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A biomarker, also known as a biological marker, is any molecule, substance, or measurable process in the body or
in one of its components that can support the diagnosis, prognosis, prediction, or response to the treatment of a
disease. Recent technological advances have made it possible to detect and quantify biomarkers in saliva
samples. Enzymatic assays as a cost-effective alternative to overcome the limitations of current methods for the

guantification of biomarkers in saliva.

enzyme assays saliva biomarkers

| 1. Current Methods for Salivary Biomarker Identification

The identification and development of preliminary profiles is the first step in the discovery of biomarkers. These
stages are generally accomplished by coupling powerful analytical techniques such as GC-MS and liquid
chromatography-MS (LC-MS) .

The techniques used for the identification and biomarkers profiling vary in terms of operating principle, sample
preparation, and results interpretation, on which the suitability of its implementation depends [&. For instance, MS
can measure hundreds to thousands of metabolites in widely varied samples such as tissues, blood, urine,
cerebrospinal fluid, and saliva, being suitable for untargeted and targeted biomarker screening and profiling &,
However, it should be considered that this technique ionizes the sample in order to identify its components, so it

could not be used for further studies if necessary.

Another technique commonly used in metabolomics for biomarkers discovery in saliva samples is NMR. This
robust and reproducible technique has a series of advantages over others. For instance, it can detect highly volatile
metabolites and does not require derivatization of the compound to increase its detectability as in GC . Despite
that sample preparation is less labor-intensive than LC, its sensitivity is lower than coupled techniques such as GC-
MS and LC-MS, which can detect biomarkers below the detection limit of NMR [l Furthermore, it should be
considered that saliva is a complex matrix, SO previous pre-treatment steps of filtration and/or centrifugation are

required.

Capillary electrophoresis-MS (CE-MS) is an alternative technique for biomarker identification in saliva that has
recently grown in acceptance (€. This method fusions the ability of electrophoresis to separate compounds by their

electrophoretic mobility in the function of an applied voltage with the sensitivity of MS, resulting in an attractive and
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powerful system . Thus, its use has increased rapidly, resulting in more than 50 published articles for metabolite
profiling from 2018 to 2020 &, This is undoubtedly a reflection of its potential in the field of metabolomics. However,
it should be noted that for this technique to be reproducible, multiple problems must be solved to control the loss of

metabolites by adsorption processes, volume adjustments, and dilution of the sample [£l.

As mentioned, advances in analytical techniques, statistics, and data analysis have resulted in a “boom” in
biomarkers discovery. All these techniques show characteristics that make them ideal for quantifying a large
number of biomarkers in different samples. However, it should be noted that all are highly sophisticated, requiring
highly qualified personnel and perfectly adapted environments for sample analysis. In addition, they require
expensive and sensitive equipment that represents a considerable economic investment that is not available for all
laboratories. In this sense, its use on a large scale, as in diagnosing highly recurrent diseases, is almost

impossible, so simpler and inexpensive methodologies are necessary.

Despite the fact that the aforementioned techniques have been used to quantify several metabolites in saliva,
simpler techniques such as those based on antibodies, enzymes, or electrochemistry are required to spread their
use in the screening, diagnosis, follow-up, and control of highly recurrent diseases. Among these techniques,

enzyme-based ones are of particular interest to this work due to their versatility and low cost.

2. Challenges in Enzymatic Methods for Salivary Biomarkers
Detection

The enzymatic activity can accelerate chemical reactions, consuming substrates and generating other compounds
8. In this sense, all enzymatic assays are based on quantifying the consumption of a substrate or the production of
a by-product in a given period of time 29, Currently, a large number of enzymatic methods for the quantification of
biomarkers have been developed 111213l The success of these platforms lies mainly in their relatively low cost,
flexibility, and ability to be implemented for the simultaneous quantification of several biomarkers [14]. Nonetheless,
it must be considered that saliva is a complex mixture of compounds so that multiple factors can interfere with the

measurement procedure.

Figure 1 shows a graphical representation of all the challenges and considerations in the development of

enzymatic methodologies.
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Figure 1. Graphic representation of the main challenges to consider in developing enzymatic methodologies for
guantifying salivary biomarkers. Sample-related challenges (diet, circadian cycle, sample collection time, sex, age,
physical composition, and other anatomical factors such as the size of the salivary glands); enzymatic method-
related (type of assay, correlation degree, and limits of detection and quantification); extrinsic factors (the type of
enzyme, the concentrations of enzyme, substrate and other reagents, and the presence of interferents); COVID-19

related factors (precautions and security measures in the collection, processing, and disposal of the sample).

2.1. Sample-Related Challenges

In saliva, as in other biofluids, sampling is the initial stage of the analysis process. Unlike blood, where sampling
involves special equipment and trained personnel, in saliva, the donor can perform this step through a simpler
process 13l However, it is important to mention that the patient must receive detailed information about the
sampling protocol, including the importance of the exact moment of sampling, excluding tooth brushing before
collection, and avoiding the ingestion of beverages, food, or any other product such as chewing gum for at least 30
min before collection 8. Likewise, the person in charge of supervising the collection must reject samples

contaminated with blood, which could significantly influence the determination.

On the other hand, several factors largely depend on the biomarker to be quantified and must be identified during

the planning and development stages of the protocol to avoid variations. For example, it is well known that some
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non-controllable factors such as circadian cycle, circa-annual cycle, age, gender, body weight, and size of the

salivary glands affect the concentration of metabolites in saliva L7128l

There are other factors such as tobacco, alcohol, and the presence of diseases that can modify the composition,

viscosity, and pH of saliva, generating discrepancies in biomarker measurements in enzymatic methods 191(20121]

Although these factors may seem trivial, they could significantly affect enzyme activity during enzymatic assays

and, therefore, the quantification of biomarkers.

On the other hand, the salivary composition can also be altered under certain pathologies, such as diabetes [2223]
oral infections 24, Sjogren’s syndrome 23], kidney disease [28], cancer 24, and virus infections [28]. The presence of
these diseases can contribute to variations in the concentration of salivary biomarkers. For example, one study
showed a marked decrease in salivary amylase levels and increased glucose concentration in diabetic patients
compared to healthy patients 22, |n addition to the obvious effect of decreased biomarker concentration, these
diseases can alter salivary pH, an essential parameter in enzymatic methods. In a study carried out by
Seethalakshmi et al., diabetes was directly correlated with the pH value, observing a decrease of more than one
pH unit in diabetic patients compared to the control group 22, These findings can be explained as, during diabetes,
an increase in the concentration of sugars in the saliva is observed, which in turn increases the presence of
bacteria responsible for cavities and increases oral infections. Similarly, during infectious processes, bacteria can
use the sugars, acidifying the medium. This decrease in pH can generate variations in enzymatic determinations if

it is not properly studied and controlled.

2.2. Enzymatic Method-Related Challenges

Enzymatic methods are usually based on detecting substrate consumption or its generation over a period of time
(20 There are different classifications for enzyme-based methodologies BY. For instance, they can be classified
depending on how enzymatic reactions are studied (initial speed, curve progress, kinetics, among others) or
according to how the product is quantified (continuously or discontinuously). Within the entire range of options,
particular interest has been placed in continuous methods based on spectrophotometry 31, These tests quantify
the light absorbed by a sample when a beam of light passes through it 32. In enzymatic assays, the absorbed light
changes due to the generation of by-products resulting from enzyme activity in either single or multiple reactions.
The simplicity of these methods in terms of material, equipment, and training has contributed to their widespread
acceptance and implementation. However, these methods are often inadequate for detecting biomarkers at very

low concentrations and other strategies, such as derivatization, are required, complexing the process 23,

Fortuitously, other methods, such as those based on fluorescence or chemiluminescence, can overcome the
limitations mentioned above by being much more sensitive than the previous ones B4[33 These methods use
different molecules capable of absorbing light and emitting it at a specific wavelength, either by themselves or
acquiring this property due to a chemical reaction. Due to this, they are much more sensitive than

spectrophotometric tests, but it should be considered that these methods are more expensive as they require
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equipment with special characteristics, are susceptible to interference by impurities in saliva, and are highly
unstable when exposed to light. Table 1 shows examples of the application of these spectrophotometric methods

to quantify biomarkers in different biological matrices.

Table 1. Examples of the use of spectrophotometric methods for the quantification of biomarkers in biofluids.

L Detection . o Detection
Method Principle Range BiofluidBiomarker Limit Reference
31
Blood Glucose ‘_*? (36
mL
0.36
Absorption of radiation in the Saliva  Glucose mL_LiQ 371
Colorimetric visible area by colored M—-nM
substances 97
Sweat Cortisol _? (381
mL
Urine Tyrosine 2.54 uM [29]
Blood  Glucose 80 nM [49)
. Light emitted by a molecule Saliva  Glucose 0.63 nM [41]
Luminescent . . mM-nM
when receiving radiant energy
3.5n
Urine  Melamine _1g [42]
mL
Blood  Glucose 3.7uM [43]
Fluorescent Light emlFt.ed by a. molecule mM—-nM Sweat  Chloride 3 mM [44]
when receiving radiant energy
Urine lodide 100 nM [45]

There are other more sophisticated techniques, such as microscale thermophoresis, which combine the precision
of fluorometry with the sensitivity and versatility of thermophoresis, resulting in a fast, robust, and flexible platform
(461 Among its characteristics, it stands out that it requires sample volumes of less than 10 pL and can analyze
multiple substrates simultaneously “4. Although the advantages of these tests are remarkable, their
implementation is limited by high equipment and operational costs, making it difficult to implement them on a large

scale and in poorly equipped laboratories.

Despite the fact that the options are vast, the selection of the method depends on multiple factors that must be
previously analyzed by the researchers. For example, if an affordable method for the detection of abundant
biomarkers with relative accuracy is required, a colorimetric assay could be a suitable option. On the other hand, if
the biomarker is present in lower concentration and high precision is required, the most viable options would be to

use fluorescent, luminescent, or microscale thermophoresis methods.
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2.3. Method Development and Standardization-Related Challenges

As the star players of the game, enzymes are the first factor to consider in the development of enzyme assays. The
enzyme selection obviously depends on the biomarker to be quantified; however, this choice involves other
important details. It is widely known that enzymes display their maximum activity under certain environmental
conditions, and disturbances in these states significantly affect their activity 48, This atmosphere includes factors
such as pH, temperature, ionic strength, concentrations of substrate and enzymes, and interferents. All these
parameters have a significant impact on the correct performance of these biomolecules and must be carefully

analyzed.

lonic strength is another factor that must be closely considered in enzyme-based assays. This characteristic is

given as a function of the concentration of all the ions present in the solution 42,

Multiple enzymes (especially mammalian-derived ones) have an optimum pH, temperature, and ionic strength
close to the physiological conditions (pH of 7.4, temperature of 37 °C, and ionic strength of 0.15 M) BABLIE2 |y
saliva, the normal pH ranges from 6.2 to 7.6 (average pH of 6.7) 19: these pH values are below blood values, and

their effect on enzymes should be studied. This phenomenon has been widely documented.

Similar to the pH, the temperature is a parameter that has a known influence on enzyme activity. As in any
chemical reaction, the rate of the enzyme-mediated reaction is strongly influenced by temperature, (generally
increasing the reaction as the temperature increases). However, higher temperatures (over about 55 °C) lead to
the denaturation of enzymes and the loss of their activity. It is important to mention that this depends closely on the
enzyme selected, as some enzymes have a higher optimum temperature, such as polymerase and helicase
(optimum temperature of 70-80 °C) 53],

In enzymatic assays, the balance between substrate concentrations, enzymes, and interferents occupies a central
place. This is perhaps one of the main challenges that must be faced when using saliva as a sample as the

concentrations of biomarkers are usually low, and it contains multiple compounds that can act as interferers 241,

Many other factors are not discussed in this review. However, they must be meticulously considered in enzymatic
assays, such as the correct handling of the sample and methodological aspects related to sample preparation,
choice of blanks, incubation and reading times, as well as data processing. All these elements taken together can
lead to discrepancies in the intra-day and intra-experiment results, thus the importance of establishing a simple,

replicable, and robust protocol.
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