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A B S T R A C T

Glycerol is a natural component of many biological samples, beverages and foodstuffs making accurate quan
tification relevant to a wide variety of industries and applications. Here we present a simple, rapid, and reliable 
biosensor for quantification of glycerol in a variety of sample types including water, alcoholic beverages, bal
samic vinegar, honey, syrup and artificial human urine. This system leverages GFP-tagged Escherichia coli 
glycerol kinase with differential scanning fluorimetry of GFP-tagged proteins for direct quantification of glycerol 
via binding-induced increases in thermal stability. The GFP tag enables additional indication of potential matrix 
effects. The biosensor has a broad linear range of 31 μM – 7.5 mM and a limit of detection of 19 μM. Good 
agreement was obtained between the fluorescent glycerol kinase biosensor and a commercial glycerol quanti
fication kit with glycerol-spiked artificial urine as well as a variety of alcoholic beverages and foodstuffs.

1. Introduction

Glycerol (1,2,3-propanotriol) is a natural component of many bio
logical samples [1] and foodstuffs [2]. In the beverage industries, 
glycerol contributes to multiple factors including viscosity, softness, and 
flavour [2–5]. As glycerol is a co-product of ethanol during fermentation 
the content can be used as an indicator of beverage quality [2,4,5]. 
Alternatively, adulteration with added glycerol can be used to mask 
poor quality beverages [6,7]. Adulteration with glycerol is potentially 
an issue with other foodstuffs such as balsamic vinegar [8]. The presence 
of glycerol in other foodstuffs such as honey and maple syrup can be an 
indication of spoilage [9,10] due to fermentation by osmophilic 
microorganisms.

Determination of glycerol concentration in biological samples such 
as serum and urine are important for monitoring and diagnosis of 
various diseases [1]. Serum triglyceride quantification also requires 
glycerol quantification following lipolysis [11]. In addition, since glyc
erol is used as a masking agent for doping in competitive sports, oral and 
intravenous administration of glycerol is prohibited by the World 
Anti-doping Agency (WADA) [1,12].

Accurate quantification of glycerol is relevant to a wide variety of 
industries and applications. Various methods have been used to for the 
quantification of glycerol in a wide range of substances, including 
chromatographic [8,13–16], spectroscopic [7,17,18], enzymatic [2,4,

19–21], titrimetric [3,22,23] and amperometric techniques [1,24–29]. 
The most widely used techniques are high performance liquid chroma
tography (HPLC) and gas chromatography (GC) [3]. However, while 
these techniques are highly sensitive and reproducible they require 
expensive instrumentation, hazardous solvents, and derivatization of 
glycerol in the case of GC [1,3]. While titrimetric methods are less 
expensive, they still require hazardous chemicals [3,23].

Several enzymatic techniques have been developed including a 
simplified Boehringer Mannheim method [20] and commercial kits 
employing linked assays. These include combinations of glycerol kinase 
(GK) and glycerol-3-phosphate oxidase (G3PO) (MAK117, 
Sigma-Aldrich), GK with pyruvate kinase (PK) and lactate dehydroge
nase (LDH) (K-GCROL, Neogen) or GK with ADP-glucokinase (ADP-GK) 
and glucose-6-phosphate dehydrogenase (G6PDH) (K-GCROLGK, Neo
gen), coupled with colorimetric, fluorometric or spectroscopic detection 
of reaction products. While enzymatic methods are sensitive and highly 
selective, the number of enzymes, cofactors and storage conditions 
required can increase costs and impact kit stability.

Amperometric methods have also been developed based upon 
enzymatic reactions, including alcohol dehydrogenase [1], glycerol 
dehydrogenase (GDH) [24,27,28,30], GK and G3PO [25,26], and GDH 
and diaphorase [26]. However, despite the high intrinsic selectivity of 
the enzymes employed, the analytical performance of these ampero
metric methods can be affected by matrix-related electrochemical 
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interference, dissolution of soluble mediators, and the complexity of 
enzyme immobilization strategies [1]. These limitations highlight the 
need for enzymatic glycerol sensing strategies that reduce assay 
complexity while maintaining selectivity and robustness in complex 
sample matrices.

The GK (P0A6F3) from Escherichia coli is a key enzyme in the regu
lation of glycerol uptake, catalysing the phosphorylation of glycerol via 
ATP to yield glycerol 3-phosphate (G3P) [31]. Beyond its biological role, 
GK provides an attractive platform for glycerol sensing due to its high 
substrate specificity. The enzyme has previously been produced as a 
green fluorescent protein (GFP) fusion (GK-GFP) for the validation of the 
GFP-based stability assay (GFP-Basta) [32] and differential scanning 
fluorimetry of GFP-tagged protein assay (DSF-GTP) [33,34]. DSF-GTP 
can be performed with any real-time thermal cycler with a FAM/SYBR 
Green channel to determine the thermal stability of a protein via mea
surement of the unfolding transition midpoint (Tm) value.

Here, we demonstrate that DSF-GTP can be repurposed as an 
analytical tool for glycerol determination by exploiting the ligand- 
induced thermal stabilization of a GK-GFP. In contrast to conventional 
enzymatic glycerol assays that rely on multi-enzyme reaction cascades 
and indirect detection of reaction products, the proposed approach 
directly couples glycerol binding to a thermal shift with fluorescence- 
based readout within a single enzymatic construct. This design re
duces assay complexity and enables internal monitoring of matrix effects 
through the GFP signal. The system was systematically evaluated and 
translated into a robust biosensing platform for glycerol quantification, 
with analytical performance assessed under conditions relevant to 
complex sample matrices.

2. Materials and methods

2.1. Protein expression and purification

E. coli GK-GFP was expressed in E. coli BL21 (DE3)RIPL as previously 
described [32] using a modified autoinduction Terrific Broth (TB). In a 
1 L culture flask, 100 mL TB supplemented with ampicillin (100 μg/mL), 
chloramphenicol (50 μg/mL), glucose (4 mM) and galactose (0.4 mM) 
was inoculated with a colony from a freshly grown overnight LB agar 
plate containing ampicillin and chloramphenicol. The culture was first 
incubated at 37◦C and 250 RPM until log phase, then at 16◦C for 72 h. 
Cell lysis and nickel affinity purification were performed as previously 
described [33] with minor buffer modifications (i.e. PBS (pH 7.4) was 
used for lysis and sample loading). The protein fractions were eluted 
with PBS (pH 7.4) and 250 mM imidazole. GK-GFP was precipitated with 
ammonium sulphate and resuspended in 50 mM sodium phosphate 
buffer (pH 7.8) and 2 mM β-mercaptoethanol for storage.

2.2. DSF-GTP with GK-GFP

DSF-GTP was performed in low profile skirted 96-well PCR plates 
(Bio-Rad) with plate sealing film (Bio-Rad). Reactions were incubated at 
RT for 5 min prior to melt curve analysis with a Bio-Rad CFX-96. Fluo
rescence was monitored using the FAM/SYBR Green detection channel. 
The melt curve protocol included a 2 min equilibration phase at 25◦C, 
followed by a 25-90◦C increase (0.5◦C increments every 10 s). Tm values 
were identified using CFX Maestro software (Bio-Rad). The change in 
thermal stability (ΔTm) was determined by subtracting the Tm value of 
the control reaction without ligand from the Tm values of the test re
action with ligand (e.g. glycerol). Apparent binding constants (Kobs) 
were determined as described previously [34,35].

Final test conditions included GK-GFP (1 μM) in buffer A (50 mM 
sodium phosphate (pH 9)) with or without ligand. Glycerol was tested at 
6 mM, 600, 300, 150, 75, 60, 37.5 and 19 μM final concentrations. Serial 
dilutions of ATP and ADP were tested from 5 to 0.08 mM (final con
centrations). Briefly, 25 μL of GK-GFP (2 μM) in 2X buffer A were mixed 
with 25 μL of ligand solution. Combinations of ligands, i.e. constant 

glycerol (600 μM final) and variable ATP or ADP, and constant ADP or 
ATP (500 μM final) with variable glycerol, were also tested. Unless 
otherwise stated, all reactions were performed in duplicate. Represen
tative results are reported.

2.3. Analytical performance evaluation

Ethanol was included to improve assay robustness and signal 
reproducibility in matrices containing alcoholic beverages. The optimal 
ethanol concentration was determined with GK-GFP (1 μM) in buffer B 
(buffer A + 1 mM ADP) with varying ethanol concentrations (0, 5, 7.5 or 
10% (v/v)) and glycerol concentrations in 2-fold dilution series (1.5 mM 
– 190 μM or 1.2 mM – 150 μM).

The limit of detection (LOD) was determined in buffer C (buffer B +
5% ethanol). For this, 48 tests, each made with 25 μL of GK-GFP (2 μM in 
2x buffer C) and 25 μL of glycerol sample (19 μM in reverse osmosis (RO) 
water) were compared to the same number of controls with RO water. 
The LOD was determined from the mean Tm value of the RO water 
controls plus three times the standard deviation.

Similarly, the linear range of GK-GFP was evaluated in Buffer C with 
3 overlapping 2-fold dilution series (high, mid and low range) of glycerol 
in RO water. Glycerol high range dilution series spanned from 120 to 
1.9 mM, mid-range from 12 mM to 190 μM and low range from 1.2 mM 
to 19 μM. Each concentration was tested in duplicate.

2.4. Glycerol concentration determination with GK-GFP

A standard curve was generated for glycerol (2-fold dilution series) 
from 2 mM to 31 μM (sample concentration). Various sample types were 
tested including water, urine, red wine, white wine, beer, cider, honey, 
maple syrup and balsamic vinegar (Table S1). Sample dilution factors 
were selected to ensure glycerol concentrations fell within the validated 
linear range of the assay. All samples were diluted in RO water as 
indicated. Briefly, 25 μL of GK-GFP (2 μM) in 2X buffer C were mixed 
with 25 μL of diluted sample and the DSF-GTP protocol run. All samples 
were tested in triplicate.

Spike and recovery evaluations were performed to assess matrix ef
fects and quantitative accuracy with RO water that was spiked with 
glycerol at 1, 0.5 and 0.1 mM as well as freshly prepared artificial human 
urine (pH 6.4) [36] that was spiked with glycerol at 3, 2.2 and 1 mM and 
diluted (1/50) in RO water. Honey was also spiked with additional 
glycerol to 1 mM, 2 mM and 3 mM.

2.5. Glycerol concentration determination with K-GCROL kit

The same samples tested using GK-GFP were also tested using a 
commercial glycerol quantification kit (K-GCROL, Neogen Megazyme) 
using the manual assay format according to manufacturer's instructions. 
Spiked RO water and artificial urine were tested undiluted. All other 
samples were diluted in RO water as recommended by the manufacturer. 
All measurements are reported as mean values, and error bars represent 
standard deviation unless otherwise stated.

3. Results and discussion

3.1. GK-GFP characterisation

To validate GK-GFP as a suitable device for glycerol determination 
using DSF-GTP, we first characterized ligand-induced thermal stabili
zation and apparent binding behaviour under defined buffer conditions. 
Thorner and Paulus reported a dissociation constant of 10 μM for glyc
erol and an optimal pH of ~9 for glycerol kinase activity [37], which 
informed the conditions for this study. DSF-GTP was applied to measure 
the Tm values of protein unfolding and Tm shifts associated with 
protein-ligand interactions [33,35,38–40]. Addition of Mg2+ ions had no 
effect on GK-GFP (Fig. S1A). ADP and ATP yielded very similar Tm curve 
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profiles (Fig. 1A and B) while glycerol clearly induced the largest Tm 
shifts on GK-GFP in the absence of Mg2+ ions (Fig. 1C). Apparent binding 
constants (Kobs) of 3.4 μM (2.5-4.3 μM), 198 μM (111-293 μM) and 
206 μM (149-266 μM) were obtained for glycerol, ATP and ADP 
respectively (Fig. 1D). These experiments establish glycerol as the 
dominant stabilizing ligand for GK-GFP providing the analytical basis 
for selective glycerol detection using a DSF-GTP readout. While Kobs 
values are not directly comparable to equilibrium binding constants, 
differences between ligand binding constants can be proportional [41]. 
Here, the Kobs values were in relatively good agreement with others [31,
33,37,42]. Of note, Pettigrew et al. [31] reported dissociation constants 
of 47 μM for glycerol as well as 110 μM for ATP and 120 μM for ADP at 
pH 7 in the absence of Mg2+ which were similar in the presence of Mg2+.

Next, we evaluated different combinations of ATP or ADP with 
glycerol in the absence of Mg2+ (Fig. 2). In the presence of 500 μM ADP, 
the Tm of GK-GFP increased progressively with increasing glycerol 
concentrations, indicating a progressive protein stabilization effect for 
this combination of ligands (Fig. 2A–C). In stark contrast, in the presence 
of 500 μM ATP a Tm shift could only be observed with excess glycerol 
(600 μM) (Fig. 2B and C). At 600 μM glycerol, the Tm of GK-GFP 
increased moderately with increasing ADP from 130 to 500 μM 
(Fig. 2D–F). Conversely, Tm values decreased progressively with 
increasing ATP from 130 to 500 μM (Fig. 2E and F).

The findings indicate that high ATP concentrations in samples could 
possibly interfere with the GK-GFP system. However, as GK requires 
Mg2+ for ATP-dependent catalysis, omission of Mg2+ was expected to 
prevent glycerol phosphorylation while preserving ligand binding, 
thereby enabling glycerol detection without enzymatic turnover. Addi
tion of EDTA (1 mM) to GK-GFP with ATP (500 μM) and glycerol 
(500 μM) yielded near identical Tm values to those obtained with ADP 
(500 μM) and glycerol (500 μM), suggesting the possible presence of 
catalytically active divalent metal ions in our protein sample (Fig. S1B). 
Titration of the protein sample with EDTA in the presence of ATP and 
glycerol confirmed the presence of divalent metal ions with catalytic 
activity at an estimated concentration of ~125 μM (Fig. S1C). We sus
pect that our purification buffer may have contributed to leaching of 
Ni2+ ions from the affinity column. These results indicate that the 
presence of divalent metal ions could support ATP-dependent catalysis 
and production of G3P, underscoring the need for stringent metal che
lation when applying the GK-GFP system in ATP-rich samples.

However, ATP is not typically present at significant concentrations in 
urine [43,44], foods or beverages unless microbial contamination and 

spoilage has occurred [45]. Indeed, ATP is routinely tested to determine 
food and beverage spoilage [45]. Moreover, G3P is only reported to be 
inhibitory at limiting glycerol concentrations with a Ki ~2 mM [37] 
suggesting a limited impact from the presence or production of G3P in 
samples contaminated with ATP and Mg2+. Most importantly, addition 
of Mg2+ (500 μM), either alone or in combination with excess EDTA 
(1 mM), had no effect on GK-GFP in the presence of ADP and glycerol 
demonstrating that the system is unaffected by the presence of divalent 
cations under these conditions (Fig. S1D). Overall, our results confirm 
analytically relevant glycerol binding of GK-GFP and the benefits of 
adding ADP and omitting Mg2+ in the assay buffer, thereby minimizing 
interferences by avoiding conversion of glycerol to G3P while improving 
detection sensitivity.

3.2. Evaluation of analytical performance

To define assay conditions suitable for real-world sample matrices, 
we evaluated buffer composition and solvent effects on GK-GFP thermal 
behaviour and analytical response. Buffer conditions were chosen based 
upon proximity to the optimal pH reported [37] achievable with our 
DSF-GTP-compatible buffer (50 mM sodium phosphate) at pH 9.0 and 
with the aim of enabling glycerol quantification in acidic samples. Our 
data also demonstrated the beneficial inclusion of ADP which was set to 
1 mM to minimize undesirable effects from ATP contaminants. As 
glycerol quantification in alcoholic beverages was desirable, we exam
ined the effect of ethanol on GK-GFP. Ethanol at 5% (v/v) decreased the 
GK-GFP Tm values (Fig. 3A) without affecting the ΔTm values (Fig. S2). 
Unexpectedly, the overall quality and amplitude of the Tm peaks 
improved dramatically, especially at lower glycerol concentrations 
(Fig. 3A). Higher ethanol concentrations (>5%) affected negatively 
GK-GFP (Fig. S2). Thus, 5% ethanol was found to be ideal to negate the 
effects of ethanol in alcoholic beverages at appropriate dilutions used for 
quantification. All subsequent testing was conducted under final con
ditions of 50 mM sodium phosphate buffer (pH 9.0) with 1 mM ADP and 
5% ethanol.

Comparing 48 samples at the theoretical cut-off glycerol concentra
tion (19 μM sample concentration) to an equal number of negative 
controls yielded significantly different Tm values, with only one control 
sample overlapping with glycerol samples (Fig. 3B). Based on this sta
tistical separation, a limit of detection of 19 μM glycerol was established 
under the defined assay conditions. The linear range of the GK-GFP was 
evaluated with various glycerol dilution series (19-120 μM; 0.19-12 mM; 

Fig. 1. Effect of ADP, ATP and glycerol on the thermal stability of GK-GFP. DSF-GTP melt curves for GK-GFP (1 μM) in 50 mM sodium phosphate (pH 9.0) with 
increasing ADP (A), ATP (B) and glycerol (C) concentrations. D) ΔTm values as a function of ligand concentration from datasets (A-C) with Kobs values determined by 
linear regression analysis [32,34,38]. n = 2.
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1.9-120 mM) demonstrating an effective linear range from 31 μM to 7.5 mM glycerol (Fig. 3C), which is comparable to commercially 

Fig. 2. Effect of ADP, ATP and glycerol combinations on the thermal stability of GK-GFP. Increasing glycerol concentrations on GK-GFP (1 μM) in 50 mM 
sodium phosphate (pH 9.0) at 500 μM ADP (A) and ATP (B). C) ΔTm values as a function of glycerol concentration from datasets (A) and (B). Increasing concen
trations of ADP (D) and ATP (E) on GK-GFP at 600 μM glycerol. F) ΔTm values as a function of ADP or ATP concentration from datasets (D) and (E). All melt curves 
(n = 2) were cropped to fit GK Tm range.

Fig. 3. LOD and linear range of glycerol quantification with GK-GFP. A) GK-GFP (1 μM) melt curves in buffer B (50 mM sodium phosphate (pH 9.0) with 1 mM 
ADP) and buffer C (buffer B with 5% (v/v) ethanol) with and without 19 μM glycerol (n = 3). B) Individual Tm values are shown for GK-GFP with 19 μM glycerol 
(n = 48) and without glycerol (n = 48) in Buffer C. Statistical analyses performed with Welch's t-Test yielded P < 0.001 (GraphPad Prism 10). C) Linear range was 
determined in Buffer C with 3 overlapping dilution series (high, mid and low range) of glycerol from 19 μM to 120 mM. Error bars represent SD (n = 2).

Fig. 4. Standard curve for glycerol quantification using GK-GFP in optimal conditions. A) GK-GFP melt curves obtained for a 2-fold dilution series of glycerol in 
buffer C (n = 2). B) Standard curve for glycerol was fit using linear regression (GraphPad Prism 10).
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available kits (Table S2). This range encompasses glycerol concentra
tions reported in beverages [4,30,46] and exceeds levels relevant for 
anti-doping screening [47], supporting the suitability of the method for 
these applications.

3.3. Glycerol detection and applications

To assess quantitative accuracy, matrix tolerance, and real-sample 
applicability, the GK-GFP DSF-GTP assay was evaluated using spiked 
standards and diverse sample matrices and benchmarked against a 
commercial enzymatic kit. First, we generated a standard curve for GK- 
GFP in RO water (Fig. 4). Next, a glycerol spike and recovery assessment 
in RO water and artificial urine was performed (Table 1). All spiked 
samples were tested with GK-GFP and K-GCROL kit. With GK-GFP the 
recovery ranged from 83 to 114% for RO water and 86-110% for arti
ficial urine. These compared well with the commercial kit recovery 
values of 107-266% for the same spiked RO water and 102-129% for the 
artificial urine samples. The greatest discrepancy for both methods 
occurred at 0.1 mM glycerol, likely due to proximity to the limit of the 
linear range for each. Additional spike and recovery experiments were 
performed with the commercial kit's glycerol standard for cross com
parison, yielding near identical recoveries (107-109%) (Table 1). The 
narrower recovery range observed with GK-GFP compared to the com
mercial kit, particularly at low glycerol concentrations, indicates 
improved robustness against matrix-dependent signal distortion.

Of note, diluting the artificial urine 50-fold was sufficient to prevent 
matrix effects. This was determined by testing various 5-fold dilutions of 
un-spiked artificial urine compared to RO water. At a 10-fold dilution 
the GK Tm value of GK-GFP decreased by 1.0◦C (Fig. S3A) and the 
amplitude of the GFP Tm peak reduced from 2000 in the RO water 
control to 1500 in the diluted sample (Fig. S3B). Although the required 
50-fold dilution precludes quantification of basal glycerol levels in 
healthy urine (typically around 17 μM) [48], the assay remains suitable 
for anti-doping screening, as regulatory thresholds exceed the effective 
detection limit under these conditions. Thus, GK-GFP would be suitable 
for the detection of potential blood doping as World Anti-Doping Agency 
(WADA) regulations state that the glycerol content in urine should not 
exceed 2.2 mM [47]. Our method could be useful for initial 
high-throughput screening to identify urine samples requiring further 
investigation owing to the 96-well format and small sample size 
required. Of note, our GK-GFP method is easier to perform with a higher 
throughput and has a similar LOD and broader linear range than a 
comparable amperometric method for glycerol detection in human urine 
[1]. Glycerol testing was also trialed in spiked human serum to simulate 
lipase treatment [49,50]. However, despite heat treatment and clarifi
cation via centrifugation, matrix effects were still noticeable with serum 
diluted 100-fold. As further dilution would prevent useful quantification 
in sera, this application was abandoned.

A variety of sample types (Table S1) were tested for glycerol content 
using our GK-GFP method and the commercial K-GCROL kit. Both 

methods required sample-specific dilution with RO water. In fact, two 
separate dilutions were performed for each sample type for both 
methods. In general, GK-GFP required higher sample dilution than the 
K-GCROL kit to eliminate matrix effects (Table 2). This was primarily 
required for samples containing tannins and/or with pigmentation 
(Fig. S3B). Overall, our GK-GFP method compared favorably with pre
vious studies and the K-GCROL kit (Table 2) which is based on an 
accepted method of the International Organization of Vine and Wine 
(OIV) and the Central European Brewing Technology Analytical Com
mittee (MEBAK).

A major discrepancy was observed in honey samples. Our GK-GFP 
data were in agreement with previous studies [19]. In contrast, the 
higher glycerol concentration measured with the GC-KROL kit may be 
due to matrix effects from enzymes or pollen, as the manufacturer's 
guidelines recommend deproteinizing protein-containing samples 
before analysis. Of note, DSF-GTP can be performed in the presence of 
protein contaminants [53]. Spiking the honey sample with additional 1-, 
2-, and 3-mM glycerol yielded recoveries of 104% ± 3%, 78% ± 9%, and 
82% ± 7%, respectively, confirming that our GK-GFP method could 
accurately detect glycerol in honey.

Maple syrup was not previously shown to contain glycerol [52,54]. 
Similar concentrations of glycerol were detected with both methods 
(Table 2), likely indicative of post-production microbial fermentation. 
Incubation of the diluted maple syrup samples on Luria broth agar 
resulted in the growth of a near-lawn of slow growing, pink-pigmented 
bacteria along with several fungal colonies. Partial 16 S rRNA 
sequencing (See ESI) and BLAST analysis revealed a closest match to the 
Methylobacterium genus, with no hits exceeding 85% identity, and 78% 
identity to the Roseomonas genus. The Methylobacterium are known as 
the Pink-Pigmented Facultative Methylotrophs (PPFMs) and are found 
ubiquitously in the environment [55], particularly in plant phyllo
spheres [56]. Although the pink pigmentation is consistent with Meth
ylobacterium and Roseomonas, the sequence identities suggest this isolate 
may be a new genus within the family Methylobacteriacea or a distant 
relative within Methylobacterium.

4. Conclusions

The new biosensor system presented here, combining GK-GFP and 
DSF-GTP, enabled accurate detection and quantification of glycerol in a 
variety of sample types. Our results were in good agreement with those 
obtained using a commercial glycerol quantification kit. Yet our method 
only requires a simple ‘mix and run’ protocol consisting of combining a 
neat or diluted sample (1:1) with GK-GFP (2 μM) in 2x Buffer C followed 
by melt curve analysis in a real-time thermal cycler. A diluted sample 
volume of 25 μL is sufficient and can be run in 96-well format in ~1 h. In 
contrast, various reported methods and commercial kits rely on linked 
reactions requiring multiple steps, enzymes and reagents [21]. As such, 
our method is also comparatively cost effective especially given that in 
our hands a 200 mL expression culture yielded GK-GFP (5 mL at 200 μM) 

Table 1 
Spike and recovery of glycerol in RO water and synthetic urine.

Sample Spiked glycerol (mM) GK-GFP DSF-GTP K-GCROL Kit

Found (mM) % Recovery Found (mM) % Recovery

RO water 1.0 1.14 ± 0.07 114 ± 7.5 1.07 ± 0.04 107 ± 3.7
0.5 0.44 ± 0.00 88 ± 0.0 0.59 ± 0.09 117 ± 19
0.1 0.083 ± 0.01 83 ± 5.7 0.27 ± 0.06 266 ± 60

Urinea,b 3.0 2.59 ± 0.00 86 ± 0.0 3.05 ± 0.67 102 ± 22
2.2 1.94 ± 0.00 88 ± 0.0 2.27 ± 0.28 104 ± 13
1.0 1.09 ± 0.00 110 ± 0.0 1.29 ± 0.04 129 ± 3.7

Kit STD 1.0 1.09 ± 0.07 109 ± 7.5 - -
1.08 - - 1.16 ± 0.01 107 ± 0.7

Samples were assayed by adding stock glycerol to yield the intended spike concentration.
a Artificial urine was tested diluted 50-fold for GK-GFP and.
b undiluted with K-GCROL kit. Recoveries for spiked test samples were calculated by comparison to intended concentrations.
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sufficient for ~40,000 tests.
Importantly, the GFP fluorophore not only senses GK unfolding 

through partial quenching of the fluorescence signal but also serves as an 
internal quality control measure by reporting on its own unfolding 
which is affected by matrix effects such as pH. This built-in quality 
control enables rapid identification of matrix effects in new samples and 
allows for adjustment of the sample dilution factor as needed. Overall, 
DSF-GTP with GK-GFP is a reliable method with a broad linear range of 
31 μM to 7.5 mM and a LOD of 19 μM for glycerol detection. GK-GFP is 
compatible with a wide range of sample types and shows potential for 
high-throughput screening of glycerol in various beverages and food
stuffs for quality control purposes as well as for anti-doping sporting 
integrity-related urine analysis. It is clear that DSF-GTP will enable the 
development of other fluorescent biosensors.
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DSF-GTP testing was performed in triplicate for each dilution. K-GCROL kit testing was performed in duplicate for each sample dilution.
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