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Thyroglobulin is a protein biomarker used to monitor thyroid 

cancer treatment and is also responsible for synthesizing 

thyroid hormones. In this technical  note, we describe a rapid 

Zeno MRMHR method capable of detecting and quantifying singly 

and doubly charged thyroglobulin peptides using th e Echo® MS+ 

system with ZenoTOF 7600+ system .   

Serum thyroglobulin is a tumor marker used in managing 

patients diagnosed with differentiated thyroid carcinoma.1 It 

also plays a role in synthesizing the thyroid hormones 

triiodothyronine (T3) and thyroxine (T4).2 Many LC- MS/MS 

methods for quantifying thyroglobulin peptides have been 

established but runtimes take several minutes. 3  

Here, we developed a Zeno MRMHR method to quantify 2 

peptides rapidly and accurately without sample preparation. The 

2 peptides derived from the thyroglobulin protein, 

VIFDANAPVAVR and FSPDDSAGASALLR, were serially diluted to 

create a calibration curve with values ranging from 3.91 ng/mL 

to 250 ng/mL in a solvent . We achieved the same sensitivity 

level as polyclonal antibody enrichment  but at a significantly 

faster rate using the Echo ® MS+ system with ZenoTOF 7600+ 

system .4  

The Bio Tool Kit micro- application in SCIEX OS software was 

used to select  the peptide fragments for the quantitation assay . 

After peptide fragment selection, the singly and doubly charged 

peptides were quantified using the Analytics module of SCIEX 

OS software. Each sample containing the 2 peptides and 2 

isotopically labeled peptide analogs was analyzed at a rate of 5 

seconds per sample  to achieve high- quality Zeno MRMHR data.  

Key features of the quantitation of thyroglobulin 

peptides  

• Low- ng/mL level quantitation of singly and doubly  

charged peptide s: A lower limit of quantitation (LLOQ) of 

3.91 ng/mL was achieved for thyroglobulin peptides 

VIFDANAPVAVR and FSPDDSAGASALLR 

• Rapid sample acquisition: Samples were analyzed at a 

rate of 5 seconds per sample using  the wide peak mode for 

Zeno MRMHR quantitation 

Rapid and accurate  quantitation  of thyroglobulin biomarkers  

using the Echo® MS+ system with ZenoTOF 7600+ system  

  

 

Figure 1. Representative peak ejections and calibration curves from the Zeno MRM HR analysis of the thyroglobulin peptides, VIFDANAPVAVR and 

FSPDDSAGASALLR. A) Rapid, 5- second - wide peak ejections from the triplicate analysis of VIFDANAPVAVR (blue) and FSPDDSAGASALLR (pink) . Start and finish 

barcodes  are shown. B) Calibration curve s are shown alongside the  structure of the 2 peptides derived from the thyroglobulin protein. VIFDANAPVAVR and 

FSPDDSAGASALLR are shown at the top and bottom, respectively.  Linearity was achieved between 3.91 ng/mL and 250  ng/mL, with an r2 of 0.998. Each 

concentration level was run in triplicate.   
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• Fast fragment selection  using  the Bio Tool Kit  micro -

application : Fragment ions were rapidly identified, which 

facilitated product ion selection for the quantitation assay  

• Fast analysis with negligible  carryover : Peptide 

quantitation analysis was rapidly performed with negligible 

carryover 

• Streamlined data management:  Data acquisition and 

processing are integrated into SCIEX OS software  

Methods 

Sample preparation:  Thyroglobulin peptides VIFDANAPVAVR 

and FSPDDSAGASALLR were diluted to 1000 ng/mL in 35:65 

(v/v), water/acetonitrile. A concentration curve was prepared by 

serial dilution using  35:65 (v/v), water/acetonitrile covering 

concentrations ranging from 3.91 ng/mL to 250 ng/mL of each 

peptide. Isotopically labeled analogs of VIFDANAPVAVR and 

FSPDDSAGASALLR were analyzed as internal standards at 39.3 

ng/mL and 35.6 ng/mL , respectively.  

Acoustic ejection: The carrier solvent was methanol with 0.1% 

formic acid and its flow rate was set  to 400 µL/min. A total of 70 

nL of the sample was ejected over 5 seconds  in wide peak mode 

using the SP fluid class. Each sample was ejected in triplicate.  

Mass spectrometry: A Zeno MRMHR method using  the “peptides” 

workflow was developed to quantify the 2 thyroglobulin peptides 

and their labeled internal standards . The conditions used for 

this method are outlined in Tables 1–4.  

 

 

 

 

Table 1 . Source parameters and values.  

Parameter  Value 

Polarity  Positive  

Spray voltage (V)  5500  

Curtain gas (psi)  25 

CAD gas (psi)  11 

Ion source gas 1 (psi)  90  

Ion source gas 2 (psi)  75 

Temperature (°C)  400  

Table 2. TOF  MS parameters and values.  

Parameter  Value 

Scan type  Zeno MRMHR 

TOF MS start mass (m/z)  100  

TOF MS stop mass (m/z)  1000  

Accumulation time (s)  0.05  

Declustering potential (V)  40 

Time bins to sum  8 

Table 3. TOF MS/MS parameters and values.  

Parameter  Value 

Q1 resolution Unit 

Zeno pulsing  On 

Zeno threshold (cps)  1000  

Data processing:  Data were processed in the Analytics module 

and the Bio Tool Kit micro- application within SCIEX OS software. 

The product ions used for quanti tation were m/z 213.1620 and 

m/z 586.8049 for VIFDANAPVAVR and FSPDDSAGASALLR , 

respectively. 

 

 

 

Table 4. Zeno MRM HR parameters and values.

Compound ID  
Precursor 

ion (m/z)  

TOF 

start 

(m/z)  

TOF 

stop 

(m/z)  

Accumulation 

time (s)  

Declustering 

potential (V)  

Collision 

energy (V)  

Collision energy 

spread (V)  

Time bins to 

sum  

VIFDANAPVAVR 636.36  100  1000  0.05  40 32 10 8 

FSPDDSAGASALLR  703.85  100  1000  0.05  40 32 10 8 

VIFDANAPVAVR IS 647.39  100  1000  0.05  40 32 10 8 

FSPDDSAGASALLR IS  715.38 100  1000  0.05  40 32 10 8 



 

 

Rapid analysis  

The analysis time for the batch of calibrators ejected in 

triplicate was 3.2 minutes, including the initial and final 

mandatory barcodes (Figure 1A).  

Linearity was achieved from 3.91 ng/mL to 250 ng/mL with r2 

values of 0.9976 and 0.9978 for the VIFDANAPVAVR and 

FSPDDSAGASALLR peptides , respectively (Figure 1B). A 

summary of the quantitative performance can  be found in 

Table 5. 

Quantitation  

Specific product ions were selected for the quantitation of 

each peptide. The Zeno MRMHR scan performed a product ion 

scan from m/z 100–1000  (Figure 2) and the Bio Tool Kit 

micro- application was employed to facilitate product ion 

selection for the quantitation assay  in SCIEX OS software 

(Figure 3). Together, this approach provided a fast 

identification of peptide fragments in the MS/MS spectrum.  

 

 

Figure 3. Peptide identification using  the Bio Tool Kit  micro - application  

in SCIEX OS software . Results are shown for VIFDANAPVAVR (A) and 

FSPDDSAGASALLR  (B). Bold, red font indicate s that the corresponding 

fragment was identified in the MS/MS spectrum  as shown in Figure 2. Red 

italic numbers indicate a match to a fragment in a different charge state 

than what has been indicated. 5   

 

 

 

 

 

 

 

 

Figure 2. MS/MS spectra obtained from the Zeno MRM HR scan. MS/MS 

spectra are shown for 250 ng/mL of VIFDANAPVAVR (A) and 250 ng/mL of 

FSPDDSAGASALLR (B).  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Table  5. Quantitative performance  of the thyroglobulin peptide  standards , VIF DANAPVAVR (A) and FSP DDSAGASALLR  (B) . 

A Actual concentration (ng/mL)  Mean (ng/mL)  Percent CV  Average accuracy across replicates (%)  

 3.91 3.46 17.7 88.5 

 7.81 8.53 0.65 109 

 15.6 15.7 6.33 100  

 31.3 33.7 7.59 108 

 62.5 61.9 1.74 99.1 

 125 116 3.45 92.5 

 250  257 3.66 103 

     

     

B Actual concentration (ng/mL)  Mean (ng/mL)  Percent CV  Average accuracy across replicates (%)  

 3.91 3.81 13.5 97.6 

 7.81 8.41 10.9 108 

 15.6 15.0 11.9 95.9 

 31.3 33.3 4.55 107 

 62.5 56.9 1.75 91.1 

 125 124 3.25 99.5 

 250  254 0.770 102 
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Conclusions  

• Data acquisition at rates as fast as 5 seconds per sample 

was achieved using Zeno MRMHR mode  

• Linearity was achieved from 3.91 to 250 ng/mL for 2 

different thyroglobulin peptides 

• The Bio Tool Kit micro- application in SCIEX OS software 

facilitated fast product identification and selection  

• No carryover was observed due to constant carrier solvent 

flow in the Acoustic Ejection Mass Spectrometry method 
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