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Abstract: The Wilms' tumor suppressor gene encodes a zinc finger DNA binding protein (WT1), which functions as a
transcriptional regulator and has been shown to be involved in the progression of breast cancer. Mutation in the zinc
finger region of WT1, originally identified in Wilms' tumor patient, has been associated with loss of its DNA-binding
activity. We have studied the intra-molecular ionic interactions at active site residues, in particular the four Cys(2)-His(2)
pairs of WT1. We have also mutated some of the crucial amino acid residues involved in binding of DNA and observed
the effect of these mutations on the binding pattern. Of the five WT1 mutants analyzed, significant change was observed
in Cys416Ala416 mutant where reduction in the van der Waal’s contact was seen between the amino acids, which may
also affect coordination with the Zn ion. Two other mutants His434Asp434 and His434Arg434 also showed a loss of
coordination of Zn ion with the mutant residue, Asp434. His434 did not interact directly with A1, which may affect the
DNA binding pattern and change the normal functioning of WT1. However no significant change was observed in the
Ser415Ala415 mutant.
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INTRODUCTION
Cell growth has been shown to be under strict
control of a number of positive and negative signals.
Studies indicate that an imbalance in these signals has
been the major cause of deregulation of the cellular
behavior. Recessive oncogenes or tumor suppressor
genes encoding important cellular proteins have been
identified as the potential negative regulator of cell
cycle [1]. Inactivation of tumor suppressor genes, by
allelic deletion, loss of expression, mutation or
functional inactivation by interacting with oncogene
products of DNA tumor viruses or with amplified cellular
binding proteins leads to uncontrolled cell growth or
malignant formations [2]. Malignant transformations
occur through successive mutations in specific cellular
genes, leading to the activation of oncogenes and
inactivation of tumor suppressor genes [1].
Analyses of primary breast tumors have revealed a
large number of dominant and recessive gene
alterations encompassing several cellular attributes
and activities. It is quite likely that some of these
alterations are of a causal nature thus enabling the
tumor to attain distinctive malignant phenotypes, such
as, dys-regulated proliferation, invasion, angiogenesis,
and ability to metastasize [3].
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The Wilms' tumor suppressor gene encodes a zinc
finger DNA binding protein (WT1) which functions as a
transcriptional regulator and has been implicated in the
progression of breast cancer [4, 5]. It is found that WT1
protein contributes to breast cancer progression by
promoting breast cancer cell proliferation [6]. WTI has
been shown to repress the transcription of a variety of
target genes like EGFR and c-MYC genes whose
products stimulate growth factors, growth factor
receptors and other transcriptional elements [7,8]. The
tumor suppressor activity of the WT1 gene in regulation
of the mammotrophic IGF-IR/IGF-II growth factor
system as well as the mammary growth inhibitor TGF-1
makes it a candidate for action in the mammary gland.
The regulation by WT1 normally maintains the cells of
mammary gland in mitotic arrest and loss or
inactivation of WT1 would thus lead to unregulated cell
division and tumors [9,10]. Recently it is reported that
Wilms' tumor 1 protein and focal adhesion kinase
mediate keratinocyte growth factor signaling in breast
cancer cells [11].
WT1 encodes nuclear proteins with structural motifs
characteristic of transcription factors, including an Nterminal glutamine/proline-rich transregulatory domain
and a C-terminal domain with four Kruppel-type Cys2His2 zinc fingers which bind DNA and RNA and are
involved in nuclear localization [11]. The discovery of
cytoplasmic WT1 in the tumor cells suggests that
inactivation of WT1 may occur as a result of restricted
© 2016 Synchro Publisher
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access to nuclear targets. Recent studies indicate that
cytoplasmic retention inhibits the normal regulatory
functions of WT1 [8].
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the recognition helix and make a number of water
mediated contacts with DNA bases and phosphates.

Studies also indicate that WT1 can induce
apoptosis in embryonal cancer cells, presumably
through the withdrawal of required growth factor
survival signals, and that EGFR is a physiological
target gene for WT1 [7].
Mutations in the zinc finger region of WT1, originally
identified in a Wilms' tumor patient, has been shown to
abolish the DNA-binding activity suggesting that the
WT1 protein may act at the DNA binding site of growth
factor-inducible genes and that loss of DNA-binding
activity contributes to the tumorigenesis [12].
The present communication highlights the key intramolecular ionic interactions involving active site
residues. The interaction of these residues with DNA
appears to orient the N-terminal region of the molecule
to plays an important role in transcriptional regulation.
Furthermore, mutation of some of the crucial amino
acid residues does influence the DNA binding pattern
thus contributing to tumor metastasis.
METHODS
3 Dimensional Structure (Model)
3 Dimensional structure (Model) was retrieved from
Hydrogen bonding, surface accessibilities, and ion pair
in the homology model of WT1 were calculated by
HBONDS, ACCESS, and ANACON menus of WHAT IF
[13].
DNA Binding Studies
Interactions of WT1 with DNA were studied by
superposing the structure of znf268 (protein plus bound
DNA) over the 3D model of WT1 using MODELLER
Program [14]. The structural coordinates of znf268
were then manually deleted.
RESULTS AND DISCUSSION
Structural Organization
Figure (1) presents the schematic representation of
WT1 model. The predicted structure of C-terminal
region of WT1 comprises of 144 residues folded into 4
helices and 8 beta pleated sheets. The region consists
of hydrophilic residues, which are mostly acidic in
nature. A group of workers [15] observed that in case
of all zinc finger proteins, acidic residues are located in

Figure 1: Homology model of the C-terminal fragment of
Human Wilm’s Tumor protein (WT1) with bound DNA strands
based on the crystal structure of a zinc finger protein, znf268,
(Pdb id:1aay ) and a five-finger protein, GLI (pdb id:2gli).

Human WT1 model shows possible coordination of
one cobalt and three zinc atoms with conserved
residues i.e. 2 cysteines from each sheet and 2
histidines from each helix. These are held together by
a hydrophobic core and by the cobalt/zinc atom.
Active Site of WT1 and its Role in DNA Binding
Analysis of WT1 indicates that like other zinc finger
proteins the carboxyl terminal domain contains Cys2His2 Zn–finger motifs which are responsible for DNA
and RNA binding. Four such regions could be identified
i.e. (i) Cys325, Cys330 and His339, His343 (ii) Cys355,
Cys360 and His373, His377, (iii) Cys385, Cys388 and
His397, His401 and (iv) Cys416, Cys421 and His434,
His435. Analyses of the role of these residues in DNA
binding shows that Cys325 and Cys330 does not pair
with DNA although Cys330 binds with the cofactor,
cobalt (cobalt was used in this study along with zinc
and assumed to behave like divalent cation required for
the function WT1). Cys330 also make hydrogen bond
with Tyr327. Cys355 and Cys360 binds with the
cofactor, zinc (Zn201) having a separation distance of
2.98Å and 1.52Å respectively. Cys385 and Cys388
bind with the cofactor, Zn202 having separation
distance of 2.09Ǻ and 1.12 Ǻ respectively. Cys416 is
also within a distance of 1.32Å with Zn203 and forms
hydrogen bond with Lys423. On the other hand,
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Cys421 has Zn203 within the radius of 1.65Å. It is
worth mentioning that all cysteine residues present in
the Zn finger regions of WT1 showed no interaction
with DNA bases but maintain the stability with
formation of hydrogen bonds.

modulation of cytoskeletal dynamics.The predicted
model of C-terminal region of WT1 shows that this
region of the domain (Ser420-Asn436) is highly
charged and contains Cys-His-Zn motif responsible for
RNA and DNA binding.

Among the histidine residues, His339 and His343
showed no pairing with DNA bases. These residues,
however, show hydrogen bonds with each other. His
339 also forms a hydrogen bond with Met342. His343
showed coordination with the cofactor, cobalt present
within a radius of 2.96Å. On the other hand, His373
(ND1) makes a hydrogen bond with phosphate (O1P)
of the nucleotide, G7 and also coordinates with the
cofactor (zinc201) which is present within the radius of
3.05Å. Besides, it also forms hydrogen bonds with
amino acids, Gln369 (O) and Arg376 (N). His377 does
not interact with DNA bases but showed contact with
zinc (Zn201) present within the distance of 0.94Å.
His377 forms sch:sch and mch:mch hydrogen bonds
respectively with Cys355 and Gln374. Although His397
showed no bonding with DNA bases it is the only
amino acid at the active center showing ionic
interactions with Asp396. Three salt bridges can be
seen between His397 (ND1, NE2 and ND1) and
Asp396 (OD1, OD1 and OD2) respectively. His401
makes one hydrogen bond each with phosphate (O2P)
of G4 ans Thr404 in addition to coordination with the
cofactor, zinc (Zn202) residing at a distance of 1.51 Å.
His434 showed coordination with Zn203 within the
distance of 2.23Ǻ and hydrogen bonds with Glu430
and Met437 but no pairing with any DNA base. On the
other hand, His435 showed no contact either with the
DNA bases or the metal ions. However it makes
mch:mch hydrogen bonds with Leu431 and His 438
and mch:sch hydrogen bond with Arg417.

Detailed listing of these amino acids and the
specific binding interactions with DNA bases is given in
Table 1.

The primary contact in the protein-DNA complex
involves
Arg433-guanine
and
His434–guanine
interactions along one strand of the DNA. These
interactions appear to stabilize the long side chain of
arginine and enhance the specificity of Arg-guanine
contacts [16]. In the predicted WT1 model, Arg433
makes water mediated contact with a number of DNA
bases like A1, G2, C3 and G60. However, no His434nucleotide interaction could be seen in the model.
Interestingly a 17 amino acid residues region
located in the transcription regulatory domain seems to
function as a transcriptional repressor when fused with
the DNA binding domain of WT1 [17]. The results of a
group of workers [18] indicated that the WT1 17 amino
acids isoform exerted its oncogenic functions through

3

Table 1: Detailed Listing of 17 Amino Acids and their
Binding with DNA Bases
Amino acids

Metal/Bases

Ser420

Zn203

Cys421

Zn203

Gln422

Zn203

Lys423

Zn,203 A1(C5)

Phe425

G2(OIP)

Ala426

C3(OIP)

Arg427

C3,G4,T5(N3C4O4 C5C5MC6)
C57(N4),A58(C6N6N1)

Ser428

C56(O,OIP.C2O5O6) C57(N4)

Glu430

G2 (C8,C2,O5) C3(O1P,O2P,C5,N4)

Val432

C57(P,O1P,O2P)

Arg433

A1(C2N3C4)G2(N7) C3(N4C4) G60(O6)

His434

Zn203

The zinc finger binds in the major groove of DNA
and wraps part way around the double helix. Each
finger has a similar relation to the DNA and makes its
primary contacts in a 3 base pair subsite [16]. A study
[19] demonstrated that the recognition helices of the
individual fingers are inserted into major groove of DNA
at 3 base pair intervals. DNA recognition is mediated
through base contacts with the side chains of amino
acid located at 4 positions of the recognition helix (i.e.
amino acid at positions 1, 2, 3 and 6). Hydrogen bonds
are formed when amino acids at these positions
contact the nucleotide bases in the DNA major groove.
Each helix is oriented such that position 1 on the helix
amino terminal interacts at the 3' end of the binding
site. The residue at position 1 usually contacts the 3
bases of each DNA triplet. Position 3 contains residue,
which recognizes the middle base of the triplet.
Position 2 seems to play an auxiliary role in DNA
recognition. Although residues at positions 1, 2, 3 and
6 are directly implicated in DNA binding other residues
in zinc finger protein and also control DNA affinity. A
group of workers [15] have refined the Zif268 protein-
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DNA complex and made a detailed analysis of zinc
finger-DNA interactions. Human WT1 shares 62%
sequence homology with Zif268 with all 3 fingers of the
C-terminal region being conserved. We have analyzed
the role of these residues in DNA binding with WT1.
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and A52 (N7). Arg366 (NE) also makes a hydrogen
bond with A52 (N6). Arg394 in helix 3 showed no
pairing with DNA bases whereas Arg427 in helix 4
shows two H-bonds with G4 and one with T5 (Figure
3).

Role of Helix Residues 1, 2, 3 and 6 in DNA Binding
st

nd

In the helix 1, Lys, Ser and His occupy 1 , 2 and
3 position respectively. Among these both Lys, Ser
form hydrogen bonds with Met342. His present at the
rd
3 position make a hydrogen bond with His343 and is
stacked against guanine 4, thymine 5 and guanine 6
giving rise to van der Waal interactions. However, no
base pairing of these amino acid residues has been
observed. Also histidine-thymine interactions contribute
significantly towards site specific recognition and
substitution of uracil at this position results in reduced
binding [20]. In Zif268 protein, helices 1 and 3 have
rd
glutamic acid, instead of histidine at the 3 position.
rd

In helix 2, Asp368 present at position 2 makes three
hydrogen bonds with Arg366 immediately preceding
the helix. In helix 3 and 4, Aspartic acid residues (396
and 429) present at position 2 do not interact with
Arg394 and Arg427. Analysis of DNA protein
interactions in helix 2 shows that Asp368 stacks with
T51 (O5) whereas in helix 3, Asp396 forms a hydrogen
bond with DNA base, C55 (N4). In the helix 4, Asp429
(OD2) interacts with DNA base, C3 (N4) (Figure 2).
Among Arginine residuess, Arg366 (NH1) of helix 2
forms two hydrogen bonds with T11 (O4), A52 (N1)

Figure 3: Hydrogen bonded interactions between amino acid
residues (Arg366 and Arg427) and DNA bases (A52, T11, G4
and T5) present at position 1 of helix 2 and 4. Amino acid
residues are shown in ball and stick (pink) and DNA bases in
stick (blue) configuration.

Studies by Erickson and coworkers indicate that the
hydrogen bond between the aspartic acid at position 2
and arginine at position 1 orients the arginine side
chain thus increasing the specificity of arginine-guanine
interaction [15].
In the case of WT1, helices 2 and 4 have glutamine
(Gln369) and glutamic acid (Glu430) respectively at the
rd
3 position of the helix. Gln369 showed no interaction
with DNA bases. It however forms two H-bond with
Arg366. Glu430 also showed no direct interaction with
DNA base. Instead, it forms a hydrogen bond with
Arg427 which stacks with the base, C3. Furthermore,
glutamic acid/glutamine, in analogy with histidine at the
corresponding position in helix 2, contacts the base
cytosine present at the center of the GCG triplet
recognized by these fingers [19, 20]. These interactions
are expected to stabilize the conformation of residues
of the helix and enhance the specificity of contacts
made by arginine at position 1.

Figure 2: Hydrogen bonded interactions between amino acid
residues (Asp396 and Asp429) and DNA bases (C3and C55)
present at position 2 of helix 3 and 4. Amino acid residues
are shown in ball and stick (pink) and DNA bases in stick
(blue) configuration.

In Zif268 protein, helices 1 and 3 have an arginine
at position 6 of the helix. In contrast, WT1 has Met342
th
at 6 position in helix 1, which shows no base pairing.
th
Thr400 is at the 6 position of helix 3. It forms a water
mediated contact with O1P of G4. Arg372 and Arg433

Zinc Finger DNA Recognition and 17 Amino Acids Residues
th

are present at the 6 position of helix 2 and 4
respectively. Arg372 makes two contacts, one with N4
of C9 and the other with O6 of G54. Arg433 shows four
hydrogen bonds, three with various nitrogen atoms of
A1, and one with N4 of C3 (Figure 4). This is consistent
with the findings [20], which observed water mediated
arginine-guanine interactions and visualized its
possibly contribution towards the specificity of these
positions.
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sequences are highly conserved in Cys(2)-His(2) zinc
finger protein. Comparison of the canonical linker
structure of the zinc finger-DNA complexes with the
NMR structure of the TGEKP linkers connecting finger
1 and 2 in Zif268, in the absence of DNA, reveals that
additional stabilization in the DNA complexes arises
most likely from the hydrogen bonding between the
backbone amide of Glu3 and the side chain of Thr1 in
the linkers [24]. In the predicted WT1 model, however,
there is no bonding between Thr317 and Glu319 in the
first linker sequence (317-322). Instead, Thr317 forms
hydrogen bonds with Ser313. Other hydrogen bonds
like Ser318(OG)-Ser318(O), Lys320(NZ)-(O)Arg333
were also observed in this linker region.
Table 2: Hydrogen Bonding in the Linker Sequence
H-Bonding
with DNA
Bases

Linker
Sequence

H-Bonding with Amino Acid
Residues

Thr317

Thr317(N)-(O)Ser313 (2.62Å)

-

Ser318

Ser318(N)-(O)Ser318 (2.59Å)

-

Glu319

-

-

Lys320

Lys320(N)-(O)Arg333 (2.75Å)

-

Arg321

-

-

Thr348

Thr348(N)-(O)Ser344 (3.39Å)

TSEKR(317-321)

Figure 4: Hydrogen bonded interactions between amino acid
residues (Arg372 and Arg433) and DNA bases (C9, G54, C3
and A1) present at position 6 of helix 2 and 4.

Linker Sequence (TGEKP)
NMR spectroscopy of DNA binding proteins reveal a
highly specific DNA induced helix capping at the Cterminus. Capping involves residues TGEPK in the
linker sequence, between the fingers [21]. These zinc
finger linkers seem to play a significant role in DNA
binding specificity. It has been observed that
substitution of 3 amino acids in the linker sequence
result in a 50 fold reduction in DNA specificity,
concomitant with an eight fold reduction in affinity [22].
In contrast to this, X-ray crystallographic study [23]
suggests that the linker sequence plays only a passive
role in DNA recognition.
In WT1, the linker sequences are positioned at 317322, 348-352, 378-383 and 409-413 of helix, 1, 2, 3
and 4 respectively (Table 3.2.6) and with the exception
of helix 1 (317-322), all other threonine residues are
present in the coils which join helices with sheets.
These linker sequences following each helix provide
substantial binding energy to DNA complexes of zinc
finger 1-3 of TF111A and the 4 zinc fingers of Wilm's
tumor suppressor protein. Furthermore, these

TGEKP(348-352)
-

Thr348(OG1)-(O)Arg345 (2.70Å)
-

Gly349

Gly349(N)-(O)Arg345 (2.87Å)

Glu350

-

-

Lys351

-

C8 (O1P,O5)

Pro352

-

-

TGVKP(378-382)
Thr378

Thr378(N)-(O)Gln374 (3.09Å)

-

Thr378(OG1)-(O)Arg375 (3.19Å)
Gly379

Gly379(N)-(O)Arg375 (2.62Å)

-

Val380

Val380(N)-(OG1)Thr378

-

Lys381

-

-

Pro382

-

-

TSEKP(409-413)
Thr409

Thr409(OG1)-(O)Thr409 (2.62Å)

-

Ser410

-

-

Glu411

-

-

Lys412

Lys412(N)-(O)Ser410 (2.65Å)

-

Pro413

-

-

In the linker region, Thr348-Pro352, hydrogen
bonding is observed between Thr348- Ser344 but no
hydrogen bond could be seen between Thr348 and
Glu350. On the other hand, Gly349 and Thr348 form
hydrogen bonds with Arg345 whereas Lys351 showed
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hydrogen bonds with the DNA base, C8 (atoms, O1P
and O5).
2

Table 3: Comparison of Surface Accessibility (Ǻ ) of the
Wild Type and Mutated Residues and those in
the Vicinity of the Mutated Residues in Four
WT1 Mutants
Amino Acid

Wild Type (Ser415)

Mutant (Ala415)

Cys416

0.00

0.00

Ser/Ala415

7.96

7.62

His434

8.96

0.53

Cys/Ala416

0.00

0.00

Glu430

14.83

0.00

His/Asp434

8.96

0.53

Glu430

14.83

0.00

His/Arg434

8.96

4.43

In the linker sequence, Thr378-Pro382, Thr378
shows 2 hydrogen bonds: Thr378(N)-(O)Gln374 and
Thr378(OG1)-(O)Arg375 whereas Gly379 forms water
mediated contact with phosphate (O1P) of G6 and
Val380 (N) makes a hydrogen bond with side chain
OG1 of Thr378. Lys381 also form water mediated
contact with phosphates (O1P, O2P) of DNA bases, T5
and G6.
In the linker sequence, Thr409-Pro413, the side
chain OG1 of Thr409 shows a hydrogen bond with O
within the same residue i.e. Thr409. Ser410 forms a
hydrogen bond with Lys412 but no interaction could be
seen with DNA.
A study [15] described the role of lysine residues in
the linkers. They found that Lys381 located in the
linkers between fingers 1 and 2, forms a pair of water
mediated contacts with the 5' phosphate of base 5
whereas Lys412 (in the linkers between finger 2 and 3)
makes a similar water mediated contact with the 5'
phosphate of base 2. In the predicted structure of WT1
Lys351, located in the linkers between finger 1 and 2,
makes water mediated contacts with O5 of G8 and
O1P of C8. Lys381, located in the linkers between
fingers 2 and 3, also shows a pair of water mediated
contacts with base, T5. Lys412 (in the linkers between
finger 3 and 4) however, does not interact with any
base. A group of workers [23] found that the mutation
of corresponding lysine derived from TF111A reduces
its affinity for DNA approximately by seven folds
indicating that the lysine residue in fact forms water
mediated phosphate contacts. These studies also
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clearly indicate that sequence capping the helix does
recognize the DNA and facilitates its specific binding
with zinc finger.
Mutational Studies
It is well known that alterations in the sequence of
the purine and pyrimdine bases in a gene due to
change, removal or insertion of one or more bases can
lead to an altered gene product which in turn results in
a mutated protein [25,26]. Mutations in the WT1 gene
product have been detected in both sporadic and
familial Wilms' tumors, suggesting that alterations in
WT1 may disrupt its normal function as a
transcriptional regulator [27,28].
In the present study we have modeled four WT1
mutants and analyzed the accompanying changes in
the WT1 model.
Lys371Ala371 Mutant
Lys371 is present on the surface (accessibility =
47.04 Å) of the WT1 molecule. It stacks against
thymine, T51 (C5 and O5 atoms) and forms a watermediated contact with side chain hydroxyl (OG) of
Ser367. Mutation of Lys371 with Ala does not affect the
internal structure of the protein (Table 3.2.7a). Analysis
of the mutant protein shows that Ala371 also stacks
against the same DNA base but with a slightly altered
distance. The hydrogen bond seen between Lys371
and Ser367 could not be traced in the mutant model. A
Study [29] indicate that mutation within finger 2 and 4
abolished sequence specific binding of WT1 with the
DNA bases. Thus mutation of the corresponding lysine
containing peptide could lead to a reduction in affinity
for DNA [15]. The observation on Lys Ala is however
supported by the analysis [30] which shows that
surface mutations do not cause a significant change in
the internal structure of protein. However, replacement
of a basic polar residue with a non-polar one would
lead to a reduction in polarity. The Lys Ala mutation
thus requires further analysis.
Ser415Ala415 Mutant
Ser415 is located near the active center of WT1 and
forms water mediated contact with phosphate of DNA
base, guanine [22]. In the predicted model of WT1,
Ser415 establishes two such (number 516 and 568)
contacts. Mutation of Ser with Ala results in the loss of
one of these binding sites (Table 3). The replacement
of a relatively polar residue Ser, with a non-polar
residue Ala could account for reduced interaction,

Zinc Finger DNA Recognition and 17 Amino Acids Residues
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which is also evident by the slight decrease in the
2
2
accessibility of Ala (Ser415= 7.96 Ǻ , Ala415=7.61Ǻ ).

change is observed in the surrounding of the mutated
residue. Only a few atoms of His434 (CD2 and NE2)
and His438 (CE1) were seen in the vicinity, which may
reduce the van der Waal’s contacts between the
respective amino acids. The loss of coordination with
the metal ion, zinc is also observed as the distance
increases form 1.32 Ǻ to 3.12 Ǻ. Thus Cys416 seems
to play a vital role by virtue of its interaction with other
amino acid residues as well as metal coordination.

Cys416Ala416 Mutant
Cys416 is located at the domain interface with its
2
polar side chain completely buried (0.00 Ǻ ).
Replacement of this amino acid may account for
considerable changes in the interior of the protein
molecule (Table 3). Amino acids, Pro419, Ser420,
Cys421, His434 and some atoms of His438 (ND1,
NE2, CD2 and CE1) are present near Cys416. Zinc
(Zn203) is also present in the vicinity (1.8 Ǻ) of Cys416
(Figure 5). Although the mutated residue i.e. Ala is also
2
buried (0.00 Ǻ ) in the interior of protein significant

(a)

7

His434Asp434 and His434Arg434 Mutants
His434 is also present at the active center of WT1.
Two mutants, His434Asp434 and His434Arg434 have
been studied by molecular modeling (Table 3). In the
case of His434Asp434 mutation, the water-mediated
contact is lost. The distance between mutated Asp and
zinc (Zn203) also increased form 1.51 Ǻ to 3.57 Ǻ
suggesting a possible loss of coordination with the
metal ion. In the case of His434Arg434 the mutated
residue Arg434 moves from a considerably buried to a
2
2
relatively exposed environment (2.28 Ǻ to 5.35 Ǻ ).
Presence of positively charged Arg on the surface may
lead to additional interactions with other proteins or
with surrounding water molecule. His434 does not
interact directly with any DNA base whereas mutated
Arg434 shows direct interaction with Adenine, A1
(atoms O4 and O5) (Figure 6). Thus mutation of His434
with Arg might result in interaction with DNA. It is worth
2+
mentioning that mutations in Zn -coordinating histidine
residues can cause structural disruption of zinc finger
leading altered transcriptional efficiency [23].
CONCLUSION
Wilms' tumor gene, WT1 encodes a zinc finger
protein. The protein is made up of several motif where
each motif folds around a central zinc ion to form an
independent mini-domain where adjacent zinc fingers
combine to form a DNA binding domain responsible for
“gripping” the DNA.

(b)
Figure 5: Wild Type (Cys416) and mutated (Ala416) WT1.
Distance between Zn and Cys416 is increased in mutated
(Ala416) model. Cys416 is predicted to be found in the
vicinity of His434 and His438 which are implicated in
catalysis (a) while Ala416 can only interact with His434 and
not with His 438 in the mutated model (b).

WT1 is present in normal breast tissue and appears
to be developmentally regulated whereas a high
percentage of breast tumor cells express little or no
WT1 protein. In normal tissue, WT1 is present in the
nucleus. Its absence in tumors in situ suggests that
altered WT1 expression may coincide with the first
appearance of tumor cells possibly reflecting an event
related to its cause. The cytoplasmic localization of
WT1 suggests its functional inactivation in a subset of
tumors.
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with DNA. Among histidine residues His373 makes a
hydrogen bond with phosphate of nucleotide G7.
His401 also makes a H-bond with phosphate of G4.

(a)

(b)
Figure 6: Wild Type (His434) and mutated (Arg434) WT1.
Distance between Zn and His434 is increased in mutated
model. Arg434 is predicted to bind DNA base A1 (a) while
His434 in the original model (b) showed no bonding with DNA
base.

Phosphorylation of WT1 by protein kinase may
result in the cytoplasmic retention of WT1 protein and
in turn lead to transcriptional suppression of number of
growth factors like the over expression of IGF-IR
common to breast cancer.
Analysis of the WT1 model provides a framework
for understanding the process of DNA recognition by
zinc finger proteins and suggests a useful base for the
design of novel DNA binding proteins. The WT1
protein-DNA complex shows the normal zinc finger
protein structure with four Cys(2)-His(2) pairs found in
the C-terminal/Zn finger region. Among these all
Cysteine bind with the cofactor but shows no pairing

In the predicted structure of WT1 Asp396 and
Asp429 present at position 2 of helix 3 and helix 4
respectively, make H-bonds with DNA base C55 and
C3 respectively. Among the arginines present at
position 1 of each helix, Arg366 of helix 3 and Arg427
of helix 4 makes a number of H-bonds with T11, A52
and T5, G4 respectively. These amino acids widen the
major groove to make it deeper. Also in helix 1, His339
rd
is present at the 3 position and is stacked against G4,
T5 and G6 making van der Waal’s interaction which
may play a significant role in site-specific recognition.
In helix 2 and 4, glutamine (Gln369) and glutamic acid
rd
(Glu430) are present at the 3 position of helix
respectively. Gln369 (OE1) and Glu430 (OE1) form Hbond with Arg366 and Arg427 respectively. These
interactions may help to stabilize the conformation of
th
the residues of the helix. Thr400 present at the 6
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th
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position of helix 2 and 4 respectively. Arg372 interacts
with C9 and G54 whereas Arg433 interacts with A1 and
C3.
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groove of DNA and wraps part way around the double
helix. DNA recognition is mediated through base
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positions 1,2, 3 and 6. Hydrogen bonds are formed
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the DNA major groove.
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specificity of DNA binding with zinc finger. All these
sequences are stabilized by H-bonds within the linker
residues as well as with other amino acids. Only
Lys351 makes a H-bond with DNA base C8.
Analysis of the 5 WT1 mutants showed no
significant change in the case of Lys371→Ala and
Ser415→Ala mutants whereas significant change was
observed in Cys416→Ala mutant where reduction in
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