
 

Infrared vibrational spectroscopy: a rapid and novel diagnostic and 

monitoring tool for cystinuria 

Katherine V Oliver, Annalisa Vilasi, Amandine Maréchal, Shabbir H Moochhala, 

Robert J Unwin, Peter R Rich 

 

Supplementary Information 

 

Quantitation of urea and creatinine by FTIR spectroscopy 

Creatinine can be determined from IR spectra of whole urine with various 

deconvolution methods 1-5. In the present study urea and creatinine were quantitated 

using the 1510-1445 cm-1 region of ATR-FTIR absorbance spectra of ‘as-collected’, 

undried urine since this region is dominated by urea and creatinine contributions 5. 

Optimal parameters for component fitting were determined from spectra of solutions 

of pure urea and creatinine in double distilled water (Figures S1a, S1b) at 

concentrations typically found in urine. In all cases, 20 µL aliquots were placed on 

the prism, which was sufficient to fill the entire spectroscopically-active volume 

above the prism surface. The urea spectrum in this region can be reasonably fitted 

with a single Gaussian component centred at 1468 cm-1 with full width at half 

maximum (FWHM) of 32 cm-1 and the creatinine spectrum with a single Lorentzian 

component centred at 1492 cm-1 with a FWHM of 24 cm-1 (for a more complex 

deconvolution of this region required for dried and partially hydrated states, see 5). 

The best fits of these two components, together with an unrestricted linear baseline, 

were made to spectra of solutions of pure compounds and mixtures using the ‘Peak 



Analyzer’ function of Origin 8.5 software. Calibration curves were generated from 

intergrals of peak areas versus urea or creatinine concentrations using solutions of 

urea ranging from 25 mM to 500 mM and of creatinine from 2 mM to 30 mM (Figure 

S2). The method was validated by application to quantitation of urea and creatinine 

in known mixtures at typical urinary concentrations and had an accuracy of +5% 

(Figure S1c, S1d). The same parameters and protocols were used to determine 

urinary urea and creatinine concentrations from absorbance spectra of 20 µL 

aliquots of ‘as collected’, undried urine samples (Figure S4). 

Quantitation of creatinine by the Jaffe reaction 

For comparison, urinary creatinine was also assayed with the Jaffe reaction 6, a 

protocol used in standard clinical practice. The Jaffe working reagent was prepared 

by mixing five parts of 200 mM NaOH with one part of 40 mM picric acid. 

Absorbance at 510 nm was monitored using a Shimadzu 50000 UV visible 

spectrophotometer at 25°C. 0-30 mM creatinine standards were diluted 50-fold in 

water. 3 mL of working reagent were placed in a glass cuvette and the rate of 

change of absorbance at 510 nm was recorded on addition of 200 µL diluted 

creatinine. Initial rates of reaction were plotted versus creatinine concentrations to 

generate a calibration curve. The same protocol was used for estimations of 

creatinine concentrations in urine samples. 

Quantitation of cystine by ATR-FTIR spectroscopy 

In order to increase the sensitivity of cystine detection to those relevant to cystinuria 

(several mM), a quantitative protocol was developed in which samples were dried 

onto the prism surface to form layers sufficiently thin that they did not fill the 

spectroscopically-active volume above the prism surface. 111 mg of L-cystine was 

first dissolved in 2 mL of 1 M HCl. Ten mL of a 50 mM solution of sodium phosphate 



was then added followed by 2 mL of 1 M NaOH, generating a very fine cystine 

precipitate. The suspension was adjusted to a pH of 7 with NaOH. This stock 

suspension of 32 mM total (soluble + insoluble) cystine was mixed by vortexing 

before dilution with double distilled water to prepare samples of 0 to 3 mM total 

cystine. 5 µL aliquots were dried onto the prism surface under a gentle stream of dry 

nitrogen gas (flow rate of 300 mL/min). Once dried, even pressure was applied to the 

sample using a standard press (SensIR) to flatten the sample and ensure good 

contact between the relatively hydrophilic cystine and the hydrophobic surface of the 

ATR prism. Absorbance spectra were recorded and converted to their second 

derivative forms after smoothing using the Savitzky-Golay algorithm with a 17 point 

window. The differences in intensities between 1296 cm-1 and 1280 cm-1 were 

plotted versus total cystine concentrations of the original suspensions. This 1296 cm-

1 band was chosen because it is in a region that is relatively free from overlapping 

bands of other urinary components. A linear line of best fit through the origin with no 

error weighting was used as a calibration for urinary cystine concentrations. 

Quantitation of insoluble urinary cystine by FTIR spectroscopy  

Insoluble urinary material including cystine was separated from urea, creatinine and 

other solutes by centrifugation of 1 mL aliquots of the urine samples at 16000 gav for 

40 minutes. Pellets were resuspended in 1 mL double distilled water and thoroughly 

mixed by vortexing. 5 µL aliquots were dried onto the prism surface and FTIR 

absorbance spectra were recorded as described above. Absorbance spectra were 

converted to their second derivative forms after smoothing using the Savitzky-Golay 

algorithm with a 17 point window. Insoluble cystine concentrations in the original 

urine samples were determined from the differences in intensities between 1296 and 

1280 cm-1 in relation to the calibration plot.  



Quantitation of urinary cystine by ion exchange chromatography 

Cystine concentrations were determined by IEC, the gold standard in clinical amino 

analysis 7, using a Biochrom 30+ Amino Acid Analyzer by staff at the Camelia Botnar 

Laboratories, Great Ormond Street Hospital. Samples were warmed to room 

temperature, deproteinised with sulphosalicylic acid containing norleucine as an 

internal standard, and loaded onto a column linked to sulphonate groups to permit 

charge-charge interaction. Amino acids were sequentially eluted over 2-3 hours with 

increases in temperature, pH and ionic strength using lithium citrate. 

	

Figure S1. ATR-FTIR spectra of pure urea and creatinine in aqueous solution are 
shown in Figure 1a and b, respectively. Urea or creatinine components were fitted to 
the region between 1510 cm-1 and 1445 cm-1 This method was validated by 
application to the ATR-FTIR spectrum of a mixture of 100 mM urea and 10 mM 
creatinine in water (Figure 1c), giving values of 100 mM (± 1 mM) and 10.6 mM 
(±0.5 mM), respectively (Figure 1d). 
 



	

Figure S2. Calibration curves for urea and creatinine in water. ATR-FTIR spectra of 
aqueous urea and creatinine solutions at different concentrations were recorded. 
After subtraction of water contributions, components were fitted between 1510 cm-1 
and 1445 cm-1. (a) Area of the 1468 cm-1 component versus urea concentrations; (b) 
area of the 1492 cm-1 component versus creatinine concentrations. 
 

	

Figure S3. Deconvolution of urea and creatinine in a typical urine sample. (a) 
Spectra of a typical ‘as collected’ urine sample after subtraction of contributions of 
water solvent. (b) deconvolution of the 1510-1445 cm-1 region into creatinine (light 
blue), urea (green) and linear baseline (dark blue). The data are shown in black and 
the overall simulation fit is in red.  
 
 



	

Figure S4. Urea and creatinine concentrations in whole urine determined from ATR-
FTIR spectra. Concentrations were determined as described in Methods: Pn: 
cystinuric patient urine; Nn: healthy control urine. Samples were measured in 
triplicate and error bars represent standard error of mean. 
	

	 	



 

 

Supplementary Table 1. Data on cystinuric patients used in study. Cystine and 
creatinine data were determined by ATR-FTIR methods (od, once daily; bd, twice 
daily; tds, thrice daily; qds, four times per day; nocte, at night;, mane, in morning). 
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