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Fluorescence lifetimes and anisotropies for single tryptophan-containing polypeptide hormones ACTH and ghrcagon, and a 
series of their fragments are reported. The anisotropy data are discussed in the context of the theory of Perico and Guenza (J. 
Chem. Phys. 84 (1986) 5 10). A persistence length of about 7 to 10 residues is obtained for the mobilities in the two hormones. 
The theory is able to account for chain length and probe location effects, but the calculated time dependence of the anisotropy 
does not tit the experimental curve well at short times. 

1. Introduction 

Polypeptide hormones are flexible substances 
whose conformation and structures are strongly 
dependent on their environments [ 1-3 1. The depen- 
dence of flexibility on amino and sequence and on 
location in the sequence may have important con- 
sequences in, for example, binding at receptor sites. 
In solution these molecules do not, in general, have 
a well defined secondary structure and a description 
of the dynamics of their motion is a challenging 
problem. This contrasts with globular proteins where, 
for example, the molecular motion can often be 
characterized by a double exponential decay in tryp- 
tophyl fluorescence anisotropy. The longer compo- 
nent corresponds to tumbling of the whole protein, 
whereas the shorter component describes restricted 
internal motion. In flexible polypeptides without a 
definite shape such a designation is not valid [ 4-71 
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Polytechnique-ENSTA, INSERM U275, 91128 Palaiseau 
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even though the fluorescence anisotropy could 
apparently be described as a multiexponential decay. 
Thus a different approach is required. One approach 
would be to use molecular dynamics simulations 
[ 8-121, with explicit inclusion of solvent, to model 
the motion. For polypeptides composed of more than 
just a few residues, the amount of solvent molecules 
required for a simulation approaching the experi- 
mentally accessible time scale would be prohibitive. 
This difftculty can be partly circumvented by treat- 
ing the solvent implicitly using Brownian dynamics 
techniques [ 6,13,14]. Even here, however, a realis- 
tic treatment of a decapeptide is computationally 
costly. An alternative approach, and the one adopted 
in this study, is to temporarily ignore the details of 
amino acid sequence (except for the location of the 
probe in the sequence) and use theories developed 
for diffusional motion in polymers. 

In this work we apply the theory developed by 
Perico and Guenza [ 15,161 for diffusional motion 
of semiflexible linear chains, to experimental data 
for a series of single-tryptophan polypeptides. Pico- 
second fluorescence anisotropies were obtained for 
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adrenocorticotropic hormone ( ACTH, 39 residues 
with tryptophan at position 9) and a series of ACTH 
fragments of progressively shorter length. Anisotro- 
pies are also reported for glucagon (29 residues with 
tryptophan at position 25) and two small glucagon 
fragments. The theoretical model [ 15,161 describing 
segment relaxation, is a diffusional Gaussian model 
in the optimized Rouse-Zimm dynamic approxi- 
mation [ 171. This particular model was chosen in 
preference to others available [ 181 because it ena- 
bles the dependence on probe location in the chain 
to be taken account of for any polymer chain of given 
intramolecular potential [ 15,161. For semi- 
flexible polymers the theory was given in terms of 
the optimized Rouse-Zimm approximation to the 
freely rotating chain model [ 171, and is used, here, 
to interpret experimental data. 

2. Experimental 

Fluorescence lifetimes and anisotropies were 
obtained by the technique of time-correlated single 
photon counting which we have described in detail 
elsewhere [ 191. The excitation wavelength was at 295 
nm. The fluorescence signal was detected by an ITT 
F4129 microchannel plate PMT through a JY H 10 
monochromator (Instruments, SA) with an 8 nm 
bandpass centered at 350 nm and W335 cut-off fil- 
ters. The instrument response function had a fwhm 
of 90 ps. All measurements were performed at 
20 f 0.5 “C controlled by a Neslab RTE4 thermostat. 
Anisotropies were collected to more than 10000 
counts at the peak channel for the parallel curve and 
fit by the simultaneous fitting procedure [ 201 to sums 
of exponentials. A typical data set is shown in fig. 1. 

Adrenocorticotropic hormone (ACTH) , ACTH 
fragments l- 13, l- 10 and glucagon were purchased 
from Sigma. ACTH fragments l-24 and 5- 10 were 
from Serva Fine Biochemicals. ACTH fragments 7- 
10, 8-10, and glucagon fragments 24-27, 24-26 were 
synthesized by Dr. Roger Roeske in the Department 
of Biochemistry, Indiana University School of Med- 
icine and were determined by HPLC to be ~99% 
pure. All peptides came as lyopholized powder and 
were used without further purification. The peptide 
samples were dissolved in a 0.0 1 M phosphate buffer 
ofpH 7.2. All solutions were freshly made before the 
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Fig. 1. The fluorescence anisotropy of ACTH (l-24). The upper 
curve and lower curve are the parallel and perpendicular fluores- 
cence decays respectively. The sharp peak is the instrument 
response curve with fwhm of 90 ps. The solid lines are tits with 
an excited state decay law K(t) = 0.65 exp( - f/34 14 ps) + 0.35 
xexp(-11898 ps) and an anisotropy r(l)=O.lOexp(-t/1826 
ps) + 0.10 exp( - t/257 ps) . At the top of the figure, the residuals 
of the fits for parallel and perpendicular curves are shown. The 
tits give a shift paramer of -4.67 ps and ax& of 1.25. 

measurements. The concentrations of the solutions 
were determined by their UV absorption with a Per- 
kin-Elmer Lamda 5 spectrophotometer and were in 
the range 1 O- 5 to 10e6 M depending on the solu- 
bility of the peptides. 

3. Results and discussion 

3.1. Fluorescence lifetimes 

The fluorescence lifetime data are collected in table 
1. None of the decays could be well tit with a single 
exponential decay, but all the decays fit well to a sum 
of two exponential components. This result is in 
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Table 1 

Fluorescence lifetimes of the peptides at 20°C 

Sample rl (ns) ai a, ~2 (ns) (5) ‘I (ns) xi c’ 

ACTH( l-39) d, 3.56kO.04 0.60+0.01 0.90f 0.07 2.50+0.10 1.12 

ACTH(l-24) 3.40 k 0.02 0.65&0.01 0.92 f 0.03 2.53kO.06 1.10 

ACTH(l-13) 3.06 + 0.02 0.68+0.01 0.86 k 0.06 2.36 + 0.06 1.00 

ACTH(l-10) 3.29 f 0.04 0.77f0.01 0.91 kO.05 2.74f0.08 1.04 

ACTH(S-IO) 3.20f0.02 0.76+0.01 0.82 + 0.04 2.63kO.07 1.14 

ACTH(7-IO) 2.31 f0.02 0.77 + 0.03 0.71 f0.02 1.94+0.10 0.99 

ACTH(8-10) 1.91 f0.02 0.78+0.01 0.73kO.07 1.65kO.07 1.01 

Glucagon( l-29) ‘) 3.53f0.01 0.65kO.01 0.83 f 0.01 2.59kO.05 1.31 

Glucagon(24-27) 2.22+0.01 0.75kO.01 0.69 kO.02 1.84kO.04 0.99 

Glucagon (24-26) 1.92kO.02 0.58~0.01 0.98 k 0.03 1.52kO.05 0.99 

il) a, +az= 1.0. ‘) (r)=a,~,+a~r~. “Best&. 

d’ ACTH sequence, Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-Gly-Lys-Lys-Arg-A~-Pro-Val-Lys-Val-Tyr-Pro 

-Asn-Gly-Ala-Glu-Asp-Glu-Asp-Glu-Leu-Ala-Glu-Ala-Phe-Pro-~u-Glu-Phe. 

” Glucagon sequence, His-Ser-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-~u-Asp-Ser-A~-A~-Ala-Glu-Asp-Phe-Val- 

Glu-Trp-Leu-Met-Asn-Thr. 

accord with the earlier work of Brand and co-work- 
ers [ 2 11, Werner and Forster [ 221, Szabo and co- 
workers [23,24], and Beddard et al. [25]. It is also 
likely that the decays can be well fit by a distribution 
of lifetimes [ 26-291, but a double exponential decay 
is not inconsistent with our proposed conformer 
model for tryptophan and its simple derivatives 
[ 30-361. The most striking result in table 1 is the 
significant decrease in the lifetime of long-lived 
component r1 or the average lifetime ? as trypto- 
phan approaches the N-terminus of the peptide in 
the ACTH fragments. A parallel trend is observed in 
glucagon and its two short fragments, 24-27 and 24- 
26. Specifically, the 7, for the tri- and tetra-peptides 
are considerably shorter than those for the larger 
fragments or in the parent polypeptide hormones. 
The ACTH fragments seem to indicate rather little 
sensitivity of tryptophan fluorescence lifetimes to 
proximity to the carboxyl terminus. However, the 
relative weight of the long lifetime component 
increases as Trp approaches to C-terminus in those 
fragments (see first four samples in table 1). 

3.2. Anisotropies 

As with the lifetimes the anisotropies, r(t) were 
well lit by a double exponential decay for longer seg- 
ments, although the true form of r( t) is likely to show 
a more complex time dependence. For this reason 

we also tabulate the mean reorientation times 

<7,>= 
rl(O) 7RI+r2(0) 7R2 

rt(O)+r,(O) 

in table 2 for ACTH, and their fragments. 
The calculations, based on the theoretical treat- 

ment for dilute solution of semiflexible polymer chain 
developed by Perico and Guenza [ 15,161 were car- 
ried out in order to compare with the experimental 
anisotropy data. In this model, a polymer molecule 
is considered to be a discrete chain of n beads with 
a friction coefftcient c. A segment vector I,, can be 
calculated by [ 161 

I,=R,-RI_,, i=O,l, . . . . n-l . (1) 

The bead coordinates R,(t) obey a Langevin equa- 
tion [ 161 

awt) n-l 

~+a 1 W-&R,(t) = C(t), 
J=o 

(2) 

where V:(t) is the random velocity, His the average 
hydrodynamic interaction matrix, and A is the near- 
est neighbor force constant matrix [ 15-l 71 which is 
a function of the stiffness parameter g. CJ is expressed 
as 3kBTIC12, l2 is the mean square segment length. 
The alignment memory function for f, is the second 
Legendre polynomial P;(t) [ 15,161 
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Table 2 

Anisotropy of the peptides at 20°C 

CHEMICAL PHYSICS LETTERS 14August 1987 

Sample r,(O) =) r2(0) r(0) b’ cRI (ns) rRZ (ns) (TR) c’ 

(ns) 

ACTH( l-39) 0.086 k 0.002 0.098 2 0.0 10 0.184kO.012 

ACTH( l-24) 0.100 k 0.006 0.098 f 0.006 0.198kO.012 
ACTH(l-13) 0.114+0.005 0.088 zk 0.003 0.202 k 0.008 

ACTH(l-10) 0.053 f0.004 0.135 k 0.004 0.188+0.008 

ACTH(S-10) 0.167 f 0.007 0.167+0.007 

ACTH(7-10) 0.149~0.001 0.149+0.001 

ACTH(8-10) 0.171 f0.020 0.171~0.020 

Glucagon (l-29) 0.099 f 0.0 10 0.105+0.010 0.204f 0.020 
Glucagon (24-27) 0.164kO.020 0.164~0.020 

Glucagon (24-26) 0.180~0.005 0.18OItO.005 

” r(t)=r,(0)exp(-tl~,,)+r,(O)exp(-fl~R2). b)r(0)=rl(0)+r2(0). 

C) (TV) =[r,(O)r,, +rz(0)rR2]l[rl(O)+rz(O)]. d)SingleexponentialIit. 

2.06f0.35 0.26kO.01 1.10~0.04 

1.97kO.24 0.26 f 0.03 l.llf0.04 

0.83 f 0.07 0.15~0.03 0.53+0.01 

0.85 X!X 0.05 0.19+0.02 0.38kO.01 

0.25*0.01 0.25kO.01 

0.22f0.01 0.22f0.01 

0.14kO.02 0.14f0.02 

1.5lkO.02 0.16kO.01 0.97 kO.02 

0.21+0.02 0.21 kO.02 

0.13f0.01 0.13~0.01 

p (,)=2 
( 

[4(O-UO)12 
2 2 ~f(wt(O) > 

_; ) 
(3) 

which is the analog of fluorescence anisotropy of a 
probe with absorption and emission transition 
dipoles aligned with ith segment. For a particular 
polymer under certain conditions of temperature and 
solution, the fluorescence anisotropy can be calcu- 
lated as a function of the stiffness parameter g, 

g= -cos e ; (4) 

8 is the angle between any two adjacent segment vec- 
tors l, and I,_, in the freely rotating equivalent chain 

[171. 
The stiffness parameter is related to the persist- 

ence length p [ 17 ] via 

p/E= l/( 1 -g), (5) 

when 1 is the segment length. Thus by fitting the the- 
ory to experiment, stiffness factors or persistence 
lengths may be explored as functions of probe loca- 
tion, chain length and chain composition. 

The anisotropy decay monitors the second 
Legendre polynomial of the transition moment vec- 
tor. In order to compare with theory we equate this 
vector with the segment vector (I) in the flexible 
chain theory of Perico and Guenza [ 15,161. This is 
clearly approximate, as is the assumption that the 
tryptophan is rigidly attached. However, the strong 
dependence of (z,) on chain length in the ACTH 
fragments indicates that the tryptophan is sensing the 

mobility of the whole molecule. (See below for a dis- 
cussion of ACTH and ACTH l-24.) The peptide is 
modelled as n beads with n- 1 segments of length, 
1=3.8 A [ 371. With these approximations the 
anisotropy can be directly calculated from the theory 
of Perico and Guenza [ 161. The calculation of P2( t) 
(the ensemble averaged second Legendre polynom- 
ial of the angle between the segment vector at time 
zero and time t) proceeds via the time autocorre- 
lation function of the segment vector, MI (t), and is 
described in refs. [ 15,161. For a first comparison of 
theory and experiment we compare (rcalc) with 
(rR) where 

(~,c) =J PAtI dt. 
b 

For a fixed value of n and the appropriate location 
of the probe the stiffness parameter was varied until 
the values of ( rR) and ( rcalc) matched. The results 
are shown in table 2. The value of the stiffness 
parameters required to lit the data for the longer 
peptides ACTH, ACTH l-24 and glucagon lie in the 
range 0.87-0.9 1. This corresponds to persistence 
lengths in the range of 7-10 residues. It is thus clear 
why removal of 15 residues from the carboxy ter- 
minus of ACTH produces a negligible change in the 
anisotropy parameters, since the tryptophan motion 
is uncorrelated with residues more than ten seg- 
ments away. A similar conclusion is reached from 
the static (t = 0) cross correlation function for seg- 
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ments i and i+ n. In optimized Rouse-Zimm theory 
for a freely rotating chain [ 171: 

(~!(0)*4+,,(0) > =g’” 

<12> . 
(7) 

If we separate correlated and uncorrelated residues 
by the value of m at which the correlation function 
has decayed to l/e, then for g= 0.9, m = 9.5 in agree- 
ment with the persistence length estimate. The pres- 
ence of structure-breaking proline residues at 
positions 12, 19, 24 and 36 in ACTH might be 
expected to produce a random coil structure, espe- 
cially in the region where Trp 9 is located. On the 
other hand some u-helical structure has been sug- 
gested in the C-terminal region of glucagon [ 38,391 
and the somewhat longer persistence length found in 
this molecule is not inconsistent with this. In other 
work on apolipoprotein C-I (N= 57, Trp at position 
41) [ 401 we found a small decrease in stiffness 
parameter on denaturation with guanadinium 
hydrochloride. The persistence length at 20” 
decreased from 6 to 5 residues on going from the 
native to the denatured sample. Also noticable in 
table 2 is that although glucagon is five residues 
longer than ACTH 1-24 the closer proximity of tryp- 
tophan to the end shortens the calculated anisotropy 
decay in accord with the experimental finding. To 
give a feeling for the magnitude of the change in 
( T,,,~) with location in the chain we calculated 
(Tag,=) for n = 39, g= 0.865 for Trp at position 2, 9 
(table 3) and 20. The results are ( T,,~~) =0.20 ns, 
1.08 ns and 1.82 ns respectively; for peptides of this 
flexibility probe location has a substantial effect on 
the anisotropy decay. For ACTH l-10 (probe at 

Table 3 
Observed and calculated average correlation times 

position 2) the value of the stiffness parameter 
required to fit the data is close to the rigid rod limit 
(g= 0.98). For peptides with Nof the order of or less 
than the persistence length it is probably inappro- 
priate to use the present theory. The theory does, 
however, predict the substantially faster anisotropy 
decay in ACTH 1 - 10 as compared with ACTH 1- 13. 
The difference is larger than expected for shortening 
by 3 residues and also reflects the fact that in the 
shorter peptide the tryptophan is now only one res- 
idue from the end. To test if the average reorienta- 
tion times of short peptides (n = 3, 4, 6) fit the rod 
limit (g+ 1 ), a calculation using parameters derived 
for the rod limit [ 171 was performed; the results 
showed very poor agreement with the experimental 
results. A more searching test of the theoretical 
predictions is to compare the calculated and meas- 
ured forms of r(t). For purposes of distinction we 
call the experimental curve r(t) and the calculated 
curve Pz ( t). A preliminary word of caution is appro- 
priate. As noted in ref. [ 201 when convolution is 
important only the parameters of the trial function 
that fits r(t) are accessible, not r(t) itself. The dou- 
ble exponential r(t) decay for glucagon and the cal- 
culation of Pz( t) for n=29 residues, probe residue 
5 and g= 0.907 are shown in fig. 2, both normalized 
to an initial value of unity. The calculated curve con- 
tains a very rapid component to which a triple expo- 
nential fit assigns a 10 ps time constant. Such a short 
component would not be detected directly in our 
current experiments. but would lead to a decrease in 
r( 0) = r, (0) + r2( 0). The experimental values of r( 0) 
for ACTH, ACTH l-24, ACTH 1 - 13, ACTH 1 - 10 and 
glucagon give an average r( 0) = 0.195 f 0.008 which 

Sample Number of 
residues 

Trp position a’ <ra) (ns) (rRjcalc (ns) gb’ 

ACTH ( l-39) 39 9 1.10~0.04 1.08 0.865 
ACTH ( l-24) 24 9 l.llf0.04 1.10 0.882 
ACTH( l-13) 13 5 0.53 * 0.01 0.52 0.920 
ACTH( l-10) 10 2 0.38 + 0.01 0.39 0.980 
ACTH(5-10) 6 2 0.25&0.01 0.14 0.9999 
glucagon 29 5 0.97 kO.02 0.95 0.907 

” Since the theoretical model is linearly symmetric about the middle bead of the polymer, for an n = 10 polymer, positions I and 10, 2 
and 9, etc., are equivalent. For ACTH ( l-10) with Trp as residue nine, the calculation takes it as residue two (I= 2). 

b’ Stiffness factor, see eq. (4). 
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0 1000 2000 3000 
t (ps) 

Fig. 2. Plot of P,(r) (---) and r(t) (-_) for glucagon (n=29, 
1=5). The g parameter used for the Pz( t) calculation is 0.907 
and r( 1) is the fluorescence anisotropy of glucagon normalized to 
r(0)=1.0,r(f)=0.484exp(-t/1510ps)+0.516exp(-?/163ps). 

is not substantially lower than expected for a 295 nm 
excitation wavelength [ 4 11. However we cannot rule 
out the presence of a very rapid component in the 
experimental data and experiments with higher time 
resolution should be carried out. Note that the rapid 
component makes a negligible contribution to 
( z,,~). Ignoring the rapid component in P2( t) the 
form of both curves is quite similar over the first 
nanosecond, but in all cases the P2( t) curve decays 
more slowly at longer times than r(t). The more rapid 
decay of r(t) at long times may reflect conforma- 
tional transitions of the tryptophan about its x, and 
x2 angles [35], i.e. the fact that tryptophan is not 
completely rigidly attached to the backbone. The 10 
ps rapid decay component is also very likely the arti- 
fact of the model used here. One of the authors [ 421 
has further investigated a more sophisticated model 
which would improve the agreement between the 
theory and the experiment. 

4. Conclusions 

The qualitative features of tryptophan mobility in 
ACTH, ACTH l-24 and glucagon are well described 
by the theory of Perico and Guenza [ 161. The model 
calculations suggest a persistence length of about 7- 10 

residues for tryptophyl motion. The calculated and 
measured anisotropies show substantial differences 
in their time dependence both at short and long times, 
which may be due to inadequacies in both theory and 
experiment. Experimental data for a much wider 
range of samples are clearly needed to perform a 
detailed test of the theory and reveal whether flexi- 
bility changes caused, for example, by peptide 
sequence or ionic strength can be detected and quan- 
tified. We hope that such data will spur development 
of more sophisticated theories based on actual intra- 
molecular potentials. 
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