphate buffer 
(see Appendix I) to 6 mM, 75 µM and 15 µM MIT. 

8.1.11 Dilute FTC-238-hrTPO cell lysate with 0.1 M potassium phosphate to a 
suitable protein concentration (same concentration as used in the tyrosine 
iodination assay samples (see CRL SOP 008)). 

8.1.12 Heat-inactivate the cell lysate solution by heating for 15 minutes at 90 °C. 

8.1.13 Prepare an incubation mix (5.540 mL) for the QC samples containing: 

- 4631 µL 0.1 M potassium phosphate buffer 

-   300 µL 10 mM L-tyrosine in 0.1 M HCl (final concentration 500 µM) 
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-       9 µL 100 mM potassium iodide in 0.1 M potassium phosphate buffer (final 

concentration potassium iodide 150 µM) 

-   600 µL heat-inactivated FTC-238-hrTPO cell lysate solution in 0.1 M 

potassium phosphate buffer with a suitable protein concentration (e.g.  

50 µg/mL).  

8.1.14 Pipet 277 µL incubation mix in an amber colored U-tube for each QC sample. 

8.1.15 Add 3 µL MIT solution or 0.1 M potassium phosphate buffer to the 
appropriate U-tubes: 

QC-0:   3 µL 0.1 M potassium phosphate buffer 
QC-L:   3 µL 15 µM MIT solution 
QC-M:   3 µL 75 µM MIT solution 
QC-H:   3 µL 6 mM MIT solution 

8.1.16 Add 150 µL ice-cold stop-solution to the U-tubes. 

8.1.17 Add 20 µL 3.75 mM H2O2 solution to all the U-tubes. 

8.1.18 Vortex mix the U-tubes for 5 seconds. 

8.1.19 Centrifuge the U-tubes for 5 minutes at 2000 x g at 4 °C. 

8.1.20 Dilute the samples 100-fold in amber colored glass LC-MS vials by adding 10 
µL sample to 990 µL 0.1 M potassium phosphate buffer.  

8.1.21 Vortex mix all samples and determine the MIT concentration in the samples 
using UPLC-MS/MS analysis. Keep the samples in the autosampler (2-8 °C) 
or refrigerator (2-8 °C) until analysis. Samples can be stored under these 
conditions for up to 8 days. 

UPLC-MS/MS analysis 

8.1.22 All samples will be analyzed according to the method described in Appendix 
II. Examples of possible injection sequences are presented in Appendix III. 

8.1.23 Use 0.1 M potassium phosphate buffer samples as analytical blanks. 

8.1.24 Measure the calibration curve  

8.1.25 Measure the reference item samples (PTU; 8 concentrations for a full dose-
response curve and, if applicable, 1 concentration for an additional incubation 
plate)) and negative control item (DEHP; 1 concentration). 

8.1.26 Measure the test item samples (8 concentrations per test item).  

8.1.27 Measure the QC-samples.  

8.1.28 Measure the control item samples (no peroxide, vehicle, no vehicle and non-
enzymatic iodination) 

8.1.29 Measure the calibration curve again. 

8.1.30 Integrate the results with appropriate software. Details regarding the data 
analysis and interpretation are described in CRL SOP 010. 

9.0 References 

Not applicable  
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10.0 Revision History  

SOP 
Version 
Number 

Revision Date Reason For Revision 

01 New SOP 
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Appendix I: Reagents 

 
1. 0.1 M HCl solution 

Dilute 2 mL 1 M HCl in 18 mL ultrapure water 
 

2. 10 mM L-tyrosine in 0.1 M HCl 
Weigh 18.119 mg L-tyrosine and dissolve in 10 mL 0.1 M HCl 
 

3. 10 mM 3-Iodo-L-tyrosine in 0.1 M HCl 
 

4. Internal standard: 3-Iodo-tyrosine-13C6 in 0.1 M HCl (stock conc. 1 mg/mL) 
Weigh 5 mg 3-Iodo-tyrosine-13C6 and dissolve in 5 mL 0.1 M HCl 
Aliquot and store at: ≤ -15° 
 

5. 2 M Sodium thiosulfate (Na2S2O3) solution 
Weigh 3.16 g Na2S2O3 and dissolve in 10 mL ultrapure water 
 

6. 0.1 M Potassium dihydrogen phosphate (KH2PO4) 
Weigh 13.6 g KH2PO4 and dissolve in 1000 mL ultrapure water 
 

7. 0.1 M Potassium hydrogen phosphate (K2HPO4) 
Weigh 17.42 g K2HPO4 and dissolve in 1000 mL ultrapure water 
 

8. 0.1 M Potassium phosphate buffer, pH 7.4 
Add: 
-     100 mL 0.1 M KH2PO4 

-     400 mL 0.1 M K2HPO4 

Check the pH with a pH-meter and adjust when necessary with KH2PO4 and/or K2HPO4. 
 

9. 100 mM potassium iodide (KI) in 0.1 M potassium phosphate buffer 
Weigh 166 mg KI and dissolve in 10 mL 0.1 M potassium phosphate buffer pH 7.4. 

 
10. 3.75 mM H2O2 solution 

-     Prepare 3.75 M H2O2:  Dissolve 20 µL 8.82 M H2O2 (30%) in 27 µL ultrapure water 
-     Prepare 3.75 mM H2O2: Dissolve 10 µL 3.75 M H2O2 in 9990 mL ultrapure water 

 
11. Stop solution: 300 µM sodium thiosulfate and 3000 ng/mL internal standard (IS) in methanol 

Add: 
-     3 µL 2 M sodium thiosulfate solution 
-     60 µL 1 mg/mL 3-Iodo-tyrosine-13C6 solution 
-     19937 µL methanol 
 

12. Stop solution without IS: 300 µM sodium thiosulfate in methanol 
Add: 
-     3 µL 2 M sodium thiosulfate solution 
- 19997 µL methanol 

 
  



Title: UPLC-MS/MS ANALYSIS METHOD TO 
DETERMINE THE MONO-IODOTYROSINE (MIT) 
CONCENTRATION IN SAMPLES 

SOP Number: 

 

Site-Category: 

 

Version Number: 

 

Site: 

Den Bosch 

 

12-Aug-2021 10:24:52 Page 7 of 16 

Appendix II: UPLC-MS/MS method for the analysis of MIT 
 

System description An Acquity UPLC I-Class System in combination with a Xevo TQ-S 
Mass Spectrometer was used for assay implementation. 
 
Alternative ultraperformance liquid chromatography tandem mass 
spectrometry (UPLC-MS/MS) systems may be used. 
 

Mobile Phase: A: 0.1% FA in ultrapure water 
B: 0.1% FA in ACN 

Gradient: 
0.0-0.2 min     
0.2-1.2 min 
1.2-1.5 min 
1.5-1.9 min 
1.9-2.0 min 
2.0-2.5 min 

 
95% A - 5% B   
50% A - 50% B   
5% A - 95% B 
5% A - 95% B 
95% A - 5% B 
95% A - 5% B 

 

Flow Rate : 0.400 mL/min 

Column: Acquity UPLC BEH C18 50 mm × 2.1 mm ID, 1.7 µm particle size 

Column oven temperature: Set at 40ºC 

Sample tray temperature: Set at 8ºC 

Injection volume: 3 µL 

Detection: Ionisation source: 
Capillary voltage: 
Source temperature: 
Source parameters: 
 
 
Collision Gas Flow  
Desolvation Temp. 
Cone Gas Flow 
Desolvation Gas Flow 
 
MRM monitored 
MIT 
 
 
 
Dwell Time  
 
MIT_13C6 
 
 
 
Dwell Time 

ESI+ 
1.0 kV 
120ºC 
x = 6 
z = 6 
 
0.18 mL/min 
500ºC 
150 L/Hr 
1000 L/Hr 
 
 
m/z 307.75 > m/z 134.9  
Collision energy: 26 eV 
Cone voltage: 20 V 
Measured from 0.6 – 2.50 min 
100 ms. 
 
m/z 313.75 > m/z 140.9  
Collision energy: 26 eV 
Cone voltage: 20 V 
Measured from 0.6 – 2.50 min 
50 ms. 

 
Divert Valve:                    0.0 min to waste / 0.5 min to MS  
                                         / 1.5 min to waste. 

 

 
  

Component Retention time (min) 

MIT or MIT-13C6 1.0 
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Appendix III: Proposed UPLC-MS/MS injection sequences  
 
For one incubation plate: 
 

Sample description Comment 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

0 nM Calibration standard (1) 
76.2 nM Calibration standard (1) 
163 nM Calibration standard (1) 
353 nM Calibration standard (1) 
756 nM Calibration standard (1) 
1633 nM Calibration standard (1) 
3499 nM Calibration standard (1) 
7560 nM Calibration standard (1) 
16200 nM Calibration standard (1) 
35000 nM Calibration standard (1) 
75000 nM Calibration standard (1) 

First set of calibration standard injections 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

QC-0 (1) 
QC-L (1) 
QC-M (1) 
QC-H (1) 

Injection of first set of QC replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

Vehicle control (1) 
No vehicle (1) 

No peroxide control (1) 
Non-enzymatic iodination control (1) 

DEHP control (1) 

Injection of first set of control replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

1 nM PTU (1) 
10 nM PTU (1) 

100 nM PTU (1) 
316 nM PTU (1) 
1 µM PTU (1) 

3.16 µM PTU (1) 
10 µM PTU (1) 

31.6 µM PTU (1) 

Injection of first set of PTU replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 1 (1) 
1 nM Test item 1 (1) 
10 nM Test item 1 (1) 
100 nM Test item 1 (1) 
1 µM Test item 1 (1) 
10 µM Test item 1 (1) 
100 µM Test item 1 (1) 
1 mM Test item 1 (1) 

Injection of first set of Test item 1 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 2 (1) 
1 nM Test item 2 (1) 
10 nM Test item 2 (1) 

Injection of first set of Test item 2 replicates 
(only applicable if two test items are being 

evaluated) 
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Sample description Comment 

100 nM Test item 2 (1) 
1 µM Test item 2 (1) 
10 µM Test item 2 (1) 
100 µM Test item 2 (1) 
1 mM Test item 2 (1) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
(only applicable for two test items) 

QC-0 (2) 
QC-L (2) 
QC-M (2) 
QC-H (2) 

Injection of second set of QC replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

Vehicle control (2) 
No vehicle (2) 

No peroxide control (2) 
Non-enzymatic iodination control (2) 

DEHP control (2) 

Injection of second set of control replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

1 nM PTU (2) 
10 nM PTU (2) 

100 nM PTU (2) 
316 nM PTU (2) 
1 µM PTU (2) 

3.16 µM PTU (2) 
10 µM PTU (2) 

31.6 µM PTU (2) 

Injection of second set of PTU replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 1 (2) 
1 nM Test item 1 (2) 
10 nM Test item 1 (2) 
100 nM Test item 1 (2) 
1 µM Test item 1 (2) 
10 µM Test item 1 (2) 
100 µM Test item 1 (2) 
1 mM Test item 1 (2) 

Injection of second set of Test item 1 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 2 (2) 
1 nM Test item 2 (2) 
10 nM Test item 2 (2) 
100 nM Test item 2 (2) 
1 µM Test item 2 (2) 
10 µM Test item 2 (2) 
100 µM Test item 2 (2) 
1 mM Test item 2 (2) 

Injection of second set of Test item 2 replicates 
(only applicable if two test items are being 

evaluated) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
(only applicable for two test items) 

QC-0 (3) 
QC-L (3) 
QC-M (3) 
QC-H (3) 

Injection of third set of QC replicates 

Analytical blank 0.1 M potassium phosphate buffer pH 7.4 



Title: UPLC-MS/MS ANALYSIS METHOD TO 
DETERMINE THE MONO-IODOTYROSINE (MIT) 
CONCENTRATION IN SAMPLES 

SOP Number: 

 

Site-Category: 

 

Version Number: 

 

Site: 

Den Bosch 

 

12-Aug-2021 10:24:52 Page 10 of 16 

Sample description Comment 

Analytical blank 

Vehicle control (3) 
No vehicle (3) 

No peroxide control (3) 
Non-enzymatic iodination control (3) 

DEHP control (3) 

Injection of third set of control replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

1 nM PTU (3) 
10 nM PTU (3) 

100 nM PTU (3) 
316 nM PTU (3) 
1 µM PTU (3) 

3.16 µM PTU (3) 
10 µM PTU (3) 

31.6 µM PTU (3) 

Injection of third set of PTU replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 1 (3) 
1 nM Test item 1 (3) 
10 nM Test item 1 (3) 
100 nM Test item 1 (3) 
1 µM Test item 1 (3) 
10 µM Test item 1 (3) 
100 µM Test item 1 (3) 
1 mM Test item 1 (3) 

Injection of third set of Test item 1 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 2 (3) 
1 nM Test item 2 (3) 
10 nM Test item 2 (3) 
100 nM Test item 2 (3) 
1 µM Test item 2 (3) 
10 µM Test item 2 (3) 
100 µM Test item 2 (3) 
1 mM Test item 2 (3) 

Injection of third set of Test item 2 replicates 
(only applicable if two test items are being 

evaluated) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
(only applicable for two test items) 

QC-0 (4) 
QC-L (4) 
QC-M (4) 
QC-H (4) 

Injection of fourth set of QC replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

0 nM Calibration standard (2) 
76.2 nM Calibration standard (2) 
163 nM Calibration standard (2) 
353 nM Calibration standard (2) 
756 nM Calibration standard (2) 
1633 nM Calibration standard (2) 
3499 nM Calibration standard (2) 
7560 nM Calibration standard (2) 
16200 nM Calibration standard (2) 
35000 nM Calibration standard (2) 
75000 nM Calibration standard (2) 

Second set of calibration standard injections 
(for each calibration standard, duplicate 

injections are performed using the same vial as 
used for the first set of injections) 
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Sample description Comment 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
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For two incubation plates: 
 

Sample description Comment 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

0 nM Calibration standard (1) 
76.2 nM Calibration standard (1) 
163 nM Calibration standard (1) 
353 nM Calibration standard (1) 
756 nM Calibration standard (1) 
1633 nM Calibration standard (1) 
3499 nM Calibration standard (1) 
7560 nM Calibration standard (1) 
16200 nM Calibration standard (1) 
35000 nM Calibration standard (1) 
75000 nM Calibration standard (1) 

First set of calibration standard injections 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

QC-0 (1) 
QC-L (1) 
QC-M (1) 
QC-H (1) 

Injection of first set of QC replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

Vehicle control plate 1 (1) 
No vehicle plate 1 (1) 

No peroxide control plate 1 (1) 
Non-enzymatic iodination control plate 1 (1) 

DEHP control plate 1 (1) 

Injection of first set of control replicates from 
plate 1 

Vehicle control plate 2 (1) 
No vehicle plate 2 (1) 

No peroxide control plate 2 (1) 
Non-enzymatic iodination control plate 2 (1) 

DEHP control plate 2 (1) 
PTU control plate 2 (1) 

Injection of first set of control replicates from 
plate 2 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

1 nM PTU (1) 
10 nM PTU (1) 

100 nM PTU (1) 
316 nM PTU (1) 
1 µM PTU (1) 

3.16 µM PTU (1) 
10 µM PTU (1) 

31.6 µM PTU (1) 

Injection of first set of PTU replicates from 
plate 1 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 1 (1) 
1 nM Test item 1 (1) 
10 nM Test item 1 (1) 
100 nM Test item 1 (1) 
1 µM Test item 1 (1) 
10 µM Test item 1 (1) 
100 µM Test item 1 (1) 
1 mM Test item 1 (1) 

Injection of first set of Test item 1 replicates 

Analytical blank 0.1 M potassium phosphate buffer pH 7.4 
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Sample description Comment 

Analytical blank 

100 pM Test item 2 (1) 
1 nM Test item 2 (1) 
10 nM Test item 2 (1) 
100 nM Test item 2 (1) 
1 µM Test item 2 (1) 
10 µM Test item 2 (1) 
100 µM Test item 2 (1) 
1 mM Test item 2 (1) 

Injection of first set of Test item 2 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 3 (1) 
1 nM Test item 3 (1) 
10 nM Test item 3 (1) 
100 nM Test item 3 (1) 
1 µM Test item 3 (1) 
10 µM Test item 3 (1) 
100 µM Test item 3 (1) 
1 mM Test item 3 (1) 

Injection of first set of Test item 3 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 4 (1) 
1 nM Test item 4 (1) 
10 nM Test item 4 (1) 
100 nM Test item 4 (1) 
1 µM Test item 4 (1) 
10 µM Test item 4 (1) 
100 µM Test item 4 (1) 
1 mM Test item 4 (1) 

Injection of first set of Test item 4 replicates 
(only applicable if four test items are being 

evaluated) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
(only applicable for four test items) 

100 pM Test item 5 (1) 
1 nM Test item 5 (1) 
10 nM Test item 5 (1) 
100 nM Test item 5 (1) 
1 µM Test item 5 (1) 
10 µM Test item 5 (1) 
100 µM Test item 5 (1) 
1 mM Test item 5 (1) 

Injection of first set of Test item 5 replicates 
(only applicable if five test items are being 

evaluated) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
(only applicable for five test items) 

QC-0 (2) 
QC-L (2) 
QC-M (2) 
QC-H (2) 

Injection of second set of QC replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

Vehicle control plate 1 (2) 
No vehicle plate 1 (2) 

No peroxide control plate 1 (2) 
Non-enzymatic iodination control plate 1 (2) 

DEHP control plate 1 (2) 

Injection of second set of control replicates from 
plate 1 

Vehicle control plate 2 (2) 
No vehicle plate 2 (2) 

No peroxide control plate 2 (2) 

Injection of second set of control replicates from 
plate 2 
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Sample description Comment 

Non-enzymatic iodination control plate 2 (2) 
DEHP control plate 2 (2) 
PTU control plate 2 (2) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

1 nM PTU (2) 
10 nM PTU (2) 

100 nM PTU (2) 
316 nM PTU (2) 
1 µM PTU (2) 

3.16 µM PTU (2) 
10 µM PTU (2) 

31.6 µM PTU (2) 

Injection of second set of PTU replicates from 
plate 1 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 1 (2) 
1 nM Test item 1 (2) 
10 nM Test item 1 (2) 
100 nM Test item 1 (2) 
1 µM Test item 1 (2) 
10 µM Test item 1 (2) 
100 µM Test item 1 (2) 
1 mM Test item 1 (2) 

Injection of second set of Test item 1 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 2 (2) 
1 nM Test item 2 (2) 
10 nM Test item 2 (2) 
100 nM Test item 2 (2) 
1 µM Test item 2 (2) 
10 µM Test item 2 (2) 
100 µM Test item 2 (2) 
1 mM Test item 2 (2) 

Injection of second set of Test item 2 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 3 (2) 
1 nM Test item 3 (2) 
10 nM Test item 3 (2) 
100 nM Test item 3 (2) 
1 µM Test item 3 (2) 
10 µM Test item 3 (2) 
100 µM Test item 3 (2) 
1 mM Test item 3 (2) 

Injection of second set of Test item 3 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 4 (2) 
1 nM Test item 4 (2) 
10 nM Test item 4 (2) 
100 nM Test item 4 (2) 
1 µM Test item 4 (2) 
10 µM Test item 4 (2) 
100 µM Test item 4 (2) 
1 mM Test item 4 (2) 

Injection of second set of Test item 4 replicates 
(only applicable if four test items are being 

evaluated) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
(only applicable for four test items) 
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Sample description Comment 

100 pM Test item 5 (2) 
1 nM Test item 5 (2) 
10 nM Test item 5 (2) 
100 nM Test item 5 (2) 
1 µM Test item 5 (2) 
10 µM Test item 5 (2) 
100 µM Test item 5 (2) 
1 mM Test item 5 (2) 

Injection of second set of Test item 5 replicates 
(only applicable if five test items are being 

evaluated) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
(only applicable for five test items) 

QC-0 (3) 
QC-L (3) 
QC-M (3) 
QC-H (3) 

Injection of third set of QC replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

Vehicle control plate 1 (3) 
No vehicle plate 1 (3) 

No peroxide control plate 1 (3) 
Non-enzymatic iodination control plate 1 (3) 

DEHP control plate 1 (3) 

Injection of third set of control replicates from 
plate 1 

Vehicle control plate 2 (3) 
No vehicle plate 2 (3) 

No peroxide control plate 2 (3) 
Non-enzymatic iodination control plate 2 (3) 

DEHP control plate 2 (3) 
PTU control plate 2 (3) 

Injection of third set of control replicates from 
plate 2 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

1 nM PTU (3) 
10 nM PTU (3) 

100 nM PTU (3) 
316 nM PTU (3) 
1 µM PTU (3) 

3.16 µM PTU (3) 
10 µM PTU (3) 

31.6 µM PTU (3) 

Injection of third set of PTU replicates from 
plate 1 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 1 (3) 
1 nM Test item 1 (3) 
10 nM Test item 1 (3) 
100 nM Test item 1 (3) 
1 µM Test item 1 (3) 
10 µM Test item 1 (3) 
100 µM Test item 1 (3) 
1 mM Test item 1 (3) 

Injection of third set of Test item 1 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 2 (3) 
1 nM Test item 2 (3) 
10 nM Test item 2 (3) 
100 nM Test item 2 (3) 
1 µM Test item 2 (3) 
10 µM Test item 2 (3) 

Injection of third set of Test item 2 replicates 
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Sample description Comment 

100 µM Test item 2 (3) 
1 mM Test item 2 (3) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 3 (3) 
1 nM Test item 3 (3) 
10 nM Test item 3 (3) 
100 nM Test item 3 (3) 
1 µM Test item 3 (3) 
10 µM Test item 3 (3) 
100 µM Test item 3 (3) 
1 mM Test item 3 (3) 

Injection of third set of Test item 3 replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

100 pM Test item 4 (3) 
1 nM Test item 4 (3) 
10 nM Test item 4 (3) 
100 nM Test item 4 (3) 
1 µM Test item 4 (3) 
10 µM Test item 4 (3) 
100 µM Test item 4 (3) 
1 mM Test item 4 (3) 

Injection of third set of Test item 4 replicates 
(only applicable if four test items are being 

evaluated) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
(only applicable for four test items) 

100 pM Test item 5 (3) 
1 nM Test item 5 (3) 
10 nM Test item 5 (3) 
100 nM Test item 5 (3) 
1 µM Test item 5 (3) 
10 µM Test item 5 (3) 
100 µM Test item 5 (3) 
1 mM Test item 5 (3) 

Injection of third set of Test item 5 replicates 
(only applicable if five test items are being 

evaluated) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 
(only applicable for five test items) 

QC-0 (4) 
QC-L (4) 
QC-M (4) 
QC-H (4) 

Injection of fourth set of QC replicates 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

0 nM Calibration standard (2) 
76.2 nM Calibration standard (2) 
163 nM Calibration standard (2) 
353 nM Calibration standard (2) 
756 nM Calibration standard (2) 
1633 nM Calibration standard (2) 
3499 nM Calibration standard (2) 
7560 nM Calibration standard (2) 
16200 nM Calibration standard (2) 
35000 nM Calibration standard (2) 
75000 nM Calibration standard (2) 

Second set of calibration standard injections 
(for each calibration standard, duplicate 

injections are performed using the same vial as 
used for the first set of injections) 

Analytical blank 
Analytical blank 

0.1 M potassium phosphate buffer pH 7.4 

 



Title: ANALYSIS AND INTERPRETATION OF 
DATA GENERATED IN THE TPO-CATALYZED 
IODINATION ASSAY  

SOP Number: 

 

Site-Category: 

 

Version Number: 

 

Site: 

Den Bosch 

 

12-Aug-2021 10:24:52 Page 2 of 5 

1.0 Purpose  

This SOP describes how to analyze and interpret data generated in the TPO-catalyzed 
iodination assay.  

2.0 Scope 

This Standard Operation Procedure applies to all people who are involved in carrying out this 
procedure. 

3.0 Responsibilities 

Not applicable. 

4.0 Definitions/Abbreviations  

Not applicable. 

5.0 Extra safety information  

Not applicable. 

6.0 Materials, chemicals and equipment 

Not applicable. 

7.0 Introduction 

Data analysis can be performed using MassLynx software and/or Microsoft Excel. IC50 values 
are determined using GraphPad Prism or similar software. 

8.0 Procedure  

8.1 Data analysis 

8.1.1 Calculate the response for each individual sample using the following equation: 

 

Response =
MIT peak area

IS peak area
 

 
where: 

IS  = internal standard 
 

8.1.2 Calculate a MIT calibration curve by plotting the response as a function of the 
nominal MIT concentration using linear regression analysis, weighed by 1/x2: 

 
R = a × CN + b 

 
where: 

a  = linear regression factor 
b  = intercept 
CN  = nominal MIT concentration 

Zero is not part of the calibration range. 

8.1.3 Calculate the analyzed MIT concentration (CA) in each individual sample using the 
following equation: 

  

CA =  
(R - b)

a
    [µM] 

 

Please note that if a different dilution factor for the study samples has been used than 
the 100-fold dilution factor used for the calibration standards and QC samples, MIT 
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concentrations of the study samples need to be corrected for this. For example, if a 
20-fold dilution factor was used for the study samples (and a 100-fold dilution factor 
for the calibration standards and QC samples), the calculated MIT concentration in 
the study samples needs to be divided by a factor 5.  

8.1.4 Calculate the accuracy for all calibration points using the following equation: 

 

                   Accuracy =  
CA

CN
 × 100%                [%] 

 

8.1.5 Calculate the accuracy for the individual analytical QC-low, QC-middle and QC-high 
samples using the following equation: 

 

                   Accuracy =  
CA−CB

CN
 × 100%                [%] 

 
where: 

CB  = average of the analyzed concentration in the QC-0 samples 

8.1.6 Calculate the average of the MIT concentration (CA) in the vehicle control samples 
(n = 3).  

8.1.7 Calculate the percent of TPO activity compared to the average activity in the 
vehicle control samples (= full activity) for each individual sample (vehicle control, 
no-vehicle control, no-peroxide control, non-enzymatic iodination control, DEHP, 
PTU and test item samples) using the following equation: 

 

% TPO catalyzed iodination =  
𝐶𝐴 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒

Average CA of vehicle control samples  
 × 100% 

 

8.1.8 Determine if the TPO activity compared to the vehicle control is less than or equal 
to 80% at any concentration. If not, there is no significant inhibition of the TPO 
activity calculations described in 8.1.9 do not need to be performed. 

8.1.9 Calculate for the control item PTU and test item (if applicable) the IC50 value by 
plotting the percentage control activity versus the logarithm of the concentration 
fitted by the Hill curve model (variable slope, 4 parameters) using GraphPad Prism 
(Graphpad Software, San Diego, USA) or statistical software and the following 
equation: 
 

y = Bottom +
(Top − Bottom)

(1 + 10((LogIC50−x)∗HillSlope))
 

 
In which the variables are defined as follows: 

Y   = Percent of the control activity 
X    = Logarithm (base 10) of the concentration 
Top   = Top of the curve in same units as Y 
Bottom  = Bottom of the curve in same units as Y 
Log IC50  = Logarithm of concentration at which 50% of maximum response is   
      observed 
HillSlope = Slope factor of the Hill curve 

8.2 Acceptance criteria 
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8.2.1 Sample analysis 

An UPLC-MS/MS analytical run is considered acceptable if the following criteria are 
met:  

- For the calibration curves the back calculated accuracies are within the range of 
80-120% of the nominal concentration for the lowest calibration standard, and 
within 85-115% of the nominal concentration for the remaining calibration 
standards. 

When a back calculated accuracy (once established) does not comply with the 
criterion range, the response of the calibration standard with the highest 
deviation is rejected and the calibration curve is re-evaluated. Calibration curves 
are accepted when ≥ 75% of the calibration standard injections fulfill the 
acceptance criteria (i.e., at least 15 out of the 20 calibration standard injections 
need to be accepted). 

Zero will not be part of the calibrated range. Blank samples (e.g., the 0 nM 
calibration standard (see CRL SOP 009)) will not be taken into account in the 
fitting procedure. 

- The mean accuracy of the analytical QC samples at the low, middle and high 
levels is within the range of 85-115%. Results outside the accuracy criterion 
range may be discarded as long as per run 2/3 of all QC samples (low, middle 
and high) are accepted with ≥ 50% of each level. 

The QC-0 (blank) samples (see CRL SOP 009) will not be included in this 
evaluation. 

8.2.2 Tyrosine iodination assay 

A tyrosine iodination assay experiment (run) is considered acceptable if the 
following criteria are met:  

- The final curves for the reference item PTU and the test item are composed of 
a minimum of six concentrations obtained from the average of three replicates 
after excluding samples on the basis of insolubility, operator errors or other 
information. 

- The percent TPO-catalyzed iodination of the lowest test item concentration is 
within the range of 80%-120% when compared to the average activity in the 
vehicle control samples. 

- A complete sigmoidal curve for the reference item PTU is obtained. 

- The calculated IC50 for PTU is within the range of 5.0×10-07- 5.0×10-06 M. 

- The percent TPO-catalyzed iodination compared to the vehicle control for the 
negative control DEHP is >80%. 

- The percent TPO-catalyzed iodination in each of the individual no-peroxide 
control samples is <1% when compared to the average activity in the vehicle 
control samples. 

- The mean percent TPO-catalyzed iodination of the no-vehicle controls is within 
the range of 80%-120% when compared to the average activity in the vehicle 
control samples. 

8.3 Data interpretation criteria 

- For each run, a test item is considered negative when the percentage of TPO-
catalyzed iodination compared to the average activity in the vehicle control 
samples does not exceed 80% for any concentration. 

- For each run, a test item is considered positive when the percent of TPO-
catalyzed iodination compared to the average activity in the vehicle control 
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samples is less or equal to 80% for at least one concentration and is showing a 
dose dependent effect.     

- A run is considered inconclusive in all other cases.  

9.0 References 

Not applicable. 
 

10.0 Revision History  

SOP 
Version 
Number 

Revision Date Reason For Revision 
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	CRL SOP 002 - Preparation of FTC-238-hrTPO cell culture medium_final
	1.0 Purpose
	2.0 Scope
	3.0 Responsibilities
	4.0 Definitions/Abbreviations
	5.0 Extra safety information
	6.0 Materials
	6.1  Chemicals
	6.2 Equipment
	7.0 Introduction
	Cell culture medium is used in cell cultures to supply nutrients, growth factors and the right cell culture conditions.
	8.0 Procedure Cell culture medium (growth medium)
	8.1 Cell culture medium (growth medium)
	8.1.1 Thaw the heat inactivated FBS and Penicillin-Streptomycin (10.000 U/mL – 10.000 µg/mL) in a water bath (set at 37 C).
	8.1.2 Open a 500 mL bottle of Iscove’s (IMDM) selection medium with phenol red in the laminar flow cabinet.
	8.1.3 Remove 57.5 mL of Iscove’s (IMDM) selection medium from the bottle.
	8.1.4 Add 50 mL of heat inactivated FBS to the bottle with IMDM.
	8.1.5 Add 2.5 mL of geneticin (200×) (final conc. 50 mg/mL).
	8.1.6 Check the medium for sterility by taking a 1 mL sample and mixing this with 3 mL of sterile Brain Heart Infusion Solution.
	8.1.7 Incubate the sterility control for a minimum of 48 hours at 37 C ± 1.0  C and 5.0% ± 0.5% CO2.
	8.1.8 Add 5 mL of Penicillin-Streptomycin (final conc.:100 U/mL – 100 µg/mL) to the bottle with medium.
	8.1.9 Close the bottle and mix carefully, avoiding bubble formation.
	8.1.10 Label the bottle, indicating name, content, date of preparation and expiration date (1 month from the day of preparation).
	8.1.11 Store the bottle with growth medium at 4 C.
	8.2 Freezing medium
	8.2.1 Thaw heat inactivated FBS in a water bath (set at 37 C).
	8.2.2 Take a sterile 50 mL tube and open the tube in the laminar flow cabinet.
	8.2.3 Add 32 mL growth medium (see for preparation Section 8.1).
	8.2.4 Add 4 mL of heat inactivated FBS.
	8.2.5 Add 4 mL of DMSO.
	8.2.6 Prepare freshly and keep on ice.
	9.0 References
	10.0 Revision History

	CRL SOP 003 - Thawing, culturing and freezing of FTC-238-hrTPO cells_final
	1.0 Purpose
	2.0 Scope
	3.0 Responsibilities
	4.0 Definitions/Abbreviations
	5.0 Extra safety information
	6.0 Materials, chemicals and equipment
	6.1 Materials
	6.2 Chemicals
	6.3 Equipment
	7.0 Introduction
	FTC-238-hrTPO cells are human thyroid carcinoma cells stably transfected with an expression clone coding for human recombinant (hr) thyroid peroxidase (TPO). FTC-238-hrTPO cells can be stored frozen for a longer time. To prepare the cells for storage,...
	8.0 Procedure
	8.1 Starting a FTC-238-hrTPO cell culture
	8.1.1 Equilibrate a flask of growth medium (see CRL SOP 002 for preparation) in a water bath set at 37.0 C.
	8.1.2 Pipet 14 mL equilibrated growth medium in a tube.
	8.1.3 Take a vial of FTC-238-hrTPO cells out of the -150  C freezer (or liquid nitrogen).
	8.1.4 Thaw the vial immediately by putting it in a water bath set at 37 C. Swirl the vial gently in the water bath.
	8.1.5 Disinfect the vial with 70% ethanol and open the vial in the flow cabinet.
	8.1.6 Pipet the content out of the vial as fast as possible in the tube containing 14 mL equilibrated growth medium.
	8.1.7 Gently mix the cell suspension.
	8.1.8 Transfer the cell suspension to a cell culture flask of 75 cm2 (T75).
	8.1.9 Fill the flask to 15 mL with equilibrated growth medium.
	8.1.10 Incubate the cells in a CO2 incubator set at 37 C and 5% CO2.
	8.1.11 Replace the medium the next day.
	8.2 Replacement of medium
	8.2.1 Equilibrate a flask of growth medium in a water bath set at 37 C.
	8.2.2 Gently pipet the medium out of the culture flask.
	8.2.3 Pipet 15 mL of equilibrated growth medium into the culture flask.
	8.2.4 Gently mix the flask.
	8.2.5 Place the cells in a CO2 incubator set at 37 C and 5% CO2 for culturing
	8.3 Passing of cells
	8.3.1 Equilibrate a flask of growth medium in a water bath set at 37 C.
	8.3.2 Thaw and equilibrate 0.05% trypsin-EDTA (1×) (see Appendix I) in a water bath set at 37 C.
	8.3.3 Check the cells under a microscope. When the cells are approximately 75-90% confluent, they must be passed to a fresh culture flask.
	8.3.4 Gently pipet the medium out of the culture flask.
	8.3.5 Wash the cells gently with 10 mL D-PBS (without calcium and magnesium chloride), use a T75 culture flask.
	8.3.6 Add 1.5 mL (use a T75 culture flask) trypsin-EDTA (1×) to the culture flask. Divide the trypsin-EDTA over the bottom of the flask.
	8.3.7 Immediately pipet the excessive amount of trypsin-EDTA out of the flasks again in such a way that the cells are covered with a minimal amount of trypsin-EDTA.
	8.3.8 Incubate the flasks for 3-5 minutes in a CO2 incubator set at 37 C and 5% CO2, keep the cap of the culture flask closed.
	8.3.9 Check (using the inverted light microscope) if the cells have become round and are detached. If necessary, gently tap the culture flask to loosen the cells.
	8.3.10 Inhibit trypsin activity by adding 15 mL of growth medium (for a T75 culture flask) and resuspend the cells.
	8.3.11 Pass the cells in a ratio ranging from 1:2 to 1:4 in T75 flasks (the passage ratio depends on the number of flasks that are needed). Use the table below to determine the amount of cell suspension and growth medium needed per flask.
	8.3.12 Gently mix the flasks and ensure that the cell suspension covers the whole bottom of the flask.
	8.3.13 Write the project number, cell name, date and passage number of the cells on the culture flasks. The passage number increases by 1 when splitting the cells (e.g., from P1.7 to P2.7 where 7 is the passage number of the original stock taken from ...
	8.3.14 Culture the cells in a CO2 incubator set at 37 C and 5% CO2.
	8.4 Freezing of FTC-238-hrTPO cells
	8.4.1 Label cryovials with the cell type, date and passage number of the cells. Freeze  2-6×106 cells per vial.
	8.4.2 Prepare the freezing medium freshly (see CRL SOP 002).
	8.4.3 Pipet the cell suspension into a 50 mL Greiner tube.
	8.4.4 Count the number of cells using a Coulter particle counter (window set at 10-24 µm) or Bürker-Türk cell counting chamber.
	8.4.5 Centrifuge the cell suspension for 5 minutes at 150 ×g at room temperature.
	8.4.6 Remove the supernatant and resuspend the cells to a density of 2-6×106 cells/mL in freeze medium.
	8.4.7 Aliquot 1 mL of cell suspension per cryovial and place the cryovials in the Mr. Frosty vial holder (maximum of 18 vials per vial holder).
	8.4.8 Fill the Mr. Frosty with isopropanol up to the designated line. Gently place the vial holder back in the Mr. Frosty.
	8.4.9 Place the Mr. Frosty in -80  C for at least 4 hours or overnight and transfer the vials to a -150  C freezer for storage.
	8.4.10 Note the date of freezing, cell type, passage number and the number of frozen vials in the lab files.
	8.4.11 The isopropanol may be used a maximum of 5 times for freezing cells. Clean the Mr. Frosty with a non-abrasive or alkaline detergent
	9.0 References
	10.0 Revision History

	CRL SOP 004 - Preparation of FTC-238-hrTPO cell lysates_final
	1.0 Purpose
	2.0 Scope
	3.0 Responsibilities
	4.0 Definitions/Abbreviations
	5.0 Extra safety information
	6.0 Materials, chemicals and equipment
	6.1 Materials
	6.2 Chemicals
	6.3 Equipment
	7.0 Introduction
	The FTC-238 human follicular thyroid carcinoma cell line was established from a lung metastasis of a follicular thyroid carcinoma from a 42-year-old male. The cells are polymorphic showing flat polygonal to spindle-like morphologies. The FTC-238 cells...
	8.0 Procedure
	8.1 FTC-238-hrTPO cell culture
	8.1.1 Cells will be cultured according to CRL SOP 003 “Thawing, culturing and freezing of FTC-238-hrTPO cells”.
	8.1.2 Two days prior to cell lysis, the cells will be stimulated with hematin.
	8.1.3 Prepare a solution of 1 mg/mL hematin in 1N NaOH. Protect the solution from light and keep on ice (see Appendix I).
	8.1.4 Equilibrate a flask of growth medium in a water bath set at 37 C.
	8.1.5 Add the hematin solution to the equilibrated growth medium at a final concentration of 1 µg/mL.
	8.1.6 Thaw and equilibrate 0.05% trypsin-EDTA (1×) (see Appendix I) in a water bath set at 37 C.
	8.1.7 Check the FTC-238-hrTPO cells under a microscope. When the cells are approximately 75-90% confluent, they will be passed to a fresh culture flask.
	8.1.8 Gently remove the medium from the culture flask.
	8.1.9 Wash the cells gently with 10 mL D-PBS (without calcium and magnesium chloride), use a T75 culture flask.
	8.1.10 Add 1.5 mL (use a T75 culture flask) 0.05% trypsin-EDTA (1×) to the culture flask and divide the trypsin-EDTA over the bottom of the flask.
	8.1.11 Immediately pipet the excessive amount of trypsin out of the flasks again in such a way that the cells are covered with a minimal amount of trypsin.
	8.1.12 Incubate the flasks for 3-5 minutes in a CO2 incubator set at 37 C and 5% CO2, keep the cap of the culture flask closed.
	8.1.13 Check (using the inverted light microscope) if the cells have become round and are detached. If necessary, tap the culture flask gently to loosen the cells.
	8.1.14 Inhibit trypsin activity by adding 15 mL of growth medium containing 1 µg/mL hematin to every T75 culture flask and resuspend the cells.
	8.1.15 Pass all the cells from a T75 culture flask to a T175 cell culture flask by transferring 15 mL of cell suspension (with hematin) to a T175 culture flask, followed by addition of 15 mL growth medium containing 1 µg/mL hematin. The total volume s...
	8.1.16 Incubate the cells for (at least) 2 days in a CO2 incubator set at 37 C and 5% CO2.
	8.2 Lysis of FTC-238-hrTPO cells
	8.2.1 After 2 days, check the confluency of the cells. The confluency of the cells has to be at least 80% prior to cell lysis.
	8.2.2 Gently remove the medium from the culture flasks.
	8.2.3 Gently wash the cells with 20 mL sterile D-PBS.
	8.2.4 Scrape off the cells and resuspend them in 15 mL sterile D-PBS
	8.2.5 Transfer the cells to a centrifuge tube.
	8.2.6 Centrifuge the cells 5 minutes at 1000 × g at room temperature.
	8.2.7 From now on, sterile working is not necessary anymore.
	8.2.8 Remove the supernatant.
	8.2.9 Lyse the cells by resuspending them in 1 mL 0.1% sodium deoxycholate (see Appendix I) per T175 cell culture flask.
	8.2.10 Place the cell suspension on ice for in total 20 minutes. Resuspend the suspension two times by pipet mixing during the incubation on ice.
	8.2.11 Transfer the cell lysate from each T175 cell culture flask to a 1.5 mL Eppendorf tube.
	8.2.12 Centrifuge the tubes for 5 minutes at 11.350 × g at 4  C.
	8.2.13 Pool the supernatant of all the vials in a fresh tube.
	8.2.14 Aliquot the supernatant in 1.5 mL Eppendorf tubes and store these at -80 C (for a maximum of 1 year).
	9.0 References
	10.0 Revision History

	CRL SOP 005 - Determination of the protein concentration in FTC-238-hrTPO cell lysates_final
	1.0 Purpose
	2.0 Scope
	3.0 Responsibilities
	4.0 Definitions/Abbreviations
	5.0 Extra safety information
	6.0 Materials, chemicals and equipment
	6.1 Materials
	6.2 Chemicals
	- Sodium deoxycholate
	6.3 Equipment
	7.0 Introduction
	The protein concentration of the FTC-238-hrTPO cell lysates will be determined to calculate the input of FTC-238-hrTPO cell lysate in the tyrosine iodination assay.
	8.0 Procedure
	8.1 Protein determination
	8.1.1 Prepare working reagent by adding 400 µL BCA reagent B to 20 mL BCA reagent A.
	8.1.2 Prepare dilution series of the BSA standard in 0.1% sodium deoxycholate buffer (see CRL SOP 004) according to the table below:
	8.1.3 Prepare a dilution series of the FTC cell lysates in 0.1% sodium deoxycholate, according to the table below. Dilutions can be adjusted when necessary.
	8.1.4 Pipet 25 µL buffer in the blank wells in the plate. See plate lay-out below.
	8.1.5 Pipet 25 µL of the BSA standard dilutions in triplicate in the plate (see plate lay-out).
	8.1.6 Pipet 25 µL of the diluted samples in triplicate in the plate (see plate lay-out).
	8.1.7 Add 200 µL working reagent to the wells.
	8.1.8 Mix the plate on a plate shaker for 30 seconds.
	8.1.9 Incubate the plate for 30±5 minutes at 37 C in the CO2 incubator (or another incubator set at 37 C).
	8.1.10 Incubate the plate for 30±5 minutes at room temperature.
	8.1.11 Measure the absorption at 562 nm using a TECAN® Infinite M200 Pro plate reader.
	8.2 Calculation of the protein concentration
	8.2.1 Subtract the average absorbance (at 562 nm) of the blank standard replicates from all individual standard and unknown sample replicates.
	8.2.2 Calculate the protein concentration of each unknown sample using a non-linear fitted BSA standard curve.
	8.2.3 The protein concentration will be calculated by taking the average of all sample dilutions. If absorbance values of diluted samples are near or below the absorbance of the lowest calibration standard or above the absorbance the absorbance of the...
	9.0 References
	10.0 Revision History

	CRL SOP 006 - Cell lysate amount and time dependency determination_final
	1.0 Purpose
	2.0 Scope
	3.0 Responsibilities
	4.0 Definitions/Abbreviations
	5.0 Extra safety information
	6.0 Materials, chemicals and equipment
	6.1 Materials
	6.2 Chemicals
	6.3 Equipment
	7.0 Introduction
	The influence of the amount of cell lysate and incubation time on MIT formation in the TPO-catalyzed iodination assay will be determined using FTC-238-hrTPO cell lysate. Incubations will be performed using different cell lysate concentrations and diff...
	8.0 Procedure
	8.1 Preparation of dilutions and incubation mixture
	8.1.1 Prepare appropriate dilutions of FTC-238-hrTPO cell lysate in 0.1 M potassium phosphate buffer, pH 7.4, at concentrations of 250 µg/mL, 500 µg/mL, 750 µg/mL, 1000 µg/mL and 1500 µg/mL (final concentrations in the TPO-catalyzed iodination assay a...
	8.1.2 Prepare an incubation mixture (20 mL) containing the following:
	8.2 Determination of incubation time and cell lysate amount dependency
	8.2.1 Incubations are carried out in amber colored U-tubes.
	8.2.2 The final volume per incubation is 300 µL.
	8.2.3 Pipette 250 µL incubation mixture in every U-tube (see overview of incubations in Appendix I).
	8.2.4 Add 30 µL 0.1 M potassium phosphate buffer to the U-tubes without cell lysates  (0 µg/mL, see overview of incubations in Appendix I).
	8.2.5 Add 30 µL cell lysate with the correct protein concentration to the appropriate  U-tube (see overview of incubations in Appendix I).
	8.2.6 Mix the tubes for 5-10 seconds on a plate shaker at 600 rpm.
	8.2.7 Pre-incubate the mixtures 5±1 minutes in a shaking water bath set at 37 C.
	8.2.8 Start the incubations by adding 20 µL of 3.75 mM H2O2.
	8.2.9 Mix the tubes for 5-10 seconds on a plate shaker at 600 rpm.
	8.2.10 Incubate the U-tubes for 0, 5, 10, 15 and 20 minutes in a shaking water bath set at 37 C.
	8.2.11 At the appropriate time points, remove the U-tubes from the incubation plate to another plate and place them on ice. Immediately afterwards stop the incubation by adding 150 µL of the ice-cold IS working solution (300 µM sodium thiosulfate and ...
	8.2.12 Vortex mix the U-tubes for 5 seconds.
	8.2.13 Centrifuge the U-tubes for 5 minutes at 2000 × g at 4  C.
	8.2.14 Dilute the samples in amber colored U-tubes by adding an appropriate sample volume to an appropriate volume of the 0.1 M potassium phosphate buffer. The fold-dilution depends on the expected MIT concentration in the samples. For each fold-dilut...
	8.2.15 Vortex all samples and determine the MIT concentration in the samples using  UPLC-MS/MS analysis (see for details CRL SOP 009). Keep the samples in the autosampler (2-8  C) or refrigerator (2-8  C) until analysis. Samples can be stored under th...
	8.3 Data analysis and interpretation
	8.3.1 The linearity of MIT formation expressed as the MIT concentration as function of time and protein concentration will be determined by linear regression.
	8.3.2 It needs to be demonstrated that there is a linear relationship between cell lysate amount/time and formation of MIT.
	8.3.3 A cell lysate amount that results in formation of 10 to 20 µM of MIT after 15 minutes of incubation will be selected for the TPO-catalyzed iodination experiment.
	9.0 References
	10.0 Revision History

	CRL SOP 007 - Solubility assessment for test items_final
	1.0 Purpose
	2.0 Scope
	3.0 Responsibilities
	4.0 Definitions/Abbreviations
	5.0 Extra safety information
	6.0 Materials, chemicals and equipment
	6.1 Materials
	6.2 Chemicals
	6.3 Equipment
	7.0 Introduction
	This SOP describes how to determine the solubility of a test item for testing in the TPO-catalyzed iodination assay. The solubility of the test item will be determined in solvent followed by 100-fold dilution in potassium phosphate buffer, pH 7.4. The...
	8.0 Procedure
	8.1 Solubility in vehicle
	8.1.1 Prepare in a clear glass vial a 100 mM test item stock solution in solvent in a clear glass vial. Prepare a minimum volume of 0.5 mL and evaluate visually if the test item is dissolved.
	8.1.2 In case the test item is not dissolved, further dilute the 100 mM test item stock solution using half-log steps e.g., 31.6 mM, 10 mM, 3.16 mM, etc.
	8.1.3 If by visual inspection the test item is dissolved in solvent, check the solution under the microscope. If the test item is also microscopically dissolved, continue with assessing the solubility in 0.1 M potassium phosphate buffer, pH 7.4.
	8.1.4 If by microscopical inspection the test item is found to be not dissolved, dilute to a lower concentration until the test item is dissolved completely. Use half log-steps.
	8.2 Solubility in potassium phosphate buffer
	8.2.1 If the test item is dissolved in solvent, evaluate the solubility of the test item in 0.1 M potassium phosphate buffer, pH 7.4.
	8.2.2 Add 10 µL stock solution (highest soluble concentration as determined in section 8.1) to 990 µL 0.1 M potassium phosphate buffer, pH 7.4, in a clear glass vial, vortex mix and evaluate the solubility visually. In case the test item is not dissol...
	8.2.3 If by visual inspection the test item is dissolved, add 200 µL of the test item solution to a well of a 96-wells plate with transparent bottom and check the solubility under the microscope by comparing the well containing the test item solution ...
	8.2.4 In case the test item is not dissolved, prepare a half-log dilution of the test item solution (in solvent) and repeat step 8.2.3.
	8.2.5 The highest test item concentration dissolved in potassium phosphate buffer will be used as the highest test item concentration in the first TPO-catalyzed iodination assay experiment.
	8.3 Selection of an appropriate test item concentration range
	8.3.1 Eight test item concentrations will be tested in the TPO-catalyzed iodination assay.
	8.3.2 For the first experiment, it is recommended to use the highest possible test item concentration, however, the highest (nominal) concentration to be tested should be at least 10-5 M irrespective of the test item solubility. When concentrations eq...
	8.3.3 If the highest concentration to be tested is lower than 10-3.5 M, mid-log concentration(s) will be added near the lower end of the curve to obtain a total of eight test item concentrations.
	8.3.4 If during the first experiment the top of the curve (full enzymatic activity) is not reached at the lowest test item concentration, lower concentrations need to be selected for the second experiment and, only if applicable, subsequent experiment...
	9.0 References
	10.0 Revision History

	CRL SOP 008 - TPO-catalyzed iodination assay_final
	1.0 Purpose
	2.0 Scope
	3.0 Responsibilities
	4.0 Definitions/Abbreviations
	5.0 Extra safety information
	6.0 Materials
	Materials
	Chemicals
	Equipment
	7.0 Introduction
	8.0 Procedure
	Preparation of test and control item solutions.
	8.1.1 Prepare a test item stock solution in solvent at an appropriate concentration (depending on solubility of the test item as determined during the solubility assessment (see CRL SOP 007)).
	8.1.2 Prepare spiking solutions for eight test item concentrations. Selection of the final test item concentrations depend on the solubility of the test item (CRL SOP 007). An example of concentrations that can be prepared is presented in the table be...
	8.1.3 Prepare a 3.16 mM stock solution of PTU (reference item) in solvent (e.g., DMSO).
	8.1.4 Prepare spiking solutions of PTU (reference item) as presented in the table below.
	8.1.5 Prepare a 100 mM stock solution of DEHP (negative control item) in solvent.
	8.1.6 Every experiment will include at least the following incubations:
	Overview of the incubation samples included in one experiment for a single test item:
	TPO-catalyzed iodination assay
	8.1.7 Incubations are carried out in amber colored U-tubes.
	8.1.8 The final volume per incubation is 300 µL.
	8.1.9 For the non-enzymatic iodination controls, prepare an incubation mix containing the following: - 0.1 M potassium phosphate buffer pH 7.4 - 10 mM L-Tyrosine in 0.1 M HCl (final concentration 500 µM) - 100 mM potassium iodide in 0.1 M potassium ph...
	8.1.10 Pipet 277 µL incubation mixture in every non-enzymatic iodination control U-tube (see overview of incubations in Appendix II)
	8.1.11 Prepare an incubation mixture containing the following:
	8.1.12 Pipet 277 µL incubation mixture in every no peroxide control, vehicle control, no vehicle control, and test item or control U-tube (see overview of incubations in Appendix II).
	8.1.13 Add 3 µL DMSO (or another appropriate solvent) to the no peroxide control, vehicle control and non-enzymatic iodination samples.
	8.1.14 Add 3 µL 0.1 M potassium phosphate buffer to the no vehicle control samples.
	8.1.15 Add 3 µL test item or control item (PTU or DEHP) to the appropriate U-tubes.
	8.1.16 Mix the tubes for 5-10 seconds on a plate shaker at 600 rpm.
	8.1.17 Pre-incubate the mixtures for 5±1 minutes in a shaking water bath set at 37±1 C.
	8.1.18 Start the incubations by adding 20 µL 3.75 mM H2O2 to all the U-tubes with the exception of the no peroxide control samples.
	8.1.19 Add 20 µL ultrapure water to the no peroxide control samples.
	8.1.20 Mix the tubes for 5-10 seconds on a plate shaker at 600 rpm.
	8.1.21 Incubate the samples for 10±1 minutes in a shaking water bath set at 37±1  C.
	8.1.22 Place the U-tubes on ice and stop the incubation by adding 150 µL ice-cold IS working solution (300 µM sodium thiosulfate and an appropriate internal standard (IS) concentration in methanol (see for details Section 8.1.23)).
	8.1.23 Vortex mix the U-tubes for 5 seconds.
	8.1.24 Centrifuge the U-tubes for 5 minutes at 2000 × g at 4  C.
	8.1.25 Dilute the samples in amber colored U-tubes, by adding an appropriate sample volume to an appropriate volume of the 0.1 M potassium phosphate buffer. The fold-dilution depends on the expected MIT concentration in the samples. For each fold-dilu...
	8.1.26 Vortex all samples and determine the MIT concentration in the samples using  UPLC-MS/MS analysis. Keep the samples in the autosampler (2-8  C) or refrigerator (2-8  C) until analysis. Samples can be stored under these conditions for up to 8 days.
	9.0 References
	Not applicable
	10.0 Revision History
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	CRL SOP 009 - UPLC-MSMS analysis method for MIT_final
	1.0 Purpose
	2.0 Scope
	3.0 Responsibilities
	4.0 Definitions/Abbreviations
	5.0 Extra safety information
	6.0 Materials
	Materials
	Chemicals
	Equipment
	7.0 Introduction
	Preparation of the calibration curve, preparation of analytical QC samples and UPLC-MS/MS analysis of samples is described in the sections below.
	8.0 Procedure
	Preparation of calibration curve
	8.1.1 Prepare two stocks (A and B) of 10 mM MIT in 0.1 M HCl.
	8.1.2 Dilute the MIT stocks according to the table below:
	8.1.3 For each point of the calibration curve, pipet 150 µL stop-solution (see Appendix I) in an empty amber colored U-tube.
	8.1.4 Add 300 µL of the appropriate MIT dilution to the U-tubes (final MIT concentration in the calibration curve is 75.0 µM, 35.0 µM, 16.2 µM, 7.56 µM, 3.50 µM, 1.63 µM, 0.756 µM, 0.353 µM, 0.163 µM, 0.0762 µM and 0 µM MIT).
	8.1.5 Vortex mix the U-tubes for 5 seconds.
	8.1.6 Centrifuge the U-tubes for 5 minutes at 2000 x g at 4  C.
	8.1.7 Dilute the samples 100-fold in amber colored glass LC-MS vials by adding 10 µL sample to 990 µL 0.1 M potassium phosphate buffer.
	8.1.8 Vortex all samples and determine the MIT concentration in the samples using UPLC-MS/MS analysis. Keep the samples in the autosampler (2-8  C) or refrigerator (2-8  C) until analysis. Samples can be stored under these conditions for up to 8 days.
	Analytical QC samples
	8.1.9 Prepare the following QC samples in quadruplicate: QC-0 (0 µM MIT), QC-low (L) (0.15 µM MIT), QC-middle (M) (0.75 µM MIT) and QC-high (H) (60 µM MIT).
	8.1.10 Dilute a 10 mM MIT stock (in 0.1 M HCl) in 0.1 M potassium phosphate buffer (see Appendix I) to 6 mM, 75 µM and 15 µM MIT.
	8.1.11 Dilute FTC-238-hrTPO cell lysate with 0.1 M potassium phosphate to a suitable protein concentration (same concentration as used in the tyrosine iodination assay samples (see CRL SOP 008)).
	8.1.12 Heat-inactivate the cell lysate solution by heating for 15 minutes at 90  C.
	8.1.13 Prepare an incubation mix (5.540 mL) for the QC samples containing:
	8.1.14 Pipet 277 µL incubation mix in an amber colored U-tube for each QC sample.
	8.1.15 Add 3 µL MIT solution or 0.1 M potassium phosphate buffer to the appropriate U-tubes:
	QC-0:   3 µL 0.1 M potassium phosphate buffer
	QC-L:   3 µL 15 µM MIT solution
	QC-M:   3 µL 75 µM MIT solution
	QC-H:   3 µL 6 mM MIT solution
	8.1.16 Add 150 µL ice-cold stop-solution to the U-tubes.
	8.1.17 Add 20 µL 3.75 mM H2O2 solution to all the U-tubes.
	8.1.18 Vortex mix the U-tubes for 5 seconds.
	8.1.19 Centrifuge the U-tubes for 5 minutes at 2000 x g at 4  C.
	8.1.20 Dilute the samples 100-fold in amber colored glass LC-MS vials by adding 10 µL sample to 990 µL 0.1 M potassium phosphate buffer.
	8.1.21 Vortex mix all samples and determine the MIT concentration in the samples using UPLC-MS/MS analysis. Keep the samples in the autosampler (2-8  C) or refrigerator (2-8  C) until analysis. Samples can be stored under these conditions for up to 8 ...
	UPLC-MS/MS analysis
	8.1.22 All samples will be analyzed according to the method described in Appendix II. Examples of possible injection sequences are presented in Appendix III.
	8.1.23 Use 0.1 M potassium phosphate buffer samples as analytical blanks.
	8.1.24 Measure the calibration curve
	8.1.25 Measure the reference item samples (PTU; 8 concentrations for a full dose-response curve and, if applicable, 1 concentration for an additional incubation plate)) and negative control item (DEHP; 1 concentration).
	8.1.26 Measure the test item samples (8 concentrations per test item).
	8.1.27 Measure the QC-samples.
	8.1.28 Measure the control item samples (no peroxide, vehicle, no vehicle and non-enzymatic iodination)
	8.1.29 Measure the calibration curve again.
	8.1.30 Integrate the results with appropriate software. Details regarding the data analysis and interpretation are described in CRL SOP 010.
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	1.0 Purpose
	2.0 Scope
	3.0 Responsibilities
	4.0 Definitions/Abbreviations
	5.0 Extra safety information
	6.0 Materials, chemicals and equipment
	7.0 Introduction
	Data analysis can be performed using MassLynx software and/or Microsoft Excel. IC50 values are determined using GraphPad Prism or similar software.
	8.0 Procedure
	8.1 Data analysis
	8.1.1 Calculate the response for each individual sample using the following equation:
	Response=,MIT peak area-IS peak area.
	8.1.2 Calculate a MIT calibration curve by plotting the response as a function of the nominal MIT concentration using linear regression analysis, weighed by 1/x2:
	Zero is not part of the calibration range.
	8.1.3 Calculate the analyzed MIT concentration (CA) in each individual sample using the following equation:
	CA =  ,(R - b)-a.    [µM]
	8.1.4 Calculate the accuracy for all calibration points using the following equation:
	8.1.5 Calculate the accuracy for the individual analytical QC-low, QC-middle and QC-high samples using the following equation:
	8.1.6 Calculate the average of the MIT concentration (CA) in the vehicle control samples (n = 3).
	8.1.7 Calculate the percent of TPO activity compared to the average activity in the vehicle control samples (= full activity) for each individual sample (vehicle control, no-vehicle control, no-peroxide control, non-enzymatic iodination control, DEHP,...
	% TPO catalyzed iodination= ,,𝐶-𝐴. 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒-,Average ,C-A. of vehicle control samples - .. ×100%
	8.1.8 Determine if the TPO activity compared to the vehicle control is less than or equal to 80% at any concentration. If not, there is no significant inhibition of the TPO activity calculations described in 8.1.9 do not need to be performed.
	8.1.9 Calculate for the control item PTU and test item (if applicable) the IC50 value by plotting the percentage control activity versus the logarithm of the concentration fitted by the Hill curve model (variable slope, 4 parameters) using GraphPad Pr...
	8.2 Acceptance criteria
	8.2.1 Sample analysis
	8.2.2 Tyrosine iodination assay
	8.3 Data interpretation criteria
	- For each run, a test item is considered negative when the percentage of TPO-catalyzed iodination compared to the average activity in the vehicle control samples does not exceed 80% for any concentration.
	- For each run, a test item is considered positive when the percent of TPO-catalyzed iodination compared to the average activity in the vehicle control samples is less or equal to 80% for at least one concentration and is showing a dose dependent effe...
	- A run is considered inconclusive in all other cases.
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