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Human seminal plasma prostatic inhibin (HSPI) is one of the first seminal plasma proteins, which has been
isolated, purified, and characterized. HSPI contains two tryptophans at positions 32 and 92 along its 94
amino acid primary sequence. Among the three fluorescence quenchers acrylamide (neutral), potassium iodide
(anionic), and cesium chloride (cationic), potassium iodide is found to quench the tryptophan fluorescence
more compared to the other two. The fluorescence decay of HSPI is biexponential with lifetimes 5.86 and
2.44 ns. The SteraVolmer quenching curves in the case of fluorescence intensity and average lifetime are
identical, indicating that the quenching mechanism is purely dynamic. The decay associated spectra of the
two lifetimes show that the two tryptophans are solvent-exposed. The fluorescence quenching data is in
favor of associating the two lifetimes to separate tryptophans. The fluorescence anisotropy decay of HSPI is
single exponential with a correlation time of 9.2 ns, which is due to the rotation of entire protein. Absence
of any fast component in the anisotropy decay indicates that the two tryptophans are in motionally restricted,
rigid environments. In NMR studies, the cross-peak patterns observed in 2D-COSY and 2D-NOESY spectra
of HSPI gave unambiguous evidence that each of the two tryptophans is sterically constrained and exists in
a single rotamer population.

Human seminal plasma contains a variety of proteinssecreted SCYFI PNEGVPGDSTRKCMD
by seminal vesicles and the prostate. Human seminal plasma 32
prostatic inhibin (HSPI) is one of first seminal plasma proteins L KGN K HPINSE QTDNCETC
that has been isolated, purified, and characterizétdhas 94 s
amino acids and has a molecular weight of 104 kDa. HSPI TCYE TE I SCCTLVSTPVGYD
has been the subject of interest for more than a decade. Its
biological activity ranges from preventing pregnancy tocuring LDNCQR I FRK®ED C®Y 1V V Q®
prostate cancer. Inhibin prevents pregnancy in mammals by 92
modulating the level of circulating follicle stimulating hormones ®D P®®T CSVSE I I
(FSH)? It suppresses prolactin, a hormone that promotes w
lactation® Therefore, neutralizing inhibin through active im- Figure 1. Amino acid sequence of the HSPThe two tryptophans at
munization leads to increase in milk production. Seidah et al. positions 32 and 92 are marked with squares, and the lysines nearer to
have reported the primary sequence of HSRh the recently W92 are marked with circles. The curved arrows represent the amino
corrected HSPI sequence of 94 residues, all amino acid residue&cids between which several nOe cross—peaks have been observed in
except alanine are preséntFigure 1 shows the primary the 2D NOEOSY NMR spectrum recorded in a mixed solvent of 90%
structure of this protein. The number of various amino acids H0 and 10%H0.

are as follows: Gly, 4; Val, 6; Leu, 3; lle, 7; Asp, 7; Asn, 5; . . . .
Cys iO' Se\;VST Th¥ 8 Glu. 7: Glnu 3: Met. 1: A?g 2- Lyss 10: elsewheré. The immunoactive fractions were purified by HPLC

. . . Mic 1- ; ; ; | permeation preparative column (Ultrapack TSK G-2000
Pro, 5; Phe, 2; Tyr, 4; His, 1; Trp, 2. HSPI is particularly rich on age . . v
in lysines and cysteines. No information is available about the SWG; 21.5 mm 600 mm) with an exclusion limit of 200 000
three-dimensional (3D) structure of this protein. In this paper D2 The proteins were eluted with 0.05 M acetate buffer, pH

we report fluorescence and NMR studies on HSPI carried out 4-0; @t @ flow rate of 3 mL/min. The HPLC purified material
to understand the local environment of the two tryptophans Was dialyzed and lyophilized. The activity of HSPI was checked

(W32 and W92) present in the protein and to obtain structural by radioimmunoassay. The protein was then dissolved in

and dynamical information about the protein. sodium acetate buffer (pH 4.5; 100 mM), and then the pH
was adjusted to 3.0 by addition of HCI.
Materials and Methods Other chemicals used in this study were acrylamide (Sisco

Research Laboratories Co., India), Kl (potassium iodide, Quali-
gens Fine Chemicals Co., India), CsCl (cesium chloride,
Spectrochem Pvt. Ltd., India), sodium thiosulfate {83,

Qualigens Fine Chemicals Co., India), sodium acetate (Quali-
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Sample Preparation. HSPI has been isolated from the
semen samples of healthy men obtained at infertility clinics and
purified following the well-established procedure described
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Chemical Co.). Doubly deionized water was used in the I, = 1/3I(t)[1+ 2r(t)]
experiments. All the experiments on HSPI were carried out at
P o Iy =00 — 1) ®

Fluorescence MeasurementsThe steady-state fluorescence
intensity and anisotropy measurements were carried out using ; : : e o ;
SPEX Fluorolog 1681 T format spectrofluorophotometer. The mh(;alz(rarégslz tihs anisotropy function which is single exponential
time-resolved fluorescence measurements were made using a U
frequency-doubled output of a high repetition rate (800 kHz) t
picosecond dye laser (rhodamine 6G) coupled with a time- rt) =r(0) ex;{— 5) (4)
correlated single photon counting (TCSPC) setup described
elsewhere;® currently using a microchannel plate photomulti- where r(0) is the initial anisotropy ang is the rotational
plier (Hamamatsu 2809). The second harmonic output of the correlation time. The goodness of the fits were judged h¥ a
dye laser from an angle-tuned KDP crystal was used to excite yalue close to 1 and the random residual distribution.
the samples. The excitation Wavelength was 295 nm to excite Fluorescence quenching studies were made using stock
Trp preferentially. The emission was collected through a 320 solutions (2.5 M) of the three quenchers acrylamide, Kl, and
nm cutoff filter to prevent detection of scattering of the CsCl prepared in acetate buffer. Small aliquots of the stock
excitation beam from the protein samples. The sample was solutions were added to the protein solutier26 M) to attain
excited with vertically polarized light and the fluorescence decay the desired concentration of the quencher, and the changes in
was collected with emission polarizer kept at the magic angle the fluorescence intensity were measured. In the case of the
(~54.7) with respect to the excitation polarizer. For the quenching experiments with KI, the solution contained 28D
anisotropy measurements, the fluorescence intensities weresodium thiosulfate (N&5,03) to avoid the formation ofs. The
measured with the emission polarizer set at parallel or perpen-changes in the steady-state intensity with the addition of the

dicular orientation with respect to the excitation polariz_er. quencher were used to obtain the quenching rate constant using
Geometry factor (G-factor) for the TCSPC setup was determined the Stera-Volmer equatioff+15

by using the NATA in water whose rotational correlation time

(0.09 ns) is faster than its fluorescence lifetime (2.98 ns). The /1 =1+ Kg[Q] (5)
instrument response function (IRF) was recorded using a

magnesium oxide scattering solution. The full width at half- wherel, and| are the steady-state intensities in the absence of
maximum (fwhm) of IRF is about 200 ps. Typical peak count the quencher and at the quencher concentration [QKaxds

in the emission decay for fluorescence intensity and anisotropy the Stera-Volmer constant. The above equation is linear for
measurements was about 10 000, and the time per channel wagurely dynamic or purely static quenching mechanisms. In the
75.68 ps. All the experiments were carried out at’€5 case of the pure dynamic quenching mechanism, the Stern

The experimentally measured fluorescence decay data is avolmer constant is equal téo, Wherek, is the dynamic
convolution of the instrument response function with the quenching rate constant anglis the fluorescence lifetime in
intensity decay function. The intensity decay data was fitted the absence of the quenchefsy becomes K the association
to the appropriate equations by iterative reconvolution procedure constant for the quencher with the fluorophore in the case of
using LevenbergMarquardt algorithm for optimization of the  the static quenching mechanism. The equation can be used to
parameter$>1% The fluorescence decay data collected at the calculate the quenching rate constdgtor the association
magic angle were analyzed byaximum entropy method constant K depending on the quenching mechanism. The clear
(MEM) as well as discrete exponential analysis. distinction between these two mechanisms can be made from

In MEM, the decays were analyzed for the model of the time-resolved measurements. The dynamic quenching
distribution of lifetimest11? In this, the intensity decay function  mechanism is reflected in the changes in the lifetimes, whereas
is the static quenching mechanism does not change the lifetimes.

The time-resolved quenching studies were carried out to
I(t) = fofmax a(7) exp(-t/z) dr (1) elucidate the .qulenching mechani;ms where the change in
fluorescence lifetimes with the addition of the quenchers was
used to obtain the dynamic quenching rate constants.

Decay Associated Spectraln the case of biological systems
such as proteins, where the fluorescence intensity decay is
multiexponential, the method of DAS is commonly employed
to obtain the spectra of individual lifetimé$. The procedure
of global analysis of multiple files is done to obtain the common
parameters to all the deca¥fs.

For the purpose of global analysis, the fluorescence decays
were collected at varying emission wavelengths 320 nm to 430
nm at 5 nm intervals with the sample excited at 295 nm. These
decays were analyzed globally to obtain the lifetime parameters

t that are common to all the data sets and the amplitudes varying
I(t) = ziai ex;(— —); i=12 2 with the emission wavelength. The steady-state spectrum of
Ti the protein was resolved into the spectra of the individual
lifetimes using the equation

whereoy() is the distribution function that must be determined.
In the analysis, above integral is approximated as a multi-
exponential function of about 150 discrete lifetime values
uniformly spaced in log() space (in our case, 10 ps to 10 ns),
where the amplitudes; represent a continuous, smooth function.
The optimum distribution is the one that fits the data wity?a
close to 1.0 and maximizes the Shanndaynes entrop$?

In discrete exponential analysis, the intensity decay function
was fitted to either a single- or a double-exponential function
as

where a; and 7; are the amplitudes and the lifetimes. The

polarized fluorescence decays (parallel and perpendicular) were o;(A)T;

fitted simultaneoush? to obtain single set of parameters LA) =1 =—" (6)
common to both the decays as ziai(@fi
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Figure 2. (A) Steady-state intensity SteriVolmer plots.lo andl are 0 L
the steady-state intensities without and with the addition of the quencher. 0 5 10 15 20 25 30
(B) Lifetime Stern-Volmer plots.zo andz are the average lifetimes Time/ns

before and after the addition of the quench®rAcrylamide, v Ki,

Figure 3. Fluorescence intensity decay of HSPI. The figure shows
and® CsCl. g y y g

the excitation profile and the experimental and calculated intensity
decays. The inset shows the results of this intensity decay data by
wherel is the steady-state intensity ah@nda; are the steady-  discrete exponential analysis and MEM analysis. The vertical lines
state intensity and the amplitude corresponding tatthkfetime represent the two lifetimes obtained with the discrete analysis which
T, are in one-to-one correspondence with the two peaks in the lifetime

NMR Experiments. 2D NMR experiments were carried out distribution obtained by MEM analysis.

on a Varian Unity spectrometer with 4H frequency of 600  TABLE 1: Analysis of Fluorescence Intensity Decay Data of
MHz. Though several 2D experiments have been recorded in HSPI in the Presence of Three Quenchers
2H,0 and in a mixed solvent of 90%,8 + 10% 2H,0, we

gi v thew tumfiltered lati t quencher  [quencher]/mM ti/ns  tans oy o Twns
iscuss only o quantumfiltered correlationspectroscop .
(2QF COSY?¥® andnuclearOverhauseenhancemenspectros- acrylamide 950 35_9816 12_6414 0%624 09%6 ;&4
copy (NOESY) spectra in the present context. The experi- 183 302 128 065 035 242
ments were carried out at pH 3.0 and temperaturéith KI 97 311 130 064 036 246
a protein concentration of 2.5 mM. 280 189 065 067 033 148
450 140 044 076 024 117
Results and Discussion CsCl 118 546 222 067 033 4.40
225 513 205 071 029 4.24

Fluorescence Quenching StudiesThe Stera-Volmer (SV)
plots derived from the steady-state measurements with three(amplitude) in a range (typically, 10 ps to 10 ns in our case)
different quenchers, namely, acrylamide, Kl, and CsCl, are and the shape of the distribution (amplitude vs lifetime) is
shown in Figure 2A. It is evident that KI quenches the obtained as the final outcome of the analySislf the
fluorescence most effectively. The efficiency of quenching is fluorescence decay is truly a sum of exponentials, then MEM
in the order KI> acrylamide> CsCl. The SterrVolmer analysis gives a multimodal or multipeaked distribution. The
quenching plots for acrylamide and CsCl are linear while the resolvability of the multiple peaks depends on the signal-to-
behavior for Kl is nonlinear. The SterVolmer constants noise ratio of the fluorescence decay ddtaFluorescence
(Ksy) calculated in the case of acrylamide and CsCl are 6.68 intensity decay of HSP!I in acetate buffer (pH 3.0) is shown in
and 0.79, M1 respectively. TheKsy in the case of Ki, Figure 3. The inset in Figure 3 shows the result of MEM
calculated from the initial slope, is 11.427¥ analysis of the fluorescence intensity decay of HSPI protein.

Acrylamide is known to quench solvent-exposed as well as The distribution clearly shows two well-resolved peaks. A
the buried tryptophans by penetrating through the rapidly comparison of the average lifetimes for the two peaks in the
fluctuating protein matri%® The linear SterrVolmer plot for distribution of lifetimes with those obtained by discrete expo-
acrylamide quenching in the case of HSPI indicates that the nential analysis shows a one-to-one correspondence (Table 1
fluorescence is either from only one of the two Trp or both and Figure 3).
having identical local environment. Here, the use of different  The fluorescence decay of HSPI is biexponential with
charged quenchers helps to identify the local environments of lifetimes of 5.86 and 2.44 ns, and the corresponding amplitudes
the two tryptophans in the protein. In the case of HSPI, KI are 0.64 and 0.36. Time-resolved fluorescence quenching
quenches the fluorescence more efficiently compared to acryl- studies were carried out to elucidate the quenching mechanisms.
amide and the SV plot shows a downward curvature. The Table 1 shows the results of discrete exponential analysis on
downward curvature observed in the case of iodide quenchingthese fluorescence intensity decays in the presence of the three
can be explained in terms of the two Trp having different quenchers, which match well with those obtained by MEM
quenching rate constants or the quenching mechanism involvinganalysis. The two lifetimes and the mean lifetime decrease by
both static and dynamic quenching. the addition of the three quenchers indicating that the quenching

Time-resolved fluorescence studies were carried out to obtainmechanism is dynamic in nature. The order of quenching
fluorescence lifetimes for the protein and to identify the efficiency is the same as determined by the steady-state intensity
fluorescence quenching mechanisms. The fluorescence intensityneasurements: Kt acrylamide> CsCl. The SteraVolmer
decay at 350 nm was collected at magic angle polarization, plots for the average lifetime variation are shown in Figure 2B.
excited at 295 nm. The decay was analyzed by MEM to obtain The SV plot for mean lifetime are linear for acrylamide and
the distribution of lifetimes. MEM does not assume any a priori CsCl whereas it is nonlinear for Kl, a result similar to the steady-
model for the excited-state kinetics or lifetimes. It assumes state intensity plots. These results confirm that the quenching
initially that the lifetimes are distributed with equal probability mechanism is purely dynamic.
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The Stern-Volmer plots for the individual lifetimes are
shown in Figure 4. The plots are linear for both the lifetimes 0 ) | [ 1
indicating that different tryptophans contribute to the two 320 340 360 380 400 420
lifetimes. The quenching rate constants are calculated from the

slopes of the SteraVolmer plots and the lifetimes. The values ) o ]
for the long lifetime (5.86 ns) are 1.2 10° M1 52 for K, Figure 5. DAS of the two lifetimes of HSPI. The solid curve represents

1o . o the steady-state intensity. The solid triangles and circles represent the

1a1 1a1

OC'QCT %Ogtl\i/: i IC:rf Ef[?rwa(r;'ii: ar;dt?]-k 10° Zl(ll(s);’ Mfog spectra of the long (5.86 ns) and short lifetime (2.44 ns), respectively.
SCI; Tor the short litetime (Z£. ns), tney are -

s 1for Kl, 2.1 x 1® M~1 s71 for acrylamide, and 0.% 10° T T T T

Emission Wavelength/nm

0.3

M~1 s for CsCl. The value of the quenching rate constant 10000 - ]
for the short lifetime is consistently higher for all three g 0.2
quenchers: 2.3 (acrylamide), 3.4 (KI), and 3.0 (CsCl). These 8000 s 4
results are consistent with the model that the two lifetimes are @ 02 o1
associated with the two tryptophans in different local environ- ‘E 6000 : ' i
ments. Both are accessible to the solvent, and the one with a = A

e . - =) 0.0
short lifetime is more solvent-accessible than the other. &) 0 5 10 15 20 25

4000

Among the three quenchers, acrylamide is known to quench
the Trp fluorescence more efficiently compared to Kl and CsCl.

Time/ns

The fluorescence quenching rate constants for these three fall 2000 |- =
in the order acrylamide Kl > CsCI. The dynamic quenching

rate constants for indole fluorescence for acrylamide, Kl, and 0

CsCl are 7.1x 1 6.4 x 1(° and 1.1x 10°® M~ s} 0 5 10 15 20 25
respectively?® In the case of HSPI, KI was the most efficient Time/ns

quencher. The increased quenching efficiency of KI can only rigyre 6. Polarized fluorescence intensity curves of HSPI. The figure
be explained by attractive electrostatic interaction between the shows the observed and fitted parallel and perpendicularly polarized
negatively charged quencher and the tryptophan region of theintensity decays. The inset shows the time-resolved fluorescence
protein, which ought to be positively charged. The primary anisotropy calculated from the above two decays.
structure of HSPI (Figure 1) shows that there are seven lysine
residues (marked in Figure 1 with circles) in the neighborhood in the “Materials and Methods” section. The fluorescence
of W92 and fewer positively charged residues near W32. The decays collected at emission wavelengths varying from 320 to
lysine residues whose side chain is positively chargeds(NH 430 nm at an interval of 5 nm at the excitation wavelength 295
group, K. 10.532%) may constitute a positively charged pocket nm were analyzed globally to obtain the two lifetimes that are
around W92, which increases the local concentration of common to all the emission wavelengths and amplitudes as a
negatively charged iodide compared to the bulk concentra- function of the emission wavelength. The decay-associated
tion.2220 This results in increased quenching efficiency for spectra computed using eq 6 are shown in Figure 5. As seen
iodide compared to acrylamide. It was identified earlier that in Figure 5, the emission maxima (345 nm) and the spectral
the quenching rate constant was higher for the short-lifetime shapes of both the lifetimes are identical. These results, together
component (2.44 ns). Therefore, one can associate the shortvith the results of fluorescence quenching studies, confirm that
lifetime of 2.44 ns with W92 and the long lifetime of 5.86 ns the two tryptophans have a solvent-exposed environment.
with W32. However, this assignment can be confirmed only ~ Fluorescence Anisotropy and Dynamics of HSPI. The
by mutating the protein to eliminate one of the two tryptophans. steady-state fluorescence anisotropyfigt= 295 nm andlem
Decay-Associated Spectra of Tryptophans.The fluores- = 350 nm is 0.117. Figure 6 shows the time-resolved
cence emission maximum of tryptophan depends on the localfluorescence intensity decays collected with the emission
environment in the protein, i.e., on the neighboring amino acid polarizer kept parallel and perpendicular to the excitation
groups surrounding the tryptophan. The Trp emission maximum polarizer. The inset in Figure 6 shows the anisotropy decay
in water (completely exposed to solvent) occurs at 360 nm. If calculated from the above two polarized intensity decays. The
the Trp is in the hydrophobic region of the protein, the emission time-resolved anisotropy decay can be fitted to a single-
maximum gets blue-shifted to 310 nh. The fluorescence  exponential function with rotational correlation time of 9.2 ns.
emission maximum of HSPI occurs at 346 nm indicating that  The fluorescence anisotropy in the case of proteins comes
the Trp residues are significantly exposed to the solvent. As from two independent motions: rotational dynamics of the entire
described earlier, the fluorescence of HSPI is due to two protein and segmental/local dynamics of the Trp residue(s). The
lifetimes that can be associated with different tryptophans. The anisotropy decay resulting from the rotational motion of the
steady-state fluorescence spectrum of HSPI was resolved intoprotein is single exponential if the protein is spherical. If it is
two spectra associated with the two lifetimes (DAS) as described nonspherical, the decay is multiexponential. The segmental/
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Figure 7. Three rotamer structures seen along-Cgs bond of tryptophan. The table indicates the exped{eti—H"/HS) values and COSY and
NOESY cross-peak intensities between theadd HR/HPS protons that one would observe for the above three rotamer structures.

local dynamics of the Trp residue consists of its side chain 4.4 ns, which is far less than the experimentally determined
dynamics with or without a segment of the polypeptide. The value of 9.2 ns. We consider three possibilities to account for
local dynamics is generally described by the “wobbling-in-cone” the difference between the two values. (1) If the protein is
modef324where the Trp residue wobbles freely within a cone aggregated in solution, then the rotational correlation time of
of semiangle related to the order of its environment. In view the protein will be higher. In our case, a dimer of the protein
of the different types of depolarizing dynamics, it is more will account for the experimental value of 9.2 ns. Itis necessary
common to observe multiexponential anisotropy decay for though that the protein will have to be completely or very
proteins containing multiple tryptophans. The longest correla- substantially dimerized at a protein concentration ofi®bused
tion time is ascribed to the rotational motion of the protein, for fluorescence experiments. However, NMR experiments
and lower values to segmental and local dynamics of the carried out at a protien concentration of 2.5 mM (more favorable
tryptophan. for dimerization) have not given any evidence for the existence
The time-resolved anisotropy of HSPI shows a single of dimers. All the resonances, including NOESY and COSY
rotational correlation time of 9.2 ns, which is attributable to cross-peaks, are accounted for by the primary sequence of the
the rotational motion of the protein as a whole. The absence protein. SDS-PAGE gel electrophoresis of HSPI is also not in
of fast correlation times in the anisotropy decay of this protein favor of the formation of dimet. Hence, we rule out this
indicates the absence of segmental and local depolarizingattractive possibility. (2) The hydrated volume of the protein
dynamics. In other words, the indole moieties of both tryp- could be much larger than that calculated by the empirical eq
tophans are rigidly held in their respective spatial locations. This 7. HSP| could be an exception to this generalization that
conclusion is confirmed by the NMR results as described in hydrated specific volume is 1 g of a typical proteir?® If
the next section. the protein is associated with one more additional layer of water
The molecular mass of HSPI is 10.4 kDa. Assuming the molecules than that of typical proteins, the radius increases by
shape of the protein to be spherical, the rotational correlation g 4 nn?627 and the volume of HSPI would increase by 95%.
time ¢ can be calculated using StokeSinstein equation (69 Then the calculated value gf (8.6 ns) will be closer to the
8) and hydrated molecular volume of the protein. The latter experimental value (9.2 ns). This possibilty is realistic because
can be calculated using an empirical equation proteins with charged surfaces are known to be more hydrated

M than those with uncharged surfaces. (3) The third possibility

V,=— x 10 Z2cnm? (7) is that the protein is nonspherical. If the protein is ellipsoidal
6 (prolate or oblate), single-exponential anisotropy decay is still

v observed if the transition dipole is parallel to the symmetry

= 1 _ YW (8) axis?8 The axial ratio for the prolate or oblate shape of HSPI
6D KT that would give a rotational correlation time of 9.2 ns was

whereg is the rotational correlation tim&, is the rotational
diffusion coefficient,Vy is the hydrated molecular volume of
the proteiny is the viscosity of the mediunk,is the Boltzmann
constant]T is the absolute temperature, a¥ds the molecular
weight of the protein. The calculated value @for HSPI is

computed to be 2.73 (prolate) and 0.21 (oblate). The circular
dichroism spectrum of HSPI (not shown here), which indi-
cates secondary structural elements suclf-abeets angb-
turns, and preliminary NMR structure studies suggest that HSPI

may be a prolate ellipsoid, like the casewfmylase inhibi-
tOF.29’30
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Rotamer Structures by NMR. As discussed earlier, the two A W2,
fluorescence lifetimes, 5.86 and 2.44 ns, can be associated with L -

F1 49"

the two tryptophans W32 and W92, respectively. There are (ppm)]
only a few examples of multi-trp proteins for which it was N
possible to identify the lifetimes with individual tryptophais? } LI
Multiexponential fluorescence decay is commonly observed in 2 v
several proteind’ including many proteins containing only one 1
tryptophan33:34.35.36 |t is usually difficult to associate fluores- ad
cence lifetimes with individual tryptophans without modifying ]
the protein to a simple single trp protein. Fluorescence aq
anisotropy of HSPI has also revealed the compact structure of 1o
the protein devoid of segmental or local dynamics in the region 54 & -
of the tryptophan. This gives rise to the possibility that the b
indole moiety of tryptophan is held rigidly in one of three 6]
rotamer structures (see below), which can be unambiguously ]
confirmed from NMR studies. .50

Tryptophan in water at pH 7 shows a biexponential fluores- j
cence decay, and the lifetimes are assigned to rotamer struc- &7
tures?’ Multiexponential decay of tryptophan fluorescence in i
proteins has been generally attributed to multiple conformations 93
(* rotamers) around the°G-C# bond of the tryptophan side _ o ..
chain?”:38 multiple microstates of the protef,or multiple 107 4 N
structures of the proteit?:** The recent work€ on the lifetime A LM A
distributions of single tryptophan proteins has strongly suggested R '(ppm) ’ '
that multiexponential decay of the tryptophan arises owing to
the presence of various rotamers the tryptophan side chain can
adopt. The two fluorescence lifetimes for the free tryptophan B HS
in water have been assigned to these rotamer structures about
the &—Cf bond, which makes the indole group proximal to Cg _Hel
the carboxyl group in two of the three structufésThe three N
rotamer structuregf conformations whose structures are shown
in Figure 7) are found to be long-lived on the millisecond time He3 HE2
scale using NMR experiment$. Hence the three tryptophan
rotamers would show up as distinctly different species in the HES Hn2
nanosecond/picosecond time scale fluorescence lifetime experl-Figure 8. (A) Selected region of the water-gated NOESY spectrum
ments. The fluorescence decay of a tryptophan analogue thatysisp) recorded in 90% ¥ + 10%2H,0 at 20°C and pH 3.0. The
has restricted rotation about the*-€C/ bond is found to be  noe connectivities seen from various protons to the respective N
biexponential, which is correlated with the two conformational protons of the two tryptophan side chains are highlighted with single
populations calculated frothH NMR coupling constant$>-46 character labels-#f. In the case of W32, the observed cross-peaks are
The combined study of fluorescence decay and NMR of from T34(GHj) (a), T34(GH) (b), T34(GH) (c), W32(GsH) (d), and

tryptophan containing polypeptide has shown that the population WW32(G2H) (€) to W32(NH), and in the case of W92, the cross-peaks

. . . observed are from V89(Els) (a), V89(GHs) (b), V8I(GH) (c),
of the three rotamers d.erlved from .NMR experiments were in V89(C.H) (d), WO2(GaH) (e), and WO2(GH) (f) to WO2(N.H).
excellent agreement with the amplitudes of the three fluores- gxperimental parametersima = 37.5 ms:tmax = 256 ms; recycle

cence decay componerits. All these strongly suggest that the  delay= 1 s, 160 scan/increment, time-domain data points were 600
fluorescence decay of a tryptophan in a protein depends on itsand 4096 along: and t. dimensions, respectively. The data were
relative populations of the three rotamers. multiplied with sine bell window functions shifted by4 and=/8 along

. . . . t; andt; axes, respectively and zero-filled to 1024 data points along t1
In light of the above discussion, the assignment of the twWo jinension prior to 2D-FT. Digital resolution along: and ws

lifetimes to two individual tryptophans in HSPI implies that  dimensions corresponds to 7.8 and 3.9 Hz/pt, respectively. (B) This
the two tryptophans are in sterically constrained environments shows the indole ring of tryptophan with the standard nomenclature
and the tryptophan side chain is in a single conformation. The used for identifying the hydrogen atoms.

absence of fast decay in the fluorescence anisotropy is also inmyltiplet structures of the individual COSY cross-peaks were
support of the argument that the tryptophans in HSPI are in not resolved and hence could not aid in the estimation of the J
rigid environments. couplings. In situations where the J-couplings were less than
'H NMR can be used to calculate the relative populations of the individual resonance line widths, corresponding COSY
the three rotamers (shown in Figure 7) from the experimental cross-peaks are either weak or absent. In view of this, we have
values of the coupling constants (J s) betweérmhtd HR (HFS), made an attempt to qualitatively fix thé rotamer populations
which in turn can be used to explain the fluorescence decay from the cross-peak patterns observed in the 2D NMR spectra
kinetics** The estimation of these coupling constants is not of HSPI and compare them with the independent parameters
straightforward except in the case of small peptides and proteinsobtained from the fluorescence experiments.
(containing less than 50 amino acids). For larger proteins, the For a tryptophan side chain, the three most probable staggered
2D NMR spectral resolution suffers from extensive spectral rotamer conformations are wigt = —60°, +180°, and+60°
overlaps, large resonance line widths, antiphase active coupling(Figure 7), and for all these rotamers, tifel*—H/R, H5S) values
constants and inphase passive coupling constants. For HSPhre y'-dependent. They can be calculated for various values
with 94 amino acids, the conformational dependent characteristicof ! by using appropriate Karplus-type relaticsand these

b
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Figure 9. Selected spectral regiona{ = 2.6—3.6 ppm;w,; = 4.6-5.15 ppm) of 600 MHz phase-sensitive 2QF COSY (A) and NOESY (B)
spectra of HSPI (protein concentration 2.5 mM; pH 3.0; temperaturdC2Ghowing through-bond (J) and through-space (nOe) connectivities,
respectively, from ¢H protons to GH protons. Experimental parameters for both these spectra were as follgws= 46 ms,tomax = 158 ms,
recycle decay= 1 s, 128 scant/increment, time-domain data points were 600 and 2048 dloagdt, dimensions, respectively. The mixing time
(zm) in the case of NOESY was 150 ms. Both the data sets were multiplied with sine bell window functions shiftedamds/8 alongt; and

t; axes, respectively, and zero-filled to 1024 data points alond;tbémension prior to 2D-FT. Digital resolution alorgy and w, dimensions
corresponds to 6.44 and 3.22 Hz/pt, respectively. Jaed nOe correlations arising from thelCand GH protons of W32 and W92 are highlighted
with circles around them. The absence of dreorrelations in the COSY spectrum between the downfield shifigtifitotons and the {1 protons

of both the tryptophans is clearly evident. Though one of the nOe cross-peaks for W32 partially suffers from spectral overlaps, the nOe correlation
from the downfield shifted gH protons to GH protons are significantly stronger than the correlation from the upfield shifteidp@tons for both

the tryptophans.

‘>’ values decide the COSY cross-peak intensities. Likewise, and NOESY cross-peak intensities betweeh atd HR/HS

the nOe intensities betweertldnd HR/S are alsg/l-dependent. protons are similar.

Hence, the COSY and NOESY cross-peak intensities between One-dimensional spectrum and various two-dimensional

He and HR/HAS protons can together be used to qualitatively spectra of HSPI recorded #H,0 and in a mixed solvent of

fix the x* populations and to know whether the tryptophan is in  90% HO + 10%2H,0 were used to assign the individual amino

a single staggered rotamer conformation or not. acids and their connectivitiés Briefly, the spin systems of the
For a staggered rotamer conformation with= —60° and amino acid residues in HSPI were identified using 2D NMR

2t = +18C, the COSY cross-peak betweeft khd one of the spectra recorded idH,O solution, which was followed by

H? protons is very intense, while the cross-peak with the other sequence-specific resonance assignments using standard strate-

B proton is at the same time below the lowest contour level gies*’ The procedures involve identifying individual amino acid

because of the coupling constants involved (trans protons showspin systems using 2D J-correlated spectroscopy (COSY)

a large coupling constant compared to the gauche protons) (sedollowed by detection of sequential cross-peaks arising from

Figure 7). On the other hand, the COSY cross-peaks betweenshort interproton distances \@ dun, Osn, €tc.) between the

the H* and HR/HAS for the rotamer population witj! = +60° immediate (sequential) neighbors in the NOESY spectrum. The
will be of the same intensity. Similarly the NOESY cross-peak NH protons of the two tryptophans (W32 and W92) present in
intensities between Hand HRHAS protons are alsoy’- HSPI are easily identifiable because of their inherent chemical

dependent. For! = —60° and+18C°, the H’ proton that is in shift, which is most downfield shifted (10.3 ppm) in the

trans orientation with respect to thé Hroton expectedly shows  spectrum. Figure 8 shows the nOe connectivities to the side
weaker nOe compared to the othef proton that is in the chain NH of the two tryptophans from their respectivg;8
gauche (g) conformation with respect to theproton. For and G.H protons. These were the starting points in this
the other conformationyt = +60°), both the NOESY cross-  resonance assignment procedure. The distinction between the
peaks between the®and H protons are equal and strong in  Cs1H and G2H protons has been achieved from the observation
intensity. In the event of rotational averaging between the three of N.H—Cs; H cross-peak in the TOCSY spectrum recorded in
rotamer conformations about th&-€Cf bond, theJ(H®, HAR) a mixed solvent of 90% §D + 10% 2H,0O (not shown here).

and J(H*, H’9) values average out and result in equal cross- N.H and G,H are notJ-coupled and hence do not show mutual

peak intensities betweerftdnd HR/HS, Similarly, interproton interaction in the TOCSY spectrum. However, since the
distances betweenhand HR/HFS also average out and result interproton distance between. and G,H is 2.84 A, one
in equal nOe cross-peak intensities betweé&rahd HR/HASin observes strong nOe between these protons, which helps in the

the NOESY spectrum. It is very difficult to differentiate this identification of the GH proton (Figure 8). From the
rotational averaging with the case where the single rotamer with knowledge of G;H position, the rest of the indole ring protons
yt = +60° is populated because, in both the cases, the COSY have been assigned from the combined use of NOESY and
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TOCSY spectra ifH,0. Further, the intraresidue nOes,8 tophans are in the region of positively charged surface of the
to C,H and GH protons and ¢H to NH (backbone) allowed  protein. Fluorescence anisotropy results indicated that HSPI
complete identification of the remaining protons of both the is a protein of compact structure, devoid of segmental/local
tryptophan$. With this knowledge, nOe cross-peaks corre- motion for the tryptophan residues. NMR results confirm that
sponding to sequential distancesiddan, dsn, etc.) between the two tryptophan residues are present as single rotamer
neighboring amino acid residues were assigned. This led to populations.

assignment of glutamine (Q33) and isoleucine (193) spin

systems,as sequential neighbors of W32 and W92, respectively. ~ Acknowledgment. We thank the Late Dr. A. R. Sheth, Dr.
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