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 A B S T R A C T

This work presents the development and validation of a kinetic model describing the enzymatic hydrolysis of 
a specifically designed fluorogenic probe for free Penicillin-G Acylase (PGA). The model construction involved 
tracking reaction kinetics through UV–Vis spectroscopy, identifying product-induced inhibitory effects, and em-
ploying initial velocity analysis alongside parameter estimation techniques. The kinetic model was structured 
around a simple ordered uni-bi mechanism comprising three reversible reaction steps. Validation of the model 
was performed through spectrofluorometric measurements, successfully predicting the fluorescence intensity 
progression resulting from the enzymatic cleavage of the probe.
. Introduction

Retrieving fluorescent signals could be effectively utilized for detec-
ion and sensory purposes. This is achieved by implementation of flu-
rogenic probes which are principally designer quenched fluorophore 
olecules. They are designed in a way where the quenching would 
nly wear off via the specific reaction of the fluorogenic probe with 
he target [1], consequently reinstating the fluorescence. The quencher 
s either a reactive group which loses its quenching capability once it 
orms a bond with the target [2], or it is a non-reactive entity which 
eaves the probe, once the probe reacts with the target [3]. Measur-
ng the retrieved fluorescence intensity over time unveils information 
bout the target and its reaction with the fluorogenic probe. Such 
argets are generally proteins and in particular enzymes. Consequently, 
his type of probes have found applications in cellular imaging [4,5], 
nd in studying the cellular events and enzyme detection [6–8]. For 
nstance, Luo et al. (2024) [9] introduced a two-photon fluorescent 
robe for highly selective and rapid detection, facilitating real-time 
maging of inflammatory responses and tumor conditions. Recently, 
u et al. (2025) [10] reported on a 𝛽-galactosidase-activated near-
nfrared fluorescent probe, capable of accurately monitoring cellular 
enescence both in vitro and in vivo, thus highlighting the growing 
otential of fluorogenic probes for the precise diagnosis and monitoring 
f diseases. Other design strategies by Zhao et al. (2023) [11] and 
iu et al. (2024) [12] crossed the boundaries of detection, leading to 
esigning probes which demonstrate photodynamic therapeutic effect 
or local infections.

∗ Corresponding author.
E-mail address: j.h.vanesch@tudelft.nl (JH van Esch).

Penicillin-G-Acylase (PGA)(EC 3.5.1.11) is a great candidate to 
be studied using these probes [13,14]. This enzyme could be effec-
tively used for drug delivery purposes, since while it is not natu-
rally produced in eukaryotes, it can operate under in-vivo conditions. 
Moreover, it is produced in large quantities, which is because of its 
essential role in production of 𝛽-lactam antibiotics such as penicillin 
and cephalosporin semi-synthetic derivatives. PGA deacylates penicillin 
G (Pen-G) or cephalosporin G (Ceph-G) to produce the common product 
phenylacetic acid (PAA), and 6-aminopenicillanic acid (6APA) and 7-
amino-3-deacetoxy cephalosporanic acid (7ADCA), respectively. The 
latter products are the 𝛽-lactam nucleus precursors, which undergo 
further modification during the drug manufacture [15].

Previous studies and models proposed for PGA’s reaction with these 
substrates indicate inhibitory effects, brought by the substrate and the 
products [16]. There is evidence that suggests the type of inhibition in-
duced by the products could be a function of type of the substrate [17] 
and even the enzyme’s source [18]. Discrepancies between the pro-
posed models do not end at the mechanism level; since the reaction 
rate constants are affected by pH and temperature. For PGA, it is 
known that maximum enzyme activity is the in pH range of 7 to 9, and 
going above 50 ◦C drastically diminishes enzyme activity [19,20]. In 
addition to these, other affecting parameters, which are more relevant 
for industrial purposes, are the immobilization of the enzyme [21] as 
well as the immobilization methodology [22].
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Studies on the hydrolysis of Pen-G by PGA, indicate that at high 
concentrations of Pen-G, the substrate act as an uncompetitive in-
hibitor. However, this type of inhibition is more evident in enzyme 
from Escherichia coli [16] than from Bacillus megaterium [20]. PAA is 
known to be a competitive inhibitor and 6APA acts as a noncompetitive 
type of inhibitor [19,23–25]. The applicability of an ordered uni-bi 
reaction model with substrate inhibition for this system has also been 
shown [26]. Unlike Pen-G, there are only a few studies on the deacyla-
tion of Ceph-G. While Erarslan (1993) identifies PAA as a competitive 
and 7ADCA as a noncompetitive inhibitor [27], Pan and Syu (2005) 
reported the opposite for their model, with PAA having noncompetitive 
inhibition effect and 7ADCA acting as a competitive inhibitor [17]. 
Although these works point out the substrate’s uncompetitive inhibition 
at high concentrations, the disagreement on products inhibitory effects 
is striking.

With the exception of the earliest probes based on Fluorescamine
[28], which would react with 6APA as the product of hydrolysis leading 
to indirect detection of PGA, the rest of the developed probes directly 
exploit PGA’s affinity as a hydrolase for breaking linear amides leading 
to the cleavage of PAA quencher from a fluorophore. Subsequently, 
these probes are not only highly selective towards PGA but they are 
also highly sensitive as well, with the ability to detect nanomolar [29] 
and even sub-nanomolar [13] amounts of PGA. Additionally, they 
present great capacity for customization, for instance Woronoff et al. 
(2011) [30] tackled the hydrophobicity of 7-amino-4-methylcoumarin 
(AMC)-based probe [31] by adding a sulfonate group arriving at a 
probe with 7-aminocoumarin-4-methanesulfonic acid (ACMS) as the 
fluorophore, thus fixing the bleeding in their microfluidic apparatus, 
while keeping the selectivity and sensitivity of the original probe.

A variety of probes are designed for PGA, based on different dye 
molecules. However, there is a lack of knowledge on the progres-
sion of these changes, which is fundamentally important for sensory 
purposes. Disagreements between models for similar enzyme–substrate 
systems further necessitate an in-depth study into the kinetics of these 
probes. Within this study, a suitable model for the kinetics of a flu-
orogenic probe for PGA is proposed, which is able to simulate the 
fluorescence retrieval process. The probe is designed inspired by the 
previous works [3,30] where the fluorescence of an amino-coumarin 
derivative dye is quenched through formation of an amide bond with 
phenyl acetate. The unique phenylacetamide-cleaving activity of PGA 
subsequently causes the removal of the fluorescence emission barrier 
(PAA) and reinstates the fluorescent signal, Fig.  1. The aforementioned 
probe can be readily incorporated in a hydrogel, which gained a lot 
of momentum recently for bio-sensory purposes [32,33], without the 
disruption of the probe’s properties.

2. Methods

2.1. Experimental methods

The probe was prepared according to the description in Supple-
mentary Information (Figure S1 describes the preparation scheme and 
Figure S2 illustrates QF’s 1𝐻 NMR spectrum).

The progress of the reaction was tracked at 25 ◦C and pH 7.5, using 
UV–Vis spectrophotometry and spectrofluorometry. The former offers 
a direct method of measurement, thus it was a fitting candidate for the 
development of the model. However, the latter is a sensitive method 
specific to this system, hence it was the chosen methodology to evaluate 
the kinetic model over lower concentrations.

The low solubility of the probe in buffer was overcome by making a 
3 mM stock solution in 10% DMSO. It was further diluted with PBS 1X 
between 30 to 100 times depending on the concentration targets, which 
results in 0.3-0.1% DMSO in the medium prior to addition of enzyme, 
ensuring minimal impact on enzyme activity [34]. At the beginning 
of each experiment, the cuvette was filled to 690 μL of reactants, 
the absorption or emission intensity was recorded, then enzyme stock 
solution was added, leading to a total volume of 700 μL. The enzyme 
stock solution was prepared by 2000 and 4000 fold dilutions of the 
enzyme extract with known molar concentration in PBS 1X.
2 
Fig. 1. PGA cleaves off the quencher and reinstates the fluorescence of the probe.

2.1.1. UV-visible spectrophotometry kinetic measurements
The experiments were performed using UV–Vis spectrometer Ana-

lytik Jena SPECORD® 250 with attached heat exchanger system (Ana-
lytik Jena, Jumo dTRON 08.1) set at 25 ◦C. Quartz glass cuvettes with 
10 mm path length (104-002-10-40, Hellma Analytics) were used with 
PBS 1X as the reference. The absorption at 341 nm was recorded over 
time.

2.1.2. Spectrofluorometry kinetic measurements
The experiments were performed using Jasco J-815 CD Spectrome-

ter with fluorescence module. 3-window cells with 20 mm light path 
length (105-250-15-40, Hellma Analytics) were used. The excitation 
wavelength was set at 351 nm, and the fluorescence emission spectrum 
from 300 to 600 nm was recorded, over set time intervals. Then, the 
intensity progression at 450 nm was tracked.

2.2. Analytical methods

2.2.1. Kinetic model
Fundamentally, the hydrolysis reaction encompasses two substrates: 

QF and water. The reaction results in formation of two products, both 
of which show inhibitory effects. The predictions were achieved based 
on implementation of a simple ordered uni-bi reaction mechanism, 
where the departure of F from the enzyme’s active site occurs prior 
to the quencher’s. Reasoning behind this order, was that Q effectively 
acts as a competitive inhibitor, which could be viewed as a final 
step of a sequential bi-product mechanism as well. Additionally, our 
observations suggest the enzyme-quencher intermediate is not active 
towards QF.

As shown in Fig.  2, first, the probe forms an intermediate with the 
enzyme. Next, the fluorophore leaves the intermediate. It reproduces 
the fluorescent signal and leaves behind the enzyme-quencher interme-
diate. During the final step, Q leaves the active site of the enzyme. All 
of the above-mentioned reactions are considered reversible as described 
in Fig.  2.

2.2.2. Evaluation of the rate constants
For initial velocity analysis, we used the following equation devel-

oped for ordered uni-bi reaction mechanism by Cleland [35]: 

𝑣0𝐹 =

𝑉
𝐾𝑚𝑄𝐹

(𝐶𝑄𝐹 − 𝐶𝐹 .𝐶𝑄
𝐾𝑒𝑞

)

1 + 𝐶𝑄𝐹 + 𝐾𝑚𝑄 𝐶𝐹 + 𝐶𝑄 + 𝐶𝐹 .𝐶𝑄 + 𝐶𝑄𝐹 .𝐶𝐹
(1)
𝐾𝑚𝑄𝐹 𝐾𝑖𝑄 𝐾𝑚𝐹 𝐾𝑖𝑄 𝐾𝑚𝐹 .𝐾𝑖𝑄 𝐾𝑚𝑄𝐹 .𝐾𝑖𝐹
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Fig. 2. Ordered uni-bi reaction mechanism for the enzymatic hydrolysis of QF.

Table 1
Michaelis and Inhibition constants.
 Michaelis Inhibition  
 Probe 𝐾𝑚𝑄𝐹 = (𝑘−1+𝑘2 )𝑘3

𝑘1 (𝑘2+𝑘3 )
–  

 Product 𝐾𝑚𝐹 = 𝑘−1+𝑘2
𝑘−2

𝐾𝑖𝐹 = 𝑘2+𝑘3
𝑘−2

 
 Quencher 𝐾𝑚𝑄 = 𝑘−1

𝑘−3
𝐾𝑖𝑄 = 𝑘3

𝑘−3
 

Where 𝑣0𝐹  is the initial velocity of product formation( 𝑑𝐶𝐹
𝑑𝑡 ). 𝐶𝑄𝐹 , 

𝐶𝐹  and 𝐶𝑄 are the initial concentrations of the probe, the product and 
the quencher, respectively. In the same order, 𝐾𝑚𝑄𝐹 , 𝐾𝑚𝐹  and 𝐾𝑚𝑄 are 
the Michaelis constants. 𝐾𝑖𝐹  and 𝐾𝑖𝑄 are inhibition constants for the 
product and the quencher. Table  1 describes how these constants are 
defined based on rate constants annotated in Fig.  2.

V is the maximum velocity component as a function of total enzyme 
concentration (𝐶𝐸), that is 𝑘2⋅𝑘3𝑘2+𝑘3

𝐶𝐸 , and the equilibrium constant (𝐾𝑒𝑞) 
is 𝑘1

𝑘−1
𝑘2
𝑘−2

𝑘3
𝑘−3
.

In the absence of the product and the quencher(𝐶𝐹 = 𝐶𝑄 = 0), Eq. 
(1) changes to simplified Michaelis–Menten formula : 

𝑣0𝐹 =
𝑉 ⋅ 𝐶𝑄𝐹

𝐾𝑚𝑄𝐹 + 𝐶𝑄𝐹
(2)

Moreover, addition of initial quencher (𝐶𝑄 ≠ 0, 𝐶𝐹 = 0) causes Eq. 
(1) to change to: 

𝑣0𝐹 =
𝑉 ⋅ 𝐶𝑄𝐹

𝐾𝑚𝑄𝐹 + 𝐶𝑄𝐹 + 𝐾𝑚𝑄𝐹
𝐾𝑖𝑄

𝐶𝑄

(3)

Alternatively, addition of initial product in the absence of
quencher(𝐶𝐹 ≠ 0, 𝐶𝑄 = 0) leads to: 

𝑣0𝐹 =
𝑉 ⋅ 𝐶𝑄𝐹

𝐾𝑚𝑄𝐹 + 𝐶𝑄𝐹 + 𝐾𝑚𝑄𝐹 ⋅𝐾𝑚𝑄
𝐾𝑖𝑄⋅𝐾𝑚𝐹

𝐶𝐹 + 1
𝐾𝑖𝐹

𝐶𝑄𝐹 ⋅ 𝐶𝐹

(4)

For the purpose of computer simulations and parameters estimation, 
following differential equations were implemented :
𝑑𝐶𝑄𝐹

𝑑𝑡
= −𝑘1 ⋅ 𝐶𝑄𝐹 ⋅ 𝐶𝐸 + 𝑘−1 ⋅ 𝐶𝑄𝐹𝐸 (5)

𝑑𝐶𝐸
𝑑𝑡

= −𝑘1 ⋅ 𝐶𝑄𝐹 ⋅ 𝐶𝐸 + 𝑘−1 ⋅ 𝐶𝑄𝐹𝐸 + 𝑘3 ⋅ 𝐶𝑄𝐸 − 𝑘−3 ⋅ 𝐶𝑄 ⋅ 𝐶𝐸 (6)
𝑑𝐶𝑄𝐹𝐸

𝑑𝑡
= +𝑘1 ⋅ 𝐶𝑄𝐹 ⋅ 𝐶𝐸 − 𝑘−1 ⋅ 𝐶𝑄𝐹𝐸 − 𝑘2 ⋅ 𝐶𝑄𝐹𝐸 + 𝑘−2 ⋅ 𝐶𝐹 ⋅ 𝐶𝑄𝐸 (7)

𝑑𝐶𝑄𝐸

𝑑𝑡
= +𝑘2 ⋅ 𝐶𝑄𝐹𝐸 − 𝑘−2 ⋅ 𝐶𝐹 ⋅ 𝐶𝑄𝐸 − 𝑘3 ⋅ 𝐶𝑄𝐸 + 𝑘−3 ⋅ 𝐶𝑄 ⋅ 𝐶𝐸 (8)

𝑑𝐶𝐹
𝑑𝑡

= +𝑘2 ⋅ 𝐶𝑄𝐹𝐸 − 𝑘−2 ⋅ 𝐶𝐹 ⋅ 𝐶𝑄𝐸 (9)
𝑑𝐶𝑄

𝑑𝑡
= +𝑘3 ⋅ 𝐶𝑄𝐸 − 𝑘−3 ⋅ 𝐶𝑄 ⋅ 𝐶𝐸 (10)

The numerical solution of the equations, while considering the 
initial conditions belonging to each experiment, was fitted to the ex-
perimental data. LMFIT (Non-Linear Least-Square Minimization and 
Curve-Fitting for Python) [36] was then employed to numerically solve 
the system of ODEs, with Levenberg–Marquardt algorithm [37,38], 
attaining the mixed profiles of F and QF.
3 
2.2.3. Data analysis
Since both the probe and the fluorescent product absorbs at 341 nm, 

the following equation stands at any point in time: 
𝐴 = 𝐴𝑄𝐹 + 𝐴𝐹 + 𝐴𝐸𝐶 (11)

Where 𝐴 is the absolute absorption at 341 nm, and 𝐴𝑄𝐹 , 𝐴𝐹  and 
𝐴𝐸𝐶 are the absorption contributions by the probe, the fluorescent 
product and the enzyme intermediates, respectively. Since the enzyme 
concentration is much lower than the probe (𝐴𝐸𝐶 ≪ 𝐴𝑄𝐹 ), thus the last 
term in Eq.  (11) is negligible. By omitting the last term and rewriting 
the equation based on the Lambert–Beer law, Eq.  (11) is developed into:
𝐴 = 𝜖𝑄𝐹 ⋅ 𝑙 ⋅ 𝐶𝑄𝐹 + 𝜖𝐹 ⋅ 𝑙 ⋅ 𝐶𝐹 (12)

This equation is used for the simulations, while for initial velocity anal-
ysis the first derivative of Eq.  (12) is required. Taking the stoichiometry 
assumption (− 𝑑𝐶𝑄𝐹

𝑑𝑡 = 𝑑𝐶𝐹
𝑑𝑡 ) into account, the first derivative of absolute 

absorption is written as: 
𝑑𝐴
𝑑𝑡

= (𝜖𝐹 − 𝜖𝑄𝐹 ) ⋅ 𝑙 ⋅
𝑑𝐶𝐹
𝑑𝑡

(13)

This could also be derived from Eq.  (11) with the steady-state assump-
tion 𝑑𝐴𝐸𝐶

𝑑𝑡 = 0.

3. Result and discussion

4-methyl-2-oxo-7-[(phenylacetyl)amino]-2H-chromen-3-yl acetic 
acid was prepared as the fluorogenic probe for PGA. The acid group 
could be used for selective connection of the probe onto another 
entity without the disruption of the fluorogenic property. With the goal 
of designing a hydrogel sensing device, the acid group offers facile 
incorporation of the probe on the polymeric chains, for instance via 
esterification onto polysaccharides. Once prepared, its reaction with the 
target was studied by analyzing how it progresses over time.

First, the initial velocities were measured for two arrays of similar 
QF concentrations, implementing UV–Vis spectroscopy, as the first step 
of analyzing the reaction kinetics. For these experiments, all reaction 
conditions were kept constant except for the enzyme concentration, 
which was doubled. The initial velocities were plotted against the 
initial concentrations of QF over the range 20–50 μM, Fig.  3. These 
values were attained by linear regression over the reaction progression 
data between 0–40 s (Figures S3-S8 in Supplementary Information). 
Subsequently, Eq.  (2) was implemented to evaluate 𝑉  and 𝐾𝑚𝑄𝐹 . At 
𝐾𝑚𝑄𝐹 = 73 ±29.2 μM, 𝑉 = 0.52 ±0.02 μM∕s for the lower enzyme con-
centration array and it increased to 𝑉 = 0.98 ±0.26 μM∕s by doubling 
the enzyme concentration. 𝑉  appears to be proportional to total enzyme 
concentration, and such increase is aligned with expectations. Slight 
discrepancy could be explained by pointing out the error induced by the 
assumption of initial velocity analysis. In addition to this, no substrate 
inhibition was observed at this range of substrate concentrations.

Next, complementary analyses at constant enzyme concentration 
were done to assess the products influence on the kinetics of the 
reaction. For this purpose, first, initial velocities in presence of varying 
initial amounts of Q were measured, Fig.  4(a).

The decrease in the initial velocities became apparent by having 
approximately one order of magnitude larger concentrations of Q in 
comparison to QF’s. Then using the values which were calculated 
previously, and fitting the data to Eq.  (3), 𝐾𝑖𝑄 was calculated to be 
146.2 ±10.95 μM.

Following that, a similar analysis was performed to determine the 
influence of F on the reaction kinetics,Fig.  4(b). Although addition 
of F at the beginning noticeably inhibits the initial product forma-
tion velocity, limitations induced by the experimental method compli-
cates accurate characterization. The fact that both QF and F absorb 
at the chosen wavelength, together with the upper limit on reliable 
absorbance, impede characterization at the same level of accuracy as 
the previous step with Q. Consequently, the result of fitting the data to 
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Fig. 3. Initial Velocities as a function of QF concentration. The points represent the 
experimental data and the line is the fitted curve.

Fig. 4. The influence of addition of products on the initial velocities.
4 
Fig. 5. (a) The progression of the fluorescence emission spectrum for 3.16 nM of PGA 
and 3.47 μM of QF (b) Progression of the emission intensity at 450 nm.

Eq.  (4) comes with an unreliably large margin of error, 𝐾𝑖𝐹 = 1.4 × 108

±1.7 × 1013.
In order to increase the accuracy, the analytical method was ad-

justed. Solving the system of ordinary differential equations in
Eqs. (5)–(10) and incorporating the resulting concentration profiles into
Eq.  (12), enables the reconstruction of the absorption signal at 341 nm. 
By fitting the outcome of the simulation to experimental absorption 
progress curves, we attempted to estimate the parameters. In order 
to reduce the bias, the additional control experiments for the initial 
product’s set of experiments were neglected. The rest of the data for 
the previous analyses were then incorporated at once. The results of 
the initial velocity analyses was complementary to finding the global 
optimum.

This approach could effectively reduce the error of the initial ve-
locity measurements, despite being computationally more expensive. 
The result of fitting over PGA variation, over initial Q variation and 
over initial F variation are significantly more accurate with average 𝑟2
values of 0.97, 0.99 and 0.94, respectively.

Table  2 shows a summary of the rate constants calculated by initial 
velocity analysis and corrected with parameter inference. 𝐾𝑚𝑄𝐹  values 
are in line with the reports in the literature for similar compounds. 
However, in case of 𝐾𝑖𝐹 , there is no comparable value reported for 
molecules similar to it. At the first glance, 𝐾𝑖𝑄 is roughly one order 
of magnitude smaller than what is reported in the literature. For that 
work [26], the authors calculated the competitive inhibition constant 
of Q for the hydrolysis of Pen-G, by enzyme from Escherichia coli in 
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Table 2
Rate constants values; the uncertainty is reported in percentage.
 𝐾𝑚𝑄𝐹 (μM) 𝐾𝑖𝐹 (μM) 𝐾𝑖𝑄 (μM)  
 Initial Velocity 73.12 (40%) 1.4 × 108 (∼ 108%) 146.2 (7.5%)  
 Parameters Estimation 32.9 (< 1%) 1.2 × 104 (< 1%) 90.9 (< 1%)  
 Previously Reported 44.7 - 98 [3,30] – 4.8 × 103 [26] 
Fig. 6. Experimentally measured change of emission intensity at 450 nm (dots) and 
model predictions (lines) with 6.32 nM of PGA and 2.83, 4.72 and 6.6 μM of QF.

free state. However, for that study, the pH and the temperature were 
8.5 and 37 ◦C. Higher pH leads to relatively higher amounts of Q in its 
conjugate base state, which encourages the dissociation of Q from the 
enzyme. That higher affinity is reflected in the rate constant. In addition 
to that, although a similar model was implemented, substrate inhibi-
tion was also included; which together with 𝐾𝑖𝑄 affect the apparent 
Michaelis constant.

In order to validate the model, its ability to anticipate the fluores-
cence retrieval process was studied. As shown in Fig.  5(a), over time, 
the peak belonging to QF at around 400 nm disappears and a new F 
peak with amplified intensity at 450 nm appears. The final fluorescence 
emission at 450 nm is almost sixfold larger than the initial emission 
at that wavelength, with 3.16 nM of PGA and 3.47 μM of QF. The 
existence of an isosbestic point at around 420 nm further confirms the 
direct conversion of QF to F, without the formation of side products.

The kinetic model was then employed to reconstruct the fluores-
cence emission intensity at 450 nm. A similar issue with UV–Vis also 
persists here that at 450, mixed signals of both QF and F coexist. 
However, attempting at reconstruction of this signal using modified Eq. 
(12) is not as direct, since the emission is not linearly proportional to 
concentration. To tackle this, a linear approximation was done within 
the concentration range of 1 to 6 μM. This approximation, enabled us to 
simply test the model in one order of magnitude smaller concentrations 
of QF, in comparison to the data used for model development, Fig.  5.

Finally the model was further tested with a different concentration 
of enzyme and varying concentration of QF, Fig.  6 illustrates the 
results. The slight discrepancy between the model predictions and the 
experimental results, in particular towards the higher bound of the 
QF concentrations, could be traced back to deviation in the linear 
approximation described earlier.

4. Conclusion

A fluorogenic probe for PGA is designed and its fluorogenic property 
has been shown. Enzymatic hydrolysis of the probe is the driving force 
behind the retrieval of its fluorescence signal. It was aimed to construct 
5 
a kinetic model to anticipate the hydrolysis by free PGA. Discrepancies 
between reported models for similar enzyme–substrate systems called 
for an investigation into the mechanism. The model was then developed 
by analyzing the light absorption progression. As expected in the low 
concentration range of performing the analysis, no substrate inhibition 
has been observed. However, resulting products were observed to have 
inhibitory effects on the reaction kinetics. These effects were further 
characterized and incorporated in an ordered uni-bi type of model 
structure, via initial velocity analysis and parameter inference. Eventu-
ally, the model was validated by simulating the fluorescence emission 
over the course of the reaction.
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