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In this contribution, we report studies on nonspecific protddNA interactions of an enzyme protein bovine
pancreatie-chymotrypsin (CHT) with genomic DNA (from salmon testes) using two biologically common fluorescent
probes: 1-anilinonaphthalene-8-sulfonate (ANS) andp2téluidinonaphthalene sulfonate (TNS). TNS molecules
that are nonspecifically bound to positively charged basic residues at the surface sites, not in the hydrophobic cavities
of the protein, are preferentially displaced upon complexation of TNS-labeled CHT with DNA. The time-resolved
fluorescence anisotropy of TNS molecules bound to hydrophobic cavities/clefts of CHT reveals that global tumbling
motion of the protein is almost frozen in the protelDNA complex. A control study on TNS-labeled human serum
albumin (HSA) upon interaction with DNA clearly indicates that the ligands in the deep pockets of the protein cannot
be displaced by interaction with DNA. We have also found that ANS, which binds to a specific surface site of CHT,
is not displaced by DNA. The intactness of the ANS binding in CHT upon complexation with DNA offers the
opportunity to measure the distance between the ANS binding site and the contact point of the ethidium bromide
(EB)-labeled DNA using the Feter resonance energy transfer (FRET) technique. Enzymatic activity studies on CHT
on a substrate (Ala-Ala-Phe 7-amido-4-methyl coumarin) reveal that the active site of the enzyme remains open for
the substrate even in the proteiBNA complex. Circular dichroism (CD) studies on CHT upon complexation with
DNA confirm the structural integrity of CHT in the complex. Our studies have attempted to explore an application
of nonspecific proteir DNA interactions in the characterization of ligand binding of a protein in solution.

Introduction in the form of chromatirt® Thus, nonspecific proteinDNA
Protein-DNA interactions play a pivotal role in many vital interaction is an important intermediate step in the process of

processes such as the regulation of gene expression, DNASeduence-specific recognition and bindig.

replication and repair, and packaging. The most important Here, we report our studies on nonspecific protddNA
biochemical interactions in proteifDNA complexes are van  interactions using two different biologically relevant probes:
der Waals, hydrogen bonding, and water-mediated interactions. 1-anilinonaphthalene-8-sulfonate (ANSand 2,6p-toluidinon--
About two-thirds of all interactions are nonspecific and are made aphthalene sulfonate (TNS)bound to the enzyme protein
with the sugatphosphate backbone of DNA, leaving one-third ~ @-chymotrypsin (CHT) upon complexation with genomic salmon
of all interactions for specificity. Nonspecific proteir DNA sperm DNA (SS DNA). These probes are essentially nonfluo-
interactions generally involve a highly dynamic process inwhich réscentinaqueous solution but fluoresce §trongly both in organic
a protein can bind to and readily move between multiple Solvents and when bound to certain native protéin: The
overlapping binding sites on the DNA with comparable affinity. @nionic TNS, one of the most popular biological probes, binds
The electrostatic interactions between proteins and DNA play Mainly with the positively charged basic residues of a protein
a major role in the binding of protein to nonspecific sequences by noncovalent electrostatic interactions; there is also the
of DNA.34 In sequence-specific DNA-binding proteins, non- Possibility for TNS to bind with a hydrophobic domaifr.?
specific interactions may serve to enhance the specific associatiortfowever, ANS, a well-known solvation proB@? binds

rate by initially binding to DNA anywhere along the chain, fselectllvely to the native state of certain proteins gnql enzymes
followed by intramolecular translocation to the specific binding i their hydrophobic as well as polar sit¥s* The binding of
site4-6 Most, if not all, proteins that interact with specific sites ANS and TNS to proteins and consequent changes in their
also bind nonspecifically to DNA with appreciable affinf§.  fluorescence have been studied in detail by many grétfs?
Some proteins only bind DNA nonspecificafi®One classical

xample is histone. which pl ntral role in DNA kaain (11) Jen-Jacobson, Biopolymers1997, 44, 153.
example s histone, chplaysacentrairole packaging (12) Johnson, J. D.; EI-Bayoumi, M. A.; Weber, L. D.; Tulinsky BAochemistry
. . , 1979 18, 1292.
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The CHT protein, isolated from bovine pancreas, is in a class
of digestive enzymes and has the biological function of
hydrolyzing polypeptide chains. However, physiological activity
is determined by pH: at low pH, it is inactive, whereas at high
pH, it becomes activé27Several lines of evidence support that
TNS is bound to CHT at some site other than the hydrophobic
portion of the active sité32*However, the possibility of multiple
binding sites of TNS to CHT cannot be ruled é&i£8The binding
structure of the proteinDNA complex was examined by the
local orientational motion of the TNS probe. We found that the
noncovalently bound TNS is displaced from the protein on
interaction with DNA, elucidating the stronger interaction of
CHT—DNA relative to that of TNS-CHT. Another fluorescent
probe, ANS that binds rigidly at a single site on the surface of
CHT, was similarly used to investigate nonspecific protein
DNA interactions. In contrast to the TNSCHT—DNA complex
in which the TNS probe gets displaced from its binding site on
addition of DNA, the ANS-CHT—DNA complex is found to
be frozen, revealing the very rigid structure at the recognition
site. The dynamic rigidity of the ANSCHT—DNA complex
has enabled us to carry outiSter resonance energy transfer
(FRET) studies from the donor (ANSCHT—DNA complex) to
another dye (acceptor), ethidium bromide (EB), intercalated in
the genomic DNA. We also studied the enzymatic activity of

CHT in the presence and absence of DNA and found the activity
of the enzyme to be exactly the same in both cases, indicating

that DNA nonspecifically binds to a site of CHT, which is away
from its catalytic center. The structural integrity of the CHT
protein upon complexation with DNA is confirmed by circular
dichroism (CD) studies. Our steady-state and picosecond-resolve

Langmuir, Vol. 23, No. 12, 2008713

maintained at 2&xM whereas that of the substrate was maintained
at 200um. The rate of formation of product was monitored using
the change in absorbance at 370 nm of the product with time.
Steady-state absorption and emission were measured with a
Shimadzu model UV-2450 spectrophotometer and a Jobin Yvon
model Fluoromax-3 fluorimeter, respectively. Circular dichroism
(CD) was performed with a model J-815 spectropolarimeter from
Jasco using a 0.1 cm path length quartz cell. All experiments were
done at room temperature (2981 K). The fluorescence transients
were taken with the use of the picosecond-resolved time-correlated
single-photon counting (TCSPC) technique. We used a commercially
available picosecond diode laser-pumped time-resolved fluorescence
spectrophotometer from Edinburgh Instruments (LifeSpec-ps, U.K.,
excitation at 375 nm, instrument response function (IRF) of 80 ps).
The fluorescence from the sample was detected by a microchannel
plate photomultiplier tube (MCPPMT) after dispersion through a
monochromator. For all transients, the polarizer on the emission
side was adjusted to 3fmagic angle) with respect to the polarization
axis of the excitation beam. The observed fluorescence transients
were fitted by using a nonlinear least-squares fitting procedure to
afunction K(t) = f}) E(t") R(t — t') dt') composed of the convolution
ofthe IRF E(t)) with a sum of exponential&(t) = A+ ZiN:1 Bie m)
with preexponential factor®(), characteristic lifetimest(), and a
backgroundA). Relative concentration in a multiexponential decay
was finally expressed as

q:or temporal fluorescence anisotropy measurements, emission

studies demonstrate unambiguously that TNS binds to multiple 5o|arization was adjusted to be parallel or perpendicular to that of

sites in CHT, in contrast to the single-site binding of ANS to the
CHT enzyme.

Materials and Methods

Bovine pancreatio-chymotrypsin (CHT), human serum albumin
(HSA), 2,6p-toluidinonaphthalene sulfonate (TNS), l-anilinon-
aphthalene-8-sulfonate (ANS), Afala-Phe 7-amido-4-methyl
coumarin (AAF-AMC), DNA (from salmon testes, sodium salt),

the excitation, and anisotropy was defined @s= [lpara— Glperd/
[Iparat-2Glperd. The magnitude o6, the grating factor of the emission
monochromator of the TCSPC system, was found by the longtime
tail matching technique to be 131.

To estimate the fluorescence resonance energy transfer efficiency
of the donor and hence to determine the distance of the donor
acceptor pair, we followed the methodology described in chapter 13
of ref 32. The Foster distanceRy) is given by

sodium monophosphate, and sodium diphosphate were from Sigma
Chemicals. Ethidium bromide (EB) was from Molecular Probes.

The chemicals and the proteins are of the highest commercially
available purity and were used as received. All aqueous solutions

R, = 0.211k*n *Qpd(A)] ¥ (in A) (1)

were prepared in phosphate buffer (10 mM, pH 7.4) using distilled
water from a Millipore system. The TNSCHT (or ANS—CHT)
complexes were prepared by the mixing of TNS (or ANS), having
a final concentration of 20M with CHT (final concentration, 200

uM). In this study, we considered the concentration of base pairs

(bp) of the DNA to be the overall concentration of DNA. The
procedure of preparing an aqueous solution of DNA and the
measurement of DNA concentration are detailed in our previous
work.2°The total concentration of DNA in the aqueous solution was
200uM. The molar ratio of EB/DNA was maintained at 1:10 in the

energy-transfer studies. It was shown previously that the molar ratio

of 1:10 sufficed for EB for intercalative DNA binding, with the
inter-EB distance determined to be 34¥Catalytic measurements
of CHT were made using the AAF-AMC substrate. The extinction
coefficient used for determining the concentration of AAF-AMC in
the buffer (10 mM, pH 7.4) is 16 mwv cm™! at 325 nm*® For the

enzymatic kinetics experiment, the enzyme concentration was

(25) Das, K.; Sarkar, N.; Bhattacharyya, K.Chem. Soc., Faraday Trans.
1993 89, 1959.

(26) Zubay, GBiochemistryAddison-Wesley: Reading, MA, 1983; Chapter
4, p 130.

(27) Charman, W. N.; Porter, C. J. H.; Mithani, S.; Dressman, J. Bharma.
Sci. 1997, 86, 269.

(28) Zhong, D.; Pal, S. K.; Zewail, A. HChemPhysCher001, 2, 219.

(29) Sarkar, R.; Pal, S. KBiopolymers2006 83, 675.

wherex? is a factor describing the relative orientation in space of
the transition dipoles of the donor and acceptor. For donors and
acceptors that randomize by rotational diffusion prior to energy
transfer, the magnitude af is assumed to b#s. In the present
study, the same assumption has been made. As discussed in ref 32,
the choice of thec? value is not crucial in the estimation of the
donor-acceptor distance by using the FRET technique. For example,
variations of thec? value from 1 to 4 result in only a 26% change

in the donot-acceptor distance. The implicit value of the refractive
index () of the aqueous sample solutions is assumed to b&,4.

the quantum yield of the donor (ANSCHT—DNA) in the absence

of an acceptor, is measured to be 0.03(1), the overlap integral,
which expresses the degree of spectral overlap between the donor
emission and the acceptor absorption, is given by

/; “ Fo(A) e()A*di

) ==
5 Folh) dz

@

(30) Kamal, J. K. A.; Xia, T.; Pal, S. K.; Zhao, L.; Zewail, A. &hem. Phys.
Lett. 2004 387, 209.

(31) O'Connor, D. V.; Philips, DTime Correlated Single Photon Counting
Academic Press: London, 1984.

(32) Lakowicz, J. R.Principles of Fluorescence Spectroscp@luwer
Academic/Plenum: New York, 1999.
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Figure 1. (a) Steady-state fluorescence spectra of TNS bound to CHT in the presence and absence of salmon sperm DNA (SS DNA). (b)
Time-resolved transients of TNS bound to CHT in the presence and absence of SS DNA. (c) Time-resolved anisotropy of TNS bound to
CHT in the absence of DNA. The inset shows the time-resolved anisotropy of TNS bound to CHT in the presence of DNA. (d) Steady-state
fluorescence spectra of TNS bound to HSA in the presence and absence of SS DNA.

where Fp(1) is the fluorescence intensity of the donor in the moments334which strongly affects the spectral, temporal, and

wavelength range of to 4 + di and is dimensionless(4) is the polarization characteristié.It has been proposed by several
extinction coefficient (in M* anfl)_olf the acceptor at. If 1 is in groups that the TNS fluorescence observed in protein solutions
nm, thenJ(Z) is in units of M~* cm™* nnt!. Once the value oRy results from the binding of the fluorophore to hydrophobic sites

is known, the donoracceptor distance) can easily be calculated

. . atthe protein surfaé&?2353&nd perhaps increased environmental
by using the equation

rigidity.37-38 Despite its widespread use as a probe of macro-

RS - E) molecular structures, the nature of the sites where TNS binds
=2 (3) and the forces governing this binding are not well defined.
E Hydrophobic interaction between TNS and low-polarity regions

Here,E is the efficiency of energy transfer. The transfer efficiency of the_ ta_rget structure is often sugges_ted _to play a major role n
is measured by using the relative fluorescence intensity of the donorth€ Pinding of TNS, but there are indications that electrostatic

inthe absencd®) and presencéh,) of the acceptor. The efficiency  INteractions may also be significaftExperiments have been
E is also calculated from the lifetimes under these respective carried out that provide evidence for the existence of a site in

conditions ¢p andpa). the CHT protein that has a high affinity for TNS but is not part
of the enzyme active sité.Apparently, the affinity of the active
_ Foa site of CHT for TNS is considerably less than that of a second
E=1-|— (4a) : .
Fo hydrophobic region.

In an aqueous solution, the emission quantum yield of TNS
E—1_ (TDA) (4b) is very small (0.00¥f with an emission maximum at 500 nm
and a very short lifetime of 60 P8.The emission intensity,
maximum, and lifetime of TNS remain unchanged in phosphate
The distances measured with eqs 4a and 4b are reved (shsady-

state measurement) afR (time-resolved measurement), respec- (33) Seliskar, C. J.; Brand, L1. Am. Chem. Sod971 93, 5414.
tively. (34) Greene, F. CBiochemistryl975 14, 747.
(35) Stryer, L.J. Mol. Biol. 1965 13, 482.
Results and Discussion (36) Turner, D. C.; Brand, LBiochemistryl968 7, 3381.

(37) Penzer, G. REur. J. Biochem1972 25, 218.

TNS, one of the most popular biological probes, exhibits great Egg; Answorth, .; Flanagan, . Blochim. Biopfys. %t?fggalfgézig
P . . anagan, M. [.; AInswortn, lochim. blopnys. AC .
sensitivity to its local environment as a consequence of the (30 pata A.: Mandal, D.- Pal, 5. K.: Das, D.. BhattacharyyaJKChem.

significant difference between its excited- and ground-state dipole Soc., Faraday Trans1998 94, 3471.
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bound TNS and as a complex with DNA. The decays are found
ANS Emission to be multiexponential in nature with three decay components
(7;) and their corresponding preexponential factarks For the
CHT TNS—CHT complex (Figure 1b, emission at 435 nm), the overall
fluorescence decay leads to an average decay liapg)(constant
of 9.87 ns. The fluorescence transient of the FNC3HT—DNA
complex (emission at 445 nm) is found to be (Figure 1b) faster
(average decay time of 7.75 ns) than that of the CHT-bound TNS
emission. The faster fluorescence decay along with the reduced
guantum yield of TNSCHT in the presence of DNA also
indicates the expulsion of TNS from its stronger binding sites
4éO 560 5'50 6(.:JO 650 to the proximity of bulk water. We expect that the formation of
a nonspecific proteiDNA complex arises as a result of the
Wavelength (nm) electrostatic interaction between the randomly distributed charges
on the surface of the protein with the DNA. Thus, the above-
10000 described steady-state and time-resolved studies indicate that
(b) ANS Emission the surface-surface electrostatic interaction between the DNA
and the CHT protein is much stronger than the point-surface
contact of TNS with CHT.

To probe the local rigidity of the TNSCHT complex, we
measured the time-resolved anisotropy (Figure 1c) of TNS at the
peak emission of 435 nm. The fluorescence anisotropy decay of
TNS bound to CHT reveals two decay components: a faster
component of 2.0 ns (8.2%) and a slower component of 47 ns
(91.8%). The faster time constant corresponds to the local
. . . : reorientational motion of the probe. The major contribution of
0 5 10 15 20 the slower component of 47 ns, which corresponds to a global

tumbling motion of the CHT proteifi*2reflects the rigidity of
Time ( ns) the TNS at the binding site of CHT. However, the anisotropy
decay (at 445 nm) of the TNSCHT—DNA complex (inset of
] (c) CHT Figure 1c) revealed significantly large residual anisotropy (90%),
e et AT o which does not decay within our experimental time window.
This observation is consistent with the fact that most of the TNS
molecules get displaced from stronger binding sites of CHT
upon complexation with DNA in the vicinity of bulk water,
which is expected to show 75359 (t) decay dynamics and is
not evident in our measurement (IRF80 ps). However, the
TNS molecules, which remain with CHT even upon complexation

CHT-DNA

Relative Fluorescence

1000 +

100 CHT-DNA

Counts

10 4

o
~

o
w

Anisotropy
o
3]

0.1 with DNA, show more dynamical restriction on the rotational
motion of CHT in the CHF-DNA complex. An increase in the
0.0 T r . r steady-state anisotropy value (data not shown) of TRET
0 2 4 6 8 10 upon complexation with DNA (from 0.28 to 0.38) also supports

Time (ns) the above argument. It also has to be noted that at the wavelength

ofthe anisotropy measurement on the FINGHT—DNA complex
Figure 2. (a) Steady-state fluorescence spectra of ANS bound to (at 445 nm) the contribution from the fluorescence intensity of
CHT in the presence and absence of SS DNA. (b) Time-resolved rigidly bound TNS molecules (quantum yietd0.183) is higher

transients of ANS bound to CHT in the presence and absence of S : : :
DNA. (c) Time-resolved anisotropy of ANS bound to CHT in the Sthqn .thatfofr:hebdlliplaced TNS (quantum yiel®.00£) in the
¢ vicinity of the bulk water.

absence of DNA. The inset shows the time-resolved anisotropy o ’ : . .
ANS bound to CHT in presence of DNA. We also studied the interaction of the TNS probe with another

protein, human serum albumin (HSA), that recognizes a wide
buffer (10 mM, pH 7.4) compared to those in pure water. Figure variety of agents and transports them in the bloodstr&atSA
la presents the steady-state fluorescence spectrum of & TNS contains several hydrophobic cavities where drug and surfactant
CHT aqueous solution, which displays a large relative fluores- molecules can bind. According to crystallographic studies, HSA
cence intensity together with a blue shift of 65 nm compared to consists of three domains, I, I, and Ill, each of which are
thatin buffer (500 nm). When measured in protein solutions, the subdivided into two subdomains, A and B. Using X-ray
quantum yield of TNS dramatically increases (G3.8s a result crystallography, He and Carter studied the binding of several
of the attachment of TNS to the protein. Upon addition of DNA  drug molecules to HSA* The principal regions of ligand binding
to TNS-CHT aqueous solution, we found a considerable decreaseto HSA are located in hydrophobic cavities in subdomains 1A
in the fluorescence emission together with a peak shift to the red (binding site 1) and 111A (binding site 1). Figure 1d presents the
by 10 nm, from 435 nm in TNSCHT to 445 nm (Figure 1a). - - -
The quenching of the steady-state fluorescence intensity of theg ff’lJ) Sphh%";’c;gi o S;g'é?éb%f nggyel%a%g'ms‘:h"’h' S:iMonkman, A; Pal,
TNS—CHT—DNA complex together with the red shift compared (42 Taran, V. N. D.; Veeger, C.; Visser, A. Bur. J. Biochem1993 211,
to that of TNS-CHT indicates that DNA repels TNS out of the 47 _ e _ ,
binding sites of CHT into the vicinity of the polar aqueous ;o'q aes sap. = es0m B S Simoni, R- B Sidar, L. JABlol. Chem.
medium. Figure 1b shows picosecond-resolved transients of CHT-  (44) He, X. M.; Carter, D. CNature 1992 358 209.
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Figure 3. Circular dichroism (CD) spectra of (a) the CHDNA complex, (b) the CHT enzyme, and (c) the salmon sperm DNA. (d) Spectrum
obtained by subtraction of the DNA spectra from that of the CHDNA complex to show the structural integrity of CHT in the complex.

steady-state fluorescence spectrum of F¥SA and upon
complexation with DNA. As obvious from Figure 1d, upon
addition of DNA to the TNS-HSA aqueous solution we found

significantly large residual anisotropy (residugy)), which does

not decay within our experimental time window. The above results
confirm the rigidity of the ANS-CHT complex and the

no change in the steady-state emission intensity, which indicatessuppression of CHT motion in the CHDNA complex. An

that TNS rigidly binds to the hydrophobic cavities of HSA, which
DNA cannot access. We also found the picosecond-resolved
transients of TNSHSA to be exactly the same as that of its
complex with DNA (data not shown). This observation is
consistent with the fact that TNS binds to HSA in a deep
hydrophobic cavity, in contrast to the surface binding of TNS
in CHT. However, the fluorescence anisotropy of TNS-labeled
HSA in the presence of DNA has a relatively higher residual
anisotropy value (data not shown) compared to that of NS
HSA, reflecting the considerable interaction of the protein with
DNA.

Interactions of CHT-bound ANS with SS DNA are shown in
Figure 2. An extensive fluorescence sttfdgllowed by an X-ray
study?® on the ANS-CHT complex indicated that ANS binds
rigidly at a single site on the surface of the protein near the
Cys-1-122 disulfide bond. This ANS binding site is almost
diametrically opposite in position to the enzymatic center. In

increase in the steady-state anisotropy value (data not shown)
of ANS—CHT upon complexation with DNA (from 0.26 t0 0.37)

is in agreement with the above conclusion. To investigate the
possibility of any structural perturbation of CHT upon com-
plexation with DNA, we carried out circular dichroism (CD)
studies. As evident by comparison of Figure 3, the CD spectrum
of CHT in bulk water remains essentially similar to that in the
presence of DNA.

The intactness of the interaction of ANS with CHT upon
complexation with DNA offers the opportunity to estimate the
distance of the DNA contact point from the well-defined ANS
binding site in CHT. In this regard, we label DNA with ethidium
bromide (EB). Ethidium bromide (EB) is a well-known fluo-
rescent probe for DNA, which readily intercalates into the DNA
double helix?>46Compared to the case of bulk water, the emission
intensity and lifetime of EB increase nearly 11 times when EB
intercalates into the double helix of DN&.This remarkable

Figure 2a, we present the steady-state fluorescence spectra ofluorescence enhancement of EB is utilized to study the motion

CHT-bound ANS and its complex with DNA. The emission
intensity of ANS-CHT is observed to be similar to that of the
ANS—CHT—DNA complex, revealing the fact that ANS
molecules are not detached from CHT upon complexation. The
time-resolved studies (Figure 2b) also confirm the above results.
The time-resolved anisotropy decay (at 480 nm) of ANHT,
shown in Figure 2c, revealed a rotational time constant of 47 ns
attributed to the global tumbling motion of the CHT protéirf?
However, the(t) decay of the ANS CHT—DNA complex (inset

in Figure 2c) exhibited a very long time component with a

of DNA segments. The photophysical processes of the EB
fluorescence enhancement have also been explérgthe
significantly large spectral overlap of the donor (ANS) emission
and acceptor (EB) absorption spectra together with the close
proximity of acceptor and donor favors energy transfer from the

(45) Fiebig, T.; Wan, C.; Kelley, S. O.; Barton, J. K.; Zewalil, A.Btoc. Natl.
Acad. Sci.1999 96, 1187.

(46) Millar, D. P.; Robbins, R. J.; Zewalil, A. H. Chem. Phy<.982 76, 2080.

(47) Pal, S. K.; Mandal, D.; Bhattacharyya, K.Phys. Chem. B998 102
11017.
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Figure 4. (a) Spectral overlap between donor (ANSHT—DNA
complex) emission and acceptor (ANSHT with EB-bound DNA)
absorbance. (b) Steady-state fluorescence quenching of the dono
(ANS—CHT—DNA complex) in the presence of the acceptor,
ethidium bromide (EB), in DNA. (c) Picosecond-resolved transients
of the donor (ANS-CHT—DNA complex) in the absence and
presence of the acceptor (EB) in DNA.

donor to the acceptor. The spectral overlap of the donor (ANS
CHT—DNA complex) emission and the acceptor (ANSHT

with EB-labeled DNA) absorption spectra is shown in Figure 4a.
As clearly evident from the steady-state fluorescence spectrum
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Figure 5. (a) Enzymatic activity of CHT on the substrate, AAF
AMC, in the presence and absence of SS DNA. (b) Schematic
representation of nonspecific proteiDNA binding interactions.
The spheres indicate the water molecules observed in an X-ray
crystallographic study on the CHT enzyme. (See the text.)

23.8 A, respectively. It should be noted that the ANS binding
site and the enzymatic active site of CHT are at almost
fiametrically opposite poin®.The estimated distance between
the above two sites is40 A. Our measurement of the ANEB
distance 0f~23.5 A reveals that DNA interacts with CHT at a
site thatis located between the ANS binding site and the enzymatic
active site of CHT. To investigate the proximity of the DNA
surface to the active site of the CHT enzyme, we measured the
enzymatic activity of CHT upon complexation with DNA. Figure
5a shows the rate of formation of the AMC product with respect
to the enzymatic activity of CHT on AAFAMC. It is clearly

(Figure 4b), the emission intensity of the donor is quenched on evident from the Figure 5a that the activity of the enzyme remains
inclusion of the acceptor (EB) in the DNA. The time-resolved  aimost unaffected in the presence of the DNA. This observation
studies also confirm the energy-transfer process (Figure 4c). Thejs consistent with the fact that the active site of CHT in the

picosecond-resolved transient (Figure 4c) of the donor reveaIsCH-I-_DNA complex is completely available to the substrate of

an average decay time constant of 0.88 ns as compared to 0.54{he enzyme. The nature of the CHDNA complex is shown
ns for the donor n the presence of the acceptor. The drop in thein aschemat.ic (Figure 5b). Inthe experiment, we have maintained
average decay time of the doreacceptor complex compared ) ’

to that of the donor alone also confirms that energy transfer the [DNA_]/[EB] ratio in such a way that the dlstanpe t?et""ee”
occurs from ANS to EB as a result of dipolar coupling. The WO EBS is expected to be 34 A (10 bS)As shown in Figure
calculated (from egs 4a and 4b) donor-to-acceptor energy-transfeb, the measured ANSEB distance (23.5 A) could be the average
efficiency from steady-state and time-resolved studies are 39.6distance from ANS to EB at sites A and B. The energy transfer
and 34.1%, respectively. The estimated deramceptor distances ~ from ANS due to dipolar coupling to a distant EB at site C is
from steady-state and time-resolved experiments are 22.9 andorbidden.
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Conclusions with DNA. Thus, nonspecific proteinDNA interaction studies

Nonspecific proteirDNA interactions of a CHT enzyme &€ relevant to investigations of the nature of ligand binding to
protein with genomic DNA reveal the nature of ligand binding a partllcular. protein. Studies on ANS-Iabequ CHT upon com-
of the protein in aqueous solution. The TNS probe has been Plexation with DNA show that DNA does not interact with CHT
found to bind CHT at a site different from the active site of the through the well-o_leflned ANS binding site. Th_e studies also
enzyme, mostly to the positively charged basic residues at theoffer the opportunity to measure the average distance between
surface sites of the protein. The possibility of TNS binding to the Well-defined ANS binding site and the EB-labeled DNA
the hydrophobic cavities/clefts cannot be ruled out. Steady-stateSurface inthe vicinity of CHT. An investigation of the enzymatic
and picosecond-resolved fluorescence studies reveal the dis@CtiVity of CHT upon complexation with DNA clearly rules out
placement of TNS from TNS-labeled CHT upon complexation the blocking of the active site of CHT as a result of the proximity
with DNA. The observations are consistent with the surface ©f the DNA surface. Circular dichroism (CD) studies on the free
binding of TNS to CHT. The steady-state and time-resolved protein in buffer and as a complex with DNA confirm the structural
emission of TNS in CHT upon complexation with DNA also integrity of C_H_T in the_protei&DNA C(_)mplex. O_ur s_tudies on
suggests multiple binding sites of TNS to CHT. As a control '.[he nonspeplflc p.roterﬁ.DNA Interaction may f'r!d Its futurg
study, we also investigated the binding of TN'S to HSA, in which importance in the investigation of ligand binding sites of proteins.
the TNS probe can bind to the deep hydrophobic cavity of the .
protein. The complexation of HSA with DNA reveals no Acknowledgmerlt. S-S.N. thanks CSIR for a fellowship. We
displacement of the ligand probes from the protein. However, thank DST for a financial grant (SR/FTP/PS-05/2004).

fluorescence anisotropy studies confirm the complexation of HSA LA063586X



