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Mass-spectrometry based quantification of growth hormone (GH). Isotope-dilution mass 

spectrometry (ID-MS) has been used for more than three decades in Clinical Chemistry1-4 as the 

method principle providing a basis for certification of Standard Reference Materials (SRM),5 

obtaining target values for quality control materials in evaluation and calibration of clinical 

routine methods, and related purposes. The outstanding reliability of ID-MS is owing to the fact 

that the analyte itself is used as internal standard, having just replaced one or more atoms by non-

natural isotopic forms. The unique reliability of this type of method, ID-MS, is owing to the fact 

that, only the ratio of both forms needs to be measured, and this, as both forms chemically are the 

same molecule, will not be altered, regardless of whatever loss occurs in sample preparation, or 

conjugation step. The strategy, to be applicable, requires the capability of separate acquisition of 

responses for both isotopomers. This is provided by mass spectrometers. 

 

The ID-MS method for quantification of GH used for the investigation presented in this report, is 

based on the quantification of enzymatic cleavage products of the protein, rather than the 

detection of the whole molecule. This is a general approach in Quantitative Proteomics6,7. In the 

present study, as well as in most work published in the area, trypsin is used as the enzyme. 

Cleavage sites for GH and expected products are shown in Figure 1. By measuring pre-specified 

cleavage fragments as substitute(s) instead of GH itself, advantage is taken of the fact that the 

short amino acid sub-stretches resulting from selective cleavage through their molecular mass 
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and amino acid sequence provide bits of information still sufficient for the unambiguous 

recognition of the precursor protein (here: GH), even in such a complex matrix as e.g. serum. 

Also, cleavage fragments may be specified, which either are specific for just one isoform (as T6 

in Figure 1, which is only present on 22 kDa GH), or are present with all forms, and are 

representative, therefore, for ‘whole-GH’ (as T12). Highly selective distinction of the fragments 

is possible by MS or MS/MS. In this way, in effect, the different precursor proteins can be 

separately monitored and quantified with high specificity (Figure 2). In this report, in addition to 

T6, T12 was also quantified in order to obtain information about whole GH in addition to the 22 

kDa form. 

 

The amino acid sequences known to result from enzymatic cleavage may be produced in an 

isotopically labeled form to provide internal standards. So, for instance, in a previous paper,8 T6 

(YSFLQNPQTSLCFSESIPTPSNR) was used, which had been obtained with 13C6, 15N labeled 

leucine in position 11, and T12 (LEDGSPR) with 13C5, 15N labeled proline. Alternatively to 

peptide synthesis, the whole protein may be engineered by recombinant expression, using 

isotopically enriched growth media. So, in another recent contribution,9 as well as with the work 

presented here, recombinant 22 kDa GH was available as an internal standard, with all nitrogen 

replaced by 15N (U-15N GH). In this setting, the protein is releasing all of the fragments in labeled 

form during enzymatic cleavage of the sample. The decision about which one of both approaches 

to use, may be made depending on the purpose of the particular study; however, each one has 

been demonstrated, by recovery studies, to produce valid results with serum samples with 3.5% 

of uncertainty, or less.8,9 
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Figure 1: Amino acid sequence of 22 kDa growth hormone. Filled circles indicate trypsin cleavage sites, i.e., lysine 

or arginine; cleavage will happen C-terminally after either of both amino acids. The partial sequence connected by 

the bold line in the Figure is present with the 22 kDa isoform but missing on the 20 kDa version of the protein. 

Therefore, T6 (amino acids in between the red circles) can be used to quantify 22 kDa GH, whereas the cleavage 

fragment T12 (green circles) measures both forms.  
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Figure 2: Distinction of T6 and T12 from one another and from matrix background for a typical serum sample as 

brought about by the mass resolving power of the instrument. Virtually no interferences are visible in the selected ion 

chromatograms, regardless of complexity of the sample. (Here, in order to additionally increase selectivity, collision 

activated dissociation was used to further fragment T6 and T12, and MS/MS mode was applied for monitoring. 

Measurements were run on a Thermo Scientific™ Orbitrap Elite MS-instrument)  

 

Traceability of the measurement(s) to the SI, as an integral part of a general concept,10 is 

established by using recombinant natural isotopic 22 kDa GH in a defined molar amount for 

preparation of calibrators. Within the present study, WHO 2. IS 98/574 (22 kDa GH) was used as 

source material. The amount of GH contained in the calibrator stock solution was determined by 

amino acid analysis, i.e., hydrolysis of an aliquot according to GH → 7A+4C+11D+14E +13F 

+8G+3H+8I+9K+26L+3M+9N+8P+13Q+11R+18S+10T+7V+W+8Y, and subsequent quantifi-

cation of the released amino acids.  LC/ID-MS was applied for amino acid quantification, using 

labeled amino acids as internal standards. Though, basically, a single amino acid would have 

sufficed for the purpose, in the present case results obtained with leucine (L), isoleucine (I), 

proline (P), valine (V) and phenylalanine (F) were averaged to obtain the concentration of the 

calibrator stock solution. The calibrators were obtained by gravimetrically adding a defined 

amount of this stock solution to blank serum (see Figure 3). A separate calibrator was prepared 

and used in parallel with every single serum sample to be analyzed.  

By virtue of this approach, it is important to mention, that the traceability of GH-measurement is 

simplified to the (molar) amount of substance of amino acids. These, as standard chemical 

substances, are readily available in purified form. This renders results which are independent of a 

particular GH-preparation compellingly to be used as reference material, which may not be 

GH‐T12 from
serum 

22 kDa GH‐ T6
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available anymore, at a later time. In this way, purified recombinant 22 kDa GH from another 

source could have similarly been used, without compromising the comparability of results.  

 

However, the reliability and precision inherent to ID-MS, in the present status of implementation, 

come at the expense of increased effort needed in sample processing, if compared to present 

commercial assays. In the laboratory of the authors, typically it would take three days per serum 

sample (plus calibrator) to be analyzed.    

                                             

Quantification of GH by ID-MS, experimental details. The experimental details of the ID-MS 

method used were as recently described.9 A brief outline of the workflow is given in Figure 3. 

The previous method, which had been set up for the measurement of only the T6-fragment of 22 

kDa GH, was expanded by additionally taking into consideration the measurement of T12, so as 

to have a result reflecting the serum concentration of whole-GH too. After the serum digest, 

additionally to T6, the T12-fraction was collected at its elution time (20.9-21.8 min in reversed 

phase liquid chromatography, RP-LC, and 31.9-32.9 min in strong-cation exchange 

chromatography, SCX). MS/MS-transitions m/z 387.40→531.25 and 392.40→539.25 were 

monitored for T12 and labeled T12, resp. The calibrator stock solution was prepared from WHO 

2. IS 98/574 (22 kDa GH) reconstituting the material according to the NIBSC protocol. 

Calibrators were obtained by spiking the appropriate amount of the stock solution into GH-

depleted serum. With each serum sample to be analyzed, a separate calibrator was prepared so as 

roughly to match the GH concentration expected with that sample. The calibrators were subjected 

to the same analysis procedure as the serum samples to be analyzed, including spiking with 

labeled internal standard, U-15N GH (see Figure 3).  

 

GH concentration was determined for the calibrator stock solution by ID-MS based amino acid 

quantification as outlined in the previous section. Experimental details of the method had been 

given elsewhere.11 The stability of the stock solution over storage (-20°) was assured by 

analyzing it prior to the start of the present study and checking again after the conclusion. The 

results were: 45.71 nmol/g (prior) and 45.87 nmol/g (after), which are the average results of n=3 

independent repetitions each. There had been 14 months of storage in between both analyses. 
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LC-MS/MS analyses were run on a 4000 Q-Trap, Applied Biosystems, Foster City, CA, USA, in 

unit resolution mode after optimization for maximum signal intensities. 

 

 

                    
 

 

Figure 3: Workflow of the method for determination of GH by ID-MS. GH is enzymatically cleaved using trypsin as 

protease. Fragments T6 and T12 are quantified as surrogates in place of the intact protein. Along with each 

individual serum sample, calibrator (serum plus a known amount of 22 kDa GH, here: WHO IS 98/574) is run and 
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analyzed using the same procedure as with the sample. Isotopically labeled GH (here: U-15N 22 kDa GH) is spiked as 

internal standard to both, serum sample and calibrator at the beginning of the procedure. T6 and T12 given in red 

letters are to indicate the isotope-labeled versions of the fragments. (Adapted from reference8 with permission from 

Elsevier B.V. Copyright 2010). 
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