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Determination of total U-desmosines 

Urine was collected from 18:00 to 08:00 the following morning, with compulsory voids at 

these times. Samples were divided into 10- or 50-mL aliquots and stored frozen at -20ºC until 

analysed. A 100 µl sample of urine was mixed with 200 μL of the internal standard solution 

(D5-isodesmosine, 75 nmol/L) and 300 μL of concentrated hydrochloric acid (HCl). The tube 

was incubated at 100°C overnight. After cooling, the tube was centrifuged and the 

supernatant evaporated to dryness under vacuum in a Syncore Polyvap (Büchi Labortechnik 

AG, Switzerland). The residue was dissolved in 500 μL HCl (50 mmol/L) and applied to a 

column in an Oasis MCX μElution plate (Waters Corp., Milford, MA, USA) previously 

conditioned with 200 μL of methanol and 200 μL of HCl (50 mmol/L). After washing with 

200 μL of methanol and 200 μL of HCl (50 mmol/L), the desmosines finally eluted with 

200 μL HCl (2 mol/L) into a 96-well plate. The plate was placed in a SPD 2010 SpeedVac 

vacuum concentrator (Thermo Savant, Holbrook, NY, USA) and the solvent evaporated to 

dryness. Methylation of the carboxylic acid groups of desmosine was achieved by adding 

200 μL HCl (1.5 mol/L) in methanol and leaving the sample at room temperature overnight. 

The HCl in methanol solution was prepared by drop-wise addition of acetyl chloride to 

methanol, with the methanol container immersed in ice and the solution stirred using a 

magnetic stirrer. Note: The reaction of acetyl chloride with methanol is exothermic and can 

be violent. After evaporation of the methanol to dryness, the sample was treated with 200 μL 

of a mixture of 5% acetic anhydride and 5% triethylamine in acetonitrile in order to acetylate 

the amino groups of the desmosines. The reaction mixture was allowed to stand at room 

temperature for 5 min and was then evaporated to dryness. The residue was dissolved in 



200 μL acetonitrile (20%) and acetic acid (0.5%) in water and analysed by liquid 

chromatography combined with tandem mass spectrometry (LC-MS-MS).  

The derivatised sample extract was chromatographed on a coupled column system consisting 

of two Aquasil C18 columns (10 mm  1 mm ID and 30 mm  1 mm ID) (Thermo Scientific, 

Waltham, MA, USA). The LC equipment consisted of two Shimadzu LC-10ADvp pumps, an 

SCL-10Avp controller and a CTC PAL autoinjector (Shimadzu Corp., Kyoto, Japan). Mobile 

phase A was 0.5% acetic acid in water and mobile phase B was 0.5% acetic acid and 4.5% 

water in acetonitrile. The mobile phase flow rate was 250 μL/min and the injection volume 

was 20 μL. Gradient elution was performed, starting at 0% B, increasing to 40% B at 1.8 min, 

100% B at 2.6 min and holding for 0.7 min. Derivatised desmosine and isodesmosine co-

chromatographed under these conditions and eluted at a retention time of 2.3 min. 

Desmosine and the internal standard were detected by multiple reaction monitoring (MRM) 

using a Sciex API 5000 triple quadrupole mass spectrometer (AB Sciex, Foster City, CA, 

USA). The instrument was operated in positive ion electrospray mode and MRM was 

performed by monitoring the precursor ion (M+) to product ion transition of m/z 750.4 to  

m/z 690.4 (desmosines) and m/z 755.4 to m/z 85.1 (internal standard). Quantification was 

performed by determining the peak area ratio of desmosines:internal standard. A standard 

curve was constructed from standard curve samples (5.0-100 nmol/L) and used to calculate 

the desmosine concentrations in the study samples. Standard curve samples were prepared by 

adding known amounts of desmosine to artificial urine (NaCl 100mmol/L, urea 150 mmol/L, 

creatinine 5 mmol/L and bovine serum albumin 300 mg/L in water; pH adjusted to 6 with 

NaH2PO4). The lower and upper limits of quantification were 5 and 100 nmol/L, respectively, 

and the coefficients of variation were 5-6% and 8-9%, respectively. 



Determination of total P-desmosines 

Blood was collected in 10-mL tubes (Venoject, Terumo Europe N.V. Leuven, Belgium) with 

0.1 mL EDTA (K3) (0.47 mol/L, 21 W/V%) (Art nr: VT-100STK). Plasma was obtained by 

centrifugation at 500 g for 10 min at room temperature, then 200 μL was mixed with 40 μL of 

internal standard solution (D9-isodesmosine, 50 nmol/L) and 100 μL trichloroacetic acid 

(0.45 mol/L) was added to precipitate the plasma proteins. The sample was vortex mixed, 

centrifuged and the supernatant mixed with concentrated (37%) HCl (300 μL) and the sample 

incubated at 100°C overnight. Further sample preparation, including solid phase extraction 

and derivatisation, was identical to the procedure described for U-desmosines. 

The LC-MS-MS method was also similar to that used for U-desmosines, although upgraded 

models of the equipment were used. Two Shimadzu LC-20AD XR pumps together with a 

Shimadzu CBM-20A controller and a Sciex triple quadrupole 5500 MS-MS instrument were 

used. The mobile phase flow rate was increased to 500 μL/min and under these conditions the 

derivatised desmosines eluted at a retention time of 0.5 min. 

MRM was performed by monitoring the precursor ion (M+) to product ion transition of  

m/z 750.4 to m/z 690.4 (desmosines) and m/z 759.4 to m/z 699.4 (internal standard). For 

quantification, a standard curve in the range of 0.1-2.0 nmol/L was used. The lower and 

upper limits of quantification were 0.1 and 2.0 nmol/L, respectively, and the coefficients of 

variation were 5-6% and 8-9%, respectively. 



Supplementary results and discussion 

Differences within twin pairs 

The relationships between desmosines and lung function were also explored by 

correlating the differences within twin pairs of same gender. This design gives a high degree 

of control for confounding factors, such as age, gender, shared genetic and environmental 

factors. The desmosines and lung function values of the first twin were subtracted from the 

corresponding values in the second twin. There were 122 same-gender twin pairs (38 male 

and 84 female pairs; 82 monozygotic, 37 dizygotic, 3 pairs with unknown zygocity). In  

87 pairs, both twins were non-smokers, in 9 pairs, both were current smokers, and in 26 pairs, 

one individual was a smoker. There was no significant correlation between within-pair 

differences in U-desmosines and within-pair differences in forced expiratory volume in 1 

second, forced vital capacity, residual volume/total lung capacity or carbon monoxide 

diffusion capacity. A total of 101 twin pairs of the same gender had information about P-

desmosines. Similarly, there was no significant correlation between within-pair differences in 

P-desmosines and within-pair differences in lung function measures. The correlation between 

within-pair differences in U-desmosines and P-desmosines was r=0.42 (P < 0.001). 

In contrast to the results for the entire cohort of twins, there was no evidence from the 

within-pair analysis for a correlation between desmosines and lung function. These 

correlations were only based on 122 observations (twin pairs of same gender), and the 

statistical power was therefore substantially lower. However, overmatching is a concern 

when comparing differences within twin pairs, especially for factors with a strong genetic 

component.  Previous studies of twins suggest that pulmonary function is strongly influenced 

by genetic factors [14]. Whether desmosine concentrations are genetically determined is still 

unclear. 


