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Abstract Oxovanadium(IV)-salen complexes bind with bo-
vine serum albumin (BSA) and ovalbumin (OVA) strongly
with binding constant in the range 104–107 M−1 at physiolog-
ical pH (7.4) confirmed using UV–visible absorption, fluores-
cence spectral and circular dichroism (CD) study. CD results
show that the binding of oxovanadium(IV) complexes induces
the conformational change with the loss of α-helicity in the
proteins. Docking studies indicate that mode of binding of
oxovanadium(IV)-salen complexes with proteins is hydro-
phobic in nature.
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Introduction

Serum albumins, the most abundant protein in circulatory sys-
tem, play an important role in the binding, transportation and
delivery of drug molecules and nutrients in the blood [1].

Among the serum albumins, bovine serum albumin (BSA),
with a molecular weight 68,000 g mol−1 and wide range of
physiological functions [2–5], binds and neutralizes endoge-
nous and exogenous toxins by means of hydrogen bonding
[6], hydrophobic, electrostatic and metal interaction [7]. BSA
contains 583 amino acids in a single polypeptide chain, 17
disulfide bridges and one free –SH group, which can cause
it to form a covalently linked dimer. BSA contains two tryp-
tophan (Trp) residues, one located on the surface of the mol-
ecule (Trp-134) and the other at the bottom of hydrophobic
cleft between domains I and III (Trp-212). It also has a high
degree of α-helical content lying on the surface of hypothet-
ical cylinder with an open channel running along the axis [8,
9]. BSA is known to exhibit a very high conformational adapt-
ability to large variety of ligands [10, 11]. In general BSA has
been used extensively in the past years, partly because of its
high degree of homology with HSA and a similar structure of
HSAwith minor differences [12, 13].

Ovalbumin (OVA), the predominant protein in egg white,
comprises approximately 54 % of the total protein and be-
longs to glycoprotein [14]. OVA is very similar in amino acid
content to and excellent substitute for BSA. It is a typical
globular protein with a diameter 5.5 nm [15], an isoelectric
point (pI) ~4.9 [16] and a molecular weight ~45,000 g mol−1

[17, 18]. This protein also carries a disulfide bond and a single
polypeptide chain of 385 amino acid residues that folds into a
globular conformation with a high secondary structure content
(30.6 % α-helix and 31.4 % β-strand), and a flexible loop-
helix-loop motif reactive center [18, 19]. Ovalbumin is widely
used in the food industry for the emulsifying capability and
the ability to form gels upon heating [20–22]. OVA is a key
reference protein for immunization and biochemical studies.

The development of transition metal complexes that target
and interact non-covalently with proteins is an emerging field
that links inorganic chemistry with chemical and synthetic
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biology [23–29]. When a protein is bound, a metal ion plays a
structural role, particularly on protein folding, but can also
determine the reactivity of a protein as part of redox or cata-
lytic site [30]. Vanadium compounds show a wide variety of
pharmaceutical properties but two important properties are
their potential antidiabetic and antitumor activity [29, 31,
32]. Vanadium elicits a number of physiological responses
e.g., the inhibition of phosphate- metabolizing enzymes such
as phosphatases, ribonuclease, and ATPase, and its com-
pounds show insulin-enhancing activity [33–40]. The VO2+

forms complexes with two high molecular mass components,
human serum transferrin (hTF) [41, 42] and human serum
albumin (HSA) [43]. Both hTF and HSA can bind VO2+ ion
or remove it from an insulin-enhancing compound and trans-
port it towards the target organs which seems to be the liver
and muscles [44]. Vanadium(IV) often takes the form of the
vanadyl cation (VO2+), and as such can interact with proteins
at cationic binding sites similar to divalent calcium, zinc or
manganese [45]. Both VIV and VV also form a variety of co-
ordination complexes that may interact with enzymes [46].

Due to these vanadium-biomolecule interactions, vanadi-
um can be used to elicit desired responses at the organism
level. The interaction between VO(acac)2 and serum albumin
has been studied by isothermal calorimetry and fluorescence
spectroscopy [47] and the above mentioned complex does not
show any fluorescence emission spectrum. The cancer-
targeting property of VO(acac)2 due to its intercellular inter-
action with glycolytic enzymes is reinforced by formation of
macromolecular complexes with serum albumin [47]. The
binding interactions of vanadyl complexes with serum pro-
teins are not well understood, and studies have been carried
out to investigate binding interactions of serum proteins with
vanadate(VO3

−) and vanadyl cations [48, 49]. EPR and
ENDOR spectral results demonstrated that VO(acac)2 binds
albumin with 1:1 stoichiometry [50].

Vanadyl cation also complexes with HSA at two binding
sites with two affinity constants (strong and weak), while van-
adate anion (VO3

−) showsminor interaction with amino group
[51]. Sasmal et al. [52] studied the interaction of three vanadyl
complexes using heterocyclic bases as a ligand with BSA and
reported that BSA fluorescence was quenched by the vanadyl
complexes. Inorganic and organic chelates of VO2+ lead to
adduct formation with BSA and possibly with other serum
transport proteins [53]. Vanadyl cation (VO2+) shows a major
affinity for binding to nitrogen and oxygen donors of biomol-
ecules [54, 55].

In the present study, BSA is selected as our protein model
because of its long-standing interest in the protein community.
We report the results on the interaction of oxovanadium(IV)-
salen complexes with proteins BSA and OVA studied by spec-
troscopic techniques. The absorption titration was carried out
by keeping the concentration of V(IV) complexes (2 μM)
constant while varying the concentration of proteins (0 to

32 μM) and the fluorescence titration was performed by keep-
ing the concentration of proteins constant while varying the
concentration of oxovanadium(IV)-salen complexes.

Experimental

The ligands [56, 57] and oxovanadium(IV)-complexes
[58–65] were synthesized by known procedures and charac-
terized by UV–vis, MS, FTIR spectral studies and cyclic volt-
ammetry measurements (Tables S1 and S2). Bovine serum
albumin (BSA) and ovalbumin (OVA) were purchased from
OcimumBioscience and Sigma-Aldrich respectively and used
without any further purification.

Instrumentation and Methods

The stock solutions of BSA (1 × 10−4 M) and OVA
(1 × 10−4 M) based on their molecular weight of 68,000 and
45,000 g mol−1 respectively were prepared in phosphate buff-
er solution at physiological pH (7.4) and no precipitation was
detected under the experimental conditions. The stock solu-
tions for complexes I to V and VIII (1 × 10−3 M) in acetoni-
trile (HPLC) and complexesVI andVII in dimethyl sulfoxide
(DMSO) were prepared. All aqueous solutions were prepared
in doubly distilled water for the experiment. The sample so-
lutions were prepared freshly for each measurement.

Absorption spectra were recorded using JASCO 530 spec-
trophotometer and quartz cuvette of 1 cm was used. The ab-
sorbance titration was performed by keeping the concentration
of V(IV) complexes (2 μM) constant while varying the con-
centration of proteins from 0 to 32 μM. The binding constant
Kb, for the interaction of V(IV) complexes with proteins was
determined by absorption spectroscopy by using the following
Scatchard Eq. 1 [66].

ΔA−1 ¼ Δε:Ctð Þ−1 þ Kb:Δε:Ctð Þ−1Cp
−1 ð1Þ

Where ΔA is the absorbance difference in absence and
presence of proteins, Cp is the concentration of proteins, Ct

is the total concentration of the complex, and Δε = εb - εf (εf
and εb are the molar extinction coefficient of free complex
and the totally bound complex). Thus, the double reciprocal
plot of ΔA−1 vs Cp

−1, is linear and the binding constant (Kb)
can be estimated from the ratio of the intercept to the slope.

The fluorescence measurements were recorded with
JASCO FP-6300 at different concentration of vanadyl com-
plexes from 0 to 100 μM keeping the concentration of pro-
teins as constant (2 μM). The emission intensity of tryptophan
residues of proteins at 340 nm (excitation wavelength 295 nm)
was monitored using V(IV) complexes as quenchers with in-
creasing concentration [66, 67]. The Stern-Volmer constant
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(KSV) and bimolecular quenching constant (kq) values are
determined from the Stern-Volmer equation (Eq. 2) [68].

F0=F ¼ 1þ KSV Q½ � ¼ 1þ kqτ0 Q½ � ð2Þ

Here F0 and F are the fluorescence intensity of proteins
in the absence and presence of V(IV) complexes, [Q] is
the molar concentration of quencher (oxovanadium(IV)
complexes) and τ0 is the life-time of proteins. The life-
time of BSA and OVA are 5.8 ns and 7.7 ns respectively.
The plot of F0/F vs [Q] gives KSV value as the slope and
kq, the quenching rate constant is calculated from obtain-
ed KSV value. The KSV value provides a direct measure of
the quenching sensitivity. A linear Stern-Volmer plot is
generally indicative of a single class of fluorophores, all
equally accessible to the quencher. In many cases, the
fluorophore can be quenched both by collision and by
complex formation with same quencher.

Circular dichroism (CD) measurements were performed on
a JASCO J810 spectropolarimeter at room temperature over
the wavelength 200–260 nm. Parameters were set as follows:
path length, 50 mm; resolution, 0.5 nm; scan speed,
50 nmmin−1; band width, 1 nm; response 1 s. Every spectrum
was averaged two times. The concentration of BSA and OVA
is 1 × 10−6 M and the concentration of vanadyl complexes is
1 × 10−6 M and 3 × 10−6 M.

Results and Discussion

The details of synthesis of salen ligands and oxovanadium(IV)-
salen complexes and spectral characterization are given our
previous reports [59, 61] but the spectral data are collected in
the supporting information (Tables S1 and S2). The structure of
the oxovanadium(IV)-salen complexes synthesized for the
present study are shown in Chart 1. The green coloured com-
plexes (I – V and VIII) are soluble in CH3CN and orange
coloured complexes (VI and VII) in DMSO. The absorption
spectrum of complex I in CH3CN is shown in Fig. S1 and the
spectral data of oxovanadium(IV) complexes are collected in
Table S2. The electronic absorption spectra of eight V(IV)

complexes (I – VIII) reveal strong absorption bands at 227–
279 nm and less intense absorption bands at 352–384 nm. The
absorption bands at 227–279 nm are assigned to ligand cen-
tered (LC) π-π* transition and low energy absorption bands at
352–384 nm to spin allowed metal-to-ligand transfer (1MLCT)
transition from the VIV dπ-orbital to the π* orbital of the ligand
(dπ VIV → π*(diimine)). The absorption maximum of BSA is
278 nm but has emission at 340 nm when excited at 295 nm.
The vanadium complexes do not have emission in the region
300–400 nm and thus the changes in emission intensity of BSA
in the presence of varying concentration of vanadium com-
plexes can be used to study the interaction between them.

Interaction of Oxovanadium(IV) Complexes with Proteins

The absorption maximum of BSA at 278 nm is character-
istic absorption of tryptophan (Trp) and tyrosine (Tyr)
residues in BSA [69] and the absorption spectrum of
BSA alone is shown in the Fig. S2. The absorption spec-
trum of complex III has band at 274 nm due to ligand
centred (LC) π-π* transition close to BSA absorption. So
the absorption titration is carried out with a change in the
concentration of proteins while keeping the concentration
of V(IV) complexes constant. The intensity of band at
384 nm is increased on the addition of BSA (Fig. 1)
which indicates an interaction between V(IV) complex
III and BSA. The binding constant (Kb) of complex III
with BSA is calculated as 4.7 × 104 M−1 from the change
in the absorption spectral data using Scatchard equation
[66].

Generally, the fluorescence of protein is caused by the
intrinsic fluorescence of three molecules present in the

Chart 1 Structure of oxovanadium(IV)-salen complexes
Fig. 1 UV–vis absorption spectra for the titration of III with BSA,
[III] = 2 × 10−5 M, [BSA] = 0–32 × 10−6 M
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protein, i.e., Trp, Tyr and phenylalanine (Phe) residues
[70]. Actually, the intrinsic fluorescence of many proteins
is mainly contributed by tryptophan alone because of very
low quantum yield of Phe, and the fluorescence of Tyr is
almost quenched via energy transfer to Trp if Tyr is ion-
ized, near an amino or carboxyl group. In order to confirm
the interaction between V(IV) complexes and proteins,
fluorescence titration is carried by the keeping the con-
centration of protein constant while varying the concen-
tration of V(IV) complexes. Before to record the change
of fluorescence intensity of BSA in the presence of
V(IV)-salen complexes we have checked the emission of
oxovanadium(IV)-salen complexes. The excitation of
complex I at 355 nm results in no emission. Thus the
oxovanadium(IV)-salen complexes used in the present
study are non-emissive. The emission intensity of proteins
is found to be quenched gradually on increasing the con-
centration of V(IV) complex because of the changes in the
secondary/tertiary structure of proteins in phosphate buff-
er medium affecting the orientation of the tryptophan res-
idues of protein. The extent of quenching of the fluores-
cence intensity of proteins gives the measure of the extent
of binding of the V(IV) complexes to proteins. The Stern-
Volmer quenching constant (KSV) values are obtained
quantitatively by the plot of F0/F vs [Q] using the Stern-
Volmer equation (Eq. 2). The interaction of vanadium(IV)
complexes with proteins is found to produce the change
on the emission profile (Figs. 2, 3 and S3). The fluores-
cence of BSA is quenched in the presence of
vanadium(IV) complexes with a blue shift (≈10 nm) in
the emission maximum. A similar result was reported on
the interaction between flovanoids and BSA by Jin et al.
[71].

The values of KSV and kq, obtained from Stern-Volmer
plots (Fig. S4) for quenching of proteins by vanadium(IV)
complexes are summarized in Table 1. The high KSV values
(104–105 M−1) and kq values in the range 1012–1013 M−1 s−1

indicate that the ground state interaction between V(IV) com-
plexes and proteins leads to V(IV)–protein complex formation
and thus the nature of quenching process is predominantly
static rather than dynamic. Similarly for OVA the KSV values
are in the range from 103 to 105 M−1 and the bimolecular
quenching constant (kq) values are in the range from 1012 to
1013 M−1 s−1. The fluorescence quenching of BSA and OVA
with a blue shift in the emission maximum suggests that bind-
ing of V(IV) complexes is associated with change in the
environment of at least one of the two Trp moieties in
BSA and OVA.

Fig. 2 Fluorescence quenching of BSA (2 μM) in the presence of
increasing concentration of complex I (0 → 100) excitation maximum
295 nm

Fig. 3 Fluorescence quenching of OVA (2 μM) in the presence of
increasing concentration of complex I (0 → 100) excitation maximum
295 nm

Table 1 Values of Stern-Volmer constant (KSV) and quenching
constant (kq) for the quenching of BSA (2μΜ) and OVA (2 μM) using
oxovanadium(IV)-salen complexes

Complex BSA OVA

KSV (M−1) kq (M
−1 s−1) KSV (M−1) kq (M

−1 s−1)

I 3.2 × 104 5.5 × 1012 4.3 × 104 5.6 × 1012

II 1.6 × 104 2.9 × 1012 1.9 × 105 2.5 × 1013

III 2.4 × 104 4.1 × 1012 2.0 × 104 2.7 × 1012

IV 1.8 × 104 3.1 × 1012 2.2 × 104 2.9 × 1012

V 9.6 × 103 1.7 × 1012 5.4 × 103 0.7 × 1012

VI 1.6 × 105 2.7 × 1013 2.7 × 104 3.5 × 1012

VII 1.3 × 105 2.2 × 1013 2.0 × 104 2.6 × 1012

VIII 5.1 × 104 8.8 × 1012 4.9 × 104 6.4 × 1012
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Binding Parameters

When a static quenching occurs, Eq. 3 [72] is used for the
determination of the binding parameters between V(IV) com-
plexes and proteins:

logF0−F=F ¼ logKb þ nlog Q½ � ð3Þ
where F0 and F are the fluorescence intensities of BSA
before and after addition of V(IV) complexes, Kb is the
binding constant, reflecting the extent of binding of V(IV)
complexes with proteins, n is the number of binding sites
and [Q] is the concentration of vanadium complexes.
According to experimental results (Figs. 2, 3 and S3),
the linear fitting plots of log F0-F/F versus log [Q] can
be made in Fig. S5. Based on the plots the values of Kb

and n are obtained and collected in Table 2.
According to the data shown in Table 2 the binding con-

stant, Kb, values are in the range 1.0 × 104–107 M−1 for com-
plexes I to VIII. This large binding constant values indicates
that there is a strong interaction between proteins and V(IV)
complexes. Binding constant, Kb value of complex III is in
close agreement with the value calculated from the absorption
spectral data (Kb) confirming the reliability of these values.
The value of n is in the range 1.0–1.9 which indicates that in
the binding process, the molar ratios of protein to V(IV) com-
plex varies from 1:1 to 1:2 depending on the substituents in
the salen moiety of V(IV) complex. From these observations it
could be inferred that the oxovanadium(IV) complexes bind
strongly with proteins.

The change of binding constant value with the change of
substituent in the salen ligand deserves comment. The binding
constant data collected in Table 2 indicate that the value is
highly sensitive to the change of substituent in the salen li-
gand. The presence of electron-withdrawing group like –NO2

enhances the binding constant value enormously from 106 to
107 M−1 but the electron donating group like –OMe decreases

the binding constant value. These interesting results pointed
out that binding efficiency of metal-salen complexes is sus-
ceptible to the structural changes of the ligand. Similar results
have been reported on the binding of other metal-salen com-
plexes with proteins [29].

Effect of V(IV) Complex on the Conformation of Protein

The absorption and emission titration experiments con-
firm the strong interaction between V(IV) complexes
and proteins. It is important to examine how the structure
of proteins is affected in the presence of V(IV) com-
plexes. When probes bind to globular proteins, the intra-
molecular forces responsible for maintaining the second-
ary and tertiary structures can be altered, resulting in a
conformational change of the protein [73]. Circular di-
chroism (CD) is a sensitive technique to monitor confor-
mational changes of protein upon interaction with the
small molecules. Both BSA and OVA have a high per-
centage of α-helical structure which shows characteristic
strong double minima signals with two negative bands in
the UV range at 208 and 222 nm (Figs. 4 and S6). Both
bands are due to n-π* transition of the carbonyl group of
peptide. The CD result is expressed as MRE (Mean
Residue Ellipticity) in cm2 dmol−1, which is defined in
Eq. (4)

MRE ¼ Observed CD mdegð Þ=10� n l Cp ð4Þ

Here Cp is the molar concentration of the proteins, n is the
number of amino acid residues present in the proteins (583)
and l is the path length (5 mm).

Table 2 Binding parameters (Kb and n) for the binding of
oxovanadium(IV)-salen complexes with BSA and OVA

Protein→ BSA OVA

Complex Kb n Kb n

I 4.1 × 106 1.5 8.6 × 106 1.6

II 2.3 × 105 1.1 9.1 × 106 1.4

III 1.4 × 104 1.0 9.3 × 104 1.2

IV 3.9 × 106 1.3 4.0 × 107 1.6

V 2.3 × 104 1.2 3.2 × 105 1.3

VI 1.2 × 107 1.9 7.4 × 106 1.5

VII 2.8 × 105 1.0 1.8 × 106 1.5

VIII 3.2 × 105 1.1 2.7 × 106 1.4 Fig. 4 CD spectra of BSA in the presence and absence of complex I.
[BSA] = 1 μM, [I] = 1 and 3 μM
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The helical content is calculated from the MRE values at
208 nm using the Eq. 5.

α�helix ¼ −MRE208ð Þ−4000= 33000−4000ð Þ½ � � 100% ð5Þ
where MRE208 is the mean residue ellipticity in deg
cm2dmol−1, 4000 is the MRE of the β-form and random coil
conformation cross at 208 nm, and 33,000 is the MRE value
of a pure α-helical at 208 nm. The quantitative analysis of the
CD data using Eq. (5) provides the α-helical content in the
secondary structure of serum albumin. The α-value decreased
on the addition of vanadium complexes with slight red shift,
indicative of the loss of α-helicity. Upon addition of V(IV)
(1 μM) to BSA (1 μM) the extent of α-helicity of the protein
decreases from 66.7 to 53.5 % at 208 nm for complex IV
(Table S3). Similarly for ovalbumin the α-helical content is
42.1 and 49.9 % at the wavelength 208 and 222 nm respec-
tively (Fig. 5). The values are 17.7, 34.8, 27.2, 26.7, 29.2 and
15.6 % at 208 nm in the presence of V(IV) complexes I, II,
III, IV, V and VIII respectively. The results suggest that the
binding of oxovanadium(IV)-salen complexes with OVA in-
duces substantial changes in the conformational structure of
ovalbumin. The decrease inα-helicity is higher for BSA com-
pared to OVA with V(IV) complexes. From these results the
inference is that the binding efficiency of V(IV) complexes is
more with BSAwhen comparedwith ovalbumin. It is apparent
that the V(IV) complexes bind to the amino acid residues of
the main polypeptide chain of BSA and destroy the H-
bonding networks present in the amino acid residues of pro-
tein which may decrease the percentage of α-helicity of the
protein [74, 75]. Therefore, we conclude that the effect of the
V(IV) complexes on BSA and OVA causes a conformational
change of the protein with loss of α-helicity.

Docking Studies on the Binding of Oxovanadium(IV)
-Salen Complex with BSA and OVA

Oxovanadium(IV)-salen complex has been docked into the
structure of BSA in order to envisage a correlation between
the experimental and docking results concerning the nature of
the protein-ligand interaction. Of the two tryptophans in BSA,
Trp-212 is located in a hydrophobic fold whereas Trp-134 is
located on the surface of the molecule [74, 75]. Generally
alkyl groups on Ala, Val, Leu and Ile interact with the ligand
through hydrophobic interaction. In addition, benzene ring
(aromatic rings) on the Phe and Tyr can stack together.

From the experimental results, it is clear that the
vanadium(IV) complexes have effective binding with BSA.
To get more knowledge on the binding efficiency and to know
about the mode of binding we have done optimization and
docking studies using Schrodinger 2012, 9.2 version software
and protein data bank (pdb) files. The structure of the V(IV)
complex was drawn using Hyperchem software and the
docked structure was displayed by the Pymol. The crystal
structure of HSA has been used because BSA has 80% similar
structure with HSA and downloaded HSA pdb file as model
for BSA.

The oxovanadium(IV)-Schiff base complexes with
polypyridyl derivatives show inhibition activities with protein
tyrosine phosphatases (PTP1B) [76]. The competitive inhibi-
tion mode suggests that the mixed ligands of vanadium(IV)
complexes could bind to the catalytic active site of PTPIB by
competing with the substrate leading to enzyme inhibition.
The putative mode of interaction of vanadium complex with
PTP1B was modeled by using molecular docking techniques.
The modeling studies suggest that vanadium(IV)-salen com-
plex can be accommodated into the active site cleft of PTP1B
and the phenolate oxygen of the complex is close to the sulfur
atom of the active site cysteine residue (Cys215), at a distance

Fig. 5 CD spectra of OVA in the presence and absence of complex III.
[OVA] = 1 μM, [III] = 1 and 3 μM Fig. 6 Computational docking model of the binding of III to BSA
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of 3.15 Å. Two hydrogen bonds may also formed between the
vanadyl oxygen and the nitrogen of the Arg221 residue as
well as the carboxyl oxygen of the complex and the nitrogen
of the Gln266 residue in the enzyme [76, 77].

The docking pose of vanadium(IV)-salen complexes with
BSA indicates that vanadyl oxygen of vanadium complexes
III andVIII docks to BSA through hydrogen bond interaction
with the amino acid residue (Arg 208) [76, 77] as shown in
Figs. 6 and 7. The various residues are present within 5 Å
distance from the probe [78] and the binding sites of amino
acid residues as shown from the docked pose comprised of
Arg 222, Ser 202 and Arg 218 (Fig. 7) [78, 79].

In the fields of computational chemistry and molecular
modeling, scoring functions are fast approximate mathemati-
cal methods used to predict the strength of the non-covalent
interaction (also referred to as binding affinity) between two
molecules after they have been docked. Most commonly one
of the molecules is a small organic compound such as a drug
and the second is the drug’s biological target such as a protein
receptor [79]. From the docking model the docking score cal-
culated for the interaction of V(IV)-salen complexes with the

proteins are tabulated in Table 3. The data collected in Table 3
indicate that the interaction between vanadium complexes and
proteins is hydrophobic in nature.

Conclusion

The interaction of oxovanadium(IV)-salen complexes with
proteins (BSA and OVA) have been investigated by using
UV–vis absorption, fluorescence and circular dichroism
(CD) spectral techniques. The fluorescence quenching results
indicate that the V(IV) complexes bind strongly with BSA and
OVA and the binding interaction is hydrophobic in nature.
The CD spectral study indicates that the secondary structure
of BSA and OVA is marginally changed in the presence of
V(IV) complexes. The knowledge on the interaction of V(IV)
complexes with proteins can be useful to realize the different
biomedical applications (antidiabetic and antitumor activity)
without loss of the structure of proteins. The molecular
docking studies show that hydrophobic interaction exists be-
tween the V(IV) complexes and the proteins.
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