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A B S T R A C T

Lactic acid enantiomers, normally found in fermented food, are absorbed into the blood and interact with plasma
carrier protein human serum albumin (HSA). Unveiling the effect on the function and structure of HSA during
chiral interaction can give a better understanding of the different distribution activities of the two enantiomers.
Multi-spectroscopic methods and molecular modelling techniques are used to study the interactions between
lactic acid enantiomers and HSA. Time-resolved and steady-state fluorescence spectra manifest that the fluor-
escence quenching mechanism is mainly static in type, due to complex formation. Binding interactions, deduced
by thermodynamic calculation, agree with the docking prediction. Docking results and kinetic constants re-
present chiral-recognizing discriminations consistently. The bindings of lactic acid enantiomers lead to some
microenvironmental and slight conformational changes of HSA as shown by circular dichroism (CD), synchro-
nous and three-dimensional fluorescence spectra. This investigation may yield useful information about the
possible toxicity risk of lactic acid enantiomers to human health.

1. Introduction

Lactic acid affects the rheological and sensory qualities of milk and
gives good storage properties to fermented products. As a nutrient, it
provides 3.6 kcal/g or 15.2 kJ/g of energy (Alm, 1982). Lactic acid is
chiral, consisting of two optical enantiomers (Fig. 1). One is L-(+)-lactic
acid (L-Lac) and the other is D-(−)-lactic acid (D-Lac). Lactic acid en-
antiomers are characteristic in all fermented dairy products (wines,
sake and milk products) which are generated by both homo- and het-
erofermentative microbes. In fermented milk (Alm, 1982), the amount
of total lactic acid is about 0.6–1.2%, and L-Lac is the major enantiomer
formed. The amount of D-Lac is about 0–10% of the total lactic acid in
acidophilus milk. In yogurt, about 40% of the total lactic acid is D-en-
antiomer.

Physiological experiments in man and animals showed that lactic
acid enantiomers were absorbed from the human intestinal tract
(Duran, Van Biervliet, Kamerling, & Wadman, 1977). L-Lac can promote
calcic absorption. However, the rate of metabolism of the D-enantiomer

was considerably lower than that of L-Lac (Flemström, 1971). However,
after intake of large quantities of D-Lac, enhanced Ca2+ was secreted in
the urine (Alm, 1982). Restricted consumption of products which
contain a high concentration of D-Lac is worth advocating. Infant for-
mulae containing D- or DL mixture should be avoided (Organization,
1974).

It is known that ligand–protein interactions affect the distribution,
free concentration, and metabolism of various small molecules in the
bloodstream. When lactic acid enantiomers are absorbed into the blood,
they may bind to plasma proteins and subsequently change the struc-
ture and function of the protein. Yet, no reports have so far examined
the chiral effects of lactic acid enantiomers at the molecular level, and
the possible effect on plasma proteins is still poorly understood.
Nutrition and safety of foods are concerns around the world, and thus
information is needed to fill in this gap.

HSA is the major protein component of human blood plasma. The
physiological and pharmacological functions of HSA are maintaining
osmotic pressure of blood, buffering pH, and serving in the
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transportation and distribution of a variety of nutrients and medicines.
HSA is a monomeric protein which contains 585 residues. It contains 3
structurally similar α-helical domains (I–III), and each domain can be
divided into subdomains A (containing 6 α-helices) and B (containing 4
α-helices) (He & Carter, 1992). Drugs or compounds mainly bind to one
of the two primary binding sites on the protein, known as Sudlow’s sites
I (warfarin binding site) and II (benzodiazepine binding site).

Exploring the interaction mechanism of lactic acid enantiomers with
HSA can give a better understanding of the different distribution ac-
tivities of the two enantiomers. Because of their high sensitivity, ra-
pidity, reproducibility, and convenience, spectroscopic approaches
have become useful techniques for study of protein–ligand interactions
(Cao et al., 2018; Zhang, Wang, & Pan, 2012). The measurements can

be carried out under physiological conditions to better mimic in vivo
interaction environments (Mu et al., 2018; Zhang, Zhuang, Tong, & Liu,
2013). Multi-spectroscopic approaches, such as time-resolved fluores-
cence, steady-state fluorescence quenching, three-dimensional (3D)
fluorescence, synchronous fluorescence and CD spectroscopy, were
used to determine the binding characteristics, the main acting forces
and conformational changes during chiral binding. The molecular
docking technique was also employed to further elucidate chiral
binding. This method is easily applicable to find out the preferred or-
ientation of one or more molecules on the active sites of proteins (Liu
et al., 2018). In the meantime, the binding affinity may be predicted,
using the preferred orientation. Molecular docking has been success-
fully employed to further elucidate the mechanism of chiral binding,
because it has the ability to predict the optimal conformations between
small molecules and the binding sites of protein (Alonso, Bliznyuk, &
Gready, 2006). Spectra and docking results may provide basic data for
clarifying the stereoselective binding mechanisms of L-Lac/D-Lac with
HSA and may be helpful for human health and food safety.

2. Materials and methods

2.1. Materials

L-(+)-Lactic acid (90% in water) and D-(−)-lactic acid (89–91%)
were purchased from Adamas Reagent, Ltd. (Shanghai, China). HSA
(96–99%) was obtained from Sigma-Solarbio Co. (Beijing, China).
Other reagents and chemicals used in this research were all of analytical
grade or higher level. Deionized water (18.2MΩ) was prepared using a
Milli-Q water purification system (Millipore, Bedford, MA). Tris–HCl
buffer solution (0.1M NaCl, 0.1 M Tris, pH 7.40) was used in fluores-
cence measurement, and phosphate buffer (0.02M, pH 7.40) was used
in circular dichroism measurements.

2.2. Steady-state fluorescence measurements

Steady-state fluorescence spectra measurements were performed on
a Cary Eclipse Spectrofluorimeter (Varian, USA) equipped with CARY
Temperature Controller (−10–110 °C). Excitation wavelength of
280 nm was used for fluorescence emission spectra measurement.
Fluorescence titrations were performed by keeping the fixed con-
centration of HSA (4.30× 10−7 M) while titrating by successive addi-
tions of L-Lac or D-Lac at temperatures of 293 K, 301 K and 310 K. The
lactic acid concentrations after each titration were 1.28, 2.56, 3.84,
5.12, 6.40, 7.68, 8.96, 10.2, 11.5× 10−7 M, respectively. The syn-
chronous fluorescence spectra were obtained by setting the excitation
and emission wavelength interval (Δλ) at 15 and 60 nm (298 K). The 3D
fluorescence spectra of L, D-Lac (1.15× 10−6 M), HSA (4.30× 10−7 M)
and mixtures of HSA-Lac enantiomer were obtained in an excitation
wavelength range from 200 nm to 320 nm at 5 nm increments at tem-
perature of 298 K, and emission wavelength range from 280 nm to
480 nm and recorded.

2.3. Time-resolved fluorescence experiments

A FLS980 system (Edinburgh Instruments) equipped with a
290.80 nm picosecond pulsed light emitting diode was used for time-
resolved fluorescence decays measurement. The emission mono-
chromator was fitted to 346 nm with slits of 10 nm. The fluorescence
decay curves were recorded over 100 ns up to a peak count of 4000
(1024 channels) at 301 K. The decay curves of HSA (1.0× 10−6 M)
were measured with 0, 2.5, 5.0, 7.5, 10×10−7 M lactic acid isomers.
the intensity decays were fitted using the FAST software package
(Edinburgh Instruments).

Fig. 1. (A) Structures of lactic acid isomers and fluorescence intensity decay of
HSA (1.0× 10−6 M) in presence of increasing (B) L-Lac and (C) D-Lac. Inset:
dynamic SV constant ′K

SV
regression. IRF: instrument response function.
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2.4. CD studies

A Jasco J–810CD spectrometer (Japan Spectroscopic, Japan) with a
0.1 cm quartz cell was used for CD spectra measurement. Phosphate
buffer solution (0.02M, pH 7.40) was used to avoid the influence of
chloride ions. The spectra of HSA (1.5× 10−6 M) and HSA mixed with
1.5×10−6 M lactic acid enantiomer were measured in the range of
190–250 nm with a scan rate of 100 nm/min. Each spectrum was ac-
cumulated by taking an average of three separate scans. Secondary
structure of protein was analyzed by Jasco SSE (Secondary Structure
Estimation) software.

2.5. Molecular docking study

The crystal structure of HSA in complex with R-warfarin (PDB ID:
1H9Z) was downloaded from Brookhaven Protein Data Bank and was
chosen as the docking template. The 3D structures of L-, and D-lactic
acid were constructed and minimized using UCSF Chimera (Pettersen
et al., 2004). AMBER ff14SB force field and AM1-BCC charges were
assigned for both HSA and ligands (Jakalian, Bush, Jack, & Bayly, 2000;
Jakalian, Jack, & Bayly, 2002). Lactic acid analogue stereoisomers were
docked into the HSA spheres, using the standard flexible-ligand sam-
pling algorithm (Mukherjee, Balius, & Rizzo, 2010) implemented in
DOCK 6.7 (Allen et al., 2015). The maximum number of orientations
was increased to 10000. In order to select energetically favourable
docking positions for each ligand, the combined grid Van-der-Waals
and electrostatic (vdw+ es) scores and internal energy scores for poses
was performed. The top scoring poses were visualized using PyMOL
(Schrödinger, 2015).

3. Results and discussion

3.1. The effect of H+ on emission fluorescence spectra

Lactic acid is an organic compound, and is classified as an α-hy-
droxy acid. Lactic acid in solutions can release H+, and the solutions
become acidic. Can the H+ released by lactic acid affect the quenching
spectrum between lactic acid enantiomers and HSA? To clarify this
question, we titrated increased amounts of HCl into HSA solution. The
result (Fig. S1) showed that the additional H+ (up to 11.5× 10−7 M)
did not affect the fluorescence quenching between lactic acid en-
antiomers and HSA. Tris–HCl buffer solution (0.1 M, pH 7.40) played a
key role in stabilizing the acid-base environment.

3.2. Fluorescence quenching between HSA and lactic acid enantiomers

To gain deeper insight into the underlying quenching processes,
both time-resolved and steady state fluorescence were used in this
study. The quenching of the intrinsic fluorescence of HSA by lactic acid
enantiomers may be caused by inter- or intra-molecular processes such
as complex formation (static quenching), molecular collisions (dynamic
quenching), energy transfer and conformational changes, or a com-
bined mechanism (Ali & Al-Lohedan, 2018; Siddiqui, Siddiqi, Khan, &
Naeem, 2018).

Life-time measurements are unequivocally employed to explore
dynamic or static quenching mechanisms (Ghosh, Rathi, & Arora, 2016;
Lakowicz, 2013). Fig. 1 shows the fluorescence decay curves of HSA in
the absence and presence of lactic acid enantiomers. The decay curves
were fitted as biexponential functions achieving the optimal fitting
residuals and acceptable χ2 values. Fluorescence decay fitting para-
meters and the average fluorescence lifetime of the lactic acid-HSA
system are shown in Table S1. The dynamic SV constant ′K SV can be
obtained as.

= + ′τ τ K Q/ 1 [ ]0 SV (1)

where τ0 and τ denote average lifetimes of HSA in the absence and

presence of lactic acid enantiomers, respectively; ′K SV means dynamic
Stern–Volmer constant, and [Q] represents the concentration of lactic
acid enantiomers. Based on Eq. (1), dynamic SV constants, ′K SV , were
determined as 1.05×104 L/mol (Adj. R2= 0.999) for D-Lac and
9.72×103 L/mol (Adj. R2= 0.999) for L-Lac (Fig. 1 inset).

The steady-state fluorescence can reveal both dynamic and static
quenching, based on grounds of temperature-dependence of the re-
spective quenching constants. Static quenching is recognized to form a
complex substance; if temperature increases, the static quenching
constant will decrease, while a higher temperature will disturb the
stability of the complex (Zhang & Ni, 2017). But the opposite effect will
be deemed as dynamic quenching (Tang, Li, Bi, & Gao, 2016). Figs. 2
and S2 show the fluorescence emission spectra of HSA with the addition
of lactic acid enantiomers. The peak at 348 nm is deemed as the char-
acteristic fluorescence emission of HSA, which is mainly contributed by
tryptophan (Trp) residues (Shen, Gu, Jian, & Qi, 2013). The steady-state
Stern–Volmer equation was used for data processing.

= + = +F F K Q k τ Q/ 1 [ ] 1 [ ]SV q0 0 (2)

where F0 and F represent fluorescence intensities of the HSA in the
absence and presence of lactic acid enantiomers, respectively; KSV
means the Stern–Volmer quenching constant; Q[ ] represents the molar
concentration of lactic acid enantiomers; kq denotes the quenching rate

Fig. 2. Fluorescence spectrum of HSA (4.30× 10−7 M) in presence of in-
creasing amounts of (A) L-Lac and (B) D-Lac 1.28× 10−7 M per miro-titration.
Inset: Stern–Volmer plots at three temperatures.
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constant of HSA; τ0 means the average lifetime of the free HSA mole-
cule, and its value is 5.12 ns (Table S1). KSV was determined by linear
regression of a plot of F F/0 vs. Q[ ].

As shown in the results (Table 1 and Fig. 2 (inset)) the KSV values
(105 L/mol, 301 K) obtained from fluorescence quenching measurement
are ten-fold larger than those ( ′K SV , 103 L/mol) measured by time-re-
solved fluorescence (Table 1). Besides, the KSV of the HSA with lactic
acid enantiomers has an opposite trend as the temperature increases
and the values of kq (1013 L/(mol·s)) are much greater than the limiting
diffusion rate constant of the biomacromolecule (2.0× 1010 L/(mol·s)).
The evidence indicates that the quenching was mainly initiated by
static quenching (Matei, Ionescu, & Hillebrand, 2011; Shiri, Rahimi-
Nasrabadi, Ahmadi, & Ehrlich, 2018). That is to say, the ground-state
complex was formed during the process of lactic acid enantiomers
binding to HSA.

3.3. Chiral binding constant and the number of binding sites

Generally, the binding constant (Ka) and number of binding sites (n)
in a static-quenching process can be determined by plotting the double
logarithm regression curve of the fluorescence data with another
modified Stern–Volmer equation (Tang, Huang, et al., 2016).

− = +F F F K n Qlg( )/ lg lg[ ]a0 (3)

Ka, as a special case of the kinetic equilibrium constant, is associated
with the binding and unbinding processes between protein and ligands.
The Ka of HSA with the L-Lac system was twofold larger than that of
HSA with the D-Lac system (Table 1), indicating that the binding affinity
of L-Lac was stronger than that of D-Lac. Results also showed that the
values of Ka decreased with increasing temperature, implying that the
complex of lactic acid enantiomers with HSA becomes unstable with the
rising temperature. As shown in Table 1, The values of n are approxi-
mately equal to 1, which indicates that about one binding site on the
HSA was combined while the binding reaction reached its balance.

3.4. Interaction force type prediction

The main non-covalent forces promoting interactions between
proteins and ligands can be attributed to van der Waals forces, hy-
drogen bonds, and electrostatic and hydrophobic interactions. The
driving forces of the binding reaction can be determined by thermo-
dynamic parameters. Those parameters include Gibbs free energy
change (ΔG°), entropy change (ΔS°) and enthalpy change (ΔH°). The
values of these parameters in the lactic acid–HSA binding process can
be calculated according to the Van’t Hoff equation (Tang, Li, et al.,
2016, Tang, Huang, et al., 2016).

= −∘K K H T T Rln( / ) Δ (1/ 1/ )2 1 1 2 (4)

= −∘G R T KΔ ln a (5)

= −∘ ∘ ∘H G TΔS (Δ Δ )/ (6)

where T is the absolute temperature, K is the binding constant (Ka) at a
certain temperature, R denotes the gas constant, and its value is
8.314 J/(mol·K). If the temperature does not vary significantly, the ΔH°

can be regarded as a constant. The specific interaction mode can be
determined by the values of ΔH° and ΔS° as follows:

(1) if ΔH°≈ 0 and ΔS° > 0, then electrostatic forces predominate,
(2) if ΔH° < 0 and ΔS° < 0, then van der Waals forces and hydrogen
bonds predominate, (3) if ΔH° > 0 and ΔS° > 0, then hydrophobic
forces predominate (Ross & Subramanian, 1981; Zhang et al., 2013).

The results calculated from Eqs. (4)–(6) are shown in Table 1. The
negative values of ΔG° mean that the binding process is spontaneous at
the corresponding temperature. For both chiral interacting models, ΔS°
and ΔH° are all negative, which indicates that van der Waals forces and
hydrogen bonds quite possibly play a leading role in the chiral binding.
In addition, all interactions between HSA and lactic acid isomers were
induced mainly by enthalpy because of the very small entropy change.

3.5. Analysis of micro-environment changes of tyrosine (Tyr) and
tryptophan during chiral recognition, using synchronous fluorescence and
three-dimensional fluorescence spectra

To study micro-environment changes of Tyr and tryptophan during
chiral recognition, synchronous fluorescence and three-dimensional
fluorescence methods were used. Spectroscopy of synchronous fluor-
escence is a practical method for studying the micro-environment
changes near the chromophore residues because this method has good
sensitivity, simplicity, avoidance of different perturbing effects, and
bandwidth reduction (Wang, Zhang, & Wang, 2014). The characteristic
information of the Trp and Tyr residues can be obtained when the
wavelength intervals between the emission and excitation wave-length
(Δλ= λem− λex) are set at 15 and 60 nm, respectively (Cao et al.,
2018; Congdon, Muth, & Splittgerber, 1993). The wavelength shift of
the emission spectral peak (λmax) of the molecule is related to the po-
larity around the chromophore residues (Gu, Wang, & Zhang, 2018;
Yuan, Weljie, & Vogel, 1998). Fig. 3 shows the synchronous fluores-
cence spectra during chiral interaction. There was no obvious shift at
Δλ=60 nm for either L-Lac or D-Lac with the HSA interaction system.
But, at Δλ=15 nm, there was a slight blue shift (about 2 nm) for L-Lac
vs. The HSA system and a small red shift (about 2 nm) for the D-Lac vs.
HSA interaction system. The results denoted that the conformation of
HSA was slightly perturbed during chiral interaction. The observed red
shift for the HSA vs. D-Lac system indicated that the micro-environment
of Tyr residues changed from a nonpolar hydrophobic state to a more
hydrophilic one. The observed blue shift for the HSA vs. L-Lac system
indicated that the micro-environment of Tyr residues changed to a more
hydrophobic condition. The results show that the micro-environment of
Tyr residues was changed and the conformations of HSA were also
slightly changed during the chiral ligand binding.

The conformational changes of HSA were also investigated by the
3D fluorescence spectroscopy technique. The 3D fluorescence spectra
changes of HSA in absence and presence of lactic acid enantiomers were
compared and analyzed. There are two hump-like peaks in the 3D
fluorescence spectra (Fig. S3). The peak a (λex= 220 nm,
λem=334 nm) mainly resulted from the polypeptide backbone struc-
tures (peptide bonds). Peak b (λex= 280 nm, λem=348 nm) was pri-
marily contributed by the characteristic spectra of Trp and Tyr residues.
The fluorescence intensities of those two peaks decreased obviously

Table 1
Binding constants (Ka), and number of binding sites (n) and relative thermodynamic parameters of HSA and lactic acid isomers at temperatures of 293 K, 301 K, and
310 K. (pH=7.4).

Interaction system T (K) ′KSV 103 (l/mol) KSV 105 (l/mol) kq 1013 (l/(mol·s)) Ka 105 (l/mol) n ∘HΔ 104 (kJ/mol) ∘GΔ 104 (kJ/mol) ∘SΔ (J/(mol·K))

HSA vs. L-Lac 293
301
310

−
10.5
−

3.54
3.30
3.29

3.54
3.30
3.29

2.64
2.39
0.985

0.979
0.975
0.912

−4.41 −3.04
−3.10
−2.96

−46.8
−43.6
−46.8

HSA vs. D-Lac 293
301
310

−
9.72
−

5.74
4.94
3.91

5.74
4.94
3.91

1.40
1.14
0.334

0.925
0.894
0.797

−6.40 −2.89
−2.91
−2.69

−120
−116
−120
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when L-Lac or D-Lac was added, which indicates that the presence of L-
Lac/D-Lac might induce slight unfolding of the HSA polypeptides. The
results obtained from synchronous fluorescence and three-dimensional
fluorescence spectra agree with each other.

3.6. The effect of chiral combination on HSA secondary structure changes

The secondary structure changes of HSA were studied using the CD
technique. Fig. 4 shows the CD spectra of HSA in the absence and
presence of lactic acid enantiomers under physiological conditions
(pH=7.4). The far ultraviolet CD spectra of HSA containing negative
peaks at 209 and 222 nm reflects the characteristic α-helical structure
assignable to π→ π* and n→ π* transfers, which are typical of the α-
helical structure of any protein (Kelly, Jess, & Price, 2005). With the
addition of chiral ligand, the secondary structures of HSA were slightly
changed (Fig. 4 and Table S2). Based on the experimental dichroic
spectra, the percentages of α-helix, β-sheet, β-turn and random coil
conformations of HAS, in the absence and presence of lactic acid en-
antiomers, were computed using CDNN Circular Dichroism Spectro-
scopy software. The calculated results showed a decrease in the α-helix
and β-sheet and an increase in the β-turn and random coil structures at
a molar ratio of HSA to L-Lac/D-Lac of 1:1. The result revealed that α-
helix and β-sheet were probably affected by the insertion of lactic acid
into the hydrophilic pocket of HSA.

3.7. Docking analysis of chiral combination

Molecular docking was employed as a complementary way to help
understand chiral ligands–HSA interaction. HSA has seven possible

binding sites for endogenous and exogenous ligands. To find the lactic
acids’ binding site, L-Lac/D-Lac enantiomers were docked into every
putative binding site, and the optimal docking conformations in each
putative binding site were obtained. Among the seven docking con-
formations, the pose which had the lowest score was chosen as the
binding conformation and this binding site was recognized as the lactic

Fig. 3. Synchronous fluorescence spectra of HSA (4.30× 10−7 M) in the absence (0) and presence (1–4) of increasing amounts (2.56×10−7 M per miro-titration) of
(A and B) L-Lac and (C and D) D-Lac. T= 298 K.

Fig. 4. Circular dichroism spectra of HSA (1.0× 10−6 M) in the absence (black
line) and presence of L-Lac (1.0× 10−6 M, blue line) and D-Lac (1.0×10−6 M,
red line). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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acid enantiomers’ binding site. The results showed that the residues of
HSA interacted with lactic acid enantiomers at Sudlow’s site I located at
subdomain IIA and binding conformations are shown in Fig. 5.

Fig. 5 shows that the binding pattern of L-Lac and D-Lac are similar.
The carboxyl moiety of lactic acids is electronegative, and the electro-
negative centres form salt bridges with residues Arg348 and Arg458,
respectively. The distances are 3.46 Å (L-Lac vs. Arg348), 3.58 Å (D-Lac
vs. Arg348), 3.50 Å (L-Lac vs. Arg458) and 4.15 Å (D-Lac vs. Arg458).
The bindings are reinforced because of the hydrogen bonding between
the hydroxyl oxygen of ligands and Ser342 of HSA. The distances are
3.22 Å (for L-Lac vs. Ser342) and 2.72 Å (for D-Lac vs. Ser342), re-
spectively. As a theoretical inference, because of structural features of
lactic acid, the hydrophobic force can be ignored. From the interaction
distance, we can speculate that L-Lac binds closer to HSA than does D-
Lac, which was confirmed by docking scores (Grid Score, Table S3). The
docking results well explained why the binding constant (Ka) of L-Lac is
larger than that of D-Lac. From the Table S3, the contributions of the
electrostatic force (Grid_es) and van der Waals force (Grid_vdw), that
were calculated by the Grid method, were predominant in the binding.
This result is consistent with the results of thermodynamic analysis: van
der Waals forces and hydrogen bonds probably play key roles in the
binding reaction.

There are two ways of intake D-Lac into human physiological fluids.
One is absorption from foods and the other is absorption from micro-
organisms in the gut (McLellan, Phillips, & Thornalley, 1992). Recently,
the D-Lac level in plasma has been used as a clinical marker of increased
intestinal permeability after severe injuries (Tan, Wang, Liu, Ju, & Li,
2005). D-Lac is also a potential biomarker for the diagnosis of D-lactic
acidosis associated with short small bowel (Bongaerts et al., 2000) and
diabetes (Christopher, Broussard, Fallin, Drost, & Peterson, 1995). Both
enantiomers of lactic acid may cause metabolic acidosis, but their re-
lative contributions are distinct due to their different origins and me-
tabolic pathways. As a consequence, revealing the interactions between

L-Lac/D-Lac and carrier protein HSA may also have biological sig-
nificance.

4. Conclusions

In this research, the enantioselective interactions between L-Lac/D-
Lac and HSA were investigated using multi-spectroscopic methods and
molecular modelling. The binding mechanisms of lactic acid en-
antiomers with HSA were investigated to obtain important information,
including the binding constants, binding energy, binding sites, binding
forces, and conformational changes. Fluorescence quenching of HSA by
lactic acid enantiomers could be caused by forming the protein-ligand
ground-state complex, and thermodynamic analysis shows evidence of
the interaction force type, which agrees with the results of molecular
docking. The CD, synchronous and 3D fluorescence results show that
the binding of lactic acid enantiomers results in slight microenviron-
mental and conformational changes of HSA. These results provide
useful information for understanding the delivery process of lactic acid
enantiomers in vivo. Taking lactic acid enantiomers as an example, the
chiral binding mechanisms of HSA with L-Lac/D-Lac yield potential data
for understanding the interaction patterns of HSA with other chiral
molecules used as food ingredients (e.g. tartaric acid enantiomers,
glucose enantiomers.). The study is thus valuable for reinforcing the
supervision of food nutrition and safety.
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