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Abstract. Synchronous fluorescence and time-resolved fluorescence spectroscopic studies that reveal 
the interaction of epicocconone with human serum albumin is significantly different from its interaction 
with surfactant assemblies. This observation, along with steady-state fluorescence data, indicates ground-
state interaction between the fluorophore epicocconone and the protein. Similarity in fluorescence pro-
perties with the adduct of the fluorophore with n-butylamine indicates that bonding occurs at the N-
terminus of the protein. 
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1. Introduction 

Epicocconone (figure 1), isolated from the fungus 

Epicoccum nigrum, is a potentially good fluorescent 

probe for biotechnological applications. It is charac-

terized by high cell permeability, feeble fluorescence 

in neat aqueous solutions and strong fluorescence in 

certain media.
1
 This is an advantage, as it fluoresces 

strongly with an emission maximum at 610 nm upon 

addition of minute quantities of proteins.2 This phe-

nomenon opens up the possibility of using epicoc-

conone as a fluorescent sensor for the detection of 

proteins, which has been the subject of a significant 

number of fluorescence studies, using both intrinsic
3
 

and extrinsic
4
 fluorescence. In this context, the study 

of the mode of binding of this fluorophore with pro-

teins is of utmost importance. It is reasonable to ex-

pect the binding to be noncovalent in nature, driven 

by hydrophobic interaction, as the structure of epi-

cocconone comprises a heterocyclic fused-ring sys-

tem attached to a hydrocarbon tail and two polar 

hydroxyl groups (figure 1). Fluorophores with such 

structural features generally bind noncovalently with 

membranes and surfactant assemblies, whereby their 

fluorescence is enhanced considerably.5,6 In fact, 

such noncovalent interaction has been found to be 

primarily responsible for enhancement of the fluo-

rescence of epicocconone in surfactant assemblies, 

due to suppression of photoisomerization, which we 

propose is the primary nonradiative deactivation 

channel for this fluorophore.7 However, the fluores-

cence maximum in these assemblies is 520 nm, 

which is the same as that in water and shows a 

marked blue shift as compared to the fluorescence 

maximum in proteins.2,5 This difference in the fluo-

rescence maxima in membrane-like systems and 

proteins makes the fluorophore particularly attrac-

tive from the point of view of fluorescence imaging, 

as it is likely to differentiate between these two 

kinds of cellular components, thereby eliminating 

the need for its multiplexing with other fluorophores 

to some extent. On the other hand, it also raises the 

question as to why the fluorescence properties are 

different in these two media. A possible answer to 

this question is likely to be found in the recent work 

of Karuso and coworkers,
2
 where the enhancement 

of fluorescence of epicocconone in proteins has been 

proposed to be due to the covalent binding of the 

compound to the N-terminii of the proteins. This 

hypothesis is based on comparison between the 

steady-state fluorescence features of epicocconone 

in protein and those of a butylamine adduct.
2
 In the 

present paper, we address this issue by the tools of 

 

 

 
 
Figure 1. The molecular structure of epicocconone. 
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synchronous and time-resolved fluorescence spectro-

scopy, performed on epicocconone, in the presence 

of human serum albumin (HSA), as well as on its 

butylamine adduct.  

2. Experimental section 

2.1 Materials 

Deep purple total-protein stain from Amersham Bio-

sciences, which contains epicocconone as the active 

ingredient, is used as received. Micromolar concen-

trations of the fluorophore have been maintained in 

all experiments. Human serum albumin (HSA), ob-

tained from Sigma, is used as received. The surfac-

tant sodium dodecyl sulphate (SDS) is obtained 

from Aldrich and used as received. n-Butylamine is 

dried with solid KOH and then refluxed with and 

distilled from P2O5.
8
 To obtain the n-butylamine  

adduct of epicocconone, a solution of epicocconone 

(10 μl/ml) in n-bultylamine is stirred for 24 h at 

4°C. Deionized water is distilled twice before being 

used as the solvent.2 

2.2 Steady-state measurements 

Absorption and fluorescence spectra are recorded on 

a Jasco V 530 spectrophotometer and Perkin–Elmer 

LS55 fluorimeter, respectively. The excitation wave-

length for fluorescence studies (λex) is 430 nm. The 

absorbance at this wavelength is kept below 0⋅2, in 

order to avoid the inner filter effects. Synchronous 

fluorescence studies have been performed by scan-

ning the excitation and the emission monochro-

mators of the fluorimeter simultaneously, with a 

constant offset of 20 nm between the two. 

 The steady-state anisotropy, rS, of a system is 

given by 

 

 || ||/ 2 ,
S
r I I I I

⊥ ⊥
= − +   

 

where I || is the polarized emission parallel to the ex-

citation source and I⊥ = GI*⊥ ⋅G is a correction factor 

for the polarization-dependence of the emission 

monochromator; and I*⊥  is the uncorrected intensity 

of emission polarized perpendicular to the excitation 

source. G is obtained using a ‘freely rotating fluoro-

phore’, coumarin 153, in methanol, where it is given 

by the ratio of the emission intensity of parallel and 

perpendicularly polarized light, i.e. G = I||/I*⊥ for a 

freely rotating fluorophore. 

2.3 Time-resolved measurements 

Time-resolved fluorescence measurements are per-

formed using a picosecond pulsed-diode laser-based 

TCSPC fluorescence spectrometer with λex = 

406 nm from IBH, UK.
7
 Emission from the samples 

at 620 nm is collected at right angles to the direction 

of the excitation beam, at magic angle polarization, 

except for the anisotropy measurements. The full 

width at half maximum of the instrument-response 

function is 250 ps and the resolution is 7 ps per 

channel. The data are fitted to multiexponential 

functions after deconvolution of the instrument re-

sponse function by an iterative reconvolution tech-

nique, using the IBH DAS 6⋅0 data analysis 

software, where reduced χ2
 and weighted residuals 

serve as parameters for goodness of fit.
9
 

 Time-dependent anisotropy, r(t), is constructed 

from the decays in the parallel and perpendicular di-

rections to that of the excitation polarization (I||(t) 

and I⊥(t) respectively) as:  

 

 || ||( ) ( ) ( )/ ( ) 2 ( ).r t I t GI t I t GI t
⊥ ⊥

= − +  

 

The G factor is calculated from tail matching of the 

decays. The decays of r(t) are fitted to single and 

multiexponential functions as required, using the 

formula  

 

 
0

( ) exp( /( ) ).
i r i

i
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3. Results and discussion 

3.1 Steady-state fluorescence of epicocconone in 

protein 

The absorption spectra of epicocconone in HSA and 

n-butylamine exhibit maxima at 530 nm and 546 nm 

respectively (table 1, figure 2). These shows consid-

erably red shift compared to the absorption maxi-

mum at 437 nm in neat aqueous solution. Earlier, we 

have observed a remarkable red shift to 560 nm in 

the absorption maximum of epicocconone in cetyl 

trimethyl ammonium bromide (CTAB) micelle. This 

has been explained by the deprotonation of enolic 

proton in the Stern layer of the micelle, which has a 
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considerably higher pH than neat water.
7,10 

Since the 

local pH of the protein solution is not significantly 

altered, we infer the presence ground-state interac-

tion of the fluorophore with the protein, as no spec-

tral shift has been observed in the neutral triton X 

100 or anionic SDS micelle, indicating that the shift 

observed in the presence of HSA cannot be merely 

due to a change in the microenvironment of the 

fluorophore. The fluorescence maximum in HSA is 

at 610 nm and the fluorescence quantum yield is 

0⋅06, which is seven times more than the value in 

neat aqueous solution. Upon addition of 1 mM SDS 

to the solution containing epicocconone and HSA, a 

further twofold enhancement of fluorescence is ob-

served and the maximum shifts to 602 nm. Further 

addition of SDS (up to 3 mM) leads to enhancement 

of quantum yield, while at 10 mM SDS the quantum 

yield, decreases. This observation indicates that the 

fluorophore experiences a greater hydrophobic envi-

ronment in the HSA–SDS aggregate, as compared to 

that in native HSA, which is in agreement with the 

earlier observation of comparatively apolar micro-

environment of the protein–surfactant aggregates,  

 

 
Table 1. Fluorescence maxima and quantum yield of 
epicocconone in different media. 

 λ
max

abs  (nm) λ
ma

em

x (nm) φf 
 

H2O 437 520  0⋅008 
HSA 530 610 0⋅06 
HSA + 1 mM SDS 525 602 0⋅11 
HSA + 3 mM SDS 525 600 0⋅14 
HSA + 5 mM SDS 522 599 0⋅14 
HSA + 10 mM SDS 520 599 0⋅13 
n-Butylamine 545 579 – 

 

 

 
Figure 2. Absorption spectra of epicocconone in (i) 
H2O (ii) HSA (1 mg mL–1) + SDS (1 mM) and (iii) n-
butylamine. 

due to the lesser availability of water molecules.
10

 

Of course, in a complicated system like this, it is 

possible that the fluorophore might be distributed in 

different microdomains and so, it is imperative to 

investigate the ground-state heterogeneity of the 

fluorophore, which is done by synchronous fluores-

cence spectroscopy. 

3.2 Synchronous fluorescence experiments 

The synchronous fluorescence technique is a con-

venient tool to study ground state heterogeneity of 

fluorophores.11,12 In this experiment, excitation and 

emission wavelengths are varied simultaneously 

with a constant offset, chosen by trial and error, 

such that the experiment is performed along the  

diagonal of the excitation-emission matrix, which 

passes through the maximum number of peaks and 

troughs. The resulting spectra have a greater number 

of narrower peaks compared with that obtained in 

conventional excitation spectroscopy, allowing dis- 

 

 

 

 
Figure 3. (a) Conventional fluorescence spectra and (b) 
synchronous fluorescence spectra of epicocconone in (i) 
HSA (1 mg mL–1), and (ii) HSA (1 mg mL–1) + SDS 
(1 mM), and (iii) HSA (1 mg mL–1) + SDS (3 mM). 
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crimination between fluorophores that have broad 

and overlapping spectra. In the present experiment, 

the synchronous fluorescence spectrum of epicoc-

conone in protein exhibits a single peak at 566 nm 

and experiences a blue shift of 10 nm upon addition 

of SDS (figure 3b), whereas in all the three micelles, 

the peak is at 480 nm (figure 4). Further addition of 

SDS causes blue shift the peak into 552 nm (figure 

3b). This indicates the presence of a single ground-

state species that is emissive in these media, which 

is significantly different from the emissive species 

in micelles. Interestingly, the synchronous fluores-

cence spectrum of epicocconone in bultyamine  

exhibits a peak at 556 nm, which is identical to the 

spectral maximum in the HSA–SDS aggregate, indi-

cating that the mode of interaction of fluorophore 

with protein is similar to that n-butylamine and is 

different from the noncovalent interaction with  

micelles. This is in agreement with the original  

hypothesis of Karuso and coworkers.2 The dip in 

synchronous fluorescence spectra of epicocconone 

in n-butylamine could be due to the presence of un-

desired product obtained from reaction of epico-

cconone with n-butylamine. To further substantiate 

this contention, we have performed time resolved 

fluorescence studies, which have been discussed in 

the next section. 

 

 

 

 

 
Figure 4. The synchronous fluorescence spectra of epi-
cocconone in (i) TX 100 (1 mM), (ii) n-butylamine, and 
(iii) HSA (1 mg mL–1) + SDS (1 mM). 

3.3 Time-resolved fluorescence experiments 

Fluorescence anisotropy decay parameters at 620 nm 

are tabulated in table 2. The value of limiting aniso-

tropy, r(0), obtained in the time-dependent meas-

urement is quite small, even though the steady-state 

anisotropy is quite significant, indicating an ultrafast 

component that is missed due to the limited time 

resolution of our experiment.  This component is 

likely to be due to conformational changes of the 

conjugated aliphatic chain of the molecule. How-

ever, relaxation times of 5⋅63 ns and 8⋅54 ns are  

obtained in HSA and HSA–SDS complexes, respec-

tively (table 2). These are similar to the time con-

stants associated with the tumbling motion of the 

proteins and thus, serve as an evidence of incorpora-

tion of the fluorophore in the protein.13 SDS at lower 

concentration causes a hydrophobic collapse of the 

protein, leading to the blue shift of fluorescence 

maxima. The nanosecond depolarisation time has 

contributions from the rotational motion of the 

fluorophore itself and the tumbling motion of the 

protein. A more rigid microenvironment around the 

fluorophore is expected to increase the rotational  

relaxation time, which is observed. However, the 

values of r0 observed are really very small, indicat-

ing that there is an ultrafast component of the depo-

larisation process, which is likely to be associated 

with the photoprocess itself. This component is 

missed due to the limitation of the time resolution of 

our setup. Steady-state anisotropy, which has contri-

butions from both the observed nanosecond compo-

nent and this ultrafast component, remains almost 

constant.  

 Fluorescence decays of epicocconone in HSA 

(figure 5) are bimodal with lifetimes of 0⋅91 ns and 

2⋅12 ns, which are significantly longer than the time 

constants of 0⋅25 ns and 1⋅13 ns observed in micelles 

(table 3). On addition of 1 mM SDS to HSA the life-

time of the short component is increased to 1⋅28 ns 

and of the longer one to 2⋅69 ns. At 3 mM SDS con-

centration the lifetime of the short component is fur-

ther increased to 1⋅84 ns and that of the longer one 

to 3⋅04 ns, whereas at 10 mM SDS both get  

 

 

Table 2. Time-resolved anisotropy parameters. 

 rS r0 τr (ns) χ
2 

 

HSA 0⋅31 0⋅06 5⋅63 1⋅02 
HSA + 1 mM SDS 0⋅30 0⋅03 8⋅54 1⋅00 
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Table 3. Time-resolved fluorescence parameters of epicocconone in different media. 

 τ1 (ns) τ2 (ns) τ3 (ns) a1 a2 a3 χ
2 

 

H2O 0⋅25 1⋅13  0⋅80 0⋅20  1⋅13 
HSA 0⋅91 2⋅12  0⋅54 0⋅46  1⋅02 
HSA + 1 mM SDS 1⋅28 2⋅69  0⋅34 0⋅66  1⋅08 
HSA + 3 mM SDS 1⋅84 3⋅04  0⋅60 0⋅40  1⋅02 
HSA + 5 mM SDS 1⋅80 2⋅98  0⋅59 0⋅41  1⋅06 
HSA + 10 mM SDS 1⋅22 2⋅43  0⋅41 0⋅59  1⋅14 
n-Butylamine 0⋅86 3⋅55 0⋅14 0⋅20 0⋅07 0⋅73 1⋅00 

 

 

 

 
Figure 5. Fluorescence decay profiles of epicocconone 
in (a) HSA (1 mg mL–1) + SDS (3 mM), (b) HSA 
(1 mg mL–1) + SDS (1 mM), (c) HSA (1 mg mL–1) and 
(d) n-butylamine. 

 

quenched to 1⋅22 ns and 2⋅43 ns respectively. In 

HSA, the relative abundances are almost equal while 

on addition of 3 mM surfactant SDS, the relative 

abundance of the short component becomes 0⋅60 and 

that of the long component 0⋅40. This observation is 

commensurate with our recent results on 2-(2′-

pyridyl)benzimidazole in protein–surfactant aggre-

gates, where upon addition of SDS, the 60 ps com-

ponent in water increases in lifetime to values of 

130 ps in case of BSA and 80 ps in case of HSA.
14

 

At 10 mM SDS concentration the relative abun-

dances get reversed: 0⋅41 for the short and 0⋅59 for 

the long component. The study on HSA–SDS inter-

actions revealed that there are mainly three species 

(native HSA, HSA–SDS complex, and partially de-

natured HSA) in solution depending upon the con-

centration of SDS.15 At lower concentrations of SDS 

(<0⋅3 mM), equilibrium exists between three species 

while at concentrations greater than 0⋅5 mM it gets 

restricted between two species (HSA–SDS complex, 

and partially denatured HSA). At SDS concentration 

(>8 mM) only partially denatured HSA exists in so-

lution.15 In our case, quenching of epicocconone in 

protein solution at higher concentration of SDS in-

dicates that SDS-induced structural change of HSA 

is able to alter the dynamics of fluorophores. How-

ever, fluorescence decays of epicocconone in  

n-butylamine exhibit the presence of three compo-

nents: 0⋅14 ns, 0⋅86 ns and 3⋅55 ns. Except the  

ultrafast component in n-butylamine, the other two 

lifetimes of epicocconone are quite close to the life-

times observed in protein and protein–surfactant 

systems. So, we conclude that epicocconone binds 

covalently to the N-terminus of the proteins and the 

adduct is similar in nature to its adduct with butyl-

amine.2 The presence of the 0⋅14 ns component in 

butylamine and absence thereof in the protein could 

be due to the presence of quencher in n-butylamine.  

4. Conclusion 

The nature of interaction of epicocconone with pro-

tein is significantly different from its interaction 

with surfactant assemblies. The N-terminus of protein 

interacts with epicocconone and forms a stable cova-

lent complex. This is quite evident from the interaction 

of epicconone with n-butylamine. The equilibrium 

constant and hence, the ΔG0
 of the interaction of 

epicocconone with HSA calculated from the double 

reciprocal plot of change in fluorescence intensity 

and concentration of the protein are 3⋅02 × 106
 M

–1
 

and –8⋅83 kcal mol
–1

 respectively. These values in-

dicate strong binding of the fluorophore to the pro-

tein
16

 and support the contention of a covalent 

binding. The enhancement of quantum yield and 
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fluorescence lifetime of epicocconone on addition of 

SDS to HSA indicates the facilitation of the mode of 

interaction of fluorophore with protein. These infer-

ences are bolstered by the steady-state data and the 

temporal features. In summary, the present study 

supports the mechanism of interaction of epicocco-

none with protein by Karuso and coworkers.2 
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