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A NOVEL PHOSPHOTYROSINE-BINDING STRUCTURE -

"The inv_ention relates to at least one isolated novel phosphotyrosine-binding

structure typically, but not exclusively, found in Hakai protein, termed herein
- the Hakai pTyr-binding (HYB) domain, and its use in a screening assay to
~ identify drugs for treating -diséases or conditions characterised by migration

or metastasis or invasion or a lack of cell-cell contact, such as cancer.

Background of Invention

In eukaryotic cells, phosphorylation - events regulate cell signalling by
providing docking sites for protein domains, such as the Src homology 2
(SH2) ‘and phosphotyroSine-binding (PTB) domains. The SH2 was the first
signalling domain to be identified and has been extensively characterized. |
The SH2 is a dedicated phosphotyrosine-binding domain and plays a critical
‘role in signal transduction, hence making it a target for drug development.
Binding specificity of SH2 domains is generally conferred by the sequences
flénking the C-terminus of the phosphotyrosine (pTyr), and motif récognition
is usually rélatively inflexible. The other major class of pTyr-binding domain
is the PTB dorhain. The specificity of binding to the PTB domain is conferred
typically by residues on the 'térget that are N-terminal to the pTyr. However,
the PTB domain also recognizes non-pTyr motifs. Atypical phosphotyrosine-
binding domains have also been detected in PKCd and the human ‘M2

pyruvate kinase (PKM2).

In-2002, Fujita et al (2002) discovered a hovel ubiquitin E3 ligase protein
that targeted pTyr sites on E-cadherin. The 'E3 ligase, Hakai protein,
possesses three domains: a RING domain, a short pTyr re'cognition
sequenceé and a proline-rich domain (Fujita et al, 2002). Hakai is involved in
the regulation of cell adhesion, cell migration and embryogenesis (Figueroa
et al, 2009; Kaido et al, 2009; Gong et al, 2010). Among the reporfed
protein interactions of Hakai, its association with and ubiquitination of E-
cadherin upon Src activation is the best characterized (Fujita et al, 2002).

Based on molecular modelling, Fuijita et al (2002) assumed the pTyr-binding
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-.domain of Hakai to be a derivative SH2 domain. ‘ -

In this study, we report that the Hakai pTyr-binding (HYB) domain consists
of a homodimer formed at a structurally novel interface. Each monomer
consists of two zinc-finger domains: a RING domain and a minimum pTyr-
binding domain that incorporates a novel, atypical zinc coordinatio'n motif.
Both domains play key roles in dimerization. The HYB domain is therefore
composed of four zinc-binding domains co-operating to bind'pTyr resi.dues
surrounded by acidic amino acids. Whereas the RING domain appears in
other proteins, thev atypical zinc-binding domain component is a novel
protein fold that incorporates an intertwined configuraiion. In order to obtain
its consensus target sequence, we have characterized the recognition motif
of the HYB domain and identified several Src substrates that are also
targeted. In addition, we have shown the HYB domain can also be found in
a testis-specific ubiquitin E3 ligase, ZNF645, and the Ligand-of-Numb
protein X1 and.2 (LNX1 and LNX2).

Given the vbiological role of Hakai, the novel struCturaI features of the HYB
domain and its infrequent distribvution among proteins the HYB domain
represents a highly suitable drug target because any compound designed
to target the HYB domain would be unlikely to react with other .proteins,

suggesting a naturally inherent specificity.

Statements of Invention

According to a first aspect of the invention there is provided a drug
screening method comprising: |
a)contacting an isolated polypeptide with a‘compound wherein the
polypeptide comprises or consists of the following phosphotyrosine-
binding domain: |
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV
H (a.a. 159-206) SEQ ID NO:1 or a sequence at least 31% homologous
thereto wherein the following amino‘ acids are conserved C166, C172,

H185, and H190:
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b)determining whether binding occurs betwe’en the polypeptide and the
- compound; and | |
c)where said binding occurs concluding said compound may be useful in .

preventing the degradation of proteins that bind with said polypeptide.

In the ab’ove method said sequence homology may be 32%, 33%, 34%,
© 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44% or 45%.

In an alternative aspeCt of the invention there is provided a dru’g screening
“method comprising: ‘
a)contacting an isolated pblypeptide with a compouhd “wherein the
polypeptide comprises or consists of the following phosphotyrosine-
binding domain: _ |
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV
H (a.a. 159-206) SEQ ID NO:1 or a sequence at least’ 76% homologous |
thereto; | ' ' |
b)determining whether binding obcurs between the polypeptide and the
compound; and ‘
c)where-said binding occurs concluding said compound may be useful in

preventing the degradation_ of proteins that bind with said polypeptide.

In the above method said sequence homology may be 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98% or 99%.

In a preférred embodiment of the invention said polypeptide comprises or
consists of SequenCe structure: '
VH#CDKCGLPIkIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQRIE

| QCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV
H v(a.a. 106-206) SEQ ID NO: 2 or a sequence at least 23 % horholdgous
thereto wherein.the following amino acids are conserved C109, C112,‘
C125, H127, C130, C133, C145 C148, C166, C172, H185, and H190. '
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In the above method said sequence homology may be 24%, 25%, 26%,

27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%,
40%, 41%, 42%, 43%, 44% or 45%. ‘

~In a preferred embodime‘nt of the invehtion said polypeptide cpmprises ‘or ‘
cons{sts of sequence structure: : ,
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQRiE ‘
QCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV

‘H (a.a. 106-206) SEQ ID NO: 2 or a sequence at least 71% homologous

thereto.

In the above method said seq'uénce homology may be 72%, 73%, 74%,

75%, 76%,77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%.

More preferably “still, said polypeptide comprises or consists of ‘a
phosphotyrosine-binding domain characterised by two of the following
sequence structures: ‘ ' |
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH

(a.a. 159-206) SEQ ID NO:1 or a sequence at least 31% homologous
thereto where the following amino acids are conserved C166, C17"2, H185, ‘

and H190, arranged as a dimer, ideally an anti-parallel dimer.

More preferably still, said polypeptide comprises or consists of a
phosphotyrosine-binding domain characterised by two of the following
sequence structures: v
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH'

(a.a. 159-206) SEQ ID NO:1 or a sequence at least 76% homologous

thereto, arranged as a dimer, ideally an anti-parallel dimer.

More preferably yet, said polypeptide comprises or consists of a
phosphotyrosine-binding domain characterised by two. of the following

seqguence structures:
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VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQR_IE
QCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV
H (a.a. 106;206) SEQ ID NO: 2 or a sequence at least 23% homologous
thereto where the following amino acids are conserved C109, C112, C125,
H127, C130, C133,.C145 C148, C166, C172, H185, and H190, arranged as

a dimer, ideally an anti-parallel dimer.

More preferably yet, said polypeptide comprises or consists of a .
phosphotyrosine-binding. domain char_acterised by two of the following
sequence structures: | ' _
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQRIE
QCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV

H (é.a. 106-206) SEQ ID NO: 2 or a sequence at least. 71% homologous

thereto, arranged as‘a'dimer, ideally an anti-parallel dimer.

Yét more preferably still, said method is undertaken using a ubiquitin 3
ligase protein or a polypeptide fragment thereof which comprises a
phosphotyrosine-binding domain - chéracterised | by
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH ‘
(a.a. 159-206) SEQ ID NO:1- or a sequence at least 31% homologous
thereto Whefe the following amino acids are conserved C166, Cl72,‘ H 185,
and H190; or ‘, ,

- VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQRIE
QCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV
H. (a.a. 106-206) SEQ ID NO: 2 or a seqﬁence at least 23% homologous
thereto where the following amino acids are conserved C109, C112, C125,
H127, C130,‘C133, C145 C148, C166, C172, H185,_ and H190. |

Yet more preferably still, said .method is undertaken using a .ubiquitin 3
ligase protein or a polypeptide fvr‘agment thereof Which comprises a
phosphotyrosine-binding domain . ‘ characterised by
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH
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(a.a. 159-206) 'SEQ ID NO:1 or a séqUence at least 76%. homologous
thereto; or ‘ :
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQRIE
QCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV

H (a.a. 106-206) SEQ ID NO: 2 or a sequence at least 71% homologous

thereto.

In yet a further preferred embodiment - of the invention said protein is
selected from the group comprising Hakai, ZNF645, Ligand-of-Numb
protein X1 and Ligand-of-Numb protein X2.

In yet a further preferred embodiment of the invention said polypeptide or
protein has the following conserved target binding residues H127 and
H185. Preferably said polypeptide or protein also has the following
conserved target binding residues R189 and/or Y176. |

In yet a further preferred embodiment of the inventioh said polypeptide or
protein has a 1:1 binding relationship with its target molecule. Preferably, ’

but not exclusively, the target molecule is E-cadherin, DOK1 or cortacin.

In still yet a further preferred embodiment of the invention said polypeptide .
or protein has a RING domain characterized by sequence structure: |
VHFCDKCGLPIKiYGRMIPCKHVFCYDCAILHEKKGDKMCPGC SEQ ID
NO:3 (106-148 a.a.).

In still yet a further preferred embodiment of the invention said polypeptide
or protein comprises two zinc-finger domains, a RING domain and a
minimum pTyr-binding domain that’ incorporates a novel, atypical zinc
- coordination motif. Where two polypeptides of the invention are provided
the HYB domain is therefore composed of four zinc-finger domains com

operating to bind pTyr residues, ideally, surrounded by acidic amino acids.
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In yet a further preferred embodiment of the invention under part c) where
-said binding occurs concluding said compound may be useful in preventing
cell migration or metastasis or invasion or cancer or dysplasias or

hyperplasias.

In yet a furth.er preferred_embodimént of the invention said method further
includes providing reagents and 'conditions' that enable ubiquitination to take
place and determining whether ubiquitination of a protein of interest takes
place in the presence of absence of said test compound and where it does
not take place using this fact to demonstrate or confirm binding between
said polypeptide énd said com—poundv. For example, and witnout Iimiting how,
this ubiquitin assayv may be performed, selected cells, such as HEK 293
éells, are transfected with plasmids expressing a protein of -interest and
-epitope-tagged ubiquitin  E2 conjugating enzyme in the presence (or
absence - control sample) of the said polypeptides of the invention and the
wtest compound.. Ideally also in the presence of the protedsomal inhibitor
MG132. 24 hours post-transfection, cells lysates are collected using
appropriate buffer. Target proteins are then precipitated using specific
antibodies against those proteins. Typically the povlypeptides of the
invention will be included in the buffers during this assay. Precvipitated
proteins are analysed using the SDS-PAGE gel and immunoblotting is
_ undertaken for detection of ubiquitination levels in the complex. The level of
ubiquitination should be low in the complex where the polypeptides are
“included in the assay and the said polypeptides' bind to the test 'colmpound
thus showing the test compound is an inhibitor of same. Alternatively, GST-
fusion proteins of the targets (E-Cadherine, DOK1 and cortactin) are
produced and purified. GST-fusion proteins‘lo‘f the E3 ligases (Hakai,
ZNF645, Ligand-of-Numb protein X1 and Ligand-of-Numb protéin X2, or
parts thereof including at least the HYB binding domain) are also produced
and purified. Before the in vitro assay is carried out, one set of E3 ligases is
incubated with said test compounds, while another set with a control
solution. The ubiquitination assay is then Carried_ out by adding the

ubi'quitinating buffer, E1, E2 and ATP. Upon stopping the reaction samples
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are analyzed using the SDS-PAGE and western analysis. Modified proteins
will be detected uéing the anti-Ubiquitin immunoblotting. The levels ef
inhibition of ubiquitination of the targets will be deduced from the control
samples. The level of ubiquitination should be low in the complex where the
test compound binds to the E3 iigases, or at'Ieas'r the HYB domain thereof,

thus showing the test compound is an inhibitor of same.

In a further preferred method of the invention said binding under part C) may '
be determined either in vitro, in vivo or in siiico and in the latter instance
“having regard to the crystalline structure of the HYB domain provided in
Table 1 and, ideally, the figures contained herein wherein a structure having
the: requisite co-ordinates and, ideally shape, is modeled for the purpose of |

~ determining binding with candidate modeled drug molecules.

According to a second aspect of the invention there is previded an isolated

polypeptide selected from the group comprising:

i)TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLEN
VH (a.a. 159-206) SEQ (D NO:1 or a sequence at least 31%
homologous thereto wherein the following amino acids are conserved '

C166, C172, H185, and H190:

ii)TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLEN
VH (a.a. 159-206) SEQ ID NO:1 or a sequence at least 76%

homologous thereto;

iii)VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPV
QRIEQCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTR
ASLENVH (a.a. 106-206) SEQ ID NO: 2 or a sequence at least 23 %
homologous thereto wherein the following amino acids are conserved
C109, c112, C125, H127, C130, C133, C145 C148, C166, C172, H185,
and H190; |
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iv)VHFCDKCGLPlKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPV
QRIEQCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTR
ASLENVH (a.a. 106-206) SEQ ID NO: 2 or a sequence at least 71%

homologous thereto;

v)two of the following sequence structures:
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV

H (a.a. 159-206) SEQ ID NO:1 or a séquence at least 31% homologous
thereto, where the following amino acids are conserved C166, C172,

' H185, and H190, arranged as a dimer, ideally an anti-parallel dimer;

vi)two of the following sequence structures:
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENV
‘H (a.a. 159-206) SEQ ID NO:1 or a sequence at least 76% homologous

thereto arranged as a dimer, ideally an anti-parallel dimer;-

vii)two of the following sequence structures:
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQ
RIEQCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRA
SLENVH (a.a. 106-206) ‘SEQ ID NO:2 or a sequence at. least 23%
homologous thereto where the following amino écids are conserved
Ci09, 0112, C125, H127, C130, C133, C145 C148, C1l66, C172, H185,

and H190, arranged as a dimer, ideally an anti-parallel dimer;

viii)tvvo of the following sequence structures:
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQ
RIEQCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRA
SLENVH (a.a. 106-206) SEQ ID NO:2 or a sequence at least 71%

homologous thereto arranged as a dimer, ideally an anti-parallel ‘dimer;

'ix)avn isolated polypeptide according to i),ii), -v) and Vi) in. combination

with a RING domain characterized by sequence structure:
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VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGC ~ SEQ ID
NO:3 (a.a. 106-148); ' '

x) IHFCDKCDLPIKIYGRIIPCKHAFCYHCANLYDKVGYKVCPRCRYPVL ‘
RIEAHKRGSVFMCSIVQQCKRTYLSQKSLQAHIKRRHKRARKQVTSAS
LEKVR (a.a. 54-154 ZNF645) SEQ ID NO:4 or é sequence at least
71% homologous thereto. wherein, when aligned with Hakai/‘a.a. 106-
206, thé following amino acids are conserved C109, C112, C125, H127,
C130, C133, C145 C148, C166, C172, H185, and’H190;

xi)DLVCHICLLQPLLQPLDTPCGHTFCYKCLRNFLQEKDFCPLDRKRLH
FKLCKKSSILVHKLLDKLL\/LCPFSSVCKDVMQRCDLEAHLKNRCPGA
| SHRRVALERRKTS (a.a. 47-153 LNX2) SEQ ID NO:5 or a sequence at.
least 25% homologous thereto wherein, when aligned with Hakai a.a.
106-206, the following amino acids are conserved C 109, C112, C125,
H127, €130, C133, C145 C'148, C166, C172, H185, and H190; and

Xii) DLICHICLQALLDPLDTPCGHTYGTLCLTNFLVEKDFCPMDRKPLVL
QHCKKSSILVNKLLNKLLVTCPFREHCT- } | '
QVLQRCDLEHHFQTSCKGASHYGLTKDRKRRS  (a.a. 38-144 LNX1)-
SEQ ID NO:6 or a sequence at least 23% hdmologous thereto wherein,
when aligned with Hakai a.a. 106-206, the following amino acids are
conserved C109, C112, C125, H127, C130, C133, C145 C148, C166,
C172, H185, and H190. o '

According to a third aspect of the invention there is provided a crystal form
of the isolated >polypeptide described herein wherein said crystal is
charactérised by the co-ordinates and structure factors deposited at the
Protein Data Bank (PDB) with the accession code 3VK6 ahd/or as

described herein with reference to the text and figures and/or Table 3.

According to a fourth aspect of the invention there is provided a molecular -

target for treating a disease characterised by migration or metastasis or
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invasion or a lack of cell-cell adhesion such as cancer, comprising a prbtein

selected from the group comprising E-cadherin, DOK1 or cortactin.

As mentioned above the method of the invention may be undertaken in
silico, this we have done using conventional software such as the software
Glide, version 5.5 (Schrodinger, LLC, New York, 2009). With this in silico
method we have demonstrated that Methotraxate Hydrate is effective at |
binding with the polypeptide or protein of the invention and so blocking its

ability to bind E-cadherin, DOK1 or cortactin. .

. According to a fifth aspect of the invention there is therefore provided the
use of Methotraxate Hydrate, or a derivative or salt thereof, to treat a
disease characterised by migration or metastasis or invasion or a lack of

cell-cell adhesion, such as cancer.

According to a sixth aspect of the invention there is therefore provided the
use of Methotraxate Hydrate, or a derivative or salt thereof, in the
manufacture of a medicament to treat a disease characterised by migration

or metastasis or invasion-or a lack of cell-cell adhesion, such as cancer.

-In the claims which follow and in the preceding description of the invention,
except where the context requires ofherwise due to expréss language or
necessary implication, the word "comprises’, or variations such as
"comprises" or "comprising” is used ih an inclusive sense i.e. to specify the -
presence of the stated features but not to preclude the presence or addition

of further features in various embodiments of the invention.

All references, including any patent or patent application, cited in this
specification are hereby incorporated by reference.-No admission is made
that any reference constitutes prior art. Further, no admission is made that
any of the prior art constitutes part of the common general knowledge in the

~art.
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Preferred features of each aspect of the inventibn may be as described in

connection with any of the other aspects.

Other features of the presen't invention will become apparent from the
following examples. Generally speaking, the invention extends to any novel
one, or any novel combination, of the features disclosed in this Specificatioh \
(including the accompanying cIair‘ns. and drawings). Thus, features,

integers, characteristics, compounds or chemical moieties described in

~conjunction with . a particular aspect, embodiment or example of the -

invention are to be understood to be applicable to any other aspect,

embodiment or example described herein, unless incompatible therewith.

Moreover, unless stated otherwise, any feature disclosed herein may be

replaced by an alternative feature serving the same or a similar purpose.

The invention will now be described by way of example only with reference

to the following figures:

Figure 1 shows a novel protein'fold in Hakai. (A) A schematic diagram of
the Hakai protéin. (B) The crystal structure of Hakai (aa 106-206) reveals a
dimer in an anti-parallel -configuration. Each monomer contains‘ three zinc
coordination sites. Sites 1 and 2 lie in the RING ‘domain. Site 3 is shared
between the two monomers. (C)‘ The coordination of zinc ions (purple
Spheres)_ by the RING domain of Hakai is shown for one of the monomers.
(D) A schematic diagram of the cross-brace arrangement of the Hakai
RING domain, as shown in (C). (E) The Hakai dimer forms an intertwined
configuration spanning the points indicated in circles, with the enfry and exit

paths shown in green and brown arrows. The zinc-interacting side chains

-are shown as green and brown sticks. (F) The backbone of the Hakai (aa

106-206) residues involved in intermolecular main-chain H-bonding and the

zinc-coordinating side chains of adjacent monomers at the dimer interface
are shown in. cyan and yellow. The pink dots indicate the main-chain H-

bonds; the red dots indicate the zinc coordination bonds. (G) The -
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monomers of'the_ interlinked - Hakai dimer are shown in surface
representation and Ca trace,"respectively. The Ca trace monomer enters
\and exits the other monomer at the red and black circles, respectively.
Brown arrows show its entry and exit path. (H) A échematic diagram of the

novel Hakai interlinked arrangement as shown in (G);

Figure 2 shows Hakai forms a dimer in solution. (A) A 3D ’5N-NOESAY‘
spectrum showing the intermolecular NOE cross-peaks of amides
corresponding to residues of Hakai (aa 106-206). (B) WT Hakai- (aa 106-
+ 206) and four Hakai (aa 106-206) point mutants were each separately used
for gel-filtration chromatography. Their réspective elution profiles were
~ overlain and compared. (C) HA- and . FLAG-tagged ‘Hakai were
overexpressed in the presence of Src in HEI{293 cells. FLAG
immunoprecipitates were analysed for HA-tagged Hakai. (D) A schematic
representation of the point mutations made to C166, C172, H185 and H190.
" in Hakai. (E) Cell lysates containing WT Hakai or Hakai mutants were used

to analyse the effects of Hakai dimerization on E-cadherin recognition;

FigUre 3 shows Hakai domain recognizes acidic residues. (A) Y753, Y754
and Y755 (red) of E-cadherin lwere mutated to phenylalanine (qué) in
'different combinations. (B) The WT E-cadherin and the mutants shown in
(A) were overexpressed in HEK293 célls with v-Src to analyée their pTyr
signals. (C) HEK293 cells Were co-transfected with WT E-cadherin or its
mutants together with Hakai to identify the tyrosine residues recognized by
Hakai. (D) The Y754-phosphorylated and non-phosphorylated E-cadherin
. peptides were titrated against Hakai (aa 106-206) using ITC. The top
panels show the heat release profiles after baselihe‘correction and the
lower panels ‘indicate the binding isotherms for the interactions. The
dissociation constant (K,) and binding stoichiometry (N) are shown in the
table. (E) The E-cadherin aa 747-758 were each substituted with alanine.
(F) The E-cadherin mutants from (E) ‘and Hakai were co-transfected into
HEK293 cells to identify the target motif on E-cadherin. (G) E-cadherin and

Hakai were co-transfected into HEK293 cells. Their interaétion-was
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analysed through immunoprecipitation of FLAG-tagged Hakai. '(H) Cortactin
was co-transfected ‘into HEK293 cells with Hakai. The interaction between
- cortactin' and Hakai was compared with that in (G). (I) Y482 —and Y485 (red)
were separétely substituted with phenylalanine (blue). (J) WT and mut_ated
cortactin were co-transfected into HEK293 cells with Hakai, in the absence
or presence of v-Src. The pTyr signal of cortactin and its interaction with
Hakai were analysed. (K) An alanine scan of cortactin aa 478-489. Each
residue was substituted with,alanine' (blue). G484 was not.mutated as
glycine mutations affect the protein’ structure. (L) The cortactin mutants
- described in (K) were co-transfected into HEK293 cells with Hakai. The
‘interaction between the cortactin mutants and Hakai was determined using

immunoprecipitation;

Figure 4 shows DOK1 interacts with Hakai. (A) The sequence alignment of
the different Src phosphorylation target sites in E-cadherin, cortacti'n and
DOK1 . The acidic amino-acid residues flanking the phosphorylated tyrosine
are shown in blue. (B) Hakai and DOK1 were overexpressed in HEK293
cells in the absence or presehce of Src. FLAG immunoprecipitates were
analysed for DOK1 interaction. (C) DOK1 was co-transfected into HEK293
cells with Hakai to study its competition with endogenous cortactin for
binding to Hakai. FLAG immunoprecipitates were immunoblotted  for

cortactin;

\ Figure 5 shows target-binding amino acids of Hakai. (A) An overlay of the
"H- 'sN-HSQC spectra of Hakai (aa 106-206) in the absence (green) or the .
presence (red) of an tyrosine-phpsphorylated E-cadherin peptide. (B) A
graphical representation of the combined chemical shift perturbation
(p.p-m.) plotted against all Hakai (aa 106-206) residues, with the cutoff at
the combined chemical shift perturbation of 0.15 p.p.m. (C) The eix potential
E-cadherin-interacting residues in Hakai (aa 106-206) are highlighted as
sticks inﬁthe ribbon representation of the crystal structure. (D) An
electrostatic surface potential representation of Hakai (aa 106-206) shows
that H127, Y176, H185 and R189 form part of the positively charged _
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pOCket. (E) The interaction between E-cadherin and the Hakai mutants of
the residues identified in (C)‘was analysed by immunoprecipitating FLAG-
tagged Hakai. (F) HEK293 cells were.trahsfected with the identified Hakai
mutants, and the.ir interaction with endogenous cortactin was studied. (G)
Immunoprecipitates  of either -WT Hakéi or the Hakai zinc-coordinating
mutants were te'éted for interaction with endogenous cortactin. (H) A

schematic representation of the -Hakai dimer and the HYB domain;

Figure 6 shows the HYB domain in other proteins. (A) A comparison of the

Hakai protein from amino-acid residues 127-191 and the equivalent

sequence in ZNF645. (B) E-cadherin and ZNF645 were analysed fof their

interaction .using immunoprecipitation. Hakai was used as é positive control.

The dotted arrow indicates a non-specific band; the solid ‘arrow indicates

the ZNF645 band. (C) ZNF645 waé overexpressed in HEK293 cells and its

interaction with endogenous  cortactin was analysed using\
immunoprecipitation. (D) Sequence alignmeht of LNX1 and LNX2 with

Hakai and ZNF645 based on the conserved zinc-coordinating residues from

Hakai aa 106-206; | |

Figure 7 s‘hows the novel structure of the HYB domain. (A) Representative
structures of SH2 (PDB code 1SHB), PTB (PDB code 1SHC), PKCd C2
(PDB code 1YRK) and PKM2 (PDB code 3BJF) in ligand-free forms are
compared with the HYB domain. (B) The corresponding topologies of the

domains in (A);

Figure 8 shows ITC analysis Hakai (106-206) interactions with DOK1 and
-Cortactin Figure 8A The Y361 phosphorylated DOK1 peptide was titrated
against Hakai (aa 106 - 206) using ITC. The top panels show the heat
release profiles after baseline correction and the lower panels indicate the
binding isotherms for the interactions. The dissociation constant (Kd) and
binding st'oichbiometry (N) are shown in the table. Figure 8B The cortactin
peptide double phosphorylated at Y482 and Y485 was titrated against
Hakai (aa 106 - 206) using ITC. The top panels show the heat release
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profiIeS" after baseline cOrreCtion and the lower panels indicate the binding
isotherms for the interactions. The dissociation constant (Kd) and binding
' stoichio.metry' (N) are shown in the table. Notably, these binding studies with ’
- novel cancer targets Cortacin and DOKlhave Kd values for binding of
Cortacin and DOK1 to the HYB domain in the order of 28.4uM and 5.33uM,
respectively, thus démonstrating the specificity of the HYB domain for these

proteins and their role as targets in cancer therapy; and

Figure 9 shows the amino acid sequence structure of Hakai with the HYB

domain highlighted.
METHODS
Plasmids

Mouse Hakai, human E-cadherin and avian v-Src were gifts from W
Birchmei-er (Max-Delbru“ck-Center for Molecular Medicine, Germany), W
Hunziker (IMCB, Singapore) and XM Cao (IMCB, Singapore), respectively.
Mouse cortactin was from Addgene (Cambridge, MA) (plasmid 26722,
depositéd by A Weaver). Human ZNF645 and DOK1V were from Origene
(Rockville, MD). Where necessary, the genes were cloned into pXJ40-HA
or pXJ40-FLAG. For structural studies, Hakai constructs were cloned into
pGEX6P-1 (GE Healthcare, UK). Point mutants and truncates were

generated using the proofreading Pfu DNA polymerése.
Antibodies and reagents

Mouse anti-FLAG M2, - rabbit anti-FLAG - and anti-HA and agarose-
conjugated anti-FLAG M2 beads were obtained from Sigma-Aldrich (St
Louis, MO). Rabbit GST, cortactin, E-cadherin and DOK1 antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Protein-A-
conjugated agarose beads were from Roche Molecular Biochemicals

(Germany). Mouse anti-E-cadherin and HRP-conjugated anti-pTyr PY20
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were from BD Transductlon Laboratories (Lexmgton KY) Mouse antl b-

actin was obtalned from Abeam (Cambridge, MA).
Cell lines and transfection

HEK293 cells were purchased from ATCC (Manassa_s, VA) and maintained
as described (Yusoff et al, 2002). Transfections were performed using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the

manufacturer's instructions.
Immunoprecipitation and immunoblotting

Immunoprecipitation and immunoblotting were carried out as described
(Yusoff et al, 2002) with the following modifications. HEK293 cells were
harvested 24 h post-transfection with a lysis buffer containing protease
inhibitors (Roche)-and 1 mM NagVO0 ,. Immunoprecipitations

were performed using agarose-cbhjugated anti-FLAG or protein-specific
‘antibodies followed by incubation with protein-A- conjugated agarose beads
at 41C.

Liguid chromatography-mass spectrometry/mass spectrometry

Immunoprecipitates were separated by SDS-PAGE, and stained with
Coomassie Blue G250. Protein bands were excised and washed with 25
mM ammonium bicarbonate (ABB) in 50% acetonitrile (ACN) buffer thrice.
The proteins in the gel were reduced with 10 mM DTT in 25 mM ABB
buffer, alkylated with 5 mM iodoacetamide, dehydrated and digested with-
trypsin overnight. After in-gel digestion, the solution was transferred to a
cleén tube and sonicated for 30 min in the presence of 50 ml 50% ACN and
5% acetic acid for protein extraction. This extraction procedure was
repeated three times; the pooled éxtracté were dried with a vacuum
concentrator. The sampies were processed and analysed as described |

(Zhang et al, 2010) using a LTQ-FT ultra mass spectrometer.



WO 2013/100855 _ PCT/SG2012/000487

18

For each ‘experiment, MS/MS (dta) spectra were extracted from the raw
data files using thé extract_msn program in Biowork 3.3 (ThermoFinnigan).
‘The -extracted dta files were combined into a-single file in the Méscot
generic file (mgf) format. Except for the conversion of prec'ursor mass from
MH p in dta to m/z in mgf, the fragment ion m/z and intensity values were
used as determined. Proteins were identified by searching the combined
data against the IPI human database (downloaded on 25 November 2009,
including 86 845 sequences and 35122 444 residues) via an in-house
Mascot server (version 2.2.07). Two missing cleavages were allowed.

Precursor ion and MS/MS fragment ion error tolerances were set to 010

p.p. m. and 00.8 Da, respectlvely A proteln was accepted as a true posmve o

if it had a significant score (PoO. 05) and at least two unlque peptides.
Protein purification and gel-filtration chromatography

The GST-tagged Hakai (aa 106-206) constructs were expressed . in
Escherichia coli BL21 (DE3) and purified using glutathione-conjugated
sepharose (GE Healthcare). The GST-tag was cleaved using GST-
PreScission Protease (GE Healthcare) and the proteins were applied to a
‘Superdex 75 size-exclusion column (GE HealthCare) equilibrated using 10
mM Bis-Tris, pH 6.5, 250 mM NaCl and 5 mM DTT and pre-calibrated using
a gel-filtration standard (Bio-Rad).

- NMR spectroscopy and chemical shift perturbation analysis

15N/*3C-labelled Hakai (aa 106-206) was obtained from cuItLlres grown in
M9 media supplemented with *N-labelled .ammonium’ chloride and e -
labelled glucose as the sole nitrc')gen' and carbon sources, respéctively. The
labelled proteins were purified as described above. NMR spectra were
acquired at 298 K in an 800-MH2 NMR spectrometer (Bruker, Karlsruhe,
DE). The backbone. assignment was obtained using standard 5N-edited
HSQC, HNCACB and CBCA (CO)NH experiments; side chains were'.
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assigned using standard 3D-TOCSY, 3D-NOESY and "HCCH-TOCSY
experiments. NMR data were processed using NMRPipe (Delaglio et al,”
1995) and analysed by NMRView (Johnson and Blevins, 1994).

For the chemical shift perturbation analysis, the 2D 'H- 15N-I—'|SQ.C spectra
for the 5N-labelled Hakai (aa 106-206) were acquired in the absence or
presence of the phosphorylated E-cadherin peptide. Perturbed residues on -

Hakai were assigned by super-imposing the two HSQC spectra.-
Crystallizatioh and structure determination

SelMet-substituted Hakai (aa 106-206) was expressed in a methionine
auxotroph- (Doublie, 1997) and purified as described above. SelMet
incorporation was verified by MALDI-TOF.

SelMet Hakai (aa 106-206) crystals Were grown at 289 K by the hanging
drop.vapour diffusion method. The protein (30 mg/ml) was mixed with an
equal volume of reservoir solution (140 mM Li,S0 ,; 100 mM Tris, pH 7.8;
15 mM Na,S,0 ; 20-22% PEG 5000 MME; 1% isoprop.anoi and 20-25%
ethylene glyeol). A complete SAD data set was collected to 1.9 A resolution
at the synchrotron beamlines (NSLS, Brookhaven National Laboratory and
the National Synchro-tron Radiation Research Center [NSRRC], TaiWan)
using a Quantum4-CCD detector (Area Detector Systems Corp., Poway,
CA). The datese_ts were processed and scaled usinQ HKL2000 (Otwinowski
and Minor, 1997). The crystals belonged to space group P6,22 with a =
64.66 A, b =64.66 A, c = 121.04 A, and contained one molecule in the

asymmetric unit.

All fou} expected selenium’ sites in the asymmetric unit were located by
SOLVE (Terwilliger and Berendzen, 1999). Initial phases were developed
by RESOLVE (Terwilliger, 2003); the overall figure of merit was improved to
-0.83, and over 90% of the molecule was built automatically. The remaining

parts of the model were built manually using COOT (Emsley and Cowtan,
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2004) and alternétively refined by CNS (Brunger'ét al, 1998) and PHENIX
(Adams et al, 2002). The final model was refined to a 1.9-A resolution "with
~an R-factor of 0.2175 (Rf , = 0.2396) and analysed using PROCHECK
_ (Laskbwski et al; 1993). AlLstructure-related figures vvére prepared using

PyMOL (DelLano, 2002).
Circular dichroism spectrometry

Far UV spectra. (260-190 nm) of'Ha'kai (aa 148-206) and Hakai (aé 106-
206) and its mu‘tants were =~ measured using a Jasco J-810
. spectropolarimeter in phosphate buffer (pH 7.5) at room tempera-ture using
a 0.1-cm path length and stoppered cuvettes. Six scans' were recorded,

averaged and the baseline subtracted.

Dynamic light scattering

Dynamic light scattering studies were carried out on a DynaPro Light

Scattering instrument (Protein Solutions, USA) at a protein concentration of -
2 mg/ml, in a buffer containing 10 mM Bis-Tris pH 6.5, 250 mM NaCl and 5
mM DTT.

Isothermal titration calorimetry

Phosphorylated and non-phosphorylated peptides of. E-cadherin (residues
- 749-761); phosphorylated pepﬁdes of DOK1 (residues 356-366) and
Cortactin (residues 477-489) were titrated at a molar concentration of 800
mM against 100 mM of Hakai (aa 106- 206) dimer in a VP-ITC
microcalorimeter (Microcal, Northhampton, UK) at 293 K. The titrations
were carried out using 30 10-ml injections of the appropriate peptide into
the sample cell containing Hakai (aa 106-206) and the data were analysed
with a one-site binding model Using the Origin software package v7.0

supplied by Microcal. All measurements were repeated twice.
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Accession number

The coordinates and structure factors have been deposited at the Protein
Data Bank (PDB) with the accession code 3VK6.

RESULTS
A novel protein fbld in Hakai

We experimentally  established thét the  minimum  E-cadherin
| phosphotyrosine-binding sequence in Hakai was contained within amino
acids 148-206 (aa 148-206) (Supplementary ‘Figure S1A-G). Circular
dichroism analysis however revealed that purified Hakai (aa 148-206) was
unstructured (Supplementary Figure S1H), and was not suitable for crystal-
Ii_zation. Therefore, the Hakai sequence spanning amino-acid residues 106-
206 (aa 106-206) that contained both the RING domain and the minimum
pTyr-binding domain; ‘as represented schematically in Figure 1A, was

purified and crystallized.

The crysfal structure of Hakai (aa 1016-206) was solved at 1.9 A resolution
(Figure 1B). The striking featuré of the crystal structure was the ‘formation of
a dimer from paired, anti-parallel Hakai (aa 106-206) monomers. Each
monomer consisted of an N-terminal RING domain, followed by the C-
terminal atypical zinc-binding domain that is contained within the
experimentally derived minimum pTyr-binding domain. Furthermore, each
monomer contained threé zinc ions at three distinct sites. One zinc ion
coordinated with the atypical zinc-binding domains of both monome.rs
(Figuré 1B). The Hakai RING domain (résidues 106-148) adopted a typical
- RING domain fold stabilized by co-ordinating with two zinc ions, forming' a
cross-brace arrangement‘ (Figure 1C and D). The zinc-coordinating

residues in the RING domain are also indicated in Figure 1D.

The uniqueness of the Hakai (aa 106-206) region was revealed when the
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" structure was compared with other proteins in the \PDB (Protein Data Bank)
using the DALI server (http://ekhidna.biocenter.helsinki.fi/dali_server/). The
results show that only the RING domain of Hakai is structurally similar to
'RING domains of other proteins. There s, h;)wever, no similarity beyond
amino-acid residue 159 of the Hakai minimum pTyr-binding }dor\nain, which
is located on the dimerization interface. The minimal pTyr-binding domain of
Hakai Yad(’)pts a novel, three-dimensional fdld and ‘contains three b-strands
| (b4, b5 and b6) and a C-terminal a-helix. The b-strands b4, b5 and b6 were
ih an extended configuratioh and formed anti-parallel b-sheets with the
corresponding b-strands of the mondmeric partner duri\ng homodimerization
(Figure 1E). The atypical zinc-finger motif within t.his region is formed-by t‘wo“
histidine residues (H185 and H190) and one cysteine resid_ue (C172) from
| one mbnomer and a second cysteine residue (C166) from the édjacent
monomer (Figure 1F; Supplementary Figure S2), unlike a classical C2H2
zinc finger (ZnF). Although the Hakai (aa 106-206) region in each monomer
fulfils the required criteria of the zinc coordination consensus pattern of
cysteine and histidine residues [C-x(5)-C-x(12)-H-x(4)-H], it is not capable
of forming the zinc coordination sphere by itself, since a-second cysteine
residue is ’required of its anti-parallel monomeric partner (Figure 1F).

Therefore, each dimer contains two atypical zinc-finger motifs.

The crystal structure of Hakai also shows that the two Hakai m'ono_mers'
intertwine through a stretch of residues ranging from F164 to Y176 during
dimerization, resulting in the formation of three -sheets based on 12 main-
chain hydfogen bonds (Figure 1E-H). This novel interlinked con-figuration
and the two atypical zinc ion interactions at the dimer interface are unique
features of this distinctive homo-dimeric assembly. A su‘r’face area of
approximately 1650A2 of each monomer (or -21% of each monomer
: surface) was formed at the dimer interface of Hakai (aa 106-206), with 34
hydrogen bond contacts between the monomers, as analyzed by the PISA

server (Krissinelb and Henrick, 2007).
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Hakai forms a dimer in solution

A previous study alluded to the similarity between the Hakai (aa 106-206)
polypeptide with the dimerization domain of the V(D)J recombination-
activating protein RAG1 (Fujita et al, 2002). In éddition to the crystal

" structure, the inter-molecular NOE | cross-peaks - corresponding» to the
amides of residues at the dimer interface also indicates that Hakai (aa 106-
206) forms a dimer in sdlution (Figure 2A). Significantly, the structures of
the dimerization 'interface of the RAG1 domain (Bellon et al, 1997) and
Hakai (aa 106-206), as described in this study, are completely dissimilar.
The formation of Hakai (aa 106-206) dimers in solution is also supported by

" the results obtained through dynamic light scattering, which show an

apparent molecular weight of 24.1 kDa, twice than that of the monomer.

We next examined whether zinc coordination  is necessary fo'r the
dimerization of Hakai- and its ability to interact with its target. We first
investigated whether mutations of the zinc-coordinating fesidues within the
minimum pTyr-binding do-main (C166, C172, H185 and H190) would affect
the proposed Hakai dimerization. The Hakai (a.a. 106-206) polypeptides
containing point mutations at these residues were sepafated on a calibrated
gel-filtration column. Their gel-filtration elution profilés shbw that each point
mutant had an apparent molecular weight equivalent to a monomeric unit of
wild-type (WT) Hakai (a.a. 106-206) protein (B12 kDa), whereas WT Hakai
eluted as a dimer (Figure 2B). Furthermore, circular dichroism performed
‘using all the Hakai (a.a. 106-206) mutants ascertained that each one has
maintained a well-defined secondary structure. These findings suggest that
each zinc-coordinating residue is instrumental in forming the dimer

interface.

Having determined thét Hakai (a.a. 106-206) dimerizes in solution, we next
examined if this occurs with full-length proteins. Full-length FLAG-tagged
Hakai was observed to bind to its HA-tagged counterpart (Figure 2C),

indicating that dimerization also occurs between the full-length proteins. To
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~ further determine whether Hakai dimerization is required for its function in
binding ité. targets, the full-length proteins containing aAIanine' point
mutations of the'zinc-coordinating residues (Figure 2D)‘Wére tested for their
abili_ty to bind to tyrosine-phosphorylated E-cadherin. HEK293 cells were
used for such studies as they did not ekpress detectablev levels of
endogenous-E-cadherin, which could have interfered with the mammalian
cellular assays used. The evidence presented in Figure 2E indicates that
none | of the four Hakai point mutants interactéd with tyrosine-
phosphorylated E-cadherin. The collective results therefore show that zinc
coordination is necessary for both dimerization of Hakai and its subsequent

function in interacting with its target.
Hakai domain recognizes acidic residues

Having established the novel chéracteristic_s of the Hakai zinc-coordinated
homodimer, we sought to identify the target motif of this new domain. At this
point, the only described target motif was in Src-phosphorylated E-cadherin.
~ Within this motif, two (Y755 and Y756 in mouse; Y753 and Y754 in
humans) of three Consecutive tyrosine. 'resid)ue's were reported to be
involved in the interaction with Hakai (Fujita et al, 2002). To analyse the
‘ relative contributions of the three tyrosine residues in bindihg to Hakai,
mutations were made to the tyrosine residues (Figure 3A). To determine
which of the tyrosines were phosphorylated, we analysed the patterns of
the tyrdsine phosphorylation of the point mutants after v-Src activation. The
“pTyr signals shown in Fig~ure 3B indicate that all three adjacent tyrosines -

were phosphorylated.

We next examined the importance of the three tyrosine residues in E-
cadherin for its interaction with Hakai. The E-cadherin mutants used in the
earlier experiment were analysed for, their p‘otential to bind to WT Hakai.
The results shown in Figure 3C indicate that Y754 is the only tyrosine
significantly-involved in binding; each mutant containing a substitution in

this position did not bind Hakai, whereas all other mutants- showed
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significant binding. These combined results also show thatlwhile» Src binds
~ to and phosphorylates most of the E-cadherin mutants, all the mutants with -
a Y754F substitution do not bind to Hakai, even when phosphorylated. This
implies that the interaction between Hakai and E-cadherin depends on the
direct recognition of specific pTyr residues on E-cadherin by Hakai. To
verify the necessity of Y754 phos‘phorylation for the interaction between E- B
cadherin and Hakai, isothermal titration calorimetry (ITC) was performed
using phosphorylated and non-phosphorylated E-cadherin peptides
corresponding to a.a. 749-761 with Hakai (aa 106-206). The results in
Figure 3D show that binding occurred only with the phosphorylated peptide.
Furthermore, the results also indicate that onIy} one E-cadherin- peptide

binds to the Hakai (aa 106-206) dimer at any one time.

In a similar manner, we analysed the importance of the amino-acid residues -
flanking . the tyrosines for the interaction between the two proteins. via an
alanine scan (Figure 3E). The immunoprecipitation results -in Figure 3F
show that there were profound contributions from the aspartic acid D756
and glutamic acid E757, and significant contributions from valine V752 and
aspartic acid D750. Consequently, a cluster of negative charges from the
acidic amino acide is formed around the cehtrally binding tyrosine 754 of E-

cadherin.

To verify the motif recognized by Hakai, additional target proteins were
identified. This identification was accomplished by a"nalysing Hakai-binding
proteins phosphorylated by Src using mass spectrometry. A list of the
proteins obtained from a typical experiment is appended in Supplementary
Figure S4A and B, in which cortactin was identified as a potential terget.
Mouse cortactin is phosphorylated by Src primarily on Y482 and Y485.
Interestingly, these two tyrosines are also surrounded by several acidic
residues. We investigated whether Hakai. binds to Src-phosphorylated
~cortactin, as well as the importance of Y482, Y485 and their flanking
residues in this interaction. In addition to the WT proteins, phenylalanine

substitution and alanine scan experiments were also per-formed on
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cortactin as described for E-cadherin. The results for cortactin mirror those
- obtained for E-cadherin. Like E—cadherin, cortactin interacfs >With Hékai only
when - phosbhorylbated by Src _(Fi\gure 3G and H). Phenylalanine
- substitutions of the Src-phosphorylated tS/rosine residues revealed that
Y482 is the main tyrosine résidue involved in Hakai binding (Figure 31and
J). Furthermore, the acidic residues (E478, D480 and E486) surrounding
Y482 contributed profoundly to the interaction between Hakai and E-
- cadherin, and significant _contfibution was aISo.observved from S487 (Figure

3K and L).

To further verify that Hakai targets pTyrs of Src substrates with surrounding
acidic residues, .another Src substrate was selected: DOK1, which also -
contains pTyrs with adjacent acidic groups. One such particular tyrosine
residue was found to be a primary phosphorylation site of Src (Figure 4A).
The results show that DOKl‘ interacts with Hakai. Furthermore, DOK1
competed with endogenous cortactin for Hakai, implying that DOKl and’

cortactin bind Hakai on the same site (Figure 4A-C).
Target-binding amino acids of Hakai

- To identify the residues in Hakai within a.a. 106-206 necessary for its
interacﬁon with E-cadherin, 2D TH- I5N-HSQC spectra of 'sN-labelled Hakai
(aa 106-206) were acquired in the absence and presence of a pTyr peptide
derived from amino-acid residues 749-761 of E-cadherin. Based on the
changes in the NMR spectrUm of\Hakai (aa 106-206), séveral residues
underwent perturbations in chemical shift (Fig'ure 5A an‘d B). A minimum
criterion of a chemical shift difference Ddp. ,-40. 15 p.p.m. was applied. Five
residues were identi-fied (Y176, H185, N187, H188 and R189), which
resided in the Hakai minimum pTyr-binding domain, whereas a sixth
fesidue (H127) was from the RING domain (Figure 5C). However, the
crystal structure shows that ‘onIy four of these six residues reside in a close
three-dimensional spatiaIJ proximity. While H127, Y176, H185 and R189

face the interior of the E-cadherin-binding site (Figure 5C) and form a
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positively charged pocket, N187 and H188 face outwa'rd and are not part of
‘the pocket (Figure 5D). ‘ ' |

These residues identified through in vitro peptide-domain binding. assays
were then further tested by expressing full-length point mutants ih HEK293
cells. The immunoprecipitation results shown in Figure 5E indicate that the
residues identified” in the NMR analysis also abrogated binding when
mutated, with the exception of>residues N187 and H188. As expected, the
required residues were situated on the interior of the target-binding domain,
whereas the non-binding residues, N187 and H188, were on the exterior.
Similar results were obtained with experiments using cortactin (Figure;SF),
demonstrating the importanée of these Hakai residues. Furthermore,
dimerization of Hakai is also required, as with E-cadherin, as cortactin was
unable to bind to Hakai containing mutations to its zinc-coordinating -

residues (Figure 5G).

Based on the evidence obtained, it can be concluded that two Hakai
monomers interact in an anti-parallel manner to foffn a dimer via the

~ interlinked zinc-coordinating domain. This domain binds pTyrs flahked by
acidic amino acids in Src substrates. The target-binding domain resulting
frorh this - dimerization process represents. the functional Hakai
phosphotyrosine-binding domain, hencefbrth referred to as the HYB (Hékai
pY-binding) domain (Figure 5H). ) |

The HYB domain in other protéins
We next investigated whether the HYB domain is found in other proteins.
Literature and database searches revealed that the testis-spécific -ubiquitin
E3 ligase ZNF645 exhibited high-sequence homology (71%) with Hakai, as
shown in Figure 6D. The sequence homology befween Hakai and LNX2
-and 1 were 25% and 23%, respectively. When the homology was
investigated for only the novel binding sequence (a.a. 159-206) the testis-
specific ubiquitin E3 ligase ZNF645 exhibited high-sequence' homology

(76%) with Hakai, as shown in Figure 6D. The sequence homology
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betweeh the binding sequence’ Hakai (a.a. 159-206) and LNX2 and 1 were -
31% and 37%, respectively. We therefore questioned whether ZNF645 - '}
could also interact with E-cadherin and cortactin. The results in Figure 6B

show that ZNF645 bound to v-Src-phosphorylated E-cadherin but not to
cortactin (Figure 6C). This result implies that although there is significant
homology between Hakai and ZNF645, they are likely to h,avé_ their own
sets of targets due to the differences in their sequences between the key

zinc-coordinating residues.

BaSed on the.key amino-acid residues involved in zinc coordination and
binding in HYB, we searched the NCBI database to analyse gene origins
and protein homologies (Table 2). Two interesting results e‘merged.’First, a
comparison of the species distribution of the Hakai and ZNF645- gene
products indicated that the latter, found only in primates, is most likely a
rer:ent copy of the former. Second, ZNF645 is an intronless gene, implying

that it is a retrotransposed copy of Hakai.

Further database searches based on the conserved zinc-coordinating
cysteine and histidine residues within the HYB domain showed that a
similar series of residues is present in LNX1 and LNX2 (Figure 6D). This
implies that the HYB domain may be distributed in other proteins, although

the latter observation requires experimental confirmation.

Novel structure of the HYB domain -

The structures of the five pTyr-binding domains that have been discovered
to date are illustrated in Figure 7A and B. All of the do.mains, exCept for the
HYB domain, are contained within one monomer. The HYB domain consists
or‘ a pair of monomers arranged in an anti-parallel configuration and is
composed of two R‘ING and two atypical zinc-coordinating domains. From
this Comparison, it is apparent that all five of these pTyr domains have
completely different structures, with different strategies to recognize

tyrosine phosphorylation.i
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Table 1 Crystalographic data and refinement statistics

SeMet-SA
Data collection -
Space group P6,22
Cell dimensions - ,
a,b,c(A) 64.66, 64.66, 121.04
O 90.00, 90.00, 120.00

Wavelength (A)
Resolution (A)
Observed reflections
Unique reflections

0.979
50-1.9 (1.97-1.90)
509428

22371

Rym? 0.052 (0.428) -
I 21.3 (12.6)
Completeness (%) - 99.7 (100)

* Redundancy 22.8 (22.6)
Refinement _
Resolution (A) 25.2-1.9
Reflections (working set / test set) 19327/2153
Ruord ! Riee® 0.2175/0.2396

“No. atoms

Protein 756
Zn? 3
Water 73
B-factors (A?2) _
Protein 38.75
Zn?* 30.46
Water 44.06
Ramachandran statistics
Most favorable regions (%) 90.2
Additional allowed regions (%) 9.8
Generously alowed regions (%) 0.00
Disallowed regions (%) 0.00
R.m.s deviations |
Bond lengths (A) 0.008
- Bond angles () 1.202
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Values in parentheses-are for highest-resolution shell.

akuym =3 |li ~ <I>|/3]li|, where 1, is the intensity of the i-th measurement, and <I>
is the mean intensity for that reflection.

®Ryork = |Fobs|- |Fcacli/s|F,. I, where F_ic and F_, are the calculated andv
observed structure factor amplitudes, respectlvely

Rt .. =as for RWOrk but was calculated using 10% of data excluded from
refinement.
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Table 2 ,
List of proteins with sequences that potentially match the region of Hakai from amino acid residues
127 to 189. ' :
HVFCYDCAI LHEKKGDKMCPGCSDPVQRI EQCTRGSLFMCSI VQGCKRT
Speci es YLSQRDLQ AHI NHRH

Homo sapi ens (Hunan)

HVFCYDCAI L HEKKGDKMCPGCSDPVQRI EQCTRGSLFMCS| VQGCKRT
YLSQRDLQ  AHI NHRH

Bos taurus (Cattle)

FVFCYDCAI LHEKKGDKMCPGCSDPVOR| EQCTRGSLEMCS! VOGCKRT
YLSQRDLQ AHI NHRH

Macaca mulatta (Rhesus
nonkey)

HVFCYDCAI L HEKKGDKMCPGCSDPVOR! EQCTRGS. LFMCSI VQGOKRT
YLSQRDLQ  AHI NHRH

Rattus norvegi cus ( Norway
rat)

HVFCYDCAI L HEKKGDKMCPGCSDPVQRI EQCTRGSLFMCSI VQGCKRT
YLSQRDLQ AHI NHRH ’

Ai | uropoda nel anol euca
(G ant panda)

HVFCYDCAI L HEKKGDKMCPGCSDPVQRI EQCTRGSLFMCS| VQGCKRT
YLSQRDLQ AHI NHRH

Mus nuscul us (House

- [nouse)

HVFCYDCAI L HEKKGDKMCPGCSDPVQRI EQCTRGSLFMCSI VQGCKRT
YLSQRDLQ  AHI NHRH

iEquus cabal | us (Horse)

HVFCYDCAI L HEKKGDKMCPGCSDPVORI EQCTRGSLFMCS] VQGCKRT
YLSQRDLQ  AHI NHRH

Canis |upus
famliaris (Dog)

HVFCYDCAI LHEKKG DKMCPGCSDPVQRI EQCTRGSLFMCSI VQGOKRT
YLSQRDLQ  AHI NHRH

Pan

HVFCYDCAI L HEKKGDKMCPGCSDPVQRI EQCTRGSLFMCS| VQGCKRT
YLSQRDLQ AHI NHRH

trogl odytes (Chi npanzee)

Gal | us gal | us (Chicken)

HVFCYDCAI LHEKKGDKMCPGCNEPVQRI EQCVRGSL FMCS| VQGCKRT
YLSQRDLQ  AHI NHRH

Xenopus | aevis °

(African clawed frog)

HVFCYDCAL MHEKKADKL CPGTLVEESTDTFKRVMSCNDPVQRI EQ:ARG
SLFMCSI V. QGCKRTYL SQRDL QAHI NHRH

Danio rerio (Zebrafish)

HVFCYDCAVYYE KKCDKMCPGLSLYSCTDPVOQRI EQCORGSLFMCNI VQ
GCKRTYLS QRDLQAHI NHRH

Salnb salar (Atlantic
sal non)

HVFCYDCAL LHEKKMEKMCPGLTL YSCTDPVQRI EQCLRGLLYMCSI VP
GCKRTYLS QRDLQAHVNHRH

HVFCLSCA -—--
Har pegnat hos sal tator KREDKVCPRCMVEKVSRVEQT GL GTVFMCTHGGTRYGNT GCRRT YL SQRD
(Jerdon's junping ant) LQAH NHR H
‘ HVFCLSCA — -~
Canponotus fl ori danus KREDKVCPRCNEKVSRVEQTGLGTVFNCTHGGTRYGNAGCRRTYLSQ?D
(Carpenter ant) LQAHI NHR H
Tetraodon nigroviridis HVFCYDCAL LHEKKGEKMCPGL TLYNCTDPVQRI EQOQ?GSLYI\/CSWP

(Green pufferfish)

GCKRTYLS  QRDL QAHVNHRH
HVFCLRCA ———

Anophel es darl i ngi RSI:_I'LKNCPRCKEKWRVEQTALGTVFNCTHCIBTRYG\JTCI:RRTYLSQ?
(Mosqui t 0) DLQAHI NH RH

HVFCLKCA ~--
Drosophila grinshaw RAEPI KCCPRCNDKVL RVEQSGL GTVFMCTHGGSRYGSTGCRRTYLSQR
(Fruit fly) DLQAHINH RH

HVFCLSCG ~--~
Tri bolium castaneum KQEQKQCPRCLEKVSRVEQT GLGTVFMCTHGGTRYGSSGCRRT YLSHRD
(Red flour beetle) LQAH NHR H
Papili o xuthus HVFCLSCA ~---
(Asian swal | owt ai | RSDHTHCPRCREKVLRVEQTGLGTVFNCTHSGTRYGNTCI:RRTYLSQ?D
butterfly) LQAH NHR H

HVFCLSCA ~---

Hydra magnipapillata

(Freshwat er hydrozoan)

ENSNGECVRCEERI DRI EPATI GQI FVCSFGGNRNI TSGCRRSYLSQRD
LIAHRHR H
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HAFCYHCANL YDKVGYKVCPRCRYPVLRI EAHKRGSVFMCSI VQQCKRT

Speci es YLSQKSLQ AHI KRRH
ZNF645 ' _ : HAFCYHCANL YDKVGYKVCPRCRYPVLRI EAHKRGSVFI\/CSI VQQCKRT
Hono sapi ens (Human) YLSQKSLQ AHI KRRH

Macaca fascicularis ‘HAFCYNCANL YDKI GYKI CPRCSYPVLRI EEHKRGSVFMCSVVQGCKRT
(Cynonol gus Monkey) YLSQKSLQ AHI KRRH

Macaca mul atta HAFCYNCANL YDKI GYKI CPRCSYPVLRI EEHKRGSVFI\/CSWQGCKRT
(Rhesus nonkey) . YLSQKSLQ AH KRRH
Pongo abelii HAFCYDCANL DDKI GYKI CPRCRYPVLRI EEHKRGSVFI\/CSWPQCKRT

(Sumat ran orangut an) YLSQKSLQ AHI KRRH

Table3

HEADER - LI GASE _ 7 09- NOv- I | 3VK6
TITLE CRYSTAL STRUCTURE OF A PHOSPHOTYROSI NE BI NDING DOMAIN

COVPND MOL_ID: 1:
COVPND 2 MOLECULE : E3 UBIQUITIN-PROTEIN LIGASE HAKAI :

COVPND 3 CHAIN  A; _
COVPND 4 FRAGMVENT : PHOSPHOTYROSI NE Bl NDING DOMAIN, UNP RESI DUES 106--
206; :

COWND 5 SYNONYM CASI TAS B-LINEAGE LYMPHOVA- TRANSFORM NG SEQUENCE- -
LI KE .

COVPND 6 PROTEIN 1,.E-CADHERIN BINDING PROTEIN E7, G- CBL-LIKE

PROTEIN 1.

COWPND 7 EC: 6.3.2.--;

COWND 8 ENG NEERED: YES

SOURCE MOL_ID: 1;

SOURCE 2 ORGANISM SCIENTIFIC:  MJS . MUSCULUS;
SOURCE ~ 3 ORGANI SM COMMON:  MOUSE;

SOURCE 4 ORGANI SM TAXID: 100 90;

SOURCE 5 GENE: CBLLI, HAKAI; :
SOURCE 6 EXPRESSI ON_SYSTEM  ESCHERI CHIA COLI;
SOURCE 7 EXPRESS|I ON_SYSTEM TAXID:  562;

SOURCE 8 EXPRESS|I ON_SYSTEM STRAIN: BL21 (DE3);
SOURCE 9 EXPRESSI ON_SYSTEM VECTOR TYPE: PLASM D;
SOURCE 10 EXPRESSI ON_SYSTEM PLASM D:  PGEX- 6P- 1

KEYWDS HYB, PHOSPHOTYROSI NE BI NDI NG DOVAI N, LI GASE
- EXPDTA X-RAY DI FFRACTI ON
AUTHOR ~J. SI VARAMAN, M MUKHERJEE
REVDAT 1 25-JAN-12 3VK6 0
JRNL AUTH
M MUKHERJEE, s.Y.CHOW P.YUSOFF, J. SEETHARANVAN, C. NG s.SI NNl AH,
JRNL AUTH 2
X.WKCH, N.F.MASGAR, D.LI, D.YIM R A JACKSON, J.YEW J. Q AN,

JRNL AUTH 3 A IYU, Y.P.LIM X ZHOU, S.K SZE, G R GUY, J. Sl VARAMAN
JRNL TITL STRUCTURE OF A NOVEL PHOSPHOTYROSI NE- Bl NDI NG
DOVAI N IN HAKAI
JRNL TITL 2 THAT TARGETS E- CADHERI N
JRNL REF EMBO .J . - 2012
JRNL REFN ESSN 1460~20Q075
JRNL DO 10. 1038/ EMBQJ. 2011.4 96
REMARK 2-
REMARK 2 RESOLUTI ON. 1. 90 ANGSTROVS. .
RENARK 3 ‘ .
3 REFI NEMENT. .

REMARK
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REMARK 3  PROGRAM : PHENIX (PHENIX. REFINE:  1.6_289)

REMARK 3 AUTHORS : PAUL ADAMS, PAVEL AFONINE ,VICENT CHEN, |AN
REMARK = 3 : DAVIS, KRESHNA GOPAL, RALF GROSSE-

REMARK 3 KUNSTLEVE, LI-WE,. HUNG ROBERT | MMORM NO,
REMARK 3 TOM | OERGER AIRLIE MOCOY, ERIK MCOKEE, NI GEL
REMARK 3 MORI ARTY, REETAL PAI ,RANDY READ, JANE
REMARK 3 RI CHARDSON, DAVID RI CHARDSON, TOD ROMD, JIM
REMARK 3 SACCHETTI NI, NI CHOLAS SAUTER, JACOB SM TH,
REMARK 3 LAURENT STORONI, TOM TERW LLI GER, PETER
REMARK 3 ZWART -

REMARK 3 : :

REMARK 3 REFI NEMENT ~ TARGET . ML

REMARK 3 .
. REMARK 3 DATA USED I N REFI NEMENT.

REMARK 3 RESOLUTION RANGE HIGH (ANGSTROMB) : 1.90

REMARK 3 RESOLUTION RANGE LOW (ANGSTROMB) : 25.23

REMARK "3 = M N (FOBS/ S| GVA_FOBS) : 0.240

REMARK 3 COWPLETENESS FOR RANGE ' (% : 95.8

REMARK 3 NUMBER OF REFLECTI ONS : 21478

REMARK 3. -

REMARK 3 FIT TO DATA USED | N REFI NEMENT.

REMARK 3 R VALUE (WORKING + TEST SET)- : 0.222

REMARK 3 R VALUE ~ (WORKING SET) : 0.219

REMARK 3  FREE R VALUE . : 0.242

REMARK 3  FREE R VALUE TEST SET SIZE . (% : 10.020

REMARK 3  FREE R VALUE TEST SET COUNT : 2153

REMARK 3 .

REMARK 3 FIT TO DATA USED IN.REFINEMENT (IN BINS)

REMARK 3  BIN RESOLUTION RANGE COWPL . NWORK NFREE ~ RWORK
RFREE : : ‘

REMARK 3 1 25.2305 - 4.0821 0.97 1970 . 217  0.2219
0.2351 _ »

REMARK 3 2 4.0821 - 3.2422 0.99 1999 225  0.1990
0.2212 ° . »

REMARK 3 3 3.2422 - 2.8330 0.98 1991 226 0.2246
0.2724

REMARK 3 4 2.8330 - 2.5743 0.-97 1954 213 0.2294
0.2498 ‘ '

REMARK 3 5 2.5743 - 2.3899 0.96 - 1934 212 0.217-3
. 0.2349 '

REMARK 3 6 2.3899 - 2.2491 0.96 1947 213  0.2058
0.2143 ) ’ '

REMARK 3 72,2491 - 2.1365 0.96 1932 220 0.2156
0. 2559 - : '

REMARK - 3 8 2.1365 - 2.0436 0.95 1921 216  0.2249
0. 2400

REMARK 3 9" 2.0436 - 1.9649 0.93 1874 206 0.2372
0. 2645

REMARK 3 10 1.9649 - 1.8971 0.89 1803 205 0.2445
0. 2554 ' -
REMARK 3

REMARK 3 BULK SOLVENT MODELLING .

REMARK 3  METHOD USED : FLAT BULK SOLVENT MODEL

REMARK 3 SOLVENT RADIUS : 1,11

REMARK 3  SHRINKAGE RADIUS  : 0.90

REMARK 3 K. SO : 0.42

REMARK 3. B SO : 60.07

REMARK 3 B ’
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REMARK 3 ERROR ESTI MATES. : :

REMARK 3 COORDINATE ERROR (MAXI MUM LI KELI HOOD — BASED) . 0.230

REMARK - 3  PHASE ERROR (DEGREES, MAXIMUMLIKELIHOOD  BASED) : 22. 600

REMARK 3 ‘ ‘

REMARK 3 B VALUES. _ _

REMARK 3  FROM WLSON PLOT (A**2) : 31.95

REMARK 3 MEAN B VALUE (OVERALL, A**2) : 38.94

REMARK 3  OVERALL AN SOTROPIC B VALUE.

REMARK 3 BIl (A**2) : 3.48460

REMARK 3 B22 (A**2)" : 3.48460

REMARK 3 B33 (A**2). : -6.96930

REMARK 3 Bl2 (A**2) : 0.00000

REMARK 3 B13 (A**2) : -0.00000

REMARK 3 B23 (A**2) : 0.00000

REMARK 3

REMARK 3 TWNN NG | NFORVATI ON.

REMARK 3 .FRACTION : NULL

REMARK 3  OPERATOR . NULL

REMARK 3

REMARK 3 DEVIATIONS FROM |DEAL VALUES .

REMARK 3 RVED COUNT

REMARK 3 BOND ©0.008 771

REMARK 3 ANGLE ©1.172 1031

REMARK 3 CHRALITY : 0.081 108

REMARK 3  PLANARITY : 0.006 133

REMARK 3 DIHEDRAL : 13.796 297

REMARK 3 _ :

REMARK 3 TLS DETAILS 5

REMARK 3  NUMBER OF TLS GROUPS NULL

REMARK 3

REMARK 3 NCS DETAILS

REMARK 3  NUMBER OF NCS GROUPS NULL

REMARK 3 _

REMARK 3 OTHER REFINEMENT REMARKS: SF FILE CONTAINS FRIEDEL PAIRS. .

REMARK 4

REMARK 4 3VK6 COWPLIES WTH FORMAT V. 3.30, 13-JUL-II

REMARK 100 _

REMARK 100 THI'S ENTRY HAS BEEN PROCESSED BY PDBJ ON 22- NOV-1I .

REMARK 100 THE RCSB | D CODE |S RCSB095146.

REMARK 200

REMARK 200 EXPERI MENTAL DETAILS

REMARK 200 EXPERI MENT TYPE X- RAY DI FFRACTI ON

REMARK 200 DATE OF DATA COLLECTI ON 20- JUL- 10

REMARK 200 TEMPERATURE (KELVI N) 100

REMARK 200 PH i 8

REMARK 200 NUMBER OF CRYSTALS USED 1

REMARK 200 -

REMARK 200  SYNCHROTRON (YI'N) \%

REMARK 200 RADI ATION SOURCE NSLS

REMARK 200 BEAM.I NE X4A

REMARK 200 X-RAY GENERATOR MODEL NULL

REMARK 200 MONOCHROMATIC OR LAUE (ML) M

REMARK 200 WAVELENGTH OR RANGE (A : 0.979°

REMARK 200  MONOCHROMATOR SAG TALLY FOCUSED SI (111)

REMARK 200 OPTICS NULL

REMARK 200 :

REMARK 200 DETECTOR TYPE CCcD

REMARK  200. ADSC QUANTUM 4

DETECTOR MANUFACTURER
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REMARK 200 | NTENSI TY- | NTEGRATI ON  SOFTWARE: "HKL- 2000

 REMARK 200 DATA SCALING SOFTWARE _+ HKL- 2000
REMARK 200
REMARK 200 NUMBER OF UNI QUE REFLECTIONS : 21480
REMARK 200 RESOLUTI ON RANGE HI GH C(my : 1.900
REMARK 200 RESOLUTI ON RANGE LOW (A) : 50.000
" REMARK 200 REJECTION CRITERIA (SIGWA(I)) : 2.000
REMARK 200 .
' REMARK 200 OVERALL . ' :
'REMARK 200 COVPLETENESS FOR RANGE (% : 99.7
REMARK 200 DATA REDUNDANCY = . 22.800
REMARK 200 R MERGE (1y + NULL
REMARK 200 R SYM - (1) + 0.05200
REMARK 200 <I/SIGVA(I)> FOR THE DATA SET : 21.3000 ‘
REMARK 200 _
REMARK 200 N THE HI GHEST RESOLUTI ON SHELL.

REMARK 200 HI GHEST RESOLUTION SHELL, RANGE HGH (A : 1.90
REMARK 200 HI GHEST RESOLUTI ON SHELL, RANGE LOW (A @ 1.97

REMARK 200 COWPLETENESS FOR SHELL (%: 99.7
REMARK 200 DATA REDUNDANCY |IN SHELL : 22.80
REMARK 200 R MERGE FOR SHELL (1) : NULL
REMARK 200 R SYM FOR SHELL (1): "0.05200
REMARK 200 <I/SIGVA(l)> FOR SHELL : NULL
REMARK 200 '

REMARK 200 DI FFRACTION PROTOCOL: SINGLE WAVELENGTH

"REMARK 200 METHOD USED TO DETERM NE THE STRUCTURE SAD

REMARK 200 SOFTWARE USED: SOLVE

REMARK 200 STARTING MODEL: NULL

REMARK 200 '

REMARK 200 REMARK: - SF FILE CONTAINS FRIEDEL PAIRS.

REMARK 280

REMARK 280 CRYSTAL

REMARK 280 SOLVENT CONTENT, VS (%: 61.08

REMARK 280 MATTHEWS COEFFI CI ENT, VM (ANGSTROMS* *3/DA) : 3.16

REMARK 280 . -

REMARK 280 CRYSTALLI ZATI ON CONDI TIONS:  200MM LI 2S04, 100MM TRI'S, 20%
PEG 5000 . .

REMARK 280 MVE, PH g, VAPOR DI FFUSI ON, HANG NG DROP, TEMPERATURE 289K
REMARK 290 »

REMARK 290 CRYSTALLOGRAPHI C SYMVETRY . .

REMARK 290 SYMVETRY OPERATORS FCOR SPACE CGROUP: P 62 2 2

REMARK 290
REMARK 290 : SYMOP SYMMVETRY
REMARK 290 NNNMWM OPERATOR
'REMARK 290 1555 X,Y,Z
REMARK 290 2555 =Y, X-Y, Z+2/ 3
REMARK 290 3555 -X+Y, =X Z+H /3
REMARK 290 4555 -X-Y, Z
REMARK 290 5555 Y, - X+Y, Z+2/3
REMARK 290 6555 XY, X, Z+ /3
REMARK 290 7555 Y, X, -Z+2/ 3
- REMARK 290 8555 X-Y,-Y,-Z
REMARK 290 9555 =X, - X+Y, -Z+ /3
REMARK 290 10555 -Y, - X, -Z+2/ 3
REMARK 290 11555 -X+Y,Y,-Z
REMARK 290 : 12555 . X, X-Y, -Z+1/3
REMARK 290

REMARK 290 WHERE NNN - > OPERATOR NUMBER
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REMARK 290 MW - > TRANSLATI ON VECTOR

REMARK 290 '

REMARK 290 CRYSTALLOGRAPHI C  SYMVETRY -TRANSFORMATI ONS

REMARK 290 THE FOLLOW NG TRANSFORMATI ONS OPERATE ON THE ATOM HETATM
REMARK 290 RECORDS IN THI'S ENTRY TO PRODUCE CRYSTALLOGRAPHI CALLY
REMARK 290. RELATED MOLECULES. :

REMARK 290 SMIRY1 1 1.000000 o .000000 0.000000 o . 00000
REMARK - 290 SMIRY2 1 0.000000 1.000000 0.000000 0 .00000
REMARK 290 SMIRY3 1 0.000000 0.,000000 1.000000 0 .00000
REMARK 290 SMIRY1 2 -0.500000 -0..866025 0.000000 0 . 00000
REMARK 290 SMIRY2 2 0.866025 -0..500000 0.000000 "~ 0.00000
REMARK 290 SMIRY3 2 0.000000 o.000000 1.000000 80..69000
REMARK 290 SMIRY1 3 -0.500000 o0.,866025 0.000000 0 .00000
REMARK 290 SMIRY2 3 -0.866025 -0..500000 0.000000 0"..00000
REMARK 290 SMIRY3 3 0,000000 o0.000000 1.000000 40..34500
REMARK 290 SMIRY1 4 -1,.000000 0.000000 0.000000 0.,00000
REMARK 290 SMIRY2 4 .000000 -1. 000000 o .000000 0..00000
REMARK 290 SMIRY3 4 0.000000 = 0.000000 1.000000 0.00000
REMARK 290 SMIRY1 5 0.500000 o0.866025 o.000000 0.00000
REMARK 290 SMIRY2 5 -0..866025 0.500000 o .000000 ' 0.00000
REMARK 290  SMIRY3 5 0.000000 o0.000000 1.000000 80.69000
REMARK 290 SMIRY1 6 o0.500000 -0.866025 0, 000000 0.00000
REMARK 290 SMIRY2 6 0.866025 0.500000 o .000000 0.00000
REMARK 290 SMIRY3 6 0.000000 o0.00000.0 1.000000 40. 34500
REMARK 290 SMIRY1 7 -0..500000 0.866025 0 .000000 0.00000
REMARK 290 SMIRY2 7 0.866025 0.500000 0 .000000 0.00000
~ REMARK 290 SMIRY3 7 0.000000 o0.000000 -1..000000 80. 69000
REMARK 290 SMIRY1 8 1.000000 o0.000000 o0 .000000 0.00000
REMARK 290 SMIRY2 8 0.,000000 -1. 000000 o . 000000 0. 00000
REMARK 290 SMIRY3 . 8 0.,000000 0.000000 -1,000000 - 0.00000
REMARK 290 SMIRY1 . 9 -0..500000 -0. 866025 0 .000000 ©0.00000
REMARK 290 SMIRY2 9 -0.866025 0.500000 o0.000000 0.00000
REMARK 290 SMIRY3 9 0.000000 o0.000000 -1.000000 40. 34500
REMARK 290 SMIRY1 10 0.500000 -0. 866025 o0.000000 © 0.00000
REMARK 290 SMIRY2 10 -0.866025 -0. 500000 o0.000000 0.00000
REMARK 290 SMIRY3 10 0.000000 o0.000000 -1..000000 80. 69000
REMARK 290 SMIRY1 11 -1. 000000 0.000000 o.000000 0.00000
REMARK 290 SMIRY2 11 0:000000 1.000000 0.000000 0.00000
REMARK 290 SMIRY3 11 0.000000 0.000000 -1. 000000 0.00000
REMARK 290 SMIRY1 12 0.500000 0.866025 0.000000 0.00000
REMARK 290 SMIRY2 12 0.866025 -0. 500000 ©0.000000 0.00000
REMARK 290 SMIRY3 12 0.000000 ~0.000000 -1. 000000 40. 34500
REMARK 290
REMARK 290 REMARK: ~ NULL
REVMARK 300

REMARK 300 BI OMOLECULE: 1

REMARK 300 SEE REMARK 350 FOR THE AUTHOR PROVIDED AND/ OR PROGRAM
REMARK 300 GENERATED ASSEMBLY | NFORMATION FOR THE STRUCTURE IN
REMARK 300 THI' S ENTRY. THE REMARK NMAY ALSO PROVIDE | NFORMATION ON
REMARK 300 BURIED SURFACE AREA.

REMARK 350

REMARK 350 COORDI NATES FOR A COWMPLETE MULTIMER REPRESENTING THE KNOWN
REMARK 350 BIOLOG CALLY SIGNIFICANT OLI GOVERI ZATION STATE OF THE
REVMARK 350 MOLECULE CAN BE GENERATED BY APPLYI NG BI OMI TRANSFORMATI ONS
REMARK 350 d VEN BELOW BOTH NON- CRYSTALLOGRAPHI C  AND

REVARK 350 CRYSTALLOGRAPHI C OPERATI ONS ARE G VEN.

REMARK 350 |

REMARK 350 BI OMOLECULE: 1 :

REMARK 350 AUTHOR DETERM NED BI OLOG CAl UNIT: DIMERIC
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REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

REMARK "

REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
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350
350
350
350
350
350
350
350
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SOFTWARE DETERM NED QUATERNARY STRUCTURE: DI MERIC
SOFTWARE "USED: PI SA

TOTAL BURI ED SURFACE AREA: 3680 ANGSTROMF* 2
SURFACE AREA OF THE COWPLEX: 12910 ANGSTROW *2
CHANGE | N SOLVENT FREE ENERGY: - 116.0 KCAL/MOL
APPLY THE FOLLOWNG TO CHAINS: A

Bl OMI'1 1 1.000000 o0.000000 o.000000 0 .00000
- Bl OMr2 1 0.000000 1.000000 0.000000 0 .00000
Bl OMI'3 1 0.000000 0.000000 1.000000 0.00000
Bl OMI'1 2 0.500000 o0.866025 0.000000 0 .00000
Bl OMTI2 2 0.866025 -0.500000 0.000000 o . 00000
Bl OMTI'3 2 ~0.000000 0.000000 -1.000000 ' 40..34500

SPECI AL PCSI TI ON .

THE FOLLOAN'NG ATOMB ARE FOUND TO BE WTHIN 0.15 ANGSTROVB
OF A SYMVETRY RELATED ATOM AND ARE ASSUMED TO BE ON SPECI AL
PGCSI TI ONS.

ATOM RES CSSEQ :
HOH A 163 LIES ON A SPECI AL POSI TI ON.
HOH A 138 LIES ON A SPECI AL POCSI Tl ON.

M SSI NG RESI DUES
THE FOLLOWN NG RESIDUES WERE NOT LOCATED IN THE

EXPERI MENT.  (M=MODEL NUMBER, RES=RESIDUE NAME; C=CHAIN
| DENTI FI ER; SSSEQ=SEQUENCE NUMBER; | =I NSERTI ON CODE.)
M RES C SSSEQ
LEU A 97
GU A 98
ASN A 99
VAL A 100
HS A 101

M SSING ATOM
THE FOLLOW NG RESIDUES HAVE M SSING ATOVMS (M=MODEL NUMBER;
RES=RESI DUE NAME; C=CHAI N | DENTI FI ER; SSEQ=SEQUENCE NUMBER;
I =I NSERTI ON CODE) :
M RES CSSEQ ATOVS
ALA A 95 CB

GEOVETRY AND STEREOCHEM STRY
SUBTOPI C:  TORSI ON ANGLES

TORSION ANGLES QUTSIDE THE EXPECTED RAMACHANDRAN REGQ ONS:
(MEMODEL NUMBER; RES=RESIDUE NAME; C=CHAIN | DENTI FIER;
SSEQ=SEQUENCE NUMBER;, | =I NSERTI ON CODE) .

STANDARD TABLE:
FORMAT : (10X, I3,1X, A3, IX Al ,14,Al ,4X F7.2,3X F7.2)

EXPECTED VALUES: GJ KLEYWEGT AND TA JONES (1996). PHI/PSI-
CHOLOGY: RAMACHANDRAN REVI SI TED. STRUCTURE 4, 1395 - 1400

M RES CSSEQ PSI PHI
ALA A 95 53. 06 -55.19

REMARK:  NULL
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REMARK- 620 METAL COORDI NATI O\-
REMARK 620 (M=MODEL NUMBER; RES=RESI DUE NAME; C=CHAIN | DENTI FI ER,

REMARK 620 SSEQ=SEQUENCE ~ NUMBER, | =I NSERTION  CODE)
CREMARK 620 o :

REMARK 620 COORDINATION ANGLES FOR M RES CSSEQ  METAL
REMARK 620 ' ZN A 104 ZN
REMARK 620 N RES CSSEQ ATOM . ' :
REMARK 620 1 HIS A 22 NDL

REMARK 620 2 CYS A 40 sG 117 .5 - N
REMARK- 620 3 CYS A 20 SG 103..9 105.8

REMARK 620 4 CYS A 43 SG 107..3 108 .9 113.5

REMARK 620 N 1 2. 3

REMARK 620 .

REMARK 620 COORDINATION ANGLES FOR M RES CSSEQ  METAL
REMARK 620 ZN A 102 2N
REMARK 620 N RES CSSEQ ATOM ‘
REMARK 620 1 H'S A 80  NE2

REMARK 620 2 HS A 85 NE2 101.8

REMARK 620 3 CYS A 67 SG 107.5 116.8

REMARK 620 N 1 2

REMARK 620 ,

REMARK 620 COORDINATION ANGLES FOR M RES CSSEQ  METAL
REMARK 620 ZN A 103 2N
REMARK 620 N RES CSSEQ ATOM

'REMARK 620 1 CYS A 7  SG

REMARK 620 2 CYS A' 25 SG 112.9 :

REMARK 620 3 CYS A 4 SG 104.5 107. 2

REMARK 620 4 CYS A 28 SG 111.0 110. 3 110.8

REMARK 620 N ' 1 2 3

REMARK 800

REMARK 800 SITE
REMARK 800 SITE IDENTIFIER  ACL

REMARK 8.00 EVIDENCE _CODE: SOFTWARE .

REMARK 800 SITE DESCRIPTION. BINDING SITE FOR RESIDUE ZN A 102
REMARK 800 :

REMARK 800 SITE IDENTIFIER  AC2

REMARK 800 EVIDENCE CODE: SOFTWARE .

REMARK 800 SITE DESCRIPTION. .BINDING SITE FOR RESIDUE ZN A 103
REMARK 800 B _

REMARK 800 SITE IDENTIFIER  AC3

REMARK 800 EVIDENCE CODE: SOFTWARE :

'REMARK 800 SITE DESCRIPTION. BINDING SITE FOR RESIDUE ZN A 104
DBREF  3VK6 A 1 101 UN\P QJI Y2 HAKAI _ MOUSE 106 206

SEQRES 1 A 101 VAL H'S PHE CYS ASP LYS CYS GY LEU PRO ILE LYS VAL
SEQRES 2 A 101 TYR GY ARG MET ILE PRO CYS LYS H'S VAL PHE CYS TYR
SEQRES 3 A_ 101 ASP CYS ALA ILE LEU H'S GU LYS LYS GLY ASP LYS MET
SEQRES 4 A 101 CYS PRO GLY CYS SER ASP PRO VAL GLN ARG ILE GLU GLN
SEQRES 5 A 101 CYS THR ARG GLY SER LEU PHE MET CYS SER ILE VAL GLN
SEQRES 6 A 101 GLY CYS LYS ARG THR TYR LEU SER GLN ARG ASP LEU GLN
SEQRES 7 A 101 ALA H'S ILE ASN H'S ARG H'S MET ARG ALA GLY LYS PRO
SEQRES 8 A 101 VAL THR ARG ALA SER LEU GLU ASN VAL HI'S

HET ZN A 102 1

HET ZN A 103 1

HET ZN A 104 1

HETNAM ZN ZINC |ON

FORMUL 2 ZN 3 (ZN 2+)

FORMUL 5 HOH  *70(H2 0)

HELI X 1 1 TYR A 26 LYS A 35 1
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10 : :

HELI X 2 2 GLY A 56 LEUA 58 5

3

HELI X 3 3 SER A 73 HS A 85 1

13-

SHEET 1 A 3VALA 23 CYSA 25 0

SHEET 2 A3VALA 13 ILEA 18 -1 N GY A 15 0O PHE A 24
SHEET 3 A3ARGA 49 THRA 54 -1 O CYSA 53 N TYRA 14 .
LI NK NDLI HHS A 22 ZN ZN A 104 1555
1555 1.98 o -

LI NK " NE2 HS A 80 ZN N A 102 1555
1555 2.o08 _

LI NK NE2 HS A 85 . " ZN “ZN A 102 . 1555
1555 2.12 : ' ,

LI NK : SG CYS A 40 ZN . ZN A 104 1555
1555 2.29 -

LI NK . SG CYS A 20 ZN ZN A 104 1555
1555 2.32 :

LI NK SG CYS A 67 ZN ZN A 102 - 1555
1555 2. 33 ‘ '

LI NK SG CYS A 7 " ZN ZN A 103 1555
1555 2.33 ' '

LI NK ~SG CYS A 25 ZN . ZN A 103 1555
1555 2,35

LI NK SG CYS A 43 ZN ZN A 104 1555 -
1555 2.36

LI NK SG CYSA 14 ZN ZN A 103 1555
1555 2.38

LI NK SG CYS A 28 . ZN ZN-A 103 1555
1555 2.39 : :

CISPEP 1 ILE A 18 PRO A 19 0 9. 66

SITE 1ACL 4CYSA 61 CYSA 67 HSA 80 HSA 85

SITE 1. AC2 4 CYS A 4 CYS A 7 CYS A 25 CYS A 28
"SITE 1 AC3 .. CYSA 20 HSA 22 CYSA 40 CYS A 43
CRYST1 64. 657 64.657 121.035 90.00 90.00 120.00 P 62 2 2 12
ORI GX1 1. 000000 0.000000 o.000000 ~ 0. 00000 -
ORI GX2 0. 000000 1.000000 0.000000 0. 00000

ORI GX3 0. 000000 0.000000 1.000000 0. 00000 .

SCALE1 0.015466 0.008929 0.000000 0 .00000

SCALE 2 0. 000000 0.017859 " 0.000000 0. 00000

SCALE3 0. 000000 0.000000 0.008262 0. 00000

ATOM 1 N VAL A 1 -14.217 -31.908 31.023 1.00 43.24
N ‘ ‘
ATOM 2 CA VAL A 1 --13.680 -32.592 29.844 1.00 38.28
C ‘ .

ATOM 3 C VAL A 1 -13.920 -31.761 28.590 1.00 39.47
c _

ATOM 4 O VAL A 1 —-15.044 -31.691 28.097 1.00 45.65
0

ATOM 5 CB VAL A 1 --14.318 -34.009 29.682 1.00 42.95
c v

ATOM 6 CE VAL A 1 --13.873 -34.673 28.399 1.00 40.15
C

ATOM 7 C&® VAL A 1 --13.966 -34.909 30.880 1.00 42.58
C . :
ATOM 8 N HSA 2 -12.866 -31.123 28.088 1.00 34.05
N

ATOM 9 CA HSA 2. -12.914 -30.352 26.861 0.98 37.02
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C ’ ‘ . i .

ATOM 10 C HSA 2 _11. 919 -30. 960 25.866 1.00 34.85

arow 11 0 HSA 2  -10.717 -31.057 26.161 1.00 32.70

ATOM 12 CB HSA 2 ~12.537 -28.897 27.149 1.00 36.14

Mo 13 G HS A 2 -12.560 28.009 25947 0.64 37.61

ey 14 NDL HS A 2 _13.311 -28.301 . 24.823 0.20. 37.81

AT 15 CD2 HS A 2 _11. 962 -26.823 25.700 0.30 38.48

ATOM . 16 CEL HS A 2 13 151 -27.330 23 931 0.76 39,37

AT 17 NE2 HS A 2 ~12.341 -26. 428 24.440 0.38 39.67

ATOM 18 N PHEA 3 ~12.411 -31.379 24.702 1.00 32.80

jeny 19 CA PHE A 3 ~11.522 -31.929 23. 678 1.00 32.28
wrou 20 C PHEA 3  -10.999 -30. 855 22. 739 1.00 35.87

ey 21 O PHEA 3 _11.754 -29. 978 22.295 1.00 34.57

XTG\/I 22 CB PHE A 3 -12.233 -33.040 22.888 1.00 33.26

wrou 23 CG PHE A 3 -12.316 -34.336 23 622 1.00 33.39

wrou 24 CDL PHE A 3 _13.262 -34.525 24.623 1.00 35.97

ey 25 CD2 PHE A 3 ~11.451 -35.372 23.326 1.00 32.57
wrou 26 CEL PHE A 3 13334 -35. 723 25. 305 1.00 35.87

ey 27 CE2 PHE A 3 11.524 -36. 571 24.015 1.00 31.51

Ry 28 Cz PHE A 3 _12. 467 -36.746 24.994 1.00 35.56

ey 20 N CYSA 4 19.710 -30.929 22.426 1.00 32.09

.’,;\ITG\/I 30 CA CYSA 4 - -9.109 -30.014 21.473 1.00 32.02

XTG\/I 31 C CYSA 4 -9.560 -30.347 20.055 1.00 35.66

mrow 32 0 CYSA 4 _9. 502 -31.506 19. 642 ‘1.00 32.63

Mo 33 B OYS A 4 -7.591 -30.073 21.550 1.00 31.91

ey 34 SG CYS A 4 _6. 800 -28.933 20.409 1.00 31.07

ey 35 N AP A5 -10.005 -29.334 19.310 1.00 35.12

jeny 36 CA ASP A 5 10.470 -29. 558 17.937 1.00 35.99 .
ey 37 C ASPA 5 9. 344 -29.551 16 921 1.00 38. 96
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ATOM 38 0 ASP A 5 L9, 578 -20. 737 15,724 1.00 37.64
XTO\/I 30 B AP A 5 -1l 572 -28.568 17. 529 1.00 41.25
',STOM 40 CG ASP A 5 ~11.108 -27. 117 17.538 1.00 43.64
,devl 41 GD ASP A 5 . -9 894 -26. 855 17.668 1.00 41.44
2TO\/I 42 2 ASPA 5 ~11. 981 -26. 227 17.403 1.00 50.17
E‘\)TO\/I 43 N LYSA 6 -8.123 -29. 340 17.398 1.00 36.54
RITOM 44 CA LYSA 6 -6. 946 -29. 420 16.542 1.00 37.90
,SA:TO\/I 45 C LYSA 6 -6. 322 -30.798 16. 637 1.00 39.23
,ETOM 46 0 LYS'A 6 -6. 194 -31.513 15. 637 1.00 37.67
S\TOM 47 CB LYSA 6 -5.901 -28.389 16. 971 1,00 37.88
ETO\/I 48 CG LYSA 6 -5. 696 -27.224 16. 022 1.00 46.51
,CA:TO\/I 49 CD LYSA 6  -6.967 -26.414 15 818 1.00 47.95
,SA:TO\/I 50 CE LYSA 6 -7.667 -26.817 14.525 1.00 48.63
,ETOM 51 NZ LYSA 6 -6. 673 -27.052 13. 439 1.00 49.54
RITOM 52 N CYSA 7 .5 921 -31. 164 17.850 1.00 34.08
RITO\/I 53 A CrSA 7 -5.224 -32.427 18.071 1.00 34.54
ETO\/I’ 54 C CYSA 7 -6.175 -33. 574 18.410 1.00 35.78
,SA:TO\/I 55. 0 CYSA 7 -5.827 -34.734 18.246 1.00 37.45
XTO\/I 56 CB CYS A 7 .4.139 -32.280 19.151 1.00 33.57
,SA:TO\/I 57 SG CYS A 7 4,745 -32.011 20.856 1.00 31.74
iTO\/I 58 N GYA 8 -7.367 -33.251 18.901 1.00 31.74
ZTO\/I 59 CA GYA 8 -8.353 -34.265 19.226 1.00 31.07
,SA:TO\/I 60 C GYA 8 -8.282 -34.867 20.616 1.00 31.77
,CA:TO\/I 61 0 GYA 8 -9. 075 -35.742 20. 951 1.00 33.42
, XTO\/I 62 N LEUA 9 -7.351 -34.397 21.441 1 .00 27.25
RITOM 63 CA LEUA 9 -7.193 -34.943 22.779 -~ 1.00 28.34
,ETO\/I 64 C LEUA 9 -7.833 -34.036 23.842 1.00 31.76
,SA:TO\/I 65 0 LEUA 9 -7.957 -32.820 23. 643 1.00 27.98
0

ATOM 66 CB LEUA "~ 9 -5.723 -35. 158 23. 107 1.00 29. 93
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ATOM . 67 CG LEU A 9 ~4.938 -36.179  22.267 1.00 29.89
:TO\/I 68 CDL LEU A é -3.457 - 36. 036 ~ 22.586 1.00 31.72
,STO\/I 69 CD2 LEU A 9 -5.408 -37 .611 22.531 1.00 28.30
,STO\/I 70 N PRO A 10 . -8.250 -34.640 24.964 1.00 31.04
,’:TO\/I 71 CA PRO A 10 -8.829 -33.883 26. 078 1.00 32.07
,STO\/I 72 ¢ PROA 10 -7.798 -32. 927 26, 647 1.00 34.78
Z:TO\/I 73 O PROA 10 -6.625 -33.283 26. 803 1.00 33. 68
gwa 74° CB PRO A 10 -9.221 -34.965 27.092 1..00 35.67
,STO\/I 75 CG PRO A 10 -8.466 -36.187 26.703 1.00 31.83
,STO\/I 76 CD PRO A 10 -8.201 -36. 089 25.225 1.00 32.04
,STO\/I | 77 N ILE A 1v1 -8.223 -31. 699 26. 919 1.00 31.68
ZTO\(I 78 CA ILE A 11 -7.300 -30. 668 27.362 1.00 31.74
- Z:TO\/I 79 C ILE A 11 -7.214 -30. 674 28.888 1.00 34.92
,STO\/I 80 O ILE A 11 . -8.236 -30. 642 29.584 1.00 34.62
2Td\/| 81 CB ILE A 11 -7.750 -29. 276 26, 884 1.00 32. 66.
;:TO\/I 82 ©OG ILE A 11 -7.891 -29.260 25.355 1.00 30.36
;:TO\/I 83 C® ILE A 11 -6.774 -28.194 2%. 351 1.00 32.29
ETO\/I 84 CDL ILE A 11 _8.780 -28 127 24.849 1.00 34.02
-:TOM 85 N LYS A 12 -5.992 -30.728  29. 397 1.00 34.77
,’:TO\/I 86 CA LYS A 12 -5.780 -30. 600 30.832 1.00 39.37
Z:TO\/I 87 C LYS A 12 -5.033 -29.313 31.165 1.00 37.98
ETO\/I 88 O LYS A 12 -5.190 -28.761 32.262 1.00 39.91
ZTO\/I 89 CB LYS A 12 -5.066 -31.832 31.402 1.00 45.11
ETO\/I 90 CG LYS A 12 - -3.700 -32.098 30.818 1.00 43.92
:TO\/I 91 CD LYS A 12 -3.607 -33.512 30.238 1.00 50.37
ETO\/I 92 CE LYS A 12 -2.198 -33. 790 29.715 1.00 48.20
:TO\/I 93 NZ LYS A. 12 -1.625 -32.564 29.075- 1.00 48.39
/TTOM‘ 94 N VAL A 13 -4.236 -28.826 30.222 1.00 33.60
.,’:TO\/I 95 CA VAL A 13 -3.549 -27 .553 30.399 1.00 35.83
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ATOM 96 C VAL A 13 '~3.859 -26. 6i8 29. 238 v 1.00 35.15
C
. ATOM 97 -0 VAL A 13 -3.737 -27 .019 28. 083 1.00 32.14
2TO\/I 98 CB VALF A 13 -2 019 - 27.‘736 30. 490 v 1.00 37.74
ETO\/I 99 CGI VAL A 13 -1.327 + -26. 386 30. 600 1.00 36.88
KTO\/I 100 C& VAL A 13 ~ —-1.657 -28 .615 31. 690 1.00 40.88
KTO\/I 101 N TYR A 14 . -4.239 -25.377 29.541 "1.00 34.26
ZTO\/I 102 CA TYR A 14 -4.574 -24 .398 28.495 1.00 .34.13
ETO\/I 103 C TYR A 14 -3.478 -23. 392 28. 262 1.00 33.08
ETO\/I 104 O TYR A 14 -2.719 -23.0 66 29.170 1.00 33.96
2TO\/I» 105 CB TYR A 14 -5.839 -23. 608 28. 849 1.00 31.93
ETO\/I 106 CG TYR A 14 -7.105 -24 .402 28. 787 1.00 33.92
C
ATOM 107 CD1 TYR A 14‘ -7.898 -24 .396 27 .636 1.00 33.65
ETO\/I 108 CUZv FTYFR A 14 _'7. 518 -25.148 29. 866 1.00 36.49
KTO\/I 109 CEl TYR A 14 -9.063 -25. 126 27.583 1.00 36.26
‘KTO\/I 110 CE2 TYR A 14 -8. 567 -25.874 29. 822 1.00 40.39
KTd\/I 111 Ccz TYR A 14 -9.435 -25.866 28.680 1.00  37.92
c .
ATOM 112 OH TYR A 14 -10.591 -26. 602 28 .660 1.00 45.77
o .
ATOM 113 N GY A 15 . =3.417 -22.880 27 .035 1...00 34.07
~ ZTO\/I 114 CA . GY A 15 -2.627 -21.704 26. 737 1.00 33.20
ETO\/I 115 C | GY A 15 - -3 575 -20.518 26. 672 1.00 32.07
ETO\/I 116 O GY A 15 -4.593 -20.571 25.974 1.00 33.11
XTO\/I 117 N ARG A 16 -3.271 -19. 468 27 .423 1,00 32.41
N .
ATOM 118 CA ARG A 16 -4.098 -18 .265 27.432 1.00 29.19
ETO\/I 119 C ARG A 16 -3.351 -17.200 26. 646 1.0,0 33.70
C ' .
ATOM 120 O ARG A 16 -2.185 " -16. 905 26. 933 1.00 33.66
XTO\/I ‘ 121 éB ARG A 16 -4 .380 - 17 . 818 28.863 1.00 33.11
c . _ .
ATOM 122 CG ARG A 16 -5.149 -16.514 29. 013 1.00 29.75
ETO\/I 123 CD ARG A 16 -5.644 -16. 415 30. 460 1.00 32.31
C N
ATOM 124 NE ARG A 16 -6.408 -15.202 30. 765 1.00 31.60
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ATOM 125 .CZ ARG A 16 -5.905 -14 .131 31.373 1.00 33.56
E‘\:TO\/I 126 NHL ARG A 16 -4.625 -14.105 31.726 1.00 33.52
ETOVI 127 NH2 ARG A 16 6. 683 -13.080  31. 627 1.00 30.00
ETOVI 128 N MET A 17 ~3.993 -16. 675  25. 605 1.00 30.01
ETOVI 129 CA MET A 17 -3.333 -15.700 24.758 1.00 29.69
ATOM 130 ¢ MET A 17 -3.315 -14.355 25.468 1.00 32.77
,ETOM 131 O MET A 17 -4.326 -13. 924 26. 014 1.00 34.13
2\TOVI 132 CB MET A 17 -4.073 -15.569 23. 410 1.00 31.74
AToM 133 CG MET A 17 -4.284 -16.884 22. 634 1.00 30.41
AT 134 SD MET A 17 2796 -17.730 22.031 1.00 30.02
ATCM 135 CE MET A 17 _2.728 -18.e78 23.313 1.00 33.13
,CA:TO\/I 136 N ILE A 18 -2.174 -13. 682 25. 461 1.00 33.95
ETO\/I 137 A ILEA 18 -2.129 -12.317 25. 961 1.00 36.17
AT 138 C ILEA 18 . -1.858 -11.383 24.774 1.00 37.58
ATM 139 0 ILEA 18 ~0.904 -11. 614 24.032 1.00 37.31-
ATCM 140 CB ILEA 18 -1.041 -12. 163 27.041 1.00 37.48
,ETOM 141 CG ILE A 18 -1.304 -13. 127 28.214 1.00 36.97
)CA:TOVI 142 CR ILE A 18 ~0.929 -10. 717 27.512 1.00 40.45
ATM 143 CDL ILE A 18 -2.556 -12. 814 29. 034 1.00 37.15
,ETOM 144 N PROA 19 ~2.657 -10.297 24.624 1.00 36.04
ETO\/I 145 CA PROA 19 -3.649 -9.786 25.581 1.00 34.39
KTO\/I 146 C PROA 19 -5.128 -10.060 25.277 1.00 36.76.
,CA:TO\/I 147 O PROA 19 -5.988 -9. 586 26.035 1.00 37.23
2\TO\/I 148 CB PRO A 19 -3.401 -8.276 25.533 1.00 41.24
,ETOM 149 cG PROA 19 -2.984 -8.020 24.101 1.00 38.16
E‘\:TO\/I 150 CD PRO A 19 ~2.380 -9.311 23.561 1.00 39.06
,ETOM 151 N CYSA 20 ~° -5.437 -10.817 24.230 1.00 33.89
ETOVI 152 CA CYS A 20 -6.840 -11.018 23. 866 1.00 35.21
C - : .

ATOM 153 C CYS A 20 -7.598 -11. 950 24.829 1.00 33.91
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ATOM | 154 0 GYS A 20 . -8.834 -11. 931‘ 24.875 1.00 31.07
2TO\/I 155 CB CYS A 20 - 6..960 -11. 494 22.416  1.00 33.97
;ETO\/I 156 SG CYS A 20 B -6. 504 -13,233 22. 179 1.00 33.10°
iTO\/I 157 N LYS A 21 ‘ | -6.845 -12. 756v 25.584 1.00 29.78
ZTO\/I 158 CA LYS A 21 -7.359 -13. 601 26. 673 1.00 30.24
;ETO\/I 159 C . LYS A 21 | -8.178 -14 ‘. 830" 26>. 280 1.00 '28. 76
ETO\/I 160 O LYS A 21 -8.805 -15. 463 27. 142 1.00 27.96
;(AJ\TO\/I | 161 | CB LYS A 21 -8.105 -12.768 27.722 1.00 28.56
’ ETO\/I. 162 CG LYS A 21 -7.219 -11.732 28.417 1.00 32.15
,ETO\/I 163 CD LYS A 21 -8.070 -10.813 29. 302 1. 00. 33.23
;ETO\/I 164 CE LYS A 21 -7.292 -9. 571 29—. 723 1. QO 37.’ 90
;ETQ\A 165 NzZ LYS A 21 ‘ - 6. 807 -8.785 28.560 1.00 38.35
;’;\ITO\/I 166 N HS A 22 -8.181 -15. 164 24.996 1.00 .27.92
,’;\IT(.]\/I 167 CA | HS A 22 -8.771 ._-16.428 24.551 1.00 27.15
;ETO\/I - 168 C HS A 22 -7.908 -17. 626 24. 979 1.00 30.80
ETOVI 169 O HS A 22 : -6. 697 -17.481 25.177 1.00 30.10
gTO\/I 170 CB HS A 22 - 8. 99‘9 -16. 415  23.046 1.00 29.51
;ETO\/I 177 CG HS A 22 -9. 983 -15. 372 22. 615 1.00 30.39
;ETO\/I - 172 ND1L H'S ‘A 22 : -9. 667 -14 .373 21.717 1.00 30.28
ZTO\/I 173 CD2 HIS A 22 -11.267 -15. 152 22. 988 1.00 30.99
;ETO\/I 174 CE1 HS A 22 -10.719 -13. 585 21.550 1.00 30.62
;ETO\/I 175 NE2 HIS A 22 --11.-705 -14.037 22.300 1.00 29. 25
ZTO\/I 176 N VAL A 23 -8:522 -18.795 25.139 1.00 29.80
ZTO\/I 177 CA VAL A 23- -7.745 -19. 968 25.549 1. 00 30. 93
;ETO\/I 178 C VAL A 23 -7.891 -21. 135 24.590 1.00 33.12
,ETO\/I 179 O VAL A 23 -8.924 -21.304 ‘ 23. 914 1.00.29.29
;(AJ\TO\/I 180 CB VAL A ‘23 -8.066 -20. 441 2‘6.A 987 1. OO 29. 60
;ETO\/I 181 Cd VAL A Zé -7.597 -19. 396 '28.018 '1.00 31.89
ETO\)I - 182 C& VAL A 23 -9.542 -20.760 27.128 - 1.00 " 31.43
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ATOM 183 N PHE A 24 -6.837 -21. 940 24.536 1.00 30.81
ZTO\/I 184 CA PHE A 24 | _6.787 -23.063 23. 609 1.00 32.98
XTO\A . 185 C PHE A 24 -5.949 -24.168 24.244 1.00 34'. 89
:T’O\/I 186 0 PHE A 24 _5.245 -23. 931 25.215 1.00 32.00
2Tov| 187 CB PHE A 24 -6.151 -22. 618 22.295 1.00 33.83
XTOM 188 - CG PHE A - 24 -6.855 -21.446 21.658 1.00 34.75
:TQ\A 189 CDL PHE A 24 -7.930 -21. 652 20.808 1.00 34.89
XTOVI . 190 CD2 PHE A 24 © -6.467 -20. 148 21. 950 1.00 34.03
:TOM 101 CEL PHE A 24 ~8.602 -20. 580 20.243 1.00 36.57
,ETOM 192 CE2 PHE A 24 7137 -19. 059 21.379 1.00 34.37
,(A:Tow 193 CZ PHE A 24 -8.205 -19.286 20.532 1.00 33.08
:TOVI 194 N CYS A 25 °  -6.041 -25. 366 23. 685 1.00 33.09
ZTO\/I 195 CA CYS A 25 5.190 -26.478 24.075 1.00 31.38
:TOVI 196 C CYS A 25 - -3.748 -25. 974 24.184 1.00 32.44
:TOVI 197 0 CYS A 25 ~3.233 -25.376 23.252 1.00 32.95
ETOM 198 CB CYS A 25 -5.309 -27.549 22. 998 1.00- 31.93
:TOVI‘ 199 SG o¥S A 25 ~4.058 -28.857 23.054 1.00 32.02
iTO\/I 200 N TYR A 26 ~3.098 -26. 187 25.326 1.00 33.66
ETOVI 201 CA TYR A 26 ~1.759 -25. 617 25.515 1.00 35.02
:TOVI S 202 C TYRA 26 - -0.730 -26. 142 24.505 1.00 37.39
,(A:TOM 203 O TYRA 26 0.067 -25.376 23.950 1.00 35.25
2TO\/I 204 CB TYR A 26 ~1.251 -25. 843 26. 943 1.00 37.34
:TOM 205 CG TYR A 26 0.099 -25.208 27.180 1.00 37.27
XTO\/I 206 CDL TYR A 26 0.221 -23.835 27.302 1.00 37.64
:TO\/I 207 CD2 TYR A 26 1.252 -25. 981 27.267 1.00 41.59
:TOM 208 CEL TYR A 26 1.444 -23.242 27.511 1.00 41.92
:TOM 209 CE2 TYR A 26 2.484 -25.397 27.469 1.00 42.21
:fdw 210 CzZ TYR A 26 2.574 -24 .023 27.588 1.00 43.26
,(A:TOM 2 11 OH TYR A 26 3.792 -23. 415 27.799 1.00 48.53
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ATOM 212 N .» ASP A 27 ~0.740 -27.453 24.280 1.00 35.01
ETO\/I 213 CA ASP A 27 0.244 -28.080 23. 405 1, 00 38.59
;wa 214 C ASP A 27 0.126 -27.552 21. 973 1.00 38.88
XTO\/I 215 0 ASP A 27 1.127 -27.240 21.320 1.00 40.15
sz 216 CB ASP A 27  0.095 -29. 603 23. 460 1.00 38.84
XTOVI 217 CG ASP A 27 0.478 -30.161 24.813 1.00 42.03
:TOM 218 QDL ASP A 27 1.639 -29. 978 25.203 1.00 45. 14
_XTOM 219 02 ASP A 27 -0.374 -30.757 25.503 1.00 45.01
gTO\/I 220 N CYS A 28 ~1.104 -27.410 21.500 1.00 36. 98
ZTOM 221 CA CYS A 28 ~1.320 -26. 867 . 20.167 1.00 38.40
:TOVI 222 C CYS A 28 ~0. 965 -25.384 20.063 1.00 41.43
:TO\/I 223 0 CYS A 28 ~0.406 -24.945 19. 056 1.00 45.87
XTOM 224 CB CYS A 28 ~2.746 -27.135 19. 695 1.00 34.77
:qu 225 SG CYS A 28 ~3.035 -28.883 10. 302 1.00 35.70
: iTOVI 226 N ~ALA A 29 ~1.289 -24.615 21.098 1.00 38.78
/TTOM 227 CA ALA A 29 ~-0.875 -23.218 21.160 1.00 39.90
:TO\/I 228 C ALA A 29 0.650 -23. 096 21.014 1.00 45.54
:TO\/I 229 0 ALA A 29 1.139 -22.325 20. 188 1.00 47.21
XTO\/I 230 CB ALA A 2'9 ~1.353 -22.575 22.460 1.00 37.71
XTO\/I 231 N ILE A 30 1.397 -23. 860 21.809 i.oo 45. 46
4ZTOVI 232 CA ILE A 30 2.859 -23.828 21.732 1.00 45.69
XTO\/I 233 C ILE A 30 3.340 -24.250 20.337 1.00 51.05
:TO\/I 234 O ILE A 30 4.131 -23. 558 19. 697 1.00 53.45
XTO\/I 235 CB ILE A 30 3.508 -24.733 22.804 1.00- 45.45
:wa 236 OG ILE A 30 3.182 -24.228 24.211 1.00 46.94
XTO\/I 237 OX® ILE A 30 5.012 -24.816 22. 605 1.00 51.64
:TOVI 238 DL ILE A 30 3.496 -22.761 24.437 1.00 46.56
:TO\/I 239 N LEU A 31 2.847 -25.389 19. 868 1.00 49.30
ZTO\/I 240 CA LEU A 31 3. 188‘ -25.887 18.546 1.00 51.97
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ATOM 241 C- LEU A 31 3.024 -24.789 17. 50i - 1.00 55.25
;\:TO\/I 242- 0. LEU A 31 3.919 -24.543 . 16. 689 1.00 58.11 ‘
2\TO\/I 243 CB LEU A 31 2. 300 -27.086 18. 196 1.00 50.87
Z:TO\/I 244 CG LEU A 31 2.633 -27.802 16. 89; 1.00 53.86
Z:TO\/I 245 CD1 LEU A 31 3.997 -28.479 17 .002 1.00 53.57
Z:TO\/I 246 - CD2 LEU A 31 » 1.552 -28. 812 16. 541 1.00 53.40
Z:TO\/I 247 N HS A 32 1.865 -24 .139 17 .535 1.00 52.60
,';\ITO\/I 248 CA HS A 32 1.534 " -23. 028 16. 650 = 1.00 56. 03
ETO\/I 249 IC HS A 32 2.584 -21 .915 16. 792 1.00 56.91
Z:TO\/I 250 O HS A 32 3.056 -21.360 15. 800 1 QO 57. 85
‘2TO\/I 251 CB HS A 32 0 .136 -22.516 17.016 1.00 53.15
;\:TO\/I 252 CG HS A 32 -0.545 -21.731 15. 938 1.00 59.33
Z:TO\/I 253 ND1 HS A 32 --1.025 -20.454 16. 140 1.00 59.34
RITO\/I 254 - CcD2 HS A 32 -0.857 -22.051 ;14 .658 1.00 62.21
Z:TO\/I 255 CEl HS A 32 -1.590 -20.014 15. 029 1.00 ‘56. 20
Z:TO\/I 256 NE2 HS A 32 -1.501 - 20 . 964 i4 .114 1.00 63.21
,';\ITO\/I 257 N GuU A 33 2. 950> -21. 606 18.035 1.00 54.43
ZITO\/I 258 CA GU A 33 3.949 -20.580 18. 329 1.00 55.34
Z:TO\/I 259 C GU A 33 5.322 -20. 956 17.767 1.00 58.50
Z:TO\/I ' 260 . 0 &auU A 33 6.002 -20.128 17.158 1.00 57. é?
2\TO\/I - 2-61 CB GU A 33 4.038 -20.352 19. 839 1.00 54.98
Z:TO\/I 262 CG GU A 33 5.090 -19. 351  20.282 1.00 52.81
Z:TO\/I 263 CD GU A 33 5.094 -19. 153 21.786 1.00 53.52
;\:TO\/I 264 CEl lGLU A 33 5.323 -20.138 22.521 1.00 54.05
2\TO\/I 265 OF2 GU A 33 ‘ 4.869 -18 .012 22.240 1.00 52.87
2TO\/I ) 266 N LYS A 34 5.712 -22.213 17. 971 ’ 1.00 57.95
,';\ITO\/I 267 CA LYS A 34 | 6.956 -22.746 17.423 1.00 59.98
;\:TO\/I 268 C LYS A 34 7.040 -22.564 15. 908 1.00 61.96
Z:TO\/I 269 O LYS A 34 8.125 -22.392 15. 353 1.00 63.76
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ATOM 270 CB LYS A 34 7.107 -24.233 17769 1.00 58.57
,(A:TOVI 271 CG .LYS A 34 8.312 -24.889 17. 105 1.00 64.23
,(A:T(-]VI 272 CD LYS A 34 ‘ 8.291 26412 17.221 1.00 66,49
,(A:TOVI 273 CE LYS A 34 9.352 -27.042 16. 315 1.00 67.32
,(A:TOVI 274 NZ LYS A 34 9.274 -28.534 16.270 1.00 66.12
RITOM_ 275 N LYS A 35" 5.891 -22. 603 15.243 1.00 61.93
,’:TOVI 276 G LYS A 35 5841 -22.520 13.790 1.00 60.26
,(A:TOM 277 C LYS A 35 5.967 -21.084 13.286 1.00 61.88
,(A:TOVI 278 O LYS A 35 6.106 -20.851 12.086 1.00 63. 28
KTOM‘ 279 CB LYS A 35 4.539 -23. 137 13.287 1.00 61.91
,(A:TOVI 280 CG LYS A 35 4.479 -23.386 11.795 1.00 65.10
',(A:TGVI 281 CD LYS A 35 3.206 -24.133 11.449 1.00 66.63
,(A:TOM 282 CE LYS A 35 2.878 -25. 173 '12.524 1.00 66.79
(A:Tom 283 Nz Lys A 35 3.998 -26.131 12.772 1.00 67.01
QTOVI 284 N QYA 36 5.908 -20.125 14.204 1.00 61.73
RITOM 285 CA GY A ‘36 6.056 -18.722 13854 1.00 62.76
,(A:TOVI » 286 C QYA 36 4.758 -17.930 13.844 1.00 61.41
,(A:TOVI 287 O GLY A 36 4.731 -16.747 13. 479 1.00 60.53
2T0M 288 N ASP A 37 3.672 -18.574 14.253 1.00 59.63
,ZITOVI 289 CA ASP A 37 2.375 -17.916 14.231 1.00 56.51
,(A:TOVI 290 C ASP A 37 2.220 -16.999 15.437 1.00 54.20
,(A:TOVI 201 O ASP A 37 2.408 -17 .419  16. 576 1.00 55.12
2T0M 292 CB ASP A 37 1.252 -18.950 1i4.151 1.00 58.37
,(A:TOVI 203 CG ASP A 37 1.321 -19.774 12.878 1.00 62.78
,(A:TOVI 294 ODL ASP A 37 2.199 -19.479 12.032 1.00 64.75
2T0M 205 D2 ASP A 37 ©  0.510 -20.712 12.718 1.00 63.46
zTOM 296 N LYS A 38 1.902 -15.736 15. 178 1.00 49.95
,’:TOVI 207 CA LYS A 38 1.803 -14.753 16.245 1.00 47.72
gTom 208 C LYS A 38 0.400 -14.173 16.347 1.00 41.91
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ATOM 299 O LYSA 38  0.186 -13.133  16.959 1.00 45.45
&TOM 300 CB LYS A 38 . 2,842 -13.647 16.059 1.00 53.14
,ETOM 301 CG LYS A 38 4.278 -14.163 = 16.040 1.00 55.05
,ETOM 302 CD LYS A 38 5,264 -13.042 16.325 1 .00 57.30
,ETOM 303 CE LYS A 38 6.682 -13.571 16.445 1.00 59.98
,ETOM 304 NZ LYS A 38 7.643 -12.484  16.795 1.00 56.91
ZTOVI 305 N MET A 39 ~0.556 -14.864 15.747 1.00 41.93
ZTOVI 06 CA MET A 39 1,946 --14.440 15.803 0.66 41.24
~,ETOM 307 C MET A 39 ~2.768 -15.455 16.592 0.74 39.91
,ETOM 308 O MET A 39 -;2.489_ -16.656  16.556 1.00 39.24
2TOM 309 CB MET A 39 -2.506 -14.249 14.385 1.00 40.08
,ETOM 310 CG MET A 39 ~2.063 -12.946 13.710 1.00 43.42
,ETOM 311 SD MET A. 39 2,931 -12.665 12.149 0.53 44.40
iTOVI 312 CE MET A 39 -2.908 -10.878 12.068 0.80 45.34
,ETOM 313 N CYS A 40  ~3.760 -14.967 17.332 1.00 36.62
ZTOVI 314 CA CYS A 40 -4.649 -15,-845 18.089 1.00 34.95
,ETOM 315 C CYS A 40 | .5.444 -16.695 17.109 1.00 35.02
,ETOM -316 O CYS A 40 -6.008 -16.182 - 16.149 1.00 34.37
2TOM 317 CB CYS A 40 -5.589 -15.032 18.996 1.00 33.32
,ETOM 318 SG CYS A 40 -7.025 -15.916 19.715 1.00 30.59
iTOVI 319 N PROA 41 ~5.493 -18.008 17.345 1.00 37. 22
ZTOVI 320 CA PROA 41 -6.175 -18.878 16.376 1.00 36.05
,ETOM 321 C PROA 41 ~7.679 -18.622 16.323 1.00 35.38
,ETOM 322 O PROA 41 ~8.323 -19.057 15.381 1.00 35.44
: 2TOM 323 CB PROA 41 -5.925 -20.291 16.916 1.00 38.79
,ETOM 324 CG PROA 41 ~4.893 -20.158  17.999 1.00 40.0?
,ETOM 325 CD PROA 41 ~4,916 -18.745 18.484 1.00 35.53
,ETOM 326 N GY A 42 ~8.233 -17.970 17.341 1.00 34.46
ZTOVI 327 Ca QY a 42  _9.671 -17.780  17.405 1.00 33.75
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ATOM 328 C GY A 42 -10.153 -16. 408 16. 950 1.00 34.93
:TO\/I © 329 O ay A 42 - ~-11.202 -16.299 16. 333 1.00 33.81
XTO\/I 330 N - CYS A 43 -9.407 -15.357 17 275 1.00 1'33. 06
ZTO\/I 331 CA CYS A 43 -9.853 -13.998 16. 949 1. OO 34.01
:TO\/I 332 C CYs A 43 .. -8.862 -13.258 16. 029, 1. 00 34.94
Z:TO\/I 333 O CYS A 43 -9.170 - 12. 186 ‘ 15. 494 1.00 35.97
,CAJTO\/I v 334 CB CYS A 43 --10. 095 - lAf‘%.‘206 18. 245 1.00 33.44
:TO\/I 335 SG CYS A 43 -8.576 -12.552 18. 929 1.00 30.93
iTO\./I 336 N. SER A 44 -7.680 -13.846 15. 841 1.00 30.80
ZTO\/I 337 | CA SER A 44 - 6. 6‘23 -13. 280 N 15. 002 1.00 36.41
:Td\/l 338 C SER A 44 -5.887 -12.045 15.554 1.00 37.05
:TO\/I 339 O SER A 44 ’ -5.013 -11.510 14. 883 1.00 37.40
XTO\/I 340 CB SER A 44 -7.127 -13.006 13.573 1.00 37.78
:TO\/I 341 - OG SER A 44 -7.544 -14.209 12.934 .1.00 39.96
XTO\/I 342 N ASP A 45 -6.203 -11.597 16. 765 1.00 37.13
ZTO\/I 343 ' CA ASP A 45 -5.427 -10.504 17. 345 1 00 37.68
:TO\/I 344 C ASP A 45 - -3.971 -10.937 17. 469 1.00 41.55
:TO\/I 345 O ASP A 45 -3.686 -12.129 17.584 1.00 41.64
XTO\/I 346 CB ASP A 45 =~ -5.961 -10.095 18. %24 .1.00 37.82
:TO\/I 347 CG ASP A 45 -7.058 -9. 054 18. 644 1.00 42.00
;TO\/I 348 .CD1 ‘ASP A 45 -7.441 -8.675 17.518 1.00 42,27
XTO\/I 349 (OD2 ASP A 45 . -7.553 -8.620 19. 706 1.00 44.29
XTO\/I 350 N PRO A 46 -3.037 -9.973 17. 417 1.00 43.11
ZTO\/I 351 CA PRO A 46 - 1.637 -10.254 17.748 1.00 43.08
Z:TO\/I 352 C PRO A 46 © -1.517 -10.858 19. 140 1.00 38.17
:TO\/I 353 O PRO A 46 -2.247 -10.466 20. 039 . 1.0.0 39.81
,CAJTO\/I 354 CB PRO A 46 -0.995 -8.862 17. 727 1.00 43.77
:TO\/I 356 ¢ PRO A 46 -1.796 -8.119 16. 696 1.00 44.17
:TO\/I . 356 CD PRO A 46 -3.216 -8.610 16. 883 1.00 43.74
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ATOM 357 N VAL A 47 -0. 607 -11. 809 19.308 1.00 41.56
'I;]TO\/I 3-8 CA VAL A 47 - 0.352 - 12 .400 20. 614 1.00 | 40. 19
_ ZTO\/I 359 C VAL A 47 | 1.050 -12.033 21. 691 1.00 40. 92
ETO\/I 360 O VAL A 47 2.033 -12.319 20. 409 V 1.00 43.59
ZTO\/I 361 CB VAL A 47 -0.512 -13. 929 20.574 1.00 ‘40. 22
ETO\/I 362 C3 VAL A 47 -0.285 - 14 . 528 21.. 958 1.00 39.30
ZTOVI 363 C& VAL A 47 -1. 903 -14.292 20. 070 1.00 39.64
ZTO\/I 364 N GLN A 48 1.122 -11. é?8 22. 247 1.00 37.96
RITO\/I 365 CA CGNN A‘ 48 | 2.381 -10. 977 22. 867 1.00 39.29
ZTO\/I 366 C GN A 48 3.055 -12. 186  23.504 1.00 42.53
ZTO\/I 367 O GLN A 48 4.248 -12.396 23.333 1.00 44.80
2\TO\/I 368 CB GN A 48 2.147 -9. 900 23. 939 1.00 45.07
ZTO\/I 369 CG GN A 48 1.609 -8.561 23. 419 1.00 » 48. 20
ZTO\/I 370 CD GN A 48 1. 1‘03 -7.642 24.534 1.00 50.16
ZTO\/I 371 CEl GLN A 48 1. 450 -7.810 25. 708 1 00 56.66
2\TO\/I 372 NE2 GLN A 48 . 0.282 - 6.- 660 24. 165 1.00 52.21
,’;\ITO\/I 373 N ARG A 49 2.286 -12. 978  24.247 1.00 41.50
RITO\/I 374 CA ARG A 49 2.821 -14 .182 24.879 1.00 43.00
ZT(_]\/I 375 C ARG A 49 1.706 -15.163 25.231 1.00 39.26
ZTO\/I 376 O ARG A 49 0.530 -14.810 >25. 227 'v 1.00 36.89
2\TO\/I 377 CB ARG A 49 3.637 -13. 834 26. 135 1.00 42.27
ZTO\/I . 378 CG | ARG A 49 v 2.814 -13.280 | 27.287 1.00 42.54
ZTO\/I 379 CD ARG A 49 3.687 -12 .917 28.491  1.00 44.32
ZTO\/I 380 -NE ARG A 49 2.860 -12.525 29. 636 1.00 46.91
RITO\/I 381 CzZ ARG A 49 2.324 -11.319 29.779 1.00 48.55
ZTO\/I 382 NHL ARG A 49 ‘ 2.531 -10.389 2’8 .854 1.00 53.07
,’;\ITO\/I v 383 NH2 ARG A 49 1.579 -11. 041  30.836 1.00 50. F;O
VRITO\/I 384 N ILE A 50 2.085 -16. 399 25.526 1.00 40.07
,’;\ITO\/I 385 CA ILE A 50 1.111 -17 .414 25. 919 .1.00 39.68
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_ATOM 386 C ILE A 50 1.328 -17.833 27. 367 1.00 40.24
,ETOM 387 0 ILEA 50 2,439 -18.207 27.733 1.00 45. 42
gTC]Vl 388 CB ILE A 50 _ 1.204 - 18 7648 - 25.014 1.00 39.47
,CA:TC]Vl 389 CGl ILE A 50 1.021 -18.247 23.548 l; 00 40.35
,CA:TC]VI 390 CX ILE A 50 0.159 -19. 680 25.419 1.00 37.06
v 391 ooL LE A 50 © 1.412 -19. 333 22.574 1.00 40.23
E‘\:TC]Vl 392 N GU A 51 o 0.276 -17 .753 28.182 1.00 35.65
.ETC]Vl 393 CA GU A ' 51 _- 0.320 -18.170 '29. 582 1.00 40.35
E‘\:TC]Vl 394 C GuU A 5i . -0. 148 -19. 604 29.745 1.00 40. 32
,CA:TC]Vl 395 O GU A 51 -1.108 -20.025 29.107 1.00 34.76
gTC]Vl 396 CB GLU A 51 -0. 607 -17. 311 30. 433 1.00 41.50
ETC]Vl 397 CG GLU A 51 ) -0.241 -15.858 30. 549 1.00 46.13
,CA:TC]Vl 308 CD GLU A &51 -1.098 -15. 176 31. 590 1.00 46.41
gTC]Vl. 399 OEl GLU A &51 ~2.132 -15.767 31.994 1.00 44.73
zTC]Vl 400 OE2 LU A 51 -0.754 -14 .050 31.989 1.00 49.07 v
gTC]Vl 401 N GLN A 52 0.514 -20.353 30. 619 lr. 00 38.05
ZITC]Vl 402 CA GN A 52 0.064 -21.703 30. 910 1.00 36.62
E‘\:TC]Vl 403 C GLN A 52 - 0.926 -21.669 32.076 1.00 .39.43
ETC]Vl 404 O GLN A | 52 --0.708 -20. 979 33. 087 1.00 40. 34
zTC]VI 405 CB GN A 52 1.263 -22. 626 31. 180 1.00 41.16
,CA:TC]Vl 406 CG GLN A 52 0.879 -24 .071 31.374 1. OO 42. 97
E‘\:TC]Vl 407 CD{ GLN A 52 2.073 -24.942 31.746 1.00 47.68
E‘\:TC]Vl 408 OE1 GLN A 52 3.167 -24.783 31.201 1.00 46.85
gTC]Vl 409 ‘NE2 GLN A 52 1.864 -25.861 32.683 1.00 50.11
ETC]Vl 410 N CYS A 53 --2.032 -22.390 31. 926 1. 06 34. 22
ETC]Vl 411 CA CYS A 53 | -3. 144 -22.295 32. 859 1.00 35.35
ETC]Vl 412 C CYS A 53 -3.805 -23. 651 33. 018 1.00 38.22
f‘\:TC]Vl 413 O CYS A 53 --4.101 -24.328 32.027 1.00 36.28
0

“ ATOM 414 CB CYS A 53 -4.173 -21.294 32.325 1.00 38.17
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ATOM 415 SG OYS A 53 -3.497 -19. 649 32.029 1.00 46.52
iTO\/I 416 N THR A 54 . -4.022 -24.066 34.260 1.00 39. 16
ETO\/I 417 CA THR A 54 -4.683 -25.338 - 34.504 1.00 41.46
,E-\:TO\/I 418 C THR A 54 6. 176 -25. 129 34,378 1.00 43.34
,E-\:TO\/I 419 0 THR A 54 6. 672 -24.015 34.567 1.00 42.65
E\TO\/I 420 CB THR A 54 . -4.359 -25. 908 35.887 1.00 41.22
:TO\/I 421 OGL THR A 54 -4.948 -25. 068 36.886 1.00 46.40
,(‘-)\TO\/I 422 C® THR A 54 -2.847 -25. 961 36. 092 1.00 40.13
ETO\/I 423 N. ARG A 55 -6. 882 -26.211 34.065 1.00 46.70
ETO\/I 424 CA ARG A 55 -  -8.299 -26.153 33. 721 1.00 50.15
ATOM 425 C ARG A 55 -9. 124 -25.313  34.690 1.00 48.88
,E-\:TO\/I 426 0 ARG A 55 -9. 914 -24.464 34.269 1.00 52.41
STO\/I 427 CB ARG A 55 ~ -8.881 -27.569 33. 650 1.00 49.70
:TQM 428 CG ARG A 55 -7.838 -28.640 33. 435 1.00 50.03
ETO\/I 429 CD ARG A 55  .7.991 -29.788 34,421 1.00 53.70
ETO\/I 430 NE ARG A 55 -9.257 -30.497 34.252 1.00 57.51 _ v'
ZTO\/I 431 ' CZ ARG A 55 -9. 372 -31.720 33.747 1.00 55.27
,E-\:TO\/I 432 NHL ARG A 55 -8.294 -32.386 33. 356 1.00 53.16
ZTO\/I 433 NH2 ARG A 55 10,571 -32.282 33 641 1.00 56.78
ETO\/I 434 N GY A 56 -8.945 -25.545 35 985 1.00 47  20
ZTO\/I 435 . CA GY A 56 -9.822 -24.943 36. 980 1.00 45.88
:TO\/I 436 C QY A 56 . .9.436 -23.565 37.486 1.00 -42.61
:TOM 437 O GY A 56 ~10.011 -23. 067 38.450 1.00 46.54
XTO\/I 438 N SER A 57 -8.470 -22. 932 36.842 1.00 39.66
ZTO\/I 439 CA SER A 57 -8.030 -21. 622 37, 200 1.00 39,65
:TOM 440 C SER A 57 -8.649 -20. 458 36.511 1.00 39.69
:TOM 441 O SER A 57 -8.324 -19. 302 36.777 1.00 36.93
E\TO\/I 442 B SER A 57 _ -6.‘512 -21.521 37.201 1.00 40.98
,(A:TO\/I 443 0OG SER A 57 6,091 -21. 673 35.863 1.00 43.18
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ATOMV 444 N LEU A 58 -9.537 -20.749  35.566 1.00 36.57
ZTG\/I 445 CA LEU A 58 ~10.024 -19. 690 34.666 1.00 36.78
;:TG\/I 446 C LEU A 58 ~11.515 -19.368 34.813 1.00 36.43
;:TG\/I 447 0 LEU A 58 ~12.337 -20.241 35.136 1.00 33.28
ZTG\/I 448 ‘CB LEU A 58 -9. 660 -20.024 33.213 1.00 34.54
;:TG\/I 449 CG LEU A 58 -8.140 -19. 981 32.965 1.00 38.83
Z:TG\/I 450 CDL LEU A 58 -7.742 -20.499  31. 615 1.00 36.89
ETG\/I 451 CD2 LEU A 58 -7.583 -18.580 33. 178 1.00 38.56
XTOM 452 N PHE A 59 ~11.851 -18.099 34.588 1.00 30.19
ZTG\/I 453 CA PHE A 59 ~13.230 -17 .650 34.635 1.00 27.99
Z:TG\/I 454 C PHE A 59 ~13.549 -17.087 33.240 1.00 33.11
;:TG\/I 455 0 PHE A 59 ~13.038 -16.041 32.883 |'.00 31.87
XTG\/I 456 CB PHE A 59 ~13.396 -16.555 35.670 = 1.00 32.16
ETG\/I 457 CG PHE A 59 -13. 142 -17.018 37.082 1.00 32.53
‘ETOM | 458 DL PHE A 59 ~14.185 -17.456  37. 875 A1. 00 34.55
Z:TG\/I 459 a2 e A 59 ~11.855 -17.018 37.604 1.00 35.46
Z:TO\/I . 460 CEl PHE-A 59 ~13.959 -17.881  39.208 1.00 38.65
Z:TG\/I 461- CE2 PHE A 59 ~11. 614 -17.440 38.930 1.00 33.93
;:TG\/I 462 CZ PHE A 5. ~12.667 -17 .873 30.710  1.00 36.69
ATOM 463 N MET A 60 ~14 .378 -17.792 32 476 1.00 28.24
ZTG\/I 464 CA MET A 60 ~14.619 -17 .445 31.066 1.00 28.77
;:TG\/I 465 C MET A 60  -15.888 -16.504  30.926 1.00 29.09
Z:TG\/I 466 O MET A 60 ~16. 909 -16.850  31.569  1.00 27.92
XTG\/I 467 CB MET A 60 ~14 .725.-18.717  30. 199 1.00 30.69
;:TG\/I 468 CG MET A 60 ~15. 102 -18 .458 28.681 1.00 -27.68
' ETG\/I 469 SD MET A 60 ~15. 153 -19. 920 27.622 1.00 24.08
iTG\/I 470 CE MET A 60 -13. 406 520.162 27.342 - 1.00 33.15
;:TG\/I 471 "N CYS A 61 -15.816 -15.570 30.086 1.00 30.13
ZTG\/I 472 CA CYS A 61 ~16. 999 -14.778 29.780 1.00 29-30
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ATOM 473 C S A 61 -17.812 .-15.524  28.717  1.00 26.48
./STOM 474 0 C/S A 61 17.276 -15.876 a1 687 1. 00 27.76
2TOVI 475 CB CYS A 61  -16. 584 -13. 392 20.249  1.00 28.24
ETOVI 476 SG CYS A 61 ~18.035 -12 .420 28.853 1.00 28.26
iTOVI 477 N SER A 62 ~19. 085 -15.791  28. 975 1.00 26.86
L\\ITOVI . 478 CA SER A 62 _19. 893 -16. 494 27.982 1.00 31.16
/STOM 479 C  SER A 62 -20. 993 -15. 628 27.378  1.00 29.12
:TOVI 480 O SER A 62 21, 983 -16.i41  26.888  1.00. 30.07
gTOVI 481 CB SER A 62  -20.514 -17.756  28.575 1.00 31.22
/STOM 482 0OG SER A 62 -21.347 -17.439 29. 678 1.00 36.37
gTOVI 483 N ILE A 63 -20.838 -14.320 27.456 1.00 29.37
L\\ITOVI 484 CA ILE A 63 -21.866 -13.420  26. 949 1.00 27.31
/STOM 485 C ILE A 63 _21.860 -13.533  25.425  1.00 25.97
:TO\/I 486 0 ILE A 63 -20.803 -13.540 24.817 1.00 26.26
2TOVI 487 CB ILE A 63 21, 601 -11. 990 27.394 1.00 29.81
;:Td\/l 488 Cd ILE A 63 ~21. 991 -11.831 = 28.879 1.00 29.87
ETOVI 489 ©OX® ILE A 63 -22.374 -10.983. 26.516 1.00 28.87
/STOM 490 CD1 ILE A 63 -21.453 -10. 580 29. 496 1.00 33.99
/STOM 491 N VAL A 64  -23.053 -13. 646 24.846 1.00 25.62
/TTOM 492 CA VAL A 64 -23.255 -13.,779 23. 401 1.00 27.13
ETOVI 493 C VAL A 64 -23. 928 -12 .489 22.898 1.00 27.28
ETOVI 494 O VAL A 64 -25.052 -12.185 23.294 1.00 26.51
2TOVI 495 CB VAL A 64 ~24.182 -14 .963 23.088 1.00 25.78
ETOVI 496 C3 VAL A 64 _24.352 -15. 150 21.576 1.00 25. 68
ETOVI 497 O® VAL A 64 _23.647 -16.264  23.747  1.00 32.01
ETOVI 468 N QN A 65  -23.214 -11.717 22.082  1.00 28.06
/TTOM 499 cA AN-A 65 23,760 -10.487 21.517 1.00 2801
;\:TOVI 500 C G&N A 65 ~23.390 -10.383  20.050 1.00 28.25
/STOM 500 O GLN A 65 ~22.483 -11.072  19.588  1.00 26.46
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ATOM 502 CB GN A 65 -23.247  -9.266 22.265 1.00 31.43
ETGVI 503 - CG GN A 65 -23. 887 -9.035 23. 613 1.00 34.36
;TOM 504 c GN A 65 -23. 152 -8.008 24.430 1.00 33.33
ETO\A ' 505 COE1 GN A 65 -21. 928  -7.885 24.337 1.00 32.76
XTOM 506 NE2 GLN A 65 .  -23.896 -7.260 25.253 1.00 34.07
ETGVI 507 N QY A 66 -24.059 --9. 494 19. 322 1.00 29.44
ZTG\/I 508 CA GY A 66 -23. 68i -9.230  17. 945 1.00 26. 86‘
;TG\/I 509 C GY A 66 -22.366 -8.463 17.836 i.oo 25. 43
_ETGVI 510 O IGLY A 66 -21. 961 -7.740 18.750 1.00 28.16
XTGVI 511 N Cvs A 67 -21. 692 -8.625 16.702 1.00 27.03
ETGVI 512 CA CYS A 67 -20.429 -7.948 16.426 1.00 26.02
ETGVI 513 C CYS A 67 -20. 612 -6.441  16.213  1.00 28.23
;TG\/I 5144 O CYS A 67 -20. 018 -5. 631 16. 912 1.00 25.82
XTGVI 515 CB CYS A 67 -19.794 -._8.549 15.171  1.00 30.57
:TGVI 516 SG CYS A 67 -18. 247‘ -7.773 14.685 1.00 29.97
'iTG\/I 5172 N LYS A 68 -21.413  -6. 095 | 15.206  1.00 27. 96.
L\\ITGVI . 518 CA LYS A 68 -21.794 -4.705 14.901 1.00 28.07
ETGVI 519 C LYS A 68 . -20.683 -3.786 14.394 1.00 28.78
ETGVI 520 0 LYS A 68 . -20. 910 -2.584 14.293 1.00 30.23
XTGVI 521 CB LYS A 68 ~22.509 -4.053 16.088 1.00 27.80
ETGVI 522 CG LYS A 68 -23. 660 -4.893 16. 623 1.00 31.00
ETQM 523 CD LYS A 6‘8 . -24.513 -4.103 17: 586 1.00 32.54
ETGVI 524 CE LYS A 68 -25.516. -5.006 18.309 1.00 36.47
’ :lel 525 NZ LYS A 68 -26. 482 -4.203 19. 117 1.00 37.71
;‘TG\/I 526 N ARG A 69 19, 498 -4.322 14.096 1.00 27.32
;‘TG\/I 527 CA ARG A 69 ~18.454 -3, 527 13.445 1.00 26.84
ETG\/I 528 C ‘ARG A 69 -18.908 -3.233 12.020 1.00 25.54
ETW 529 O ARG A 69  -10. 608 -4.041 11.432 1.00 24.67
XTGVI 530 CB ARG A 69 -17.118 -4.275 13. 396 1.00 27.49
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ATOM 531 CG | ARG A .69 . -16.516 | -4.546 14. 794 1.00 27.95 .
(A:TC]\/I : 532 CD ARG A 69 -15. 050 -5.003 14. 645 1. (;0 31. 81 :
(A:TC]\/l " 533 NE ARG A 69 -14. 586 -5.745 .15.821 1.00 34.85
:TCM : 534 CZ ARG A‘ 69 -14 .100 -5.190 16. 930> .1. 00 37.73
(A:TC]\/l 535 NH1 ARG A 69 -14. 013 -3.873 ‘ . 17. 042» 1.00 33.68
ZTCM 536 NH2 ARG A 69 - 13. 699 -5.959 ‘1-7. 941 1.00 37.33
ZTCM 537 N THR A 70 - -18. 493 -2.082 11.. 488 1.00 25.54
ZTC]\/I v538 CA THR A 7.0 -18.948 -1.615 10. 169 1. 60 24. 97
(A:TC]\/l 539 C THR A 70 -17. 802 -1.500 9.193 1.00. 27.68
(A:TC]\/l 546 (0] THR A 70 - 16. 672 -1.191 . 9. 587 '1. 00 27.19
2TC]\/|_ 541 CB THR A 70. -19. 660 -0.236 10. 208 1.00 24.25
(A:TC]\/l 542 OG1L THR A 70 -18. 789 0.765 10. 747 1.00 28.64
gTC]\/l 543 C& THR A 70 ‘ -20. 927 -0. 305 | 11 060 1.00 27.10
:TCM : 544 N TYR A 11 -18.126 ° -1.688 7.909 1.00 27.34
ETC]\/I 545 CA TY-R A 71 -17.134 -1.679 ‘6. 855 .1. 00 28. 22
(A:TC]\/l . 546 C TYR A 71 -17 .659 -0.806 5.717 1.00 31. 88_
(A:TC]\/l 547.— (0] TYR A 71 -18. 871 -0.592 5. 623 1.00 28.57 |
2TC]\/I . 548 CB TYR A 71 -16. 785 -3.113 6.420° 1.00 30.27
(A:TC]\/l 549 CG TYR A 71 -16. 130 © -3.779 7.607 1.00 29.96
(A:TC]\/I 55'0 CD1L TYR A 71 -14 .777 -3.626 7.840 1.00 30.86
(A:TC]\/l 551 CD2 TYR A 71 -16. 897 -4.427 . 8.558 1‘. 00 31.39
(A:TC]\/I 552 CEl1 TYR .A 71 - 14‘. 176 -4.165 8. 977 1.00 33.06
(A:TC]\/l 553 CE2 TYR A 71 -16. 305 -4, 980 49. 719 ‘1. 00 3.1. 59
(A:TC]\/l 554 CZ TYR A 71- -14 .949 ~-4.844 9. 901 -1.00 30.89
(A:TC]\/l 5556 OH TYR A ‘71 -14 .343 -5.342 11. 032 | 1.00 33.17
2TC]\/| 556 N LEU A 72 -16. 744 —-O. 294 4. 897 71. 00 32.47
.ZTC]\/I 557 CA LEU A 72 -17.106 0. 651 3.828 1.00 34.44
(A:TC]\/I | 558 C LEU A- 72 -17. 426 -0. 059 2.520 1.00 34.37
_(A:TC]\/l 559 O LEU A 72 -17 . 977 0. 539 1.583 1.00 32.44
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ATOM - 560 CB LEU A 72 ~16. 008  1.707  3.648 1.00 33.04
:TC]VI 561 CG LEU A 72 ~15.725  2.532  4.910 1.00 37.77
:TC]VI 562 CDL LEU A 72 ~14.622  3.565 - 4.700 1.00 43.02
ETC]VI 563 CD2 LEU A 72 ~16.996  3.190  5.425 1.00 37.13
ZTOM 564 N SR A 73 - -17. 112 -1.351 2.460 1.00 31.48
,ID\\ITC]VI ' 565 CA SER A 73 ~17.438 -2.152  1.297 1.00 34.16
:TC]VI 566 C SER A 73 ~17.814  -3.555 1.727  1.00 36.21
:TC]VI 567 0 SR A 73 ~17 .384 -4.035  2.798 100 32.85
2TOM 568 CB SER A 73 ~16.244  -2.220  0.340 1.00 35.70
:TC]VI 569 OG SER A 73 -15.226  -3.083 0.845 1.00 35.50
2TC]VI 570 N GN A 74 -18.605 -4.217  0.889 1.00 32.46
L\\ITC]VI 571 CA GN A 74 --19. 006  -5.579 1.170  1.00 37.49
ZTC]VI 572 C GN A 74 -17.761 -6. 452  1.187 1.00 39.18
:TC]VI 573 O GN A 74 -17. 623 -7.344  2.028 1.00 35.24
2TC]VI 574 CB GN A 74 ~20.018 -6.066  0.144 100 38.66
:TC]VI 575 CG GN A 74 ~20.398 -7.513  0.315 1.00 39.76
:TC]VI 576 'CD GN A 74 ~21.084 -7.770 1.628  1.00 44.01
ETC]VI 577 CEL GN A 74 ~21.715 -6.873  2.202  1.00 44.47
ZTC]VI 578 NE2 GN A 74 ~20. 966 -9. 002  2.123 1.00 43.00
,’;\ITC]VI 579 N ARG A 75  -16.840 6. 175  0.269 1.00 35.46
L\\ITC]VI 580 CA ARG A 75 -15.565  -6.879 0.236 1.00 37.99
:TC]VI 581 C ARG A 75 ~14.797 .-6,793 1.567  1.00 36. 30
ETC]VI 582 O ARG A 75 ~14.220  -7.793 2.037 1.00 35.88
2TC]VI 583 CB ARG A 75 -14.702 -6. 345 -0.914 1.00 42.31
:TC]VI 584 CG ARG A 75 13.287 -6.886 -0.939  1.00 45.80
:TC]VI 585° CD ARG A 75 ~12.512  -6. 368 -2.155 1.00 47.25
:TOVI 586 NE ARG A 75 -13.005 -6. 943 -3.404  1.00 50.42
/TTOM 587 Cz ARG A 75 -12.604 -6.555 -4.614  1.00 50.59
ETC]VI 588 NHL ARG A 75 ~11.711 -5.582  -4.746  1.00 50.87
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ATOM 589 NH2 ARG A 75 -13.102  -7.132 -5 689 1.00 49.38
N : .

ATOM 500 N ASP A 76 -14.762  -5.605  2.164 1.00 33.72
,';\ITO\/I 591 CA ASP A 76 = -14.075 -5 439 3.444 100 33.53
ETOVI 592 C ASP A 76 . -14.810 -6.177 4566 1.00 33.79
Z:TO\/I 593 O ASP A 75 -14.180  -6.750 5.464 1.00 33.84
2TO\/I 594 CB ASP A 76 ~13.907- -3.961 3.796 1.00 34.76
Z:TO\/I 595 CG ASP A 76 ~12.816  -3.281 2.968 1.00 37.59
Z:TO\/I 596 ODL ASP A 76 12,127 © -3.980 2.190 1.00 37.52
2TO\/I' 597 2 ASP A 76 12656 -2.050 3.092  1.00 34.86
ZTO\/I 598 N LEU A 77 -16.136  -6.173 4.516 1.00 32.61
,';\ITO\/I 599 CA LEU A 77 -16.914  -6.920 5.507.-  1.00 32.90
ETO\/I 600 C LEU A 77 -16.631  -8.411 5.394 1.00 35.63
Z:TO\/I 601 -O LEU A 77 -16.482 -9.100  '6.411 1.00 29.68
2TO\/I 602 CB LEU A 77 ~18.406  -6. 662 5.343  1.00 33.65
ETO\/I 603 CG LEU A 77 ~10.378  -7.549 6.123 1.00 33.62
Z:TO\/I 604 CDL LEU A 77 -19.113 7,475 7.643 1.00 32.25
,(A:TOM' 605 CD2 _LEU A 77 -20.803 -7.133 5.798 .1.00 33.57
,ETO\/I 606 N GN A 78 -16.554  -8.915 4.159 1.00 33.82
,';\ITO\/I 607 CA GN A 78 ~16.246 -10.319 3.962 1.00 34.23
ETO\/I 608 C AN A 78 -14.838 -10.655 4.464 1.00 36.22
ETO\/! 609 O GN A 78 14630 -11.688 5.114  1.00 34.64
2TO\/I 610 CB GN A 78 -16.435 -10.738 2.495  1.00 37.69
ETO\/I 611 ce AN A 78 -16.346 -12.241 2.304  1.00-40.01
ETQM _eiz CD GN A 78 -17.376 -12.995 3.124 1.00 42.39
Z:TO\/I 613 CEL GN A 78 -18.573 -12.694 3.073 1.00 44.55
ETO\/I 614 N2 AN A 78 -16.917 -13.982 3.889 1.0D 43.06
/TTOM 615 N \AI;A A 79 - -13.875  -9.779 4.193  1.00 34.75
',;ITO\/I 616 CA ALA A 79 -12.520 -10.000 4.692 1.00 36.58
Z:TO\/I 617 C AA A 79 _12.480 -10.019 6.228 1.00 35.62
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ATOM _ 618 0 ALA A ‘79 ~11.756 -10.829 6.836 1.00 33. 94
zTOM 619 CB ALA A 7.9 ‘--11.565 -8.. 964 4.142  1.00 37.21
(A:TOM 620 N HS A 80 -13.262 -9.139 6.849 1.00 31.82
ZTC]\/I 621 CA HS A 80 -~13.408 -9.126  8.309 - i.oo 32.56
(A:TC]\/I | 622 C HS A 80 -13.974 -10.441 8.859 1.00 32.70
(A:TC]\/I 623 O HS A 80 --13.490 -10.966 9.870 1.00 33.75
XTOM 624 CB HIS A 80 -14.286  -7.940 8.748 1.00 29.-70
(A:TOM 625 CG HS A 80 -14.909 -8.112 10.100 1.00 >29. 10
ETOM 626 NDL HIS A 80 --14.187 -7.980 11.269 1.00 30.37
ZTC]\/I 627 CD2 HIS A 80 -16.176 -8.414 10.-472 1.00 28.07
b(A:TC]\/I ‘ 628. CE1 HIS‘A 80 © -14.987 -8.172 12.302 1.00 29‘. 59
(A:TOM 629 NE2 H'S A 80 ~16.197 -8.442 11.850 1.00 31 18
ZTC]\-/I 630 N ILE A 81 -15.012 -10.955 8.209 1.00 31.23
’ZTC]\/I 631 CA ILE A 81 -15.630 -12.215  8.598 1.00 32. 10.
(A:TC]\/I 632 C ILE A -81 —-14.624 -13.369 8.476 1.00 34.77
(A:TC]\/I 633 0 ILE A 81 —-14.532 -14.217 . 9.379 1.60 32.08
XTC]\/I 634 CB ILE A 81 - 16. 906 -W12.513 7.756 1.00 35.04
(A:TOM 635 CE ILE A 81  --17.989 -11.459 8.016 1.00 32.21
(A:TOM 636 C&® ILE A 81 --17. 446 -13.‘912 8.052 1.00 36.43
(A:TC]\/I 637 CDL ILE A 81 ~19.226 -11.632 7.119 1.00 36.21
ETC]\/Ib 638 N ASN A 82 -13.871 -13.404 7.372 1.00 34.-36
ZTTC]\/I 639 CA ASN A 82 - 12.858 -14.441 7.176 1.00 36.28
(A:TC]\/I 640 C  ASN A 82 | 11.737 -14.366 8.207 1.00 38.04
ETOM 641 0 ASN A 82 -11.144 -15.390 8.573 1.00 38.73
KTO\/I 642 CB ASN A 82 ~12.255 -14.375 5.761 1.00 38. 99
(A:TC]\/I 643 CG ASN A 82 -13.242 -14.775 4.684 1.00 41.72
(A:TC]\/I 644 ODL ASN A 82 ~14.334 -15.265 4.976 1.00 42.85
2TC]\/I 645 ND2 ASN A 82 --12.858 -14.575 3.420 1.00 45.66
ZTC]\/I | 646 N HIS A 83 ~11.460 -13.153 8.675 1.00 35.37
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ATOM 647 CA HS . n 83  -10.331 -12.875 9.554 1.00 34.29
,(O\:TQ\/I 648 C HSA 83 A-Alo, 701 -13.089 11.020 1.00 35.78
;\:TO\/I 649 0 HSA 83 9,883 -13.538 11.818 1,00 35 91
2T0M 650 CB HIS A 83 .9.873 -11.426  9.329 1.00 35.58
fTOM 651 CG HS A 83 -8.599 -11.059 10.028 1.00 39.32
,(O\:TO\/I 652 NDL HIS A 83 .  -7.400 -11. 692  9.779 1.00 41.42
ZTOM 653 CD2 H'S A 83 -8.333 -10.101 10. 949 1.00 38.45
,(O\:TO\/I 654 CEl HIS A 83 .6.454 -11.149 10.525 1.00 39.51
,(A:TOM_ 655 NE2 H'S A 83 6. 994 -10. 181 11.243 1.00 39.21
,I:TOM 656 N ARG A 84 -11. 945 -12.778 11.364 1.00 .32.69
ETO\/I 657 . CA ARG A 84 ~12.347 -12.706 12.753 - 1.00 31.89
,(B\:TO\/I 658 C ARG A 84 -13.289 -13. 803 13.232 1.00 32.14
,(O\:TO\/I 659 O ARG A »84v ~13.349 -14.071 14.455 1.00 32.10
2TO_M 660 CB ARG A 84 ~13.025 -11.353 13.033 1.00 34.34
,(O\:TO\/I 661 CG ARG A 84  -12.160 -10.131 12.762 1.00 31.51
,(O\:TO\/I 662 CD ARG A 84 ~10.873 -10.141 13.567 1.00 36.82
,(O\:TO\/I 663 NE ARG A 84 ~10.141 -8.888 13.373 1.00 40.30
ETO\/I 664 CZ ARG A 84 -9.047 -8.548 14.039 1.00 42.06
,(O\:TO\/I 665 NHL ARG A 84 -8.549 -9. 367 14.960 1.00 41.45
,I:TOM 666 NH2 ARG A 84 -8.454 - -7.389 13.784  1.00 42. 29
ZTOM 667 N HS A 85 ~14 .056 -14.411 12.323 1.00 29.73
',I:TOM 668 CA HS A 85 ~15.210 -15.197 12.768 1.00 31.97
,(O\:TO\/I 669 C -HIS A 85 ~15. 194 -16. 676 12.427 1.00 31.51
,(O\:TO\/I 670 O HS A 85 ~16. 056 -17.417 12.874 1.00 31.76
,(A)TOM 671 CB HIS A 85  -16 530 -14.605 12.261 1.00 28.59
;\:TO\/I 672 CG HS A 85 ~16. 862 -13.274 12.853 1.00 29.77
;\:TO\/I 673 NDL HS A 85 217,219 -13. 115 14.176 1.00 29.35
:TO\/I 674 CD2 HIS A 85 ~16.894 -12.036 12-300 1.00 29.31
,(B\:TO\/I 675 CEL HIS A 85  -17.457 -11.836 14.412 1.00 31.55
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ATOM 676 NE2 HS A 85 ~17.269 -11. 164 13.289 1.00 30.35
NOv 677 N WET A 86 ~14.230 -17.107 11, 632 1.00 32.79
ETOM 678 CA MET A 86 - 14 ‘. 327 -18'. 442 11.056 1.00 34.18
Aw 679 C MET A 86 ~13.955 -19. 533 12.047 1.00 33.62
AToM 680 0 MET A 86 ~14.366 -20. 680 11. 907 1.00 35.47
ATOM 681 CB MET A g6 ~13. 499 -18.510 . 9.770 1.00 36.54
Aou 682 CG MET A 86 ~13.969 -17.458  8.747 1.00 37.71
MM 683 SD MET A . 86 15 698 -17.715  8.289 1.00 40.08
AN 6 CE MET A g6 -16. 610 -16.883  5.591 1.00 45.05
Aol 635 N ARG A o7 ~13.195 -19. 170 13.067 1.00 34,82
ATQM 686 CA ARG A 87 ~12.837 -20. 137 14.001 1.00 33.59
AN 657 C ARG A a7 ~13.287 -19. 665 15.461 1.00 36.52
ATV ess 0 ARG A 87 ~12.706 -20.050 16.477 1.00 34.66
AN 689 CB ARG A 87 ~11.333 -20.368. 14.096 1.00 34.57
AN 690 G ARG A o7  ~10.834 -21.136 12.882 1.00 35.24
ATM ool GD ARG'A 87 -9.326 -21.355 12.967 1.00 40.27
MM s NE ARG A 87 -8.580 -20. 103 12.822 1.00 41.91
Nov 63 Cz ARG A 87 -8.294 -10. 523 11. 656 1.00 44.35
ATOM 694 NHL ARG A 87 -8.688 -20.070 10.504 1.00 44.24
NN 695 NB ARG A 87 ©7.617 -18.385 11. 640 1.00 42.72
ATOM 695 N ALA A 86 -10.330 18 843 15496 1.00 3266
MO 697 A ALA A 85 ~14.786 -18.284 16. 761 1.00 34.53
aov oo C AAA 88 ~1.. 095 -18.899 17.235 1.00 36.39
e T ~16.788 -18.325 1:.068 1.00 35.80
ATV 700 CB ALA A 8 ~14.915 -16.747 16. 649 1.00 33.57
ATOM 701 N GY A 89 -16.446 -20.058 16 691 1.00 35 10
Nov 702 A v a 8o 17.614 -20.780 17.152 1.00 36.38
aov 703 C av A 89 ~18.794 -20. 635 16.215 1.00 38.93
ATOM 704 O GY A 89 ~10.808 -19.746 15.370 1.00 37.16



WO 2013/100855 PCT/SG2012/000487

65
ATOM 705 N LYS A 90 -19.769 -21.528 16.361 1.00 36.16
’;\ITG\/I 706 CA LYS A 90 -20.985 -21.508 15.560 1‘. 00 38.69
. ETO\/L 707 C LYS A 90 -21.741 -20.192 15.756 1.00 37.65
XTG\/I 708 - O LYS A QO -22.085 -19.820 16.894 1.00 36.61
,(A\DTG\/I 709 CB LYS A 90 -21.863 -22.688 15.971. 1.00 38.06
,(A\:TG\/I 710 CG LYS A 90 -23.152 -22.821 15.206 1.00 36.86
XTG\/I 711 CD LYS A 90 -22.874 -23.074 13.743 1.00 40.04
,(A\:TG\)I 712 CE LYS A 90 -24.159 -23.133 12.967 1.00 44.‘28
. ;\:TG\/I . 713 NZ LYS A 90 -24.880 -24.400 13.273 1.00 49.46
’;\ITG\/I 714 N PRO A 91 -21.967 -19.449 14.662 1.00 36.52
’;\ITG\/I 715 CA PRO A 91 -22.789 -18. 244 14.795 1. Od .34. 92
;\:TG\/I 716 C PRO A 91 -24.216 -18.595 15.217 1.00 34.80
XTG\/I 717 O PRO A 91 -24.795 -19.550 14.697 .1. 00 35.15
,(‘\?TG\/I 718 CB PRO A 91 —-22.779 -17.652 "~ 13.380 1.00 38.19
,(A\:TG\/I 719 CG PROA 91 -21.548 -18.207 12.742 1.00 38.19
,(A\:TG\/I 720 CD PRO A 91 -21. 419 -19.598 13.297 1.00 38.17
,(A\:TG\/I 721 N VAL A 92 -24.761 -17.838 16.166 1. 00 35.09
’;\ITG\/I 722 CA VAL A 92 -26.127 -18.024 16. 626 1.00 31.59
,(A\:TG\/I 723 C VAL A 92 -27.108 -17.395 15.633 1.00 37.41
;\:TG\/I 724 O VAL A 92 -27.016 -16.201 15.330 1.00 34.69
,(‘\?TG\/I 725 CB VAL A 092 -26.321 -17.373 18.000 1.00 31.23
,(A\:TG\/I 726 C4A VAL A 92 -27.714 -17.667 18.552 1.00 31.95
,(A\:TG\/I 727 C& VAL A 92 -25.235 -17.869 18.953 1.00 30.42
,(A\:TG\/I 728 N THR A B 93 -28.045 -18. 193 15.132 1.00 36.04
’;\ITG\/I 729 CA THR A 93 —29. 046 -17.681 14.191 1.00 37.77
,(A\:TG\/I 730 C THR A 93 -30.426 -18.252 14.499 1.00 42.83
XTG\/I 731 O THR A 93 -30.552 -19.304 15.134 1.00 40.93
,(‘\?TG\/I 732 CB THR A 93 -.28.690 -18.051 12.742 1.00 40.67
C

ATOM - 733 O0d THR A 93 -28.707 -19.,478 12.599 1.00 40.63
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v ATOM 734 0@ THR A 93  _27.318 217.523  12.375  1.00 36,17
,(A:TO\/I 735 N ARG A 94 -31. 467 -17 .565 14.-043 1.00 42.61
ZTO\/I 736 CA . ARG A 94 _32.813 -18 .074 14.233 1.00 4'6.84
XTO\/I . 737 C ARG A .94 -32.887 -19. 463 13. 605 1.00 48.40
;TOM 738 O ARG A 94 -33. 514 -20. 365 14.157 1? 00 53.23
2‘TCM 739 CB ARG A 94 33.852 -17.140 13.604 1.00 48.48
,(A:TO\/I 740 CG ARG A 94 -35.198 -17 :137 14.313 1.00 48.83
XTO\/I 741 CD ARG A 94 -35.166 -16.283  15.589  1.00 48.63
,(A:TO\/I 742 -NE ARG A 94 -34.982 -14.858 15.291 1.00 50.73
;‘TO\/I 743 CZ ARG A 94 -35. 102 -13.888  16. 193 1.00 45.7.6
;TO\/I 744 NHL ARG A 94 . -35.410 -14.199 17.451 1.00 46.43
;‘TO\/I 745 N2 ARG A 94 -34.913 -12. 609 15.843 1.00 46.44
;‘TO\/I 746 N ALA A 95 ~32.226 -19. 628 12.460 1.00 46.13
ZTO\/I 747 CA ALA A 95 -32.143 -20. 916 11.792 1.00 51.36
,(A:TO\/I 748 C ALA A 95 -31. 590. 222,006  12. 698 1.00 54.42
XTO\/I 749 0 ALA A 95 -30. 629 -22.701  12.355 1.00 56.30
2TC1\/I 750 N SER A 96 -32.205 -22. 148 13.865 1.00 55.84
ZTO\/I 751 CA SER A 96 -31.807 -23. 140 14.851 1..00 55. 27
,(A:TO\/I 752 C SER A 96 -32.813 -23. 162 15. 994 1.00 52.69
XTO\/I 753 O SER A 96 -32.822 -22.265 16.835 1.00 56.07
,STO\/I 754 CB SER A 96 ~30.403 -22.840 15.382 1.00 48.36
XTO\/I 755 OG SER A 96 -29.753 -24.044 15.750 1.00 49.69
o .
TER 756 SER A 96 .
HETATM 757 2N ZN A 102 -17.863 -9.174 12.859 1.00 29.08
fﬂ’;‘TATM 758 2N ZN A 103 4.598 -20. 683 20. 918 1.00 32.14
ﬁI’;‘TATM 759 2N ZN A .104 -8.028 -14.076 20. 646 1.00 30.65
fﬂ’;lTATM 760 O HOH A 105 -19.233 2. 894 1.594 1.00 35.38
Ic-i)ETATM 761 O HOH A 106 -14.073 -0.850 5.272  1.00 >32. 56
Ic-i)ETATM 762 O HOH A 107 -21. 695 -0.549 15 633 1.00 34.73
h HOH A 108 -6.561 -16.739  13.292 1.00 39.36

HETATM 763 O
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HETATM 764 O HOH A 109 ~11. 651 -5.706  6.282 1.00 38.91
OHErAfM 765 O HOH A 110 4.861 -17.203 25.097 1.00 43.19
aErATM 766 O  HOH A 111 ~2.432 -29. 387 25.840 1.00 40.53
OHEr_A_TM - 767 O HOH A 112 -3. 818 ~11.998 21. 940 1.00 39.04
aEI'ATM 768 O HOH A 113 -6.220 -8.046 21.791 1.00 42.88
OHEI'ATM 769 O HOH A 114  -13. 950 —13.159 16. 933 1.00 38.40
gEI'ATM 770 O HOH A 115 - -11.466 -16. 154 11.230 1.00 36.25
gEI'ATM 771 0 HOH A 116 ~22.491 -5 588 20.179 1.00 35.34 .
OHEI'ATM 772 0 HOH A 117 ~19. 672 -7.568 22. 670 1.00 40.74
OHEI'ATM 773 O HOH A 118 -24 545 -16. 383 27.799 1.00 35.98
OHEI'ATM 774 O HOH A 119 = -13. 658 -3.558 19. 920 1.00 40.14
OHEI'ATM 775 O HOM A 120  © -20.047 —11.751 22.752  1.00 33.58
gEI'ATM 776 O HOH A 121 ~25.322 -2.448 20.859 1.00 41:05
aErATM 777 O HOH A 122 - 3.604 --28.435 21.581 | 1.00 44.70
OHEI'ATM 778 O HOH A 123 -17.357 -5.034 -2.201 1.00 38.85
OHEI'ATM 779 O HOH A 124 ~30.326 ~15.110 12.762 1.00 44.36
‘ aEI'ATM 780 O HOH A 125 -25.462 -7.548 20. 543 1.00 33.55
gEI'ATM ‘781 O HOH-A 126 1,422 -11.998 32.919 1.00 49.51
gEI'ATM 782 O HOH A 127 .13.187 -2.381 -0. 702 1.00 47.92
gEI'ATM 783 O HOH A 128 ~17.813 ~10.489 12.355 1.00 44.34
(I-DIEI'ATM 784 O HOH A 129 ~27. 996 -21.031 15. 769 1.00 43.87
gEI'ATM 785 O ~ HOH A 130 -3.768 -7.837 20. 660 1.00 44.02
(I-)IEI'ATM 786 O HOH A 131 ~15.959 -22.030 14.409 1.00 43.41
gl:_l'ATM 787 O HOH A 132 .28.328. -5 658 20.252. 1.00 39.22
gEI'ATM 788 O HOH A 133 -9.368 -11.836  5.463 1.00 43.91
gEI'ATM 789 O HOH A 134 -3.490 -30.798 27. 911 1.00 40.68
gEI'AT\ 790 O HOH A 135 ~13. 174 -9. 921  0.765 1.00 43.43
gEI'ATM 791 O HOH A 136 0.594 —17.772 19. 073 1.00 50.26
gEI'ATM 792 O HOH A 137 -19. 675 -8.839 20.259 1.00 39.57
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HETATM 793 0 HOH A 138 -19. 846 -11.458 20. 172 0.50 36.25
OHETATM 794 0  HOH A 139 -9. 988 -12.893 3.009 1.00 44.74
(I-)IETATM 795 0  HOH A 140 18 158 -10.035 22, 941 1.00 43.75
OHETATM 796 0  HOM A 141 -10.707 -32.328 29. 653 1.00 43.83
aETATM 797 0  HOH A 142 -30.476 -6.061 21.420 1.00 42. 97
OHETATM 798 0  HOH A 143 0. 652 -19. 968 19.205 1.00 50.89
OHETATM 799 0 HOH A 144 -24.044 -7.312 3.837 - 1.00 50.44
aETATM 800 0 HOH A 145 -15.706 -7. 177 -6. 05’5 1.00 48.03
(I-)IETATM 801 0 HO-I. A 146 .. 644 -5 974  4.279 1.00 48.97
'OHETATM 802 0 HOH A 147 -19.804 -18 .159' 31.771  1.00 46.13
OHETATM 803 0 HOH A 148 ~10.861 -26. 936 20. 920 1.00 39. 93
aETATM 804 0 HOH A 149 ~17.926 -6. 975 -3. 948 1.00 46. 61
OHETATM 805 0 HOH A 150 ~ -31.814 -17.618 10.743 1.00 49.52
OHETATM 806 0 HOH A 151 ~10.783 -8,505  0.322 1.00 49.93
OHETATM 807 O HOH A 152 -20.303 -14.779 31.506 1.00 37.14
(I-)IETATM 808 Q HOH A 153 0.567 -30. 943 28.221 1.00 49.73
(I-)IETATM 800 O HOH A 154 -22.603  -16.784 | 9.031 1.00 55.70
(I-)IETATM 810 O HOH A 155 ~21.112 -20.013  19. 169 1.00 40.60
(I-)IETATM 811 O HOH A 156 ~15.593 -22. 142  9.967 1.00 48.31
(I-)IETATM 812 O HOH A 157 . -24.211 -15.828 -10.933 1.00 47.89
(I-)IETATM 813 O  HOH A 158 ~10.633 -2, 972  0.221 1.00 48.48
(I-)IETATM 814 O HOH A 159 15655 -30.288 33. 333 1.00 44.20
(I-)IETATM 815 O HOH A 160 -25.743 . -9.294  2.182 1.00 52.85
(I-)IETATM 816 O HOH A 161 -23.286  0.569 17.469 1.00 44.29
(I-)IETATM 817 O HOH A 162 3.808 -20.595 28.087 1.00 47.57
(I-)IETATM 818 O HOH A 163 ~16. 164 -27.997 23. 919 0.50 51.28
(I-)IETATM 819 O HOH A 164 -20.017 -17.238  8.965 1.00 52.69
(I-)IETATM‘ 820. O HOH A 165 1.569 -13.803 31.336 1.00 53.12 -
(I-)IETATM 821 O HOH A 166 ~14.149 -8.523 71‘5. 634 1.00 37.46
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HETATM 822 O HOH A 167 -27-. 104 -25.440 13. 010 1.00 48.06
?—EI’ATM 823 O HOH A 168 5 717 -19.488 25.848 1.00 52.04
I?EI'ATM 824 O HOH A 169 - 0.236 -9.773 33. 989 1.00 65.32
' gErATM 825 O HOH A 170 --24.901 -14.986 13.780 1.00 28.09
I?EI'ATM 826 O HOH A 171 11 .685 -16. 732 13. 707 1.00 34.19
Ck)n:—rATM 827 O . HH A 172 -7.651 -26. 089 21.388 1.00 34.03
OHEI'ATM 828 O HOH A 173 -28.432 -14 .172 14.244 1.00 32.48
EErATM 829 O HOH A 174 —-14.063 -12.438 21. 639 1.00 33.49
0 :

CONECT 34 758
CONECT 57 758

CONECT 156 759

CONECT 172 759

CONECT 199 758

CONECT 225 758

CONECT 318 759

CONECT 335 759

CONECT 516 757

CONECT 629 757

CONECT 676 757

CONECT 757 - 516 629 676

CONECT 758 34 57 199 225

CONECT 759 156 172 318 335

MASTER 326 0 3 3 3 0 3 6 828 1 14 8
END '
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CLAIMS

*1. A drug screening method comprising:
a)contacting an isolated polypeptide with a compound wherein the
polypeptide comprises or consists of the following phosphotyrosine-
binding domain:
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLEN
VH (a.a. 159-206) SEQ ID NO:1 or a sequence at least 31%
homologous thereto wherein the following amino acids are conserved
C166, C172, H185, and H190;
b)determining whether binding occurs between the polypeptide and the
compound; and )
c)where said binding occurs concluding said compound may be useful

in preventing the degradation of proteins that bind with said

polypeptide.

2.The method ‘ac‘cording to claim. 1 wherein the phosphotyrosine-binding
domain is characterised by sequence structure:
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH

(a.a. 159-206) SEQ ID NO:1 or a sequence at least 76% homologous

thereto.

3. The method according to claim 1 wherein the polypeptide is characterised
by sequence structure: '
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQRIEQ
CTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH

(a.a. 106-206) SEQ ID NO: 2 or a sequence at least 23 % homologous
thereto wherein the following amino acids are conserved C109, Cc112, C125,

H127, C130, C133, C145 C148, C166, C172, H185, and H190.
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4. The method according to claim 1 wherein' the polypeptide is characterised
by sequence structure: | ' v
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQRIEQ
CTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH

(a.a. 106-206) SEQ ID NO: 2 or a sequence at least 71% homologous

thereto.

5. The méthod according to claim 1 wherein said ponpeptidé comprises a
phosphotyrosine-binding domain  characterised by two of_ the following
sequence structures: |
TRGSLFMCSIYVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH

: (a.a. 159-206) SEQ ID NO:1 ora sequénce at least 31% homologous thereto
where the following amino acids are conserved C166, C172, H185, and H190,

arranged as a dimer.

6. The method‘according'; claim 1 wherein said polypeptide comprises a
phosphotyrosine-binding domain characterised by two of the following
sequence structures: _
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH

(a.a. 159-206) SEQ ID NO:1 or a sequence at least 76% homologous thereto,

arranged as a dimer.

7. The method according claim 1 wherein said polypeptide is characterised by
two of the following sequence structures:
VHFCDKCGLPIKIYGRMlPCKHVFCYDCAILHEKKGDKMCPGCSDPVQRIEQ
CTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH

(a.a. 106-206) SEQ ID NO: 2 or a sequence at least 23% homologous thereto
where the following amino acids are conserved C109, C112, C125, H127,
C130, C133, C145 C148, C166, C172, H185, and H190, arranged as a dimer.

8. The method according claim 1 wherein said polypeptide is characterised by

two of the following sequence structures:
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VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDK»MCPGCSDPVQRIEQ
CTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLENVH
(a.a. 106-206) SEQ ID NO: 2 or a sequence at least 71% homologous

thereto, arranged as a dimer.

9. The method according to any one of claims 5-8 wherein said dimer is an

anti-parallel dimer.

10. The method aCCording to any preceding claim wherein said polypeptide is

a ubiquitin 3 ligase or a fragment thereof.

11. The method according to any preceding claim wherein said polypeptide is
selected from the group comprising Hakai, ZNF645, Ligand-of-Numb protein

X1 and Ligand-of-Numb protein X2, or a fragment thereof.

12. The method according to any preceding claim wherein said polypéptide’

‘binds E-cadherin or DOK1 or cortacin.

13. The method according to any preceding claim wherein said polypeptide

protein has the following conserved target binding residues H127 and H185.

14. The method according to claim 14 wherein the polypeptide further has the

following conserved target binding residues R189 and/or Y 176.

15. The method according to any preceding claim wherein, under part c),
where said binding occurs concluding said compound may be useful in

preventing cell migration or metastasis or invasion or cancer.

16. The method according to any one of claims 1, 3, 5 or 7 wherein said -
sequence homology is 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%,
33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44% or 45%.
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~17. The method according to any one of claims 2, 4, 6 or 8 wherein said
sequehc‘e homology is 71%, 72%, 73%, 74%, 75%, 76%,’77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,.89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%,.98% or 99%.

18. The method according to any preceding claim wherein said binding under

part c) may be determined either in vitro, in vivo or in silico.

19. An isolated polypeptide selected from the group comprising:

- )TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLEN
VH (a.a. 159-206) SEQ ID NO:1 or a sequence ét Ieast 31%
homologous thereto wherein the following amino acids are conserved
C166, C172, H185, and H190;
ii)TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLE
NVH (a.a. 159-206) SEQ ID NO:1 or a sequence at least 76%
homologous thereto;
il)VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDP
VOQRIEQCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPV
TRASLENVH SEQ ID NO: 2 (a.a. 106-206) or a sequence at least 23
% homologous thereto wherein the following amino acids are
conserved C109, C112, C125, H127, C130, C133, C145 €148, C166,
C172, H185, and H190;
iv)VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDP
VOQRIEQCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPV
TRASLENVH SEQ ID NO: 2 (a.a. 106-206) or a sequence at least
71% homologous thereto; '
v)two of the following sequence structures: v
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLEN '
VH (a.a. 159-206) SEQ ID NO:1 or a sequence at least 31%
homologous thereto where the following amino acids are conserved
C166, Cl72.,_ H185, and H190, arranged as a dimer, ideally an anti-

parallel dimer;
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vi)two of the following sequence structures:
TRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVTRASLEN
VH (a.a. 159-206) SEQ ID NO:1 or a sequence at least 76%
homologous thereto arranged as a dimer, ideally an anti-parallel dimer;
vii)two of the following sequence structures:
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPV
QRIEQCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVT
RASLENVH (a.a. 106-206) SEQ D NO:2 or a sequence at least. 23%
| homologous thereto where the following amino acids are conserved
C109, Ci12, C125, H127, C130, C133, Cl145 C148, Cl66, C172,
H185, and H190, arranged as a dimer, ideally an anti-parallel dimer;
viii)two of the following sequence structures: _
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGCSDPV
QRIEQCTRGSLFMCSIVQGCKRTYLSQRDLQAHINHRHMRAGKPVT
RASLENVH SEQ ID NO: 2 (a.a. 106;206) SEQ ID NO:2 or a sequence
at least 71% homologous thereto arranged as a dimer, ideally an anti-
parallel dimer;

. ix)an isolated polypeptide according to i), ii), v) and vi) in combination
With a RING domain characterized by sequence structure: . |
VHFCDKCGLPIKIYGRMIPCKHVFCYDCAILHEKKGDKMCPGC ﬂ (a.a.
106-148) SEQ ID NO:3; | &
x)IHFCDKCDLPIKIYGRIIPCKHAFCYHCANLYDKVGYKVCPRCRYPV
LRIEAHKRGSVFMCSIVQQCKRTYLSQKSLQAHIKRRHKRARKQVTS |
ASLEKVR (a.a. 54-154 ZNF645) SEQ ID NO:4 or a sequence at least

- 71% homologous thereto wherein, when aligned with Hakai a.a. 106-
206, the following amino acids are conserved C109, C112, C125,
H127, C130, C133, C145 C148, C166, C172, H185, and H190;

Xi) DLVCHICLLQPLLQPLDTPCGHTFCYKCLRNFLQEKDFCPLDRKRL
HFKLCKKSSILVHKLLDKLLVLCPFSSVCKDVMQRCDLEAHLKNRCP
GASHRRVALERRKTS (a.a. 47-153 LNX2) or a sequence at least
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25% homologous thereto wherein, when aligned with Hakai a.a. 106-
1206, the following amino acids are conserved C109, C112,'Cv125,
H127, C130,}C133, C145 C148, C166, C172, H185, and H190; and
xiijDLICHICLQA'LLDPLDTPCGHTYCTLCLTNFLVEKDFCPMDRKPLV
LQHCKKSSILVNKLLNKLLVTCPFREHCT-
QVLQRCDLEHHFQTSCKGASHYGLTKDRKRRS (a.a. 38-144 LNX1)
or a sequence at least 23% homologous ' thereto wherein, when
aligned with bHakai a.a. 106-206, the following amino acids are
conserved C109, c112, C125, H127, C130, C133, C145 €148, C166,
C172, H185, and H190.

20. Use of Methotraxate Hydrate, or a derlvatlve or salt thereof, to treat a
disease characterlsed by migration or metastasis or invasion or a lack of cell-

cell adhesion.

21. Use of Methotraxate Hydrate, or a derivative or salt thereof, in the
manufacture of a medicament to treat a disease characterised by migration or

metastasis or invasion or a lack of cell-cell adhesion.

22. The Use according to claim 20 or 21 wherein said disease is cancer,

dysplasia or hyperplasia.

23. A crystal form of the isolated polypeptide according to claim 19 wherein
said crystal is characterised by the co-ordinates and structure factors

described in Table 3.
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~ Figure 1

Experimentally determined
minimum binding sequence

. MRIGGERH ISR Fieea c 2 et




WO 2013/100855

Figure 2

“H(p.p.m.)

Wy

£
s
ge
x
El

&
@
3

1

w, p.m.
w, - SN: 108,802 (p.p.m.)

c

WT Hakai (FLAG) -

+V-srce
+ = o+
- +

WT Hakai (HA) -
7%

wé:anﬁ-HA -
{Hakal) ﬁ
WB: antl-FLAG F g
(Hakai) ’@ “
WB: anti-HA o com S
{Hakai) m m
WB: anti-FLAG - =
(Hakal) -
WB: anti-p-actin 431 il i

1 2 3 4 5

w.
g4 = PN 91

A76N-163HA-176HN

i P
U] 8.561 {p.p.m.)

w H {p.p.m.)

IP: anti-FLAG
{Hakal)

wCL

D

C166A

\
ZN

/

H185A

2/9

PCT/SG2012/000487

B
mAU
kDa 67‘0 15|8
20
1.5
1.0
05
0.0
o ]
$0.0 60.0 70.0 80.0 90.0
Elution volume (ml)
E +V-87C
g yF &
FIES
Hakal (FLAG) = - - $ O O T T
E-cadherin - - # + o+ o+
1?0 130 .
CAT2A WB: anti-E-cadherin @
WB: antl-FLAG
\ (Hakai)
H190A

130
WB: anti-E-cadherin

WB: anti-FLAG
(Hakali)

43

WB: anti-p-actin

IP: antl-FLAG
{Hakal)

weL



WO 2013/100855 PCT/SG2012/000487

3/9

Figure 3
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Figure 5
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Figure 6

A Hakai 127 HVFCYDCAILHERKGDKMCPGCSDPVQRIEQCTRGSLFMCSIVQGCKRTYLSQRDLOAHINHRHM 191
ZNF645 75 HAFCYHCANLYDRVGYKVCPRCRYPVLRIEAHKRGSVFMCSIVQQCKRTYLSQKSLQAHIKRRHK 139
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Human Znf645 54 IHFCDKCDLPIKIYGRIIPC[KHAFCYHl YDKVGYRVCPR-~——=~--= CiRYPVI.RIEAHKRGSVFM 114
Human_Lnx2 47 DLVCHICLQPLLQP- LD'.I.’PC!G ITr.-‘;.:mCLm:E‘LQE:Kn FCPLDRKRLBFKLCKKSSILVHKLLDKLLVLC 114
Human Lnx1l 38 DLIj_ancLQALLDp—LDTPQG@T!CTLCLTNFLVEKD FGPMDRKPLVLQHOKKSSILVNKLLNKLLVT 105

Human Hakai 167 SIVQGCKRTYLSQRDLQAH‘INHRH'MRAGKPVTRASLENVH 206
Human_2znf645 115 SIVQQCKRTYLSQKSLQAHIKRRHKRARKQVTSASLEKVR 154
Human_Lnx2 115 PFSSVCK-DVMQRCDLEAHLKNRCPGASHRRVALERRKTS 153

Human_Lnx1 106 pmac-r QVLQRCDLEHHFQTSCKGASHYGLTKDRKRRS 144
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Figure 7
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Figure 8
A. Hakai (106-206) binds with DOK1 B. Hakai (106-206) binds with cortactin
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Figure 9

>Hakali sequence : ‘
MDHTDNELQGTNSSGSLGGLDVRRRIPIKLISKQASKVKPAPRTQRTVSRMPAKAPQGDE
EGFDYNEEQRYDCKGGELFGNQRRFPGHLFWDFKINILGEKDDTPVHFCDKCGLPIKVYG
RMIPCKHVFCYDCAILHEKKGDKMCPGCSDPVQRIEQCTRGSLFMCSIVQGCKRTYLSQR
DLQAHINHRHMRAGKPVTRASLENVHPPIAPPPTDIPDRFIMPPDKHHMSHIPPKQHIMM
PPPPLQHVPHEHYNQPHEDIRAPPAELSMAPPPPRSVSQETFRISTRKHSNLITVPIQDD
~ SSSGAREPPPPAPAPAHHHPEYQGQPVVSHPHHIMPPQQHYAPPPPPPPPISHPMPHPPQ

AAGTPHLVYSQAPPPPMTSAPPPITPPPGHIIAQMPPYMNHPPPGPPPPQHGGPPVTAPP
PHHYNPNSLPQFTEDQGTLSPPFTQPGGMSPGIWPAPRGPPPPPRMQGPPSQTPLPGPHH
PDQTRYRPYYQ '
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