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Front-face fluorescence spectroscopy was used for the first time to study the interactions between
bovine S-lactoglobulin variant A (5-Lg A) and various f-Lg-derived bioactive peptides. Fluorescence
spectra were recorded for 3-Lg A-peptide mixtures at 25 °C and pH 6.8 with an excitation wavelength
of 290 nm to characterize the molecular environment of tryptophan (Trp) residues present in the
protein but absent in the peptides. Spectra remained unchanged following addition of peptides -Lg
f92—100 and p-Lg f125—135, while Phe—Phe interaction between -Lg f69—83 molecules interfered
with analysis. Addition of -Lg f102—105 produced a blue shift (3 nm) and a significant increase in
fluorescence intensity, while addition of p-Lg f142—148 also caused a significant increase in
fluorescence intensity but accompanied by a red shift (3 nm). These results indicate that the polarity
of the Trp environment in the 5-Lg A structure may be modified differently depending on the peptide
added.

KEYWORDS: Bovine pg-lactoglobulin A; bioactive peptide; front-face fluorescence spectroscopy; protein -
peptide interaction.

INTRODUCTION globular conformation stabilized by two intramolecular disulfide
. . . - bridges. Its core contains an eight-stranded antipayaierrel
A-Lactoglobulin $-Lg) is the major protein in the whey flanked on one side by am-helix constituting a hydrophobic

fraction of milk from ruminants and some nonruminants and is : ; ; T
. - . pocket ©). Bovinef-Lg binds various hydrophobic ligand$6)
a member of the lipocalycin familylj. In recent yearsj-Lg at three potential binding sites, which are the internal cavity

ha; been sho_wn to c_o_ntaln b".)a.Ct'Ve sequences gnd_owed W'th(calyx), the external hydrophobic pocket in a groove between
antihypertensive, opioid agonistic and antagonistic, immuno- the o-helix and theg-barrel, and the outer surface close to

hmodulﬁtllng,tantllthrombotlc, arl[yerglcgoblall,_mllnelial-blndt|ngt; and Trpig—Argiaa (9, 10, 16-18). Most evidence, however, points
%’pbolc _otehs ero_(;a_emlc proper It _f(tr)l ﬂ-t 91S hni)wn 'Ot N i to the hydrophobic calyx as the major binding site, while the
stable in the acidic environment of the stomach, to resist peptic . "<t remain the subject of debate19).
hydrolysis, and to reach the upper portion of the small intestine ) ins 1l h . . id
mostly intact 7—8). It was proposed that the high structural BOV|ne f-Lg contains uorophores (aro.ma'.uc amino aci
residues) that allow the protein to display intrinsic ultraviolet

and proteolytic stability of-Lg at low pH ©—11) and the loss .
of its tertiary structure at weakly basic pi, (12—14) could fluorescence. Most of the fluorescence emissiofi-bfj results

protect its bound ligands in the acidic conditions of the stomach from_ trypt_ophan_ (Trp) residues. In fact, Trp_ Is by far the
to eventually allow their release in the intestin® (L4). dominant intrinsic fluorophore gf-Lg when excited at wave-
Therefore, it may become possible to exploit the reversible '€ngths of 296-300 nm @0). f-Lg contains two Trp residues
binding of bioactive peptides b§-Lg in order to provide both &t Positions 19 and 61, which are equally capable of absorbing
protection against enzymes and time-controlled release of these®d €mitting radiation. However, the molecular environments
nutraceutical components in the gastrointestinal tradt 15). of these residues differ substantialBlJ. Trpio is located in a
Bovine f-Lg has a relative molecular mass of 18.3 kDa and hydrophobic environment at the bottom of the calyx, whilegTrp

its 162-amino acid polypeptide chain is folded into a compact IS adjacem th-_strgnd ' (res_ldues 145150), which is involved
in 5-Lg dimerization and is also close to the GysCysieo
disulfide bridge. This bridge is believed to be an effective
*Corresponding author. E-mail, sylvie.gauthier@aln.ulaval.ca; tel., quencher of Trp fluorescenc®, (14, 21). Since both of these
+1{4&;?/;‘6'586?V66%§i,t;axﬂ-1-418-656-3353. domains are plausible binding siteé% 10, 16—18), any change
* Ecole nationale d’ingeieurs des travaux agricoles. in Trp fluorescence (which is highly sensitive to the environment
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in immediate proximity to Trp residues) most likely reflects the fluorophore concentration provided that there is no fluoro-
their modification. phore-quenching or energy-transfer phenomena. If total absor-
The maximum emission wavelength of Trp residues in bance is kept constant, fluorescence intensity becomes propor-
proteins varies from 307 to 353 nrad). This wide variability tional to the fluorophore concentration. FFFS has been used to
is due to modifications of the polarity and/or mobility of the ~determine hemoglobin quantitatively in undiluted whole blood
immediate environment of the molecule. A maximum fluores- (36) and to study its aggregatior37) and R— T transition
cence shifting to shorter wavelengths (blue shift) corresponds (39).
to emission by an indole fluorophore in an extremely nonpolar  Recently, FFFS has been used successfully to (i) investigate
environment inside the protein sphere. Conversely, a red shiftnetwork structure and molecular interactions during milk
or displacement of the maximum toward longer wavelengths coagulation 89), (ii) discriminate between various types of
indicates that the Trp residue is coming increasingly in contact cheese using their intrinsic fluorophoré®,(41), (iii) study the
with bound water and other polar grou2). The shape and  molecular environment of proteins in concentrated and floc-
maximum emission wavelengthl(s,) of the fluorescence  culated protein-stabilized emulsior®2( 43), (iv) monitor milk
emission spectrum thus reflect the average environment of theprotein denaturation4d), (v) quantify the amount of milk
Trp residues in the molecule. Despite its sensitivity, spectral proteins loaded on the fat globule interfacés), and (vi)
position (shift) analysis cannot be used to quantify conforma- characterize ice creamdq). These applications suggest that
tional changes in ligand binding becaukg.x is not a linear the fluorescence signal is proportional to the molecular environ-
response function. Nevertheless, emission intensity at anyment of the intrinsic probes as well as to the protginotein,
specific wavelength is a linear response function that can be protein-water, and proteinlipid interactions and to the quantity
used to quantify the conformational change resulting from ligand of fluorophore. Although it is possible to monitor and quantify
binding 22). B-Lg—ligand interactions by right-angle fluorescence spectros-
Fluorescence spectroscopy has been used to (i) study the"OPY @4, 47) for absorption less than 0.1, the use of FFFS for
conformation ofg-Lg at the oil-water interface of emulsions  thiS Purpose has never been reported.
(23), (i) investigate the effect of pH and salt on the association ~ Known dissociation constants for ligand binding fel.g
of B-Lg (24), and (jii) investigate the binding propertiest.g range from 1x 103 to 4.91x 109 M (16, 25, 26, 31, 32).
for various molecules. For example, Wang et ab)(studied Using isothermal titration calorimetry, we have estimated the
the binding of retinoids t@-Lg by determining changes in the ~ Ka for the binding of antihypertensive peptilel g f142-148
fluorescence quenching (332 nm) of Trp residues in the protein. 10 f-Lg A at 0.5 mM @0). The purpose of the present work
High-affinity binding of these compounds was observed at pH Was to use FFFS to investigate conformational changes induced

7.0 as reflected by appareij values ranging from 1.% 1078 in 3-Lg by binding toj-Lg-derived peptides f6983, f92-100,
to 3.6 x 1078 M. K4 has been determined in the nanomolar f102—-105, f125-135, and f142-148. These peptides cover a

range (4.9%+6.25 nM) for the binding of vitamin B vitamin wide range of molecular mass, net charge at pH 6.8, and average
D3, ergosterol, cholesterol, and 7-dehydrocholestergs-ta hydrophobicity, to help reveal the impact of peptide chemistry
(26). The spectra of the above-mentioned compounds indicate®n -Lg A binding affinity, the role of polarity, and the most

an energy transfer between the ligand angey-tryptophanyl ~ likely binding site.

residues and that th®Lg inner cavity (calyx) was the probable

binding site. However, other studies have reported small changesuATERIALS AND METHODS

in Trp fluorescence or spectral shifts in the fluorescence ) ) ) )

emission of$-Lg following binding of fluorescent hydrophobic Materials. Bovine f-lactoglobulin -Lg) variant A (no. L7880,
probes, making the estimation of the binding constant difficult ~92% Purity grade) was obtained from Sigma Chemical Co. (St. Louis,

» - ) 3 MO), while bovineS-Lg AB (no. L3908, >90% purity grade) was
1527 29). In our IpI’EVIOUSf work 0), K.d f?]r the 8 Lng/'B L% purchased from Sigma-Aldrich Canada Ltd. (Oakville, ON, Canada).
142—148 complex was found to be in the range of 8.90" Some of the physicochemical characteristicspefg A and B are

M. This value is lower than those measured for some endog- presented irTable 1. The five tryptophan-free peptides selected for
enous Iigands (e.g., retinol), but similar to the values determined this study are normal products of trypsin or trypsin/chymotrypsin
for 1—8-anilinonaphthalene sulfonate (ANS)1( 32) and C&*+ hydrolysis of bovine3-Lg: f102—105, f142-148, f92-100, f125-
(16), which are 1x 1072 and 3x 1073 M, respectively. The 135, and f69-83. They were synthesized by the Service dgueace
binding constant oB-Lg may be affected by many factors such de Peptide de I'Est du Qbec (Sainte-Foy, PQ, Canada) using a 433A

as pH, concentration, temperature, conformation, or shape ofApplied Biosystems peptide synthesizer with fast-MOC chemistry (1.0
ligand mmol scale) using a preloaded Fmoc-Arg(pbf) MBHA resin (Anaspec

. . Inc., San Jose, CA). The trityl side-chain protecting groups were used

In conventional right-angle fluorescence spectroscopy, mea- o histidine. After synthesis, peptides were cleaved and deprotected
surements are carried out in dilute solutions with absorbancefor 2 h using trifluoroacetic acid and a scavenger (reagent K) and
below 0.1. At higher absorbance, fluorescence intensity de- precipitated withert-butyl methyl ether. The precipitated peptides were
creases and emission spectra are distorted due to the inner filtethen dissolved in water and freeze-dried. The crude peptides were
effect. To overcome these problems, Parka3) (introduced purified by reverse-phase HPLC on a preparatiygcGlumn. The purity
front-face fluorescence spectroscopy (FFFS), which changes the>80%) and identity of the peptides were confirmed by analytical HPLC
angle of incidence on the sample fron?26 56 and minimizes and_mass spectrometry (matrix-assisted laser desorption ionization time-
artifacts generated by excitation photons reflected from the Fflight). All peptides, excepg-Lg f102-105 were water-soluble. Some
sample 84). This technique allows a quantitative investigation g{;:relcrhr;hn{isé;?scf\lzrgcgfl gzglraggmr';z : re presentethbie 2. Al
of fluorophores in concentrated or even opaque liquids as well ytica’ grade.

. . P ti f Soluti .p-Lg AB, -Lg A, and th tid
as in powder samples. If absorbance is above 2, more than 990/‘%1issz)?\?eaéai;Ogr?osp%:ltleorllaifferg(O 1 ,\ﬁ ng é%r)‘ Pe%g)ﬂj&; fi%;vlere

of the incident intensity is absorbed in the thickness of the 145 \as dissolved in analytical grade ethanol (95%) because of its
sample. Under these conditions, Eisinger and Fld8&sifave high hydrophobicity. The solutions were prepared at room temperature.
demonstrated using FFFS that the fluorescence intensity isg-Lg AB andj-Lg A molarities were based on molecular weights of
independent of the sample total absorbance and proportional to18 324 and 18 367 Da, respectively.
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Table 1. Physicochemical Characteristics of Variants A and B of Bovine -Lg

Mwa charge at isoelectric Hzay 2
protein amino acid composition? (kDa) pH 6.8° pointé (kcal per residue)
p-LgA Asp(11), Asn(5), Thr(8), Ser(7), Glu(16), GIn(9), 18.36 -9 513 1211

Pro(8), Gly(3), Ala(14), Cys(5), Val(10), Met(4),
Ile(10), Leu(22), Tyr(4), Phe(4), Lys(15), His(2),
Trp(2), Arg(3)
B-LgB Asp(10), Asn(5), Thr(8), Ser(7), Glu(16), GIn(9), 18.28 -8 5.13 1217
Pro(8), Gly(4), Ala(15), Cys(5), Val(9), Met(4),
Ile(10), Leu(22), Tyr(4), Phe(4), Lys(15), His(2),
Trp(2), Arg(3)

2 These informations were obtained from Farrell et al. (48). © These values were calculated according to the pK, of amino acids.

Table 2. Physicochemical Characteristics of the Five 5-Lg-Derived Peptides

Mw? charge at isoelectric Hzay ©
peptide amino acid sequence? (Da) pH 6.8 point? (kcal per residue)
p-Lg f102-105 YLLF 555.3 0 55 2.58
p-Lg f142-148 ALPMHIR 837.5 +1 9.8 1.54
f-Lg f92-100 VLVLDTDYK 1065.2 -1 42 1.44
p-Lg f125-135 TPEVDDEALEK 12453 -4 38 0.85
p-Lg f69-83 KKIIAEKTKIPAVFK 1714.2 +4 10.2 1.68

aTyrosine (Y) and phenylalanine (F) are shown in bold. ? These values were determined using the EXPASy Molecular Biology Server (http://us.expasy.org). ¢ Hydrophobicity
scale calculated according to the method of Bigelow (49).

B-Lg A was titrated by placing 75@L of 1 mM solution in the 1
mL cuvette of the fluorimeter. Aliquots of 38.5 mM peptide solution
were then injected into the cuvetteud in the case of-Lg f142—
148 or 14ulL for the other peptides, up to a total added volume of
98—-100uL, to reach a final proteinpeptide ratio of 1:55-Lg solution
was also titrated by adding 14L aliquots of phosphate buffer or
ethanol. Buffer and ethanol (750.) were also titrated by adding 14
uL aliquots of peptides up to a total added volume of/Q8

Front-Face Fluorescence Spectroscopy Measuremeni&he fluo-
rescence spectra (intensity, shiftiif., and changes in width or shape)
of 5-Lg AB, -Lg A, free peptides, and mixtures were recorded after
the excitation wavelengthi{) was set at 290 nm using a FluoroMax-2
spectrofluorometer (Spex-Jobin Yvon, Longjumeau, France) equipped
with Data max software and mounted with a variable angle front-surface
accessory and front-face illumination. The incidence angle of the _ .
excitation radiation was set at 56The cell holder temperature was ~ Figure 1. Fluorescence spectra (Ae 290 nm) of -Lg AB (pH 6.8, 25 °C)
controlled at 25°C, and the excitation and emission slit widths were @t increasing protein concentrations: 0.2 (), 1 (a), 2 (O), and 25 mM
set at 1 nm. All spectra were corrected for instrument excitation (&)
distortions using a rhodamine cell as a reference channel. All samples

Fluorescence intensity (a.u.)

305 325 345 365 385
Wavelength (nm)

were analyzed in duplicate. the Trp residues, sinChnax remained the same (33334 nm)
at all protein concentrations studied. The usg-fy AB aimed
RESULTS AND DISCUSSION at determining the adequate protein concentration for fluores-

cence study. The quantity ¢FLg A available from the same
lot was limited. Therefore, to use the same lot for all experi-
ments,$-Lg A was used only at concentration of 1 mM after
results of3-Lg AB showed this concentration to be appropriate.
Similar FFFS profiles were obtained at 1 mM for bgtH_g

AB and f3-Lg A (results not shown). In fact, both proteins are
similar in structure. Thg-Lg A variant differs from thes-Lg

B variant by only two amino acids: Agpand Valis These
amino acids are substituted by Gwand Alaigin the B variant

Fluorescence Emission Intensity ofi-Lg. To determine the
appropriate protein concentration for the binding study, Trp
emission spectra (365400 nm) were recorded withex set at
290 nm at increasing-Lg AB concentrationsk-igure 1 shows
that the maximum emission intensity #fLg AB decreased as
the protein concentration increased from 0.2 to 25 mM.
Fluorescence spectra obtained at lower protein concentration
were narrowly distributed on the wavelength scale, while the
width of the spectrum obtained at 25 mM was slightly larger.
The changes l?n the shape of the fluorescence spgect?/a cc?uple(ﬁTa_ble 1). Renard et al.Z4) also found_th_at the fluorescence
with the decrease in fluorescence intensity when the protein emission off-Lg AB and f-Lg A are similar, both atte, of
concentration increased from 0.2 to 25 mM indicated that 29° and 287 nm. They suggest that such a short wavelength
association (or possibly polymerization) may occur, thus, maximum |nd|caFes very hydrophobic _enwronments aroqnd at
shifting the protein equilibrium toward dimer formation at high  leastone Trp residue, likely Trg the major fluorophore, which
B-Lg AB concentrations, as supported by Renard et 24).( is located in the hydrophobic calyx of the proteRi).

The proximity of Trg; to the monomermonomer association Although the maximum emission wavelength was obtained
interface may have caused quenching. However, dimerizationfor 0.2 mM protein, a concentration of 1 mM was chosen
did not seem to cause significant conformational changes aroundbecause it is reasonably close to the previously determiaed
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Figure 2. Fluorescence intensity of 5-Lg A at Aem 333 nm following the
addition of phosphate buffer (O) or ethanol (@®).
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Figure 3. (A) Fluorescence spectra (Aex 290 nm) of phosphate buffer
(pH 6.8, 25 °C) titrated with phosphate buffer (O) or free peptide (final
concentration of 5 mM): f125-135 (O), f92-100 (<), and f142-148 (A).
(B) Fluorescence spectra (Aex 290 nm) of phosphate buffer (pH 6.8, 25
°C) titrated with phosphate buffer (O) or free peptide (final concentration
of 5 mM): f 102-105 (a) and f69—83 (m).

(0.5 mM) for the binding ofs-Lg f142—148 to3-Lg A (30)

and provides a high proteirpeptide ratio (1:5) at the end of

the titration.
Fluorescence Emission of Fre@-Lg Variant A and Free

Peptides.3-Lg A was titrated with phosphate buffer or ethanol
(Figure 2). Both solvents did not cause any significant change

in spectral shape ¢f-Lg A, and the 333 nniyax for f-Lg A

did not vary as a function of added solvents. Moreover, the
fluorescence emission intensity @FLg A at Adex 290 nm

J. Agric. Food Chem., Vol. 54, No. 14, 2006 4965

at dex of 290 nm. It is well-known that intrinsic protein
fluorescence is due to aromatic amino acids, mainly tryptophan.
Phenylalanine has a very low quantum yield, and emission by
tyrosine in native proteins is often quenché&@)( The present
findings are consistent with these assertions. It has been
suggested that excitation at 290 nm does allow selective
measurement of fluorescence due only to tryptophan residues
because tyrosine does not absorb at this waveleng@h (
However, the presence of Tyr in peptide f9200 appeared to
contribute to the 305400 nm emission spectrdigure 3A)

but less than peptide f162L05 (Figure 3B) which contains,
beside a Tyr residue, a Phe residue as well. In fact, the presence
of phenylalanine in some peptides (f£t0205 and f69-83)
appeared to contribute to the 386800 nm emission spectra
(Figure 3B). The presence of tyrosine with phenylalanine
induced a quenching that could explain the low intensity
observed in 102105 compared to f6983, in which only
phenylalanine is present, in agreement with the findings of
Yeboah et al. §0).

FFFS is specifically adapted to quantitative investigation of
fluorophores in concentrated or even opaque liqu$. (The
absence of structured spectral emission from free peptides
suggests that changes in Trp fluorescence spectra obtained for
p-Lg in the presence of Trp-free peptides should be due to
conformational or polarization effects induced in the protein
(20). Peptide 5-Lg f69—83 was an exception, exhibiting
unexpectedly strong fluorescence emission wjthy at ~312
nm following excitation at 290 nmAjgure 3B). This 15-amino
acid peptide contains a single Phe residue, and fluorescence may
originate from phenytphenyl interactions20) following the
formation of peptide aggregates. The.of 5-Lg f69—83 (312
nm) is different from those gf-Lg alone (333 nm) and of Phe
(281 nm).

Fluorescence Emission Intensity off-Lg A Interacting
with Peptides. The fluorescence emission intensity/ft.g A
with Aex set at 290 nm was investigated for increasing peptide
concentrations. Since Trp emission always prevails in the
presence of Phe, Tyr, or both Phe and Tyr residues, we expect
p-Lg Trp residues to dominate emission upon addition of each
Trp-free peptide. Since titration gfLg A with buffer or ethanol
did not affect the protein fluorescence emissibiygre 2), any
change in fluorescence intensity, shiftiifax or change in the
shape of the fluorescence spectrum would be due to polarity
changes at the molecular level in the vicinity of Trp residues
and interpretable as interaction between protein and peg e (
and not due to the addition of solvent(s). The effect of peptide
pB-Lg f92—100 on the fluorescence emission intensitylefg
A at lex 290 nm was analyzed. This Trp-free peptide did not
cause any significant change in spectral shape or fluorescence
intensity, and the 333 nmmax for 5-Lg A did not vary as a
function of peptide concentratiorFigure 4), suggesting that
this peptide did not bind to the protein. We have previously
demonstrated3Q) using ultrafiltration that peptidg-Lg f92—

100 does not bind tg-Lg A. Although of hydrophobic character
(Table 2), this nonapeptide has one negative charge at pH 6.8,
which may prevent the peptide from interacting wittL.g A,
which is also negatively charged at this pH.

In the case of peptidg-Lg f125—-135, the increase in
fluorescence intensity following its addition floLg A is slight

remained unchanged. The fluorescence spectra of the five Trp-and appears to be in the same order of magnitude as the

free peptides were recorded with, set at 290 nmKigure 3).

variations observed whefi-Lg dispersion was titrated with

Each 38.5 mM peptide solution was injected into phosphate buffer (Figure 5). Moreover, the wavelength of maximum
buffer up to a concentration of 5 mM. None of the peptides emission remained unchangebh{x 333 nm). Therefore, we
showed fluorescence emission characteristic of Trp emissioncannot conclude unequivocally that this peptide binds-tay



4966 J. Agric. Food Chem., Vol. 54, No. 14, 2006

1.E+07
- =£r{92-100
E] =O-Buffer
L) &
g 8.E+06
c
«
8
g 6.E+06 -
7]
s
5 4.E+06 |
2
3
§ 2.E+06 -|
w

0.E+00 T T T T T T

0 0.5 1 1.5 2 25 3 35 4 45 5
Peptide (mM)

Figure 4. Fluorescence intensity of 5-Lg A at Aem 333 nm following the
addition of phosphate buffer (O) or 5-Lg f92-100 (A).

1.E+07
~£~125-135
3 =O=Buffer
8.E+06 -

u.)

&

£

<

@«

3

T 6.E+06

g

2

2

£ 4.E+06

8

H

@

2 2.E+06 |

E]

w

0.E+00 T T T T
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Peptide (mM)

Figure 5. Fluorescence intensity of 5-Lg A at Aem 333 nm following the
addition of phosphate buffer (O) or S-Lg f125-135 (A).

A. We previously found only 0.07 mol of this peptide bound
per mole of$3-Lg A (30). Peptides-Lg f125—135 (11 amino
acids) is hydrophilic Table 2) and has four negative charges
at pH 6.8 that could prevent the peptide from interacting with
the negatively chargef-Lg at pH 6.8.

Figure 6A shows the effect of the interaction betwggihg
A and peptidefs-Lg f102—105 dissolved in ethanol. The
fluorescence intensity of-Lg A titrated with ethanol alone
remained unchange#i@ure 2), while increasing concentrations
of f-Lg f102—105 significantly increased (up to 57% at the

Roufik et al.
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Figure 6. (A) Fluorescence spectra of 5-Lg A (1 mM, pH 6.8, 25 °C) at
Aex 290 nm following the addition of increasing concentrations of f3-Lg
f102-105: 0 (<), 2.1 (&), 3.6 (O), and 5 mM (O). (B) Fluorescence
intensity of 3-Lg A at Aem 333 nm following the addition of ethanol (@) or
p-Lg f102-105 (a).

0 05 1

tion of g-Lg—fatty acid complex induces an increase of the
fluorescence intensity at 320 nie{ 290 nm) 62). The change
(decreaselincrease) of the fluorescence intensitg-b§ Trp
residues depends on the changes of the environmefilLof
Trp residues following the formation of the complex; that is,
the chemical nature of the ligands and the location of the binding
site in the f-Lg molecule induce different changes in the
environment ofs-Lg tryptophans.

The increase in the fluorescence intensitydfg A resulting
from interaction with peptidg-Lg f102—105, along with the

end of titration) the fluorescence intensity, suggesting that the shift of Amax to shorter wavelengths while the protein is in a
protein underwent a conformational change that affected the polar solvent, suggests that the immediate environment of Trp
environment of its Trp residues. The spectrum also showed abecame more hydrophobic. Because of the short lengfhlaf
blue shift (3 nm), and its shape changed significantly. The shift f102—105 (four amino acids) and its highly hydrophobic nature
of Amax to shorter wavelengths indicates that the Trp residues (Table 2), the hydrophobic calyx near the Tgresidue is a

in B-Lg A were in a more hydrophobic environment following
interaction with3-Lg f102—105 0, 22). The increase in the

likely binding site. According to Fugate and Sorgg), the Trp
residue is also involved in retinol binding, possibly by com-

fluorescence intensity and the change in the shape of fluores-plexing thes-ionone ring specifically with the polyene chain.

cence spectra when peptide.g f102—105 was added t6-Lg

In contrast, Trp, is flanked by Glu and Lys residues near the

dispersion indicate conformational changes at the molecular Cysss—Cysiso disulfide bridge 14, 54), and this more hydro-

level (e.g., peptideprotein interactions) and strongly suggest

philic environment would probably interfere with binding of

that the peptide binds to the protein. In the presence of the two such a hydrophobic peptide. However, the contribution ogi'rp

Trp residues of3-Lg, the contribution of peptidg-Lg f102—
105 (Trp-free) should be negligible. In fact, it is well-known

that when Trp, Tyr, and Phe are present in the same dispersion,

to the fluorescence intensity cannot be excluded if it moves away
from the disulfide bridge following complex formatio@X, 55).
Figure 7 shows the effect of the interaction betweghg A

Trp emission highly dominates Phe and Tyr emission upon and -Lg f69—83. Since the peptide was highly soluble in
excitation at 290 nm. It has also been shown that the interactionsphosphate buffer and available in large amounts, titration was

of 3-Lg with different ligands induced different effects on the
fluorescence spectra @¢kLg recorded after excitation at 290
nm. For example, Dufour and Haér{el) have shown that the
fluorescence intensity at 320 nne{ 290 nm) decreases with
the formation of3-Lg—retinol complex. In contrast, the forma-

done to a final concentration of 15.7 mM peptide. A significant
increase in fluorescence intensity and a 17 nm blue shift in Trp
emission spectra were observed with increasing peptide con-
centrations, suggesting interaction wjtH_g. However, since

the 8-Lg f69—83 emissioMmax (~312 nm) in buffer Figure
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Aex 290 nm following the addition of increasing concentrations of 3-Lg

f142-148: 0 (<), 1.25 (4), 25 (O), and 5 mM (O). (B) Fluorescence

intensity of 8-Lg A at Aem 365 nm following the addition of phosphate

buffer (O) or peptide 5-Lg f142-148 (A).

3B) did not match thelmax of Phe (281 nm), its emission
spectrum is likely dominated by Ph®he interactions, which
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f142—148 contains no aromatic amino acid residubsb(e 2)
and did not display any fluorescencedas of 290 nm Figure
3A), the change observed in thisLg A fluorescence spectrum
suggests strongly th#kLg f142—148 bound to the protein.

The increase in fluorescence intensity can be explained by a
more hydrophobic environment surrounding at least one of the
Trp residues or by the elimination of Trp carboxyl quenching.
However, the red shift suggests that a Trp residue was exposed
to the aqueous phas2Q, 22). If the peptide bound directly to
Trp, the Arg residue at its C-terminal end could explain the red
shift. If the peptide bound to the Trp carboxyl, the quenching
would be eliminated, which would explain the increase in
fluorescence intensity. However, this increase combined with
the red shift strongly suggest that both Jgpand Trp:
contributed tq3-Lg f142—148 binding, a hypothesis supported
by our previous results suggesting more than one binding site
on 3-Lg A for this peptide 80) and by studies demonstrating
that retinot-protoporphyrin IX and fatty acidretinoid mixtures
can bind simultaneously t68-Lg (56, 57).

In previous studies of interactions betwegihg and non-
fluorescent ligands such as fatty acids2)( or ionone and
terpenes §8), changes in fluorescence emissionfbig Trp
residues were interpreted as indications of protdigand
interactions. The observed increases (fatty acids) or decreases
(ionone and terpenes) did not exceed—30%. Under our
conditions, 5-Lg displayed a typical fluorescence emission
spectrum withimax 333 nm Eigure 1), while the titration
patterns ofs-Lg A with the five peptidesKigures 4—8) varied
significantly. The most hydrophobic peptide-iLg f102—105)
produced the greatest changefihg A fluorescence intensity
and caused a blue shift #f,ax which was indicative of a more
hydrophobic environment surrounding the Trp residues of the
protein.5-Lg f142—148 increased Trp emission of the protein
and caused a red shift éf,ax suggesting that at least one Trp
residue was exposed to the aqueous phase.

The Ky value for thep-Lg—peptide complex could not be
determined, since it was impossible to reach a plateau at the
end of the titration at the protein concentration used (1 mM).
At protein and peptide concentrations equaktp 50% of the
ligand is bound to the protein. To bind all or at least 99% of
the ligand, the protein concentration has to be much higher
(about 100-fold) than th&y. Nevertheless, on the basis of the
titration curves showing that fluorescence intensity changed as
a function of the amount of peptide added, tKkg for the
complexes may be estimated in the millimolar range. This is in
agreement with our previous results using isothermal titration
calorimetry, estimatingq at 0.5 mM for theS-Lg A/f-Lg
f142—148 complex 80).

On the basis of the above observationg3dfg A—peptide
interactions and on known properties (MW, charge, and
hydrophobicity) of the peptides, it is plausible tifatg f102—

105 bound to the hydrophobic calyx of the protein and fhihgy

are quite different from the structured Trp or Phe spectral f142-148 bound inside the calyx and/or near the dimer
emissions. Furthermore, since the peptide molecules could alsgormation interface. The results presented here confirm previous

interact with each other (Phé>he interactions), we cannot

conclude unequivocally that this peptide bindsfthg A.
Figure 8A shows the effect of the addition @¢fLg f142—

148 onp-Lg A fluorescenceFigure 8B shows the fluorescence
intensity of 5-Lg A at Aem 365 nm as a function of peptide
concentration. Titrating the protein with this peptide significantly

evidence of interaction betweghlLg A and certain peptides
(30, 59). In the context of the relatively broad and varying
specificities ofs-Lg A toward different ligands, characterizing
its selectivity toward bioactive peptides may lead to a better
understanding of its physiological function.

This demonstration of interactions betwegrLg A and

increased (up to 15% at the end of titration) the fluorescence bioactive peptides is in response to questions raised by a recent

intensity and produak a 3 nm redshift. The shift was the

opposite of that observed following binding @fLg f102—105
(Figure 6) to 5-Lg A under the same conditions. Sinfe_g

study showing the degradation of some peptides during simu-
lated gastrointestinal digestiofd). Sincef-Lg A is stable at
acid pH and resists the gastric digestion, it could be used to
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transport bioactive peptides and protect them against enzymatic (19) Kontopidis, G.; Holt, C.; Sawyer, L. The ligand-binding site of

degradation in the gastrointestinal tract, allowing them to reach
their targets intact and exert their physiological effects in vivo.

ABBREVIATIONS USED

p-Lg, B-lactoglobulin; Ky, constant of dissociation; Phe,
phenylalanine; Trp, tryptophan; Tyr, tyrosine; FFFS, front-face
fluorescence spectroscopy; ANS, 1-8-anilinonaphthalene sul-
fonate; MW, molecular weight; a.u., arbitrary units.
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