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ABSTRACT

mRNAs and the process of mRNA localization are the fundamental and pivotal parts of
cellular functions. mRNA localization encompasses an important role in cellular
differentiation and site-specific cellular functions, from the basic cellular biochemical
mechanism to advanced abdomen formation. The study of mRNA, its localization
mechanism along its binding partners have always been the main focus of study for
several years. As they define life, in terms of cellular and sub-cellular mechanisms. Our
study also involves one of the binding partners of the localization complex, which is
Pym protein. Pym protein and exon junction complex are the common localization
binding partners to many mRNA localization and Oskar mRNA is one of them. Pym
being one of the recycling factors of the Exon Junction Complex shows binding
interactions with many components, such as RNAs, Exon junction Complex, and
Ribosomes.

Our results show interesting structural and binding features of the protein Pym. NMR
studies reveal that Pym'®, the shorter construct of Pym is structurally unfolded, with
the general characteristic of an intrinsically disordered protein. It has the long helical
structural element in the middle part of the protein, while both N-terminal and C-
terminal ends remain highly flexible with the structurally unfolded regions. The C-
terminal part of the protein is not showing any direct involvement in the interaction
with the SOLE RNA. However, it is structurally a very important part of the protein, as
it stabilizes the ionic and hydrophobic interactions of the protein, so that protein could
able to be a stable soluble protein. We have studied the binding motifs of the protein
Pym'® with SOLE RNA and its isomers. Pym'® has binding motifs in the N-terminal
region and in the middle helical region. Studies have confirmed that the N-terminal
part of the protein binds to the Y14-Mago heterodimer, which is an essential part of the
exon junction complex. In the absence of an Exon Junction Complex, the N-terminal
part of the protein binds to the RNA. So, the study of the protein Pym'® is very much
interesting and essential as it is a common protein for the wide range of mRNA
localization mechanisms. Our studies explain the widespread binding nature of the

0 which might be due to its functional significance of being a structurally

Pym
unfolded protein.
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CHAPTER

1. Introduction

1.1. Ribonucleic acid

RNA, the Ribonucleic acid is one of the biological polymeric macro-molecules that
exists in all forms of life, known to perform a wide range of functions. The central
dogma of molecular biology apprises that genetic information passes onto the proteins

via RNA through the transcription and translation process.
1.1.1 Types of RNA

mRNA: Messenger RNAs carry genomic information from DNA to the ribosome,
where the protein translation takes place. mRNA encodes a genetic sequence of a gene,
which can be read by the ribosomes during the translation process.

tRNA: tRNAs do not encode genomic information for translation. But they do involve
different cytoplasmic functions, for example, Transfer RNA (tRNA) involve in the
process of translation, they transfer amino acids to the ribosomes during translation.
rRNA: Ribosomal RNAs are the ribosomal units that synthesize proteins. Ribosomal
RNAs bound to ribosomal proteins form small and large ribosomal units. The ribosomal
units translate the mRNA.

1.1.2 Post-transcriptional RNA processing

RNA modifications to a newly transcribed primary RNA transcript preceding its
translation into the protein are post-transcriptional or co-transcriptional processing'.
This is prevalent in eukaryotes, however absent in prokaryotes. In prokaryotes, RNA
synthesis during transcription is functionally organized for further downstream
biochemical processes. RNA processes are biologically important as they facilitate

efficient translation, binding, and producing functionally active proteins.



Modification of primary RNA transcript into mature RNA takes place mainly by three
different processes. These modifications are 5 processing, 3" processing, and RNA
splicing. 5" processing: 5 processing involves the capping of the 5" end of primary RNA
transcript that is the addiction of 7- methylguanosine to the 5" end. 5 cap is an altered
nucleotide on the 5 end of some RNAs like mRNAs and is a highly regulated and
important creation of mature mRNAs which undergo translation during protein
synthesis®.

3" processing: 3’ processing involves cleavage and polyadenylation processes at the 3’
end of the primary transcript RNA. Cleavage and adenylation reactions include the
formation of poly(A) tail. In other words, the RNA stretch has a series of adenine bases.
In eukaryotes, it is a vital part of the process of RNA processing. Poly(A) tail is vita for

the nuclear export, stability, and translation processes’.

RNA splicing: In other words also called intron splicing. It is the process where
introns of pre-mRNA which do not code for proteins are removed to form exon ligated
product*’. The remaining exons after the specific splicing are connected to form a
single RNA mature molecule, which is a functional motif of the translation process.
Splicing also promotes the processes of localization, where the exon-exon junction
complex binds to intron spliced exon-exon ligated product to facilitate the process of

localization. Oskar mRNA localization process is one example'*".

Ca ‘—>Exon 1 Intron ‘_>Exon 2 Intron ‘—>Exon 3 Intron Exon 4
- @l | | | n:
5 UTR 3 UTR
RNA splicing
Ca Protein-coding sequence
L K
5 UTR 3 UTR

Figure: 1.1: Splicing representation, upon splicing introns will be removed from the pre-
messenger RNA, to form mature RNA.

1.2 mRNA localisation

The mechanism of mRNA localization has exquisite site-specific control over the
regulation of the gene expression. A large proportion of the mRNAs are transported to
the specific subcellular cytoplasmic regions before gene expression. In Drosophila

melanogaster, the embryogenesis shows out of the 3370 genes monitored, 71% of the



1515 Rather than proteins, transporting

expressed are subcellular localized mRNAs
mRNAs have consequential benefits for cellular functions. Such as, it is very much
effective in preventing the proteins from behaving ectopically, anywhere else out of
their cytoplasmic site of action. Bio-genesis of multiple proteins can be possible with
the single mRNA localization and also it facilitates the co-translation of other protein
subunits, altogether construct into functional macromolecular complexes. mRNA
targeting manages the functional activation of the RNA concerning time and space by
transporting splice variants to different cellular regions, with much other wide range of

functions mRNA localization holds a vital role in the biological systems'®?’,

The mechanism of mRNA localization has been studied widely and showed many
different modes of localization patterns and localization elements that are involved
during the process. The earliest results indicate that mRNAs localized within the cell
are from in-situ hybridization, out of those distinct mRNAs have shown very specific
patterns of localization, these results are from asymmetric cells like egg cells or
fibroblasts. The studies have also indicated that cis-acting RNA elements are necessary
for localization. The localization elements are most probably found in the 3° UTR and
can be of varying in lengths from 5 or 6 to several hundred nucleotides, with repetitive
nucleotide sequences for better binding. Cis-elements along with trans-acting factors
altogether assist the process of the mechanism of localization. Trans-acting factors are
the Ribonucleic Binding Proteins (RBPs) and can also be the small regulatory RNAs to
form macromolecular complexes. mRNA to be localized embodies cis-elements that can
accommodate zip code proteins that facilitate the localization processes'* ™,
Additionally, mRNA also recruits proteins that repress the translation, so the
translation only begins when the mRNA is localized to the particular site. So, the
ectopic translation can be prevented. mRNA localization is advantageous as the

localized translation is an efficient way to localize a particular protein® 2.

mRNA localization can take place through different mechanisms. One of the
mechanisms is through cytoskeleton filaments. mRNA with the Exon Junction
Complex (EJC) and other microtubule and actin components are translocated to the
specific site of the cell. mRNA localization through active transport involves the
specific recognition with the help of a core ribonucleoprotein complex and through
cytoskeletal motor proteins. Altogether securing the mRNAs to the specific site of the
cell. Pre-mRNA upon splicing becomes mature mRNA, that could incorporate the Exon
Junction Complex to facilitate the process of mRNA localization. This is significant in

many mRNA localization including Oskar mRNA.
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Figure:1.2-mRNA localisation mechanism [ansen, RP. mRNA localization: message on the
move. Nat Rev Mol Cell Biol 2, 247-256 (2001)] a| Core complex assembly. Heterologous
nuclear ribonucleoproteins (hnRNPs) bind to the transcript (blue). Apart from general hnRNPs
(yellow circles), there are specific hnRNPs (red ovals) that recognize the mRNA's localization
signal (zip code, red). In the following step, localized (and non-localized) mRNAs assemble
with proteins that are involved in mRNA export (orange oval) and the mRNA-RNP complex is
exported to the cytoplasm. b| Cytoplasmic maturation. General hnRNPs and export factors
shuttle back to the nucleus, whereas specific hnRNPs stay associated with the mRNA (lower
part). Alternatively, detach from the transcript and replaced by cytoplasmic zip-code-specific
RNPs (green ovals, upper part). c| Transport. The mature RNP complex along with a motor
protein (green triangle), probably with adaptor proteins, and is transported to the target site. d|
Anchoring. Finally, the RNP is released from the motor.
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1.3 Oskar mRNA

In Drosophila melanogaster, the localization of the Oskar mRNA towards the
posterior pole of the oocyte marks the formation of the germ cells and abdomen of the
future embryo during the process of embryogenesis. Oskar is that gene, which is
essential for the differentiation event of the Drosophila embryo. Most of the posterior
side of the oocyte is defined by Oskar mRNA localization. The Oskar gene guides
protoplasm assembly with which it also controls the germ cell precursors formed
quantitatively at the posterior pole of the Drosophila embryo. Mislocalization of Oskar
RNA to the anterior pole ends up in the induction of germ cells at the anterior side.
Eight genes are requisite for germ cell formation at the posterior pole, which are oskar,
vasa, tudor, nanos, cappucino, spire, staufen and valois. Out of eight genes, only three

genes oskar, vasa, and tudor are vital ectopically™.

Figure: 1.3 -

Cappucino Pathway for germcell and

Oskar — Spire abdomen format- -ion.
Staufen . . .

1 Genes which are written in

blue color are vital for the

Vasa ectopic site, while vasa and

l tudor  genes  functions

Tudor downwards to oskar gene.

~ Genes written with in red

/ Nanos color are genes responsible

Germ cells

/ for the pole plasm

formation. Image is
Abdomen modified from, Nature 358,
\
Valois

387-392 (1992).

Oskar is answerable for assembling the germplasm, which is required for germ cell
Oskar mRNA,
mitochondrial coded ribosomal RNA, and polysomes and proteins like Oskar, Staufen,
and Tudor (but they are void of mRNAs like Vasa, Staufen, or Tudor)®'. Oskar protein

function is especially restricted to the posterior pole of the embryo. During

formation. The plasm involves polar granules, constituted by

embryogenesis, embryos which lack oskar would fail form the abdomen and germline.
Just in case of ectopic expression of the protein Oskar at the anterior region would

induce the germ cells and abdominal structures within in the place of head* ™.
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Oskar mRNA is transcribed within the nurse cells during the first oogenesis, later
during the mid oogenesis Oskar mRNA starts to localize towards the posterior pole
through anterior margin®*’. From the mid oogenesis, the Oskar protein translation
commences, by the end of oogenesis both Oskar mRNA and Oskar protein
accumulated at the posterior pole of the oocyte until the first stage of embryogenesis™~

%, This late phase accumulation is vital for the patterning of the embryo®*.

In Drosophila, mRNA localized through microtubule cytoskeleton and associated motor
proteins®. The transport occurs along the polarized cytoskeleton. Trans-acting factors
recognize the precise sequence within the Oskar mRNA transcript and form
ribonucleoprotein particles that interact with the kinesin motor for transport along the
microtubels®. Oskar mRNA localization towards the posterior pole requires non-coding
sequence elements that regulate the localization mechanism are the 3-untranslated
region (UTR) and first intron splicing®. Oskar 3UTR has an oocyte entry signal,
which is significant for the mRNA transport into the oocyte. The secondary structural
features and an AU rich nucleotide composition play a very important role in Oskar
mRNA transport function®. EJC along with Oskar mRNA co-localizes to the posterior
pole of the oocyte. For Oskar mRNA, EJC deposition event upon first intron splicing is
the crucial occurrence for localized transportation. Upon splicing of the initial intron
creates a brief stem-loop RNA structure, named as ‘Spliced Oskar Localization
Element’ (SOLE)*".

The SOLE RNA consists of 18 nucleotides from exon 1 and 10 nucleotides from exon 2,
ligated together at the primary exon junction complex site upon intron splicing. In vivo
mutational analysis established the relevance of the short proximal stem (PS, consists
of 6 base pairs) for localization, suggesting that this structural element participates
within the recognition of trans-acting factors (figure:1.3)*. Nucleotides 524-539 from
Oskar mRNA were predicted to fold into a medial stem-loop element (MSL).
Mutational analysis, designed on the already predicted structure of the MSL region
appears to be non-essential for the function. However, this region can form an
alternative secondary structure to the MSL. The SOLE RNA alone isn’t sufficient for
the localization event. Without the event of splicing mRNA tends to be mislocalized.
On the other side mRNA bound to EJC, but without SOLE sequence is additionally
mislocalized. These results strongly explain the role of SOLE sequence and EJC

functions to facilitate the localization mechanism.
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1.4. Exon Junction Complex

Exon-junction complex(EJC) is the protein complex deposited on a pre-messenger
RNA at the junction of the 2 exons that have been ligated together during the RNA
splicing*. In eukaryotic cells, the protein complex of EJC is made 20-24 nucleotides
upstream at the 5' end of the spliced junction, during the second step of splicing**.
The binding of EJC on the pre-messenger RNA is sequence-independent and form
mature messenger ribonucleoprotein (mRNP)¥. The EJC together with the bound
mRNP then exported out of the nucleus to the cytoplasm, where it will remain until the
initial stage of translation starts, and then it will be recycled back to the nucleus.

The EJC is deposited on mRNA 24 nucleotides upstream of spliced junctions after
intron splicing. It is together with the bound mRNAs localized from nucleus to

cytoplasm, where it will be within the bound form until the initial round of translation,

and after recycled back to the nucleus.

The core of the EJC contains mainly four proteins. They are DEAD-box RNA helicase
elF4A3, MLN51, and Y14-Mago hetero-dimer. Structural studies revealed that DEAD-
box RNA helicase elF4A3 protein functions as a clamp that binds to the RNA in an
exceedingly sequence-unspecific manner. Where because the Y14-Mago hetero-dimer
locks the elF4A3 onto the mRNA, while MLN15 provides the soundness for the
complex*®®*. The EJC has several regulating functions such as post-transcriptional
processes. Including splicing, cellular localization, and Non-sense Mediated Decay
(NMD). In Drosophila, mRNA localized through microtubule cytoskeleton and
associated motor proteins”. EJC functions as s stable and sequence-independent
complex that may bind to the mRNA, and can remain bound until the beginning of the
translation process. EJC acting as a molecular shepherd holds and travels with mRNA

throughout the localization process across the cell.

In Figure 1.4, the components, assembly, and functions of Exon Junction Complex
deposited mRNA has been depicted. A pre-mRNA undergoes splicing, to get mature
mRNA with the help of Spliceosome. Then, the exon junction complex is deposited
upstream of 24 nucleotides nearby the exon junction point of the intron splicing. The
proteins Y14, Magoh, elF4Alll, and MLN51 are the core components f EJC. Further,
EJC deposited mRNA involves itself in various functions such as localization,

translation, etc.,

13
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Figure 1.4: Assembly, structure, and function of the Exon Junction Complex (EJC) (Image is
taken from the paper, Lauren et. al., 23 December 2016, Wires RNA)
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1.5. Intrinsically Disordered Proteins (IDPs)

Intrinsically disordered proteins are also called unstructured proteins. They do not have
any rigid 3-dimensional structure except for very few secondary structural elements.
Because a large part of the protein is unfolded, it is very challenging to study these
molecules' structural characteristics. Intrinsically disordered proteins or protein regions
(IDPs/IDPRs) are characterized by exceptional conformational flexibility and structural
plasticity, are very unusual when compared to well-folded proteins with functionality
and folding. Hence, they are able to perform biological activities that are unlikely for
the ordered proteins. The conformational flexibility of the proteins facilitates the
possibility of interaction with the variants. Typically in the absence of the macro-
molecular binding partner such as other proteins or RNAs, the IDPs remain to be
unstructured™ .

Structural characterization for IDPs is very challenging, as they are structurally
unfolded. Generally, structural characterization of structured proteins can be done
through various biophysical analytical tools like the X-ray diffraction method,
Crystallography, and NMR. But, for the intrinsically disordered proteins, only NMR is

applicable as they fail to form crystals® >

. Nuclear Magnetic Resonance spectroscopy
is well-suited to study the dynamics of IDPs, as well as basic structural
characterization. NMR experiments like paramagnetic relaxation enhancements (PREs)
or residual dipolar couplings (RDCs) can be adapted to analyze the intrinsically

disordered regions, to get the distance restraints data®®".

Intrinsically disordered proteins exhibit the mechanism of ‘induced folding’. That
means unfolded proteins will transform to folded structure, from fully folded to the
partially folded state. But, this does not true for all the IDPs, in some, they remain
structurally disordered in the bound state as well. This phenomenon is referred to as
‘fuzziness’. Thus, there is a range of possibilities from disorder-to-(complete)order to
disorder-to-disorder transition. But, in every scenario, the binding will result in a

change of structure and dynamics of the bound ground state®.

Figure 1.5 reports two cases of bound IDPs. The complex between KIX — pKID** and
the complex between the proteins GCN14 — Med15%. The protein pKID is an IDP,
thorough its very specific interactions with the protein KIX undergoes the process of
induced folding. Another example is GCN14-Med15, which is a large heterogeneous
complex. The interaction is specific and through hydrophobic regions. Here, the

15



complex is fuzzy due to its dynamic state contributed by the structural disordered

nature.

Intrinsically
disordered
protein
Induced Induced
folding folding

Disorder |

Figure 1.5: Representation of the pKID — KIX protein complex and GCN14 — Med15 protein
Complex, the structure is induced.(This image from the Journal JBC, volume 293issue 19,
May2020 P6586—6593)

1.6. Protein Pym

Protein Pym is a cytosolic multi-functional protein that acts as a regulator protein of
the exon junction complex®, interacts with the translation machinery post mRNA

67

localisation® and is also involved in the Non-sense Mediated decay (NMD)®. Hence,

the protein Pym is capable of directing the post — transcription processes®”.

Pym regulates the binding and dissociation activity of the exon junction complex. EJC
binds to the mRNA during post-splicing events during the process of localization.
While Pym dissociates the EJC from the spliced mRNAs, on the other way EJC
assembly intermediates are resistant to Pym. That means the protein Pym does not
inhibit the deposition of exon junction complex onto the spliced mRNAs, but over-
expression of the protein in the cells disrupts the bound EJC from spliced mature
mRNAs and thus inhibits nonsense-mediated decay. Pym protein is the important
molecule for the EJC dissociation. So, the recycling ceased in the cells with a reduced
concentration of protein Pym, resulting in the accumulation of EJCs on spliced

mRNAs. Even though this phenomenon is similar with respect to other EJC associated
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mRNPs, such as bicoid, gurken, and nanos mRNAs, but the mechanism of localization
may not always be interrupted by the dissociating EJC with ectopic action of Pym®.

Because, in oskar and nanos mRNPs, the EJC plays a crucial role in the mechanism of

41,43

localisation*"*, while in bicoid and gurken mRNPs it is not”. Hence, protein Pym is

indirectly involved in the process of localization, where the association of exon
junction complex to the mRNAs plays an important role in the mechanism of

localization.

1.6.1. Interaction of Pym with Y14-Mago heterodimer

The Mago-Y14 heterodimer is the core component of the exon junction complex. Pym
is the cytoplasmic RNA binding protein. Pym interacts with Mago-Y14 dimer through
its N-terminal region. In the crystal structure of the ternary complex, one can notice
that Pym binds to Mago and Y14 simultaneously capping their hetero-dimerization
interface at conserved surface residues. The interacting residues of Mago to the Pym
have been implicated in the nonsense-mediated mRNA decay. Pym also binds directly
to the RNA despite not showing any homology with the RNA binding proteins®. Gel
shift assays showed that the Pym-RNA complex can be super-shifted on the addition of
the Mago-Y14 hetero-dimer. These results confirm that Pym can simultaneously bind to
RNA and the Mago-Y14 complex.

Full-length Drosophila melanogaster (Dm) Pym shows direct interaction with Mago-
Y14 hetero-dimer®. Protein Mago is found to be a single structural unit, whereas the
protein Y14 folds into three distinct structural domains, which are the N-terminal
domain, the RNA binding-like domain (RBD), and a C-terminal low complexity region.
In the image below, the interaction pattern of the N-terminal region of Pym can be
seen. Pym binds at the edge of Y14 PB-sheets and at the edge of Mago a-helices. Mago-
Y14 heterodimer forms a rigid scaffold for Pym binding. The structure of the Mago-Y14
dimer is very much similar to the Pym-Mago-Y14 ternary complex. Mago has an anti-
parallel B-sheet flanked on one side of two long and one short a-helices. The a-helical
surface of the Mago interacts with the -sheet surface of the Y14 RBD (RNA Binding
like Domain). The amino acid residues of the Mago-Y14 complex superimpose with an
overall RMSD of less than 1.2A°. The N-terminal region of Pym binds to the globular -
domain of both Mago and Y14, capping their heterodimerization interface. The
structure of the complex Y14-Mago-Pym is very similar to the previously reported

structure of Y14-Mago complex, which is devoid of Pym protein”".
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Figure 1.6: Pym-Mago-Y14 complex, A and B are different orientation of the complex.
In the below image, A) is spatial representation, B) Stereo view.
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The major difference is observed in the Mago protein at the a2- helix and at the 14-19
loop, where it is disordered in the crystal structure of the Y14-Mago-Pym complex. This
data suggests the rigid scaffold of the Y14-Mago heterodimer for the interaction with
the protein Pym.

Whereas from the protein Pym, the N-terminal domain (3-35) folds with a three-
stranded f-sheet and a contiguous PB-hairpin. However, the C-terminal residues are
structurally disordered and do not contribute directly to the interaction with the Y14-
Mago heterodimer. Pym binds with electrostatic interactions at the a-helices of Mago
and with the hydrophobic interactions at the P2- 3 loop of Y14. Also, the solvent
molecules enhance the interaction of Pym with the heterodimer, as at the interface at
least 40 water molecules are found. Pym docks with its positively charged residues (R s,
R4, Kis and Ry;) to the acidic surface of the Mago a-helices (Ng7, Qeo, Ni16). Particularly,

the interactions are contributed by the B-hairpin portion of Pym.

The extended stretch of the N-terminal domain of Pym wraps around 2- B3 loop of
Y14. The rigidly conserved residues of Y14 are from the 32- B3 loop, which has a group
of invariant residues for heterodimerization with the protein Mago and another group

for Pym (K, Y33) with the hydrophobic interactions.

1.6.2. Pym is ribosome -bound EJC disassembly factor

Pym is the dissociation factor of the exon-junction complex from the mature mRNA,
post localization. However, the action of dissociation of EJC is also associated with
interaction with the translation machinery. Pym interacts with exon-junction complex
through N-terminal motif, while interacting with the ribosome units through C-
terminal motif simultaneously. From all these data we can understand the functional
significance of protein Pym. Pym embodies important binding motifs which can bind to

RNA, Mago-Y14 complex and also interacts with ribosomal units.

In the image, Pym (represented as yellow) interlinks via its C-terminus (indicated by C)
with the small ribosomal subunit and removes EJC during the process of ribosomal
transit through interaction of its N-terminus (N) with Magoh-Y14 hetero-dimer.
Cytosolic Pym minimizes by its concentration by its ribosomal association. Because,
free Pym can dismantle EJC, independent of translation. Recycled EJC is transported

back to the nucleus.
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1.6.3. Pym over-expression disrupts Oskar localization

The mRNA processing such as splicing unlocks the events like mRNA export and

localization translation enhancement’".

In Drosophila melanogaster, over-expression of the Pym protein disrupts the Oskar
mRNA localisation”. In this study, the protein Pym has been divided into N-terminal
(N), middle (M) and C-terminal (C) domains. A set of eGFP-tagged Pym deletion
transgenes were generated. Upon the expression on the female germline, the GFP
signal in the Pym-GFP egg-chambers was distributed uniformly throughout the
cytoplasm of nurse cells. However, in the N, M and C construct the signal was also
observed in the nurse cells. That is because of the disrupted localization of the Oskar.
This was monitored by observing the distribution of oskar mRNP component Staufen
protein and Oskar protein by immunostaining. Because, Staufen and Oskar protein are
only stable at the posterior pole of the oocyte. As, it can be seen from the image that
Staufen was not able to enrich the posterior of AC- and N-Pym oocytes describe the

failure of Oskar mRNA localization.

1.6.4. Spliced Oskar Localized Element (SOLE)

Oskar mRNA localization is evolutionary conserved, that results in the spatial and
temporal restriction of protein synthesis to the specific parts within the cells™.
Generally, the mRNA localization occurs through motor proteins and cytoskeleton. In
Drosophila melanogaster, Oskar localization to the posterior pole of the oocyte takes
place through the microtubules and kinesin heavy chain”7°. Along with this, the
localization involves the complex but specific molecular arrangement of exon junction
complex proteins like Y14, Mago, e[F4AIIl and Barentsz proteins’ . Consistent with
this, the splicing at the position of the first intron is vital for the posterior localization
of the Oskar RNA". Splicing is followed by the formation of SOLE (the first intron
spliced RNA) and the EJC deposition, both are vital for the localization.

The properly positioned EJC and Oskar 3" UTR are the important components for the
localization®”. To prove this, the oskar coding region in 0skAi(2,3) of the mRNA is
replaced by a lacZ coding sequence of identical length (Lz transgene) (Fig: 1.8 and 1.9),
such that oskar intron 1 region was maintained, and both are observed through
fluorescence. During the early stages of oogenesis, both the Lz mRNA and o0skAi(2,3)
mRNA (fig) were enriched. However, from the mid-oogenesis onwards the distribution
of both RNAs in the oocyte differed considerably. OskAi(2,3) mRNA was transiently

enriched at the center of the oocyte, then localized at the posterior pole (figure 1.8 and
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1.9), whereas Lz mRNA remained diffusely distributed throughout the oocyte. Further
in the later stage of oogenesis it is confirmed through qualitative analysis that there is
no sharp increase of the Lz mRNA at the posterior pole, as it was for 0skAi(2,3) mRNA
(fig). The failure of Lz mRNA to localize is may be because of the inability of Lz mRNA
to assemble into a localization complex mRNP. In the figure the evident localization of
bicoid and gurken towards anterior and anterodorsal positions is indicating the proper
formation of polarized microtubule network®®. These data indicate that the vital

components of Oskar mRNA localization reside within the coding sequence, that is 3’
UTR of oskar.

Exon I and exon II are crucial for mRNA localization. In order to determine this,
different regions were deleted and substituted in the 0skAi(2,3) transgene, and further
evaluated the distribution of the transgenic mRNAs during oogenesis. To start with
exon-1 was subdivided into regions I and II, deletion or replacement of region I with
the lacz sequence (0skAI or oskA" transgenes), did not affect the posterior enrichment
of the mRNA, whereas the mRNA produced from the transgene which was lacking
region II, was mislocalized in the oogenesis, with little posterior enrichment (figure
1.9). The EJC disposition site in region II, 20-24 nucleotide upstream of the splice

junction.

— Homogenous
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—— oskAi(2,3) [n = 18]

—
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Figure1.8: Cumulative distribution of 0skAi(2,3) and Lz reporter mRNAs in stage 9 oocytes
This image is from Nature Structural & Molecular Biology 19,441-449 (2012) )
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Figurel.9: Localization of Oskar mRNA, with mutated transgene. LacZ mutated transgene
failed to localize

(This image is from 19,Nature Structural & Molecular Biology441-449 (2012))
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So, Exon junction complex deposition and Oskar mRNA localization involve exon I and
exon II together. This is the major and necessary component for the process of
localization. The ligated element of exon I and exon II is hence called Spliced Oskar
Localized Element (SOLE) RNA.

Our work includes the study of SOLE RNA, structural and binding studies, and the
study of protein Pym both structural and functional aspects.

24



25



CHAPTER

2.Methodological Background

2.1 Nuclear Magnetic Resonance (NMR)

NMR is very unique in understanding the biological roles by studying the structure and
dynamics of biological roles, the biological mechanism of the protein. One can also
probe the biological aggregations, protein aggregations, protein-RNA interactions®™".
In general proteins have 30% of the genome their segments are unstructured which
means the intrinsically disordered regions, point of flexibility. One can analyze the
dynamic property of the protein, which is vital as the property is closely related to the
biological process. NMR can cover a lot of ground with respect to biological
mechanisms by solving the structure of individual molecules involved, to understand
the dynamic property to the nuclear level, interactions between the molecules” ™.

Nuclear Magnetic Resonance is one of the most important and fruitful analytical tools,
especially in the field of Structural biology. Structural biology is concerned with the
study of mechanistic systems as well as molecular structures of the biological
macromolecules such as proteins, nucleic acids, membrane proteins®*'%. In this regard,
NMR can contribute structural particulars and can also monitor inter and intra bio-

molecular interactions within the system'*™?’,

The theoretical specifics of NMR briefed in this chapter be from J. Keeler.
Understanding NMR Spectroscopy, 2nd edition. 2010, M. H. Levitt. Spin Dynamics:
NMR Basics, 2nd Edition. 2008, 1. Bertini. NMR of Biomolecules, 2012, T. D. W.
Claridge. High-Resolution NMR Techniques in Organic Chemistry, vol 19. 1st edition.

2.2 Origin of NMR signal

NMR signal originates from the nuclei in a strong constant magnetic field is perturbed
by a weak oscillating magnetic field. The essence of nuclear magnetism is the total
angular momentum of the nucleus, defined by the nuclear spin. The property of the
nuclear spin is fundamental for nuclear magnetic resonance spectroscopy. All the
nuclei with non-zero spin quantum numbers (I) are NMR active. The spin quantum

number is quantized, as integrals or half-integral multiples of (h/2p), h= Planck's
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constant. Some of the useful atomic nuclei which have non-zero spin quantum
numbers are 'H, ”C, ®N, “F, *'P which have I=1/2. The naturally abundant nucleus of
interest *“C, has zero spin, hence NMR inactive. The total angular momentum (P) of the

nuclei is associated with magnetic moment(y).

u=ypP

Where,y- Magnetogyric (gyromagnetic) ratio, constant for given nucleus.

For proton it is 2.67x108 rad-s-1-T-1.

Both angular momentum and magnetic momentum are vector quantities. In the
presence of an external static magnetic field (B,), the magnetic moments align
themselves relative to the magnetic field'™'"". The orientations are discrete, depending
upon the energy states involved. Every spin with the spin quantum number I, has
(21+1) energy states or spin states prevail for the spin. Magnetic quantum number m,
an integer, can be from -I to +I. Accordingly, for the nuclei with 1=1/2, have 2 spin
states +1/2 and -1/2 and have parallel («, lower energy state) and anti-parallel (S,
higher energy state) orientations in the applied magnetic field respectively. So, at

equilibrium slightly excess of nuclei in the lower energy state. According to Boltzmann

distribution®!"?
N, — pAE kT
N B

Where Na,f speak for the number of nuclei in the spin orientation, kB is Boltzmann
constant and T is the temperature. A very slight excess of population difference of
nuclei in the different spin states (1 part in 104) culpable for the NMR signal'*'".

Hence, NMR is very insensitive relative to IR and UV spectroscopy.

This slight excess population of nuclear spins can be represented as a collection

of spins distributed randomly about the precessional cone. This slight excess of the
nuclear spin population is called as Bulk magnetization. The whole NMR signal is
situated on the bulk magnetization. So, various techniques are utilized in order to
intensify the bulk magnetization. One of them is to increase the static magnetic field of
the NMR spectrometers.

2.3 Excitation pulse and Free Induction Decay (FID)
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In the static magnetic field (B,), when the pulse of the oscillating electromagnetic field
is applied transversely, which is the Larmor frequency(yB,) of the corresponding
nucleus, the bulk magnetization shifts to the traverse plane and start to precess for a
duration of T,us. The excitation pulse, Top=7/(2yB1) shifts the bulk magnetization to
the transverse plane, where, this induced current will be detected as NMR signals. But,
after the time T,u., the magnetization starts to go back to the longitudinal axis, which
is called free induction decay'®'*! (FID). The time required for the bulk magnetization
to get back to longitudinal axis is termed as relaxation time. The more the relaxation

time, the sharper NMR signal and shorter relaxation time result in a broad NMR signal

(peak).

Free induction decay (FID) Spectrum
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Figure 2.1: The free induction decay(FID)'*, which is fourier transformed to visualize the nmr

spectrum. (A) is the FID for with competitively linger relaxation time than that of FID (B).

2.4 Relaxation

In the presence of the external magnetic field (B,), the nuclear spins experience small
torque which results in a net magnetization along B, direction'*>'*. This is how the
bulk magnetization attains its equilibrium state. At equilibrium state, there is the
presence of z-magnetization along the direction of the magnetic field, but there will be
no transverse magnetization'* %,

During the NMR experiments, when an RF pulse of a certain strength is applied to the
magnetization at its equilibrium state the z-magnetization starts to rotate towards the
transverse plane producing transverse magnetization at the end of the pulse, inducing a
current which we detect as NMR signals in the form of FID. Once the RF pulse is
switched off the transverse magnetization goes back to its original equilibrium state
during the course of time. Thus, the recovery mechanism of the perturbed equilibrium

distribution back to the Boltzmann distribution state is nothing but the relaxation'**™"*.
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2.5 Chemical Shift

Detection of the NMR signal, in terms of observance of the nuclear magnetic
frequencies, is often termed as chemical shift. Chemical shift is dependent on the
chemical and electronic environment of the nuclei®'*. Each and every nucleus in the
molecule experiences the partial shielding of the external magnetic field (B,) due to the
electron density of the neighboring nuclei. Electrons revolving around the nucleus
produce a small magnetic field that opposes By. So, the net magnetic field experienced
by every nucleus is slightly different from each other depending upon the neighboring
atoms. So, this is how the chemical shit of the nuclei differs from each other. The
chemical shifts of strongly shielded nuclei will be up-field in the NMR spectrum,

whereas the deshielded nuclei will have the chemical shift in the downfield regions.

Figure 2.2:The magnetic field at the nucleus is generally different from the applied field BO: this

additional contribution (or screening) arises from the interaction of the surrounding electrons

with the applied field'”.
2.6 Spin — spin coupling

The magnetic interaction between the neighboring individual nuclear spins is
transmitted through the bonding electrons. This is also called J-coupling. Coupling can
be classified into two categories. Spin-spin coupling (through bond) and dipole-dipole
coupling (indirect coupling). Spin coupling takes place between any magnetically active
nuclei, which are close by either through a bond or through the space'**'*. Coupling
arises from the hyperfine interactions between the nuclei and local electrons present. J-
coupling embodies the very important information about the relative bond distances

and angles, also describes the connectivity of chemical bonds. The magnitude of the J-
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coupling depends on the number of bonds present in between the nuclei. The closer the
nuclei are, the stronger the chemical bond is. In the case of hetero-nuclear coupling, the
coupling constant depends on the magnetic moment of the nuclei involved. The higher
the magnetic moment, the higher is the coupling constant. J-coupling also gives
information regarding the dihedral angles relating to coupling partners.

In general words, each nucleus observes neighboring magnetically active nuclei as tiny
magnets, hence perturbed magnetic field around. So, the effect is observed as the
splitting of NMR signals. So, an NMR spectrum, with all the coupling information may
be overly crowded also. This may result in the severe overlapping of the NMR signals,
which makes the spectrum difficult to analyze. Hence, the partial decoupling or
complete decoupling NMR experiments are recorded, unless it is absolutely required.
For, smaller molecules experiment with the coupling information may be beneficial, but
in the case of larger bio-molecules or bio-polymers like proteins and nucleic acids, the

144-148

NMR experiments are recorded by decoupling methods . Decoupling is done by
continuously irradiating the broad range frequency to the nuclei, either homonuclear
or hetero-nuclear. This results in the fast flipping of the nuclei between the magnetic
energy states. So, this results in the average magnetic unperturbed state, which is
observed as a uniform field. Thus, the NMR signal will be without any splitting, which

149-156

adds to the higher intensity of the signals

2.7 Bio-molecular NMR

Biomolecular structure calculation is an essential requirement to address the biological
problem and to understand the biological mechanism. For proteins, structural
information can be derived from the different multi-dimensional NMR spectra
recorded from isotopically ("N, "C) labeled samples, information about sequential
linking can be achieved by triple resonance backbone and side-chain assignment
experiments, short distances between nuclei through space can be determined by 3D-
NOESYs, orientation and longer-distance data can be obtained by the experiments like
RDC (Residual Dipolar Coupling), PRE (Paramagnetic Relaxation Experiment) and

relaxation experiments like diffusion spectroscopy.

2.8 Assignment theory
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Figure 2.3: Schematic representation of backbone assignment experiments and the

magnetization transfer mechanism (image is take from the page https://www.protein-

nmr.org.uk/)
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For the assignment experiments, both backbone assignments and side-chain
assignments of the proteins, uniformly "N, "C labeled protein samples are used. For
the specific interactions or for very large complexes, specific labeling will be employed
according to the need. For the large molecular complexes, deuterated protein samples
were prepared. As the molecular size increases the complexity of the NMR assignment
would also increase. Higher magnetic fields are always better for the analysis of larger
molecular weight biosamples. As the separation of the individual resonances is better
in the higher magnetic field, the extent of overlapping can be considerably reduced. At
the lower magnetic field, the quality of the NMR spectrum would be greatly reduced in
terms of resolution. Hence, for the assignment purpose, it is always better to record the

NMR experiments at the higher magnetic field"”"~".

2.8.1 Backbone assignment experiments

Standard triple-resonance backbone assignments experiments for proteins are
NHCACB, NH(CO)CACB, HNCA, NHCO, HN(CA)CO.

HNCACB:

The 3D experiment HNCACB is well designed to analyze the correlation of 'H-"N
amide resonances with the intra and inter-residual Co and Cp resonances, by means of
'J(NH), "*J(N, Ca) and 'J(Ca, CP) coupling constants. This is very sensitive experiment
can also be used for the proteins, with a shorter “C relaxation time and also for
deuterated proteins. The HNCACB experiment is a 3D spectrum in which 1H,15N, and
13CA/13CB chemical shifts are displayed in three independent dimensions.

Here, the magnetization from the amide proton will be transferred to Ca and CP
carbons through “N-"C coupling ["*J(N, Ca)], and "C- "C coupling. With this
experiment, one can get connectivity of particular amide resonances to its Ca and Cp,

of i"™ and (i-1)" residues.

Uinm+ Vean + Uec

HN(CA)CB

"+ 2can + Uec

Figure 2.4: Schematic representation HNCACB experiment magnetization transfer
interaction. (Image is

from :http://triton.iqfr.csic.es/guide/eNMR/eNMR3Dhet/nohsqe3d.html)
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NH(CO)CACB/CBCA(CO)NH™:
Here the magnetization is transferred from "Ho and 'HP to "Ca and”Cp, respectively.
Then from "CB to "Ca. Further, it is transferred to the "CO group and to "N to 'H.

Proton will be detected. The chemical shift is evolved on "Coa and”Cp in one

dimension and for the other two dimensions, "N and 'H are evolved. This output of this
experiment is similar to the above NHCACB experiment, but the difference is here
only correlations of amide to its (i-1)" residues can be seen. Because, here selectively

magnetization has to be transferred to the (i-1)" residues, via *CO group.
() () ()
L ) ()

(Hp)

Figure 2.5: Schematic representation of HN(CO)CACB experiments and the magnetization
transfer mechanism (image is taken from the page https://www.protein-nmr.org.uk/)

)
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With the help of these two experiments, one can assign particular amide resonances to
its the i" and (i-1)" ®Cp to “Ca. This is how sequential walking is done, for the NMR

backbone assignments.

HNCO:
It is the 3D experiment, that outputs a 3D spectrum in which'H,"”N, and ®CO chemical

shifts are depicted in three independent dimensions. It is designed to correlate the
fundamental connectivity of the backbone of proteins. That is a >CO group — "N'H
correlation. Here, amide resonances are correlating with the C chemical shift of the

preceding carbonyl group.
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Figure 2.6: Schematic representation HNCO experiment magnetization transfer interaction.
(Image is from :http://triton.igfr.csic.es/guide/eNMR/eNMR3Dhet/nohsqc3d.html)

2.8.2 Side Chain assignment experiments

The basic set of side-chain assignment experiments is HBHA(CO)ONH,
H(CCCO)NNH, and CC(CO)NNH. These spectra will provide the chemical shifts of
hydrogen and carbon side-chain elements, for the preceding residues for each NH

group161—163.
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Figure 2.7: Schematic representation of side chain assignment experiments (image is take from
the page https://www.protein-nmr.org.uk/)
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The widely practiced experiment is the HCCH-TOCSY spectrum along with the
HCCH-COSY spectrum, as they provide connectivity between the side-chain carbons
and their respective bonded protons, as well as their connected side-chain protons. As
COSY spectrum tells about the correlation between the directly bonded carbon-proton
groups. Whereas TOCSY is the relayed COSY, where it shows the connectivity of long-

range proton-carbon side-chains.

'l 0| |0 |o| | O 0| (0| | O
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HCCH-TOCSY HCCH-COSY

Figure 2.8: Schematic representation of side-chain assignment experiments, TOCSY and COSY
magnetization transfer (image is taken from the page https://www.protein-nmr.org.uk/)

3D NOESY-HSQC experiment

Once, we have assigned all the nuclei of the protein, with the help of backbone
assignment experiments and side-chain assignment experiments, we can get the
distance restraint information by recording the 3D NOESY-HSQC experiment. As
NOESY experiment provides information about spatially connected nuclei through
hydrogen bonding. In the 3D NOESY-HSQC experiment, homonuclear "H-'H NOEs
can be assigned. So, here we will get to know the spatially connected nuclei
information. So, the high number of NOEs data often exhibits the structurally well-

defined bio molecule!®*%.
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Figure 2.9: Schematic representation distant restraint experiments, 3D NOESY-HSQC
magnetization transfer interaction.

(Image is from:http://triton.igfr.csic.es/guide/eNMR/eNMR3Dhet/nohsqc3d.html)

Once we get all the information regarding sequential and distant restraints, one can go

ahead with structural calculation.
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CHAPTER

3. Experimental approach

3.1 Protein expression

The DNA sequence of the protein Pym, from Drosophila melanogaster (UniProt KB
accession code — P82804) was amplified by PCR (Polymerase chain reaction) and
cloned into the pETM-11 expression vector (EMBL collection) using Ncol and Xhol
restriction sites. This T7 promoter plasmid allows the expression of the target protein
fused to the N-terminal His6- affinity tag along with the cleavable TEV (Tobacco Etch
Virus) Protease site. The shorter constructs of the protein Pym, which are Pym'",

" also cloned with the same protocol. Successful cloning was followed

Pym"* and Pym
by the plasmid DNA -sequencing for the evaluation. All the shorter protein constructs
were obtained by mutagenesis with the help of the Phusion High-Fidelity DNA
Polymerase kit (NEB).

Mutagenesis protocol involved annealing at 63°C for one minute, followed by 6 minutes
of elongation step at 72°C for 18cycles. An enzymatic digestion reaction was done after
the mutagenesis to digest the wild-type template DNA, carried out at 37°C for 2 hours
with Dpnl restriction enzyme (NEB). Subsequently, Dpnl digested reaction mixture (10
pul) was used for the transformation reaction. Digested reaction mixture transformed to
Top10 Escherichia coli cells. Finally, the mutated plasmid was amplified and extracted
with the Miniprep protocol (QIAGEN) and subsequently sequenced.

The mutagenesis reaction mixture of 50 ul contains:

. Phusion HF buffer (5x): 10 pl

. Plasmid DNA (100ng/ pl): 1 pl

. dNTP (10mM NEB): 1 pl

. Forward primer (125ng/ pl): 1 ul
. Reverse primer (125ng/ pl): 1 pl
. Phusion HF polymerase: 0.5 pl

. DMSO: 1 pl

. H,0: 34.5 pl

All the protein constructs were expressed in BL21(DE3) competent cells. This is a strain
used for high-efficiency protein expression under the control of the T7 promoter and
expressed by IPTG induction. For the production of unlabeled protein, nutrient-rich LB

(Luria-Bertani) media was used for the cell culture. Single colony used for 25 ml of
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overnight culture, 500 ml of LB media was inoculated by 5ml of overnight culture, and
allowed to grow at 37°C and with constant shaking at the rate of 200rpm in the shaking
incubator. The cells were grown until the O.D. (Optical Density) of the cultures reached
0.6-0.8, then the cultures were cooled down for the induction. IPTG ((Isopropyl-D-1-
thiogalactopyranoside) of 0.1mM final concentration was added to the culture for the
protein expression and cells were allowed to express the protein at 16°C for 16hours.

Later cells were harvested and stored at —20°C or -80°C until purification.

For the synthesis of isotopically labeled protein, minimal media(M9) was used.
Isotopically labeled proteins are prerequisites for the NMR experiments. Isotopically
labeled nutrients were used in accordance with the labeling requirement of protein. So,
for the production of double-labeled (uniformly labeled “C,”N) protein, *C- uniformly
labeled Glucose(4g/1) and "N- ammonium chloride(1g/l) were used with the minimal
media. For the nitrogen labeled protein, "N- ammonium chloride(1g/l) was used with
the naturally labeled glucose for the cell culture. In the case of deuterium labeling, the
entire M9 medium was prepared in the D,O with isotopically labeled glucose and
ammonium chloride. In every case, the 50ml of overnight culture was grown in the
minimal media from the single colony of bacteria, for overnight. The overnight culture
was centrifuged and the cell pellet was used for the inoculation of 500ml M9 media
culture. Cells were grown upto 0.6-0.8 of O.D. at 37°C and 200rpm in the shaking
incubator, followed by the induction with IPTG (0.1mM final concentration) for the
expression of the proteins at 16°C for 16hours. Cells were harvested and stored at -
20°C or —80°C until purification.

3.2 Protein purification

Cell pellets were re-suspended with wash buffer (50mM Tris.Hcl, 50mM NaCl, 10mM
Imidazole, 5mM B-mercaptoethanol, 5% Glycerol pH 7.5) with the addition of half a
tablet of EDTA-free cOmplete™ protease inhibitor cocktails (Roche). Cells were lysed
with the help of a sonicator (5 seconds of pulse with 10 seconds of pause, with the
amplitude of 49% for 15-20 minutes). The cell lysate was centrifuged at 18 000G for 45
minutes and the supernatant was passed through the 0.45pm filter, before the
purification.

The first step of purification is through the affinity chromatography with the help of
His-trap FF column (GE Healthcare), where the protein would bind to the column,
because of the His6-tag. The protein is washed with 0.5M of Lithium salt buffer(50mM
Tris.Hel, 50mM NaCl, 10mM Imidazole, 5mM B-mercaptoethanol, 5% Glycerol, 0.5M
LiCl pH 7.5) in order to wash all the Rnases from the protein. As the protein Pym'® is
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the RNA binding protein, it is necessary to remove all the cellular RNAs and RNases
from the protein during the purification. Later, the protein was eluted with the help of a
high concentration Imidazole (1IM) buffer (50mM Tris.Hcl, 50mM NaCl, 400mM
Imidazole, 5mM B-mercaptoethanol, 5% Glycerol pH 7.5). Before, the second step of
purification the imidazole was removed by buffer exchange with the help of a desalting
column.

The second step of affinity chromatography is by using the HiTrap Heparin FF column.
This method is very much necessary for the purification of RNA or DNA binding
proteins. This purification was done for the removal of cellular nucleic acids. Here, the
protein would bind to the column (higher PI value of the protein than the pH of the
buffer) and the column was washed with low salt buffer (50mM Tris.Hcl, 50mM NacCl,
5mM B-mercaptoethanol, 5% Glycerol pH 7.5) and the protein is eluted with high salt
buffer(50mM Tris.Hcl, 1M NaCl, 10mM Imidazole, 5mM B-mercaptoethanol, 5%
Glycerol pH 7.5).

After the second step of affinity chromatography, the is protein expected to be free
from all cellular RNAs and RNases. So, the RNase Alert™ Lab test (ThermoFisher) was
done to evaluate the same. If the protein was found to be bound with RNAs or RNases,
the purification steps were repeated until the tests were negative. At this stage, TEV
protease was used to cleave of His6-tag from the protein. The final step of purification
is gel filtration chromatography.

The purified protein was buffer exchanged to the desired NMR buffer (50mM BisTRis,
50mM MES, 50mM NacCl, 0.05%NaN;, 2.5mM Tcep, pH 6.0) later concentrated for the
NMR experiments. The buffer used for the NMR experiments was optimized by

Thermofluor assay®*.

3.3 Thermal shift assay

Thermofluor assay or Thermal shift assay (TSA) is very much helpful to measure the
changes in the thermal denaturation temperature of the biomolecule. Hence, stability of
the biomolecule such as protein under varying conditions such as buffer, pH, ionic
strength can be monitored. The method for measuring the thermal stability is
differential scanning fluorimetry (DSF) or thermofluor, which employs fluorogenic
dyes*. SYPRO Orange dye has been used to measure the thermal stability of the
proteins®. SYPRO Orange has an emission/excitation wavelength profile compatible
with qPCR machines which are in recurrent everyday use. SYPRO Orange has the
property of nonspecific binding to the hydrophobic surfaces, where water quenches the
fluorescence of the dye. In the 64 qPCR plate protein is placed in different buffers of

interest, during the experiment the temperature is gradually increased from 4°C to 95°C
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to monitor the thermal stability of the protein. When the temperature starts to increase
from beyond its stability protein starts to unfold to expose the hydrophobic surfaces

and hence the emission of fluorescence commences®

¥. The melting point(Tm) is the
temperature at which the emission of fluorescence is highest can also be measured.
More the Tm more is the thermal stability of the protein in the respective buffer. With

this, the optimum conditions for the experiments have been obtained® .

3.4 RNA Synthesis

RNAs of the work interest were synthesized by in vitro transcription method using T7
RNA polymerase”. In vitro transcription is the template-directed synthesis process of
RNA molecules, that includes a bacteriophage promoter sequence upstream of the
sequence of work interest by transcription using the corresponding RNA polymerase **.
This method of transcription allows transcribing RNA of any virtual length, in pg to
mg quantities”. The desired sequence is cloned into any phage promoter vectors and
the plasmid DNA is linearized with a restriction enzyme. Under the optimized reaction
conditions, runoff transcription from these templates yields hundreds of moles of RNA
per mole of DNA”. Thus, the method of in vitro transcription is very efficient for RNA
synthesis. Requisite starting elements for the transcription are DNA template with the
T7 promoter sequence, T7 RNA polymerase, nucleoside triophosphate (NTPs), and a

buffer system containing DTT and magnesium ions”*®.

3.4.1 DNA template preparation

The DNA sequence of interest with upstream T7 promoter and Pstl restriction site at
the 3' end of the sequence was cloned into the high copy number vector pUC19, by
EcoRI (NEB) and HindIII (NEB) restriction digest and ligase (NEB). Successful cloning
was transformed into the Top10 competent cells (Invitrogen). Transformed Top10 cells
were grown in LB media at 37°C and 200rpm for overnight. Centrifuged cell pellets
were used for the DNA extraction process. Transfection-grade plasmid DNA was
extracted through QIAGEN Plasmid kits, which provide gravity-flow, anion-exchange
tips for purification. Purified plasmid DNA with the target sequence was treated with
Pstl (NEB) restriction enzyme for linearization. As, this is crucial for the production of
RNA transcripts of defined length, otherwise slightest impurity of circular plasmid
would generate long heterogeneous RNA motifs in higher yield than the linear

counterparts®. The linearized DNA template was used in the in-vitro transcription.
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After the enzymatic digestion, the linearized DNA template was extracted by using the
phenol-chloroform extraction. A mixture consisting of phenol—chloroform—
isoamylalcohol (05:24:1, Roti) was added to the reaction mixture in an equimolar ratio.
The nucleic acid and proteins are separated by phenol, separation of the aqueous and
organic layer was facilitated by chloroform which also denatures the proteins. Foaming
of the solution is controlled by isoamylalcohol”. The DNA was dissolved in the pH
adjusted (4.5-5) phenol, while the RNA remained in the aqueous phase. The proteins
were separated as a film between the organic and aqueous layers. The chloroform layer
was collected and mixed with the chloroform—isoamylalcohol mix (24:1, v/v) to
remove the phenol traces. The sample was mixed well and centrifuged. The chloroform
layer was separated. To this 10% 5 M NaCl and 2.5 volume of pure ethanol was added,
incubated at -20°C for 3 hours the DNA precipitates. The sample was spun down at
14000g for 1 hour. The DNA pellet was washed with 70% of ethanol. Centrifuged

again, the pellet was dried and dissolved in pure water to the desired concentration.

3.4.2 Preparation of Nucleoside Triphosphates (NTPs)

The NTPs solid salts (from Sigma-Aldrich) were dissolved individually in nuclease-free
water. The pH of the NTP solution was neutralized (pH=7-8) using 1M NaOH solution.
Each NTP solution was then diluted to the desired concentration and mixed together in
equimolar or non-equimolar ratios of different NTPs as of the transcription

requirement for the corresponding RNA synthesis®®”.

3.4.3 Transcription reaction optimization

In vitro transcription reaction is much sensitive to the concentration of NTPs, DNA
template sequence, and other salts which contribute considerably to the yield of RNA
transcripts. So, for every large-scale transcription reaction, it is very much required to
optimize the concentrations of the transcription components, such as DNA template,
NTPs, T7 RNA polymerase, and Mg* ions. Optimization would also be necessary for
the new stock solutions of any one of the above mentioned components. 20pl
transcription reaction was set up for every reaction condition. Transcription reaction
was carried out at 37°C for 3 hours. Later all the reaction mixture was loaded to the
analytical polyacrylamide denaturing gel. The optimum reaction condition is the one in
which a higher amount of homogenized RNA was transcribed. This condition was used

for the large-scale synthesis of RNA.
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3.4.4 Large scale synthesis of RNA

SOLE RNA, 24mer, and ribozymes HDV(Hepatitis delta virus) and Hammerhead are
synthesized in the lab by in vitro transcription method. Both the RNAs and ribozymes
were optimized for large-scale transcription reactions. Transcription reaction was
carried out at 37°C for 5 hours in the presence of optimized quantities of Mg, NTP,
and T7 polymerase. After the transcription, the reaction was quenched with EDTA
(Ethylenediaminetetraacetic acid) solution (final concentration is 50mM). Later, the
reaction mixture was loaded to the polyacrylamide denaturing gel for RNA extraction.
The polyacrylamide gel slice which encapsulated the RNA was transferred to the
electroelution apparatus to extract RNA. Both SOLE and 24mer were sequentially
homogenized by trans cleaving ribozymes.

SOLE RNA transcribed with few complementary sequences of Hammerhead ribozyme
at the 3’end. Both SOLE and Hammerhead ribozyme are annealed together in the
cleavage buffer at 95°C and then cooled down to room temperature. To initiate the
ribozyme cleavage reaction, MgCl, (final concentration is 30mM) is added to the
reaction mixture. This trans-acting cleavage reaction was done at 37°C for 12 hours.
The reaction was quenched with EDTA solution (30mM final concentration). Later, the
reaction mixture was loaded to polyacrylamide gel, followed by the electroelution
method to elute the pure RNA.

Whereas in 24mer, both HDV and Hammerhead ribozymes were used for
homogenizing 5" and 3" end respectively. Both the ribozymes were used in trans with
RNA (to be cleaved), simultaneously for the cleavage reaction. The RNA was extracted

from ethanol precipitation'”.

3.4.5 Poly Acrylamide Gel electrophoresis

This is the method of separation and analysis of macromolecules such as DNA, RNA,
and proteins depending on their size and charge. By this method, the estimation of the
size and population of macro-molecules can be done. Hence, the method is used to
estimate the size of DNA and RNA or to separate the proteins by their charge'.
Nucleic acids, the negatively charged molecules are separated by applying the electric
field through the matrix of gel substances like agarose or polyacrylamide. The rate of
movement of the molecules through the pores works on the phenomenon of sieving'*.
Smaller fragments move faster and farther. While proteins are separated through the
charge. PAGE technique is very useful in the separation and analysis of the nucleic

103

acids, as well as interaction studies'”. Gel electrophoresis requires an electrical field; in
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particular, the electric field applied makes one end of the gel positively charged while
the other end is negatively charged. Nucleic acids are negatively charged bio-
molecules, they will be pulled toward the anode. Proteins, however are not charged in
particular; thus, the proteins are mixed with the detergent called sodium dodecyl
sulfate. The treatment makes the protein degenerate and hence unfolds into a negative
charge coated linear chain, and can be separated. Upon the separation, the bands
representing molecules of different sizes can be detected.

Resolving gels are made in 6%, 8%, 10%, 12%, 15%. Smaller RNAs move faster, can be
well separated using 12% or 15% gels. For the Oskar sole and 24mer RNAs, 12% gel was
used to separate from their corresponding hammerhead and HDV ribozymes.
Polyacrylamide gels include urea and acrylamide solution in TBE buffer. Depending
upon the percentage of gels required the concentration of acrylamide solution is varied.
After polymerization, the transcription reaction was loaded onto the gel and run for 6
to 10 hrs at 15-18V, as per the required resolution. RNAs were extracted from the gels
in the denatured form. Extraction can also be done by preserving the high order
structure state of the bio-molecules. However, this can little more complex than the
extraction from the denatured state, as monitoring the size can be tricky. Because both
charge and the molecular size of the RNAs contribute to the position of the band in the
gel. RNA was purified through the Electroelution method.

3.4.6 RNA constructs used for NMR and EMSA analysis

SOLE RNA, ribozymes, and 24mer SOLE RNA are synthesized in the lab using the
above RNA synthesis method. While the others listed here are obtained from Sigma for
NMR and EMSA analysis.

SOLE RNA:
5’- Cy5-GACGAUAUCGAGCAUCAAGAGUGAAUAUCGUC-3’

24mer SOLE RNA:
5’- Cy5-AUAUCGAGCAUCAAGAGUGAAUAU-3’

20mer SOLE RNA:
5’- Cy5-AUCGAGCAUCAAGAGUGAAU-3’

16mer SOLE RNA:
5’- Cy5-CGAGCAUCAAGAGUGA-3’

31mer RNA:
5’- Cy5-GACGAUAUCGAGCUUCGGAGUGAAUAUCGUC-3

DelA 23mer RNA:
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5’- Cy5-AUAUCGAGCAUCAAGAGUGAUAU-3

Ejpt-24mer RNA:
5’- Cy5-AUAUCGAGCAUCAAAGGUGAAUAU-3

Alter-24mer RNA:
5’- Cy5-AUAUCGAGCAUCAAUUCGGAAUAU-3

24mer MSL RNA:
5’- Cy5-GAUAUCGAGCUUCGGAGUGAAUAUC-3

22mer MSL RNA:
5’- Cy5-AUAUCGAGCUUCGGAGUGAAUAU-3

22mer MSL-II RNA:
5’- Cy5-AUAUCGCGCUUCGGCGUGAAUAU-3’

22mer MSL-IIT RNA:
5’- Cy5-AUAUCGCUCUUCGGCUUGAAUAU-3’

16mer MSL RNA:
5’- Cy5-AUAUCGAGAGUGAAUAU-3’

29mer RNA:
5’- Cy5-GGGAUAUCGAGCAUCAAGAGUGAUAUCCC-3’

3.5 Gel Electrophoretic Mobility Shift Assay (EMSA)

EMSA is the native gel electrophoresis, where the RNAs can be monitored in their
native form without being structurally degenerated. Hence, it is used to analyze the
RNA-protein interactions, where bound and unbound RNAs were easily distinguished.
EMSA is based on the principle that nucleic acid-protein complexes are larger, so move
slowly show lower electrophoretic mobility, when subjected to denaturing gel, when
compared to respective unbound nucleic acid probes. Hence, the rate of shift of nucleic
acids is retarded when it is bound to protein. Since the gel shift assay provides the
information if the protein is able to directly interact with the specific sequence of
nucleic acid, the technique was used to monitor the interaction between Pym'’ and
isomers of Oskar SOLE RNA. Interaction study of SOLE RNA and all the other
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isomeric constructs of SOLE were observed through EMSA, as holo and apo form with

the protein Pym'®.

For the EMSA, both RNA and the protein Pym'® are in the same buffer (50mM MES,
50mM BisTris, 50mM NaCl, 2.5mM Tcep) are mixed in the ratios of 1:0,1,2 and 5. The
reaction complex was loaded into the Polyacrylamide gel. Electrophoresis for about 5
hrs at 5V at 4°C. Crisp bands can be obtained at the lower temperature, otherwise,

bands will appear to be fuzzy because of thermal noise at room temperature. 0.1nMoles
of the RNA was used for the EMSA.

3.6 NMR Spectroscopy

NMR experiments were recorded in the Bruker 600MHz and 850MHz spectrometers
and are equipped 5mm HCN triple resonance probe with nitrogen and helium
cryogenic probe cooling system respectively. NMR spectroscopy is the major analytical
technique used for the interaction study, dynamics and structural characterization

analysis of protein Pym'®.

3.6.1 Titration experiments

Interaction of the Pym'® with SOLE RNA and with its other shorter constructs was
monitored by NMR titration experiments. Protein was monitored by "N-labelled
Pym'® through NMR with unlabeled RNA constructs. The concentration of 50uM of
the protein was used for all the NMR titration experiments, with RNA in the molar
ratios of 1: 0, 1, 2, 5 for each protein-RNA titration.

3.6.2 Protein- RNA interactions: Calculation of Chemical shift
Perturbation (CSP)

The nature of binding for SOLE RNA and its different structural and sequential isomers
with the protein Pym'® was monitored by a series of NMR titration experiments. Here,
all the proton - nitrogen correlation shifts were observed through “N-'H HSQC
experiments. So, the chemical shift perturbations for all the amide resonances were

calculated according to the below equation'®

CSP:\/%[A5§+(0.15*46§V)]

46



Where, A8" and A8" is the chemical shift difference, in the proton and nitrogen
dimension respectively. Data analysis and graphical representation were done by using
CCPNmr Analysis and Microsoft Excel.

3.6.3 Backbone assignments experiments

Backbone nuclei N, HY, Ca, CB, and C' of the protein Pym and Pym'® were
sequentially assigned from the conventional triple resonances experiments like HNCA,
HNCO, HNCACB, HN(CO)CACB, and HN(CA)CO and are explained below'".

HSQC'"*: 'TH-"N HSQC is a two-dimensional fingerprint experiment for proteins. Here,
the magnetization is transferred from amide protons ("HY) to nitrogen ("N") via J-
coupling. This is the standard experiment with which all the N-H correlations can be
observed. With all the amide groups, side-chain groups of Trp, Asn, Gln are also
visible. Even though it is a basic vital experiment recorded for all the proteins, it has

the potential to reveal the spectral and structural ambiguity of the protein sample.

HNCA'®"": This is a very sensitive 3D NMR experiment, where the magnetization is
transferred from amide proton to nitrogen and then selectively transferred to carbonyl
group via "N"-"CO J-coupling and then magnetization is transferred back to "H" via
BN for the detection. Chemical shift evolves for all the three dimensions. The carbonyl
chemical shift can be further used with TALOS'" to predict the secondary structure

during structure calculation.

HNCO'*"7*'7: This is the 3D NMR experiment, where the magnetization is transferred
from "H" to "N"and then to Ca and transferred back to "N and 'H for detection via N-
Ca J-coupling. The chemical shift evolved for 'HY, N, and “Ca resulting in a 3D
spectrum. Here, the both "Ca of one’s own residue and of the preceding one can be
observed, as amide proton is coupled to both of them. Since the coupling of the directly

bonded Ca is stronger, two peaks are observed with the intensity difference.

HNCACB': In the spectrum, each amide peak is observed with two Co and two CB,
which are from its own residue, and the other set is from its preceding residue. Here,
the magnetization is transferred from Ha and HP. Then will proceed to Ca and Cp
respectively and finally from Cf to Ca. From here it is transferred to "N" and then to

"HN for detection. Because the magnetization is transferred to "N" from both Co; and
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Ca.1. The chemical shift evolved simultaneously on Ca and Cf in one dimension and

the other two dimensions are for nitrogen and proton.

HN(CO)CACB': Here, the magnetization is transferred from Ho and HJ to Co and
CB respectively and then from CB to Ca. From here it is transferred first to "CO and
then to "N, then to 'H; for detection. The chemical shift evolved simultaneously on
Ca;.; and CBi; on one dimension but did not evolve on CO. The other two dimensions
are for "N'; and "H";. Together with the NHCACB spectrum, it is possible to link

sequentially i" and (i-1)" residue.

NH(CA)CO"*: Here, the magnetization is transferred from "H" to "N" via the N-Ca J-
coupling to the ®Ca. From here the magnetization is transferred to the “CO via “Ca-
PCO J-coupling. Magnetization transferred back way from “CO, "Ca,"”N and finally,
'H to for the detection. The chemical shift evolved on 'H, N, and ®*CO and not on the
“Ca. Because the amide nitrogen is coupled to the Ca of its own residue and to its
preceding residue. Magnetization transfer happens to both the “CO nuclei. Thus for
each NH group, two carbonyl groups are observed in the spectrum with different

intensities as coupling residue possesses stronger coupling.

3.7 Structure Calculation

Protein structure prediction is the essential part of structural biology, and essentially
covers approaches enabling us to travel from the first sequence, via secondary and
tertiary structure, to the Quaternary structure. This follows the central assumption that
a protein's primary sequence and therefore the inherent properties of the bio-molecules
like proteins or RNAs dictate the ultimate folded of three-dimensional structure.
Besides the homology predictions, which are generally obtained through knowledge-
based potentials or algorithms, or by comparing to already existing structures of
systems with similar sequences, analysis of the standard of the resulting model is a
necessary part of protein structure prediction.

For the structure calculation, the distance restraint data from the NMR has been used.
All the data has been incorporated into ARIA for the structure calculation.

For the structural restraints, 3D 15N-edited 'H-"H NOESY (mixing time, 150ms) and 3d
13C edited 'H-'H NOESY'”, (mixing time, 150ms) were recorded. The chemical shift
index was calculated from the CCPNmr 2.4. Unassigned peaks were discarded, so a
total of 2163 unambiguously assigned distant restraints were used for the structure
calculation. The total calculated structure was 100, of which the 20 lowest-energy

structures were further refined in explicit water. NMR structural characterization (the
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final tuning) for the protein and the molecular docking of the protein Pym'’ with

SOLE RNA, was done by Dr. Deepshikha Verma.

3.8 Multi-angle light scattering (MALS)

MALS experiment was done by loading a pre-purified protein sample of Pym'®, to
Superdex 75 10/300 (GE Healthcare) in line with Optilab, T-rEX and miniDAWN
TREOS (Wyatt). The buffer used here is 50mM MES, 50mM BisTRis, 50mM NACI,

2.5mM Tcep. Serum Bovine Albumin (Sigma) was performed to calibrate the detectors.

Data were processed with ASTRA7.1.4(Wyatt).

3.9 Materials, Kits and Chemicals

Table 3.1: NMR Spectrometers

NMR Spectrometer
Avance III HD 600 MHz with N2-cooled inverse HCN triple- BRUKER, USA
resonance cryogenic probehead
Avance III HD 650 MHz with He2-cooled inverse HCN triple- BRUKER, USA
resonance cryogenic probehead
Table 3.2: Software used
Name Developer
NMR data processing ans analysis Topspin 3.2 Bruker
NMRPipe Frank Delaglin
CCPNmr Analysis 2.4
ARIA
Molecular Visualization PyMOL 2.3 Schrodinger LLC.
Biochemistry and Biophysics UNICORN 7 GE Healthcare, USA
ASTRA7.1.4 Wyatt Technology, USA
NanoAnalysis TA Instruments, USA
Data plotting Microsoft Office Excel Microsoft, USA

Libre Impress
Origin Pro 8
lustrator CC 2018

Libreoffice
OriginLab Corp, USA
Adobe, USA
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Table 3.3: Biological Buffers

Buffer name

Composition

NMR buffer

Wash buffer

Elution Buffer

EMSA buffer

PBS Buffer

50mM MES

50mM BisTris

50mM NaCl

2.5 mM Tcep

pH 6.0

25mM Tris.Hel

25mM Nacl

2.5mM 2-mercaptoethanol
5% Glycerol

pH 7.5

50mM Tris.Hel

50mM Nacl

5% Glycerol

2.5mM 2-mercaptoethanol
pH 7.5

50mM MES

50mM BisTris

50mM NaCl

2.5 mM Tcep

100mM TBE

pH 6.0

100mM Na-Phosphate
250mM NaCl

pH 7.5

Table 3.4: Kits

Product

Manufacturer

QuikChange Site-Directed Mutatgenesis Kit

QIAprep spin miniprep kit, Qiagen PCR purification

kit, QTAEX II gel extraction kit

cOmplete™EDTA-free Protease Inhibitor Tablets
HisTrap FF (5ml), HiLoad 16/600 Superdex 200 pg, HiLoad GE Healthcare, USA

26/600 Superdex 75 pg

Agilent, Germany

Qiagen, Germany

Roche Diagnostics, Switzerland
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Table 3.5: Solutions for protein expression

Name Amount Chemical Details
Kanamycin 1000x 50mg/ml Kanamycin Stored at -20°C
IPTG 1M IPTG Stored at -20°C
Amphicillin 100mg/ml Amphicillin Stored at -20°C
Trace Elements 50 ml 0.1IM FeCl;in 0.12M  For 100 ml, in H,O
HCI

2 ml 1M CaCl,

1 ml 1M MnCl, - 4H,O

1 ml 1M ZnSO, - 7H,O

1 ml 0.2M CoCl, - 6H,O

2 ml 0.1M CuCL - 2H,O

1 ml 0.2M NiCl,

2 ml 0.1M Na,MoO;, - 2H,0

2 ml 0.1M Na,SeO,

2 ml 0.1M H;BO,

36 ml H.O
M9 minimal medium 1000 ml H,0 or D,O For medium

100ul 1M CaCl,

2ml 1M MgSO,

6ml 5 mg/ml thiamine

hydrochloride

4g D-glucose

100ml 10x MO salts

1g NH.CI

1ml Kanamycin 1000x

1ml Trace elements 1000x
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CHAPTER

4. RESULTS

The exon junction complex is the functional binding partner for both Oskar mRNA and
for the protein Pym. All together, they are involved in the process of localization of
mRNA. Pym recycles the exon junction complex during early translation®®® by
bridging between the mRNA-bound exon junction complex and with the translation
machinery ribosomes'”. To understand the mechanism of localization, it is necessary to
understand the molecular interactions of all the components involved. As the protein
Pym is an RNA binding protein and is also involved in the recyclization process of the
exon junction complex. So, here we aim to study the structure and dynamics of protein

160

Pym'® (the shorter construct of protein Pym) and also to look into the interaction
between protein Pym'® and Oskar SOLE RNA. The approach to study the structural
characterization and dynamics of protein Pym'® is through Nuclear Magnetic
Resonance spectroscopy. Whereas for the interaction study both EMSA and NMR have

been used.

4.1 Structure and Dynamics of protein Pym'®
4.1.1. Purification of Pym'®

Pym from Drosophila melanogaster is a 24 kDa protein comprised of 211 amino acid
residues. This molecular weight is feasible for NMR characterization. But, the RNA-
Protein interaction study, which is Pym and SOLE RNA complex, would have a total
molecular weight of 34 kDa. In general, when the molecular weight of a target
component exceeds 30 kDa, assignment and other characterization measurements
would become difficult, as the challenges for the structure determination increase
steeply with molecular size. This is because of the line broadening and increase in the
degeneration of signals owing to fast transverse magnetization decay”. Hence, the
shorter constructs, which are of lower molecular weight, are advantageous.

The first results of interaction showed that the initial hundred residues of the protein
from the N-terminal region participated interactively with SOLE RNA. So, shorter
constructs of protein Pym were made while retaining its biologically significant motifs.

In this process, the shorter construct of Pym with 160 residues (Pym'®, 18kDa) was
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found to be the best, as it embodied the functionally significant motif and could be

0

purified as a soluble protein. Other shorter constructs, like Pym'* and Pym'", were

160

expressed as insoluble aggregates. So the protein Pym'® has been continued for

structural characterization and binding study.
0

Pym'® expressed and purified using the optimized three-step purification method,

which includes RNases and RNAs elimination steps. The purified protein (labeled
/unlabeled) without any RNases and RNAs was used for further study. Finally, the
purified protein was analyzed through the SDS-polyacrylamide gel electrophoresis to

confirm the size and purity of the recombinant protein.
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Figure 4.1 - a: SDS gel image for the purified Pym'® protein (18kDa), b: RNases kit Test-Image

represents the absence of RNases or RNAs (Pym'®’) with positive and negative control of RNases or
RNAs.

4.1.2. Structural characterization of Pym'®

The solution-state NMR technique has been applied for the structural characterization
of the protein, that is through collecting structural restraints data. Uniformly double-
labeled Pym'® in the buffer (50mM MES, 50mM BisTris, 50mM NaCl, 2.5mM Tcep) has
been used for the NMR experiments. All the resonances of the molecule have been
assigned first followed by the measurement of distant restraints through three-
dimensional NOESY experiments. Backbone assignment and side-chain assignment
were done by using CCPNmr Analysis V2. Sequential assignments were successfully
finished and then followed by the measurement of distant restraints. All this
information was further used for the structural calculation by ARIA.

Backbone assignment experiments like HSQC, HNCA, HNCO, HNCACB,
HN(CO)CACB, side-chain assignment experiments like H(CCCO)NH, HC(C)H -
TOCSY, and structural restraint experiments like 3D NOESY - "“C HSQC were
recorded for the unbound protein Pym'® on AV600 MHz and AV850 MHz Bruker NMR
spectrometers. The 'H-"N-HSQC (Heteronuclear Single-Quantum Correlation
Spectroscopy) spectrum, is the fingerprint experiment for the proteins, from which the
basic structural nature in terms of structural complexity can be predicted. All the amide

resonances or the nitrogen-proton correlations peaks of amides were shown in
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Figure 4.2: "N-"H HSQC spectrum of protein Pym'®, depicting all the expected amide

resonances(a). Pym'® three dimensional structure, calculated from the NMR structure
calculation with the software ARIA (b).
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the Figure 4.2, which is a "H-"N-HSQC spectrum, recorded at 293K, for 200 pM Pym'*®

protein in the above mentioned buffer. In the spectrum, the amide resonances are

distributed over a narrow range of chemical shifts in the X-axis, that is from the proton
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chemical shift. This reflects the high mobility of the protein, which generally describes

1. The spectrum also has some

the structurally unfolded nature of the protein Pym
severely overlapped regions, while the other cross-peaks are sharp without much line
broadening.

The next step was to assign all the resonances of the spectrum for the protein Pym'®.
That means we have to find out which chemical shift corresponds to the particular
nuclei of the protein. This was achieved by the sequential walking method, from the
information derived from the various NMR experiments. The assignment was
accomplished for all the resonances of the molecule, starting from the backbone

10 Once

assignment spectra to the side-chain assignment spectra for the protein Pym
we have assigned all the nuclei of side-chain and backbone elements of the protein, we
could then get the distance restraints by interpreting the three-dimensional NOESY
spectrum. The intensity of the cross-peaks in the NOESY spectrum determines the
spatial arrangement of the two nuclei involved. If the peak is highly intense, then it is
termed as strong and the nuclei involved are spatially close to each other. While
weaker cross-peaks describe the nuclei bound to each other are comparatively farther.
This is how the distance restraints are obtained from the three-dimensional NOESY

spectrum. Here, the distance could be a maximum of 5A° between two nuclei.

—— P N-terminal

g;y g‘ ) —— P C-terminal

Figure 4.3: Three-dimensional structure of the protein, calculated from the NMR
structural characterization method. This is from the first set of calculations, and one
from 20 optimized structures. The structure shows the middle helical region, N-
terminal unfolded part and C-terminal shows few helical elements. As one can see N-

terminal is completely unfolded in the unbound protein Pym'".

Secondary structure chart

56



don (dop)
dyn (dns.dsn)
dgn (dps)
dgn (i.i+3)
dgg (1,i+3)
don (1,i+4)
dyy (i.i+2)
dgn (i.i+2)
Ad(13Cua)
AB(13CB)
AS(13C)
A8(1HO)
3J(H-HO)
CSI

dgn (dgs)
dyn (dns.dsn)
dgn (dgs)
dgn (1.1+3)
dgg (1,i+3)
dgn (i.i+4)
dyp (i.i+2)
dgp (1.i+2)
ﬂ5f13c‘1)
AB(13CB)
AS(13C')
Ad(1H®9)
CSi

10 20 30 40
AMGMSTYLQSSEGKF IPATKRPDGTWRKARRVKDGYVPQ

il . .
mm. ma s oo s = oees Be =
—mn i - = e — B - = .

—_ ——— -
- - e
- mE mm m m . -

50 60 70 80
EEVPLYESKGKQFVAQRQAGVPPGMCPLLAAESKKEREKQ

— —— —— ————_

— el ——
— | p— -

— A — — T —

— - T - - ————

L B U

|

Figure 4.4: CCPNmr chemical shift, assignment table, depicting the assignment upto 80

residues. (Secondary structure chart)

57



90 100 110 120
ERTRAKKQEKESGRQPKAPAPGVLVMPPSTCPPPKVSQQQ

dan (da5) I BN I e . |
dyn(dyg.dgy) Hees e S - . S — —
dgn (dps) - s - " - . - . el B
dgn (Li+3) —
dgpg (1,1+3)
dan (1.i+4) -_—
dnn fr-r+2J — ——— — — — —
dan (1,i*+2) —_— — — —_— —_—
AB(13Ca) - _ =
A5(13CB)
el [_J ||
Ad(13C) [— . — —
AB(TH®) _ o _
CSlI — = ., —
- A= -
130 140 150 160

QQAQQQAPSGSRDINSISKTLEDTLKLDAAQEVVDPAKQLK

dgn (dgs) I Il . I
dun (dns.dsn) — eenlialls = ol Bl = =liases
dpn (dgs) H o = sSeeeseesessslisssssssssss Seessss
dgn (1,i+3) —————

dani_H‘SJ

dgn (1.1+4) —

dun (1i+2) s — — -

dan (1.1+2) — — —_—
AB(13Ca) — —

A5(13CB) m | — -
A5(13C) i — — — P ||

Ad(THT)

CSi - 1 [ | J— |_-

Figure 4.5: CCPNmr chemical shift, assignment table, depicting the assignment from

80 to 160 residues. (Secondary structure chart)
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The Secondary structure chart represents NMR assignments, analysis of distant
restraints, Chemical Shift Index (CSI), dihedral angles, and secondary structural
elements. Figures 4.4 and 4.5 represent the secondary structural chart for the protein

160

Pym'®, where all the residues from 1-160 have been represented. This chart has been

generated using the program CcpNmr Analysis.

Chart table showing daN, dNN, dfN a graphical representation of NOEs observed
between protons HN and Ha, HNn and HNn+/-1, HN and Hf, HNn and HNn+/-2,
Ha and HNn+/-2, showing secondary chemical shifts calculated for Ha (AS(*Ha)),*Cax
(AS(PCar)), *CP (AS(**CP)) and CO (AS(**CO)), showing the Chemical Shift Index
(CSI)'"*'7. The secondary chemical shifts are the difference in the chemical shift
observed and the chemical shift of random coil value. So, the higher difference

represents a stronger possibility of a secondary structural element. The chart also
shows the DANGLE prediction (Dihedral Angles from Global Likelihood Estimates) of

160 178-180

Pym'® secondary structure

The chart describes the presence of a strong a-helix, which forms between the residues
68-91 along with fewer possible small helical elements. Hence, the fewer distant

restraints predict the random coil nature of the protein.

4.1.3 Dynamics of Pym'®

To understand the internal dynamics of the protein Pym'® hetNOE data has been
recorded as the function of the primary sequence. It is the experiment to visualize the

81 Here, the set of heteronuclear

protein backbone dynamics from spin-relaxation data
NOE NMR experiments was recorded for amide resonances with and without proton
saturation. When RF pulse irradiated protons are allowed to saturate, there will be a
transfer of nuclear spin polarization. That would take place through cross-relaxation.
Thus, results in a change in the integrated intensity of the amide resonances. Nuclei
that are closely situated through space are the ones directly affected by the RF
perturbation. hetNOE data is measured as the difference in the peak intensities in two
spectra before and after saturation. In other words, it is the integrated change in the
intensity of resonances between saturated and unsaturated (reference) experiments.
The backbone hetNOE experiment provides information motions of N-H bond

181

vectors''. Molecules that have faster-tumbling motions would show a decrease in the

NOE intensity when compared to the average observed majority of residues.
So, hetNOE calculated as,

NOE = ( Isaturated/Ireference) - 1
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In the figure 4.7,
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Figure- 4.7: (A)-Display of {'H}-"N heteronuclear NOE values are shown with errors.

Figure (A) displays the values of {'H}-"N heteronuclear NOE'®, which means values of
magnetic relaxation of "N amide nuclei. The intramolecular motions of the protein can
be estimated with the help of this experiment. {'"H}-"N nuclear Overhauser effect is
measured in the picosecond time scale of the protein Pym'®. Figure 4.7 (A) does not
show any definite groove, that could predict any secondary structural element, even
though the protein has a strong a-helix in the middle of the protein. This could
probably be because of the other stronger random coil elements of the protein. Thus,
the chart depicts the stronger structural dynamic nature of the protein Pym'®.

Figure 4.7 (B) represents the carbon secondary chemical shift data. The chart identifies
the secondary structural elements through the analysis of backboneC chemical shifts.
In the chart, the purple bars represent the presence of the a-helices and the blue line

above the chart describes random coil elements.

All these analyses show that the protein Pym'® is very dynamic and is identified as a

‘structurally unfolded protein’ with one long a-helix with other possible small helices.
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Figure- 4.7: (B)- combined Ca/C carbon secondary chemical shift (SCS) values. SCS
are interpreted with respect to their secondary structure elements as shown above the

panel. Purple bars represent the helical elements and blue lines are unstructured part.
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4.2. SOLE RNA

One of the necessary requirements for the Oskar mRNA localization is the SOLE
(Spliced Oskar Localized Element) RNA. SOLE, the first intron spliced RNA, consists of
exon-1 and exon-2 ligated together at the first exon junction point. Exon-1 has 18
nucleotides and exon-2 has 10 nucleotides. SOLE RNA embodies structurally short
Proximal stem (PS, 6 base pair (bp)), Medial Stem Loop (MSL, 9nt), and Distal Loop
(DL, 7nt), as shown in the below figure (). The residues (4) incorporated in the end are
for the better RNA transcription.

The structural and dynamic characterization of SOLE RNA has been done through
NMR biophysical technique'®.

231 =1€E
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Figure 4.8: SOLE RNA (32mer) embodies Distal loop, Medial stem loop and Proximal
stem. Sequential representation and 3D structure of SOLE RNA (5a18, pdb database).
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SOLE RNA structurally has an upper bulged distal loop (blue), middle bulged-helical
dynamic Medial stem loop(red) and strong helical proximal stem(yellow).

4.3. Dissecting SOLE RNA, for Pym binding motifs

In order to identify the protein binding motifs in the SOLE RNA, the dissection method
was employed. The dissection of SOLE into various isomers that are both structural and
sequential, were synthesized. Each isomer was observed as the complex with the

160

protein Pym'®, through different analytical tools. The methods used for comprehensive
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experimental identification of the RNA-protein interactions are ElectroMobility Shift
Assay and NMR spectroscopy.

EMSA is being the first approach for the identification of the interaction of RNA-
protein, by observing the RNA as an RNA-protein complex, through native
polyacrylamide gel. The band for the binding is observed in case of any interaction
present between the molecules. Later, NMR spectroscopy is used as the principal
analytical tool. NMR spectroscopy provides an accurate interaction profile through
chemical shift perturbation methods, where one molecule is titrated against the other
with the concentration gradient of the latter.

The SOLE RNA isomers which exhibited interaction in the EMSA assay were
proceeded through NMR titration experiments to study the interaction at the molecular
level.

All the SOLE isomers have been screened by these approaches in order to have the
complete interaction profile of SOLE RNA with the protein Pym'®. The study has
provided the binding map of SOLE and Pym'® interaction.

Dissection of SOLE RNA was divided into different categories depending upon

different structural and sequential elements that were being modified or deleted.

4.3.1. Sole structural elements

Structurally, SOLE RNA has been divided into three different parts. Proximal stem,
Medial stem-loop, and Distal loop.
So, here five isomers were synthesized, 16mer, 20mer, 24mer, 22merDS, and 31mer,

where each isomer is missing one of the structural elements.

Isomer 16mer consists of a distal loop and medial stem-loop and is devoid of proximal
stem-loop, 20mer is a little longer construct of 16mer where it has initial nucleotides
from the proximal stem, 22merDS (double-stranded) is the proximal stem part isomer,
with missing nucleotides of the medial stem-loop region and distal loop, whereas the
isomer 31mer is missing the distal loop having medial stem-loop and proximal stem
intact. 24Mer is a shorter construct of Oskar SOLE, devoid of few nucleotides of the
proximal stem. Sequences for the isomers and their corresponding secondary structures

have shown in figure 4.8.

So, by analyzing each of these isomers one can find out the direct interaction of the

structural elements with the protein Pym'®

. All these isomers with the protein Pym'®
were first analyzed through EMSA, in order to see the nature and strength of the

binding and then followed by NMR titration experiments.
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Figure: 48— A, B, C, D, and E are sequential representation of SOLE RNA, 16mer,
20mer, 24mer, and 31mer respectively. Where as, A’, B’, C’, D', and E’

corresponding predicted secondary structures (ViennaRNA Web Services).

are their
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16mer: The shortest construct in this category, definitely shows the binding with the
protein Pym'®, but the strength of the binding is very weak compared to Oskar SOLE

RNA. Weak binding can be observed both in the EMSA, as well as in the NMR titration
experiments. In figure 4.11, gel lanes from a to d are from the 16mer RNA, with the
protein in the ratios of 0,1,2,5. As the binding is very weak, one cannot observe the
band for the complex. But RNA band is weakening with a concentration of the protein
that confirms the binding. The next step is to observe through the NMR titration
experiments. "N-'"H HSQC experiments are recorded at 293K, for 50uM Pym'®, with
the RNA gradient in the ratios of 1:0,1,2,5. In figures 4.9 and 4.10, an expanded region
of the "N-'H HSQC spectrum (1:2 -Pym'®:16mer) shows weak binding through
chemical shift perturbation of amide resonances (V38, A55, A98) for the 16mer-Pym '

complex.

20mer: The construct with distal loop and medial stem-loop without a major part of
the proximal stem, is having binding strength little stronger than that of 16mer, but
when compared to Oskar SOLE the strength of binding is weak. EMSA shows the band
for the complex 20mer-Pym'® complex. "N-'H HSQC spectrum (1:2, Pym'®:20mer)
shows the weak binding observed through the chemical shift perturbation (figure). The
amide resonances (V38, A55, A98) are monitored for each RNA for the comparative

observation.

24mer: The isomer which is a shorter construct of Oskar SOLE, shows an interaction
pattern similar but stronger to 20mer, with respect to both chemical shift perturbation
and strength of interaction. EMSA shows a definite band for the 24mer-Pym'®
complex. Adding four nucleotides from the proximal stem enhances the strength of the
binding. This suggests that both the medial stem loop and proximal stem are actively
participating in the interaction with the protein Pym'". In the image of *N-"H HSQC
spectrum, the resonances (V38, A55, A98) are depicted.

31mer: This construct, is devoid of the upper pentanucleotide distal loop. The
interaction pattern is similar to Oskar SOLE. But the complex of 31mer-Pym'® is more
dynamic structurally, this may be due to the lack of a distal loop. The dynamic nature
of the complex can be seen both in EMSA and as well as in the NMR spectrum. EMSA
doesn't show a sharp band but instead, the broader fuzzy band can be seen. In the NMR
spectrum, Figure 4.10, where few resonances are broader beyond observance. That may
be due to either the dynamic nature of the complex or the structural heterogeneity.

Here, we can conclude that the Distal loop does not involve directly in the interaction
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process. Rather facilitate the binding indirectly by stabilizing or favoring the structure

of the RNA-protein complex.

N-"H HSQC spectra
of Structural Isomers
of SOLE

1
125— e |
i} |
7 -] ‘
1 ®
] ]
26—
T ]
127 —|
= <
] [- 398
7 -]
126— ’
T T T T = T T T Ig| LI Pl T
85 B4 83 82 a1 ao 79 T8 L 3 &4 82 80 18
*H ppm H ppm

Figure: 4.9- "“N-'H HSQC spectrum of the protein, with the RNA bound. a) and b) are
from the 16mer SOLE RNA, c¢) is from 20mer bound d) and e) are from the 24mer

bound protein.
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Figure: 4.10: "N-"H HSQC spectrum of the protein, with the 31mer RNA bound. f) and

g) are different parts of the spectrum showing the chemical shift perturbation.
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Figure: 4.11: EMSA gel images shows free RNA and RNA-Pym'® complex in the

different lanes.

After the analysis of the first set of structural based isomers, we can briefly conclude
that that distal loop does not directly participate in the interaction, but definitely assists
the binding as a secondary factor by structurally stabilizing the binding pockets to
facilitate the complex formation. 16mer and 20mer show that the medial stem loop
binds to the protein Pym'®, even though binding is weak. The involvement of proximal
stem in the binding is very strong, as the incorporation of PS nucleotides shows strong
binding and chemical shift perturbation results in the NMR and EMSA. However, at
this point, we could not conclude anything about the binding pattern of the MSL and
PS region. Hence further dissection was employed with respect to the MSL and PS
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region of the SOLE. The detailed study of the interaction pattern of MSL

regions has been discussed in the next two sections.
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Figure: 4.12: Comparative observation of the different "N-"H HSQC spectra for protein
Pym'® bound to 16mer SOLE, 20mer SOLE, 24mer SOLE, 31mer RNA, and Oskar

SOLE RNA.

We can observe the increase in the binding strength of the RNA, with the

incorporation of proximal stem nucleotide. Hence, confirms the direct binding

involvement of proximal stem nucleotides. Even though binding strength is weak, the

MSL chunk also shows direct binding, which gets stronger with the incorporation of

proximal stem nucleotides.
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4.3.2 Medial Stem Loop isomers

The Medial stem loop region is very dynamic in nature. MSL region embodies the
important motif of Oskar mRNA, that is the exon-exon junction point at the 18-19
nucleotides of SOLE, where the exon-1 and exon-2 are ligated together. Functionally,
the exon junction point is very important, as the first intron splicing leads to the
deposition of the exon junction complex on pre-mRNA. This is an important and
prerequisite event prior to the localization as it facilitates the process of localization.

So, here the dissection involves two modes. The first is with the exon-exon junction
point isomers (sequence modified) and the second one is medial stem loop isomers.
Because, it is important to investigate, whether the exon — exon junction point has any
sequence-specific interaction motifs that bind to the protein or not. Also, we already
know that the MSL region involves in the interaction with the protein Pym'®. So, the
dissection process continued in order to identify the specific binding pattern, by

making sequential isomers of the MSL region.

a) MSL exon junction point isomers:

Here, we have three isomers, Ejpt-24mer, Alter-24mer, and DelA-23mer. Individual
isomers were analyzed through EMSA and NMR experiments. The interaction strength
and pattern have been then compared with the 24mer and with SOLE RNA. Because all
these isomers are of 24 and 23 nucleotides and technically isomers of 24mer. So, the

binding strength should be of a similar value to the 24mer.

Ejpt-24mer: This exon junction point isomer. The 18" and 19" nucleotides of 24mer
RNA have been replaced from G to A to A to G. As this is the exon — exon ligation
point, at which exon junction complex is deposited on Oskar mRNA. At first Ejpt
24mer is passed through the EMSA gel, with the protein in the ratios of 0, 1, 2, 5. The
first lane in the gel should have only RNA, the second lane would contain protein-
RNA, in the ratios 1:1, and so on. EMSA result shows the interaction pattern same as
that of 24mer. 24Mer and Ejpt-24mer have differences of only 2 nucleotides. So, EMSA
results depict that this change of two nucleotides does not make any difference in the
strength of the binding. Hence, exon junction point nucleotides do not themselves
specifically contribute to the interaction, but instead, the whole MSL region involves.
NMR spectrum shows slight chemical shift perturbation in the specific nucleotides
when compared to 24mer. This is due to the change in the nucleotides, which makes a
slight difference in the secondary structure of the RNA (predicted structure). So, the
RNA-protein complex also gets modified slightly.
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SOLE: MSL exon junction point isomers
Figure: 4.13- A, F, G, H, and I are sequential representation of SOLE RNA, 24mer,
delA, Ejpt-24mer, and Alter-24mer respectively. Where as, A’, F', G’, H, and I are

their corresponding predicted secondary structures (ViennaRNA Web Service)

Alter-24mer: This is also an isomer of 24mer RNA, where 4 nucleotides from 18"
nucleotides have been replaced from A, G, U, G to C, C, U, G. So, the secondary
structure changes as the probability of these nucleotides to form a helical structure,
when compared to the 24mer (figure). The EMSA results show the binding for the
RNA -protein complex, but the intensity of the band is weaker compared to the 24mer.
Further, continued NMR titration experiments show the chemical shift perturbation
which is comparatively different from that of 24mer. But still, the isomer could be able
to bind with the protein Pym'®. From these two isomers, we can conclude that the MSL

region binds to the protein in a partial sequence independent manner. The interaction
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and the chemical shift perturbation is more concerned with the secondary structural

elements.

DelA-23mer: This is 24mer RNA without 20" Adenine nucleotide. Hence, the name
DelA-23mer. The EMSA and NMR experiments show similar chemical shift
perturbation and interaction when compared to 24mer RNA.

With this, after analyzing MSL region isomers, we can conclude that 24mer and its
isomers with respect to the MSL region show similar interaction strength, but with
slightly different chemical shift perturbation in the NMR titration experiments. This
may be due to the change in the secondary structural characters of each isomer. The
predicted secondary structures of the RNAs also show structural differences, with a
slight change in the nucleotide sequence. The Medial stem loop binds to the protein
Pym'® directly.

b) MSL sequential isomers:

In order to study the interaction behavior of the MSL region of SOLE without distal
loop, we have made five sequential isomers of SOLE RNA, which are 24mer MSL,
22mer MSL, 22mer MSL alter I, 22merMSL alter 11, and 16mer MSL. Out of which two
isomers that are 22mer MSL and 24mer MSL have the same sequence of SOLE RNA.
Whereas isomers 22mer MSL alter I and 22merMSL alter II have sequential
modifications (Figure 4.14). 16mer MSL is missing two nucleotides from MSL. All these
isomers are structurally helical, as predicted by the ViennaRNA Web Service.

So, in this section, we aim to investigate the direct involvement of the MSL region in
the binding. From the EMSA (figure 4.15) we could see that the band for RNA-protein
complex is weak for 22mer MSL alter I and 16mer MSL, in which few nucleotides are

missing or changed from the MSL region.

Thus, in order to have the NMR clarification regarding the binding of the MSL region
to the protein, we have compared 22mer MSL, 24mer MSL Ejpt and 24mer MSL alter.
Out of three two isomers are missing the MSL nucleotides (figure 4.14). The amino acid
G93 has been observed in the NMR titration spectra. Chemical shift perturbation of the
NMR spectra for 24mer-Ejpt and 24mer Alter is less when compared to the 22mer MSL
(similar to SOLE). Hence, we can broadly say that the sequence of the Medial stem loop
(MSL) region is partially involved in the binding as they could probably change the
structure of the RNA unbound.
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Figure: 4.14- A, X, J, L, and M are sequential representation of SOLE RNA, 24mer
MSL, 22mer MSL, 22mer MSL alter] and 22mer MSL alterIl, 16mer MSL respectively.

Where as, A’, J', K’, L', and M" are their corresponding predicted secondary structures
(ViennaRNA Web Service)

Electro Mobility Shift assay (EMSA)

A-ci 2dmer MSL, 1: 0, 1, 2

D 22mer MSL, 1:0, 1, 2

G-L: 22mer MSL alter-1, 1: 0, 1, 2
J-I: 22 mer MSL alter-11, 1: 0, 1, 2
M-o: 20mer MSL alter, 1: 0, 1,
P-q: 16mer M5L, 1:0, 2
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Figure: 4.15: EMSA gel images shows free RNA and RNA-Pym'® complex in the

different lanes.
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Figure: 4.16: Comparative observation of the different "N-'"H HSQC spectra for protein
Pym'® bound to MSL isomers. We can observe the different binding strength of

different isomers of MSL regions.
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4.3.3 Proximal Loop isomers

From structural element isomers, it is confirmed that the proximal stem involves itself
160

in the direct binding with the protein Pym'®. Here, the dissection approach has been
applied in order to investigate the sequential specificity for the binding,.

Here, we are comparing 16mer, which is a proximal stem devoid isomer, containing
only MSL and distal loop region. Whereas the 16mer MSL has MSL and proximal stem
nucleotides. It is missing with a distal loop and a few MSL nucleotides. By comparing
these two we can specifically identify the interaction of proximal stem with the protein.
As we already have seen that 16mer shows very weak binding with the protein in the
first part. But, 16mer MSL shows a stronger and specific binding pattern with protein
Pym'®. This is definitely due to the incorporation of the proximal stem nucleotides.
Hence, it is again confirmed that the proximal stem is the primary and stronger
binding motif, than the MSL region. Both together will make the protein-RNA complex
much more stable. Further, the isomer 29mer has been made which has 6 nucleotides
have replaced from the proximal stem, to have a stronger base-pairing helical element.
29Mer shows definitely interaction with the protein, but binding is comparatively
weaker when compared to Oskar SOLE. Hence, the nucleotides of the proximal stem
have specific interaction with the protein. This may be due to structural elements or
sequential specificity or both.

From, this we can conclude that Oskar SOLE binds to the protein Pym'®, with its
proximal stem region and medial stem loop region, whereas, the distal loop assists the

binding by stable complex formation.

c Proximal Stem Isomers A G A 1
= A PN
il 10 Ga @A 8
c G w' &R A G-U
A hl
== ¢ . ! cC-G
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5 ¥
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16mer SOLE RNA: Sequence and 16mer MSL RNA: Sequence and
Predicted secondary structure Predicted secondary structure

Figure: 4.17: Proximal Stem isomers
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Figure: 4.18— Comparative observation of the different "N-'H HSQC spectra for
protein Pym'® bound to PS isomers. We can observe the 25G amide shows different
interaction pattern with different RNAs (a) for 16mer, (b) for 29mer, (c) 29mer

sequence and predicted structure from Vienna RNA webservice.
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4.4 In the Pym'®-SOLE RNA complex

The binding of the SOLE RNA with the protein Pym' has been studied with the
various structural and sequential isomers of SOLE RNA. With this dissection method,
we could able find out the binding map of RNA from a broad perspective. But still, we
do not know the binding motifs of protein. So, in this regard, it is important to identify
the interacting elements of the protein when it binds to RNA. We have made a number
of isomers of RNA, and observed the protein in the NMR experiments, through the
chemical shift perturbation of amide resonances. So, when comparing all the spectra of
Pym'®, with every isomer together, we could able to see the specific binding pattern or
interaction with respect to change in the SOLE isomers. We have compared every
amide resonance, as to how it behaves with each RNA isomer. Some of the amides
were very specific to the particular set of isomers. That means a different chunk of the
protein interacting specifically with the different structural elements of the RNA. This
is how we could able to identify the binding motifs of protein when it binds to Oskar
SOLE.

4.4.1: Pym'® interaction with MSL isomers

PN-'H HSQC titration experiments of protein Pym', with respective RNAs are
compared in order to investigate the mode of interaction of the protein with each
amide resonances. Here, all the isomers have been compared for the study, but specific
interactions were shown in the isomers of 24mer, Ejpt-24mer, Alter-24mer and
22merMSL. Here, 24mer is the normal construct of the SOLE RNA, whereas the other
three are isomers of 24mer RNA, which have different nucleotides in the MSL region,
they are sequentially modified constructs. So, by comparing the changes in the
chemical shifts of amide resonances with the RNA-bound protein, one can identify the
specific interaction pattern.

In the image, the overlay of "N-'H HSQC titration experiments of protein Pym'®, with
24mer, Ejpt-24mer, Alter-24mer and 22merMSL. The amide resonance of Serineo, (592)
and Glyciney; (G93) have shifted differently with different RNAs. The shift is drastic if
the RNA has a helical secondary structure in the MSL region. If the MSL region does
not possess a helical structure then the shift is less. (Here all the predicted structures
from the ViennaWeb Services have been compared). As, in the predicted structure
24mer, is not helical. So, the resonances of these two amides are comparatively less
when compare to SOLE RNA or Alter 24mer or 22mer MSL. Similar behavior has also
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been shown by the S92 amide. They both are very sensitive to the structural property of
the MSL region. Hence, the region of the protein must be interacting with the protein.
Alaniness (A98) shows little chemical shift perturbation confirms the interacting
behavior of S92 and G93 amide, as they might be the reason for the A98 shift.
Similarly, Valines,, Valiness, Alanines, and Valines; (V54, V55, A59, V61) show chemical
shift perturbation in the NMR spectra. The shift is different with respect to the changes
in the MSL region.

Similarly, T83 amide also shows chemical shift perturbation with the changes in the
nucleotides of the MSL region.

By observing all this we can conclude that the middle part of the protein, mostly the
helical part and its nearer regions are interacting with the MSL region of the SOLE
RNA.

4.4.2: Pym'® interaction with Proximal Stem isomers

SOLE RNA has another binding motif in the proximal stem region while interacting
with the protein Pym'®. Here, we have compared the 16mer RNA and 16mer MSL
RNA, in order to identify the binding motif of the protein which may bind to the RNA.
16Mer does not have proximal stem nucleotides. Hence comparing the interaction
patterns of these two RNAs, we have observed that few amide resonances interact
differently. Amide resonances of Isoleucinel7, Aspartic acid,, Glycineys, and
Threoniney (117, D24, G25, T26) behaved specifically when interacting with these two
isomers. 16Mer RNA did not show any interaction or negligible shift in these amide
resonances. But, 16mer MSL bound protein show a definite binding pattern of these
amino acids. As the very distinct chemical shift perturbation can be seen in the NMR
spectra. Glycine,s amide broadens in the SOLE RNA, shows a clear shift in 16mer MSL,
defines the binding of the amide with the proximal stem region. Similarly, Isoleucine;
shows a clear shift when bound to the 16mer MSL, which is similar in the SOLE RNA
as well. But failed to shift in the 16mer RNA, which does not possess any proximal
stem nucleotides.

By comparing and analyzing all these results, we can conclude that the N-terminal
region of the protein binds to the proximal stem nucleotides of the protein.

With these, we can surely say that the protein Pym'® and SOLE RNA have two binding
motifs each when interacting together. So, because of the dynamics of the complex
structure, the NMR spectrum broadens beyond observation while looking through the
labeled RNA. This also may be due to the fact that protein itself is unfolded. So, the

dynamic contribution of the complex on the protein side may not be affecting much for
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the protein as it is already structurally very dynamic. Hence, the complex can be
studied through the labeled protein NMR experiments.

The interaction pattern of Pym'® with the different RNAs can be monitored through a
chemical perturbation graph. So, one can clearly see that the N-terminal and middle
helical part of the protein are mainly interacting with the RNA. Our results also show
the same. The binding motifs of the protein lie in the N-terminal and middle helical

part of the protein.
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Figure: 4.19—- Comparative observation of the different "N-'H HSQC spectra for
protein Pym' bound to PS isomers. We can observe the 25G, 26T, 17I amides show
different interaction patterns with different RNAs. This reveals the specific binding

nature of these amino acids.
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Figure: 4.20— Chemical Shift Perturbation graph for protein Pym'®, bound to 20mer SOLE,
24mer SOLE, and SOLE. From these, graph we get to know how differently each amide is
interacting with the respective RNA. Also, we can notice that Protein does not show any
binding pattern from its C-terminal end.(Image is from the submitted paper, Thanks to Dr.
Deepshikha Verma, Dr. John Kirkpatrick, Prof. Dr. Teresa Carlomagno)

In figure 4.20, the chemical shift perturbation graph has been shown for the 20mer,
24mer and for the SOLE RNA, where the chemical shift deference if the bound and
unbound protein Pym'® has been depicted. The graphs show that the protein binds to
even the shorter construct of SOLE, which is 20mer RNA. Also, it is very much clear
that the C-terminal of the protein does not bind to the RNA.

Further structure calculation, refining work and Pym'®-SOLE RNA Docking work has

been done by Dr. Deepshikha Verma. I am very much thankful to Dr. Deepshikha
Verma, Dr. John Kirkpatrick, Prof. Dr. Teresa Carlomagno for the data and the images.
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Figure 4.6: (A) "N-"H HSQC spectrum of the protein depicting all the assigned amide

resonances. B), C) D) E) are the individual elements of protein Pym'® (Image is from

Dr. John Kirkpatrick, Prof. Dr.

]

the submitted paper, Thanks to Dr. Deepshikha Verma

)

Teresa Carlomagno
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A iRMSD

Haddock score

Figure 4.21: Models of the PYM'"'®-SOLE RNA complex obtained by HADDOCK. A. Plot of
the HADDOCK score (y axis) versus the backbone iRMSD (protein—-RNA interface RMSD)
from the structure with the lowest score of 200 docked conformations of the PYM''“~SOLE
RNA complex. The structures can be classified in five clusters, represented by five different
symbols. Both clusters C1 and C2 contain complex structures with HADDOCK scores less than
200. B. Overlap of all complex structures of cluster C1 with score less than 200. The structures
are aligned on the PYM protein aa 1-111. C. Overlap of all complex structures of cluster C2
with score less than 200. The structures are aligned on the PYM protein aa 1-111.

(Image is from the submitted paper, Thanks to Dr. Deepshikha Verma, Dr. John Kirkpatrick,

Prof. Dr. Teresa Carlomagno)
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The optimized structure of the protein shows a central helical part and a small helix at
the C-terminal. Apart from these two structural elements, the protein remains to be

structurally unfolded.
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CHAPTER

5. Discussion and OQutlook

The study of mRNA and mRNA localization has always been an important arena, in
order to understand the different biological functions and cellular organization. The
functional importance of mRNA localization has been evident from long ago. The study
of mRNA and its localization mechanism, together with its binding partners are
essential to understanding the biological problems. As they define life, in terms of
cellular and sub-cellular mechanisms. Our study also involves one of the binding
partners of the localization complex, that is Pym protein, that Pym'®, the shorter and
the functionally important construct of the protein Pym. Exon Junction Complex and
Pym are the common molecules involved in the many mRNA localization mechanisms
and Oskar mRNA localization is one of them.

Pym'® is a structurally unfolded protein, with the general characteristic of an
intrinsically disordered protein. It has a long helical structural element, i.e., a-helix in
the middle part of the protein, along with both N-terminal and C-terminal ends are
highly flexible and dynamic with the structurally unfolded random coil elements. Our
structural studies show a few helical elements at the C-terminal end. The C-terminal
part of the protein is not involved in the direct interaction with the SOLE RNA.
However, it is a structurally very important part of the protein, as it stabilizes the ionic
and hydrophobic interactions of the protein, so that protein could able to be a stable
soluble protein. Without the C-terminal chunk of the protein, Pym was aggregated and
cannot be purified as a soluble construct. So, the smaller constructs of the protein Pym,

which are Pym'"* and Pym' are aggregated upon recombinant expression.

Pym'® is an RNA binding protein, that binds to the Exon Junction Complex as
well >4 Pym serves as the recyclization unit for Exon Junction Complex (E]JC)
during the process of localization. Once, the EJC bound mRNA reaches its target site,
the protein Pym binds to the complex and releases Exon Junction Complex for the
further localization of the remaining mRNAs. Pym would remain in the bound form

with the mRNA, until the early stage of translation.

In this regard, our study unveils some important structural and binding features of
160

Pym'®, which describes the broad range of binding property and structural flexibility of

the protein.
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Figure 5.1: Pym shows interactions with Mago-Y14 hetero-dimer. The positively charged
residues of the protein bind to the negatively charged residues of Mago at a1 and a2 helices,
and through hydrophobic interactions with the $2-f3 loop of the Y14 protein. A) Schematic
view B) Stereo view. (Image is from EMBO Reports (2004)5:304-310)
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The crystallographic structural data of Pym-Y14-Mago®, a multi-protein complex
describes the binding motif of protein Pym which binds with the Exon Junction
Complex core proteins, that are Y14 and Mago, a hetero-dimer. In figure 5.1, the
binding map of all the proteins have been shown. Pym binds to the Y14 -Mago through
hydrophobic and ionic interactions. The N-terminal of the protein from the residue R18
to Y33, the protein binds Mago via ionic interactions at a1l and a2 helices through its
charged residues. While with Y14, Pym interacts through hydrophobic interactions via
2-B3 loop. In the image the N-terminal residues are clearly depicted which have
shown interactions with Mago-Y14 hetero-dimer. So, the N-terminal part of the
protein Pym'®, has binding motif with the exon junction complex proteins, that is Y14
and Mago.

Our results reveal that the N-terminal end of Pym'® protein shows binding motif with
the proximal stem of the SOLE RNA (Figure 5.2). The amino acid residues Isoleucine",
Glycine” and Threonine® show significant change in the chemical shifts (CSP) in the
bound form with the RNA, that embodies the proximal stem residues. Here in the
image 16mer RNA does not contain any nucleotides from the proximal stem, show no
perturbation in the chemical shifts, while the RNA 16mer MSL, which has proximal
stem within shows clear and strong perturbation in the chemical shifts of the residues
in the 16mer MSL bound-Pym'”.

171

12 lemer
1:2 1omer MSL

EMN-TH HSQC spectra
Interaction of Proximal
stem with Pym!™

Figure 5.2: "N-"H HSQC spectra overlay ed with bound and unbound Pym'®, Yellow spectrum

160

is unbound Pym'®, Red spectrum is Pym'® -16mer and Green spectrum is Pym'* -16merMSL.
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By comparing these two data we can clearly say that the N-terminal of the protein can
bind to both Exon Junction Complex and to the SOLE RNA.

But the Exon Junction Complex binds to the protein Pym as well as to the mRNA,
which means EJC deposits at the 20-24 nucleotides upstream of the exon-junction
point (Intron spliced). This part is very much close to the proximal stem. So, with all
this information, maybe during the localization process, Pym binds to the RNA with
the helical motif and binds to the EJC with its N-terminal motif. After releasing the
EJC, maybe the N-terminal end of the protein might interact with the mRNA as a

competitive binding.

Also, Pym recycles the Exon junction complex at the early stage of translation.
Moreover, some results have shown that Pym associates with ribosomes® and ribosome-
bound Pym disassembles the EJC and remains bound to the RNA until the translation.
Adding to this, the overproduction of the Pym disrupts the localization process. This
may be due to the fact that the N-terminal part of the protein competitively binds to
the RNA, so overproduction of protein disrupts the EJC-mRNA association.

Well, with all these data, it is evident that Pym can bind to the Exon Junction Complex,
it can also bind to the mRNAs and to the ribosomes as well. So, protein Pym has a
broad range of functions and binding properties with many molecules. Thus, here one
can conclude that Pym is an interacting partner for both RNAs and proteins.

The nature of this expansive binding capability of the protein Pym may be due to its
structurally unfolded nature. As this is the important quality of an Intrinsically
Disordered Protein, they do not possess any rigid three-dimensional structures, hence
can bind easily to a wide range of molecules depending upon the functional
requirement. In other words, the highly flexible non-structural feature is the reason
behind this expansive binding nature. Our results explain the structural flexibility of
the protein through NMR studies and through structural characterization. Our results

show that Pym'® is a structurally unfolded protein.

This binding nature of the protein justifies the fuzzy structural feature of the N-
terminal region. Pym being very dynamic and multi-functional, could be able to bind
SOLE RNA, EJC, and Ribosomes. So, the structural flexibility of the protein is a great

advantage for the multi-functional activity.
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@ ~— PC-terminal region

Figure 5.3: One of the optimized structures of Pym160, from the early stage of structure

calculation

So, clearly, Pym has a characteristic feature of intrinsically disordered proteins (IDCs).
Sometimes IDC in a bound form show induced structural elements due to complex
formation. Pym is showing exactly similar behavior. Our structural studies of the
protein in unbound form do not show any secondary structural elements in the N-
terminal region. But X-ray crystallographic data shows beta-sheets in the bound N-

terminal Pym protein.

\ "
\ i -
%H\\\kua

airpin

Figure 5.4: The structure of Drosophila melanogaster, Pym-Mago-Y14 structure. Here Pym

shows the B-hairpin structure of the N-terminal region, in the bound form.

88



It is well known that structurally well-defined proteins address very specific functions
in biological function. The same way being structurally unfolded nature of the protein
may also be structurally so important that it could able to bind different RNA and
protein complex. The flexibility of the protein may facilitate the broad range of binding
properties to specific functional processes.

While studying Oskar RNA Pym interaction may not just shed light on this
localization, but also may disclose the general strategy of the localization mechanisms.
Because, not just Oskar mRNA but many other mRNAs involved in the similar type of
localization processes, where Exon Junction Complex and Pym protein are involved.
mRNAs like gurken, bicoid also need exon junction complex for the localization
process.

So, concluding the study of Oskar mRNA localization, the study of EJC and protein

Pym can shed light on the arena of localization mechanism in general.

5.1 Future directions

1) Study of the Oskar SOLE-Pym unit, together with the exon junction complex,
may disclose exact binding map of protein Pym’s binding nature with respect to

exon junction complex proteins, RNAs, and ribosomes.

2) The helical structure of the middle chunk of protein Pym, is an RNA binding
motif. So, other mRNAs like gurken, bicoid might show similar interactions
with the protein Pym. It would be interesting and vital to know the interactions

of other mRNAs with protein Pym.

3) Pym is binding with the ribosomes and with the exon junction complex, from
its N-terminal end. This suggests the competitive binding mechanism between
the protein complex and the RNAs. This study would also shed light on the

recycling of the exon junction complex and its interaction mechanism.
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NMR Chemical Shift Table

NmrResidue

A.143.THR
A.143.THR
A.26.THR
A.26.THR
A.150.GLN
A.150.GLN
A.6.SER
A.6.SER
A.48.SER
A.48.SER
A.35.ASP
A.35.ASP
A.75.LYS
A.75.LYS
A.20.THR
A.20.THR
A9.LEU
A9.LEU
A.24.ASP
A.24.ASP
A.82.ARG
A.82.ARG
A.92.SER
A.92.SER
A.93.GLY
A.93.GLY
A.55.ALA
A.55.ALA
A.88.GLN
A.88.GLN
A.11.SER
A.11.SER
A.28.ARG
A.28.ARG
A.94.ARG
A.94.ARG
A.120.GLN
A.120.GLN
A.142.ASP
A.142 ASP
A4.GLY
A4.GLY
A.147.ASP
A.147.ASP

Name

ZoDZIODZIDZIDZITZITZTZITZITZITZITZITZITZITZITZTZTZTZZTZITZTZTZITZIT

for the protein Pym'®

8.06136983723719

114.56274498323
8.10798345916811
113.446505312398
8.19158921301642
118.984461413797
8.45203720091927
117.166835521415
8.30966469450592
117.125313560722
8.29698196939937
121.349776575593
8.08736067240472
120.334937377093
8.08830860947796
113.098453751187

8.1149564675147
123.681993609067
8.10575199684222
118.784401385972
8.24842562989312
120.763615215132
8.41677385063221
117.089024254376
8.45403370610118
110.700272447697
8.31368635336513
127.740348011374
8.41738591572755

121.59225716038
8.36510166418792
117.011161737035
8.14942471158625
122.801431434044
8.13041461986654

120.25446879442
8.40030830017213
121.384116204253
8.31002599295438

120.91615854142
8.45992394436887
110.270780108789
8.34065990735462
121.053796322186
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45
46
47
48
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
73
74
75
76
77
78
79
80
83
84
85
86
87
88
89
90
92
93
94
95
96
97
98
99

A.73.SER
A.73.SER
A.98.ALA
A.98.ALA
A.160.LYS
A.160.LYS
A.116.VAL
A.116.VAL
A.14.GLY
A.14.GLY
A.110.THR
A.110.THR
A.128.SER
A.128.SER
A.30.ALA
A.30.ALA
A.5.MET
A.5.MET
A.104.LEU
A.104.LEU
A.10.GLN
A.10.GLN
A.102.GLY
A.102.GLY
A.72.GLU
A.72.GLU
A.135.SER
A.135.SER
A.79.LYS
A.79.LYS
A.3.MET
A.3.MET
A.50.GLY
A.50.GLY
A.42.GLU
A.42.GLU
A.77.ARG
A.77.ARG
A.109.SER
A.109.SER
A.122.GLN
A.37.TYR
A.37.TYR
A.117.SER
A.117.SER
A.106.MET
A.106.MET
A.36.GLY

TZIODZIODZIODZZIOIZIODZITZITZITZITZTZTZITZITZITZITZITZITZTZTZTZTZTZT

8.30445984073042
116.822439401678
8.36748426730127
127.300392309414
7.87610424323294
127.090687927084
8.20626241815883
121.684407112118
8.34624606385755
109.422533475448
8.21386309851903

115.56031787337
8.55127090323666
116.620732672899
8.26441543176603
124.931331762383
8.26242850244265
119.999402964481
8.35127442558476

126.57316855256
8.27656516338396
121.185738997871
8.45759108051256
109.356859183877
8.32201300895739
119.529273839345
8.12733319433909
116.007442289322
8.06737801419823
120.998773121081
8.56221647376884
119.993398770212
8.38154203560623
109.368217038813
8.44957734803405
122.253867408011
8.26053426048605
121.106125803491

8.4593330548194
115.913033701971

121.28030602039

8.0636964560707
120.819286816348
8.46302678354155
119.844296999502
8.49312210086611
126.388779375521
8.30124127931747
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100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

A.36.GLY
A.158.GLN
A.158.GLN
A.7.THR
A.7.THR
A.56.GLN
A.56.GLN
A.154.ASP
A.154.ASP
A.87.LYS
A.87.LYS
A.25.GLY
A.25.GLY
A.133.ILE
A.133.ILE
A.130.SER
A.130.SER
A.46.TYR
A.46.TYR
A.38.VAL
A.38.VAL
A.40.GLN
A.40.GLN
A.64.GLY
A.64.GLY
A.139.THR
A.139.THR
A.103.VAL
A.103.VAL
A.29.LYS
A.29.LYS
A.59.ALA
A.59.ALA
A.60.GLY
A.60.GLY
A.68.LEU
A.68.LEU
A.83.THR
A.83.THR
A.76.GLU
A.76.GLU
A.47.GLU
A.47.GLU
A.137.SER
A.137.SER
A.100.ALA
A.100.ALA
A.141.GLU
A.141.GLU
A.89.GLU

TZIODZIODZIODZIODZIODZIODZIDTZITZITZITZTZTZTZITZITZITZITZITZITZITZTZTZTZ2TZ2

108.948346518549
8.01294589832808
120.667716573437

8.1396726057061
115.782952300593
8.34337932432591
119.792927357667
8.47142603384745
126.128072285993
8.26288564886512
122.616128333717
8.33598322313392
108.812133304549
8.18716675464157
121.475136941011
8.23032649840091
115.654751737563
8.04067672896458

119.73923327121
7.98638926163078
125.988379270147
8.42941602047254
120.856398708674

8.4737745840075
108.745899875119
8.26313813312543
115.370229636212
7.88748236183476
119.688418612784
8.13782804544974
122.239474947646
8.41862239493339
125.782228414756
8.39472694188904
108.410916123002
8.30999235244965
121.899411073542
8.07023215037608

114.68587118747

8.1936260853399
120.930489927773
8.24005051607308
122.358155216618
8.33988234560849
119.480802562103
8.39250817276898
125.752009081434
8.41252099485488
121.143659817089
8.43693978736577
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150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
198
199
200
201
202

A.89.GLU
A.129.GLY
A.129.GLY
A.124.GLN
A.124.GLN
A.65.MET
A.65.MET
A.152.VAL
A.152.VAL
A.156.ALA
A.156.ALA
A.153.VAL
A.153.VAL
A.15.LYS
A.15.LYS
A.58.GLN
A.58.GLN
A.27.TRP
A.27.TRP
A.86.LYS
A.86.LYS
A.74.LYS
A.74LYS
A.70.ALA
A.70.ALA
A.97.LYS
A.97.LYS
A.146.LEU
A.146.LEU
A.80.GLN
A.80.GLN
A.57.ARG
A.57.ARG
A.140.LEU
A.140.LEU
A91.GLU
A91.GLU
A.157.LYS
A.157.LYS
A.54.VAL
A.54.VAL
A.16.PHE
A.16.PHE
A.123.GLN
A.148.ALA
A.148.ALA
A.53.PHE
A.53.PHE

ZIODZIODZZIODZIODZIOIZIODZITZITZITZITZTZITZITZITZITZITZITZITZTZTZTZTZ2ITZ2

122.809672123477
8.50727031390894
111.105392406489
8.43824528116722
121.429270241553
8.10934716018911
119.490875623357
8.28540240594171
122.630622455647
8.33897812440469
121.259578052718
8.30646429534772
125.502236174703
7.9755674693456
120.337006925447
8.46928939852844
122.020873700089
8.21394921003258
122.005945977307
8.18761009152359
120.492383494767
8.26755781802623
123.469135335437
8.26510390250802
124.684250212623
8.42063015955783
121.9623087738
8.1951868705851
123.403329989538
8.23479474947028
120.192475082722
8.38001151269596
122.580159758629
8.31604342537054
124.357530949333
8.47172522642605
121.923053449114
7.8399503927824
118.6826989977
7.96735947296294
123.210317470851
8.34584354560974
121.736420650001
121.413473190992
8.15038752790084
124.335689337832
8.29638048419517
121.887187974868
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203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

A49.LYS
A49.LYS
A.61.VAL
A.61.VAL
A.119.GLN
A.119.GLN
A.22.ARG
A.22.ARG
A.41.GLU
A.41.GLU
A.95.GLN
A.95.GLN
A.105.VAL
A.105.VAL
A.12.SER
A.12.SER
A.34LYS
A.34.LYS
A.151.GLU
A.151.GLU
A.145.LYS
A.145.LYS
A.84.ARG
A.84.ARG
A.81.GLU
A.81.GLU
A.121.GLN
A.121.GLN
A.85.ALA
A.85.ALA
A90.LYS
A.90.LYS
A.31.ARG
A.31.ARG
A.111.CYS
A.111.CYS
A.159.LEU
A.159.LEU
A.115.LYS
A.115.LYS
A51LYS
A.51.LYS
A21LYS
A21.LYS
A.33.VAL
A.33.VAL
A45.LEU
A45.LEU
A.66.CYS
A.66.CYS

ZIDZIODZIDZIOIZIOIZIODZITZITZITZITZITZTZITZITZITZITZITIZITZITZITZTZTZTZTZT

8.39753312136291
123.155500183985
7.96259139184437
120.93990536416
8.41450207224253
121.052452807665
8.53383848013807
124.309640750992
8.52580555382915
121.854122929562
8.4523053214923
122.893067971685
8.2022777438052
123.077848389432
8.46729156252838
117.96973009968
8.41527839250538
124.259017489555
8.35176821671364
122.409930465172
8.10776382997648
121.867714971003
8.14679888073703
123.078625116347
8.38025509607362
121.212187682192
8.44298791488788
121.434861496976
8.18406215146525
124.255757062419
8.37582851218139
121.84446211329
8.31320765285885
120.448850745192
8.351181203934
123.03750472086
8.26141270653009
124.190935845542
8.4152599377945
121.820189336002
8.16972750575749
120.78346285409
8.29081272883763
124.172051298072
8.26278997002589
121.817265260219
8.2392897224042
122.182878015085
8.40337985158974
122.376728272517
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253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
295
297
301
303
307
311
313
326
331
338
341
345
352
358
372
380
382
385

A.19.ALA
A.19.ALA
A.125.GLN
A.125.GLN
A.78.GLU
A.78.GLU
A.131.ARG
A.131.ARG
A.52.GLN
A.52.GLN
A.138.LYS
A.138.LYS
A.132.ASP
A.132.ASP
A.69.LEU
A.69.LEU
A.8.TYR
A.8.TYR
A.144LEU
A.144.LEU
A.136.ILE
A.136.ILE
A.118.GLN
A.118.GLN
A.134.ASN
A.134.ASN
A.149.ALA
A.149.ALA
A.13.GLU
A.13.GLU
A.150.GLN
A.6.SER
A.35.ASP
A.75.LYS
A9.LEU
A.27.TRP
A.92.SER
A.120.GLN
A.147.ASP
A.160.LYS
A.116.VAL
A.128.SER
A.104.LEU
A.72.GLU
A.109.SER
A.106.MET
A.36.GLY
A.7.THR

ZIDZIODZIODZIODZIOIZIODZITZITZITZTZTZTZTZTZT

8.44331859575455
124.126099187667
8.45438068545083
121.754657129709
8.31398737658181
120.323772467818
8.40200181904703
122.786223879971
8.39834612849481
120.896875877982
8.36149264838829
123.850808922894
8.36266493369753
121.696343635667
8.12550230821998
122.789809003111
8.12559751281663
122.279355257927
8.13019327101823
123.774571533172
8.08340573420366
122.208271149118
8.52795579414328
122.607971527836
8.48593519211459
121.181750101798
8.23658020779958
122.626555585537
8.36671401620825
122.075995573751
55.7069765894745
58.6276166528172
54.7383621031309
57.9550512545689
55.0784846292944
57.5184272338055
58.7427386014227
56.3363066590262
54.3795660413204
33.8161882579038
62.2064453743072
58.6555355181864

55.045125790708
30.0362611110177
58.3201582962761
52.8542087487518
45.2970577730535
62.2390871334706
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386
389
390
396
400
404
410
423
424
433
442
443
444
449
461
467
474
476
477
478
483
484
486
494
496
500
507
508
510
512
513
514
515
516
528
530
538
540
549
552
553
559
637
652
653
657
709
710
713
714

A.7.THR
A.154.ASP
A.154.ASP
A.130.SER
A.38.VAL
A.139.THR
A.59.ALA
A.100.ALA
A.100.ALA
A.65.MET
A.58.GLN
A.58.GLN
A.27.TRP
A.74.LYS
A.80.GLN
A91.GLU
A.123.GLN
A.148.ALA
A.148.ALA
A.53.PHE
A.61.VAL
A.119.GLN
A.22.ARG
A.12.SER
A.34LYS
A.145.LYS
A.121.GLN
A.85.ALA
A90.LYS
A.31.ARG
A.31.ARG
A.111.CYS
A.111.CYS
A.159.LEU
A.66.CYS
A.19.ALA
A.52.GLN
A.138.LYS
A.144LEU
A.118.GLN
A.118.GLN
A.13.GLU
A.123.GLN
A.43.VAL
A.43.VAL
A.90.LYS
A.142 ASP
A.25.GLY
A.5.MET
A.5.MET

CB
CA
CB
CA
CA
CA
CA
CA
CB
CB
CB
CA
CB
CB
CA
CA
CA
CA
CB
CA
CA
CA
CB
CA
CA
CB
CA
CA
CA
CB
CA
CA
CB
CA
CA
CA
CA
CB
CA
CB
CA
CA

H
N
C
CA
CA
CB
CA

69.6336866076656
51.5940949574596

41.622018337595
58.4521872806027
59.2325327146867
62.2445421033626
52.6722624588938
50.3721663430004
17.9496843850564
33.0406276674158
29.5553758912522
55.6725565036655

29.580190802571
32.7824842608781
57.2140855314386
56.7666968129942
56.1313578659017
52.7562012238913
19.1733020505696
57.9893465059199
59.7143887424048
56.4856218711017
29.9932289921877
58.8674393705341
56.7522162379869
32.7405709480691
56.3177710929449
53.0368503940606
56.6875947434393
31.3377013200903
55.8644444145146
56.4836908203491
27.5506653271884
55.2718412125765
56.8926067253181
52.6618873731187
55.9240401409802
32.9727841257802
55.7453558611482
29.3185859926449

56.351914833244
56.9658430448153
176.099082308967
8.18936436988068
123.412614004396
176.905638870602
55.0249391298083
45.5806133887293
33.0127722333865
55.5134062940874
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715
716
717
719
721
723
727
728
730
732
735
736
737
738
740
743
744
746
748
750
754
756
758
760
762
766
768
776
778
779
780
781
782
784
785
786
787
788
789
790
791
797
799
801
803
805
807
808

A.47.GLU
A.47.GLU
A.34LYS
A.74.LYS
A.19.ALA
A.8.TYR
A.81.GLU
A.81.GLU
A91.GLU
A.92.SER
A.87.LYS
A.87.LYS
A.10.GLN
A.10.GLN
A.93.GLY
A.141.GLU
A.141.GLU
A.3.MET
A.45.LEU
A.72.GLU
A.125.GLN
A.159.LEU
A.115.LYS
A.13.GLU
A.109.SER
A.29.LYS
A.129.GLY
A.149.ALA
A.134.ASN
A.134.ASN
A.78.GLU
A.78.GLU
A.149.ALA
A.16.PHE
A.16.PHE
A49.LYS
A49.LYS
A.41.GLU
A.41.GLU
A.76.GLU
A.76.GLU
A.116.VAL
A.153.VAL
A.35.ASP
A.157.LYS
A.157.LYS
A.6.SER
A.55.ALA

CA
CB
CB
CA
CB
CA
CB
CA
CB
CB
CB
CA
CA
CB
CA
CA
CB
CA
CB
CA
CA
CB
CA
CB
CB
CA
CA
CB
CB
CA
CB
CA
CA
CA
CB
CB
CA
CB
CA
CB
CA
CB
CB
CB
CB
CA
CB
CB

56.4361788123718
30.5803179534086
32.9310455744164
58.2225583308603
19.4135488070061
58.084126060246
29.8371435684749
57.7639380401962
30.1139822233949
63.9322813510633
32.9072310975703
56.9045717733053
56.0234364061472
29.4901376097788
45.4428567826084
57.44573162941
30.0892471956903
55.6420584700253
42.4391117316599
57.4280347012399
55.7937169700983
42.2133924978897
56.3995778612265
30.085901048325
63.7574765983933
56.4677546187386
45.3522400282278
19.0205874886682
38.9113338683556
53.6492226381679
29.7103379868864
58.1306386081544
52.656256134282
57.5799544452739
39.7448929349449
32.8060745448362
56.6434679563353
30.3529297476226
56.6055011035944
29.6794603554548
57.9537770934171
32.9479607478979
32.8479525790331
41.1480886730003
32.9618266211915
56.2369610763359
63.7026673745019
19.0976279839047
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809
811
813
814
815
816
821
822
823
829
831
835
839
841
843
844
845
846
854
858
859
862
864
865
866
867
868
870
871
872
878
882
883
884
885
888
891
894
896
899
900
902
904
905
906
910
911
912
917
918

A.55.ALA
A.153.VAL
A.86.LYS
A.86.LYS
A.24.ASP
A.24.ASP
A45.LEU
A.37.TYR
A.37.TYR
A.138.LYS
A.28.ARG
A.59.ALA
A.82.ARG
A.75.LYS
A46.TYR
A.46.TYR
A.136.ILE
A.136.ILE
A.128.SER
A.151.GLU
A.151.GLU
A.152.VAL
A4.GLY
A.57.ARG
A.57.ARG
A.26.THR
A.26.THR
A.85.ALA
A.73.SER
A.73.SER
A.69.LEU
A.145.LYS
A.79.LYS
A.79.LYS
A.56.GLN
A.139.THR
A.156.ALA
A.53.PHE
A.15.LYS
A.122.GLN
A.147.ASP
A.52.GLN
A.48.SER
A.48.SER
A.60.GLY
A21.LYS
A.40.GLN
A.40.GLN
A.11.SER
A.11.SER

CA
CA
CA
CB
CA
CB
CA
CA
CB
CA
CA
CB
CB
CB
CA
CB
CB
CA
CB
CA
CB
CA
CA
CB
CA
CA
CB
CB
CA
CB
CA
CA
CA
CB
CB
CB
CA
CB
CA
CA
CB
CB
CA
CB
CA
CA
CB
CA
CA
CB

52.6129321111553
62.1016182070185
56.6789559640272
32.8805991773681
54.0086442998786
40.9362148703042
55.4209888656737
58.1086417014226
39.113140030062
56.5755653893384
56.1644662335979
19.3010933371144
30.4734880146801
32.5686338670565
57.7132946486184
38.7144522617398
38.6619182131423
61.5433925723597
63.8299373150558
56.5034133180451
30.3960585156331
62.3166227724393
45.3175764956717
30.7993335143813
56.2845410257562
62.5383406231176
70.0179069772531
19.0032083689008
59.3023846351148
63.5217675423412
55.407535673744
56.3443702062225
58.1825192991813
32.6426824881194
29.505182354189
69.9072338173308
53.0249174314247
39.631537988467
55.99833903398
56.133684390757
41.0608502674748
29.3750404839212
58.5598693044381
63.736675199904
45.1012652955102
56.006865947308
29.6263748431407
56.0302216247189
58.2948608647703
63.9593388548365
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919
925
926
927
931
933
935
936
937
938
939
940
944
945
947
951
956
957
958
959
960
961
962
965
969
970
971
973
974
975
976
977
978
980
990
993
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008

A.33.VAL
A.83.THR
A.83.THR
A.80.GLN
A.84.ARG
A.89.GLU
A.30.ALA
A.30.ALA
A.110.THR
A.110.THR
A.158.GLN
A.158.GLN
A.20.THR
A.20.THR
A.42.GLU
A.65.MET
A.77.ARG
A.77.ARG
A.130.SER
A.51.LYS
A.51.LYS
A.137.SER
A.137.SER
A.68.LEU
A.143.THR
A.143.THR
A.135.SER
A.117.SER
A.117.SER
A.133.ILE
A.133.ILE
A.70.ALA
A.70.ALA
A.12.SER
A.8.TYR
A.43.VAL
A.143.THR
A.26.THR
A.150.GLN
A.6.SER
A.48.SER
A.35.ASP
A.75.LYS
A.20.THR
A9.LEU
A.24.ASP
A.82.ARG
A.82.ARG

CB
CA
CB
CB
CB
CA
CB
CA
CA
CB
CB
CA
CA
CB
CA
CA
CB
CA
CB
CB
CA
CA
CB
CA
CA
CB
CA
CA
CB
CB
CA
CB
CA
CB
CB
CA
C

C
C
C
C
C
C
C
C
C
C
C

33.0354558611748

63.419488092615
69.4738969019303
28.8470997396129
30.6063996901653
56.8982732057122
19.4600303872156
52.4727979315593
61.7188050065469
69.8105971491071
29.4302124388994
55.7076691985768
61.6189893780889
70.3931460648919
56.3343094475697
55.2726837953708
30.2238216836409
58.0326605208026
63.8619014634046
33.0201554551005
56.5402147633076
58.5948595827339
63.6535715888842
55.8731420127775
62.9928770808721

69.574440287881
58.7336857086761
58.3128837067115
63.8794683815011
38.6432918455626
61.8843434393149
18.8990915633953
53.2741556969475
63.6846540748902
38.7171232284663
60.1677521299441
174.996250407438
174.414657616042
175.907815234695
174.818571869628
174.891440445062
176.504134639975
178.243285940158
173.972529323423
176.980107979702
176.978730308006
57.5367007086889
177.605247846526
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1009
1010
1011
1012
1013
1014
1015
1016
1018
1019
1020
1021
1022
1023
1024
1025
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1042
1043
1044
1045
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1067

A.92.SER
A.93.GLY
A.55.ALA
A.88.GLN
A.88.GLN
A.88.GLN
A.11.SER
A.28.ARG
A.94.ARG
A.94.ARG
A.120.GLN
A.142.ASP
A4.GLY
A.147.ASP
A.73.SER
A.98.ALA
A.160.LYS
A.116.VAL
A.14.GLY
A.14.GLY
A.110.THR
A.128.SER
A.30.ALA
A.5.MET
A.104.LEU
A.10.GLN
A.102.GLY
A.102.GLY
A.72.GLU
A.135.SER
A.79.LYS
A.3.MET
A.50.GLY
A.50.GLY
A.42.GLU
A.77.ARG
A.109.SER
A.122.GLN
A.37.TYR
A.117.SER
A.106.MET
A.36.GLY
A.158.GLN
A.7.THR
A.56.GLN
A.56.GLN
A.154.ASP
A.71.ALA
A.71.ALA
A.25.GLY

& >

>

oleReo o NN oo NoNoNeNo R NeRoNeloRoRoNoRoRoloNoRoNoNeRooNeRoNoNe R NoNeRo N Ne e NN RO RO Ne)

OzT OO0

175.308766154771
174.123551965731
177.727199173914
56.122662954687
29.3500804175918
176.291408387541
174.964432367196
175.969521319283
55.9065767983101
176.231043829686
176.327191453186
177.069471861488
174.186254906552
176.247822360291
175.512936815172
175.402419943982
181.18665584263
176.226508273708
45.3941821419572
173.892166268366
174.179450087591
175.293659719927
177.461689972189
176.586935320999
176.783690059442
176.12371440074
45.2231435026645
173.978460025988
177.483395261655
174.708038167447
178.072089716513
176.809451957824
45.339846275029
174.276927910125
176.131501746191
177.945433707558
174.96519263304
176.249586361925
175.121463921545
174.71564761001
173.654815876911
173.588347295897
175.712125336263
174.400285229859
55.8819285048
176.054545057441
175.334491679942
8.25377932621954
122.617437045257
174.747804915607
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1068
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1089
1090
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1109
1110
1111
1112
1113
1114
1115
1117
1118
1119
1120
1121
1122

A.133.ILE
A.130.SER
A.46.TYR
A.38.VAL
A.40.GLN
A.64.GLY
A.139.THR
A.103.VAL
A.29.LYS
A.59.ALA
A.60.GLY
A.68.LEU
A.83.THR
A.76.GLU
A.47.GLU
A.137.SER
A.100.ALA
A.141.GLU
A.89.GLU
A.129.GLY
A.124.GLN
A.124.GLN
A.65.MET
A.152.VAL
A.156.ALA
A.153.VAL
A.15.LYS
A.58.GLN
A.27.TRP
A.86.LYS
A.74LYS
A.70.ALA
A.97.LYS
A.146.LEU
A.80.GLN
A.57.ARG
A.140.LEU
A91.GLU
A.157.LYS
A.54.VAL
A.54.VAL
A.54.VAL
A.148.ALA
A.53.PHE
A49.LYS
A.61.VAL
A.119.GLN
A.22.ARG

OOOOOOO%QOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

176.275669911928
174.630620100859
175.761742998084
173.554988166505
176.017271730666
174.202335293833
174.946901140174
175.922032763148
176.347230155584

178.14535640444
173.731180960414
177.772229948198
175.130511267828
177.894217803399

176.25159131211
174.669865106067
175.536150216567
176.839757529869
176.812609216049
174.257269157502
55.9451364704595
175.945527760583
175.906849985693
176.037543401753
178.447987361676
175.404311662985
175.886345003261
175.570065165576
176.412423725255
177.065602989739
177.534963936797
178.370300475326
176.001424054361
177.400650586649
177.441156513221
176.270830663483
177.795473418846

176.84753730927
176.461162564396
62.1857744997184
33.0331440606068

175.40623568712
177.726311019023
175.479175048873
177.172915963309
174.237495757952

176.34913446542
175.107816613168
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1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1152
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1170
1171
1172
1173
1175
1176
1177
1178

A.41.GLU
A.95.GLN
A.95.GLN
A.105.VAL
A.105.VAL
A.105.VAL
A.12.SER
A.34.LYS
A.151.GLU
A.145.LYS
A.84.ARG
A.81.GLU
A.121.GLN
A.85.ALA
A.31.ARG
A.111.CYS
A.159.LEU
A.115.LYS
A51LYS
A21.LYS
A.33.VAL
A.33.VAL
A45.LEU
A.66.CYS
A.19.ALA
A.125.GLN
A.131.ARG
A.131.ARG
A.52.GLN
A.138.LYS
A.132.ASP
A.132.ASP
A.132.ASP
A.69.LEU
A.8.TYR
A.144.LEU
A.136.ILE
A.118.GLN
A.134.ASN
A.149.ALA
A.13.GLU
A.43.VAL
A.71.ALA
A.71.ALA
A.71.ALA
A.146.LEU
A.87.LYS
A.78.GLU
A.42.GLU
A.16.PHE

>

>

> W

vs]

176.257038449973
53.6534656604844
173.988789645766
32.7606142134915
62.0765536666738
175.778676358424
174.729199466944

176.15104471111
176.237972075554
176.630127320374
176.595630993195

177.75540437839

176.29399983525
178.212352714851
175.772587924801
172.083719863832
176.320629334251
176.810071595741
176.650469442554
176.363666340899
62.3196482429755
176.180180060219

177.29023945018
173.072650902742
177.950242263922
175.798715245998
56.0811988420802

175.87184695068
175.643148836455
176.881063745699
41.1714654454989
54.1855056038716
176.686787199387
177.755891045485
175.663246417209
177.455003538304
176.521670321145
176.294348764017
175.427900395901
177.877772511594
176.955536406927
174.315931818673
53.4746687342458
18.9286650021711
178.869306532514
55.3802115719315
176.787196149085
177.903627344909
30.4143475858989
174.975391005211
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1181 A.32.ARG H 8.43719110176841
1182 A.32.ARG N 122.840546122913
1183 A.32.ARG C 176.322363366293
1184 A.32.ARG CA 55.9253680129906
1185 A.32.ARG CB 30.9709683837543
1187 A.18.PRO CA 62.9111835136863
1188 A.38.VAL CB 33.2492126959395
1189 A.64.GLY CA 45.2847328598725
1190 A.84.ARG CA 57.0313214823496
1191 A.97.LYS CA 56.0074957681296
1193 A.103.VAL CB 32.71140950463
1194 A.103.VAL CA 62.3347835940383
1195 A.18.PRO C 176.506894917299
1196 A.23.PRO C 176.670043221592
1197 A.39.PRO C 176.801022989451
1198 A.44.PRO C 176.621772105454
1199 A.63.PRO C 177.762560798086
1200 A.67.PRO C 177.134765210292
1201 A.96.PRO C 176.728720094729
1202 A.99.PRO C 176.214203162691
1203 A.101.PRO C 177.639837937504
1204 A.108.PRO C 177.040823948106
1206 A.155.PRO C 177.47739607483
1207 A.155.PRO CB 32.1369810236726
1208 A.155.PRO CA 63.9668843169411
1209 A.127.PRO CA 63.2781894072325
1210 A.127.PRO CB 32.1266135333795
1212 A.114PRO CA 62.8211176741013
1213 A.108.PRO CA 63.082703960652
1216 A.101.PRO CA 63.3882107663241
1218 A.99.PRO CA 62.6967879280865
1220 A.67.PRO CA 63.785999211263
1221 A.63.PRO CA 63.4304768868387
1223 A.44.PRO CB 32.0919496130638
1224 A.44.PRO CA 63.0132660924989
1225 A.39.PRO CA 63.0222390637452
1228 A.23.PRO CA 63.8261244337032
1229 A.96.PRO CA 63.0364565628197
1231 A.114PRO C 176.851866970656
1232 A.2.ALA CA 52.5807875591505
1233 A.2.ALA CB 19.4036037754273
1234 A.2.ALA C 177.871416227831
1235 A.3.MET CB 32.7824930568251
1241 A.159.LEU HA 4.34593271029237
1243 A.159.LEU  HDx% 0.862779189728707
1244 A.159.LEU  CDx 23.4224196913386
1245 A.159.LEU  HDy% 0.92628001162214
1246 A.159.LEU  CDy 25.0279147310094
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1247
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1261
1263
1268
1269
1270
1271
1272
1273
1274
1276
1277
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308

A.159.LEU
A.159.LEU
A.159.LEU
A.159.LEU
A.158.GLN
A.158.GLN
A.158.GLN
A.158.GLN
A.158.GLN
A.158.GLN
A.157.LYS

A.157.LYS

A.157.LYS

A.157.LYS

A.157.LYS

A.157.LYS

A.157.LYS

A.157.LYS

A.157.LYS

A.157.LYS

A.157.LYS

A.157.LYS

A.156.ALA
A.156.ALA
A.156.ALA
A.155.PRO
A.155.PRO
A.155.PRO
A.155.PRO
A.155.PRO
A.155.PRO
A.155.PRO
A.155.PRO
A.155.PRO
A.153.VAL
A.153.VAL
A.153.VAL
A.153.VAL
A.153.VAL
A.153.VAL
A.152.VAL
A.152.VAL
A.152.VAL
A.152.VAL
A.152.VAL
A.152.VAL
A.152.VAL
A.151.GLU
A.151.GLU
A.151.GLU

HBx
HBy
HG
CG
HA
HBx
HBy
CG
HGx
HGy
HA

CE
HEXx
HBy
HBx
HDy
HDx
HGy
HGx
CD
CG
HA
HB%
CB
HA
HDy
HDx
HBx
HBy
HGx
HGy
CD
CG
HA
HB
CGy
HGy%
CGx
HGx%
HA
CGy
HGy%
CB
HB
CGx
HGx%
HA
CG
HGy

1.59961087786167
1.65119571395091
1.6307790591698
27.0006940684746
4.30012597271553
1.97588225582574
2.09300163820931
33.8212971703691
2.34578444836778
2.36472169037983
4.26084370712023
2.99965502812004
42.1441993084821
2.99754737536867
1.90233387285441
1.77061439674395
1.69104080554575
1.68456016156905
1.44629274127376
1.36417130341863
29.1115903515665
24.8606424955113
4.2498593381701
1.39965047609678
18.7657511626117
4.34245869962761
3.92258128820395
3.89122300029296
2.30844222441927
2.32263407664154
1.98812251495585
2.02317764070114
51.0463203376373
27.3891221602869
4.0465597324817
1.98495362585278
21.0668617838213
0.902143479382706
20.8093570112858
0.863570274720582
4.08200427943161
20.5912416808208
0.936750169088419
32.721458352783
2.02701320788928
20.712883150427
0.891502210032151
4.26726946183747
36.2632416768304
2.26231785106215
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1309
1310
1311
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1359
1360
1361
1362
1363
1365
1366
1367
1368
1372
1373
1374
1375
1376
1377
1378
1379

A.151.GLU
A.151.GLU
A.151.GLU
A.150.GLN
A.150.GLN
A.150.GLN
A.150.GLN
A.150.GLN
A.150.GLN
A.150.GLN
A.149.ALA
A.149.ALA
A.148.ALA
A.148.ALA
A.147.ASP
A.147.ASP
A.147.ASP
A.146.LEU
A.146.LEU
A.146.LEU
A.146.LEU
A.146.LEU
A.146.LEU
A.146.LEU
A.146.LEU
A.146.LEU
A.146.LEU
A.145.LYS
A.145.LYS
A.145.LYS
A.145.LYS
A.145.LYS
A.145.LYS
A.145.LYS
A.145.LYS
A.145.LYS
A.145.LYS
A.145.LYS
A.145.LYS
A.144.LEU
A.144.LEU
A.144.LEU
A.144.LEU
A.144.LEU
A.144.LEU
A.144.LEU
A.144.LEU
A.144.LEU

HGx
HBy
HBx
HA
CG
HGx
CB
HBx
HBy
HGy
HA
HB%
HA
HB%
HA
HBy
HBx
HA
CB
HBy
CG
HG
HBx
CDx
HDx%
CDy
HDy%
HA
CE
HEy
HEx
HBx
HBy

HDy
HDx
HGx
CG
HGy
HA
HBy
CG
HG
CB
HBx
CDx
HDx%
CDy

2.19143839226636
1.99139271972823
1.92113634134158
4.28426291919863
33.8525275639315
2.36093783744823
29.5476105111076
1.97923429918856
2.10704209336481
2.37396993005915

4.2727775287601
1.39407566012668
4.25985566851278
1.38957782766467
4.54701804044039
2.68495261363446
2.61309153098765
4.30938983909402
42.3291701414111
1.65489775462503
27.0754039383681
1.63014303924718
1.56171381217065
23.4175582685149

0.854723931639856

24.8695900021027
0.91237390446095
4.28157291174897

42.130860122373
2.99001666487751
2.98545743732452
1.76738106248331
1.83749885999469
29.1297604797245
1.67931811682275
1.67297228405394
1.38342151074254
24.7737974316183
1.45392030830024
4.28784062155993
1.69671316189585
27.2290363723878
1.63203893515715
42.0967997433029
1.56449312127757
23.5637058106199

0.857639410208882

25.023553320571
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1380
1381
1382
1383
1384
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1403
1404
1405
1406
1407
1408
1410
1412
1414
1416
1417
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438

A.144LEU
A.143.THR
A.143.THR
A.143.THR
A.143.THR
A.142.ASP
A.142 ASP
A.142.ASP
A.142 ASP
A.141.GLU
A.141.GLU
A.141.GLU
A.141.GLU
A.141.GLU
A.141.GLU
A.140.LEU
A.140.LEU
A.140.LEU
A.140.LEU
A.140.LEU
A.140.LEU
A.140.LEU
A.140.LEU
A.140.LEU
A.140.LEU
A.140.LEU
A.139.THR
A.139.THR
A.139.THR
A.139.THR
A.138.LYS

A.137.SER
A.137.SER
A.137.SER
A.136.ILE

A.136.ILE

A.136.ILE

A.136.ILE

A.136.ILE

A.136.ILE

A.136.ILE

A.136.ILE

A.136.ILE

A.135.SER
A.135.SER
A.135.SER
A.135.SER
A.134.ASN
A.134.ASN
A.134.ASN

HDy%
HA
HB
HG2%
CG2
HA
CB
HBy
HBx
HA
CG
HGx
HGy
HBx
HBy
HA
CA
CB
HBy
HBx
CDx
HDx%
CDy
HDy%
HG
CG
HB
HA
CG2
HG2%
HA
HA
HBx
HBy
HA
HB
CG1
HGly
HG1x
CG2
HG2%
CD1
HD1%
HA
CB
HBy
HBx
HA
HBy
HBx

0.914474045298984
4.20582360877823
4.25473472172001
1.22176776725509
21.7364517897883
4.59005618239274
40.9935470624572
2.69765547343716
2.68783768966756
4.17613883010119
36.3476869833588
2.25457948198911
2.27330901971378
1.95869974878193
2.03275166022827
4.30863127443933
55.8880116812417
42.0986291430675
1.66847910485909
1.61905824514766
23.6760330479552

0.875484336860635
24.7659710390516

0.925332249043564

1.6379375984326
26.9258980213011
4.24739257653625

4.3068417783575
21.7519347349642
1.21597527384229
4.38722885909223
4.41894884534801
3.85413396015719
3.85944726939258
4.19024494391652
1.89997395077659

27.335087299549
1.47931609012169

1.1880543725815
17.5431866836096

0.914115387935074

13.157877648825

0.8571378189312
4.42289628513084
63.7434123308843
3.89021618652063
3.86912052666171
4.72761721020033
2.84540699930663
2.77900092543862
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1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1453
1454
1455
1456
1457
1458
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1478
1480
1481
1482
1483
1484
1485
1486
1487
1490
1491
1492
1493
1494
1496

A.133.ILE
A.133.ILE
A.133.ILE
A.133.ILE
A.133.ILE
A.133.ILE
A.133.ILE
A.133.ILE
A.133.ILE
A.132.ASP
A.132.ASP
A.132.ASP
A.131.ARG
A.131.ARG
A.131.ARG
A.131.ARG
A.131.ARG
A.131.ARG
A.131.ARG
A.131.ARG
A.131.ARG
A.131.ARG
A.130.SER
A.130.SER
A.130.SER
A.129.GLY
A.129.GLY
A.128.SER
A.128.SER
A.128.SER
A.127.PRO
A.127.PRO
A.127.PRO
A.127.PRO
A.127.PRO
A.127.PRO
A.127.PRO
A.127.PRO
A.127.PRO
A.126.GLN
A.126.GLN
A.126.GLN
A.127.PRO
A.125.GLN
A.125.GLN
A.125.GLN
A.125.GLN
A.125.GLN

HA
HB
HGly
HG1x
HG2%
HD1%
CG1
CG2
CD1
HA
HBy
HBx
HA
CD
HDy
HDx
CB
HBy
HBx
HGy
CG
HGx

HBx

HBx

HDx

4.11921687401832
1.90537498536869
1.42158219261946
1.20719756492315
0.905577261165483
0.861894838774748
27.2680827292652
17.5697147786534
13.2314550120424
4.61415564312752
2.72742875625872
2.59862272387263
4.34553792298856
43.3548914014175
3.18593971419932
3.17306723353894
30.8206664692751
1.8542331900828
1.7462362425018
1.63844447400698
27.1143365441161
1.58572422301006
4.43593679859534
3.84227946482086
3.85940731822489
4.00052229203905
4.01485998887632
4.41938616256034
3.86682011493711
3.91332721335589
4.45657890069168
3.79866313553834
3.66804968956218
50.5568577367577
27.3787572422512
2.3186620236163
2.03875195265987
2.01446790859257
1.93753328611028
8.5112160283652
122.850713505174
174.107023151638
177.117396498901
4.30966274445921
33.8422070705296
2.36550075487118
2.35251993966271
2.07573924550774
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1497
1498
1499
1500
1501
1502
1504
1506
1507
1508
1509
1510
1511
1513
1514
1515
1516
1517
1519
1520
1521
1522
1524
1525
1526
1527
1528
1529
1530
1531
1532
1535
1536
1537
1538
1539
1541
1542
1543
1544
1545
1546
1547
1549
1550
1551
1552
1553
1554
1555

A.125.GLN
A.125.GLN
A.124.GLN
A.124.GLN
A.124.GLN
A.124.GLN
A.124.GLN
A.124.GLN
A.124.GLN
A.123.GLN
A.123.GLN
A.123.GLN
A.123.GLN
A.123.GLN
A.123.GLN
A.123.GLN
A.122.GLN
A.122.GLN
A.123.GLN
A.122.GLN
A.122.GLN
A.122.GLN
A.122.GLN
A.122.GLN
A.122.GLN
A.121.GLN
A.121.GLN
A.121.GLN
A.121.GLN
A.121.GLN
A.121.GLN
A.121.GLN
A.120.GLN
A.120.GLN
A.120.GLN
A.120.GLN
A.120.GLN
A.120.GLN
A.120.GLN
A.119.GLN
A.119.GLN
A.119.GLN
A.119.GLN
A.119.GLN
A.119.GLN
A.119.GLN
A.118.GLN
A.118.GLN
A.118.GLN
A.118.GLN

CB
HBx
HA
CG
HGy
HGx
HBy
CB
HBx
HA
CG
HGy
HGx
HBy
CB
HBx
HA
H

H
CG
HGy
HGx
HBy
CB
HBx
HA
CG
HGy
HGx
CB
HBy
HBx
HA
CG
HGy
HGx
HBy
CB
HBx
HA
CG
HGy
HGx
HBy
CB
HBx
HA
HBx
HBy
CG

29.469010085867
1.96433211652058
4.30112800513753
33.8440729415089
2.37608251235239
2.36069524712966
2.09366647123898
29.4350418847383
1.98487925437278
4.28079061452507
33.8466063900032
2.38189907076223
2.35985094772761
2.09612485275272
29.3430761027391

1.9992793691625
4.27969151760557
8.43768592823593
8.42896781421986
33.8447261036749
2.37825876886851
2.36732686319578
2.09525904917655
29.3501490209449
1.99679987604757
4.27227278131869
33.8420131592676

2.376436215814
2.36810593210305

29.318281339045
2.09896881947831
1.99720199863301
4.27717627958609
33.8523382753237
2.37961212046511
2.36056430559797
2.09423234273857
29.3220816596852
1.99978330793167
4.25889260305908
33.8384963908851
2.37327595016506

2.3605365363691
2.07952973235842
29.2510747607776
1.98526914002365
4.30461890172967
1.98940802706058
2.11673743064591
33.8262257010683
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1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1572
1580
1581
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1606
1607
1608
1609
1610
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630

A.118.GLN
A.118.GLN
A.117.SER
A.117.SER
A.117.SER
A.116.VAL
A.116.VAL
A.116.VAL
A.116.VAL
A.116.VAL
A.116.VAL
A.115.LYS

A.115.LYS

A.115.LYS

A.115.LYS

A.115.LYS

A.115.LYS

A.115.LYS

A.110.THR
A.110.THR
A.110.THR
A.110.THR
A.109.SER
A.109.SER
A.109.SER
A.108.PRO
A.108.PRO
A.108.PRO
A.108.PRO
A.108.PRO
A.108.PRO
A.108.PRO
A.108.PRO
A.108.PRO
A.104.LEU
A.108.PRO
A.104.LEU
A.104.LEU
A.104.LEU
A.104.LEU
A.104.LEU
A.104.LEU
A.104.LEU
A.104.LEU
A.104.LEU
A.103.VAL
A.103.VAL
A.103.VAL

HGy
HGx
HA
HBx
HBy
HA
HB
CGy
HGy%
CGx
HGx%
HA
HEx
HEy
CE

CB
CG
HGx
HA
HG2%
HB
CG2
HA
HBx
HBy
HA
HDx
HDy
CD
HBy
CB
HBx
CG
HGx
HA
HGy
CB
HBy
HBx
CG
HG
CDy
HDy%
CDx
HDx%
HA
HB
HGx%

2.37458254598136
2.36330563679437
4.43675144993761
3.85193578691457
3.911375401855
4.14381073279275
2.05632662960702
20.5379837230624
0.930170945463184
20.5276274260142
0.923605564684016
4.28762014307325
2.98740076225972
2.99185703282618
42.187693833458
33.0151421494223
24.8359243418864
1.4017960915815
4.36898838267622
1.19837455501539
4.24097621501401
21.7352919004586
4.47186523207618
3.85377401996878
3.9152869814654
4.45756375178641
3.65417017074291
3.82346529328135
50.4962811997917
2.31575166206849
32.0564001492355
1.94415447717531
27.3713939612181
2.03109536377629
4.3869343575922
2.03771434081381
42.4435178439267
1.60480132104794
1.55922752798773
27.098458990091
1.57605559399345
24.8897573656471
0.915081222204504
23.7853075323337
0.856666212113661
4.07703224742336
2.05726645916189
0.902391099420806
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1631
1632
1633
1634
1635
1636
1637
1638
1639
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1654
1655
1656
1657
1658
1659
1660
1661
1662
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1679
1680
1682
1683
1684
1685
1686

A.103.VAL
A.103.VAL
A.103.VAL
A.102.GLY
A.102.GLY
A.101.PRO
A.101.PRO
A.101.PRO
A.101.PRO
A.101.PRO
A.101.PRO
A.101.PRO
A.101.PRO
A.101.PRO
A.101.PRO
A.99.PRO
A.99.PRO
A.99.PRO
A.99.PRO
A.99.PRO
A.99.PRO
A.99.PRO
A.99.PRO
A.99.PRO
A.99.PRO
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A97.LYS
A.96.PRO
A.96.PRO
A.96.PRO
A.96.PRO
A.96.PRO
A.96.PRO
A.96.PRO
A.96.PRO
A.96.PRO
A.96.PRO
A.94.ARG
A.94.ARG

HGy%

CGy
CGx
HAx

HA
HDx
HDy
CD
HBy
CB
HBx
CG
HGx
HGy
HA
HDx
HDy
HBy
CD
CB
HBx
CG
HGy
HGx
HA
CE
HEy
HEx
HBy
CB
HBx
CD
HDx
HDy
CG
HGy
HGx
HDx
HDy
HA
HBx
CD
CB
HBy
HGy
CG
HGx
HA
HDx

0.911675522514003

20.7159836326793
20.7130404731713
3.91937540121732
3.93112493917727
4.39558488824955
3.65555846401075
3.79882573131361
50.7261989307862
2.29425638250046
32.0520809513542
1.9299811726398
27.4352103598358
2.02660155340627
2.04850731491983
4.38952371962519
3.62179932778733
3.78960727882887
2.25972657518417
50.767892898256
32.0536143441479
1.88892655194511
27.3750535058381
2.00700675554919
1.99614920467099
4.25898490029522
42.1418573596742
3.00637522721424
2.99983864556645
1.79558236483224
33.1608755871241
1.723295525594
29.1759980328758
1.68005320729726
1.69160831357868
24.7808982592502
1.45607725089625
1.44493632936858
3.65617901329775
3.78923249591701
4.40730559488931
1.8857069279306
50.6630394169297
32.1705896429379
2.28653438087224
2.01791455712434
27.3256437848298
2.00165268098789
4.33935605816637
3.18139191200965
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1687
1688
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1709
1710
1711
1712
1714
1715
1716
1717
1718
1719
1720
1721
1722
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1737
1738
1739
1740

A.94.ARG
A.94.ARG
A.94.ARG
A.94.ARG
A.94.ARG
A.94.ARG
A.94.ARG
A.94.ARG
A.93.GLY
A.93.GLY
A.92.SER
A.92.SER
A.92.SER
A91.GLU
A91.GLU
A91.GLU
A91.GLU
A91.GLU
A91.GLU
A.90.LYS
A.90.LYS
A.90.LYS
A.90.LYS
A.90.LYS
A.90.LYS
A.90.LYS
A.90.LYS
A.90.LYS
A.90.LYS
A.90.LYS
A.90.LYS
A.89.GLU
A.89.GLU
A.89.GLU
A.89.GLU
A.89.GLU
A.89.GLU
A.89.GLU
A.88.GLN
A.88.GLN
A.88.GLN
A.88.GLN
A.88.GLN
A.88.GLN
A.85.ALA
A.85.ALA
A.84.ARG
A.84.ARG

HDy
CD
HBy

HBx
CG
HGy
HGx
HAx
HAy
HA
HBx
HBy
HA
HGx
HGy
HBx
HBy
CG
HEx
HEy
HA
CE
HBy
CB
HBx
CD
HDy
HDx
CG
HGx
HA
HGy

HGx
HBy
CB
HBx
HA
HGx
HGy
HBx
HBy
CG
HA
HB%
HA
HDx

3.18780767014796
43.3583993829887
1.83871350655849
30.8132802941503
1.72884232370324
27.0986350248964
1.62199515247789
1.57695566377993
3.97282018388669
3.98001204193982
4.41728246006329
3.89110687512332
3.90803617018269
4.29216441921545
2.2716721657447
2.28760899830084
1.97589127454738
2.07567505703051
36.2852966809424
2.99132505742728
2.99568046472696
4.27782671612968
42.1439834765722
1.849936342298
33.0196399861439
1.79595334612906
29.1314342304525
1.68606810679841
1.68036658790727
24.8181409941688
1.43360629431315
4.25527027340131
2.31016044317368
36.1554650199385
2.24505812208994
2.05663669505195
30.3384393563978
1.95915397271867
4.29296558573528
2.37062343524414
2.37491200043546
1.99843993841625
2.09565626581316
33.8431357236811
4.24859307665309
1.41324573620675
4.2433564847682
3.19960688310932
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1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792

A.84.ARG
A.84.ARG
A.84.ARG
A.84.ARG
A.84.ARG
A.84.ARG
A.84.ARG
A.83.THR
A.83.THR
A.83.THR
A.83.THR
A.82.ARG
A.82.ARG
A.82.ARG
A.82.ARG
A.82.ARG
A.82.ARG
A.82.ARG
A.82.ARG
A.82.ARG
A.81.GLU
A.81.GLU
A.81.GLU
A.81.GLU
A.81.GLU
A.81.GLU
A.80.GLN
A.80.GLN
A.80.GLN
A.80.GLN
A.80.GLN
A.80.GLN
A.78.GLU
A.78.GLU
A.78.GLU
A.78.GLU
A.78.GLU
A.78.GLU
A.77.ARG
A.77.ARG
A.77.ARG
A.77.ARG
A.77.ARG
A.77.ARG
A.77.ARG
A.77.ARG
A.77.ARG
A.76.GLU
A.76.GLU
A.76.GLU

HDy
HBx
HBy
HGx
HGy
CD
CG
HA
HB
HG2%
CG2
HA
HDx
HDy
HBx
HBy
HGx
HGy
CD
CG
HA
HGx
HGy
HBx
HBy
CG
HA
HGx
HGy
HBx
HBy
CG
HA
HGx
HGy
HBx
HBy
CG
HA
HDx
HDy
HBx
HBy
HGx
HGy

CG
HA
HGx
HGy

3.20393730422087
1.81651313048499
1.87735664432275
1.63160250574522
1.69620911781389
43.3990237832927
27.2573085204514
4.1948657667711
4.25480578988466
1.22904403541997
21.7243565132912
4.2881899983092
3.21472763423399
3.22075692425732
1.89860129929343
1.90666694046028
1.6652328971316
1.74384981875719
43.3958331585505
27.388275073907
4.17745130017821
2.28341376050839
2.35907531274447
2.05022172871183
2.057831971848
36.2546361359736
4.20857462532285
2.41138472113317
2.47050626996509
2.11020847804396
2.12135049033823
33.7834456860082
4.13130189528707
2.25266909156567
2.40861012085724
2.04398234490854
2.05021478038695
36.5331388612741
4.16108774061076
3.20677491522365
3.21632208120631
1.87700831626818
1.89282753274422
1.6377287397626
1.71403789288853
43.3895920382441
27.3424510654815
4.17464846964062
2.30008961081031
2.30839924911279
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1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1826
1827
1828
1829
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
1849

A.76.GLU
A.76.GLU
A.76.GLU
A.73.SER

A.73.SER

A.73.SER

A.72.GLU
A.72.GLU
A.72.GLU
A.72.GLU
A.72.GLU
A.72.GLU
A.71.ALA
A.71.ALA
A.70.ALA
A.70.ALA
A.69.LEU
A.69.LEU

A.69.LEU
A.69.LEU

A.69.LEU
A.69.LEU

A.69.LEU
A.69.LEU

A.69.LEU
A.69.LEU
A.68.LEU
A.68.LEU
A.68.LEU
A.68.LEU
A.68.LEU
A.68.LEU
A.68.LEU
A.68.LEU
A.68.LEU
A.68.LEU
A.65.MET
A.65.MET
A.65.MET
A.65.MET
A.65.MET
A.65.MET
A.64.GLY
A.64.GLY
A.63.PRO
A.63.PRO
A.63.PRO
A.63.PRO

HBx
HBy
CG
HA
HBx
HBy
HA
HGx
HGy
HBx
HBy
CG
HA
HB%
HA
HB%
HDx%
HDy%
HA
HBy
CB
HBx
CG
HG
CDx
CDy
HDx%
HDy%
HA
CB
HBy
HBx
CG
HG
CDy
CDx
HA
HGx
HGy
HBx
HBy
CG
HAx

HA
HDx
HDy
CD

2.04657358246942
2.05576014746065
36.2765222110526
4.38522337958823
3.92217317943385
3.98164846631712
4.22272772977353
2.2961098163085
2.31298122147593
2.02669528762565
2.07863700060126
36.016568655711
4.22082966878537
1.4286508420472
4.23321448740663
1.4071825197342
0.871525402817368
0.932595936562232
4.3145009425498
1.66462906961075
42.1849876505442
1.60607047198838
26.9152363876579
1.61777223237173
23.6048842646074
24.9107553556116
0.872989289128438
0.923197197889971
4.29038784249247
42.1242148288131
1.65772637261637
1.58003793464798
26.967541169112
1.64681538002338
24.8658378835474
23.6438266617348
4.49678942089816
2.50276005515733
2.56636502027928
1.9872578312709
2.05987331531992
32.047988603984
3.91800604501216
3.92504069357995
4.39953593420606
3.66790421325903
3.81328033054909
50.8013147013445
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1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1876
1877
1878
1879
1880
1881
1882
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903

A.63.PRO
A.63.PRO
A.63.PRO
A.63.PRO
A.63.PRO
A.63.PRO
A.60.GLY
A.60.GLY
A.59.ALA
A.59.ALA
A.58.GLN
A.58.GLN
A.58.GLN
A.58.GLN
A.58.GLN
A.58.GLN
A.57.ARG
A.57.ARG
A.57.ARG
A.57.ARG
A.57.ARG
A.57.ARG
A.57.ARG
A.57.ARG
A.57.ARG
A.56.GLN
A.56.GLN
A.56.GLN
A.56.GLN
A.56.GLN
A.56.GLN
A.55.ALA
A.55.ALA
A.54.VAL

A.54.VAL

A.54.VAL

A.54.VAL

A.54.VAL

A.54.VAL

A.53.PHE

A.53.PHE

A.53.PHE

A.52.GLN
A.52.GLN
A.52.GLN
A.52.GLN
A.52.GLN
A.52.GLN
A.50.GLY
A.50.GLY

CB

HBy
HBx
CG

HGy
HGx
HAx

HA
HB%
HA
HGx
HGy
HBx
HBy

HGx
HGy
HBx
HBy
HDx
HDy
HA
CD
CG
HA
HGx
HGy
HBx
HBy
CG
HB%
HA
HA
HB

HGx%
HGy%

CGy
CGx
HA

HBx
HBy
HA

HGx
HGy
HBx
HBy
CG

HAx

32.0451251826014
2.29394640919929
1.93586215648582
27.4712225792167
2.04724247035742
2.03412982479804
3.92317697513452
3.93532397405999
4.29919436387008
1.39304648893588
4.30285517851641

2.3543698518027
2.36790457560354
1.97004537524026
2.08501345035993
33.7634486273693
1.59806235226673
1.61042322105089
1.81251852881508
1.82705668182495

3.1735184844969
3.17541867857546
4.28003555693741
43.3363517065314
27.1124975877871
4.26157014919718
2.35779762103629
2.36734362942344
1.96637045584389
2.07212658103009
33.8897930001245
1.37970896209222
4.20340757882657
3.97590015081154
1.95132657420368

0.879171708135261
0.886892221855633

21.1701487831078
21.0198560498965
4.58450926390894
3.00613196501271
3.07266226562359
4.26353690298201
2.18944622436513
2.25985322597993
1.90025488701196
1.96279792174329
33.7224111931395
3.94562889154758
3.95634147927029
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1905 A.48.SER HBy 3.88195238801063

1906 A.48.SER HBx 3.82717212779763
1909 A.48.SER HA 4.35965653088688
1910 A.47.GLU HA 4.27697686940049
1911 A.47.GLU HGx 2.17219013535719
1912 A.47.GLU HGy 2.18807479622337
1913 A.47.GLU HBx 1.87391728745375
1914 A.47.GLU HBy 1.99153357734106
1915 A.47.GLU CG 36.2487283665202
1916 A.46.TYR HA 4.54313305427123
1917 A.46.TYR HBx 2.94598823808495
1918 A.46.TYR HBy 3.02062339184027
1919 A.45.LEU HDx% 0.825245714505351
1920 A.45.LEU HDy% 0.883304954698109
1921 A.45.LEU HA 4.21753128108985
1922 A.45.LEU HBx 1.4221589228884
1923 A.45.LEU HBy 1.54305575501187
1924 A.45.LEU HG 1.53478969957695
1925 A.45.LEU CG 26.8467969866062
1926 A.45.LEU CDy 24.8200824781519
1927 A.45.LEU CDx 23.6526291967901
1928 A.44.PRO HA 4.33817121690423
1929 A.44.PRO HDx 3.62506499651465
1930 A.44.PRO HDy 3.82679418860429
1932 A.44.PRO HGx 1.93849939727023
1934 A.44.PRO HBy 2.17216698128737
1935 A.44.PRO CD 51.0064714392915
1938 A.44.PRO HGy 1.96450512319966
1939 A.44.PRO HBx 1.65504402853089
1940 A.44.PRO CG 27.4454221512263
1941 A.42.GLU HA 4.28001560949753
1942 A.42.GLU HGx 2.17998633933596
1943 A.42.GLU HGy 2.24101123727044
1944 A.42.GLU HBy 2.00391096013637
1945 A.42.GLU HBx 1.88348904230539
1946 A.42.GLU CG 36.2420550522492
1947 A.41.GLU HA 4.25154476526003
1948 A.41.GLU HGx 2.23316287835864
1949 A.41.GLU HGy 2.24203391539141
1950 A.41.GLU HBy 2.01818669153368
1951 A.41.GLU HBx 1.90102704788915
1952 A.41.GLU CG 36.2507204571156
1953 A.40.GLN HA 4.24256265573491
1954 A.40.GLN HGx 2.36598666800525
1955 A.40.GLN HGy 2.3744855124977
1956 A.40.GLN HBx 1.97972986048717
1957 A.40.GLN HBy 2.06881624992939
1958 A.40.GLN CG 33.7431352818706
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1960
1961
1962
1964
1967
1968
1969
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1988
1990
1991
1992
1993
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2014
2016
2017
2018

A.39.PRO
A.39.PRO
A.39.PRO
A.39.PRO
A.39.PRO
A.39.PRO
A.39.PRO
A.39.PRO
A.39.PRO
A.39.PRO
A.37.TYR
A.37.TYR
A.37.TYR
A.36.GLY
A.36.GLY
A.35.ASP

A.35.ASP

A.35.ASP

A.33.VAL

A.33.VAL

A.33.VAL

A.33.VAL

A.33.VAL

A.30.ALA
A.30.ALA
A.27.TRP

A.27.TRP

A.27.TRP

A.26.THR
A.26.THR
A.26.THR
A.26.THR
A.25.GLY
A.25.GLY
A.24.ASP

A.24.ASP

A.24.ASP

A.20.THR
A.20.THR
A.20.THR
A.20.THR
A.19.ALA
A.19.ALA
A.18.PRO
A.18.PRO
A.18.PRO
A.18.PRO
A.18.PRO
A.18.PRO
A.18.PRO

HA
HDx
HDy
HBy
CD
CB
HBx
HGy
CG
HGx
HA
HBx
HBy

HAx
HA
HBx
HBy
HA
HB
HGx%
HGy%
CGy
HA
HB%
HA
HBx
HBy
HA
HB
HG2%
CG2
HAy
HAx
HA
HBx
HBy
HA
HB
HG2%
CG2
HA
HB%
HA
HDx
HDy
CD
HBy
CB
HBx

4.26568204455371
3.6081192245702
3.61587865806606
2.30307020475375
51.0508226845842
32.1574922696121
1.89141341194842
2.00865645615717
27.42062348002
1.93745024441113
4.54288062973584
2.88554529187074
2.97731698248599
3.94804612091165
3.84504450054007
4.54752078401741
2.65173720780944
2.69197858655173
4.10567040204443
2.03873372190062
0.890896481830088
0.894463503500104
21.1844987764611
4.27521359006069
1.36884135604426
4.66675757165083
3.21579519302663
3.22236850837072
4.26625087375674
4.20393803892674
1.13732363666313
21.6030732140224
4.01810909997585
3.82988349939127
4.53575603871603
2.63695945329095
2.80920510773473
4.3518391520382
4.14071675243478
1.18533956410324
21.7020482219559
4.33337760000371
1.40967080097919
4.28423696988349
3.6218847436815
3.71417779656822
50.9893731553356
2.31500313757588
32.2611120768065
1.91092507697091
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2019
2020
2021
2023
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070

A.18.PRO
A.18.PRO
A.18.PRO
A.16.PHE
A.17.ILE
A.17.ILE
A.17.ILE
A.17.ILE
A.17.ILE
A.16.PHE
A.14.GLY
A.14.GLY
A.13.GLU
A.13.GLU
A.13.GLU
A.13.GLU
A.13.GLU
A.13.GLU
A.11.SER
A.11.SER
A.11.SER
A.12.SER
A.10.GLN
A.10.GLN
A.10.GLN
A.10.GLN
A.10.GLN
A.10.GLN
A9.LEU
A9.LEU
A9.LEU
A9.LEU
A9.LEU
A9.LEU
A9.LEU
A9.LEU
A9.LEU
A9.LEU
A.8.TYR
A.8.TYR
A.8.TYR
A.7.THR
A.7.THR
A.7.THR
A.7.THR
A.6.SER
A.6.SER
A.6.SER

CG

HGy
HGx
HBx

HGx

HBx
HBy
CG
HA
HBx
HBy
HA
HA
HGx
HGy
HBx
HBy

HA
HDx%
HDy%
CB
HBy
HBx
CG
HG
CDy
CDx
HA
HBx
HBy
HA
HB
HG2%
CG2
HA
HBx

27.3976898242952
1.99986357016566
1.9732209599398
2.98288171185513
8.20197090076536
126.419914474837
38.9060677102055
58.0112800541766
173.780673825981
2.99513400839312
3.93074723884924
3.87922560107122
4.26541012522963
2.25932237642381
2.26731718129974
1.95034165780484
2.08104224706684
36.3378613291227
4.47559683188173
3.84108760432861
3.95099063565062
4.43927519729573
4.31041150568389
2.32645050307526
2.33633842112661
1.97317116779498
2.09180034062199
33.8705120448709
4.27276391185128
0.824092618483796
0.875682838078301
42.4729109046106
1.56365075688043
1.51660453845726
26.8422663143255
1.46298583500051
24.9084209617418
23.7076215063313
4.55258945763831
2.94995711269602
3.015519984748
4.2697379900044
4.1632708386058
1.12765230364063
21.5801498524196
4.47971945478136
3.82822687139169
3.87922242083039
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2071 A.5.MET HA 4.52124642735635

2072 A.5.MET HGx 2.5222438618065
2073 A.5.MET HGy 2.5979654369937
2074 A.5.MET HBx 2.00377156826318
2075 A.5.MET HBy 2.10089873421638
2076 A.5.MET CG 32.0147002964033
2077 A.4.GLY HAx 3.94400543812602
2078 A.4.GLY HAy 3.96247840541024
2079 A.3.MET HA 4.46291765250277
2080 A.3.MET HGx 2.55307621043511
2081 A.3.MET HGy 2.62164205647838
2082 A.3.MET HBx 2.01941666679821
2083 A.3.MET HBy 2.09391119230456
2084 A.3.MET CG 32.0105577165419
2085 A.2.ALA HA 4.35513941850525
2086 A.2.ALA HB% 1.38780872290077
2087 A.15.LYS HA 4.30764028755821
2088 A.15.LYS HEx 2.9323355880537
2089 A.15.LYS HEy 2.94056068489945
2090 A.15.LYS HGx 1.26543124984384
2091 A.15.LYS HGy 1.32391236476055
2092 A.15.LYS CE 42.1368896804696
2093 A.15.LYS CB 33.3026944030058
2094 A.15.LYS HBx 1.65957093512442
2095 A.15.LYS CD 29.0227908395332
2096 A.15.LYS HDy 1.61911986136718
2097 A.15.LYS HDx 1.60666027044179
2098 A.15.LYS CG 24.7225295612547
2099 A.15.LYS HBy 1.7038847645833
2100 A.29.LYS HGx 1.39997438106971
2101 A.29.LYS HGy 1.44023919089102
2102 A.29.LYS HEx 2.96715964066583
2103 A.29.LYS HEy 2.97405405066552
2104 A.29.LYS HA 4.17159109942337
2105 A.29.LYS CE 42.1397135299687
2107 A.29.LYS HBy 1.80248762564049
2108 A.29.LYS CB 33.0670318140782
2109 A.29.LYS HBx 1.70551670589572
2110 A.29.LYS CD 29.2651772641778
2111 A.29.LYS HDy 1.68244676953018
2112 A.29.LYS HDx 1.66849285711268
2113 A.29.LYS CG 24.9750532481785
2114 A.21.LYS HA 4.24115145659247
2115 A.21.LYS HEx 2.8302592373504
2116 A.21.LYS HEy 2.83708930542279
2118 A.21.LYS HGx 1.12103891260454
2119 A.21.LYS HGy 1.17674627673742
2120 A.21.LYS CE 41.9982000752788
2121 A.21.LYS CB 33.1427487209237
2122 A.21.LYS HBy 1.65532170906307
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2123
2124
2125
2126
2127
2128
2129
2130
2131
2134
2135
2137
2138
2139
2140
2141
2142
2143
2144
2145
2146
2147
2148
2149
2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175

A21.LYS
A21.LYS
A21.LYS
A.21.LYS
A21.LYS
A.134.ASN
A.134.ASN
A.134.ASN
A.134.ASN
A.105.VAL
A.105.VAL
A.105.VAL
A.105.VAL
A.105.VAL
A.105.VAL
A.32.ARG
A.32.ARG
A.32.ARG
A.32.ARG
A.32.ARG
A.32.ARG
A.32.ARG
A.32.ARG
A.32.ARG
A.16.PHE
A.31.ARG
A.31.ARG
A.31.ARG
A.31.ARG
A.31.ARG
A.31.ARG
A.31.ARG
A49.LYS
A49.LYS
A49.LYS
A49.LYS
A49.LYS
A49.LYS
A49.LYS
A49.LYS
A49.LYS
A49.LYS
A49.LYS
A49.LYS
A.51.LYS
A.51.LYS
A51.LYS
A.51.LYS

HBx
CD
HDy
HDx
CG
HD2y
ND2
HD2x
CG
HA
HB

HGy%
HGx%

CGx
CGy
HA

HDx
HDy
HBx
HBy
HGx
HGy
CDh

CG

HA

HA

HDx
HDy
HBx
HBy
HGx
HGy
HA

HEx
HEy
HBx
HBy
HDx
HDy
HGx
HGy
CE

CDh

CG

HA

HEx
HEy
HBx

1.4313405132346
29.0664601986358
1.52871158945231
1.51893977608239
24.5542702425352
7.72503765376194
113.146305137694
6.95198587587986
177.057699473995
4.06662161514726
1.99517601864276

0.904060544457363
0.889311722071523

21.2340682992859
21.2568670253385
4.3882912818562
3.13202439380689
3.140282786836
1.70798212628495
1.79617370131661
1.54032339218314
1.57633106601907
43.3516978993316
27.2816809600351
4.66344976222597
4.33453040003288
3.12003728989685
3.12374505983318
1.70553520514752
1.78161607626499
1.56494763735708
1.57255833860954
4.30111574559677
2.93757550134662
2.94379268397881
1.75417221794146
1.8501296578882
1.6221255757545
1.62986716627952
1.37529373593668
1.43767851049646
42.1352372087604
29.1202333980902
24.8309255944565
4.24637187036649
2.95959045119871
2.96608920833416
1.71625958079938
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2176 A.51.LYS HBy 1.77670984658294

2177 A.51.LYS HDx 1.64954052283911
2178 A.51.LYS HDy 1.65738418570701
2179 A.51.LYS HGx 1.34095084444654
2180 A.51.LYS HGy 1.40516101403474
2181 A.51.LYS CE 42.13692583323
2182 A.51.LYS CD 29.1454588038029
2183 A.51.LYS CG 24.79513308558
2184 A.74.LYS HA 4.1527148327188
2185 A.74.LYS HEx 2.97739700836304
2186 A.74.LYS HEy 2.98966158046763
2187 A.74.LYS HBx 1.83427206581047
2188 A.74.LYS HBy 1.88748873335138
2189 A.74.LYS HDx 1.66911590829895
2190 A.74.LYS HDy 1.68784423617213
2191 A.74.LYS HGx 1.38326663793932
2192 A.74.LYS HGy 1.47439801250838
2193 A.74.LYS CE 42.1724227814078
2194 A.74.LYS CD 29.1461001780259
2195 A.74.LYS CG 24.8015735076364
2196 A.75.LYS HA 4.18242383618892
2197 A.75.LYS HEx 2.97242950270746
2198 A.75.LYS HEy 2.98632206598259
2199 A.75.LYS HBx 1.83523265900631
2200 A.75.LYS HBy 1.84846346962967
2201 A.75.LYS HDx 1.68218844334972
2202 A.75.LYS HDy 1.69327374056382
2203 A.75.LYS HGx 1.43190105289413
2204 A.75.LYS HGy 1.51633524371425
2205 A.75.LYS CE 42.1418276146677
2206 A.75.LYS CD 29.1102548432926
2207 A.75.LYS CG 24.9482273363124
2208 A.79.LYS HA 4.13074945949734
2209 A.79.LYS HEx 2.96322323938393
2210 A.79.LYS HEy 2.96729029776012
2211 A.79.LYS HBx 1.86772052165112
2212 A.79.LYS HBy 1.92151735266308
2213 A.79.LYS HDx 1.68710286273561
2214 A.79.LYS HDy 1.69486106482796
2215 A.79.LYS HGx 1.38982162920295
2216 A.79.LYS HGy 1.51998178958334
2217 A.79.LYS CE 42.1365863992921
2218 A.79.LYS CD 29.08960470504
2219 A.79.LYS CG 24.8976639081556
2220 A.86.LYS HA 4.24587661508435
2221 A.86.LYS HEx 2.98591749393828
2222 A.86.LYS HEy 2.99768363298057
2223 A.86.LYS HBx 1.7880845815864
2224 A.86.LYS HBy 1.8409905353345
2225 A.86.LYS HDx 1.68352619347188
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2226
2227
2228
2229
2230
2231
2232
2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2249
2250
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2262
2264
2265
2266
2267
2268
2269
2270
2271
2272
2273
2274
2275
2276

A.86.LYS
A.86.LYS
A.86.LYS
A.86.LYS
A.86.LYS
A.86.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.87.LYS
A.115.LYS
A.115.LYS
A.115.LYS
A.115.LYS
A.115.LYS
A.115.LYS
A.138.LYS
A.138.LYS
A.138.LYS
A.138.LYS
A.138.LYS
A.138.LYS
A.138.LYS
A.138.LYS
A.138.LYS
A.138.LYS
A.138.LYS
A.34.LYS
A.90.LYS
A.34.LYS
A.34LYS
A.34.LYS
A.34LYS
A.34.LYS
A.34LYS
A.34.LYS
A.34LYS
A.34.LYS
A.34LYS
A.34.LYS

HDy
HGx
HGy
CE
CD
CG
HA
HEx
HEy
HBx
HBy
HDx
HDy
HGx
HGy
CE
CD
CG
HBx
HBy
HDx
HDy
HGy
CD
HEx
HEy
HBy
HBx
HDy
HDx
HGx
HGy
CE
CD
CG
HA
HGy
HEx
HEy
HBy
HBx
HDx
HDy
HGx
HGy
CE
CD
CG

1.68994275184332
1.43468113745216
1.49031311905671
42.0993290932291
29.1386875990413
24.7938981537239
4.24096834519579

2.9738997549372
2.98815008626038
1.79168591754627
1.83367984153824
1.66792791637882
1.68192550241524

1.3956355061739
1.46535154836129
42.1310917051936
29.1687009883863

24.803442614699
1.73853178903069

1.7954516118522
1.67648090257516
1.69461039086561
1.46841590608316
29.1360233446742
2.98590279387102
2.99020032572774
1.87209072403115
1.77771947290138
1.68126955237997
1.66841453260597
1.43201431156344
1.46588271585053
42.1357548559197
29.0109473238479
24.7941498730542
4.24391245273453
1.45396628211362
2.95384856195857
2.96293488786483
1.80613285496752
1.74057316058908
1.64252255458614
1.65401321455122
1.39023090539793
1.40057465185625

42.133464780928
29.1428160704768
24.7808781136666
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2277
2278
2279
2280
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2293
2294
2295
2297
2298
2299
2300
2301
2302
2303
2309
2310
2311
2315
2316
2317
2318
2319
2320
2321
2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337

A.114.PRO
A.114.PRO
A.114.PRO
A.114.PRO
A.114.PRO
A.114.PRO
A.114.PRO
A.114.PRO
A.114.PRO
A.114.PRO
A.67.PRO
A.67.PRO
A.67.PRO
A.67.PRO
A.67.PRO
A.67.PRO
A.67.PRO
A.67.PRO
A.67.PRO
A.67.PRO
A.23.PRO
A.23.PRO
A.23.PRO
A.23.PRO
A.23.PRO
A.23.PRO
A.23.PRO
A.23.PRO
A.23.PRO
A.23.PRO
A.28.ARG
A.28.ARG
A.28.ARG
A.28.ARG
A.28.ARG
A.28.ARG
A.28.ARG
A.28.ARG
A.28.ARG
A.28.ARG
A.31.ARG
A.31.ARG
A.154.ASP
A.154.ASP
A.154.ASP
A.111.CYS
A.111.CYS
A.111.CYS
A.38.VAL
A.38.VAL

HA
HDx
HDy

HBy
CB
HBx
CG
HGx
HGy
HA
HDx
HDy
CD
HBy

HBx
HGy
CG
HGx
HA
HDx
HDy
CD
HGx
CG
HGy
HBy
CB
HBx
HA
HDx
HDy

CB
HBy
HBx
CG
HGy
HGx
CD
CG
HA
HBx
HBy
HA
HBx
HBy
HA
HB

4.39746169978169
3.62644475016197
3.81295149297541
50.4681271408809
2.27957667889939
32.1146749169004
1.85975148993459
27.3704113337053
1.99759593826215
2.01024890116111
4.38860210479927
3.79128813373481

3.8053419779187
50.5414570287207
2.29903526962645
32.1145346342141
1.90536954617886
2.02392180648035
27.3710456150122

2.0056786434634
4.35356740095581
3.63597947277632
3.79226041653669
50.8354564961771

1.9634396272495
27.3744548067097
2.03183792941796

2.2788333508297

31.878137755025
1.91442350264106
4.16432059391158
3.05743652921175
3.06833373686468
43.3456109583916
30.9204974096115
1.70912250334489
1.52341743419667
27.1525593360096
1.34162529327919
1.32711045418715
43.3716835789216
27.0887772379762
4.86703363123131
2.56455691024574
2.77126035721046
4.79198413815257
2.82844303722973
2.91265173094798

4.2959127764476
1.92158026796083
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2338
2339
2340
2341
2342
2343
2344
2345
2346
2347
2348
2349
2350
2351
2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365
2368
2369
2370
2371
2372
2373
2374
2375
2376
2377
2379
2380
2381
2382
2383
2384
2385
2386
2387
2389

A.38.VAL
A.38.VAL
A.38.VAL
A.38.VAL
A.43.VAL
A.43.VAL
A.43.VAL
A.43.VAL
A.43.VAL
A.43.VAL
A.43.VAL
A.61.VAL
A.61.VAL
A.61.VAL
A.61.VAL
A.61.VAL
A.61.VAL
A.61.VAL
A.100.ALA
A.100.ALA
A.98.ALA
A.98.ALA
A.98.ALA
A.98.ALA
A.106.MET
A.106.MET
A.106.MET
A.106.MET
A.106.MET
A.106.MET
A.106.MET
A.17.ILE
A.17.ILE
A.17.ILE
A.17.ILE
A.17.ILE
A.17.ILE
A.17.ILE
A.17.ILE
A.17.ILE
A.22.ARG
A.22.ARG
A.22.ARG
A.22.ARG
A.22.ARG
A.22.ARG
A.22.ARG
A.22.ARG

CGx
HGx%
CGy
HGy%
HA
CB
HB
CGx
HGx%
HGy%
CGy
HA
CB
HB
CGx
HGx%
CGy
HGy%
HB%
HA
CB
HB%
CA
HA
HA
CB
HBx
HBy
HGx
CG
HGy
HA
HB
CD1
HD1%
CG2
HG2%
HG1x
CG1
HG1ly
CA
HA
HDx
CD
HDy
HBx
HBy
HGy

20.4313252807347
0.84747910507244
21.0652150600384
0.87138421443853
4.33192363861807
32.5302311111384
2.04872048625296
20.6683566441739
0.91871833169369
0.944128428901217
21.0622775236685
4.42693866858522
32.7300363526552
2.04768101390007
20.5490115526309
0.892614718427411
21.0994259259789
0.957262764134636
1.36280077235359
4.56345523432659
18.0896162063268
1.35119077750226
50.3926253447292
4.56440553929285
4.81186887264659
32.2642581522551
1.92770700100788
2.03397232003491
2.52852853911184
32.0476722060328
2.63991040352246
4.39209600187596
1.75653619009029
12.6329383677548
0.78941101685302
17.0444952567612
0.868990266365021
1.08154356883261
26.8307861374674
1.4316932494178
54.3156157286852
4.53842771116961
3.10802251853016
43.3231541986783
3.11416322069641
1.74746156139222
1.81924956446952
1.63266783815629

123



2390
2391
2392
2393
2394
2395
2396
2397
2398
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2416
2417
2418
2419
2420
2421
2422
2423
2424
2425
2426
2427
2428
2429
2430
2431
2432
2433
2434
2435
2436
2437
2438
2439
2440
2441
2442

A.22.ARG
A.22.ARG
A.95.GLN
A.95.GLN
A.95.GLN
A.95.GLN
A.95.GLN
A.95.GLN
A.95.GLN
A.126.GLN
A.126.GLN
A.126.GLN
A.126.GLN
A.126.GLN
A.126.GLN
A.126.GLN
A.126.GLN
A.66.CYS
A.66.CYS
A.66.CYS
A.66.CYS
A.12.SER
A.12.SER
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.160.LYS
A.27.TRP
A.53.PHE
A.16.PHE
A.37.TYR
A.8.TYR
A.46.TYR
A.37.TYR
A.8.TYR
A46.TYR
A.37.TYR
A.37.TYR
A.53.PHE
A.16.PHE
A.8.TYR

CG
HGx
HBx
CB
HBy
CG
HGx
HGy
HA
HBx
CB
HBy
CG
HGx
HGy
CA
HA
HA
CB
HBx
HBy
HBx
HBy
HA
CA
HE?2
HE3
HG2
HG3
HBx
HBy
HD2
HD3
CE
CD
CG
HD1
HD%
HD%
HD%
HD%
HD%
HE%
HE%
HE%
CD%
CE%
CD%
CD%
CD%

27.1250852914433
1.58503466019544
1.92865180177496
28.8334970743756
2.09402097929724
33.425249928749
2.39417815117063
2.4006370743586
4.60634061998682
1.92376607590428
28.8010573231659
2.09464803523008
33.4175233899395
2.39309607176446
2.40041339038111
53.6872131536835
4.61270625541253
4.74278427307144
27.5317190927354
2.92537969949959
2.92889733486219
3.9159719527844
3.9477069100664
4.15273396846479
57.5506570271811
2.97920840754687
2.97920840754687
1.36936722229002
1.36936722229002
1.69834482767221
1.81016225542144
1.6560518049611
1.6560518049611
42.2067916292002
29.1854520172919
24.6613491402907
7.28943058002972
7.20519156363846
7.16021220405562
7.0463652237999
7.07768041894237
7.07767402342037
6.78091598843736
6.79479330632421
6.79480652335073
133.1571172281
118.088703212969
131.889353448044
131.81937498849
133.222913150558
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2443
2444
2445
2446
2447
2448
2474
2475

A.46.TYR
A.8.TYR

A.46.TYR
A.27.TRP
A.27.TRP
A.27.TRP
A.27.TRP
A.27.TRP

CD%
CE%
CE%
CD1
HZ2
Cz2
HE1
NE1

133.222913150558
118.208369509152
118.208369509152
127.262716757905
7.46719172281609
114.595659188224

10.183645699476
129.593357506976
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