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Fig. S1. Diagram of the cuvette-based time-resolved spectroscopy system. ND – neutral density, PD – 

photodiode, Spec – spectrometer, PMT – photomultiplier tube. 
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Fig. S2. Exemplar fluorescence decay from Dataset 1 and fit to data for free NADH at pH 7.4 at 25°C. Top 

panel: raw data (blue), fit to data (red) and IRF (green). Bottom panel: normalised residuals. 

 

 

  



 
Fig. S3.  Free and LDH-bound NADH time-resolved anisotropy analysis.  Vertical, horizontal, calculated magic 
angle, and anisotropy decays are shown for free NADH (a-c) and LDH-bound NADH ([LDH]:[NADH] = 4) (d-

f), along with their respective fitted curves. The FLIMfit software was used to globally fit the parallel and 
perpendicular decays for each sample (left hand column) simultaneously. The middle and right-hand columns 

show the magic angle and anisotropy decays and fits calculated by FLIMfit. All intensity decay curves are 
plotted on a logarithmic scale. 

 

 
Fig. S4. Comparison of experimental measurements in Dataset 2 under varying pH at a) 25oC and b) 37oC. 

Although some variation occurred between measurements performed under the same conditions on different 
days, the overall responses to the changing environment showed the same trends for each parameter studied. The 
HCl and NaOH titration pH-adjustment method was used for Measurements 1 and 2 and the Chemvelope buffer 

method was used for Measurement 3. 

 



 

 

 
Fig. S5. Change in NADH fluorescence properties over time at pH 4. (a) Fluorescence intensity and (b) 
fluorescence lifetime as a function of time at 25°C and 37°C. 

 

  



 

 
Fig. S6. Comparison between theoretical protein bound fraction models (lines) and 
measured data (discrete data points). The expected fraction of protein-bound NADH was 
calculated for the association of LDH with NADH at varying protein concentrations. The 
calculation accounted for the multiple binding sites for LDH to which NADH can bind 
and used dissociation constants found in literature [1]. The concentration of NADH was 
held constant at 12.5 µM. 

  



 

Table S1. Summary of NADH fluorescence lifetime measurements under varying 
conditions 

Conditions 
at 25°C 

τ1 (ps) τ2 (ps) α1 Mean 
lifetime 

(ps) 

Number of 
measurements 

7.4 pH, no 
protein, 
temperature 
experiments 

248±161 792±395 0.777±
0.091 

493±125 4 

7.4 pH, no 
protein, pH 
experiments 

284±86 770±165 0.809±
0.034 

471±83 3 

Mean± 
standard 
deviation 
over 
independent 
experiments
† 

266±25 781±16 0.793±
0.023 

482±16 2 

Conditions 
at 37°C 

     

7.4 pH, no 
protein, 
temperature 
experiments 

257±57 610±120 0.800±
0.099 

377±23 4 

7.4 pH, no 
protein, pH 
experiments 

248±54 694±193 0.811±
0.051 

415±79 4 

7.4 pH, no 
protein, 
LDH 
experiments 

252±90 747±350 0.827±
0.157 

 390
 ±61 

2 

Mean± 
standard 
deviation 
over 
independent 
experiments
† 

252±5 684±69 0.81± 
0.01 

394±19 3 

† In the rows shown in normal font, the standard deviation is calculated over repeat measurements for that 
condition. In the rows shown in bold font, the standard deviation is calculated over the different groups of 
measurements for that temperature, which are shown in the rows above. 

  



 

Table S2. Emission spectra peak wavelengths at varying protein to NADH ratios 

 LDH 
(nm) 

[Protein]:[NADH]=4:1 442 

[Protein]:[NADH]=1:4 454 

Free NADH 461 
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