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Abstract 

In this paper we present a rapid method for determining phosphorylcholine (ChoP). 

ChoP was first hydrolyzed by the enzyme alkaline phosphatase (AP); the choline formed 

was then submitted to a reaction with Choline Oxidase (ChOx). Both reactions were carried 

out simultaneously, in the same test without previous steps of incubation. The analytical 

signals used were the intrinsic fluorescence of ChOx due to FAD and that corresponding to 

a fluorescein derivative bonded to ChOx (ChOx-FS); both can be related with the 

concentration of ChoP. Once the conditions were optimized, the response range for ChoP 

was 5.2·10-7 - 1.0·10-5 M using the peak area as the analytical parameter with a precision 

of about 4% (RSD) at both ChOx and ChOx-FS wavelengths.  

In the experimental conditions found, it was also possible to determine free choline 

(Ch) with figures of merit similar to those obtained for ChoP. These results have made 

possible the sequential determination of Ch and ChoP in milk powder, using only one 

aliquot of the mixture, with good results. The recoveries obtained for both analytes were 

close to 100 %. 

The method is rapid because an incubation step is not necessary. Moreover, the 

enzymatic reaction is autoindicating and thus the additional detection step required by 

other published enzymatic methods is avoided.  
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1 Introduction 

Phospholipids are the primary components of cell membranes, controlling the 

transfer of substances to the interior or exterior of the cell. They are in fact a mixture of 

different families, those containing choline (Ch) being the majority. Phosphatidylcholine 

(PC) is one of the most interesting of these components [1-3]. A by-product of PC is 

choline phosphate (ChoP), also called phosphorylcholine, formed by the action of the 

enzyme Phospholipase C on PC or from the breakdown of sphingolipids (sphingomyelin) 

by sphingomyelinase [4,5].  

There has been a growing interest in ChoP in recent years. It is used as a coating 

for lenses [6,7] and, because of its biocompatibility, it is the basis of polymers used in the 

manufacture of coronary stents [8-11] and drug-eluting stents [12]. In addition, ChoP, like 

other phospholipids containing choline, is a component found in many foods [13] (acting as 

a Ch source for the body), especially milk. Because it is an essential nutrient for brain 

development [14], the American Academy of Pediatrics (AAP) [15] has recommended that 

infant formulas contain at least 7 mg of choline/100 Kcal (0.6 mol/Kcal); consequently, 

Ch, ChoP and other phospholipids are usually determined in this kind of sample [16]. The 

choline content differs depending on the commercial source. In general, the total choline 

concentration values range from 31.1 to 227.0·10-5 M where free Ch is 4.3·10-5 – 72.3·10-5 

M and ChoP is up to 83.6·10-5 M.  

Several analytical methodologies have been proposed for Ch and ChoP 

determination. Phillips [17] recently reviewed the analytical methods used for the 

determination of phospholipids containing Ch. Traditionally, the determination of 

phospholipids and consequently ChoP has been carried out using separation techniques 

[18] which require various steps in order to isolate both water-soluble compounds (Ch, 

ChoP) from the hydrophobic compounds (PC, SM) prior to their determination by GC-MS 

or LC-MS, among others [19-23]. In the last few years new alternatives have emerged. For 

example, Nzai et al. [24] have developed a simple and rapid method based on FTIR to 

determine the total phospholipid content in vegetable oil. One of the most interesting 

methods is the use of P-31 NMR Spectroscopy [25]. This is based on the different 

chemical shift of the P atom in each phospholipid giving a NMR spectrum with the signal 

corresponding to the different phospholipids separated. The technique has low sensitivity 
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but is non-destructive, so it has been applied for determining phospholipids in several 

samples, for example olive oil.  

For routine control, enzymatic methods are one of the most interesting options. Ch 

is usually determined by the enzymatic reaction with Choline Oxidase (ChOx). This 

enzyme catalyzes the substrate oxidation by oxygen in a two-step process, according to:   

 

 

  

BA and GB being Glycine Betaine aldehyde and Glycine Betaine, respectively. The 

H2O2 is then submitted to a conventional second reaction involving a chromophore or a 

fluorophore. The enzymatic determination of ChoP [26,27] is based on the action of 

alkaline phosphatase (AP) for obtaining Ch.  

 

 

Thus there are two alternatives depending on which product is determined: Ch by 

using (1) or phosphate with molybdate in the presence of a reducer, such as hydroquinone 

[28]. These methods have also been applied in flow analysis [29]: free Ch and Ch+ChoP 

are determined, ChoP being calculated as a difference. Similar methodologies have also 

been used for phospholipids.  

Enzymatic methods generally give good results, but they are time-consuming 

(incubation steps are necessary) and not fully reversible. These problems can be 

overcome by measuring the enzyme fluorescence changes which can be observed during 

reaction using oxidation reactions catalysed by flavoenzymes [30] and other enzymes 

[31,32]. The mechanism by which flavoenzymes catalyze the oxidation of substrates can 

be summarized as follows: 

 

 

                                                                                                                      (3) 

 

Enzyme oxidized 

form (FAD)  

Substrate 

k1 

 

Product 

Enzyme  reduced 

form  (FAD.H2) 

O2 H2O2 

k2 

 

ChoP + H2O Ch + Phosphate 
AP

A 

 

(2) 

Ch + O2  BA + H2O2 
ChOx

A 

 BA + O2  GB + H2O2 
ChOx

A 

 

(1) 
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As noted, the flavin group of the enzyme oxidizes the substrate to the product and 

it becomes reduced to FAD.H2; then, the oxygen regenerates the FAD and H2O2 is 

simultaneously formed. This reaction can be followed using three alternatives [33]: A) flavin 

fluorescence, since both FAD and FAD.H2 have different fluorescence properties, the 

oxidized forms being more fluorescent than the reduced; B) tryptophan (Trp) fluorescence, 

due to an energy transfer mechanism with FAD, the fluorescence of the Trp also changes 

during the enzymatic reaction; C) probe fluorescence; some fluorophores linked to the 

enzyme, such as FS, also modify their fluorescence during the reaction. In this context, 

ChOx fluorescence has previously been used for determining Ch using alternatives B and 

C [34] at tryptophan and FS wavelengths, respectively. 

In this paper we describe a method for ChoP determination linking reactions (1) 

and (2) in the same test and measuring the FAD or the FS fluorescence. The method has 

been applied to the sequential determination of Ch and ChoP in a milk sample. This 

methodology has three additional advantages over previously proposed methods: 1) it 

does not require the participation or the addition of reagents other than those involved in 

the reactions, 2) there are not incubation steps so is a rapid method and 3) the enzymes 

are regenerated during the process so they can be used several times. The process is 

therefore of great interest for implementation in optical biosensors.  

2 Material and methods 

2.1 Reagents and solutions 

The buffer solutions were: carbonate solution 0.1 M, pH 9.0 and 10.0, prepared 

from solid NaHCO3 and Na2CO3 (Sigma S5761 and 222321). Phosphate solution 0.1 M, 

pH 7.0 and 8.0, prepared from Na2HPO4 and NaH2PO4 solids (Panreac 123018.1210 and 

Sigma S9763). 

Enzymes: Alkaline phosphatase (AP) from Calf intestine, 10000 IU mL-1 in 10 mM 

Tris-HCl (Sigma P4978) and finally diluted to 440 IU mL-1 in carbonate buffer at pH 9.0. 

Choline oxidase (ChOx) from Alcaligenes sp., 13 IU mg-1, lyophilized solid (Sigma C5896), 

dissolved with carbonate buffer at pH 9.0, until obtaining a solution of 6.6 IU mL-1. Solutions 

of the enzymes were separated in vials stored in the freezer and kept at a very low 

temperature (thus preventing denaturation). The fractions to be used were taken daily.  

Substrates: Choline phosphate (ChoP), (Sigma P0378). Choline (Ch), 99%, 

(Sigma C1879). Stock solutions of ChoP and Ch were prepared daily in buffer solution.  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

5 

The labelling agent solution (FS) was prepared by dissolving 1 mg of 6-

[Fluorescein-5(6)-carboxamido] hexanoic acid N-hydroxysuccinimide ester (Sigma 46940) 

in 0.1 mL of anhydrous dimethyl sulfoxide (Panreac 131954.1611). 

 

2.2 Labelling procedure 

1 mg of ChOx dissolved in 12.8 μL 0.1 M carbonate buffer at pH 9.0 was mixed 

with 8 μL of FS solution in an Eppendorf cap. The mixture was allowed to react in darkness 

at room temperature for 60 min. The excess of FS was then separated from the ChOx-FS 

using a home-made exclusion column.  

The column consisted of a plastic syringe of 1 mL capacity, with glass wool placed 

at the bottom and filled with a solution of Sephadex G-50 (Sigma G-50-150), in water. To 

compact the enzyme, it remained for 1 min. at 4800 rpm in the centrifuge. 

The sample in the Eppendorf cap was collected with the help of a glass syringe, 

adding 20 μL of the mixture at the top of the column. The previously weighed Eppendorf 

body (which had been separated from the cap) was placed underneath the column. The 

Eppendorf serves to collect the enzyme fraction linked to the FS, so the excess of labelling 

is eliminated. The column was placed in the centrifuge, remaining for 5 min. at 4800 rpm. 

The column was later removed from the centrifuge. A yellow colour strip appeared 

at the top of the syringe, denoting that the excess of the label had not all been eluted. The 

FS molecular weight was 586.6 Da, much lower than ChOx 72000. By molecular exclusion, 

the ChOx enzyme bound to the FS fell by gravity into the Eppendorf. This solution was 

kept stable for about 4 days at 8 ºC. 

2.3 Instruments 

Fluorescence measurements carried out in this work were developed using two 

kinds of instruments: 

Plate reader: The Synergy HT Multi-Mode Microplate Reader, supplied by BioTek, 

is able to measure fluorescence, absorbance or luminescence. For fluorescence 

measurements, this instrument consists of a tungsten lamp (as the excitation source), a 

photomultiplier tube (as the detector) and two filter wheels for excitation and emission 

wavelength selection (380 nm; 420 nm; 440 nm; 485 nm; 508 nm; 530 nm; 560 nm; 620 

nm; spectral bandwidths ranging from 20 to 50 nm).  
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Other instrumental parameters which should be chosen are: sensitivity, illumination 

mode (top or bottom), and the optical fiber height. Measurements were performed on 

transparent 96-well plates. Data were collected using the Gen5™ software.  

 

Fluorometer: A Photon Technology International (PTI) Time Master Fluorescence 

Spectrometer (model TM-2/2003-PTI) was used for performing excitation and fluorescence 

spectra. In this case, a Xe arc lamp is used as a continuous excitation source. Two 

monochromators (excitation and emission) allow the measurement wavelength (λ) and the 

excitation and emission slit widths to be selected. The detector is a photomultiplier (PTI-

814). Measurements were carried out in a 4 mL Hellma QS 101 quartz cuvette of 1 cm 

path length, and the signal was collected with PTI Felix 32 software. 

2.4 Experimental procedure 

2.4.1 Measurements using the plate reader 

The plate reader was used whenever possible in order to save reagents (the total 

volume of a well was about 200 L). The main drawback of this system is that the 

fluorescence signals during the first seconds of the reaction are lost. 

The kinetic measurements consist of fluorescence intensity versus time profiles 

(F=f(t)). Data collection in graphical format minimizes the information loss. To choose the 

optimal measurement conditions, several tests were performed. Finally, a sensitivity of 

100, measurement in Top, a transparent plastic plate and an optical fibre height of 1 mm 

were considered as appropriate. The optical filters where chosen taking into account 

sensitivity and uncertainty (instrumental noise). Finally, the excitation/emission filters for 

ChOx and ChOx-FS fluorescence measurements used were 420/530 and 440/530, 

respectively. These experimental conditions were used except where indicated. Most of the 

measurements were carried out at the intrinsic ChOx fluorescence. 

In a conventional measurement, the necessary amounts of enzymes (usually 50 

μL of a 6.6 IU mL-1 ChOx solution and 20 μL of a 440 IU mL-1 AP solution) and the buffer 

solution (100 μL) are placed in a well. The plate is placed in the plate reader and the initial 

fluorescence value (without reaction) is obtained. After 30 s. the plate is taken out, the 

analyte is injected (50 μL of an appropriate concentration) and is replaced in order to 

measure the change in fluorescence during the reaction. It is also necessary to create a 

specific measurement protocol which includes the measuring features, the time intervals 
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for taking the fluorescence values (both baseline and reaction) and the plate input and 

output sequence for the analyte injection. During the optimization studies, the order of the 

addition of reagents was modified depending on the parameter to be studied. 

In most cases, the gross fluorescence intensity values obtained during the reaction 

Ft were divided by the fluorescence intensity before the reaction F0 to obtain the corrected 

fluorescence (Fc), which is less prone to variations of the enzyme concentration between 

assays. 

2.4.2 Measurements using the conventional fluorometer 

Most of the spectra were recorded working with a low volume cuvette (about 700 

L solution). The specific experimental conditions used (wavelengths, slits, sensitivity) are 

indicated throughout the paper. 

2.4.3 Sample preparation and treatment 

About 0.4 g of milk powder is weighed in a glass bottle and 5 mL of pH 9 

carbonate buffer is added. The bottle is closed and shaken manually to obtain a stable 

colloidal suspension (~2 min). Any remaining supernatant is removed before proceeding 

with the treatment.  

Several fractions of 1 mL of this solution are prepared in separate Eppendorf tubes 

(1.5 mL of capacity each one). These are centrifuged during 30 min at 13400 rpm. After 

centrifugation, layers of supernatant are observed at the top and the bottom of the tubes. 

The retrieved fluid is removed with the help of a plastic syringe (BD PlastipackTM, 1 mL) 

with a needle attached (BD MicrolanceTM 3). The aqueous phase contains Ch and ChoP 

present in the milk, while phospholipids will be found in the solid phase.  

The fluid is filtered through a 0.20 μm pore size nylon syringe filter (Albet 

LabScience) to remove possible traces of supernatant. The final sample fluid containing 

the analytes of interest (ChoP and Ch) is then collected. 

3 Results and discussion. 

3.1 Analytical signal 

As indicated above, the method is intended to be developed using the plate 

reader. To choose the filters for excitation and fluorescence, the spectra of ChOx and 

ChOx-FS should be considered (see Fig S1 and Fig S2). According to the figures, 420 and 

485 nm should have been chosen as the excitation filters for ChOx and ChOx-FS, 
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respectively, and 530 nm as the fluorescence filter in both cases. The spectral bandwidth 

of the filters were about 20-50 nm so 440 nm was chosen as excitation filter for ChOx-FS 

in order to avoid the interference with emission. 

Fig 1A (a) shows the corrected fluorescence intensity variation (Fc) during the 

Choline/Choline Oxidase (Ch/ChOx) reaction working with the plate reader after installing 

the above-mentioned filters. The initial fluorescence decay is mainly due to the Ch to BA 

oxidation. The later increase appears when the whole BA is oxidized to GB. Since the 

kinetic of the FAD.H2 formation (forward reaction in (3)) is faster than that of the FAD 

regeneration (backward reaction) [33], while substrate is present in the solution, the 

reduced form is the preponderant species and the fluorescence intensity remains low. 

When the whole substrate (Ch and BA) has been oxidized, then the FAD becomes the 

predominant species and the initial fluorescence intensity is recovered.  

When ChoP is the analyte both enzymatic reactions are carried out 

simultaneously. Initially, choline is not present in the solution. It is slowly liberated during 

the previous enzymatic hydrolysis with alkaline phosphatase (AP), so the fluorescence 

versus time variation shows the profile indicated in Fig 1A (b). A comparison between lines 

1A (a) and 1A (b) reveals that the ChoP hydrolysis is slower than the Ch to BA oxidation 

(the fluorescence decay at the beginning of the reaction is much faster in 1a). As Fig 1A (b) 

shows, several magnitudes could be used as the analytical parameters for ChoP 

determination, namely the area of the signal (SF), the maximum variation of fluorescence 

intensity (Fmax) and the reaction time necessary for the minimum value of the signal to 

appear (tmin). The first two were mainly used throughout this work.  

When ChOx is chemically modified with FS, and fluorescence is measured at the 

FS wavelengths, the fluorescence versus time representation is nearly a mirror image but 

with positive fluorescence values (Fig 1A (c)) of that shown in Fig 1A (b). This behaviour 

has been previously explained [34]. Briefly, flavin group of the ChOx absorbs at the same 

wavelength as FS, so flavin produces an inner filter effect on the FS fluorescence. As FAD 

presents a molar absorptivity higher than that of FAD.H2, when flavin is in the oxidized form 

the inner filter effect is higher than in the reduced form; this means that the ChOx-FS 

fluorescence at the FS wavelengths is higher when the flavin is in the reduced form. Again, 

SF, Fmax or tmax can be chosen as the analytical parameters.  
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3.2  Optimization of parameters 

3.2.1 Enzymes concentration 

From the enzyme kinetic point of view, both ChOx and ChOx-FS behave in a 

similar way, so the optimization can be carried out using either of them and extrapolating 

the conclusions to the other enzyme. In this work, the optimization was carried out using 

ChOx. 

Since two enzymatic reactions are involved simultaneously in the method, it is 

important to clarify in detail the effect of each one on the fluorescence signal. However, it 

must be taken into account that the goal is to obtain a signal that allows a determination 

with sufficient sensitivity in a short time; i.e., the objective is to strike a balance between 

sensitivity and analysis time. 

The effect of the alkaline phosphatase (AP) concentration on the ChoP 

determination was studied. The results obtained working in SF and Fmax are shown in Fig 

2A, indicating that both analytical signals directly depend on the AP concentration. The 

increment is sequentially less important as the enzyme concentration increases, so for high 

concentrations (40 IU mL-1 and 64 IU mL-1) the results trend to a plateau and nearly null 

improvements are observed. This indicates that a further increase in the AP concentration 

would not increase the signal, so 40 IU mL-1 was considered as the optimum. The tmin 

behaves virtually independently of the enzyme concentration (see Table S1 and profiles in 

Fig S3).  

The effect of the concentration of the enzyme choline oxidase (ChOx) on the 

determination of ChoP was also studied. Fig 2B shows the results obtained from 

normalized intensities. These results are better explained after taking into account that the 

fluorescence of the enzyme is being measured, thus the higher the enzyme concentration, 

the faster the reaction, so the smaller the area and the tmin. The maximum fluorescence 

variation proved to be independent of the ChOx concentration, as can be seen in the 

results shown in Table S2 (and Fig S4). Balancing the reaction time and the signal, it was 

considered that a ChOx concentration of about 2 IU mL-1 would be a good compromise.   

3.2.2 Working pH  

The activity of both enzymes depends on the pH. Regarding ChOx [33], for pH 

values below 7 no reaction is detected while for pH values higher than 11 the enzyme 

denaturation quickly begins; the optimum pH for ChOx is 9.5 but it is possible to work in a 
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range between 8 and 10. Respecting AP, the enzyme is stable in the pH range 7.5-11, and 

the pH optimum for enzymatic activity is pH 8-10 [35]. In order to optimize the pH 

conditions for the ChoP determination, the reaction was performed with four different pHs 

(7, 8, 9 and 10). The Fc=f(t) profiles obtained are shown in Fig S5  and the results are 

shown in table 1. No changes in the shape of the fluorescence intensity versus time 

profiles with pH variation were observed. As a conclusion, pH=9 was finally chosen as the 

most suitable for this method. 

The composition of the buffer solution also affects the signal obtained. The best 

results were achieved using a carbonate buffer. Phosphate and TRIS-HCl were also tested 

but the signal was unstable in both cases. 

3.3 Analytical characteristics for ChoP determination 

In the light of the above considerations, the experimental conditions finally chosen 

were a 40 IU mL-1 AP solution, a 1.65 IU mL-1 ChOx solution and pH 9. In these conditions 

the figures of merit of the method were obtained. Fig 1B shows the ChoP calibration study 

obtained measuring the flavin fluorescence and using the optimum conditions. Table 2 

shows the results. Obviously, the methodology is faster measuring the Fmax parameter 

but the linear range and reproducibility are worse. 

A study of the figures of merit was also carried out using the fluorescence of 

ChOx-FS. The results (also compiled in table 2) were similar to those obtained using 

ChOx.   

3.4 Ch and ChoP simultaneous determination. 

In many samples containing ChoP, Ch is also present as a constituent. Since Ch 

also reacts with ChOx, the method described can be adapted for a combined determination 

of both analytes. Fig 3 shows a Fc=f(t) profile obtained when ChOx-FS and AP are 

sequentially added to a solution containing a Ch+ChoP mixture. After ChOx-FS addition, 

only the Ch present in the solution reacts (first maximum). When the ChOx-FS 

fluorescence returns to the initial value (which means that the Ch reaction is over), the 

subsequent addition of AP starts the ChoP reaction, giving the second maximum. From the 

Fmax and SF, the Ch and ChoP concentrations can be determined.  

A calibration of Ch was made in ChoP determination conditions. The results are 

shown in Table 2. Complementary assays were carried out and the following conclusions 

were obtained: 1) the presence of AP or ChoP in solution does not affect the ChOx-Ch 
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reaction (Fig S6), and 2) the previous reaction of Choline has no effect on the enzyme 

kinetics of the ChoP (Fig S7). 

3.5 Ch and ChoP determination in a milk sample. 

Since no reference material was available, in this work we have applied the 

methodology described to determine both Ch and ChoP in infant milk powder. 

3.5.1 Elimination of interference  

Milk is a very complex matrix with large amounts of water, fat, protein, lactose, 

vitamins and other compounds. Potential hydrophobic interferences can be eliminated after 

the simple treatment of the sample described in section 2. The enzymatic reaction assures 

the specificity of the method. However, some water soluble substances could present 

fluorescence and potential spectral interferences. The background fluorescence remaining 

in the aqueous phase was studied. To do this, 3D- excitation-emission-spectra were 

obtained (containing the spectra of emission fluorescence between 300 and 700 nm, 

exciting from 280 to 480 nm wavelengths at intervals of 10 nm). The registration is shown 

in Fig 4. The x-axis represents the excitation wavelengths and y-axis the emission ones. 

The fluorescence is represented by contour lines in which the intensity colour scales are 

represented at the right of the graph. Three major peaks can be highlighted. Two of them 

are located at λexc.380 nm, λem.520 nm, and λexc.450 nm, λem.520 nm, respectively. These 

peaks, which match with those of the FAD, are presumably due to riboflavin present in milk 

as Vitamin B2. The third peak, prominent for its high intensity fluorescence, is λexc.290 nm, 

λem.340 nm corresponding to tryptophan (Trp) of amino acids in milk. Rayleigh scattering 

and its harmonic (white stripes) also appear. 
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Several alternatives were tested to eliminate the fluorescence of the riboflavins: 

1) by irradiating with UV light (riboflavin could be degraded by radiation), the 

interference could only be partially reduced;  

2) it could be observed that this fluorescence depended on the pH and 

composition of the buffer solution influencing the stability of the fluorescence of the milk; if 

the pH increases, a decrease in fluorescence is observed, the best results being at pH 9 

and 10 (pH 7, 8, 9 and10 were tested). Since at pH=9 good sensitivity was obtained, this 

was finally chosen for the determination. Again, the nature of the buffer substantially 

affected the signal. Different buffers were tested (carbonate, phosphate, Tris-HCl). It was 

found that the best results were obtained using carbonate buffer. 

3) Working with ChOx-FS instead of ChOx. ChOx-FS presents a very intense 

fluorescence which masks the residual fluorescence of the sample. In addition, since 

kinetic signals are being measured, the residual spectral interference can be corrected by 

subtraction.  

Finally, the spectral interference problem was avoided by combining options 2 

(working at pH=9 carbonate) and 3 (using ChOx-FS instead of ChOx). 

After eliminating the background fluorescence, a certain effect of the matrix of the 

sample on the kinetic of the reaction was observed. This was solved by using the standard 

addition method. 

3.5.2 Enzymatic determination of Ch and ChoP in the sample 

To carry out the determination in infant milk formula, the standard addition method 

was used. The determination was carried out in triplicate. The sample was prepared as 

described in section 2.4.3, adding both analytes before the separation treatment so that 

they underwent the same processes as the sample at all times. 

The analytical signal selected was the area. The results obtained were 0.157 ± 

0.013 mg/gr of free Ch and 0.022 ± 0.002  mg/gr of ChoP in milk (n=3), in agreement with 

results from the literature [16]. A recovery study was also performed. Concentrations of Ch 

and ChoP were added to the solution obtained before centrifugation, which were submitted 

to the described procedure. Recovery of 93% for Ch and 95% for ChoP were obtained. 
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4. Conclusions 

The use of combined AP/ChOx linked to the fluorescence of the latter allows the 

determination of ChoP to be carried out in a short period of time with good sensitivity. 

Moreover, it has been demonstrated that the simultaneous determination of Ch and ChoP 

can be carried out easily using the intrinsic fluorescence of ChOx (or the induced ChOx-FS 

fluorescence). In addition, from the results given in this work it seems clear that plate 

readers can be conventionally used for developing enzymatic methods based on enzyme 

fluorescence.  

The most important advantages of this method are that it does not require the 

addition of more reactives than those involved in the reaction, and enzymes are 

regenerated during the process so that they can therefore be used several times. The 

possibility of using this method as the basis for optical sensors is currently being studied. 
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Figure Captions 

 

Fig 1.- A Variation in fluorescence intensity over time during the enzymatic reaction. (a) 

[Ch]= 1.0·10-5 M, [ChOx]=1.65 IU mL-1, pH 9 at FAD wavelengths (λexc.420 nm and λem.530 

nm)  (b) [ChoP]= 1.0·10-5 M, [ChOx]=1.65 IU mL-1, [AP]=40 IU mL-1, pH 9 at FAD 

wavelengths (λexc.420 nm and λem.530 nm) ; (c) [ChoP]= 1.0·10-5 M, [ChOx-FS]=1.65 IU 

mL-1, [AP]=40 IU mL-1, pH 9 at FS wavelengths (λexc.440 nm and λem.530 nm).   B Choline 

phosphate calibration study at FAD wavelengths. [AP]=40 IU mL-1, [ChOx]= 1.65 IU mL-1, 

pH 9, λexc.420 nm and λem.530 nm. ChoP concentrations are (in M): 

a)blank   b) 5.20·10-7     c) 1.00·10-6     d) 5.20·10-6     

e) 1.00·10-5     f) 5.00·10-5     g) 1.00·10-4   

 

Fig 2.-  A Influence of [AP] on SF(● )and Fmax (■).  [ChOx]=1.65 IU mL-1 [ChoP]=1.0·10-

5 M, pH 9, λexc.420 nm and λem.530 nm. B Influence of [ChOx] on SF(● )and tmin (■).  

[AP]=32 IU mL-1, [ChoP]=1.0·10-5 M, pH 9, λexc.420 nm and λem.530 nm.  

 

Fig 3.-.- Fluorescence intensity variation over time during the sequential enzyme reaction 

of a sample containing Ch and ChoP measured at wavelengths of the FS.   

[Ch]= 4.90·10-5 M, [ChoP]= 2.0·10-5 M, [ChOx-FS]=1.50 IU mL-1, [AP]=40 IU mL-1, pH 9 at 

FS wavelengths (λexc.440 nm and λem.530 nm)    

 

Fig 4.- 3D spectrum of the aqueous fraction of infant milk. Quartz cuvette, λexc.280, 290, 

300, 310 …to 480 nm and λem.300 - 700 nm, width slits 4 nm (exc.) and 4 nm (em.) 
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Figure 1 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

20 

 

Figure 2 
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Figure 3 
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Figure 4 
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Table 1. Influence of pH on SF(● )andFmax (■).  [AP]=40 IU mL-1, [ChOx]= 1.65 IU mL-1, 

[ChoP]=1.00·10-5 M, λexc.420 nm and λem.530 nm.  

 

pH 7 8 9 10 

SF 2.78 0 16.8 9.0 

Fmax 0.011 0 0.105 0.042 
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Table 2.- Figures of merit for ChoP and Ch determination using ChOx and/or ChOx-FS 

fluorescence in the ChoP optimal conditions.  

 
 
 
 
 

 

 

 

 

 

 

 

* Maximum concentrations tested. 

 

 

  

 Calibration line ([ChoP] or [Ch] in M) range (M) RSD (%) 

ChOx 

 

SF= 0.13(±0.26) + 1.27(±2.0) *106 [ChoP] 

r=0.999 

 5.2*10-7 to 1.0*10-5(*) 3.7% (n=4) 

Fmax= 0.003 (±0.001) + 1.34(±1.42) *104 [ChoP] 

r=0.993 

5.2*10-7 to 5.0*10-6 4.8% (n=4) 

ChOx-FS 

 

SF= 0.47(±0.35) + 2.41(±2.0) *105 [ChoP] 

r=0.999 

5.2*10-6 to 1.0*10-4(*) 4.2% (n=4) 

Fmax =0.004 (±0.002) + 8.60(±2.0) *102 [ChoP] 

r=0.989 

5.2*10-6 to 1.0*10-5 5.0% (n=4) 

SF= 1.96(±1.5) + 1.57(±1.0) *105 [Ch] 

r=0.998

9.2*10-6 to 1.0*10-4(*) 4.1%(n=4)  
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HIGHLIGHTS 

 It has been developed a rapid method for determination of 

phosphorylcholine. 

 Two enzymatic reactions are coupled in only one test. 

 The fluorescence variation of Choline Oxidase is used as analytical 

parameter. 

 The sequential determination of choline and phosphorylcholine is possible. 

 A plate reader is used to measure the fluorescence with good results. 


