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Environmental friendly nano biosensor can improve the detection performance of traditional biomolecular sen-
sors and have important application value in practical applications. In this study, a kind of room temperature
phosphorescence (RTP) quantum dots (QDs) (GOX RTP QDs) nanobiosensor was prepared by mineralization
at room temperature (25 °C), using galactose oxidase (GOX) as template, which improved the catalytic ability
of traditional GOx toD-Galactose. The specific enzyme substrate reaction betweenGOx andD-Galactose and pho-
toinduced electron transfer (Piet) were used to detect the RTP of D-galactose. The linear range of D-galactose de-
tection is 0.02–0.8 mM, and the detection limit of the method is 0.008 mM. This method is based on the RTP
property of QDs, which can effectively avoid the interference of background fluorescence of biological samples,
and does not need complex sample pretreatment process. Therefore, this method is more suitable for the quan-
titative detection of D-Galactose in biological samples.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

The development of environmental friendly biosensor is an impor-
tant part of modern biotechnology research. Green nano biosensor im-
proves the detection performance of traditional biomolecular sensors
due to its good biocompatibility, large specific surface area, many sur-
face active centers, high catalytic efficiency and strong adsorption ca-
pacity, and is widely used in biological detection [1,2], clinical
medicine diagnosis [3,4] and other industries.

Due to the characteristics of semiconductor QDs, such as high fluo-
rescence quantum yield, light bleaching resistance, relatively narrow
and symmetrical emission spectrum, wide range of continuous excita-
tion spectrum and long light life, quantum dots have become the ideal
material for the preparation of biosensors, and the biosensors have the
advantages of higher sensitivity, better reliability, faster response
speed and smaller volume. It has become an important content in the
field of bioanalytical chemistry [5–14].

However, the preparation of QDs often needs to be synthesized in
high temperature ormore complex environment, and surface modifica-
tion is needed tomake themhydrophilic or biocompatible through con-
nection, ligand exchange or other ligand coating. To further prepare
biosensors, it also needs to be connected with proteins (antibodies, en-
zymes, etc.), DNA and other molecules to make QDs have biological tar-
get recognition performance, the process of functionalized QDs is not
only complex and time-consuming, but also has poor stability, which
limits its practical application. Therefore, directly using protein or DNA
molecules as templates to synthesize QDs biosensors with high specific-
ity and good stability is the first choice to solve the above problems.

Since proteins contain multiple residue groups like sulfydryl,
amidogen, hydroxy and carboxyl and proteins match with QDs in size,
proteins can be used as ligand to synthesize QDs, which is called the
protein functionalized QDs [7–9]. Enzyme is a kind of protein with
high specificity and catalytic activity to its substrate, and it is also the
target part of many biosensors. Therefore, the QDs of enzyme
functionalization should be an important part of the development of
nano-biosensors, but the catalytic effect of enzyme depends on the in-
tegrity of the primary structure and spatial structure of enzyme mole-
cules, if the enzyme molecules are denatured or subunit
Depolymerization can result in the loss of enzyme activity. Therefore,
how to synthesize QDswith enzyme as template under mild conditions
becomes the key.

In addition, RTP QDs have many advantages comparedwith fluores-
cent QDs in termof optical properties. Firstly, RTP QDs (e.g. Mn-ZnS RTP
QDs) has a longer triplet emission lifetime (ms level) and it can avoid in-
terference of background fluorescence and emission light in compli-
cated samples (e.g. biological fluids) [15,16]. Its detection selectivity is
significantly higher due to the few occurrence of phosphorescence.
Moreover, its Stroke shifts are relatively higher and the self-
adsorption phenomenon is lighter, thus enabling to avoid interferences
of excitation spectra. Secondly, RTPQDs require nodeoxidant or inducer
at detection, which decreases the complicated pre-processing
[10,12,13,17]. Therefore, RTP QDs is more suitable for sensing target
molecules in complex biological samples [8,11,12,18–23].
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Based on above reasons, aMn-ZnSRTPQDs (GOXRTPQDs) nanobio-
sensor which uses GOX as template was prepared under a room tem-
perature (25 °C). Besides, RTP detection of D-Galactose was achieved
through specific recognition and decomposition of GOX to D-
Galactose. The construction process is that: Zn2+ and Mn2+ react with
GOX to generate biological mineral composites through biological min-
eralization. After S2− is added in, GOX functionalized Mn-ZnS RTP QDs
are generated (Fig. 1A). These RTP QDs are equipped with not only en-
zyme function of GOX, but also RTP properties as a kind of bi-functional
nanomaterial. GOX can catalyze decomposition of D-Galactose into
H2O2 andD-galacto-hexodialdose. H2O2 can quench RTP of QDs through
electronic transfer. Based on this principle, a RTP biosensor for quantita-
tive detection of D-Galactose was set up (Fig. 1B). Since this method is
based on enzyme functions of GOX and RTP properties of QDs, this bio-
sensor is characteristic of high specificity and can reduce interferences
of background florescence and scattering light of biological samples ef-
fectively with respect to target detection. So it is more suitable for the
quantitative detection of D-Galactose in biological samples.

2. Experimental

2.1. Materials and chemicals

Ultrapure water (18.2 MΩ‧cm) was produced by a WaterPro ultra-
pure water system (Labconco, US). GOX (GOX N 70.0 U/mg) and D-
Galactose were bought from Sangon (Shanghai) Co., Ltd. Zn(Ac)
2·2H2O, Mn(Ac)2·4H2O, and Na2S·9H2O was purchased from Tianjin
Kemiou Chemical Reagent Co., Ltd.

2.2. Apparatuses

RTP and Resonance Light Scattering (RLS) signals were tested by a
Cary Eclipse fluorospectro photometer (Varian Company, USA). Mate-
rial morphology was characterized on a Field Emission Transmission
ElectronMicroscope (FEI Tecnai G2 F20 S-Twin Energy Dispersive Spec-
trometer: Oxford AZtec X-Max 80). Energy spectra were tested on the
Super-X G2 EDS Detector (FEI Company). pH value was tested on a pH
Fig. 1. (A) Synthesis process and diagram of GOX RTP Q
meter (Shanghai Leici, China). Ultraviolet/visible adsorption spectra
(UV/Vis) were tested by a SPECORD 200 PLUS (Analytik Jena,
Germany). XPS analysis was implemented on an X-ray Photoelectron
Spectrometer (Thermo Fisher Scientific EscaLab 250Xi).
2.3. Synthesis of GOX RTP QDs

The synthesis of GOX RTP QDs: 100 μL GOX (1mg/mL), 20 μL MnAc2
(2.5 mM), 39 μL ZnAc2 (50 mM) and 50 μL Tris-HCl solution (pH= 6.0,
0.1 M) were added into 259 μL secondary water, and then sealed up for
5 min reaction under 25 °C. Subsequently, 32 μL Na2S (50 mM) was
quickly added into the above reaction solution, and reacted for 20 min
to obtain GOX RTP QDs.
2.4. Detection method

Test of D-Galactose: 0.5 mL Tris-HCl buffer solution (pH 7.8, 0.1 M)
was added firstly. Secondly, 100 μL synthesized GOX RTP QDs solution
was added and different volumes of D-Galactose solution (20 mM)
was added, diluted to 5 mL and then oscillated evenly. RTP was tested
30 min later under the excitation wavelength of 305 nm.
2.5. Docking calculation between GOX and Zn2+

GOX and Zn2+ were processed by autodocktools1.5.6, followed by
distribution of atom types and generation of partial charges. Finally,
they were stored in pdbqt format for molecular docking by using
autodock vina.1.1.2. A total of 9 conformations were generated and
the conformation with the best affinity was chosen as the final docking
conformation. The interaction diagram of pymol1.7 was drawn. Vina
docking parameters were set as the center coordinate of docking box:
center_x = 13.935, center_y = 3.055, center_z = 19.862. The size of
docking box was: size_x = 64, size_y = 56, size_z = 58. Besides, ex-
haustiveness = 32 and energy_range = 4. Other parameters were set
in default. GOX structural informationwas collected from PDBdatabase.
Ds. (B) Detection of D-Galactose by GOX RTP QDs.
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2.6. Docking calculation between GOX and D-galactose

D-Galactose 2D structure was drawn by ChemDraw and it was stored
in cdx format. The cdx formatwas input by chem3Dand the optimized re-
sults after MM2 force field was stored in pdb format for molecular
docking. GOX and D-Galactose were processed by autodocktools1.5.6,
followed by distribution of atom types and generation of partial charges.
Finally, they were stored in pdbqt format for molecular docking by
using AutoDock vina.1.1.2. A total of 9 conformations were generated
and the conformation with the best affinity was chosen as the final
docking conformation. The interaction diagram of pymol1.7 was drawn.
Vina docking parameters were set as the center coordinate of docking
box: center_x = 21.996, center_y = 11.236, center_z = 30.047. size of
docking box: size_x = 20, size_y = 20, size_z = 20. exhaustiveness =
32, energy_range = 4. Other parameters were set as default.

2.7. Sample detection

In this study, urinewas collected from healthy human body andwas
only diluted by 100 times. The standard dose of D-Galactose was set
0.1 mM, 0.2 mM and 0.3 mM, respectively. Sample detection steps are
same as that in Section 2.4. The whole experiment repeated by 3 times.

3. Results and analysis

3.1. Optimization of synthesis conditions for GOX RTP QDs

In this study, GOX RTP QDs were synthesized directly under room
temperature by using GOX as the template. Since concentration ratio,
pH, temperature and aging time of reactant can influence optical prop-
erties of GOX RTP QDs significantly, preparation conditions of GOX RTP
QDs were optimized.

With the increase of molar ratio betweenMn2+ and (Mn2++Zn2+),
RTP intensity of GOX RTP QDs increases firstly and then decreases, and
reaching the maximum at 2.5% (Fig. 2A). Luminescence after adultera-
tion ofMn2+ is attributed to self-activation luminescence of ZnS and rel-
evant luminescence related with Mn2+ center. With the increase of
Mn2+ adulteration, Zn2+ vacancies are filled in by Mn2+ gradually. Ac-
cordingly, self-activation luminescence of ZnS weakens, whereas the
relevant luminescence related with Mn2+ center increases. When the
adulteration ratio is higher than 2.5%, the luminescence intensity will
decline with the continuous growth of Mn2+ adulteration, thus
resulting in concentration quenching. This is because excessive Mn2+

after Mn2+ vacancies are filled up by Mn2+ will be adsorbed onto the
surface of GOX RTP QDs to capture electrons, thus resulting in RTP
quenching [24].

With the increase of molar ratio of S2−: (Mn2++ Zn2+), RTP inten-
sity of GOX RTP QDs increases firstly and then decreases (Fig. 2B). RTP
intensity reaches the maximum at 0.8 of molar ratio. Given a small
molar ratio of S2−: (Mn2++ Zn2+), it is difficult to formmuch effective
luminescence centers of GOX RTPQDs.With the increase of S2− propor-
tion, the number of effective GOX RTP QDs also increases and RTP is en-
hanced gradually. With the continuous increase of S2− proportion,
excessive S2− will be adsorbed onto the surface of GOX RTP QDs.
These surface S2− have relatively high reaction activity and are ex-
tremely instable. It is very easy to form luminescence quenching center
with other atoms. Moreover, there are few S2− vacancies in GOX RTP
QDs due to excessive S2− proportion. As a result, only few electron
hole pairs are formed, which determines the low RTP intensity [11,20].

As shown in Fig. 2C, with the increase of GOX concentration, RTP in-
tensity of GOXRTPQDs increases firstly and then decreases and reached
the peak at 0.20 μMofGOXconcentration.When theGOXconcentration
continues to increase, RTP intensity of GOX RTP QDs is decreased grad-
ually. This might be because the proportion ratio of GOX in relative to
Mn2+, Zn2+ and S2− is too higherwhen theGOXconcentration is exces-
sive, and QDs formed on GOX are decreased accordingly.
It can be seen from Fig. 2D thatwith the increase of pH, RTP intensity
of GOX RTP QDs increases firstly and then decreases. The RTP intensity
reaches the peak at pH 6.0, and then decreases with the further increase
of pH. Due to equilibriumof various ions in the solution, the equilibrium
among S2−, H+ and amino acid residues will be broken under a relative
small value of pH, thus decreasing the binding site between S2− and
amino acid residues in the solution. In this way, S on nanoparticle sur-
face and amino acid residues will dissolve and separate from the equi-
librium. Consequently, the nanocrystal surface will develop many
defects, in which these vacancies become the nonradiative compound
centers. Therefore, RTP intensity of GOX RTP QDs under small pH is rel-
atively low. Because of the incomplete coordination of atoms on the sur-
face of nanoparticles with large alkaline ratio, when pH is higher than
6.0, there are a lot of hanging bonds, so the strength of RTP decreases.

Based on above results, the optimal conditions for synthesis of GOX
RTP QDs under room temperature is molar ratio of Mn2+: (Mn2++-
Zn2+)=2.5%,molar ratio of S2−: (Mn2++Zn2+)=0.8, GOX concentra-
tion is 0.20 μM, and pH 6.0.

3.2. Characteristics of GOX RTP QDs

UV spectra of MPA covered Mn-ZnS QDs (curve a), GOX RTP QDs
(curve b) and GOX (curve c) are shown in Fig. 3A. GOX RTP QDs
shows a blue shift compared with MPA covered Mn-ZnS QDs. Since
the absorption peak of GOX at 280 nm is smaller than the absorption
peak wavelength of Mn-ZnS QDs, the superposition of GOX and Mn-
ZnS QDs leads to the blue shift of the absorption peak of GOX RTP
QDs. This also indicates that the RTP QDs which uses GOX as the tem-
plate are synthesized.

According to Fig. 3B, the maximum excitation peak of GOX RTP QDs
is 305 nm (curve a), and themaximum emission peak is 595 nm (curve
b). This is because the RTP emission principle of GOX RTP QDs is that
electrons on ZnS matrix are excited by the adsorbed excitation light
and vacancies are captured by Mn2+. Cavities and electrons are com-
bined on Mn2+, resulting in RTP of Mn2+ 4T1-6A1 transition [11,25,26].
(hv1 is the fluorescence caused by defects on ZnS surface and hv2 is
the phosphorescence caused by Mn2+ 4T1-6A1 transition).

According to Fig. 3C and D, the average diameter of GOX RTP QDs is
about 4.0 nm, and its Phosphorescence lifetime is 1.8 ms. The results of
energy spectrum show that the synthesized GOX RTP QDs contain Mn,
Zn and S. In this study, GOX RTP QDs and QDs without GOX coverage
were analyzed by X-ray photoelectron spectroscopy (XPS). According
to results, peaks of Zn (2p) of GOX RTP QDs occur at 1022.08 eV and
1044.89 eV (illustration in Fig. 3F), indicating Zn elements and GOX
are combined. In addition, the peak at 1022.08 eV is a characteristic
peak of ZnS, indicating that ZnS is formed by GOX RTP QDs.

Based on above results, GOX RTP QDs nanocomposites are prepared
successfully in this study.

3.3. Detection of GOX RTP QDs used in D-galactose

Fig. 4A RTP shows that with the increase of D-Galactose concentra-
tion, the RTP intensity of GOX QDs is quenches gradually and regularly
quenched, indicating that GOX RTP QDs can be used as RTP probe of
D-Galactose. Under the optimal conditions, the ratio between RTP in-
tensity quenching value of GOX RTP QDs and initial value of RTP
((RTP0-RTP, △RTP)/RTP) and D-Galactose concentration conform to
the equation (Fig. 4B):

1= P0−Pð Þ ¼ 1=P0 þ KLB= P0Cq
� �

where P0 represents phosphorescence intensity of phosphor. P repre-
sents phosphorescence intensity of the system after phosphorescence
quencher, Cq is the concentration of quencher. KLB is the static
quenching binding constant [27–29].
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This RTP sensor has two linear ranges of D-Galactose detection,
which are 0.02–0.1 mM and 0.1–0.8 mM, the detection limit of this
method (3σ) is 0.008 mM.

The pH and temperature of solution can influence D-Galactose de-
tection of GOX RTP QDs significantly. According to Fig. 4C, when pH is
7.8, the phosphorescence quenching rate (△RTP/RTP) reaches themax-
imum. Therefore, pH 7.8was chosen as the optimal reaction condition. It
can be seen from Fig. 4C that when the reaction temperature is 40 °C,
△RTP/RTP reaches the maximum. Hence, 40 °C was chosen as the opti-
mal reaction temperature.

Compared with other detection methods, The detection limit of this
method was higher than Flow-injection [30], UV–visible Absorptiome-
try [31], Fluorescence [32], and lower than Electrochemistry method
[33] (Table S1). Different from these methods, this method is based on
RTP detection,which is not interfered by background fluorescence of bi-
ological samples, and does not need complex sample pretreatment pro-
cess. So it is easy to operate. In addition, GOXRTPQDs in this study is not
simply modified on the surface of QDs by linking, but directly synthe-
sized GOX RTPQDswith GOX as the template. QDs andGOXare embed-
ded with each other as a whole, which is more stable and easy to
operate than the method of first preparing QDs and then linking en-
zyme molecules on its surface [34].

H2O2 is an excellent quencher for Mn-ZnS QDs [10]. Phosphores-
cence quenching of Mn-ZnS QDs by H2O2 is caused by electron transfer:
the electrons on the conduction band of Mn-ZnS QDs are captured by
H2O2, which inhibits the composition of electrons and holes produced
by photoexcitation. Therefore, the detection principle of GOX RTP QDs
system to D-Galactose is: GOX RTP QDs catalyze oxidization of D-
Galactose to produce H2O2, while H2O2 quenches RTP of GOX RTP QDs.
Meanwhile, H2O2 is reduced to O2 and then O2 participates in D-
Galactose oxidization reaction catalyzed by GOX RTP QDs, finally
forming the process of recycling O2. This process is beneficial to the
detection of D-Galactose by GOX RTP QDs, because O2 is a common
phosphorescence quencher. The recycling of O2 in the process of cata-
lytic oxidation of D-Galactose by GOX RTP QDs can avoid influences of
O2 on phosphorescence and increases sensing efficiency of GOX RTP
QDs to D-Galactose.

3.4. Activity evaluation of GOX RTP QDs

In the presence of GOX, D-Galactose can be produced by oxidization
of O2 to generate D-Galactose acid and H2O2:

The activity of GOXRTPQDswas also evaluated. Under the given en-
zyme activity, the production rate of H2O2 was proportional to D-
Galactose concentration. Here, H2O2 is a phosphorescence quencher.
Therefore, the degree of phosphorescence quenching is related to the
activity of GOX enzyme directly. It can be seen from Fig. 5A that phos-
phorescence quenching basically reaches a platform in 30 min when
the concentration of D-Galactose exceeds 0.6 mM. According to slope
of enzyme reaction, Michaelis constant (Km is used to characterize con-
stant of enzyme-substrate interaction) of GOX is calculated. It can be
calculated from the Lineweaver-Burke curve:

1
v
¼ Km

Vmax

1
S½ � þ

1
Vmax

According to the method proposed by Cao andWu et al. [10,35], we
calculated that the Km value of GOx RTP QDs is 0.37 mM (Fig. 5B), while
the Km of GOX without fixed is 61 mM [36]. Since the smaller the Km
value, the stronger the binding capacity of the enzyme to the substrate,
so the affinity of GOx combined with QDs and D-Galactose is enhanced,
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and the enzyme activity is greatly improved. It is possible that QDs
nanomaterials have large specific surface area and can combine with
more GOx, which leads to the increase of catalytic activity.

3.5. Synthesis mechanism of GOX RTP QDs

In order to better study the formation process of GOXRTPQDs and the
process of catalyzingD-Galactose, the docking calculation of the combina-
tion of GOX and Zn2+ as well as the combination of GOX and D-Galactose
was carried out in this study (Table S2, Fig. 6). Select the docking structure
with the most stable energy (Row 1 in Table S2) for analysis.

Since Zn2+ is the key ion to formQDs, docking betweenGOXandZn2+

was calculated. Molecular docking reflects (Fig. 6A) that Zn2+ is bonded
onto N-end structural domain of GOX. The bonding site is between a
short section ofα-helix and a section of loop structure. The affinity (bind-
ing free energy) is −2.0 kcal/mol. The interaction residues of Zn2+ are
mainly Asp32, Thr37 and Glu142. Side chains of these three residues
have relatively strong electronegativity. In particular, side chains of Asp
andGlu are carboxylswhich are negatively charged and can forma strong
electrostatic interaction with positive charges of Zn2+, and fix Zn2+. The
N-end structural domain of GOX is the main position of QDs.

In this study, docking calculation between GOX and D-Galactose
molecules was carried out. The results show that D-Galactose binds to
C-endwith a large domain of GOX. The binding sitewas located in an ac-
tive pocket with large flexibility, which is mainly surrounded by loop
structure (Fig. 6B). The activity pocket has half strong hydrophilicity in
and half strong hydrophobicity. Hydroxyls of D-Galactose are mainly
towards the hydrophilic side, while carbon atoms are towards the hy-
drophobic side (Fig. 6C). The affinity (binding free energy) between
D-Galactose and receptor protein is −4.9 kcal/mol.

D-Galactose binds to a Cu+ mediated catalytic site (Fig. 6D). Among
them, Cu+ can bond with four residues (Tyr272, Tyr495, His496 and
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His581) to form a complex structure. The distances between Cu+ and
key atoms of four residues are 2.1 Å, 2.9 Å, 2.0 Å and 2.1 Å, respectively.
The complex structure is necessary for catalysis. In addition, Cys228 can
form a covalent structure with Tyr272 through thioether bond. This
structure can finally form Tyr radicals. The free radical is also vital to
oxidization of catalyzed D-Galactose. Finally, the distance between hy-
droxyl oxygen on the 6C atom of D-Galactose and Cu+ is 3.9 Å, which
is relatively close to catalysis center and conducive to catalysis, that is,
hydroxyl is oxidized.

According tomolecular docking (Fig. 6E) the interaction residueswith
D-Galactose mainly include Phe194, Trp290, Tyr329, Arg330, Gln406,
[D-Galactose] (mM)
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Fig. 5. (A) Variations of RTP intensity of GOX RTP QDs with the increase of D-Galactose c
Pro463, Tyr495, etc. The hydroxyls of D-Galactose have hydrogen bonds
with these residues. As shown in the dotted line, these hydrogen bonds
play a key role in the stable binding and catalysis of D-Galactose.

Based on above results, the bonding positions of GOX and QDs are
mainly at N end, and the bonding positions of GOX and D-Galactose
aremainly at C end. Therefore, formation of GOX RTP QDswill not influ-
ence the binding between GOX and D-Galactose directly. However, the
large specific surface area of QDs can carry much GOX, which can pro-
mote interaction between GOX and D-Galactose better on QDs surface.
Therefore, GOX RTP QDs have high catalysis activity because of the
abundant catalysis sites.
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oncentration. (B) Lineweaver-Burke plots of the GOX RTP QDs/D-Galactose reaction.
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Fig. 6. (A) Docking calculation results between GOX and Zn2+. (B) Overall binding part between GOX and D-Galactose. (C) Specific binding position between GOX and D-Galactose.
(D) Catalysis residues of GOX. (E) Interaction residues between GOX catalysis and D-Galactose.
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3.6. Selectivity of GOX RTP QDs in D-galactose detection

Some common metal ions and biomolecules in biological liquid are
used to study the interference to GOX RTP QDs reaction system
(Table S3). When the D-Galactose concentration is 0.1 mM, RTP inten-
sity of the D-Galactose detection system basically remains unchanged
by 100 times of K+, 400 times of Na+, 12 times of Ca2+, 8 times of
Mg2+, 0.0005 times of Fe2+, 0.00001 times of Cu2+, 100 times of
glucose, 100 times of saccharose, 40 times of alanine, 0.1 times of pro-
line, 0.1 times of lysine, 0.1 times of glutathione, 0.005 times of cysteine
and 0.0006 times of HAS.

3.7. Detection of real samples

To evaluate feasibility of the D-Galactose detectionmethod in actual
biological samples, urine was used as the study object (Table S4). The
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recovery of spiked sample was between 88%–104%, which indicating
that the method is feasible to detect D-Galactose in urine.

4. Conclusions

In this study, a kind of protein GOX functional GOX RTP QDs nano
RTP composite was synthesized by using GOX as a template and opti-
mizing the preparation conditions. This GOX RTP QDs not only achieved
the protein (enzyme) functional modification of RTP QDs at room tem-
perature, but also improved the catalytic activity of GOX to D-Galactose,
and the synthesismethodwas green and environmental protection. The
specific recognition of enzyme and substrate of D-Galactose by GOX and
photoinduced electron transfer (PIET)were used to detect the RTP of D-
Galactose. Because thismethod is based on theRTP property of GOXRTP
QDs, compared to fluorescent quantum dots, which can avoid the inter-
ference of backgroundfluorescence and scattering light, it is particularly
suitable for the quantitative detection of D-Galactose in biological
samples.
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