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Activity of Subtilisin Carlsberg in macromolecular crowding
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Abstract

Enzymatic activity of a proteolytic enzyme Subtilisin Carlsberg (SC) in anionic sodium dodecyl sulfate (SDS) micellar medium has
been explored and found to be retarded compared to that in bulk buffer. Circular dichroism (CD) study reveals that SDS, which is a
potential protein denaturant, has an insignificant denaturation effect on SC. The structural integrity of the protein offers an opportunity
to study the functionality of the enzyme SC in a macromolecular crowding of micelles. Dynamic light scattering (DLS) data indicates no
sandwich-like micelle–SC complex formation ruling out the possibility of interaction of the enzyme with the hydrophobic core of the
micelle. However, steady state and time resolved emission studies on specific and nonspecific fluorescent probes indicate the proximity
effect at the surface of the enzyme due to macromolecular crowding of the micelles. The agreement of retarded enzymatic activity in the
micellar crowd with a theoretical model ascribed to the facts that substrates are compartmentalized in the micelles and enzyme interacts
with the micelle through stern layer.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Enzymatic activity of cytosolic enzymes in vitro condi-
tion where solution contains very low concentration of pro-
tein, substrate and salt, shows different behavior relative to
that in vivo condition. In the living cell a significant fraction
of the total volume is ‘‘crowded’’ by several other macro-
molecular solutes [1–3]. Crowding can also affect equilib-
rium of an enzymatic reaction by destabilizing either
reactant or products, such that the most favored state
excludes the least volume to the other macromolecular spe-
cies present in the solution [2]. Therefore, an accurate eval-
uation of the physiological role of a particular reaction
characterized in vitro is done by considering the possible
influence of crowding and/or confinement upon the reac-
tion. The catalytic properties of an enzyme in microhetero-
geneous micellar medium [4] and organic solvents [5–8] can
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be helpful to the understanding of the catalytic mechanism
in the living cell.

Till date there has been enumerable studies on enzy-
matic activities involving all possible enzymes in an attempt
to explain the influence of environment around the biocat-
alyst and the structure of enzymes on the enzymatic activ-
ities [9–15]. Catalytic activities of enzymes have also been
carried out in micellar environment [3,4,16–20], which is
very often considered as a mimic of physiological environ-
ment for biomolecules. It has been found on the basis of
previous studies on the enzymatic activity of a-chymotryp-
sin that the activity of the enzyme is 7 times retarded upon
complexation with cetyl trimethyl ammonium bromide
(CTAB) micelle [18], while it is retarded by two orders of
magnitude when encapsulated inside AOT reverse micelle
[17]. Sodium dodecyl sulfate (SDS), an anionic surfactant
is known to bind strongly to most proteins and cause sur-
factant induced unfolding [21–23]. Serious investigation
has led to the emergence of three useful models [23] for
the structure of SDS-protein complex – (i) ‘‘Necklace and
bead model’’, (ii) ‘‘rod-like’’ prolate ellipsoidal surfactant
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aggregate with a semi-minor axis around 18 Å, and (iii) a
‘‘flexible capped helical cylindrical micelle’’ with proteins
wrapping around the micelle.

Here we report activity of an enzyme Subtilisin Carls-

berg (SC) in an aqueous micellar solution. The anionic
SDS micelle of diameter 3.3 nm [24] is considered as a bio-
mimetic system. The enzyme SC (EC: 3.4.21.62) from
Bacillus licheniformis containing a single polypeptide chain
of 274 amino acid residues with two Ca2+ ion binding sites
[25] is in a class of serine endopeptidase. The diameter of
SC (4.2 nm) is also comparable [26] to that of the SDS
micelle. We observed that the rate of enzymatic reaction
of SC on various substrates is retarded and depends heavily
on the micellar concentration in the host solution. In order
to understand the dependence of the enzymatic activity on
micellar concentration, we fit our experimental results to a
theoretical model [27] proposed recently for enzymatic
activity in aqueous micellar solution. To follow the envi-
ronmental change at a particular site of the enzyme SC
upon interaction with the micelle, intrinsic single trypto-
phan residue (Trp113) is used as fluorescent probe. The
overall environmental change around SC in the micellar
solution is followed from the steady state and time resolved
fluorescence spectroscopy of a covalently attached dansyl-
probe (nonspecifically labeled) at the surface of the
enzyme. Circular dichroism (CD) and dynamic light scat-
tering (DLS) studies reveal the overall structural changes
of the enzyme SC upon complexation with SDS micelle.
Our studies reveal that the retardation of enzymatic activ-
ity of SC in the micellar crowd is not solely due to struc-
tural perturbation of the protein; rather the affinity of the
substrate and enzyme towards the micelle is the determin-
ing factor for the retardation.

2. Materials and methods

Subtilisin Carlsberg (EC 3.4.21.62), Ala-Ala-Phe 7-
amido-4-methyl coumarin (AAF-AMC), N–CBZ-Gly-
Gly-Leu p-nitroanilide (CBZ–GGL–pNA), sodium mono-
phosphate and sodium diphosphate were procured from
Sigma chemicals (St. Louis, USA). Sodium dodecyl sulfate
(SDS) and dansyl chloride (DC) were purchased from
Fluka (St. Louis, USA) and Molecular Probes (Carlsbad,
USA) respectively. All the samples were used as received
without further purification. Distilled water from Millipore
system was used. All the sample solutions were prepared in
0.1 M phosphate buffer. The covalent attachment of DC to
SC (adduct formation) was achieved following the proce-
dure from Molecular Probes [28]. Briefly, DC was dissolved
in a small amount of dimethyl formamide and then injected
into the 0.1 M sodium bicarbonate solution (pH 8.3) of SC.
The reaction was terminated by adding a small amount of
freshly prepared hydroxylamine (1.5 M, pH 8.5) after incu-
bating it for 1 h at 4–8 �C with continuous stirring. The
solution was then dialyzed exhaustively against phosphate
buffer (0.1 M) to separate adducts (DC–SC) from any unre-
acted DC and its hydrolysed product. It should be noted
that DC–SC complexes (SC:DC = 1:2) are quantitatively
formed because of covalent synthesis.

Steady-state absorption and emission were measured
with Shimadzu Model UV-2450 spectrophotometer and
Jobin Yvon Model Fluoromax-3 fluorimeter respectively.
The circular dichroism study was done using Jasco 810
spectropolarimeter using a quartz cell of path-length
10 mm. The secondary structural data of the CD spectra
were analyzed using CDSSTR program of CDPro software
[29,30]. CDSSTR program is a modification of VARSLC
(variable Selection), which uses all possible combinations
of a fixed number of proteins in the reference set.
VARSLC, or Variable Selection, from Johnson et al. [31]
fits a random subset of eight basis spectra using the vari-
able selection method first described by Mosteller and
Tukey [32]. The resulting fits are analyzed using four crite-
ria: (i) The sum of the secondary structures is close to unity,
(ii) No fraction of the secondary structure be less than 0.03,
(iii) The reconstituted CD spectrum should fit the original
spectrum with only a small error, (iv) The fraction of
alpha-helix should be similar to that obtained using all
the proteins as the basis set. The subset that fits these crite-
ria best is used as the basis set.

Dynamic light scattering (DLS) measurement were done
with Nano-S Malvern instruments (UK), employing a
4 mW He–Ne laser (k = 632.8 nm) and equipped with a
thermostatted sample chamber. All measurements were
taken at 173� scattering angle at 298 K. The scattering
intensity data are processed using the instrumental soft-
ware to obtain the hydrodynamic diameter (dH) and the
size distribution of the scatterer in each sample. The instru-
ment measures the time dependent fluctuation in intensity
of light scattered from the particles in solution at a fixed
scattering angle. Hydrodynamic diameters (dH) of the par-
ticles are estimated from the intensity autocorrelation func-
tion of the time-dependent fluctuation in intensity. dH is
defined as

dH ¼ kT=3pgD ð1Þ

where k is the Boltzmann constant; T, the absolute temper-
ature; g, the viscosity and D, the translational diffusion
coefficient. In a typical size distribution graph from the
DLS measurement X-axis shows a distribution of size clas-
ses in nm, while the Y-axis shows the relative intensity of
the scattered light. This is therefore known as an intensity
distribution graph.

Catalytic measurements of SC were made using the sub-
strates AAF-AMC and CBZ–GGL–pNA. The extinction
coefficients used for determining the concentrations of
AAF-AMC and CBZ–GGL–pNA in buffer (pH = 7.0)
are 16 mM�1 cm�1 (at 325 nm) and 14 mM�1 cm�1 (at
315 nm) respectively [15]. The extinction coefficients of
the products formed are 7.6 mM�1 cm�1 (for AMC at
370 nm) and 8.8 mM�1 cm�1 (for pNA at 410 nm). The
extinction coefficient for determination of concentration
of SC in buffer is 23.46 mM�1 cm�1 at 278 nm. For the
enzymatic kinetics experiment the enzyme concentration



Fig. 1. (a) High resolution X-ray structure of Subtilisin Carlsberg (PDB
code: 1SCD). (b) The CD spectra of SC in buffer and SDS solutions of
various concentrations.
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was maintained at 15 lM while that of substrate was main-
tained at 150 lM. The rate of formation of product was
monitored using the change in absorbance of the product
with time.

All the fluorescence transients were recorded using pico-
second-resolved time correlated single photon counting
(TCSPC) technique at 54.7� (magic angle) with respect to
polarization axis of the excitation beam. The TCSPC setup
was from Edinburgh instruments, UK. In order to excite
dansyl probe and AMC chromophore (substrate and prod-
uct) an excitation laser source of wavelength 375 nm
(instrument response function (IRF) � 98 ps) was used.
Excitation of the tryptophan residue of the enzyme SC
was made by a LED source of wavelength 299 nm (IRF
�460 ps). For temporal fluorescence anisotropy measure-
ments emission polarization was adjusted to be parallel
or perpendicular to that of the excitation and define anisot-
ropy as r(t) = [Ipara � G Æ Iperp]/[Ipara + 2 Æ G Æ Iperp]. The G

factor was determined to be 1.1.

3. Results and discussion

Fig. 1a shows the schematic diagram of the enzyme Sub-
tilisin Carlsberg (PDB code: 1SCD) [26] depicting the posi-
tions of amino acid residues (Asp32, His64 and Ser221) of
the catalytic triad at the active site [33]. The single trypto-
phan residue (Trp113) and one of the dansyl-binding sites
(Lys136) at the surface of SC are also indicated. Fig. 1b
shows the CD spectra of SC in buffer, 1, 40 and 100 mM
SDS. The fitted data reveals helicity of 34.8% (buffer),
32.2% (1 mM SDS), 34.6% (40 mM SDS) and 31.3%
(100 mM SDS). The a-helical content is consistent with
that of the native SC (34%) in the crystalline state [34], indi-
cating insignificant structural perturbation of the enzyme
upon interaction with SDS micelle. It has been shown ear-
lier that SDS monomers below their critical micellar con-
centration (CMC; 3.3 mM in buffer) are associated with
other transport protein Bovine Serum Albumin (BSA)
through hydrophobic interaction and denature the protein
at higher SDS concentration (much above CMC) to form
necklace–bead type structure in the solution [23]. Similar
interaction of the SDS molecules with the enzyme SC is
expected to lead to a different secondary structure of SC
at higher SDS concentration than that at lower concentra-
tion of SDS. Our observation of the persistency of struc-
tural integrity of SC below and much above the CMC of
SDS rules out the possibility of any specific interaction of
monomeric SDS molecules with the enzyme.

Fig. 2a shows the rate of formation of AMC-product
upon enzymatic activity of SC on AAF-AMC in buffer
and in SDS solutions of different concentrations. The
velocities of AMC-product formation in buffer, 1mM
SDS and 40 mM SDS are 41.5 · 10�3, 18.1 · 10�3 and
0.2 · 10�3 lM s�1 respectively. It is clear that the activity
of the enzyme is retarded by 2.3 and 244 times in 1 mM
and 40 mM SDS respectively compared to that in buffer
solution. We also checked the activity of the enzyme on a
different hydrophobic (completely insoluble in water) sub-
strate CBZ–GGL–pNA (Fig. 2b) and the activity is found
to be much higher compared to the case of AAF-AMC
(344.9 · 10�3 and 30.2 · 10�3 lM s�1 in 1 and 40 mM
SDS solutions respectively). The higher enzymatic activity
on CBZ–GGL–pNA could be due to much higher affinity
of the substrate towards the enzyme [15]. In order to check
the enzymatic activity of SC on this substrate in bulk buf-
fer, we have measured the enzymatic reaction rate in aceto-
nitrile-buffer (8% v/v) solution. The rate is much faster
(1.551 lM s�1) than that in surfactant solutions.

In order to understand the retardation of enzymatic
activity in the micellar solution we measured the rates of
enzymatic catalysis by SC in the surfactant solutions with
various micellar concentrations and fitted the data points
by simplex method using the theoretical ‘‘pseudophase’’
model, initially introduced for enzymes encapsulated in
reverse micelles [35] and recently advanced for enzymes
in aqueous micellar environments [27]. According to the
model [27] the substrate can partition between three



Fig. 2. Enzymatic activities of SC on various substrates: (a) AAF-AMC,
(b) CBZ-GGL-pNA and (c) the relative rate of enzymatic activities of the
enzyme SC on CBZ-GGL-pNA substrate. The solid line corresponds to
the fitting data according to the pseudophase model (see text).
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pseudo-phases of the micelle, namely, free water, bound
water and surfactant aggregate. Here we consider the inter-
action of the enzyme with the micelle through bound water
(stern layer) and not directly with the hydrophobic part of
the surfactant molecule. In the latter case structural pertur-
bation and formation of sandwich-like micelle-enzyme
complex are unavoidable. Our CD, DLS and steady-state
fluorescence studies (see below) justify the assumption very
well. The overall rate of substrate consumption, r, is given
by [27]
r ¼ kff
cat � ½Ef � � ½Sf �
K ff

m þ ½Sf �
þ kfb

cat � ½Ef � � ½Sb�
K fb

m þ ½Sb�
þ kbf

cat � ½Eb� � ½Sf �
Kbf

m þ ½Sf �

þ kbb
cat � ½Eb� � ½Sb�
Kbb

m þ ½Sb�
ð2Þ

where [E] and [S] indicate enzyme and substrate concentra-
tions respectively. The subscripts f, b and s refer to the free
water, the bound water and surfactant molecules respec-
tively. The double superscripts refer to the pseudo-phases
in which the enzyme (first superscript) and substrate (sec-
ond superscript) are confined. Km and kcat indicate Michae-
lis constant and catalytic rate constant of the enzymatic
reaction respectively. A thermodynamic equilibrium be-
tween the free water and the whole micellar aggregate is as-
sumed as follows:

½Sf � þ ½DN� $
KS ½Sm� ð3Þ

where KS is the association constant and [DN] is the con-
centration of surfactant micellar aggregates, which can be
determined from the difference between the CMC and the
total concentration of surfactant in the system. Partition
equilibrium between the substrate in the bound water,
[Sb], and that associated with the micellized surfactant
[Ss], is introduced as follows:

½Sb� $
P bs ½Ss� ð4Þ

where Pbs is the partition coefficient. The above conditions
lead to the following relationships for the concentrations of
substrate, which are able to react in the presence of
micelles:

½Sf � ¼
½St�

1þ Ks � ½DN �
ð5Þ

½Sb� ¼
KS � ½DN�

ð1þ KS � ½DN�Þ � ð1þ P bsÞ
� ½St� ð6Þ

where [St] is the total concentration of the substrate in the
solution. To describe the enzyme partition in the pseudo-
phases, the following equilibrium is assumed:

½Ef � þ ½DN� $
KE ½Eb� ð7Þ

where KE is the constant of association between the enzyme
and micelle. We also have,

½Ef � ¼
½Et�

1þ KE � ½DN�
ð8Þ

½Eb� ¼
KE � ½DN� � ½Et�
1þ KE � ½DN�

ð9Þ

In principle, on applying Eqs. (5), (6), (8) and (9) in Eq. (2)
one can obtain the overall enzymatic reaction rate (r). In
order to disregard the change in the rate due to interaction
of surfactant monomer with the enzyme, a relative rate (r/r0)
with various micellar concentrations can be considered,
where r0 is the reaction rate at the critical micellar concen-
tration (CMC). However, in our studies we considered r0 at
1 mM SDS, which is below the CMC of the surfactant
(3.3 mM) [23].



Fig. 3. (a) The dynamic light scattering spectra of SC in buffer (dash), SC
in 40 mM SDS (solid) and 40 mM SDS micelle (dot). (b) The emission
spectra of dansyl probe in DC–micelle complex, DC–SC–micelle complex
and DC–SC complex in buffer. (c) The emission spectra of Trp113 residue
of SC in buffer and 40 mM SDS solutions.
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In Fig. 2c the plot of (r/r0) refers to the relative rates of
two substrates consumption. The solid line corresponds to
the fitting data according to the model where the concen-
tration of the substrate in the bound phase is negligible
in comparison to that of the substrate associated with the
surfactant, [Sb]� [SS], i.e. the substrate aggregated in the
micelles is all segregated by the surfactant. The condition
is attained at Pbs� 1 and implies that [Sm] � [Ss]. This
assumption determines that [Sb] � 0, independently of the
equilibrium constant of the substrate–micelle association,
Ks. As a consequence, the second and fourth terms in Eq.
(2) can be neglected. Thus, the final form of rate of cataly-
sis is as follows:

r ¼ ½Et�½St�
1þ KE½DN�

gff

ð1þ KS½DN�Þ þ ½St�=K ff
m

�

þ ½DN�KEgbf

ð1þ KS½DN�Þ þ ½St�=Kbf
m

�
ð10Þ

In our studies it is found that the enzymatic activity mono-
tonically decreases with the increase in micellar concentra-
tion (Fig. 2c). Here we maintained the enzyme and
substrate concentrations to be 0.015 mM and 0.150 mM
respectively. The initial velocity (rate) of substrate con-
sumption was measured upto a surfactant concentration
of 400 mM for CBZ–GGL–pNA. From the simulation
(Fig. 2c, solid line) the parameter gff is found to be five or-
ders of magnitude higher for CBZ–GGL–pNA substrate
compared to that for the AAF-AMC which is consistent
with the previous report [15]. Since the enzymatic activity
of SC with the substrate AAF-AMC falls much more stee-
ply with the surfactant concentration (inset of Fig. 2c) com-
pared to that with CBZ–GGL–pNA, only few data points
were obtained. Evaluation of six parameters from the
numerical fitting of only modest number of experimental
points is not reliable. However, the agreement of the trend
of the experimental data points with that of the model fit-
ting is clear from the inset of Fig. 2c.

DLS experiments (Fig. 3a) reveal hydrodynamic diame-
ter of the micelle (40 mM SDS) and SC (native) to be
4.35 nm of 5.10 nm respectively. Considering typical thick-
ness of the hydration layer to be �0.5 nm, our experimen-
tal observations are in good agreement with actual
diameters of the micelle and the native protein, which are
reported to be 3.3 and 4.2 nm respectively [24,26]. The
peaks due to particles with higher hydrodynamic diameter
(100 nm and larger) in surfactant solutions could be due to
the presence of higher micellar aggregates in the solutions.
Note that in the intensity distribution graph, the area of the
peak for the larger particles will appear at least 106 times
larger than the peak for the smaller particles. This is
because large particles scatter much more light than small
particles, as the intensity of scattering of a particle is pro-
portional to the sixth power of its diameter (Rayleigh’s
approximation). Thus the number densities of larger parti-
cles in our solutions are negligibly small. The hydrody-
namic diameter of SC in presence of the micelle is found
to be 5.20 nm revealing the intactness of the globular struc-
ture of the enzyme in the surfactant solution. The intact-
ness of the secondary structure as evident from CD
studies along with the preservation of globular structure
indicates the retention of tertiary structure of the enzyme
in the surfactant solution. The observation also rules out
the possibility of formation of sandwich-like complex
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where the resulting diameter is expected to be �10 nm.
However, the interaction of the enzyme with the micelle
is clearly evident from steady state fluorescence spectra of
the DC–SC (Fig. 3b). The emission maximum of DC–SC
in buffer at 555 nm shifts to 541 nm in 40 mM SDS indicat-
ing that DC bound to SC finds itself close to the surface of
SDS micelle, namely, stern layer. The inclusion of the
enzyme into the micelle can also be ruled out from the
steady-state emission studies as the emission maximum of
DC–SC–micelle complex (541 nm) is considerably red
shifted compared to that of DC embedded in SDS micelle
(502 nm).

Fig. 4a and b show the temporal fluorescence anisotropy
(r(t)) decays of AAF-AMC in buffer and 40 mM SDS
respectively. Fig. 4c shows temporal evolution of r(t) of
the AMC chromophore (product) in 40 mM SDS. The
rotational correlation time (/) of AAF-AMC in 40 mM
Fig. 4. The temporal fluorescence anisotropy decay curve of: (a) AAF-
AMC substrate in buffer, (b) AAF-AMC substrate in 40 mM SDS and (c)
AMC-product in 40 mM SDS.
SDS (202 ps (15%), 1334 ps (56%) with a much longer time
constant which does not decay in our experimental time
window) is much slower than that in bulk buffer solution
(222 ps). This considerable slowing down of rotational time
constant of AAF-AMC in 40 mM SDS medium indicates
strong affinity of the substrate to the micelle. However,
AMC-product in 40 mM SDS micelle reveals two / values;
184 ps (64%) and 1800 ps (15%) with a much longer time
constant, which does not decay in our experimental time
window. The existence of faster time constant (64%) in
the fluorescence anisotropy of the AMC product reflects
lesser micellar affinity compared to that of the substrate.
The higher affinity of the substrate for the micelle indicates
the segregation possibility of the substrate into the hydro-
phobic core of the micelle. The anisotropy data of pNA-
substrate and product are quite complicated due to its intri-
cate internal dynamics, which is under investigation.

In order to investigate the nature of complexation of SC
with the micelle, we have also studied the emission proper-
ties of single tryptophan (Trp113) residue of the enzyme
(Fig. 3c). The emission maximum of Trp113 in buffer
(kmax = 360 nm) shifts to 358 and 356 nm in 40 mM and
100 mM SDS micellar solutions respectively. The minute
change in the emission maximum of Trp113 compared to
that of the enzyme-bound DC might indicate involvement
of specific site/sites (excluding Trp113) of SC for the inter-
action with SDS micelle. The temporal anisotropy decay of
Trp113 in buffer (time constant 496 ps (70%) with a much
longer time component, which does not decay in our exper-
imental time window) is comparable to that of SC–SDS
complex (451 ps (68%) with a much longer time compo-
nent, which does not decay in our experimental time win-
dow) as shown in Fig. 5a and b. The observation
excludes any significant interaction of SC with SDS micelle
through the Trp113 site. Another possibility of the negligi-
ble change in the anisotropy decay of Trp113 could be due
to the buried nature of Trp113 in SC. However, our steady
state fluorescence studies indicate that the emission maxi-
mum of Trp113 has no shift compared to that of the free
tryptophan in bulk buffer reflecting significant exposure
of the Trp113 residue of the SC towards bulk buffer. The
conclusion is further supported by a recent MD simulation
study [36], which confirmed that Trp113 residue of SC is
edge exposed and the contribution to the Stokes shift from
the bulk water is much larger (70%) than that from the pro-
tein environment (polar/charged residues). Thus the less
change in the fluorescence anisotropy of the probe
Trp113 upon interaction with SDS micelle cannot be due
to the buried nature of the probe in the enzyme SC. The
fluorescence anisotropy decay of the nonspecific label DC
which essentially probes all the surface sites of the enzyme
in buffer (Fig. 5c) shows time constants of 3970 ps (47%)
and 50 000 ps (53%). The faster and slower time constants
can be attributed to the local tumbling of the probe and
global rotational motion of the labeled protein respectively.
In 40 mM SDS (Fig. 5d) solution the DC labeled enzyme
shows three distinct time constants in the fluorescence



Fig. 5. The temporal fluorescence anisotropy decay curve of Trp113 of SC in (a) buffer and (b) 40 mM SDS while that of DC–SC complex in (c) buffer and
(d) 40 mM SDS.
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anisotropy decay; 334 ps (19%), 2555 ps (36%) and
71156 ps (45%). The presence of the faster time constant
(334 ps, 19%) in the DC–SC–micelle complex in contrast
to the native DC–SC may indicate a minute local structural
perturbation reflecting reorientation of a particular dansyl
chromophore in the perturbed site of the enzyme. How-
ever, the global rotational motion of the enzyme in the
micellar crowding is indeed slowed down considerably.
4. Conclusion

From the present study it is found that SC retains its
structural integrity in SDS solution, which is a potential
protein denaturant. From DLS experiments no evidence
of sandwich-like SC–SDS complex formation is found indi-
cating that SC does not encroach into the hydrophobic sur-
factant core of SDS micelle to form an elongated structure.
Nonspecifically and specifically labeled fluorescence probes
have been employed in order to investigate the nature of
the complexation. The steady-state and time resolved fluo-
rescence anisotropy of a fluorescent tag DC at the nonspe-
cific sites of the enzyme, which essentially probes polarity
and geometrical restriction on the surface of the enzyme
SC show evidence of micellar crowding in the vicinity of
the enzyme. However, the moderate change in the emission
properties and temporal anisotropy dynamics of the intrin-
sic fluorophore Trp113 at a specific site of the enzyme
reflects participation of specific site/sites (excluding
Trp113) of the enzyme for the interaction with SDS
micelle. Our studies on the enzyme kinetics of native-like
SC in the micellar solution support a model where the
interaction of SC with the micelle through its stern layer
is assumed. The model also assumes that the surfactant
core of the micelle segregates the substrates in the micellar
solution. Our anisotropy studies on AAF-AMC substrate
in the micellar solution are consistent with the segregation
picture. The reported experimental observation on the
enzymatic activity of SC, with structural integrity retained
(from CD studies) in a macromolecular crowding, would
be useful in the understanding of the functionality of
enzymes under physiological condition.
5. Abbreviations

SC Subtilisin Carlsberg

AAF-AMC Ala-Ala-Phe 7-amido-4-methyl coumarin
CBZ-GGL-pNA N-CBZ-Gly-Gly-Leu p-nitroanilide
SDS sodium dodecyl sulfate
CD circular dichroism
DLS dynamic light scattering
DC dansyl chloride
Trp tryptophan
IRF instrument response function
LED light emitting diode
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