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ABSTRACT

The analytical use of peptide and protein intrinsic fluorescence propertics
(teyplophan, tyrosine and phenylalanine fluorophores) combines the advantages
of the non-invasive techniques, with a good sensitivity, By providing simulta-
neously structural and dynamic information, fluorescence spectroscopy is an ex-
wremely useful tol for the study of proteins and peptides. The structural infor-
mation obtained by fluorescence spectroscopy is especially important in the
study of systems for which crystallography data is not available, as it is the case
of the large majority of membrane proteins. Furthermore, the dynamic informa-
tion is hardly accessible by crystallography studies. Thus, for most of these
applications, fluoreseence spectroscopy is the only technique that can probe the
time scale or the topological range of the molecular events. Examples of the
different flucrescence spectroscopy methodologies used on membrane proteins
and peptides studies (spectral characterization, time-resolved fluorescence, fluo-
rescence anisotropy, energy transfer and fluorescence quenching) will be
addressed.

INTRODUCTION rescence  spectroscopy  methodologies
to assess the time scale and the wopo-

The aim of this work is 1o present  logical range of the molecular events
the unique ability of the different fluo-  involving proteins or peptides. Tryp-
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tophan (Trp), tyrosine (Tyr) and
phenylalanine (Phe), the three aro-
matic amino acids are the only intrin-
sically Muorescent residues in pep-
tides and proteins (Fig. 1), with the
exception of some highly specific
amino acids, not 50 common in Ma-
ture, such as kynurenine (1).

yiekds (@) of peptides and proleins are
comparable to those of the free aming
acids, although dependent on the
amino acid residues micro-environ-
ment; (i) Virtually all peptides and
prodeins with Trp, Tyr or Phe residues
are fluorescent; (iv) Different peptides
amd proteins with identical aromatic

SRoE
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Fig. 1 = Molecular structure of the three aromatic acids: a) iryptophan (Trp),
I} tyrosing (Tyr), and phenylalanine,

Each of the three aromatic amino
acids have two absorption maxima at
wavelengths (1) between 200 and 300
nm. Based on their molar absorptivi-
tics (g), it is possible to estimate the
value of £ for a peptide or protein, as
long as the aromatic amino acid resi-
dues of ils primary structure are
known (2). Many of the basic aspects
of the intrinsic fluorescence of pep-
tedes and proteins were fully charac-
terized in the first works published in
this field (e.g.. (3) Namely, (i) at
room temperature, peptides and pro-
teins fluorescence emission lies on the
UV: (ii) The fluorescence quantum

amino acid residues composition can
present substantially different quan-
tum yields; (v) The quantum yields of
peplides and proteins depend on the
pH of the solution, decreasing in acid
or alkaline solutions. The emission
spectra of the three aromatic amino
acids are presented in Fig. 2.

The solvent can affect the fluores-
cence parameters of a molecule due 1o
unspecific interactions, related with
the polarity and polarizability of the
solvent, or through specific solute-
-solvent interactions. This phenome-
non has a great importance for ryplo-
phan. The presence of a less polar en-
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Fig. 2 = Emission spectra of iryplophan, fyrosine and phenylalanine in aqueous sobution pH 7.
The flusrescence intensilies prescated are proportionnl to the quantum yields

{adapted from (4)).

vironment has a mainimal effect on the
absorption spectrum but leads 10 a
significant blue-shift on Trp emission,
1o an increased quantum yiekd and o a
decreased emission band width at
half-height (56). On the conirary,
these alterations are not significant for
phenylalanine (7) and tyrosine (8).

The variability of the tryptophan
fuorescence parameters induced by its
micro-environment [Viscosity, polarity
and specilfic interactions of the solvem
with the indole ring) is responsible for
the large spectral shifts that occur in
peptides and proteins containing tryp-
tophan residues. The emission spec-
tra of these proteins depend on the
average micro-environment around the
Trp residues, going from the blue-
-shifted emission, characteristic of a
Trp residue in a non-polar environ-

ment, to the red-shifted emission of a
Trp residue fully exposed o a polar
environment (agueous solution), and
passing through the intermediate situa-
tions resultant of a partial exposure 10
the agueous solvent or the formation of
hydrogen bonds with adjacent amino
acid residues (Fig. 3). This individual
micro-environment enables the reach-
ing of conclusions on s location
(through the influence on the fuores-
cence propertics of a specific residue)
and, consequently, about the tertiary
structure of the protein. Thus, the
emission intensity maximum of a pro-
tein or polypeptide with Trp residues
can go from the 324 nm of Ribonucle-
ase Ty to the 352 nm of glucagon and
adrenocorticotropic hormone (ACTH),
with the extreme situation of the emis-
sion maximum at 308 nm characteris-
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Fig. 3~ Effect of the micro-environment af the irypiophan residue on the emission spectrum of

@ protein (adapted from (94). 1. Apoazuring {special speciral characieristics of a Trp
residue in the imerior of the protein, totally isolated from the solvent and surrounded by
non-polar amino acid residues). 2. Ribonuclease T (Trp residue in a soa-polar envi-
remment). 3. Staphilococeal nuclease (Trp residue partially expesed 1o the nqueous sol-
vent). 4. Glucagon (Trp residue fully exposed 1o the aqueous soluticn),

tic of the azurines (10). As expectable,
the full denaturation of all these pro-
teins results in a red-shift, leading 1o a
spectrum identical 1o the emission of
tryptophan in water, due to the expo-
sure of all the residues to the agueous
environment {e.g., (11,12)). The special
spectral characteristics of aurines can
be explained by the location of their
single Trp residee in the interior of the
protein, totally isolated from the sol-
vent and surrounded by non-polar
amino acid residues {e.g., (13)).

The spectral shifts on the fluoes-
cence of a tryptophan residue can also
be used 1o identify modifications on its
micro-environment  resulting  from @
conformational alteration induced by a
change an pH (14) or on the concentra-
ion of another jon (1516), enzyme-
-substrate interaction (13), binding of
small  (non-fluorescent)  modecules 1o
receptor  proteins (17), oligomerization

(18,19), association of different proteins
(20), or the incorporation of a peptide or
profein in lipsd membranes (21). As an
exarple, Fig. 4 presents the changes on
melittin fluorescence  (emission  maxi-
mum and width of the emission band @
half  height) induced by s KCl-
dependent oligomerization process (22).

The insertion of an aromatic amino
acid residue of a peptide or protein in
a lipid membrane leads 1o an increase
of is [uorescence quantum  yield.
This increase can be used for the de-
termination of the partition coefficient
(Kp) of the biomolecule between the
aqueous and lipid phases (21).

TIME-SOLVED FLUORESCENCE
SPECTROSCOPY

Al variance with steady-state fluo-
res¢ence spectroscopy, lime-resolved
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Fig. 4 = Changes on melittin NMuorescence embssion induced by different KCI concentrations
{adapled [rom (22)), AL low (KCI), melittin is present as o mondmer, and s ernission
maxdmuwm and width of the emission bond s hall height are characteristic of o Trp resi-
due fully exposed o the aqueous solution. When (KCH) is increased. melintin will pro-
pressively oligomerize in tetramers, with emission characteristics clone (o the expecta:
ble for Trp residues not accessible 1o the agueous enviranmenl, without going through
the intermediate siumtion of & partially exposed residue. The experimental position-
-width polnts above the straight line are characteristic of a mixture of the two emiiting

spocies (monomers and letramers).

fluorescence spectroscopy enables the
identification of nter and Intramo-
lecular events occurred during  the
lifetime of the excited state of the
flugrophore. In protein studies, this
time scale includes. eventually. the
ratation of the whole macromolecule,
domains of the peptide chain, or
amino scid residue side-chains (for o
specific review see, e.g., (9,23-25)).

The analysis of studies carrvied out
with different single Trp proteins indi-
cates that their fluorescence decays
must be described by a sum of two ex-
panentials (except for apoazurine (26)).
In the majority of the peptides and pro-
teins with more than one tryplophan
residue, more than two exponentials
are required for the fit 1o the experi-
mentnl fluorescence decay. The pro-
teins with identical fluorescent resi-

dues, but in different  micro-
-environments, behave as o mixture of
different Muorophores, In some situa-
ticns, it is possible to identify the con-
tribution of each one of the residues 1o
the fluorescence decay (23), However,
the association of different  micro-
environments to the intrinsically biex-
ponential decay of Trp, makes it im-
possible (or, ot least, doubtful) to es-
tublish a correspondence between gach
residue and a pair of companents, Usu-
ally, in these proteins it is possible o
group the residues in classes of fluoro-
phores with similar properties (e.g.
residues exposed to the solvent and
imernal residues). In each class, the
emitting species must have the same
spectral distribution and average fluo-
rescence lifetime, in order o enable
their contributions to be analyzed as a
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single decay or a set of very close de-
cays (27). It should be siressed that, in
studies of the interaction of a peptide
or protein (even with a single Trp resi-
due) with lipid membranes, the use of
at least three exponentials becomes
necessary, in order to take into account
the partition between water and the
membrane (e.g., (21)).

In the last decade, several instru-
mental improvements led o new re-
search possibilities on the swdy of
peplides  and  proteins  using  time-
resolved  fluorescence  spectroscopy;
Namely, some studies of protein con-
formational  changes (28), enzyme
dimerization (29), relation between the
differences (30) or similarities (31)
among some prodeins with their fluo-
rescence decays, temperature cffect
on protein structure (32.33) and the use
of a long component of tryptophan
Huorescence lifetime as a probe for
slow oriemtation fluctuations in pro-
teins (34).

FLUORESCENCE ANISOTROPY

Fluorescence  anisotropy  studics
are based on fluorescence intensity
measurements carrsed out with verti-
cally polarized excitation light. The
NMuorescence  emission s measured
with a second polarizer placed parallel
{lvv) or perpendicular (Iyy) to the ex-
citation polarizer. The dimensionless
parameter anisolropy, r, can be calou-
lated using the equation,

sl Lyy —lyy )
Iyy 2y

and it provides information on rota-
tional freedom of the fluorophore

during the excited state (e, the
proximity of I,y from I.v). Beside
depending on the excited state life-
tme itself, r depends on the fluoro-
phore volume and medium viscosity
(in addition to intrinsic photophysical
propertics). This dependence on the
medium  viscosity makes it suitable
for determining partition coefficients
in heterogeneous media, for instance
(e, (35)).

Fluorescence anisotropy, either in
steady-state (e.g., 20036)) or in time-
-resolved measurements (e.g., (32,37)),
has been of great wiility on the study
of diverge processes involving pep-
tides and proteins, as well as their in-
teraction with other macromolecules
and membrane model systems. Some
of these applications are also associ-
ated with energy transfer processes.

ENERGY TRANSFER

The term encrgy transfer is here
used for the process in which a mole-
cule in the excited state (donor) re-
turns 1o the ground state by transfering
its energy to another molecule {accep-
tor) without the emission of a photon
or the contact between the molecules
(38). The other types of energy trans-
ter, involving the emission and subse-
quent re-absorption of a photon, the
contact between two molecules or the
formation of complexes, are quite
specific and, thus, were left out of the
scope of this work (for specific re-
views see, e.p., (9,13.39-44)). Depending
on the occurrence of the energy trans-
fer process between two different or
equal Muorophores, it is named hetero-
trancfer (the majority of the siudied
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siluations) or homotransfer (energy
migration), respectively.

The energy ransfer velocity constant,
kr, for a donor-acceplor pair in isotropic
medium is given by the Farster equation,

1 [Ry Y
sy @
where T represents the fluorescence
lifetime of the donor in the absence of
acceptor, R 15 the distance between do-
nor and acceptor and R, is the Forster
radius, which can be calculated from
the spectroscopic data of donor and
acceplor, using the expression (45)

R,=00210842% S0 (3
n

where x° is a factor that depends on
the relative orientation of donors and
acceplons, op 15 the  fluorescence
quantum yield of the donor in the ab-
sence of acceptor, and n is the refrac-
tive index of the solvenl. The deter-
mination of ¥ is complex. Usually, a
value of 23 is assumed for this pa-
rameter, corresponding to the situa-
tions in which the transition momen-
wm of donor and acceptor sweep all
the possible orientations in a short
time (eg.. (42.46)). The parameter J
represents the speciral overlap integral
between the emission spectrum of the
donor and the absorption spectrum of
the acceplor:

J-Ik‘r,ﬂ::-.}r,,{hm (4)

where £.(i) and fo() represent the
mslar absorplivity of the acceplor and
the fraction of the fluorescence ematted
by the donor, respectively, in the in-

terval of wavelengths centered n &
and width di. The numencal constant
of equation 3 implies the use of & and
R, in nm, and & in M cm™.

The efficiency of encrgy transfer,
Ey, is defined as the fraction of the
energy of the photons absorbed by the
donor that is transfered w the accep-
tor, This fraction is given by,

Ey=—I (5)
kKt +Ip
Following cquation 2, this expression
can be rewritten as,
H.,f'

ETW i)
Looking into the last equation, it can
easily be concluded that the Flrster
radins, R, represents the distance be-
tween donor and acceptor for which
the efficiency of energy (ransfer is
0.5, It can also be verified that, in an
encrgy transfer process, the fluores-
cence lifetime and quanium vield of
the donor in the presence of the ac-
'.'-":Ftﬂl'. Tina El'ﬂj ¢|1_.'|_-. Tﬁ[ﬂﬂl"ﬁﬂ}’. ile-
crease according to the equations:

Toa  =Tp  +ky {7
F 2 RS
L ket (8)
$0. . RS+R®

AL variance with the heterotrans-
fer, in a homotransfer process the
flucrescence decay law is not modi-
fied. In these situations the best way
to follow the energy transfer is using
fluorescence anisolropy MEasuTcments.
In this formalism ry and r, represent
the fluorescence anisotropies of the
fuorophore directly excited and of the
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fluorophore excited by energy trans-
fer, respectively (47):

R, |

(&)

2] ]
|+z{5ﬁv-‘| 1+:![%1]

46

This equation is valid only in the ab-
sence of roation on the same tlime-
-scale as the migration, ie.. when all
the depolarization is due to the homo-
transfer process

The fluorescence  spectroscopy
studies of energy transfer between
aromatic amino acid residucs have
shown a large applicability in the de-
termination of intra- and intermolecu-
lar distances. This energy (ransfer is
possible due to the overlapping be-
tween the absorption and emission
spectra of phenylalanine, tyrosime and
tryptophan. As the absorption spectra
are almost not influenced by the loca-
tion of the amino acikd residee in the
protein, there is a large R, vanability,
mainly due to the different emission
spectra and quantum yields (induced
by the different micro-environments
of the donor) and to changes on pH.

The energy transfer from tyrosine
to tryptophan residees is the mosi
used in studies involving the intrinsic
Muorescence of peptides and proteins.
The quantification of the cfficiency
of energy transfer can be carried out
using the relative absorption of aro-
matic amino acids in the ratio under
evaluation [(48). To measure the en-
ergy transfer efficiency from tyrosine
to tryptophan residues in a2 molecule it
will be enough to measure the fluo-
rescence quantum yield of the peptide
or protein, ideally at several excitation

r=n

wavelengths (A...). choosing an emis-
sion wavelength above 350 nm (in or-
der 1o prevent the emission from tyro-
sing). The Er value obtained is used (o
calculate the distance between the two
aromatic amino acid residues.

In our work, equation 9 was used
to study the homotransfer between
two Trp residues upon the dimeriza-
ton of a synthelic peptide with the
same sequence as the major epitope of
HIV-1 membrane glycoprotein gpdl
{21). The change of the fluorescence
anisotropy  between  monomer  and
dimer, due to the energy migration,
was used to calculate a distance be-
tween the two residues of = 6 A,

Beside the studies of energy rans-
fer between aromatic amino ackd resi-
dues, other studies have focused on
the energy transfer from these resi-
ducs 1o other fluorophores, such as the
energy transfer from ryplophan resi-
dues to a heme group in proteins (49),
or to fluorescent probes incorporated
in lipid membranes (50). It should be
stressed that many of the energy trans-
fer studies use the labeling of the pep-
tide or profein with fluorescent probes
chogen in order to have a B, valus
close o the distance that is intended
0o be measured (e.g., (47.51,52)L

FLUORESCENCE QUENCHING

Although, in s broad sense, the
term fluorescence quenching can be
generically used for any process in-
volving the decrease of the fluores-
cence intensity of a sample (thus, in-
cluding phcnomena such as energy
transfer), in a stricter sense it is only
used to describe phenomena of fluo-
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resgence quantum vield decrease due
to direct molecular  interactions by
static andfor dynamic  mechanisms,
Both processes require the contact of
the fluorescence quencher (the mode-
cule or functional group responsible
for the phenomenon) with the fluoro-
phore (for specific reviews see, e.g.,
{9.13,53.54)).

The dynamic process of fluores-
cence quenching is described by the
Stem-Yolmer equation,

1;‘--"—:- ~Feapikg lol kg lol (10)

where [ $o To I & and T represent
the fluorescence intensity, guantum
yield and lifetime in the absence and
presence of a quencher concentration,
[Q). Ksy iz the Stern-Volmer constant
and k, the bimolecular velocity con-
stant, This last parameter can be esti-
mated using the Smoluchowski and
Stokes-Einstein cquations (e.g., (9)).

In some situations, the Stern-
“Volmer plot presents positive diver-
gences from lincarity. These diver-
gences can be explained using the
quenching  sphere-of-action  maodel
where a sphere of volume V and cen-
tered on the Muorophore, in which the
flucrescence quenching process oocurs
with efficiency ¥. is considered. In
stepdy-state, the quantification is made
according to the equation,

Lo (4R fQRM an
(M, 15 the Avogadro number), In other
situations, the Stern-Volmer represen-
tation presents negative  divergences
from linearity, following a hyperbolic
behavior. In general, these situations
result from the existence of more than

one class of Muorophores, with differ-
ent Kgy values, The simplest situation,
with a great applicability on the study
of peptides and proteins (12,21,55),
considers the existence of a popula-
tion of fluorophores protecied from
the contact with the quencher, and a
population (B) accessible 1o it. In this
case, the Muorescence data can be
analyzed using the Lehrer equation
(25),

g 1+ Kgy [Q]
1

{1+ Ky QD =Ty )+ Ty e

where [y is the ratio between L (the
Muorescence  intensity  from  the
Muorophore sub-population accessible
1o the Muorescence quencher, in its
absence) and I If both sub-popu-
lations  (accessible  omd  non-
-accessible) have identical quantum
yields, Ty is the mole fraction of the
accessible population,

The application of this method to
studies with proteins has the main ob-
jective of determining how many (or
which) fluorescent amino ackd resi-
dues are exposed 1o the solvent, using
an aqueous quencher (e.g., acryla-
mide, iodide, lead). It can also be used
to ientify the transmembrane resi-
dues in a3 membrane peplide or pro-
tein, using a fluorescence quencher
incorporated in the lipid bilayer. In
this last situation, there are some for-
malisms to calculate the position or
depth of the fuorescent residue in the
membrane (Figs. 5 and 6), by compar-
ing the fluorescence quenching effi-
ciencies obtained with phospholipids
or famy acids derivatized with a
quencher group (e.g., bromide, doxyl)
at different positions (22.56-61).
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Fig. § - Fluorescence quenching of a synthetic peplide identical to a segment of the HIV merm-
bramse protein gpdl, incorporated in the membrane ol lipid vesicles, by faty acids deri-
vatized with o doxyd group at the carbon & (2 or 16 (#), and fitting line obtained using

equation 12 {adapted from (21)).
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Fig. 6 - Fluorescence quenching study of a cytochrome by mutant, using four bromolipids derivati-
aed ot different positions of the fany acid chains (adapted from (22)). Data analysis indi-
cates that the distance from the Muarophore 1o the center of the bilayer is (10.134.4) A.

ACKNOWLEDGMENTS

The author wants to thank Professors Car-
ks Saldanha, J. Matins ¢ Silva (Faculty of
Medicine, University of Lisbon), Miguel Cas.
lanhe (Facully of Sciences, University of Lis-
ben), Manuel Prieio (IST - Technical Univer-
sity of Lishon) and Luis Lourn (University of
Evora and IST — Technical University of Lis-
bonj for valusble discussions, This work was

partially supponied by the Fundagho para a
Cifncin ¢ Teenologia [(FCT) and by the
Calouste Gulbenkian Foundation {Portugal).

REFERENCES

I Fukunaga ¥, Kstsuragi ¥, kumi T, Saki-
yama F. ] Biochem 1982; 92: |29,




PROTED INTRINSIC FLUDRESCESCE
Aclas Biog. DN &2 2122

I

X

I3

15.
18

IT.
1%,

"

21,

rk i

4,

Edelhoch H. Biochemistry 1967, 6 1B,
Shore VG, Pardee AB. Arch Biochem
Biophys 1956: 60: 100.

Teale FW), Weber G. Biochem 1 1957,
G52 4T6.

Vau Duuren BL. J Ovg Chem 1961; 26;
2054,

Cowgill RW, Bioclom Biophys  Acta
1967; 133; 6.

Longworith J'W. Biopolymers 1966; 4
13l

Weber G, Rosenheck K. Diopolymers
Symp 19%64: 1@ 333,

Lakowicz JR. Principles of MNuorescence
speairoscopy, 2nd editon, KluwenTie-
num 1962 Mew York.

Efink MR, Ghiron CA Hiochemisiry
1976; 15: 672,

Brand 10, Cagen RH. Biochim Biophys
Acta 1977: 493: 178

Cowtinho A Pricio M. ] Chem Educ
19603 T 225,

Lakowicz JR. Frinciples of MNuorescence
spectoscopy, Plenum 1983, New Yok,
Kisleczawa 1, France LL. Sutherland 1C,
Hind G. Arch Biochem Biophys 1992
298: 63,

Meers P, Biochemistry 1990 29: 3325,
Marriolt G, Kick WE, Johnsson N, Weber
K. Biochemistry 1994; 29: 7004,

Zukin RS, Biochemistry 1979, 33: 24230,
Faucon JF, Dufoareq 1, Lussan C. FEBS
Lett 1979; 102: 157,

Talbed JC, Dufourncg 1, de Bony 1, Fascon
JF, Lussan C. FEBS Lew 1979, 102: 191,
Lakcowice JR, Gryerynski I Loczke G,
Wick W, Johnsoa ML Protein Sei 1994
3 624,

Santos MC, Pricio M, Casianbo MARB.
Binchemisiry 1995; 37: 3674,

Ladokhin AS. Encyclopedia of analytical
chemistry, RA. Meyers (Ed.), John Wiley
& Song, Chichestar J000; 5762,

Beochem JM, Brand L. Annu Rev Bio-
chem 1985; 54:43.

Birch 115, Imhol RE. Topics in Nuores-
cence  speciroscopy, wolume 1@ vech-
migques, LR Lakowice (Eb), Plenum
1991 ; Hew York [,

&3

26,

2T,

28,

3.

ax,

i

35,

an.

.

4l.

42,

43,

a4,

Beechens 1M, Methods Enzymed 1997;
278 2.

Grinvald A, Secinberg [Z. Biochim Bio-
phys Acta 1976; 427: 663,

Prowencher SW, Dovi Vi ) Buxhem
Biophys Methods 1979; 1: 313,

Willis K1, Szaba AG. Biochemistry 1992
A): 8024,

29, Chawvin F, Topiygin [} Roseman §,

Brand L. Biophys Chem 1992 44: 163,
Gryezynski 1 Somacinski H, Laceko GG,
Wicek W, Johnson ML, Kusba ), Lafko-
wice JR, ] Fluorescence 199 ; 1: 163,

Swaminathan K. Knshnomoorhy G,
Perinsamy N. Biophys 1 1994z 67: 2013,

Efink ME, Gresnmski L Wicek W, Lac-
ko G, Lakowicr JR. Biochembstry 19913
J; BO45,

Kungl C. Seidel C, Schilk A, Daly T,
Kaulfmann HF, Auer M. | Fluorescence
I 5rkE: 4z 2,

Diring K. Beck W, Konermann L, Jihnig
F. Biophys J 1997; T1: 326,

Weber O, Methods Eneymod 19497; 2T8:1,
EL Kebiaj M'hS. Lomaife N, Monsigny M.
Ohwemorvitch A, Blochem 1 1986; 237; 359,
Jamses DR, Demmer DI, Steer BP. Ver-
rall RE. Biochemistry 1985; 24: 5517,
Forwer T. Discuss Faraday Soc 1959, 27: 7,

Caplor CR, Schimmel PR. Biophyskcal
chemistry: parnt Il- Techniques For the study
oibiologicall structure ad ucion, W, H.
Freeman and Co., Mew York 1980 448,
Cheung HC. Topics in fluorescence spec-
trosoopy, volume 2: principles., JR Lako-
wicz (Ed.). Plensm, Mew York 1991 127,
W P, Brand L. Anal Bischem [994;
Z1E: 1.

Van Der Meer B. Coker G, Il Chen 5.-
Y5, Resonance energy transfer: Lheory
and datm VCH 19594; New York

Haas E. Spectroscopic methods for deter-
mining profein structure in solution, HA
Havel (EdL), W'CH. Mew Yook 1995; 28,
Vekshin MNL. Energy transfer in macro-
molecules, SPIE Optical Engineenng.
Bellingham 1997,

Berberan-Samias MM, Pricio MIE ]
Chem Soc Faraday Trans 1987; 2, 8%
1391,

3




NUN CSANTOS

47,

48,

50,

5L

52,

Dale RE, Eisinger 1, Blumberg WE. Bio-
plys J 1979 26 161,

Rurnels LW, Scarlsta SF. Biophys ]
19405; 69: 1560,

Eisinger J. Biochemistry 1969; 8: 3902,
Janes 5M, Hodbom G, Ascena P, Bruno-
ri M, Hochsirsser RM. Biophys ] 1987;
3l 653,

Avramictis 5. Siamatis H, Kolisis FN,
Xenakis A, Progr Colloid Polym Sci
1997, 1035: 180,

Valenneela CF. Weign P, Yguerabide ),
Johnsen DA, Biophys J 198904 66: 674,

Yguerabide J. Biophys J 1994; 66c 683,

5.

58

2

Efink MR. Topics in tlsorescence spec-
troscopy, volume 2: principles., LR Lako-
wicz (EdL), Plenum, Mew York 1991 53

Castusho MARB, Pricio MIE. Biochim
Biophys Acta 1998; 1373: 1.

Lehrer 85, Biechemistry 1971; 10 3254
Blatt E. Sawyer WH. Biochinn Biophys
Acia |985: 822 45,

Chattapadhyay A, London E, Biochemés-
Iry 1QRT; 26; M,

Arias HR, Valenzuela CF, Johnson DA,
I Bied Chem 1993; 268; G348,

Moznch 5J, Moreland 1. Stewart DR
Deweey TG, Biochemistry 1954 33; 5791,

6. London E Biophys J 1994; 67: 1368,

- Lndokhin AS, Methods Encymol 1997

TR 452,




	Página 1
	Página 2
	Página 3
	Página 4
	Página 5
	Página 6
	Página 7
	Página 8
	Página 9
	Página 10
	Página 11
	Página 12

