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ABSTRACT (ENGLISH)

Mitochondria are intracellular double-membrane bound organelles in eukaryotic cells that act as the
major suppliers of adenosine triphosphate (ATP). They possess their own DNA (mtDNA) that codes for
components of the oxidative phosphorylation (OXPHOS) pathway. mtDNA is assembled into nucleo-
protein structures called nucleoids and maintained differently compared to histone mediated packaging
of nuclear DNA. The molecular basis of mtDNA packaging and maintenance remains poorly
understood.

In Saccharomyces cerevisiae (budding yeast) mtDNA is a ~80kb linear molecule, packaged by Abf2p,

a double-HMG-box DNA binding protein. Abf2p interacts with DNA in a non-sequence-specific manner,
but displays a distinct and yet unexplained ‘phased-binding’ at specific AT-rich DNA stretches containing
poly-adenine tracts (A-tracts). Molecular details of DNA binding and maintenance by this protein as well
as the mechanism behind its ‘phased binding’ behavior remain to be elucidated. In this doctoral thesis,
crystal structures of Abf2p in complex with mtDNA derived fragments bearing A-tracts are presented.
That reveal that Abf2p binds and induces 180° U-turn bends in the DNA. Additionally, it avoids binding
to A-tracts, giving rise to a unique ‘dual binding’ phenomenon where a single protein molecule binds two
DNAs simultaneously. To probe the functional roles played by the different protein structural parts in
vitro and in vivo assays were carried out that revealed that a 12-residue N-terminal helix, unique to this
protein, is crucial for its DNA binding activity. The dynamics of the protein and protein-DNA complex
were probed via in-solution (Small Angle X-ray Scattering or SAXS) and simulation (Molecular dynamics
or MD) techniques that revealed key mechanisms pertaining to the DNA binding event. Additional
computational analysis of Abf2p binding on A-tract containing DNA revealed a DNA-structure mediated
protein positioning mechanism. The said mechanism would play a key role in orchestrating global
nucleoid architecture, given that S. cerevisiae mtDNA has a high percentage of A-tracts. Additionally,
the crystal structures disclose an inherent capability of the protein to bind separate DNA strands, that
would facilitate DNA packaging by this protein and form an essential mechanistic feature of the process.
The findings reported here thus advance our understanding of mitDNA packaging in the yeast

mitochondria.
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RESUM (CATALAN)

Els mitocondris posseeixen un ADN (ADNmt) que codifica components de la via de la fosforilacié
oxidativa. L’ADNmt es compacta en unes estructures nucleo-proteiques, els nucleoides, que
s’estructuren de manera diferent a I'ADN nuclear. La base molecular de 'empaquetament de TADNmt
és desconegut.

A Saccharomyces cerevisiae I’ADNmt és una molécula lineal d’'uns 80kb empaquetada per la proteina
Abf2p, que conté dos dominis HMG-box d’unié a ADN. Abf2p contacta I'ADN de forma no especifica,
perd també mostra una unié en fase en regions riques en poli-adenina (regions poly-A). Els detalls
moleculars d’aquests dos tipus d’'unié encara no s'han dilucidat. En aquesta tesi doctoral es presenten
les estructures cristal-lografiques de I’Abf2p en complex amb fragments d’ADNmt derivats de 'ADN de
llevat, que demostren que Abf2p uneix i indueix una curvatura de 180° a I'ADN. A més a més, en els
cristalls, ’Abf2p evita la unié a una regié poly-A induint un fenomen unic de d’unié d’'una molécula de
proteina a dues molécules d’ADN. Per investigar la funcié dels diferents dominis d’Abf2p en la unié
ADN hem dut a terme assajos in vitro i in vivo amb fragments i amb la proteina sencera que mostren
que una hélix de 12 residus N-terminal, Unica per aquesta proteina, és crucial per a la unié6. A més a
més hem estudiat la dinamica del complex proteina-ADN en solucié per métodes biofisics (SAXS) que
demostren la flexibilitat de la proteina i que corroboren el condicionament de la regié poly-A en la uni6.
Finalment, per dinamica molecular (MD) hem descobert que I'ADN utilitzat per cristal-litzar té& unes
propietats estructurals en les regions poly-A, amb un solc menor molt estret, que condicionen el
posicionament d’Abf2p. Aquest fenomen és clau en l'organitzacié de I'arquitectura global del nucleoide,
atés que en S. cerevisiae 'ADNmt té fins al 30% de regions poly-A, atipic en altres genomes. A més,
les estructures cristal-lines mostren la capacitat inherent de la proteina per unir molecules d'ADN
independents, que podrien facilitar el seu empaquetament. Els resultats aqui presentats sén un aveng

en la nostra comprensié de 'empaquetament de TADNmt en el llevat.
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1. Mitochondria and Endosymbiosis

Mitochondria are intracellular double-membrane bound organelles in eukaryotic cells that act as the
major suppliers of adenosine triphosphate (ATP) ' 2. ATPs are synthesized via participation of the tri-
carboxylic acid (TCA) cycle and the electron-transport system (ETS) 2 housed in the mitochondria and
serve as a source of chemical energy for driving cellular processes. Thus, mitochondria have been aptly
named the ‘power house’ of the cell. In addition, they are the major suppliers for the intracellular electron
carrier NADH (reduced nicotinamide adenine dinucleotide), are involved in pyrimidine and lipid
biosynthetic pathways, regulation of metabolites and amino acids, metabolism of metals such as heme
and in iron-sulfur (Fe-S) cluster synthesis 2. They regulate calcium (Ca?*) homeostasis and flux and thus
are involved in neurotransmitter release in the neurons, neuronal plasticity and neurogenesis. The TCA
cycle intermediates are utilized for synthesis of gamma amino butyric acid (GABA) and glutamate
neurotransmitters that function in neuronal signaling 45. Other functions of the mitochondria include
regulation of membrane potential 8, reactive oxygen species (ROS) mediated signaling 7, programmed
cell death or apoptosis 8, steroid synthesis ® and hormonal signaling '°. Considering the plethora of
cellular functions that mitochondria are associated with, it is not surprising that mitochondrial mal-
function is the cause of several disease states including Kearns-Sayre syndrome "', MELAS syndrome™,
Parkinson's disease 12, Alzheimer's disease, schizophrenia, bipolar disorder, dementia and epilepsy 3,

stroke, cardiovascular disease, chronic fatigue syndrome, retinitis pigmentosa, and diabetes mellitus 4.

The evolutionary origin of the mitochondria is still uncertain and several explanations have been put
forward 5. In all cases, mitochondria have been designated as descendants of an a-proteobacterium,
the differences lying in the stage at which they were incorporated into another cell. In one case, it is
proposed that the a-proteobacterium was engulfed by a proto-eukaryote, the latter being likely evolved
from archaea and already possessing nucleus, endomembranes and phagocytic capability '°. Another
explanation is that this mitochondrial predecessor got involved in metabolic endosymbiosis with an
archaeon 6. A third hypothesis proposes that an archaeon got involved in metabolic endosymbiosis
within a bacterium (different from the predecessors of mitochondria) and later engulfed an a-
proteobacterium 7. Subsequent to the incorporation, the mitochondria transferred essential genes
encoded in its genome to the nucleus (endosymbiotic gene transfer), thus entering into an obligatory

symbiosis. This is illustrated by the fact that a-proteobacteria possess genome sizes ranging from 1.3
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mega base pairs (Mbp) to >9 Mbp (as found in Pelagibacter and Rickettsia species)!® while

mitochondrial genomes are much smaller (~80 kbp in the yeast Saccharomyces cerevisiae and16.5 kbp

in humans) 18-20,

2. Structural Components of the Mitochondria

A mitochondrion consists of 5 major structural parts:
2.1 Outer membrane

A 60-75 A thick outer membrane encloses the mitochondrion (Figure 11). It harbors integral membrane
proteins called porins that permit the free diffusion of molecules of size 5000 Da or lesser across the
membrane. Additionally, large multi-subunit complexes called translocases actively transfer larger
proteins that possess mitochondrial signaling/targeting sequences 2'. Among them, the major
translocase system is the translocase of the outer membrane (TOM) complex 22. The outer membrane
is also the locale of enzymes involved in fatty acid elongation, epinephrine oxidation and degradation of
tryptophan. Permeabilization of the outer membrane triggers cell death due to leakage of cytochrome C
into the cytosol and activation of the caspase mediated apoptotic pathway 23. Such mitochondria
mediated apoptosis is essential in embryonic development and in tissue homeostatis 2. Finally, the
outer membrane associates with the endoplasmic reticulum (ER) at MAM (mitochondria associated ER
membrane) that are important in ER-mitochondria Ca?* signaling and exchange of lipids between the

two organelles 5.
2.2 Intermembrane Space

The intermembrane space, also known as the perimitochondrial space, is the space between the inner
and the outer membrane (Figure 11). Due to the porins in the outer-membrane, the concentration of
small solutes like ions and sugars are the same as that in the cytosol. However, protein composition is
different from the cytosol since only proteins that possess a signaling sequence can access to this

compartment 22,
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Mitochondrial DNA

‘Inner membrane
Inner boundary membrane _
Cristal membrane — Rjbosomes

Matrix granule
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Inter membrane space
Intracristal space

Peripheral space
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Figure 1. Schematic representation of the structural parts of a mitochondrion (Figure adapted and modified from Wikipedia:

the free encyclopedia- https://en.wikipedia.org).

2.3 Inner membrane

The inner membrane (Figure 11) hosts more than 150 different polypeptides and contains 1/5th of the
total protein content of the mitochondrion. These include proteins belonging to the electron transport

system (ETS) including the ATP synthase 3 that are involved in ATP synthesis, transport proteins
involved in metabolite and protein transport and proteins involved in mitochondrial fission and fusion 26,
Thus, it has a very high protein to phospholipid ratio (> 3:1 by weight). In addition, it is rich in cardiolipin,
a phospholipid that might be playing a role in making the inner membrane impermeable. Due to the
absence of porins, the inner membrane is thus highly impermeable to all molecules and special

transporters are required to transport ions and other molecules across it. The translocase of the inner
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| An interspecies comparison of mitochondrial nucleoids

Species Cytological Size Number Number of Size of Visualization tools
appearance per cell mitochondrial  mitochondrial
genomesper  genome
nucleoid
Saccharomyces  Globular foci ~0.2-0.4 pm ~40-80 ~1-2inaerobic  75-80 kb DAPI, GFP tagging
ceravisiae inasroodicand  inaerobic  and ~20in

~0.6-0.9umin and-~7.6in anaerobic cels
anaerobic cells  anaerobic

(diameter) cells
Physarum Rod shape Upto~1.5pum ~15 ~40-80 63 kb DAP!, ethidium and
polycephalum in length thionine staining, light
or slsctron microscopy
Crithiclia Disk shaps ~1.0 um x 1 Several 0.5-10 kb for DAPI and
fasciculata ~0.35 um thousand mini minicircles and  ethidium staining,
circles and a 20-40 kb for immunoflucrescence
few dozen maxi  maxi circles anc GFP tagging, light
circles or elsctron microscopy
Humans Globular foci  ~0.068 pm 466-806in  ~2-10 16.5 kb Ethidium and
(diameter) cell ines PicoGreen staining,
immunocytochemical
staining with DNA-
specific antibodies,
bromodeoxyuridine

labelling, GFP tagging

DAPI, £ &-diamidino-2-phenylindole.

Figure 12. Comparison of mtDNA and nucleoids from selected species. Chen and Butow. Nat. Rev. Genet. 6,815-25 (2005).

membrane (TIM) complex and the Oxa1 transports proteins across the inner membrane into the

mitochondrial matrix 7.

2.4 Cristae

The inner mitochondrial membrane shows invaginations called cristae (Figure 11) which protrude into
the mitochondrial matrix. These membrane folds increase the surface area of the inner membrane and
host the electron transport system (ETS) and the mitochondrial ATPase 3. Thus, by increasing the
membrane surface area, they increase the ATP producing ability of the mitochondria, and cells with a

greater ATP demand, e.g. muscle cells, tend to have more cristae.

2.5 Matrix

The inner membrane encloses a space called the matrix (Figure I1). It contains a concentrated mixture
of macromolecules. The matrix harbors components of metabolic pathways that are essential for cell
life in aerobic eukaryotes such as the TCA cycle (Krebs cycle). It also contains enzymes of the fatty acid
oxidation pathway and the ornithine (urea) cycle 28. In addition, it contains components required for
protein synthesis such as mitochondrial ribosomes and tRNA, and several copies of the mitochondrial
genome 2,

12
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3. Mitochondrial DNA (mtDNA) in Saccharomyces cerevisiae

After incorporation into a proto-eukaryotic cell/larchaeon the a-proteobacterial ancestor of the
mitochondrion transferred genes to the nucleus during endosymbiosis. However, it still retained
important genes. Across species, the mtDNA molecule differs in size and composition. In humans it is
a 16.5 kbp circular molecule 2. In contrast, in the unicellular eukaryote S. cerevisiae (budding yeast),
the mitochondrial DNA (y-mtDNA) is 70-85 kilo base pairs (bp) long '8 10 (Figure 12, 13) with extensive
stretches of A-T rich intergenic regions. However, in all cases mtDNA codes for components of the
oxidative phosphorylation (OXPHOS) pathway 28. In S. cerevisiae it codes for the cytochrome c oxidase
subunits cox1, cox2 and cox3, ATP synthase subunits atp6, atp8 and atp9, apocytochrome b (cytb),
varl (a ribosomal protein), multiple intron related open reading frames (ORFs), 24 tRNAs, 15S and 21S
ribosomal RNAs, the 9S RNA of the RNA processing enzyme RNase P and 8 replication origin like (ori)
elements (Figure 13). In addition, some of the introns of cox1 and cytb produce maturases, site-specific
endonucleases and reverse transcriptases by independent or in frame translation with respect to their

upstream exons 19.30. 18,

S. cerevisiae are facultative aerobes that can survive in both fermentable (e.g. glucose) and non-
fermentable (e.g. glycerol) media3'. They are classified as p (rho)*, p- or p® depending on whether they
retain the entire mtDNA (termed rho factor), a part of it or lose it completely 32. Additionally, the p- type
has a hyper-suppressive (hs) subtype which, in crosses with a p* strain, completely replaces the wild
type mtDNA with its p- mtDNA (Figure 14). In some of these hs p- yeasts, which have lost substantial
portions of the mitochondrial DNA, the remaining DNA is repeated in tandem to maintain a total amount
of y-mtDNA similar to that in p* (wild-type) cells 33. Historically, y-mtDNA was believed to be circular like
its mammalian counterpart3+ 32 . This notion was guided by electron microscopy (EM) visualizations of
miDNA from birds and mammals. However, subsequent EM studies on y-mtDNA failed to find circular
species. Pulsed-field-gel-electrophoresis (PFGE) studies revealed that majority of y-mtDNA exists as
linear tandem arrays of 75-150 kbp with minute fractions of circular species 3234, Linear mtDNA in yeast
is not an exception and several other species possess the same 32 (Table I1). This raises the logical
question regarding DNA end maintenance. There is no evidence for maintenance of the free ends in a

fashion similar to telomeres. However, it has been speculated that constant recombination might be
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mtDNA status No mtDNA Truncated mtDNA Truncated mtDNA
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e
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Figure 14. Different yeast-subtypes. The classification is based on their mtDNA status and tendency to replace wild type (p*)
mtDNA (suppressivity). p* yeasts possess wild type mtDNA and produce larger colonies. p° sub-types have lost their mtDNA
entirely and in crosses with p* cells produce solely p* progeny. p~ cells have lost significant portions of their mtDNA and are
moderately suppressive. Hyper-suppressive (hs) p” cells are characterized by a strong tendency to replace p* mtDNA. p°, p~ and

p” hs strains all produce small colonies. The above representations are entirely schematic.

another way of maintaining the ends 32. The difference in topology between mammalian and yeast
miDNA also indicates that the mode of DNA replication might also differ. Several replication origin-like
sequences (termed reps/oris) have been identified by analyzing mtDNA sequences in hs p- yeasts
18,19,35-37 However, there is no definitive proof till date that these rep/ori sequences actually serve as
origins of DNA replication 32. Although, for one of these rep sites, a promoter was identified which could
initiate RNA primed replication 38, the fact that replication can occur without RNA priming in p- yeast and
that mtDNA without ori sequences are stably maintained 33, argues that RNA primed replication is not
the dominant mechanism in yeast 32. On the other hand, y-mtDNA has been shown to be constantly
undergoing recombination inside the mitochondria 3°. This has led to speculations that the reps/oris,
instead of acting as origins of replication, might be facilitating DNA replication via recombination
(recombination driven replication or RDR) by acting as recombination hotspots32. The

hypersuppressivity of hs p-strains could then be explained by their content of large number of copies of
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Organisms with linear mtDNA

Organism Genome size (kbp)
Fungi

Torulopsis glabrata 19
Saccharomyces cerevisiae 75-85
Schizosaccharomyces pombe 19
Aspergillus flavus ~33
Aspergillus nidulans 33
Fusarium oxysporum ~52
Neurospora crassa 63
Nectria haematococca >30
Leptosphaeria maculans >30
Saprolegnia ferrax >30
Phytophora vignae >30
Phytophora megasperma 45
Penicillium sp. ~22

Apicomplexans

Plasmodium yoelli 6
Plasmodium falciparum 6
Plasmodium gallinaceum 6
Eimeria tenella ~6

Euglenoid flagellate

Euglena gracilis <19
Plant
Chenapodium album 270

Table I1. Presence of linear mtDNA in different organisms and the length of their mitochondrial genome. Table adapted

from Williamson, Nat. Rev. Genet.3, 475-81 (2002).
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Figure 15. HMG-box protein Sox18 from Mus musculus bound to DNA (PDB ID: 4Y60). The typical L shape is prominent along
with the characteristic extended region followed by helix1, loop, helix2, loop and helix3. The protein is bound to the DNA minor
groove, inducing a severe DNA bend, a general characteristic of HMG-box proteins. The inserting methionine (Met) residue is
shown in yellow.

the ori sequences which would allow efficient recombination and replication and thus out-compete the
p* mtDNA 32, Rolling circle replication (RCR) 4%, on the other hand has been suggested to give rise to
the circular mtDNA molecules coming from petites that have been detected in minute fractions along
with linear mtDNA. Linearity of mtDNA and recombination driven replication (RDR) as the major or sole

mtDNA replication mode has been demonstrated in the fungi Candida albicans ' 42. Furthermore, linear

and branched mtDNA in Schizosaccharomyces pombe indicate the same. Thus the difference in

topology (linear vs circular) between yeast and mammals is accompanied by a difference in the way the
miDNA is propagated. In this context S. cerevisiae could be employing mechanisms similar to other

eukaryotes with linear mtDNA such as the malarial parasite Plasmodium falciparum where replication is

recombination dependent (Table I1). It has additionally been speculated that the RDR mechanism in S.
cerevisiae is similar to that of T4 phages 2. However, the exact mode of DNA replication in yeast

mitochondria is still under investigation.
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4. mtDNA packaging

The mitochondria harbor the Krebs cycle, the Electron Transport System (ETS) and the ATP synthesis
machinery and are thus a hotspot for generation of reactive oxygen species (ROS) 3. In addition, iron
(Fe) liberated from iron-sulphur (Fe-S) proteins that are part of the electron transport system (ETS)
generate hydroxyl radicals via Fenton chemistry 44. Thus, mtDNA is at a much higher risk of damage
than nuclear DNA that is protected from oxidative damage by histone mediated packaging #°. Added to
this is the general packing requirement for mtDNA so that it can be maintained and propagated properly
46. Similar to the nuclear case, a mechanism for protecting mtDNA from ROS mediated damage is to
package it with specific proteins 4. However, the mechanism of mtDNA packaging differs from the
histone mediated packaging of nuclear DNA into nucleosomes “46. mtDNA is assembled into
nucleoprotein structures called nucleoids that contain proteins involved in mtDNA transcription,
replication and maintenance, together with proteins that compact the DNA and thus regulate its
accessibility 4. The nucleoids have been seen to be associated with the inner mitochondrial
membrane #8 46 and their dimensions and content of mtDNA copies varies across species (Figure 12).
The ~25 ym long (70-85 kbps) S. cerevisiae mtDNA is packaged into ~0.3 um nucleoids and contains
1-2 copies per nucleoid under aerobic conditions 2249, In contrast, in humans, recent studies using super-
resolution techniques have shown that the nucleoids are smaller in size (~0.1 ym) and contain ~1.4
mtDNA per nucleoid on average % (compared to previous report of 2-10 copies per nucleoid 225!, Figure
12). The differences in mtDNA length and mitochondrial protein content between species point to a
probable difference in mtDNA organization. In both human and yeast (S. cerevisiae), mtDNA packaging
is mediated chiefly by nucleus encoded dedicated proteins belonging to the high mobility group (HMG)
box family 52-56, These are a class of proteins that show high divergence in terms of amino acid sequence

but tend to preserve tertiary structure features.
4.1 HMG-box proteins

HMG-box proteins belong to the high mobility group (HMG) B superfamily and are members of the HMG

class of proteins, the latter owing its name to high mobility of the proteins of this class in poly-acrylamide
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electrophoresis gels (PAGE)?%’. There are two other superfamily of HMG proteins, namely HMGA (HMG
A-T hook) superfamily and HMGN (HMG nucleosome-binding superfamily) that differ from HMGB in

sequence, molecular mass and mode of binding to the DNA 57.

The HMGB proteins typically bind DNA at the minor groove and cause significant distortion of the DNA.
They contain characteristic L-shaped HMG-box domains (Figure I5) constituted by three a-helices: two
short helices 1 and 2 form the short L-arm, whereas the extended region and helix 3 form the long L-
arm 56, The HMG-box domain consists of approximately 70 residues. Further, the HMGB proteins consist
of two subfamilies according to the number of HMG-boxes they contain, DNA sequence recognition
specificity and evolutionary relationships 57 (Figure 16). The first subfamily nests proteins with multiple
HMG-boxes that are present in all cell types and show little or no DNA sequence specificity. These
include the nuclear HMG1 protein involved in organization of nuclear DNA and in transcription and
contains two HMG-boxes followed by a C-terminal tail 58; HMG2 that is implicated in DNA break repair
and V(D)J recombination %; the RNA-polymerase1 transcription factor UBF which contains 6 HMG-box
domains and binds DNA as dimers ; the human mitochondrial transcription factor A (TFAM) that also
functions as mtDNA packaging protein and thus shows both sequence specific and non-specific DNA
binding properties 52-5561.62 and finally the yeast (S. cerevisiae) mtDNA packaging protein ARS-binding
factor 22963-72 (Abf2p; see below). The HMG-box domains within each protein differ in their DNA binding
properties. This suggests that in context of the full-length protein, the overall DNA binding properties

and affinity are a function of intra-molecular interactions within the protein.

The second subfamily includes proteins with a single HMG-box, are restricted to specific cell types and
bind to specific DNA sequences 73. The members of this second subfamily include the sex determining
factor SRY that acts as a transcription factor; the SOX group (A-H) of proteins that are transcription
factors involved in embryonic development 74; the lymphoid enhancer-binding factors LEF1 and fungal
regulatory proteins Mat-Mc, Mat-a1, Ste11 and Rox175. However, in this subfamily, non-specific single

HMG-box proteins are also found e.g. HMGD in Drosophila melanogaster that functions in chromatin

organization 76.

Therefore, the human and yeast mtDNA packaging proteins belong to multi-domain HMG-box protein

subfamily.
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Figure I7. Crystal structure of TFAM bound to a 22 bp DNA fragment containing the mtDNA light strand promoter (LSP).
Rubio-Cosials, A. et al. Nat. Struct. Mol. Biol. 18,1281-9 (2011).

4.2. DNA binding and bending by human mitochondrial transcriptional factor A, TFAM

The reported crystallographic structures of TFAM in complex DNA are the only structures available for
a mtDNA packaging protein, till date 52-55. In binding DNA, each of its two HMG-boxes distort DNA at
the minor groove and induce a ~90° bend, thus resulting in an overall 1800 U-turn of the DNA (Figure
I7). Each HMG-box contains a key amino acid (aa) residue (Leu58 for box1 and Leu182 for box2) that
inserts between DNA base-steps and thus causes the distortion 5254, The C-terminus of the 30 aa linker
between the two HMG-boxes makes additional contacts with the DNA and thus helps to mitigate
electrostatic repulsion between the DNA phosphate groups that are brought closer due to the DNA bend
(Figure 17). Additionally, it allows TFAM to wrap around the DNA and increases DNA binding efficiency
of HMG-box2 that has a low intrinsic affinity for DNA. Thus the linker helps in coordinating the actions
of the two HMG-boxes 535477, TFAM also possesses a C-terminal tail that is responsible for interaction

with the transcription initiation complex and thus plays an important role in transcription initiation 78.
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Figure 18. Schematic representation of mitochondrial nucleoid in S. cerevisiae. The chief mtDNA packaging protein Abf2p
along with additional nucleoid associated proteins Aco1 and llv5 are depicted. The nucleoid is shown tethered to the inner
mitochondrial membrane by a putative tethering protein. Figure concept adapted and modified from Chen and Butow. Nat. Rev.
Genet. 6, 815-25 (2005)

4.3 mtDNA packaging and maintenance in S. cerevisiae

The 70-85 kbp long linear y-mtDNA in wild type p* yeasts is packaged and maintained chiefly by the
protein ARS (Autonomously Replicating Sequence) binding factor 2 or Abf2p (Figure 18). The protein
was identified in 1991-1992 by Diffley and Stillman as a mitochondrial DNA binding protein based on
immunofluorescence studies 7071, Yeast (S. cerevisiae) cells possess around 50-100 copies of the full
length mtDNA 68, Yeast can make use of both fermentable (e.g. glucose) and non-fermentable (e.g.
glycerol) carbon source, and studies on composition of nucleoids have suggested that the details of the

mtDNA packaging mechanism differ in the two situations 266697981 |n fermentable media y-mtDNA is
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not essential for survival, as the mitochondrial oxidative phosphorylation linked ATP synthesis is not
functional. Under these conditions, y-mtDNA is packaged and maintained by Abf2p and loss of the Abf2
gene leads to loss of mtDNA in yeasts growing in fermentable media 6. This renders them unfit to
subsequently survive in non-fermentable media, where operation of the respiratory chain requires
presence of functional and transcriptionally active y-mtDNA 7. In non-fermentable media (e.g. glycerol)
Abf2p is still required to maintain y-mtDNA although the ratio of Abf2p to y-mtDNA is lower. The latter is
achieved by an increase in y-mtDNA copy number (~2 fold) in glycerol medium while the number of
available Abf2p molecules remains the same 2°. This results in a more open structure of the
mitochondrial nucleoids that allows access of the y-mtDNA by transcriptional machineries, permitting
expression of genes required to support respiration 2°. In both types of media, y-mtDNA copy number
increases by 100 % on average with increase in Abf2p levels of up to 2-3 fold, while a 8-10 fold
overexpression causes rapid loss of y-mtDNA and generation of p° (petite) mutants 6. The former effect
hints towards a contribution of Abf2p towards increased DNA replication (either direct or indirect and in
fermentative and non-fermentative conditions) while the latter effect can be attributed to excessive
compaction of the mitochondrial DNA at high Abf2p levels, making it inaccessible to the replication
machinery %. Under respiratory conditions other proteins have been implicated to be additionally
involved in protecting y-mtDNA 968182 These include the mitochondrial aconitase Aco1 that converts
isocitrate to citrate in the Krebs cycle and the acetohydroxyacid reductoisomerase llv5 that is involved
in branched chain amino acid biosynthesis. 22698182 These proteins serve a bifunctional role and help
to synchronize y-mtDNA packaging and maintenance with metabolic conditions and thus with the
environment. (Figure 18, Table 12). Aco1 binds to both double-stranded (ds) and single stranded (ss)
DNA and has been shown to protect mtDNA from point mutations and ssDNA breaks 2281, |ts
overexpression can prevent y-mtDNA loss in cells lacking Abf2p and also prevents mtDNA instability in
cells lacking the mitochondrial helicase Pif1p 2°, a protein involved in mtDNA maintenance under
genotoxic stress conditions 8. Ectopic expression of Aco1 at levels prevalent under respiratory
conditions can prevent mtDNA loss in Abf2A cells 2°. Thus Aco1 can provide additional protection to
mtDNA under respiratory conditions where ROS production increases 2°. llv5 is recruited to the
mitochondria during amino acid starvation 8 and plays a role in mtDNA transmission 8. Although

mutants of Ilv5 causing y-mtDNA instability have been described, it is not known whether llv5 performs
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Table 1 | mtDNA-associated proteins in yeast, mammals and Xenopus laevis

Protein* Primary function mtDNA stability in mutant
Yeast
Abf2+4 miDNA packaging plorp
Acol® Citric acid cycle p°
Arg5,61 Arginine biosynthesis Stable
Alda® Ethanol metabolism Stable
tp1 ATP synthesis p°-lethal
Chat® Catabolisrn of hydroxy amino acids Stable
Idh1* Citric acid cycle Moderate instability
Idp1% Oxidative decarboxylation of isocitrate Stable
lvs* Biosynthesis of Val, lle and Leu Moderate instability
lvg® Biosynthesis of Val, lle and Leu Stable
Kgd1: Citric acid cycle Moderate instability
Kgd2:* Citric acid cycle Moderate instability
Lpd1% Citric acld cycle, catabolism of branched-chain amino acids Moderate instabillity
Lsc1® Citric acid cycle Stable
Mgm1014 miDNA maintenance or repair Unstable p* and on-lacking p
Mip14 miDNA replication p°
Mnp1=: Putative mitochondrial ribosornal protein Stable
mthHspB0* Mitechondrial chaperonin Unstable ori-containing p
miHsp10* Mitochondrial chaperonin Unknown
mtHsp70* Protein import Unknown
Pdait® Oxidation of pyruvate Moderate mDNA instability
Pdb1s Oxidation of pyruvaie Moderate miDNA instability
Rim1% miDNA replication p°
Rpod 1" miDNA transcription plorp
Sls1® Coordination of transcription and translation peorp
Yhm2* Mitechondrial carrier Stable
Mammals
TFAM? miDNA transcription and packaging mtDMNA depletion
Twinkle! mtDNA replication Multiple mtDNA deletions
mtSSB+* miDNA replication Unknown
Polymerase v miDNA replication Multiple miDNA deletions
BRCA1* Tumour suppressor Unknown
PRSS15* Protein degradation Unknown
Xenopus laevis
mitTFA: mtDNA transcription and packaging Unknown
miSSE* mtDNA replication Unknown
PDC-E2* Oxidation of pyruvate Unknown
BCKAD-E2* Catabolism of branched-chain amino acids Unknown
Prohibitin 2* Protein folding Unknown
ANT 1+ ADP-ATP exchange on inner membrang Unknown

Table 12. Mitochondrial DNA associated proteins in yeast (S. cerevisiae), mammals and Xenopus l|aevis, The primary

functions of the proteins and the effect of their deletion on mtDNA stability are stated. Chen and Butow. Nat. Rev. Genet. 6,815—
25 (2005).

24



cont: IlInznanezzaRNNEENEREznENRRRRN RN 0N
Pred: 7 ) —

Pred: CCCCHHHHHCCCCCCCCCCCCCHHHHHHHHHHHHHHHHCC
AA: KASKRTOLRNELTIKQEPKRPTSAYFLYLQDHRSQFVKENP

cont : JANNNNENNRNRNRR=nRANRNnnnsRRRRRERRRARNRE!
Pred: —4

Pred: CCCHHHHHHHHHHHHCCCCHHHHHHHHHHHHHHHHHHHHH
AA: TLRPAEISKIAGEKWONLEADIKEKYISERKKLYSEYQKA

conf: JIinamnR IR R znnnenzninnnnEincARDRRRNNNE
Pred: I D>, —

Pred: HHHCCCCCCCCCCCCCHHHHCHHHHHHHHHHCCCCCHHHH
AA: KKEFDEKLHPKKPAGPFIKYANEVRSQVFAQHPDKSQLDL

cont: JENNNNENzzRENnNNEREnRNNRNNNRNRN e NRNE

Pred: —) p——

Pred: HHHHHHHHHCCCHHHHHHHHHHHHHHHHHHHHHCCCC
AA: MKIIGDEKWQSLDQSIKDKYIQEYKKAIQEYNARYPLN

Legend:

D

N
,/

helix Conf: ]:nﬂll[ = confidence of prediction
- +

Il

strand Pred: predicted secondary structure

coil AA: target sequence

Figure 19. Secondary structure prediction for the mature Abf2p protein (without the mitochondrial targeting sequence)
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Figure 110. Atomic force microscopy (AFM) analysis of DNA packaging by Abf2p at different Abf2p/bp ratios. DNA used

is linearized pBR322. A: no Abf2p; B: 1:20; C: 1:8; D: 1:4; E: 1:2; F: 1:1. The inset shows the DNA bend induced by Abf2p (~78¢).
Friddle et al. Biophys. J. 86, 1632-9 (2004).

its functions via direct interaction with the DNA or by protein-protein interactions with other components
of the nucleoid. A third protein, the heat shock protein Hsp60, a mitochondrial chaperonin, is also found
associated with nucleoids under conditions of glucose repression and seems to regulate mtDNA
transmission 88, although the specifics of the regulatory process are not known. Still other proteins such
as Ald4, Idh1, Idh2 and Kgd1 have been shown to be involved in physical interactions with Abf2p in
mitochondrial nucleoids 2%6° (Table 12). The mitochondrial nucleoids are thus dynamic assemblies that
undergo reshaping in terms of both compaction and protein content according to the metabolic status

of the cells. Abf2p is the central player in its packaging and maintenance.

4.4. Abf2p and its mechanism of mtDNA packaging and maintenance

Abf2p is a HMG-box protein with two tandem HMG-boxes, joined by a predicted 10 amino acids (aa)

linker 70 (Diffley and Stillman, 1991). However, prediction with the PSIPRED server, shows a 6 residue
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linker (Figure 19). The length of the linker will determine the way in which the two HMG-boxes are
coordinated and thus determine its function. However, the actual linker length can only be verified in
light of an experimentally determined structure, the latter not being available till now. Additionally, the
structure and function of the 16 residue N-terminal segment of Abf2p remains to be elucidated (Figure
19). Unlike its human counterpart, TFAM, Abf2p does not possess a 30 aa long linker and lacks a C-
terminal tail that has been implicated in interaction with the transcriptional machinery and transcription
activation 2. Indeed, it has been demonstrated that Abf2p does not play any significant role in
transcription 70, although attaching the TFAM C-terminal tail to Abf2p enables it to activate transcription
from the human mitochondrial light strand promoter (LSP) 8. Thus, in the yeast mitochondria, Abf2p
predominantly plays the role of a packaging protein. An older estimate of the number of Abf2p molecules
per cell was 250,000 707" while more recent investigations report 3810 8° and 860 % molecules. Thus
considering 50-100 y-mtDNA molecules of 85 kbp each per cell, and a binding site of 26 bp 270 (from
DNA footprinting, Diffley and Stillman, 1992) there would be a total 160000-320000 Abf2p binding sites.
This suggests that much of the y-mtDNA in the yeast mitochondria is not covered by Abf2p, implicating
that nucleoids are relatively loosely packed in yeast. This is corroborated by atomic force microscopy
(AFM) studies that reveal that at Abf2p ratios of 1protein per 8-20 bps the DNA is not tightly
compacted 4. Only at 1Abf2p:1bp ratio tight compaction was observed (Figure 110F). At the local and
molecular level, however, very little detail is known about the interaction of Abf2p with DNA. Like other
non-specific HMG-box proteins, Abf2p is expected to bind DNA at the minor groove and bend it. AFM
studies report that Abf2p induces a bend of around 78° (Figure 110), although low resolution did not
permit assessment of contribution of the individual HMG-boxes and whether Abf2p binds DNA as a

monomer or a dimer %4,
4.5 Role of Abf2p in mtDNA recombination

DNA replication in yeasts is proposed to be predominantly recombination dependent 3239(see above),
and Abf2p shows a high affinity for recombination intermediates (DNA 4-way junctions) 68 and influences
the level of recombination intermediates is S. cerevisiae 5. Recent electron microscopy studies have

shown interaction of Abf2p with 4-way junctions % (Figure 111) and electrophoretic mobility shift assays
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Figure 111. Binding of Abf2p to circular ds DNA (A), replication forks (B) and 4-way junctions (C) studied by electron
microscopy (EM). Concentration of Abf2p and DNA are 15 ng/pl and 2 ng/ pl in each case. Bakkaiova et al. Biosci.
Rep. 36, (2015).

(EMSA) have demonstrated a high affinity of Abf2p for 4-way junctions 8. Thus, Abf2p could also play

a direct role in mtDNA replication via RDR, although no direct evidence is available yet.

5. Abf2p and phased DNA binding

Although Abf2p is a non-sequence specific DNA binder, it shows ‘phased binding’ at AT rich y-mtDNA
sequences that occur as tandem repeats in hs p- yeast. Fangman et al 33, 1918, reported that the hs p
strain HS3324 (whose mtDNA consisted of a 963bp repeat containing the rep2/ori5 sequence) produced
deletion mutant sub-strains whose mtDNA consisted of short 100% A-T sequences 3336. 70 repeated in
tandem. These sequences were stably maintained and were amplified such that the total amount of

miDNA matched that present in p* cells (Figure 112a). One of the shortest of such DNA sequences
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a % Repeat . % .
Strain Suppres-  length S“zg s)lze Total sz;fy
sive (bp) P DNA?®
[rho*] 13.4 29
HS3324 96.0 963 981.0 + 118 13.7 2,300
Reduced sup-
pressive
la 2.1 92 91209 201 38000
S5 35.2 89 91.3 + 2.8 20.0 39,000
S4 1.8 70 71.0 + 1.6 18.3 45,000
|f 17.1 64 62.6 = 0.8 15.6 40,000
5a 36.0 35 346+10 119 54,000
b
((ARS=c11/11 | RNApolymerase binding sitefootprint] [ ARS-c11/11 | 64 bp sequence )

[5 " ATATATATATATATAA|AATAATAAATTATATAATATAATATATATATATAT|AATAATAAATTAT 3'

Figure 112. The 64 and 35 bp sequences and Abf2p phased binding (a). Table from Fangman et al, Mol. Cell. Biol. 9, 1917—
21 (1989), showing the different deletion mutant sub-strains derived from HS3324. The mtDNA repeat length, amount relative to
total DNA and number of copies per cell are shown for each sub-strain. The sub-strains 4a and 5a, possessing mtDNA consisting
of tandem repeats of 64 bp and 35 bp respectively are boxed in red. (b). General organization of the y-mtDNA ori5/rep2 origin of
replication, including the location of ARS consensus sequences (ARS-c, 11/11 matches to 5’-(A/T)AAA(T/C)ATAAA(A/T)-3, in
orange) and the downstream 64bp region (in yellow). Below, the 64bp sequence is shown, the near matches (ARS-m) to ARS-c

are depicted in orange and the position of the 35bp sequence is demarcated by vertical bars.

which have been observed in p- strains are a 64 base pair (bp) sequence that occurs downstream of the
RNA polymerase binding site at the rep2/ori5 replication origin in p* mtDNA (19,459-19,522 on y-mtDNA,
Figure 112b) 8. Its 35 bp derivative (19,475-19,509), is another such sequence (Figure 112a,b). Diffley
and Stillman (1991) showed that Abf2p, while having a general non-specific binding profile on rep2,
contained “phased binding sites” 7 inside the 64 bp sequence. Specifically, Abf2p did not bind to 9/11
or 10/11 matches of the consensus 5 AITAAAYATAAAA/T 3’ (where Y stands for pyrimidine) found in
Autonomously Replicating Sequences (ARS) 70. ARSs occur in the yeast nuclear genome and function
as DNA replication origins 91-%4. They consist of four regions A, B1, B2 and B3. Region A is highly
conserved and contains the above consensus. This “phased binding” of Abf2p was additionally shown

to be a general phenomenon, observed in vitro across other origins of replication including the nuclear
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ARS179, Interestingly, it was observed that at the 5’ end of the 35 bp repeat (which is the smallest repeat
found in p- yeasts) a near match of the ARS consensus sequence occurs (Figure 112b), followed by 26
additional bps, the latter matching very closely to the footprint of Abf2p detected by them 3370, Moreover,
ARS consensus sequence near matches, though not as efficient as exact matches in initiation of DNA
replication, when present in enough numbers can maintain similar replication activity 3. Thus the phased

binding of Abf2p at these sequences points towards a possible role of the protein in such events.

The present state of knowledge about the S. cerevsiae mtDNA packaging protein Abf2p lacks molecular
details of its interaction with the DNA, the role played by the two HMG-boxes and the involved dynamics
along with in-depth understanding of the global architecture of mitochondrial nucleoids. Furthermore,
mechanistic details of the ‘phased binding’ of Abf2p at specific sequences and their functional

implications remain to be elucidated.
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. Elucidation of crystal structure of the mitochondrial DNA packaging protein
Abf2p in complex with functionally relevant DNA fragments in order to obtain
structural and functional insights into the molecular mechanism of DNA
binding

. Investigate the roles played by the protein domains in DNA binding by in vitro
and in vivo assays

. Understand the dynamics of the free protein and the protein/DNA complex by
in solution and simulation techniques to obtain information on the modes of
interaction between the protein and the DNA counterparts

. Understand how DNA properties alter protein binding and thus seek
explanation of phased binding by Abf2p

. Investigate thermodynamics of the protein-DNA interactions as a function of
DNA structure

. Assimilate acquired knowledge to obtain a coherent picture of DNA packaging
mechanisms in the mitochondria and find clues to fathom how the properties
of packaging proteins and mitochondrial DNA affect global nucleoid

architecture
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Materials and Methods
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1. Protein Expression and Purification

The yeast Abf2p gene was cloned from genomic DNA using standard Polymerase Chain Reaction
(PCR) with a proofreading DNA polymerase (Pfu Ultra, from Agilent) and inserted into the pCri7a %
expression vector to produce a 6-His-tagged fusion protein (Forward primer:
5’ATCACCATGGCTCATCATCATCATCATCATAAGGCTTCCAAGAGAACGST, Reverse
primer:5TAGATCTCGAGCTAGTTGAGAGGGTAGC3’). This construct encodes residues 27-183
(Saccharomyces Genome Database ID. S000004676) corresponding to full-length mature Abf2p
(without the N-terminal mitochondrial signalling sequence, residues 1-26). The plasmid was transformed
into BL21 (pLys) Escherichia coli (Merck Millipore) strain. Cells were grown in LB medium for 2 h at
37°C until the optical density (O.D) at 600 nm reached 0.6. After subsequent induction with 1mM
isopropyl B-d-1-thiogalactopyranoside (IPTG), the culture was grown for 4 h at 37°C and shaking at 225
rem. The cells were pelleted down by centrifugation at 5000 rpm and 4¢ C for 30mins, flash frozen in

liquid nitrogen and stored at -80° C.

Cells were sonicated for 10 min (cycle 2s on/6s off) on ice in 50mM Tris-HCI pH 7.5 and 1M NaCl. Since
the protein lacked cysteine residues, reducing agents were not used except for 1 mM 3-mercaptoethanol
at the lysis step. The lysate was injected into a Ni-NTA-affinity column (HisTrap HP, GE Healthcare)
mounted on an AKTA Purifier (GE Healthcare) system. The protein was eluted with a linear gradient of
20 column volumes (100ml for 5ml column) from Buffer A (20mM imidazole, 50mM Tris-HCI pH 7.5,
750mM NaCl) to Buffer B (500mM imidazole, 50mM Tris-HCI pH 7.5, 750mM NaCl). Quality of the
protein fractions was assessed by SDS-PAGE and the purest fractions pooled and concentrated for gel
filtration chromatography using a Superdex 75 10/300 column (GE Healthcare) pre-equilibrated with
running buffer (50mM Tris-HCI pH 7.5, 750mM NaCl). The peak fractions were collected and purity was
analyzed by SDS-PAGE (Figure R1). The yield obtained at the end of the size exclusion chromatography

step was between 8-10 mg/liter of bacterial cell culture.
1.1 Seleno-methionine Derivatives

Non-auxotrophic (i.e. capable of methionine production) BL-21 pLys bacterial strain was used; the cells
were grown at 37¢ C to an optical density of 0.6 and methionine synthesis inhibition was carried out prior

to induction with 1 mM IPTG (Base medium, amino acid nutrient mix and seleno-methionine were
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purchased from Molecular Dimensions. Inhibition mix was prepared with amino acids purchased from
Sigma). The cells were grown at 22° C post-induction for 16-18 hours prior to pelleting and flash freezing.
The Leu-52-SeMet derivative was purified identically as the wildtype with inclusion of 1mM and 5mM (-

mercaptoethanol at the Ni-affinity and gel filtration steps respectively.
1.2 Deletion Mutants

Deletion mutants (see Results) were generated by ‘round the horn’ PCR 2 with KOD DNA polymerase
(Novagen). All mutants were designed to have a C-terminal 6-histidine tag. As a quality check,
subsequent DNA sequencing was performed for all constructs. Expression and purification protocols

were identical to that of the wild-type protein.

2.Characterization of Protein-DNA Binding: Electrophoretic Mobility Shift Assay
(EMSA)

2.1 Theoretical Bites

Electrophoretic mobility shift assay (EMSA) is an experimental technique widely used to analyze
macromolecular interactions, including but not limited to protein-protein and protein-DNA interactions 7.
Gel electrophoresis makes use of two physical properties of macromolecules: size and charge. The set
up consists of a porous gel (usually a poly-acrylamide or agarose gel) immersed in a buffer solution
(Tris-acetate-EDTA or Tris-borate-EDTA) and containing wells into which experimental samples can be
loaded. Smaller, more compact and/or more negatively charged species will migrate faster (towards the
positively charged electrode) whereas larger, extended and/or positively charged species will run slower,
thus enabling separation and visualization. In an EMSA, a putative complex is loaded into the gel along
with suitable controls in parallel lanes. Complex formation will lead to a change in size and charge of
the molecular species and this will produce a change in migration and an accompanied shift of the visible
band %7. In certain cases, if required, a setup can be done with reversed polarity.

EMSA is ideally suited for characterizing protein-DNA interactions and for detecting the associated
stoichiometry. In combination with radioactive labelling of the DNA oligo-nucleotides, EMSA can also be
effectively used for calculating dissociation constants (or equivalently binding affinities) for protein-DNA

interactions.
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2.2 EMSA with Long DNA

M13mp18 dsDNA plasmids (7249 bps; Bayou Biolabs) were linearized with BsrB | (New England
Biolabs) and purified with the illustra GFX PCR DNA purification kit (GE Healthcare). Two-fold serial
dilutions of proteins were performed on ice in 20mM Tris-HCI pH 7.5 and 750mM NaCl. DNA binding
experiments contained 2ng-pL-1 linearized M13mp18 and were performed at 25°C in a binding buffer
with a final composition of 20mM Tris-HCI pH 7.5 and 100mM NaCl. Reactions were initiated by addition
of proteins as appropriate and incubated for 30 minutes. Subsequently, samples were resolved on
25cm-long, 1.2 % (w/v) agarose gels (SeaKem LE Agarose, Lonza) in 0.5x TBE (Sigma). Gels were run
in a Sub-Cell GT cuvette (BioRad) for 17-18h at room temperature at 3V/cm, stained with SybrSafe

(Molecular Probes) and scanned for fluorescence using a Typhoon 8600 scanner (GE Healthcare).

2.3 EMSA with short DNA-fragments

Oligo-nucleotides were purchased from Sigma. Duplex DNA fragments were prepared by annealing
complementary oligonucleotides in 20mM Tris-HCI, pH 7.5, 100mM NaCl at a concentration of 0.1mM.
The mixtures were heated at 85° C for 30 minutes followed by slow cooling to room temperature
overnight. The DNA concentration was kept fixed at 200-400 nM while the protein concentration was
varied. For each stoichiometry an initial mixture with the DNA was prepared in 50 mM Tris-HCI pH 7.5,
75 mM NaCl. In order to avoid aggregation or precipitation of the protein, it was serial diluted in its high
salt purification buffer (50 mM Tris pH 7.5, 750 mM NaCl) to 10X of the final concentration required for
the experiment. Subsequently the serial diluted protein was added to the initial DNA-buffer mixture (the
final salt concentration in the mixture after protein addition was 150 mM), incubated for 30 mins and
loaded in a 10% 10 cm poly-acrylamide gel (running buffer 0.5X TBE). Post-run staining and scanning

of the gels were performed identically as mentioned above for EMSA with long DNA.
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Figure M1. Crystallization phase diagram showing different zones related to crystal formation and growth.
3. Crystallization

3.1 Theoretical Bites

Crystallization %8 is a multi-parameter process where a protein (a macromolecule or small molecule in
general) in solution undergoes a phase transition and forms ordered arrays (crystals), induced by
supersaturation and chemical conditions. In order for crystals to be formed an energetic barrier must be
overcome (for nucleation to occur). Considering other parameters constant, a phase diagram can be
constructed, varying the concentration of the crystallizing agent on the horizontal axis and the protein
concentration on the vertical axis (Figure M1). If both the variables have high values, as in the
precipitation zone, the protein will form amorphous precipitate instead of ordered crystal lattices. In the
nucleation zone nuclei can form but they cannot grow. Already formed nuclei can grow in the metastable
zone. So the ideal case would be to move sufficiently into the nucleation zone to promote nucleation; as
the nuclei form there will be a drop in protein concentration as the protein molecules leave the solution.
The system will then move to the metastable zone where the nuclei will grow in size. Different
crystallization methods approach this in different ways. In the vapor diffusion technique, a drop is created
by mixing appropriate amounts of the macromolecular and crystallization solutions (the latter consisting
of a precipitant or crystallizing agent, a buffer and additives) and left to equilibrate over a well solution
containing the precipitant. The entire setup is sealed off. The system starts at an unsaturated state and
as the solvent molecules leave the crystallization drop, the drop undergoes saturation followed by super-
saturation. At appropriate concentrations of the precipitant the super-saturation is just right to enter the

nucleation zone. Other methods like the micro-batch method start directly at or near the nucleation zone,
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whereas strategies combining the two methods are also available where drops are set-up in micro-batch
mode but covered with a low density oil which allows slow evaporation of solvent from the drop %. Still
other methods such as capillary counter-diffusion and dialysis are also available. Temperature is an
additional parameter which can be varied to facilitate the crystallization process. Crystallization is an

extensively elaborate science and just a brief overview is provided above.
3.2 Method

Duplex DNA fragments for crystallization were prepared by annealing complementary oligonucleotides:
(5’AATAATAAATTATATAATATAASZ and 5 TTATATTATATAATTTATTATTS for Af2_22; 5’ AATAAS-
BrUAAATTATATAATATAA3 and S5 TTATATTATATAATTTATTATT3 for Af2_Br22  and
5TTATATAATATAAAATAATAAAZ and S TTTATTATTTTATATTATATAAS’ for Af2_shift22) in 20mM
Tris-HCI pH 7.5, 100mM NaCl at a concentration of 0.1mM. The mixtures were heated at 85¢ C for 30
minutes followed by slow cooling to room temperature overnight. Protein-DNA complex for crystallization
was prepared by mixing Abf2p and DNA fragment at a molar ratio of 2:1 (protein concentration 0.5
mg/ml) and performing stepwise overnight dialysis to reach a final buffer composition of 50mM Tris-HCI,
pH 7.5, 20mM NaCl. (3500 Da cutoff dialysis membrane -pre-wet for 10-15 minutes). The salt
concentration was reduced in three steps to 500 mM, 250 mM and finally to 20 mM NaCl. At each step
the incubation time was 2 hours at 4 °C, except overnight incubation for the last step. Subsequently the
complex was concentrated to 10-12 mg/ml and initial crystallization trails were setup with crystallization
condition screens prepared at the Automated Crystallography Platform located at the Science Park,
Barcelona. Such sparse matrix screens include PAC1 (Crystal Screens | and Il from Hampton
Research), PAC2 (Wizard Screens | and 1), PAC3 (Index), PAC 4 (Salt RX) and PAC10 (Protein-DNA
Screen) in 96 well sitting-drop vapor-diffusion format at 20 oC. Crystals for Abf2p/22, Abf2p/Br22 and
Abf2p/shift22 were obtained in conditions of 21-25 % w/v PEG 4000, 0.1 M Tri-sodium citrate pH 4.5
and 0.2 M Ammonium acetate by addition of oil (Al's Oil from Hampton Research- 1:1 v/v mixture of
Silicon and Paraffin oil) on top of the well solution (400 pL) or on top of the drop (2 pL). Crystals were

cryo-protected with a solution of 15% glycerol, 21-25% PEG 4000, 0.1 M Tri-sodium citrate pH 4.5, 0.2
M Ammonium acetate and vitrified in liquid nitrogen. Data collection of intermediate crystals and

optimized ones was performed at synchrotron ALBA (Cerdanyola del Vallés, Spain) and European
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4. Crystallographic Structure Solution

4.1 Theoretical Bites: Crystalline arrangement, Diffraction Physics and Fourier synthesis

A crystal comprises of a unit cell °°.1% which is the smallest building block that when translated in three
dimensions generates the crystal. A unit cell in turn comprises of an asymmetric unit ® which is the
smallest unit (comprising of one or more copies of the crystallized molecule), multiple copies of which
are arranged inside the unit cell according to the symmetry inherent to the crystal. The asymmetric unit
itself can possess symmetry between its components and is referred to as non-crystallographic
symmetry.

The goal of an X-ray diffraction experiment is to construct a three dimensional density describing the
contents of the unit cell from measurements of intensities of X-rays diffracted by the crystalline matter.

In a diffraction experiment one obtains intensity measurements only when Bragg’s law 01192 js satisfied:
2dsinf = ni

where d is the inter-planar distance between a set of parallel crystal lattice planes, 6 is the angle at
which the X-ray is diffracted, A is the X-ray wavelength and n is a positive integer. Thus the condition
for constructive interference (formation of a diffraction spot on the detector) is that the path length
difference between two diffracted waves (2dsin8) has to be an integral multiple of the X-ray wavelength
(William Lawrence Bragg and William Henry Bragg, 1913) 101,

The intensities I (h) recorded on a detector in a diffraction experiment are related to the ‘structure factor’

F (h) by the equation

kI(h
|F(R)| = M)
p

where |F(h)| is the magnitude of the structure factor, L is the Lorentz factor (related to the amount of
time a crystal remains in position to allow diffraction from a set of parallel lattice planes),p the

polarization factor (related to the way the X-rays are monochromated in a particular setup) and k is a
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constant (depends on intensity of the X-ray beam, size of the crystal etc and is used as an overall scaling
parameter for all reflections in a diffraction dataset).

The calculation of accurate values for the structure factor amplitudes is crucial because electron density
(p(x,y,z)) of the unit cell is related to the structure factor (which is modelled as a vector in the complex
plane and thus consists of a magnitude |F(h)| and a phase angle ®: F(h) =|F (h)|e~'® ) according to

the equation:

p(x,y,2z) = %z F(h)e2Mi(hx+ky+lz)
h

or

c b a
F(h) = fffp(x,y,z)ezm("x”‘y”z)dx dy dz
000

where V is the unit cell volume, a, b, c are the dimensions of the unit cell and h, k, | are three numbers
defining parallel sets of lattice planes for the crystal under investigation. Thus electron density of the
unit cell can be reconstituted from knowledge of the F (h) values (both amplitude and phase) in a Fourier
synthesis.

While the former (amplitudes) are readily available from a X-ray diffraction dataset, the latter (phases)
are not recorded and this corresponds to the “phase problem” in crystallography '%. To overcome this,

several strategies are available (see below).
4.2 Theoretical Bites: Data Processing Prior to Structure Solution

In order to obtain a three dimensional (3D) map of the molecule of interest, the acquired diffraction data

first needs to be processed 194 . A typical diffraction data processing protocol involves the following steps:
a. Data Reduction

Diffraction spots on a subset of 2D diffraction images are first located and their coordinates are

converted to approximate 3-D scattering vectors in the reciprocal space to attribute h, k, | values to
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individual diffraction spots (indexing). Subsequently an initial unit cell (triclinic) is defined from which a
‘reduced unit cell’ (i.e. with the shortest cell edges and angles closest to 90°0) is obtained by
transformations of the initial cell to each of the 44 characteristic lattices belonging to the 14 Bravais
lattices and subsequently applying a penalty scheme to select the one with the least amount of deviation.
This process is called cell reduction. Subsequently, the unit cell parameters and diffraction geometry
parameters (detector distance, beam stop position etc) are refined to obtain better estimates.

The last step in the data reduction process is integration and involves calculating intensity values for
each reciprocal lattice point corresponding to which spots are recorded in the dataset. This is done by
assessing the background and the spot regions and summing the pixel counts for the spot region
accompanied by background subtraction. Integration can be done via 2D (iMosflm) 19 or 3D (XDS 1)
integration schemes. The final goal is to obtain intensity estimates for all recorded reciprocal lattice
points along with error estimates for the same (o(l)). The output intensities at the end of integration are
no longer raw intensities but have been corrected for polarization of the X-ray beam and for Lorentz
factor.

b. Symmetry Detection

The true symmetry of the crystal (symmetry by which asymmetric units are repeated inside the unit cell)
is a hypothesis until the structure has been solved. However, analysis of the symmetry of the diffraction
pattern (Laue symmetry) allows to deduce the point group (rotational symmetry). Monitoring of
systematic absences (absence of intensities, due screw symmetry, glide symmetry or lattice
centering) allows to select the most probable space group (described by combination of rotational and
translational symmetry existing in 3 orthogonal directions).

c. Scaling, Merging and Truncation

A diffraction dataset will typically contain multiple recordings of the same reflection (diffraction intensity
from the same set of parallel lattice planes) as well as symmetry related reflections which ideally should
have the same intensity values. The process of scaling thus attempts to minimize the discrepancy
between individual reflection intensities and the weighted mean of the intensities from all symmetry
related reflections. This process helps to make the diffraction data internally consistent and puts it on a
common scale.

Merging combines partially recorded observations to produce complete reflections (this is true for 2D

integration. In case of 3D-integration the merging of partially recorded reflections into complete ones
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happens as part of the integration step). Additionally, symmetry related reflections are averaged to
produce unique reflections. For native datasets the Friedel pairs (reflection pairs hkl and the 180°
symmetry mate —h-k-I) are additionally merged. This is due to centro-symmetry of the diffraction pattern
(Friedel’s law-see below). In case of anomalous datasets, they are kept separate as presence of
anomalous scatterers breaks Friedel symmetry.

The last step in the data processing workflow involves generating structure factor amplitudes from the
estimated intensity values. This is done according to the algorithm of French and Wilson, 1978 104,

d. Data Quality Estimators

In order to assess the overall quality of the processed data, a number of estimators are available. The
most relevant ones are mentioned below.

CCi2 and CC*

CC12 97 is a Pearson correlation coefficient between two random half-datasets and thus monitors the

agreement between intensity averages (X and Y) calculated from the two halves:

&, Y)

Ox Oy

CCyyp = cov

and

2cC
ccr= | —22

where o stands for standard deviation. CC”* provides the extent of agreement between experimental
data and the underlying true signal. These two estimators can be used to assess the extent of significant

signal or information in the data and thus to demarcate the resolution of the dataset.

Rmeas OF Rrim
This estimator is the redundancy independent merging R factor 198199 and provides the precision of

individual recorded intensities based on unmerged data. It is defined as:

ARKA CHAKRABORTY



() S ) - )

_ n—
Rineas = Yr2ili (h)

where n is the number of observations or redundancy of the refection I, (h), i denoting its i" observation.
4.3 Theoretical Bites: Anomalous Scattering and Single Wavelength Anomalous Diffraction

When an X-ray photon of insufficient energy (away from the characteristic absorption edge(s) of the
atom) hits an electron in the atom, it is scattered but cannot trigger electronic transitions (jumping of
electrons to higher energy levels). However, at or near the absorption edge, three principal kinds of
interactions happen: some photons are just scattered, some are absorbed and re-emitted with a lower
energy and some are absorbed and re-emitted immediately at the same energy. This third type lag
behind a normally scattered photon (in the classical theory parlance this is interpreted as a change in
phase of the anomalously scattered wave with a gain in the imaginary component (imaginary here refers
to complex number theory). This shift in amplitude and phase is termed anomalous scattering ' and
can be used to circumvent the problem that phase information is not an observable in a X-ray diffraction
experiment and only amplitudes are recorded. There are two components involved in anomalous
scattering, a dispersive component f and an anomalous component f’ 119, The anomalous component
is 90° out of phase with respect to the dispersive component. f and f’ are related by the Kramers-Kronig

equation '™

2 w rerr I a I
R e

where o is the complex variable.

The shift in phase due to anomalous scattering causes Friedel’s law (F (h) = F(—h)) to break down
(where F(h) is the structure factor corresponding to the point h in reciprocal space and F(—h) is its
complex conjugate, corresponding to the structure factor for the centrosymmetric point - k). Thus from
the knowledge of the difference in the amplitudes of Friedel pairs (which is a direct observable in the
diffraction experiment as difference in the corresponding intensities due to the relation

ki(h)
Lp

|F(h)| = ),

46



along with an appropriate available model of the heavy atom causing the anomalous diffraction, Harker
diagrams can be constructed and the phase problem resolved 119,

To enable anomalous scattering experiments, heavy atoms (with absorption edges reachable by X-ray
sources such as synchrotrons or in-house sources) are introduced into the crystals, either by post-
crystallization soaking in harvesting solution consisting of the crystallization condition with ~5% higher
precipitant concentration and the metal of choice (Hg, Pt, Au, Gd etc) or by incorporation into the protein
primary structure (substitution of methionines with seleno-methionines and cysteines with seleno-
cysteines). Alternatively, selenium derivatized DNA (selenium introduced into DNA bases or sugars) can
be used 12113, As the f' and f’ values for heavy atoms depend on their chemical environment and do
not generally agree with standard values determined in vacuum, a fluorescence energy scan is typically
performed prior to anomalous diffraction data collection to identify the peak absorption energy and
concomitantly f and f’. For a single wavelength anomalous diffraction experiment (SAD) '14-117
diffraction data are collected at the peak or on the high energy side of the peak as f’ decays slowly on
the high energy side (this is particularly useful for heavy atoms for which the exact absorption edge
cannot be approached due to technical limitations of synchrotron sources).

In contrast to SAD, in Multiple Wavelength Anomalous Diffraction (MAD) 15-117 datasets are collected
from the same or isomorphous crystals (having identical or near identical unit cell dimensions i.e. less
than 5% difference) at the peak, the inflexion and optionally at low and high energy remote wavelengths.
Harker diagrams are constructed in a manner similar to SAD. However, the two-fold phase ambiguity

inherent in SAD is not present in MAD due to intersection of the phase circles at a unique point '1°.
4.4 Theoretical Bites: Molecular Replacement

When a model is available which closely resembles the structure to be solved, phase information can
be obtained from it 1'8. However, this requires defining the position of the molecule inside the unit cell of
the crystal under consideration. This position is specified by three rotational angles related to the
orientation of the molecule inside the unit cell along with three translational vectors which specify the
position of the molecule. This search is most effectively performed in the Patterson space. A Patterson
map is a map of all interatomic vectors and is essentially centrosymmetric (as a vector can be drawn

from atom A to B or from B to A). The interatomic vectors are of two classes: intramolecular interatomic
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vectors which are distributed closer to the origin and intermolecular interatomic vectors which are
distributed away from the origin. The orientation of a molecule is specified only by its intramolecular
vectors and thus a rotational search in Patterson space is done first as it involves only a part of the
Patterson map near the origin (and thus is computationally inexpensive). Once the orientation is known,
the intermolecular interatomic vectors (which depend on both orientation and position) are utilized to
place the molecule in the unit cell. Therefore, a six-dimensional search (3 angles of rotation and 3
vectors of translation) is converted into two 3-dimensional searches, which contributes to save
computational time '8, Present day molecular replacement programs such as Phaser '1° use maximum-
likelihood based functions for the rotation and translation searches with additional packing criteria (that

monitors appropriate packing of the placed model in the unit cells).
4.5 Theoretical Bites: Structure Refinement and Validation

Once an initial Fourier map is obtained, manual or automated model building can be performed to
construct an initial model of the crystallographic asymmetric unit (and thus of the unit cell by application
of symmetry) which typically consists of the macromolecule itself, a solvent model, along with other
associated ligands that are visible in the map. However, this model needs refinement of the atomic
positions in order to represent the experimental data (diffraction data) at its best. The atomic positions
are related by chemical bonds, angles, charge interactions, van der Waals contacts, etc. All these
parameters do not have a single value but oscillate within a range of values determined experimentally,
from which dictionaries are available to restrain the relative positioning of atoms. In addition, during

refinement the temperature factors or atomic displacement factors (ADPs) (which indicate static and
dynamic disorder in the crystal) are also adjusted. The ultimate goal is to generate a model which best
fits the data and prior knowledge, while avoiding overfitting. At present, almost all refinement programs
employ a maximum likelihood based function 20 which maximizes the probability of the data (given the
model) by adjusting model parameters. The exact implementations differ from program to program
(Phenix %, Refmac'?!, Buster 22 etc). A typical structure solution trial involves iterative cycles of model
building and refinement until the disagreement between the model and the data cannot be reduced any
further or are within an acceptable range. The most frequently used indicator of data-model agreement

is the R factor:

48



R =Y (IIFol = IFclD/ ) IFo|

where F, and F; are the structure factor amplitudes corresponding to the data and the model
respectively. The R factor alone is not a good evaluator of data-model fit as it is affected by overfitting.
For this purpose, an Ry, value is calculated where the disagreement between a set of diffraction data
points (which are assigned arbitrarily in most cases and are not used in refinement) and the
corresponding values calculated from the model are monitored. A high difference between R and Ry,
indicates excessive overfitting of model to data, whereas a close agreement (difference below 5-6 %)

indicates acceptable overfitting.

At the end of refinement, the final model has to be checked for physical, chemical and biological sense.
Several validation metrics are available including steric clash scores, Ramachandran plot (monitoring a
proper distribution of backbone torsion angles), ADP checks, amino acid side chain rotamer outliers

etc 123 . At the end of validation, the model is ready for interpretation.
4.6 Method: Preparation of heavy-atom derivative crystals for Experimental Phasing

Heavy atom derivatives were prepared by post-crystallization soaking (concentrations of heavy atoms
ranging from 0.5 mM to saturated solution, in combination with different soaking times: 5 mins to 48 hrs)
as well as co-crystallization (0.1 to 10 mM concentration in the drop) using the following compounds:
HgCl2, Hg(OAc)2, AuCls, and PtCls (covalent binders); Pb(OAc)2, Yb(OAc)s, NaBr, and Nal (non-
covalent binders) as well as Ta6Br(2+)12 (cluster compound). Derivatization with 5-Amino-2,4,6-
trilodoisophthalic acid (I3C or JBS Magic Triangle from Jena Bioscience) was performed by co-

crystallization with 10 mM 13C.
4.7 Method: Single wavelength Anomalous Diffraction (SAD) Data Collection

Abf2p-SeMet/22 crystals were diffracted at ID-23 1 beamline at the European Synchrotron Radiation
Facility (ESRF), Grenoble, France. Test diffraction patterns were collected with a transmission of
100 %, exposure time of 0.037 sec and 1° oscillation at a beam flux of 1.62 e+12 photons/sec. Data

collection strategy included collection of Friedel pairs in the same image by using the mini-kappa device
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and setting the kappa orientation manually. Three consecutive datasets, each with 360° rotation and an
oscillation range of 0.150, were collected at 10% transmission at the peak wavelength from the same
crystal. The datasets were processed using XDS 1% and put on a common scale with the first data set
as reference using XSCALE %, Anisotropic scaling was performed before heavy atom search in Shelx
D 124, Initial phasing was performed with Shelx E 24 without density modification and autotracing. The
resulting map was used to perform density modification using solvent flattening in DM from the CCP4

suite 125,

Iterative rounds of manual model building and refinement were performed using Coot % and
phenix.refine '° respectively. Only the first of the three collected datasets was used for this purpose.

The positions of the selenium atoms were used to guide protein sequence assignment.

4.8 Method: Native Data Collection and Structure Solution

X-ray diffraction datasets for the native Abf2p-Af2_22 protein-DNA crystals were obtained at ID14-4
(ESRF, Grenoble, France) on a ADSC QUANTUM 315r charge-coupled device (CCD) detector at
12.658 keV. The data were collected in two passes- a low resolution pass with an oscillation range of
1.50 and a nominal resolution of 2.6 A; a high resolution pass with an oscillation range of 0.55¢, exposure
time of 1.1 sec at 74 % transmission (flux 4.89e+11 photons/sec) with a nominal resolution of 2.18 A.

Datasets were processed using XDS 1% and combined and scaled using XSCALE 1%, The partial model

from experimental phasing was truncated to a poly alanine model and all B factors were set to 20 A2,
The partially built DNA was retained in the search model. Molecular replacement trials were carried out
using Phaser ' (in Phenix suite). The Abf2p/shift22 dataset was collected at beamline ID29 (ESRF,

Grenoble, France) and the structure was solved by a similar strategy.
4.9 Method: Confirmation of DNA Sequence Register-Abf2p/Af2_Br22 crystals

Crystals of Abf2p in complex with the modified sequence (Af2_Br22) were obtained as discussed in the
Crystallization section. X-ray diffraction dataset was collected at ID23 1 beamline (ESRF, Grenoble,
France) up to a nominal resolution of 3.37 A. The X-ray energy for data collection was set to 13489 eV
The dataset was processed using XDS and merged using Aimless '?7. Molecular replacement was

performed with a poly-alanine version of the refined Abf2p/22 model with all B factors set to 20 A2.
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Subsequent iterative model building and refinement were carried out using Coot %6  and
phenix.refine 9. As the dataset showed presence of weak anomalous signal, the refined model (Rfree
0.30) was used in conjunction with unmerged data to generate an anomalous density map with
AnoDe 28, The procedure involves calculating the native phases ¢,,4:ive from the macromolecular atomic
coordinates and using them to calculate a Fourier synthesis with coefficient F, (where A stands for the

anomalous scatterers) and ¢, = ¢nq:ive — @, Where a is estimated from the anomalous differences.

5. Small Angle X-ray Scattering (SAXS)

5.1 Theoretical Bites

Small angle X-ray Scattering (SAXS), in the context of macromolecular characterization, is a solution
scattering technique where elastic scattering of X-rays at low angles (0.1 to 10°) is used to extract ‘low-
resolution’ structural information (down to 20 A) 129130 Since macromolecules in solution undergo
rotational tumbling and their orientations and positions are not correlated, the scattering intensities in a
particular direction sum up (due to absence to inter-particle interference). The scattering pattern from
the ensemble of molecules in the solution is thus continuous, isotropic and is proportional to the spherical
average of scattering from a single particle in all possible orientations. If the sample additionally
possesses conformational heterogeneity, the extent to which each conformation contributes to the total
scattering is dictated by its frequency in solution. One of the most important requirements of SAXS is
homogeneity in terms of the species present in the solution to be characterized, though this can be
alleviated to some extent by coupling to size exclusion chromatography (SEC). However, conformational
heterogeneity often cannot be avoided for macromolecules.

For macromolecules, SAXS measurement involves separately measuring the scattering from the
macromolecular solution and that from the solvent. If the solvent is modelled as having a constant
scattering density of ps, the Fourier transform F. of the difference scattering density Ap(r) defines the

difference scattering amplitude from a single particle relative to an equivalent solvent volume:

A(s) = F[Ap(r)] = [ Ap(r)exp(isr)dr

where r is the position vector in real space and s is the reciprocal space vector denoting the difference
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between the wave vectors of the incident and the scattered beams '2°. The integral is over the volume
of the particle. The spherically averaged scattering intensity from a particle (or equivalently the scattering

intensity of the ensemble is solution) can be described as:
I(s) =< A(s)A = (s) >o=< [ [ Ap(r)Ap(r)exp{(is(r — r")}drdr' >,

where A * (s) is the complex conjugate of A(s) and 2 denotes spherical average '2°.
a. The Guinier plot

At very small (s tending to zero) and very high (s tending to infinity) values of the reciprocal space vector
(or equivalently of momentum transfer s=4w1~1sinf where 20 is the scattering angle), the scattering
intensity is directly related to overall particle parameters. At s<1.3/Rg, where Rg is the radius of gyration,

the Guinier approximation '2° becomes valid, i.e.

— LT
I1(s) = 1(0)exp( 3Rg %)

Thus from a plot of InI(s) over s (Guinier plot), the zero angle scattering intensity 1(0) can be
determined from the y intercept and Rg can be determined from the slope. As 1(0) is related to the mass
of the molecule, from the knowledge of 1(0), the molecular mass can be determined using data on a
relative scale (e.g. the BSA method where scattering from bovine serum albumin or BSA is used as a
reference) or on an absolute scale (using scattering of water as a reference) 122131,

b. The Kratky plot

The degree of compactness of a protein can be analysed from SAXS data using the Kratky plot 29
where s?I(s) is plotted against s. For globular proteins the plot shows a bell shaped appearance
whereas for Gaussian chains or extended/non-globular conformations it plateaus at large values of s.
c. The Distance Distribution Function

The scattering intensity I(s) can be written as:

52



Dmax

1(s)=4nf r2y(r)

0

sin sr
dr

ST

and y(r) =< f Ap(wW)Ap(u+r)du >,

Here 72y (r) = p(r) describes the distribution of distances within the particle and can be calculated from

experimentally observed scattering intensity as an inverse Fourier transform 129 :

[oe]

7,.2
— 2
p() =5 | 1)
0

sin sr
dr

Sr

This resulting real space plot reveals information regarding the shape of the particle. For example, a
spherical particle has a characteristic p(r) function which is different from that of a rod shaped particle.
Thus crude information regarding the shapes of macromolecules under study can be obtained in a
simple intuitive manner 130,

d. Porod Volume

The Porod approximation '2° states that the scattering intensity 1(s) can be written as:

I(s) =K xs™*

where K is a constant. Additionally,

K S 0
g X 5 where Q= fszoszl(s)ds,

s
v being the shape to volume ratio. Q is called the Porod invariant. For homogeneous particles (i.e.

particles with no significant variation in intra-particle contrast),

Q =2I1%(4p)*V,

and given that 1(0) = (4p)?V? , the excluded (Porod) volume

V =2M121(0)Q 1.
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In general particle inhomogeneity leads to deviation from the Porod approximation, which can however
be taken care of by subtracting a constant from the data '2°. The Porod volume can be used to estimate
the molecular mass (MM) of the particle under investigation by applying the rule of thumb 131

|4 < MM < |4
2.0 — 15

The estimated molecular mass does not depend on normalization of I(0) by dividing it by the

concentration of the sample and thus provides a better way of MM estimation in comparison to

reference based MM estimation methods for SAXS (e.g. BSA method).

e. Ensemble Optimization Method

Ensemble optimization method 132133 gllows to create ensembles of conformations (starting from atomic
structures obtained experimentally or through homology modelling) and to fit their calculated average
scattering intensity profile with experimentally observed SAXS profile. The domains are specified as pdb
files and are treated as non-flexible bodies that are connected by flexible regions. For the latter, residue
coordinates are reduced to alfa-carbons which preserve a regular standard distance between them but
are free to rotate in space. A sequence file is required as an input which serves to designate the domain
regions and flexible parts. A large pool of conformations is generated (typically 10000), from which sub-
ensembles are chosen based on a genetic algorithm. The average intensity profile for each sub-
ensemble is matched to the experimental one(s). Finally, the sub-ensemble with the best fit to the

experimental data is selected. The fit is monitored based on a Chisquared value as:

K 2
2 _ 1 CI(Sj) _Iexp(sj)
= K — 1; [ a(sy) ]

where I(s;) and I,,,(s;) are the calculated average intensity from the sub-ensemble and the
experimental values respectively for the ji" data point, K is the number of data points, o(s;) is the
standard deviation and c is a scaling factor '31.

EOM thus offers an opportunity to study conformational changes of macromolecules from experimental
data obtained in solution. A distribution of the radii of gyration (Rg) can be plotted for the final selected
sub-ensemble and this gives a picture of the conformational freedom accessible to the macromolecule

under study. However, the coordinates belonging to the sub-ensemble do not depict exact
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conformational states adopted by the macromolecule and the R(g) distribution is more meaningful 33,
Nonetheless, representation of the sub-ensemble models gives an intuitive picture of the conformational

space explored by the molecule in solution.

5.2 Method: SAXS Sample Preparation

For SAXS measurements, purified Abf2p was dialyzed overnight in 50mM Tris-HCI pH 7.5 and 500mM
or 150mM NaCl. The protein samples were subsequently concentrated. The filtrate was used as a blank
in all cases to obtain maximal buffer match between the blank and the sample. The Abf2p/22 complex
was prepared identically as for crystallization. Protein concentration was measured using absorbance
values obtained from NanoDrop 1000 Spectrophotometer and extinction coefficients calculated from the

amino acid sequence (EnCorBio server: http://encorbio.com/protocols/Prot-MW-Abs.htm). For protein-

DNA complex, concentrations were estimated using the Bradford method, Biorad Protein Assay,

Biorad).
5.3 Method: SAXS Data Collection and Processing

SAXS measurements were performed at BM29 beamline at the European Synchrotron Radiation Facility
(ESRF). Measurements were performed at 20° C, using 100% beam transmission and 30 to 50 pL
sample volume per injection in flow mode. The X-ray wavelength utilized was 12.5 keV with a detector
distance (Pilatus 1M) of 2.867 m. Exposure time per frame was set to 2 sec. Guinier approximation was
used to calculate the forward scattering (1(0)) and radius of gyration (Rg). Pair distribution (p(r)) plot and
maximum particle dimension (Dmax) were calculated from scattering data using GNOM 131, Data
analysis was performed using Primus 3" in ATSAS package. Molecular weight of the protein was
estimated from the Porod Volume. Ensemble analysis was performed using EOM 2.0 33 with standard
parameters for the genetic algorithm and for Crysol '3'. For EOM, the N-assembly and HMG-box2 were
treated as rigid domains while allowing flexibility to the linker (113-Lys-Leu-Pro-115, residue 113 added
to include the unwinding of HMG-box1 helix3 C-terminus as observed from MD simulations- see

Results), the N-terminal 6-His tag and the last two C-terminal residues.
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6. Molecular Dynamics Simulations

6.1 Theoretical Bites

Molecular dynamics or MD simulations '3* comprise a set of computer simulation techniques which
allow us to analyze the physical movements of a system of interest based on the assumption that once
the initial position and velocities of the particles involved are known, their future positions and velocities
are completely determined by the laws of classical mechanics (Newton’s laws of motion). All-atom MD
simulation pertains to solving the N-body problem and achieves that by numerically solving Newton’s
equations of motion. It requires a set of initial conditions (positions and velocities) and a potential energy
function (which depends on the positions of all the particles (atoms) constituting the system. The force

F; on each particle is estimated as a gradient of this potential energy function U :

F, = -VrU(r,ry ... )

where r stands for position vector. Thus, an MD simulation run consists of defining the positions and
velocities of the constituent particles, calculate the force on each particle at current time tn, solving
equations of motion for all the particles over a time step At and write desired properties to output files.
These steps are repeated in a loop until the end of the simulation time is reached.

MD simulation allows estimation of macroscopic or average properties of a system from its microscopic
manifestations. In statistical mechanics such averages are referred to as ensemble averages where
an ensemble is defined as the set of all possible states of a system which have different microscopic
properties but the same macroscopic or thermodynamic properties'34. For example, for a protein
molecule it can refer to the set of different conformations that are present in a sample at a point of time.
The assumption that MD simulations can be used to estimate ensemble averages, rests on the ergodic
hypothesis which states that time average equals ensemble average'®4135, Thus for ergodic
hypothesis to hold, the simulation time must be long enough so that adequate portion of the
conformational space is sampled.

6.2 Simulation Setup

All-atom MD simulations for the protein, DNA and protein-DNA complexes were performed using the

Amber 14 force-field with particle-mesh-ewald (PMEMD) for long range electrostatics. All simulations
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were performed with explicit water (TIP3P) and ions (150mM NaCl) using a truncated octahedron
periodic box. For simulations consisting of DNA or protein-DNA complexes additionally parmbscl force
field was used for improved parameterization of DNA 136, Models were prepared for simulation using

tleap in AmberTools 15.
6.3 Minimization

Energy minimization was performed using a combination of steepest descent and Truncated Newton
Conjugate Gradient (TNCG) method with single point energy calculation '37. Minimization was performed
in 5 steps, reducing the restraint weight on the macromolecular atoms from 25 to 5 kcal/mol-A2 from the
first step to the last (reduction by 5 at each step). At each step, minimization method was changed from
steepest descent to conjugate gradient after 500 cycles and a maximum total number of 1000 cycles

was allowed at each step.
6.4 Thermalization

Thermalization was performed for 100 ps to bring the system from 0 K to 298.15 K using the weak
coupling algorithm 38 and a constant volume periodic box, with 2 fs time step. Bonds involving hydrogen
atoms were constrained. Non-bonded cut-off was set to 9.0 A. A restraint weight of 5 kcal/mol-A2 was
applied to all macromolecular (protein &/or DNA) atoms to hold them near to their initial position during

the thermalization.
6.5 Equilibration

Equilibration was performed at constant mass, temperature and pressure (NPT) using a Berendsen

thermostat (weak coupling) '3 and isotropic position scaling as implemented in Amber 14, with 2 fs time
step. Reference pressure was set to 1.0 bar with a time constant of 2.5 psec. Temperature was
maintained as in thermalization with a time constant of 2.5 psec. No restraints were applied and non-

bonded cut-off was set as in thermalization.
6.6 Production Run

Production run was performed in 20 batches of 25 ns each, amounting to a total simulation time of 500

ns. Time constant for pressure and temperature coupling were set to 5 psec. Other parameters were
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6.7 Analysis of Results

Analysis of trajectories were performed with cpptraj 1%°. Visualization was performed using vmd 140.
Analysis of DNA structural parameters were performed using Curves+ 41142/ R and MS-Excel were used

for plotting.

6.8 DNA stiffness and deformation energy calculations

DNA structures can be described in terms of base-pair and base-step parameters that consist of three
translations (shift, slide and rise) and rotations (tilt, roll and twist) and the DNA deformability along these
six directions can be described by the associated stiffness constant matrix 143144, From the ensemble of
MD simulations, the covariance matrix describing the deformability of the helical parameters for a given
DNA fragment (e.g. a dinucleotide step) is computed and is inverted to generate the 6x6 stiffness matrix
for each fragment. Pure stiffness constants corresponding to the six parameters mentioned above
(kshift, kslide, krise, ktilt, kroll and ktwist) are extracted from the diagonal of the matrix while the total
stiffness (Ktot) is obtained as a product of these six constants and provides a rough estimate of the
flexibility of each base pair step. The normalized Boltzmann-like probability distribution,

exp(-AEdef/kbT), was derived from the deformation energy (AEdef) and was used to determine the
relative probability of positioning the HMG-boxes on a given DNA segment. The deformation energy
was calculated using a mesoscopic energy model 43144 which is based on a harmonic approximation
to describe deformability along DNA helical parameters. The equilibrium geometry and stiffness force
constants were extracted from a dataset built from long all-atoms MD simulations of short DNA

fragments in water using the parmbscl force field.

7. Circular Dichroism

7.1 Theoretical Bites

A material is termed dichroic if it absorbs light of different polarization by different amounts or which
causes visible light to split up into distinct beams of different wavelengths '45. If a molecule contains
chiral chromophores it absorbs left and right handed circularly polarized light (L-CPL and R-CPL) to
different extents. Here it needs to be mentioned that L-CPL and R-CPL refer to two different spin angular
momentum states for the photon. In the classical electromagnetic theory parlance, in L-CPL the electric

field vector of the electromagnetic radiation undergoes left handed rotation around the wave propagation
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vector and in case of R-CPL it undergoes a right handed rotation. Thus the tip of the electric field vectors
(which stay constant in magnitude) trace out a helix along the direction of wave propagation.
Thus in a typical circular dichroism (CD) experiment the dichroic sample is irradiated with equal amounts

of L-CPL and R-CPL and the difference in absorbance between the two is measured as:
AA=AeCI

where C is the molar concentration, | is the path length in cm and Ag is the difference in the molar
extinction coefficients for L-CPL and R-CPL and the molar circular dichroism. The measurements are

usually reported in terms of molar ellipticity 8 (milli degrees) where
tan6=(Er-EL)/( ErR+EL) and 6=3298.2A¢

Er and EL being the L-CPL and R-CPL electric field vector magnitudes.

Thus a CD spectrum for a molecule of interest typically consists of a scan across a wavelength range
and measures the extent of dichroism as a function of wavelength. For proteins and peptides ultra violet
(UV) CD spectra in the far UV region (180-260 nm) is typically done to analyze secondary structural

features and UV CD spectra analysis in the near UV region (260-300 nm) for tertiary structural features.
7.2 Method: Sample Preparation

Circular dichroism experiments were performed in the far UV region (260-185 nm) to check for stability
and secondary structure content of wild type Abf2p and its deletion mutants that were used to perform
functional assays. Protein purification for mutants were performed identically to that for the wild type.
The protein samples were dialyzed overnight in 10 mM potassium phosphate pH. 7.5, 100 mM

ammonium sulphate.
7.3 Method: Data Collection and Analysis

A quartz sample cell of 1 mm path length was used for data collection on a Jasco J-815 CD
spectrophotometer, with a scan rate of 50nm/min, data pitch of 0.5 nm resulting in 150 data points

between 260-185 nm. Protein concentration was kept constant at 0.1 mg/ml for all samples.
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8. Isothermal Titration Calorimetry (ITC)

8.1 Theoretical Bites

Isothermal titration calorimetry (ITC) 146 is a quantitative technique that allows estimation of enthalpy
changes (AH), stoichiometry (n) and binding affinity (Ka) pertaining to interactions between two or more
molecules. It additionally provides information on the change in entropy and Gibbs free energy due to

the relation:
AG = —RTInK, = AH — TAS
where AG is Gibbs free energy change, R is the universal gas constant, T the absolute temperature and

AS the entropy change. Thus, ITC allows analyses of the thermodynamics involved in intermolecular
interactions. It can be used effectively to obtain information on protein-ligand, protein-protein or protein

nucleic-acid interactions.

An ITC calorimeter consists of two identical cells made of a chemically inert metal that has high thermal
conductivity (such as Hastelloy or gold). The reference cell is filled with buffer or water and the sample
cell contains the macromolecule of interest. A sensitive circuitry detects temperature differences
between the two cells. Prior to the start of the experiment (ligand addition), a constant power is applied
to the sample cell that maintains a constant temperature difference between the two cells. The ligand is
added in known aliquots and the corresponding generation or absorption of heat is measured as a time
dependent input of power required to maintain the two cells at constant temperature. The resultant raw
data thus consists of spikes of power per injection. These peaks are then integrated to obtain estimates
of heat exchange per injection. The resulting data series can then be analyzed and fitted to a suitable

equation (binding model) to obtain the information on the involved affinity and thermodynamics.
8.2 Method: ITC sample preparation and data collection

Samples for ITC were prepared by simultaneously dialyzing the protein and DNA in the same buffer
(25mM Hepes pH 7.5, 150mM NaCl) to obtain maximal buffer match between samples. Titrations were
performed with a VP ITC instrument with 1400 pL cell volume and 300 pL syringe volume, at a
temperature of 25° C. The general setup was designed with protein in the cell and DNA in the syringe.
The protein was used at a concentration of 8-16uM and the DNA at a concentration of 100 to 150uM.
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DNA into buffer titrations were performed as control and since the profile was flat, subtraction of the
control was not performed. The resulting data were analyzed using Origin (Origin Lab, Northampton,

MA).

9. Abf2p in vivo assays

Diploid ABF2 (YMRO72W) hemizygous strain Y26205 (BY4743; MATa/MATa; ura3A0/ura3A0;
leu2A0/leu2A0; his3A1/his3A1; met15A0/MET15; LYS2/lys2A0; YMR0O72w/YMRO0O72w::KANMX4) was
obtained from the European Saccharomyces cerevisiae Archive for Functional Analysis (Euroscarf). A
plasmid-borne ABF2 was made by cloning a PCR fragment including Abf2 CDS plus 500nt on both sides
into pRS316 47 (forward primer: 5 ACTAACCaagCTTGGATTATACTAATGATAC 3' with HindIII
restriction site; reverse primer 5' GGTATTTCtagAAAAAGATAACTTCAAGTTTTCACC 3' with Xba1
restriction site). This construct was introduced in Y26205 diploid cells, which were subsequently
sporulated. The tetrad sacs were disintegrated with zymolyase (Ecogen). Kan+ (ABF2 disrupted) Ura+
(Abf2p-pRS316 transfected) haploid cells were isolated and the haploid condition was confirmed by
PCR (forward primer: 5 AGTCACATCAAGATCGTTTATGG 3’ common for both mating types a (Mat a)
and a (Mat a); reverse primer 5 ACTCCACTTCAAGTAAGAGTTTG 3’ produces product of 544 bp if
mating type a; reverse primer 5 GCACGGAATATGGGACTACTTCG 3’ produces product of 404 bp if
mating type a). Additionally, their genotype was verified by PCR'& (forward primer: 5'
ACTAACCAAGCTTGGATTATACTAATGATAC; 3' reverse primer: 5 GGGCCTCCATGTCGCTG 3)).
ABF2 truncations were made by PCR which included the 500nt flanks, and were cloned into pRS315 (a
plasmid providing Leucine prototrophy '#7). To test ABF2 truncations, we followed a plasmid-shuffling
strategy using 5-fluroorotic acid (5-FOA), toxic for Ura+ cells'4%150, The mitochondrial DNA integrity of

the corresponding Kan+ Ura- Leu+ cells was tested by growth in glycerol (respiration-only conditions).
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VINSYSLLTRSFHESSKPLFNLASTLLRASKR
TQLRNEL 1KQGPKRPTSAYFLYLQDHRSQFV
KENPTLRPAE I SK 1 AGEKWQNLEAD IKEKY I
SERKKLYSEYQKAKKEFDEKLPPKKPAGPFI
KYANEVRSQVFAQHPDKSQLDLMK I 1 GDKWQ
SLDQS IKDKY IQEYKKAIQEYNARYPLA

Figure R1. Amino acid sequence of Abf2p. The 26 residue mitochondrial targeting sequence (MTS) is shown in red. The
mature protein starts at amino acid 27.

1. Protein Purification

Abf2p was cloned from genomic DNA using standard PCR. The primers were designed to add a six-
Histidine tag at the N-terminus of the protein. Abf2p has a 26 residue mitochondrial targeting
sequence 7° (Figure R1) which is not present in the mature protein and thus was not included in the
construct. Maximum solubility of the protein was observed in 50 mM Tris-HCI, pH 7.5, 750 mM NaCl
(assessed by SDS-PAGE) and thus this buffer composition was used in all subsequent stages of
purification. The final protocol for Abf2p purification consisted of a Ni-affinity step followed by size-
exclusion chromatography. Wild type Abf2p (and its seleno-methionine derivative; see below) was
purified to >98% purity (Figure R2). The purified protein was used for crystallization in complex with
DNA (Methods). For this purpose, several DNA fragments were tried, all derived from the mtDNA 64bp

sequence (See introduction; Figure R3).

2. Crystallization

Well-diffracting crystals were obtained for native Abf2p bound to the A-T only double-stranded (ds)DNA,
Af2_22 (5-AATAATAAATTATATAATATAA-3', Figure R3, Figure R4), spanning 22 of the 35bp
sequence that is amplified as concatamers in p- yeast mitochondria (position 19477 to 19511bp in y-
MtDNA, see Introduction). Based on EMSA assays a 2:1 protein:DNA stoichiometry was used for
crystallization as at this ratio most of the free DNA was bound to the protein (Figure R5). The DNA
sequence contains a near match of the ARS consensus sequence (ARSc) that has been reported to
prevent binding of Abf2p to DNA 7071 (Figure R12a,b,d). Initial crystallization screening trials did not
return any direct hit. However, a strong phase separation was observed for condition A9 of 96 well sitting

drop PAC1 screen (30% w/v PEG 4000, 0.1 M Tri-sodium citrate pH 5.6, 0.2 M ammonium acetate).
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Figure R2. Size exclusion chromatography profile and analysis of the purified fractions by SDS-PAGE for wild type
(wt) Abf2p and Leu-52-Semet derivative.



Figure R3. Steps in obtaining diffraction quality crystals for Abf2p/22. The rate of equilibration of the crystallization drops
" was slowed down by addition of 1:1 silicon:paraffin oil on top of the drops to obtain well-diffracting crystals.
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dsDNA fragments Crystals? Diffraction

Af2_22a 5’ AATAATAAATTATATAATATAA3' Yes Yes (2.18 A)
Af2_22b 3’ TTATTATTTAATATATTATATTS '
Af2_22.ovhng1A 5’ TAATAATAAATTATATAATATAA 3’ No i
Af2_22.0vhng1B 3’ TTATTATTTAATATATTATATTAS’
Af2_22.ovhng2a 5’ AATAATAAATTATATAATAT 3’ N
Af2_22.0vhng2b 3’ ATTATTTAATATATTATATTS’ 0 }
22Truncla 5’ AATAATAAATTATATAATAT3’
22Trunclb 3’ TTATTATTTAATATATTATAS’ No }
22Trunc2a 5’ AATAATAAATTATATAATATAAT3'
22Trunc2b 3’ TTATTATTTAATATATTATATTAS’ No -
Af2_A4_22a 5’ TATATAAAATAATAAATTATAT3’
Af2_A4_22b 3’ ATATATTTTATTATTTAATATAS’ No -
Af2_shift22a 5’ TTATATAATATAAAATAATAAA3'
Af2_Shift22b 3/ AATATATTATATTTTATTATTTS ' Yes Yes (2.6 A)
35bpseq_28bpla 5’ AATTATATAATATAATATATATATATATS' v P 10 A
35bpseq_28bp1b 3’ TTAATATATTATATTATATATATATATAS' €s oor (~ )
35bpseq_28bp2a 5’ TAAAATAATAAATTATATAATATAATAT3’ P 15 A
35bpseq_28bp2b 3’ ATTTTATTATTTAATATATTATATTATAS’ Yes oor ( )
GC_22a 5’ GAAGATATCCGGGTCCCAATAA3’ v p 5 A
GC_22b 3’ CTTCTATAGGCCCAGGGTTATTS' €s oor ( )
35bp_noTract22a 5’ TATATAATATAATATATATATA3’

p_No Tactesa Yes Poor (~15 A)

35bp_noTract22b 3’ ATATATTATATTATATATATATS'

Figure R4. Double stranded (ds) DNA fragments used for crystallization trials. Poly-adenine tracts (A-tracts; see later) are
indicated in red when present. Success in crystallization trials for each of them and diffraction quality of obtained crystals are

indicated.
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Figure R5. EMSA assay for Af2_22 DNA in 10cm 10% native poly-acrylamide gel. C stands for the free DNA control. The

DNA is kept fixed at 200 nM and the protein concentration is increased from left to right. The protein to DNA molar ratio is indicated

at the top of each well.
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The condition was scaled up to 24 well sitting drop setup with 1 pL:1 pL protein/DNA complex to
precipitant ratio and grid screens were setup varying precipitant concentration along horizontal axis and
buffer pH along the vertical axis. This approach rendered crystals after two days of drop setup. However,
diffraction quality was poor (4-5 A) with streaky spots. Equilibration rate of the drops was subsequently
reduced by addition of Al's oil (see Material and Methods), yielding the best diffracting crystals that
appeared 3-4 days after drop setup (Figure R3). This crystal and the corresponding structure will be

referred to as Abf2p/22 in all subsequent sections.

3. Structure Solution

X-ray diffraction data for optimized native Abf2p/22 crystals were collected at ID-14-4 beamline of the
European Synchrotron Radiation Facility (ESRF), Grenoble, France. The best dataset was collected in
two passes: a low resolution pass at 2.6 A and a high resolution pass at 2.1 A. Molecular replacement
trials with X-ray diffraction data from native crystals using homology models did not yield any clear
solution. Therefore, experimental phasing was attempted. To this end, several derivatives were
prepared by using HgCl2, Hg(OAc)2, AuCls, and PtCls (covalent binders); Pb(OAc)2, Yb(OAc)s, NaBr,
and Nal (non-covalent binders) as well as Ta6Br(2+)12 151.152 (cluster compound). However, the derived
crystals diffracted poorly in comparison with native crystals and did not show significant anomalous
signal (judged by anomalous correlation at different resolution shells after data processing in XDS). The
‘Magic Triangle’ (5-Amino-2,4,6-triiodoisophthalic acid) derivative crystals yielded usable anomalous
signal, though the resulting Fourier maps were not interpretable. Subsequently, seleno-methionine
incorporation was attempted in order to use the anomalous scattering from selenium atoms for obtaining
experimental phase information in single or multiple wavelength anomalous diffraction (SAD/MAD)
experiments. However, the native protein contains only one methionine residue (M147; out of 157
residues). Thus, in order to obtain sufficient anomalous signal for phasing (abiding by the rule of one
selenium per 100 amino acids) "% methionines (Met) were engineered into the protein by making amino
acid substitutions which have been reported to be the least disruptive to native protein structures 153
(Figure RG6). Selection of mutable residues was based on their similarity in terms of volume with
methionine. Additionally, mutations of alanines to methionines were carried out. (Figure R6). The

resulting single-site mutants were tested for solubility and the mutant Leu-52-Met was selected for
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Figure R6. Amino-acid mutations to introduce additional methionines for Abf2p-SeMet derivatives

seleno-methionine incorporation (Materials and Methods). The best Abf2p-SeMet/22 crystal produced
diffraction spots till 3.0 A. Previous to data collection a fluorescence energy scan was performed. The
peak of the absorption edge was determined to be 12.6623 keV with f and f’ of -7.52 e and 6.53 e
respectively. The inflection point was located at 12.6594 keV with f and f’ of -10.65 e and 3.04 e
respectively. This crystal was aligned with the mini-kappa goniometer in order to collect both members
of a Friedel pair on the same image and hence to minimize differences in noise and radiation damage
between them. Thus Friedel pairs were recorded at the same point in time, preserving the maximal
amount of mutual information. Shutter-less data collection was performed at the peak wavelength on a
PILATUS 6M-F (Dectris) detector. Three datasets from the same crystal were collected and processed
(see Materials and Methods). 8 SeMet atom positions were determined by SAD, and subsequent
phasing yielded an interpretable, albeit noisy, Fourier map (Figure R7). The positions of the selenium
atoms served as a guide to assign regions of the map to HMG-box1 or 2, as the positions of the seleno-
methionine residues differed in the two HMG-boxes. Model building for the SeMet derivative dataset
was difficult in certain regions due to very poor Fourier map density. Model building and refinement with
this dataset was carried out until a considerable portion of the protein and DNA were built and an R free
of 0.33 was reached (Table R1). Subsequently, this partial model was used for molecular-replacement
(MR) with native Abf2p/22 dataset. A MR solution was obtained with Phaser in the Phenix suite. Analysis
of the crystal packing for the solution indicated its validity (Figure R8) and subsequent iterative model

building and refinement led to a well-refined and validated structure (Figure R9).
3.1 Confirmation of Sequence Register

Iterative manual model building and automated refinement of the Abf2p/DNA structure revealed that

Abf2p binds two different DNA molecules via its two HMG-box domains (hereafter referred to as dual
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Figure R7. SAD phasing for Abf2p-Semet/22. Fourier map from experimental SAD phasing (blue; 1.0 r.m.s.d) along with built
partial model (protein in yellow and DNA in red). The anomalous density corresponding to the selenium (Se) atom (5.0 r.m.s.d) is
shown in red and the Se atom position as orange sphere. The recognizable secondary structure elements of HMG-box2 are

indicated along with the DNA phosphates.

Table R1
Wavelength 0.9792
Resolution range 47.8 -3.3(3.418 -3.3)
Space group c121
Unit cell 82.733 126.116 138.945 90 93.33 90

Total reflections

Unique reflections
Multiplicity

Completeness (%)

Mean I/sigma(l)

Wilson B-factor

R-merge

R-meas

CC1/2

cc*

Reflections used in refinement
Reflections used for R-free
R-work

R-free

CC(work)

CC(free)

Number of non-hydrogen atoms
Macromolecule atoms
Protein residues
RMS(bonds)

RMS(angles)
Ramachandran favored (%)
Ramachandran allowed (%)
Ramachandran outliers (%)
Rotamer outliers (%)
Clashscore

Average B-factor

B-factor macromolecules

147248 (14974)
21267 (2114)
6.9 (7.1)

0.99 (0.99)
11.46 (2.31)
92.60

0.1303 (0.8182)
0.141 (0.8831)
0.998 (0.806)
0.999 (0.945)
21267 (2114)
1058 (106)
0.2713 (0.3407)
0.3344 (0.4038)
0.922 (0.565)
0.901 (0.564)
7223

7223

607

0.010

1.63

73

* Statistics for the highest-resolution shell are shown in

parentheses.
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Figure R8. Crystal packing for Abf2p/22 molecular replacement solution obtained with Phaser in Phenix suite.

HMG-box1

Figure R9. Map and model quality for Abf2p/22 crystal structure. A region of the 2mFo-DFc double difference Fourier map
(shown as blue density; 1.0 r.m.s.d) and the final Abf2p/22 refined model (shown as yellow sticks). The visible protein and DNA

features are indicated.

72



| Ma .i
£ 300 ; [\/ V\A/\j V /\A A A_/\ ,\I‘
8 f ~ f f LA v
L O b g R
& 200
=
100
o AN s H H i i
10 20 30 20 50 60 70 ) 20
Energy +1.345e4
& . . . :
4 ' RSN GRS SNARARINAPNANEAN
2 i ] ]
o] :
-2
_4 - - T AR
&l _/\,-_N-J\/-\/LA/‘
8
-10 .
0.01 002 003 004 005 006 007 008 009 010
Energy +1.344e1

Figure R10. DNA sequence register. (a). X-ray fluorescence scan for Abf2p/Af2_Br22 complex crystals showing signal from
Br. b. Confirmation of sequence register for Abf2p/22 from Abf2p/Af2_Br22 crystals. The anomalous density corresponding to
Br is shown in red (5 .0 r.m.s.d) whose position coincides with methyl carbon of thymine 6 (T6). The latter had been replaced
by 5-Br-Uracil in the Af2_Br22 DNA. The 2mFo-Fc double difference Fourier map (1.0 r.m.s.d) is shown in grey with the DNA
shown as yellow sticks. The visible DNA break is indicated. The protein density is not shown for clarity.
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Figure R11. Ramachandran plot for Abf2p/22 crystal structure.

binding; see below; Figure R12b,d). To confirm this, portions of the built DNA were deleted and omit
maps were synthesized. Additionally, the quality of the Fourier density was good enough to clearly
indicate the sequence register of the DNA. However, to consolidate this, a variant of Af2_22 DNA was
designed with thymine 6 replaced by 5-bromo uracil (5-BrU). The intention behind this modification was
to use anomalous signal from the bromine atom to pin down the sequence register of the DNA and
thereby confirm the dual binding. To this end, crystals with brominated DNA (Af2_Br22) were generated
and, prior to diffraction data collection, an energy scan was performed. The X-ray energy for data
collection was set manually to 13489 eV since the energy scan peak profile was noisy and the
automatically detected peak wavelength was not reliable (Figure R10a). Data collection, processing and
scaling were performed (see Material and Methods) and subsequently the structure solved by molecular
replacement using a poly-alanine search model derived from the refined Abf2p/22 structure. With the
refined model and unmerged data, an anomalous density map was calculated (Methods). The map
showed peaks (at 5 r.m.s.d.) that corresponded to the position of the Br atoms and thus the DNA

sequence register could be ascertained (Figure R10b).
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Table R2

Wavelength
Resolution range
Space group
Unit cell

Total reflections

R-work

0.97950

43.48-2.18 (2.258 -2.18)

Cc121

88.49 113.41 67.71 90 103.803 90

126763 (6246)

Unique reflections 33305 (3075)
Multiplicity 3.8 (2.0)
Completeness (%) 0.98 (0.92)
Mean I/sigma(l) 12.01 (1.99)
Wilson B-factor 49.68

R-merge 0.06649 (0.5319)
R-meas 0.07359 (0.6935)
CC1/2 0.998 (0.632)
Ccc* 1(0.88)
Reflections used in refinement 33305 (3074)
Reflections used for R-free 1881 (164)

0.2090 (0.3061)

R-free 0.2364 (0.3213)
CC(work) 0.956 (0.754)
CC(free) 0.938 (0.772)
Number of non-hydrogen atoms 4520
Macromolecule atoms 4445
Protein residues 313
RMS(bonds) 0.008
RMS(angles) 0.95
Ramachandran favored (%) 99
Ramachandran allowed (%) 0.65
Ramachandran outliers (%) 0
Rotamer outliers (%) 0.7
Clashscore 8.45
Average B-factor 58.93
B-factor macromolecules 59.04
B-factor solvent 52.14

* Statistics for the highest-resolution shell are shown in

parentheses.

4. Structural organization of Abf2p

The crystal structure Abf2p/22 (PDB ID 5JHO; Figure R11, Table R2; Figure R12b,d) reveals an
asymmetric unit (a.u) composed of two Abf2p molecules (polypeptide chains Abf2p-A and -D) and two
double-stranded (ds) DNAs (chains-BC and -EF, 22bp each) (Figure R12b,d). Abf2p is a two-domain a
helical protein belonging to the HMG-box superfamily and consisting of two tandem HMG-boxes. At the
N-terminus of the protein, three residues in extended conformation (27-Lys-Ala-Ser-29, henceforth
referred to as ‘N-flag’) and a 12 amino-acid (aa) N-terminal helix (N-helix) (Figure R12c,d and R13a) are
found. Notably, such a helix is not present in any structure containing HMG-boxes reported so far. The
N-helix leads to HMG-box1 (42-113) (Figure R12c, 13a), which displays a typical HMG-box ‘L-shape’

consisting of an extended segment (42-48), helix1 (49-64, with a kink at position 57), a four-residue turn,
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Figure R12. DNA design and Abf2p/DNA complex crystal structures (a) General organization of the y-mtDNA ori5/rep2 origin
of replication, including the location of ARS consensus sequences (ARS-c, 11/11 matches to 5’-(A/T)AAA(T/C)ATAAA(A/T)-3’, in
orange) and the downstream 64bp region (in yellow) in y-mtDNA. Below, the 64bp sequence is shown, the near matches (ARS-

m; 9/11) to ARS-c are depicted in orange and the position of the 35bp sequence (see Introduction) is demarcated by vertical bars.
Vertical dashed lines indicate the DNA sequence ‘Af2_22’ within the 35bp fragment. (b) The dsDNA sequences used for
crystallization are depicted inside arrows that show the head-to-tail arrangement found in the crystals; the DNA regions contacted
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by Abf2p are framed. Abf2p is represented as two connected L-shaped boxes 1 and 2 (HMG-box1 and 2, respectively) with arrows
representing DNA-inserting residues. The grey HMG-boxes represent the second protein molecule in the asymmetric unit, the
dotted lines indicate the domains are connected. From the two ‘Af2_22’ sequences in tandem, a continuous ‘Af2_shift22’ dsDNA
molecule was derived (vertical dashed lines) that yielded the Abf2p/shift22 structure, where the protein again contacts two DNAs.
(c) Schematic representation of the Abf2p domains. ‘L’ stands for Linker, ‘N-flag’ and ‘N-helix’ stand for N-terminal flag and helix,
respectively. (d) The crystal structures of Abf2p/22 (left) and Abf2p/shift22 (right) are shown, with secondary structure elements
and domains labeled. The intercalating residues Phe51 and lle124 are highlighted in blue and their insertion sites are shown in
insets. The DNA head-to-tail arrangement is indicated with a black arrow. The ARS-m-like regions (see main text) within Af2_22
and Af2_shift22 are shown in orange, the A-tract sub-region in red. Underneath, the crystallized dsDNA sequences and contacting
protein domains are shown; note that the DNA sequences are in the same orientation as in (b) while the orientation of Abf2p

domains are opposite.

a b
. HMG-box2 HMG-box1 ¥ HMG-box1 HMG-box2
<L 14 = =<
512 5
2 2
" S
@ 8 o
g ¢ 8
o 4 =3
g2 2
= 0 = 0
= 'mmnrrﬂmimmmmmfm = AT mnnnu,*'mn'rammma,\
Base step Base step
HMG-box2 HMG-box1 HMG-box1 HMG-box2
&0
50

Phe11Q

"T ) Leun:;’_
BRI~

Roll (degrees)
g
Raoll (degrees)

il

- [T —
*'I‘! RRATTAATTA ATTAATTA AAAT TAAT T@m AANT TA AR

Base step

e -

10 - I
Base slep

Figure R13. Interactions within Abf2p and DNA dynamics. (a) Above, side view of Abf2p (chain A) from the Abf2p/22 crystal.
The encircled secondary structure elements (N-helix, helix3 of HMG-box1, the Linker and helix3 of HMG-box2) participate in the
interactions that connect the Abf2p N- and C-terminal regions, shown in detail below. Hydrophobic side chains are shown in white,
electrostatic contacts are shown in red (the weak ones in gray). (b) The DNA parameters ‘minor groove width’ (top graphs) and
‘roll’ (bottom) are shown for each base-pair step along the Af2_22 (left) and Af2_shift22 (right) sequences. Values that correspond
to the crystal structures (in black), to the MD simulations for unbound Af2_22 and Af2_shift22 DNAs (averaging over the individual
trajectories, in red; spread of the values, in grey), or to an ideal B-DNA (in orange) are shown. Values corresponding to the DNA
contacted by Abf2p is framed in olive green for HMG-box1 and light orange for HMG-box2. The arrows colored according to the
HMG-boxes indicate the insertion sites. The A-tracts are framed in black. Note the switch of the relative orientations of DNA and

protein between complexes (also shown in Figure 12b,d).
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helix2 (70-83, which, together with helix1 forms the short L-arm), a short two-residue connecting loop
and, finally, helix3 (86-113, antiparallel to the extended segment and forming the long L-arm of the HMG-
box L-shape). A Linker of two residues (Leu-Pro) follows, which is much shorter than the predicted
length of 10aa 7 (Diffley and Stillman, 1991) or 6 aa (PSIPRED, see Introduction). Similar to HMG-box1,
HMG-box2 (116-179) consists of an extended segment (116-121), helix1 (122-137), a five-residue turn,
helix2 (143-156, with a kink at position 130) and a two-residue connecting loop leading to helix3 (159-
179, Figure R12c,d and R13a). Finally, the last four residues 180-Tyr-Pro-Leu-Asn-183 form a short

extended C-terminal segment.

5. Abf2p binds to two separate DNA strands via its two domains

In the a.u. of the Abf2p/22 crystal, two curved dsDNA molecules of 22bp are arranged head-to-tail by
two protein molecules, forming a pseudo-continuous DNA circle exhibiting stacking interactions between
respective 3'-5° DNA ends (Figure R12d). Thus, each protein holds together and bends two different
DNA molecules via its HMG-boxes, much like a staple (hereafter referred to as dual-binding) (Figure
R13a). Specifically, HMG-box1 from Abf2p-A contacts dsDNA EF chains (from T13 to A19 of chain-E),
while HMG-box2 contacts the other DNA molecule BC (A2-A5 chain-B), with the DNA ends participating
in perfect stacking interactions between HMG-box binding sites (Figure R12b,d, R13a). A similar
scheme applies for the second protein molecule in the a.u. where HMG-box1 and HMG-box2 contact
dsDNA chains BC and EF respectively. Each HMG-box engages in, mostly electrostatic interactions with
the DNA minor groove (Figure R14, R15), opens it up to 12 A (ideal B-DNA standard minor groove width
5.9A, Figure R13b) and concomitantly bends the DNA by ~90°. Additionally, each HMG-box inserts
hydrophobic residues between base steps, thus causing considerable alterations of DNA parameters
(Figure R13b, R16). Specifically, HMG-box1 Phe51 inserts at step AsTo/A14T15 (chains F/E), the phenyl
ring stacking with the six-membered ring of A8 (Figure R12b,d). This base-step shows a high positive
roll (Figure R16) and the involved base pairs show a prominent buckle (Figure R12d, R13b, R16). In
comparison, lle124 from HMG-box2 inserts partially at TsA4/T19A20 (B/C), and induces a positive roll
(Figure R12d, R13b, R16). Superposition of both HMG-boxes indicates high structural similarity (r.m.s.d.
of 1.1A for 66 Ca), both Phe51 and lle124 being at equivalent positions in helix1. Thus, the two DNAs
that are contacted by a single protein, together form a U-turn (or a half DNA circle, Figure R13a).

Importantly, the Abf2p mutant K44A, R45A, K117A and K118A causes 80% of yeast cells to lose
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Figure R14. Protein-DNA interactions in the crystal structures. (a) Contacts of one Abf2p molecule with two Af2-22 dsDNAs
in Abf2p/22 crystal structure. (b) Contacts of Abf2p with Af2-22shift DNA in Abf2p/shift22 crystal structure. Hydrogen bonding
interactions are shown as blue dotted lines. Non-bonded contacts are shown as red dotted lines. The regions contacted by N-
flag+N-helix (deep green), HMG-box1 (olive green), HMG-box2 (orange), all belonging to the same protein molecule, are
demarcated by rectangular boxes. Note the break between DNA sequences contacted by the HMG-box domains of a single
protein. Olive green and orange dots indicate the sites of insertion for HMG-box1 and HMG-box2 respectively. Black dotted lines
to the left and right indicate the continuation of the DNA strands. Red dots at the 5’end of the DNA molecules represent the missing

phosphate in purchased, synthetic oligonucleotides.
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Figure R15. Electrostatic surface representation of HMG-box1 (a) and HMG-box2 (b) showing positively charged amino
acid residues at the protein-DNA interface for Abf2p/22 crystal structure. Note that the residues indicated include those that

form direct electrostatic contacts (Figure R14) as well as those that are not directly involved in electrostatic contacts but are

present in proximity to the DNA.
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Figure R16. DNA base-pair and base-step parameters for describing DNA conformation. The base pair parameters describe
conformation at a particular DNA base pair due to relative orientations of the involved bases, whereas the base step parameters
describe conformations resulting from different relative orientations of two adjacent base pairs. The base-pair parameters include
translational parameters: shear, stretch, stagger, x-displacement and y-displacement and rotational parameters: buckle, propeller
twist, opening, inclination and tip. Similarly, the base step parameters include shift, slide and rise as translational parameters and

tilt, roll and twist as rotational parameters.

~€—— DNA break

Figure R17. Abf2p/shift22 crystal structure and confirmation of dual-binding. The 2mFo-Fc double difference Fourier map
(1.0 r.m.sd.) is shown as blue density. The protein and DNA model are shown as yellow and red sticks respectively. The clear

DNA break and the absence of density for 5’ phosphate at the DNA 5’ ends are indicated by black arrows and circles respectively.
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mtDNA 86 (and thus only survive in fermentable conditions). These amino acid residues correspond to a
conserved Pro-B-B-Pro (B, basic aa) motif found in the N-terminal extended segment of either HMG-
box domains, 43-Pro-Lys-Arg-Pro-46 in HMG-box1 and 116-Pro-Lys-Lys-Pro-119 in HMG-box2. The
structure shows the NZ at the tip of these lysine side-chains being involved in interactions with the DNA
phosphate backbone, while the Argd5 guanidinium is positioned close to the O2 base atoms of T6
(chainF) and T18 (chainE) at the minor groove, causing a negative roll (Figure R13b, FigureR14). Thus,
absence of these contacts likely weakens DNA binding by Abf2p, eventually leading to y-mtDNA loss.
DNA binding induces contacts between protein regions that are distant in the sequence. These include
the N-helix, the HMG-box1 C-terminus, and the Pro-Leu Linker, which together form a hydrophobic core
('N-hydrophobic core', Figure R13a). Further, the N-helix forms electrostatic contacts with the protein C-
terminus (NE of Arg31 with Tyr176 OH, Figure R13a). In this arrangement, residues from the N-flag are
close to the minor groove region immediately downstream of HMG-box2 DNA binding site. Therefore,
the N- and C-terminal regions are positioned in close proximity in the protein/DNA complex. We
reasoned that if the dual binding mode was caused by a specific preference of the HMG-boxes for the
contacted DNA sequence patches, then, joining both patches into a single 22bp DNA molecule should
result in a complex of one protein bound to a single, continuous-DNA. Accordingly, we designed the
sequence ‘Af2_shift22’ (5’- TTATATAATATAAAATAATAAA-3) (Figure R4, R12b). Surprisingly, the
resulting structure (hereafter referred to as Abf2p/shift22; PDB ID 5JGH; Figure R17, R18 Table R3)
again showed dual binding in an arrangement highly similar to the previous Abf2p/22 complex (Figure
R12b,d). In this case, the dual binding was confirmed by generating double difference Fourier maps that
clearly show the DNA break and lack of density for the 5’ phosphate of the terminal base (the purchased
oligonucleotides lack 5 phosphate) (Figure R17). To explain this, a thorough analysis of both DNA
sequences was performed, and the presence of an ARS-m-like sequence containing poly-adenine tracts
(A-tracts) was noticed in both DNAs (chainB (A7)AsA9T10T11 in Af2_22, and chainC A12A13A14A15 in
Af2_shift22, Figure R12d). Noticeably, the A-tracts are not contacted by the protein in either crystal.
Moreover, crystallization trials with additional DNA fragments devoid of poly-A tracts (see methods),
yielded poorly diffracting crystals, suggesting high disorder. Thus, the A-tracts are presumably delimiting

the potential protein binding sites on the DNA and thus promoting formation of crystals with sufficient
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diffraction quality. The above findings are strongly reminiscent of the phased binding pattern associated
with Abf2p (see Introduction). Such patterns have been speculated to be due to the presence of A-
tracts 7' and could have relevant functional implications. Thus, we decided to characterize the properties

of the protein and the DNA and their possible role in modulating DNA binding by Abf2p.

6. Role of different domains of Abf2p in DNA binding

To discern the role of the different Abf2p regions (N-flag, N-helix, HMG-box1 and HMG-box2) in binding
DNA we produced deletion mutants, and analyzed their assembly on linearized M13mp18 dsDNA
plasmids (5435bp) by electrophoretic mobility shift assays (EMSA). We constructed mutants Mut1 (no
N-flag), Mut2 (HMG-box1+HMG-box2), Mut3 (N-helix+HMG-box1), Mut4 (HMG-box1), Muts5 (HMG-
box2) and Mut6 (N-flag+N-helix+HMG-box1) (Figure R19a). Circular-dichroism experiments confirmed
that all mutants were properly folded (Figure R20). The EMSA analyses (Figure R19b) showed that,
under our experimental conditions, increasing concentrations of the full-length protein progressively up-
shifted the band of DNA (kept at constant concentration). Removal of the N-flag in Mut1 did not modify
DNA binding, although DNA migration showed some smearing effect, suggesting some destabilization
of the nucleoprotein complex. In contrast, removal of the entire N-terminal segment (N-flag and N-helix
in Mut2) strongly decreased DNA binding efficiency, showing that the Abf2p HMG-box tandem alone is
not sufficient per-se for an optimized DNA binding. Accordingly, neither, HMG-box1 (Mut4) nor HMG-
box2 (Mut5) showed any appreciable binding in this assay. However, HMG-box1, in presence of N-
flag+N-helix (Mut6), surprisingly showed a DNA binding efficiency similar to the full-length protein.
Dissecting the latter, Mut3 (N-helix+*HMG-box1) behaved identically to Mut6 suggesting that the N-flag
does not have a predominant functional role in DNA binding. Thus we conclude that the N-helix is a key
factor that stabilizes the protein/DNA complex in Abf2p. EMSA assays with the 22 bp Af2_22 DNA
showed similar trends as seen with M13 DNA (Figure 21a). The DNA binding efficiency was judged by
the protein:DNA stoichiometry at which the first band shift was observed. While Mut1 retained DNA
binding activity similar to full length, Mut2 didn’t show any appreciable binding. Mut6é DNA binding,
though more efficient than Mut2, was poorer than the full length Abf2p. The latter could be due to the
short 22 bp DNA used for which the binding of the N-helix+HMG-box1 module was presumably not as

efficient as when presented with long DNA having multiple binding sites.
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Figure R19. Abf2p truncations and their effect on DNA binding. (a) Schematic representation of the Abf2p deletion mutants.
The domains are designated as in the text except for the linker, indicated with an ‘L’. Dashed lines indicate deleted regions. (b)
Titration of Abf2p and Mut1 to Mut6 constructs binding on linearized M13mp18 dsDNA (400pM) at 25°C, by EMSA. The protein/bp
ratios are indicated and correspond respectively to 0.37, 0.75, 1.5, 3, 6 and 12 pmoles of Abf2p. (c) Effect of Abf2p truncations in
vivo. A plate containing glycerol as carbon-source (‘YPG plate’) shows the effect of different Abf2p truncations on the ability to
maintain y-mtDNA and thus on capability of yeast (Saccharomyces cerevisiae) cells to use non-fermentable carbon source. Full-
length Abf2p and Mut6 (Abf2p without HMG-box2) are capable of protecting mtDNA whereas Mut2 (Abf2p without N-flag and N-
helix) and Mut5 (HMG-box2 alone) are not functional.
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Figure R20. Stability of Abf2p deletion mutants. CD spectra for full-length Abf2p and the deletion mutants Mut1 to Mut6 used
in the EMSA assays. The spectra show that the mutants are properly folded, having a profile similar to the wild-type protein.
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Figure R21. Binding of truncation mutants to 22bp Af2_22 DNA and of full length Abf2p to circular M13 DNA (a). EMSA
assays with Af2_22 DNA and different Abf2p deletion mutants in 10cm 10% native acrylamide gels at 25¢ C. The DNA
concentration was kept fixed at 200 nM while the protein concentration was increased from left to right. C stands for control free
DNA. The protein:DNA molar ratio is indicated at the top of each well. (b). EMSA assay of full length Abf2p with circular M13 DNA
in 1.2 % agarose gels at 25° C. The protein/bp ratios are indicated and correspond respectively to 0.37, 0.75, 1.5, 1.7, 2, 2.4, 3,
6 and 12 pmoles of Abf2p.
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EMSA assays were additionally performed with circular M13mp18 DNA and full length Abf2p (Figure
R21b). The circular M13 DNA comprised of a supercoiled and an open circular (nicked) subspecies.
Increasing ratios of Abf2p/bp of DNA caused the open-circular form to migrate faster, presumably due
to compaction. On the other hand, the super-coiled form ran slower on Abf2p addition. The latter could
be due to increase in size of the complex or due to reduction of super-coiling. Interestingly, at a Abf2p/bp
ratio of 1:10, the bands corresponding to Abf2p complex with the open-circular and supercoiled DNA

ran together on the gel, indicating a similar compaction state.

7. Effect of Abf2p truncations in vivo

In order to observe effects of the above deletions in vivo, we subsequently generated haploid yeast
Abf2A cells, bearing plasmids encoding the full-length or mutant Abf2p constructs described above.
Diploid strain Y26205 lacking one out of two copies of the Abf2p gene and with the genetic composition
BY4743; MATa/MATa; ura3A0/ura3A0; leu2A0/leu2A0; his3A1/his3A1; met15A0/MET15; LYS2/lys2A0;
YMRO72w/YMRO72w::kanMX4 were used. This strategy was necessary as haploid Abf2A cells lose
miDNA very quickly and thus are unsuitable for testing effect of Abf2p truncations on miDNA
maintenance. Cells transformed with the pRS316'4” plasmid bearing the full length Abf2p gene were
selected on a SDC-Ura (Synthetic Dextrose(D-glucose) medium lacking uracil) plate. The selection was
based on the principle that since the cells are ura3A0/ura3A0, only cells that have incorporated the
pRS316 plasmid (possessing the ura3 gene) will survive on SDC-Ura plates. URA3 is a gene on
chromosome V in S. cerevisiae (yeast) that encodes Orotidine 5'-phosphate decarboxylase (ODCase),
an enzyme involved in the synthesis of pyrimidine ribonucleotides. The transformants were induced to
sporulate by growing them on sporulation plates. Sufficient haploid formation was confirmed by
visualization under the microscope. Subsequently the transformed and sporulated cells were treated
with zymolyase to digest the spore wall and grown back on SDC-Ura plates. Colonies from this plate
were sequentially grown for a second time in SDC-Ura (Figure R22a) and then in YPD-G418 (yeast
extract peptone and dextrose with G418 or Geneticin) to ensure that the cells were Abf2A and retained
the Abf2p-pRS316 plasmid (Figure R22b; G418 is an aminoglycoside antibiotic used to select cells using
the KanMX selectable marker). Colonies that grew on both SDC-Ura and YPD-G418 were grown in YPG

(yeast extract, peptone, glycerol) to ensure respiratory capability and thus functional mtDNA (Figure
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SDC-Leu SDC-Ura

Figure R22. Steps in in vivo analyses of functions of Abf2p domains. (a). Haploid Abf2PA+ Abf2p-pRS316 colonies. (b).
Colonies from a. regrown in YPD-G418. (c). Cross-check of colonies from b. in YPG to check status of mtDNA. (d). Haploid
Abf2PA+ Abf2p-pRS316+ X-pRS315 (X representing any of the Abf2p truncation constructs) cells grown on SDC-Ura-Leu to
check for incorporation of both plasmids. (e). Deletion of Abf2p-pRS316 by growth on 5-FOA for Abf2p, Mut2, Mut5 and Mut6
constructs. (f). Check of colonies for the different mutants from FOA plates for X-pRS315 maintenance (SDC-Leu) and Abf2p-
pRS316 deletion (SDC-Ura).
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Figure R23. PCR based crosschecks for in vivo analyses. (a). Crosscheck of haploids by PCR and agarose gel
electrophoresis. Numbers at the top of each well indicate identification number of colonies as in Figure 22a. DC stands for control
PCR with the diploid strain. (b). Check for selected haploid colonies for deletion of the Abf2 gene by PCR and agarose gel

electrophoresis.

R22c). Cells from these selected colonies were cross-checked for haploid condition by a PCR based
method %8 (see Methods) where mating type a (Mat-a) and mating type a (Mata) will result in 544 bp
and 404 bp PCR products respectively while a diploid strain will produce both (Figure R23a).
Additionally, selected haploids were double-checked for the kanamycin (G418) resistance gene
(KanMX4) and thus Abf2p gene deletion by PCR using suitable primers (see Methods; Figure R23b).
Subsequently, PCR generated constructs of different truncations of Abf2p with N-terminal MTS and
500bp upstream and downstream regions (which contained the promoter and terminator regions
respectively-see Methods) were cloned into pRS315 147, a plasmid carrying the Leu gene involved in
leucine biosynthesis. The resulting transformants were selected for retention of both Abf2p-pRS316 and
X-pRS315 (where X stands for one of the truncation constructs) by growing them on SDC-Ura-Leu
plates (Figure R22d). Next, for each truncation type, the Abf2p-pRS316 plasmid was disposed of by
growing the cells on 5-fluroorotic acid (5-FOA) plates 149150, Single surviving colonies from the 5-FOA
plates (Figure R22e) were grown back on SDC-Leu plates (Figure R22f) to select for cells which had
lost the Abf2p-pRS316 plasmid but retained X-pRS315. The same colonies were simultaneously
checked for complete removal of the Abf2p-pRS316 plasmid by streaking them onto SDC-Ura plates

where no growth was observed (Figure R22f). Single colonies from these plates were streaked onto
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YPG (yeast extract-peptone-glycerol) plates to analyze which of the truncated Abf2p mutants can protect
y-mtDNA and thus allow the cells to grow in YPG (proteins coded by the y-mtDNA are involved in the

respiratory chain). Cells expressing full-length, wild-type Abf2p grew normally on non-fermentable
carbon source (glycerol), indicating a functional respiratory chain (Figure R19c). Strikingly, cells with
Abf2p lacking the N-flag+N-helix (Mut2) were able to ferment glucose but fail to grow on glycerol. This
indicates the relevance of this fragment for y-mtDNA stability and maintenance and is in agreement with
our in vitro data. In addition, and as previously shown 72, cells carrying the N-flag+N-helix+HMG-box1
construct (Mut6) grew normally on glycerol indicating that this Abf2p mutant is sufficient for maintaining

y-mtDNA.

8. Abf2p dynamics provides clues to DNA binding mechanism

The EMSA and in vivo assays with different deletion mutants pointed to the relevance of the N-helix in
mtDNA binding and metabolism. On the other hand, the crystal structure shows a detailed conformation
of the final DNA bound state but does not provide mechanistic information about the involved binding
process. To obtain this information, we performed molecular dynamics (MD) simulations on the isolated
protein and the complex. A 500ns MD simulation of the free protein shows that, in absence of bound
DNA, Abf2p adopts a rather extended conformation where the two HMG-boxes separate from each
other and the contacts between the N- and C-termini are lost (Figure R24b). This movement is allowed
by the flexibility of the short two-residues Linker (114-Leu-Pro-115) and can be aided by occasional
unwinding of the C-terminal end of HMG-box1 helix3 (specifically Lys-113), which undergoes helix-turn-
coil transitions (Figure R25a). In addition, the N-helix shows a great variability in its orientation
(backbone r.m.s.d 6.38+/- 1.25 A; Figure R25b) and turns along its main axis resulting in Leu34, Leu38
and lle39 side chains being exposed to the solvent (Figure R24b). This results in disruption of the N-
hydrophobic core. The calculated root mean square fluctuation (r.m.s.f) along the simulation
demonstrates that the N-helix is highly flexible (Figure R24c). In the crystal structure the helix is aligned
to one side of HMG-box1 helix 3, completing the hydrophobic core, which also provides opportunity for
residues from the N-flag and N-helix to contact the DNA minor groove immediately adjacent to the DNA
patch contacted by HMG-box2. This could be a phenomenon triggered during the DNA binding event.
Since HMG-box1 possesses a much higher DNA binding efficiency than HMG-box2, DNA binding by

Abf2p most probably involves a sequential process where binding of HMG-box1 completes the
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Figure R24. Abf2p flexibility and dynamics. (a) The Abf2p domains in the Abf2p/22 crystal structure are shown (same color-
code as in Figure 1, the DNA molecule is not displayed for clarity) together with the amino-acid side-chains (depicted in gray ball-
and-sticks and labeled) that participate in the N-hydrophobic core that stabilizes the contact between the N-helix, the C-terminal
region of HMG-box1 helix3 and the linker. (b) A frame from the 500ns MD simulation of Abf2p that shows the hydrophobic residues
from the N-helix exposed to the solvent, the changes in the orientation of N-helix and HMG-box2 (HMG2) (relative to HMG-box1
in the crystal structure above) indicated by arrows. (c) Root mean square fluctuation (r.m.s.f, in A) of individual residues during
MD simulation (500ns) of Abf2p alone (red dots) and bound to DNA (orange dots). The different regions of the protein are

schematically represented along the sequence. Note that the Abf2p flexibility reduces in the protein/DNA complex.
hydrophobic core, positioning the N-flag and first turn of the N-helix in contact with minor groove of the
downstream DNA. Thus, a conformation is locked which ideally positions HMG-box2 to contact DNA at
the minor groove, as seen in the crystal structure.

In contrast, a 500ns all-atom MD simulation of Abf2p/DNA complex (1protein:2DNA) shows that the
protein remains tightly bound to the DNA (Figure R24c and Figure R26a), with overall lesser fluctuation
compared to the free protein. In this bound state, the N-helix, the N-hydrophobic core, and the loops
between helices 1 and 2 from both HMG-box domains all show reduced mobility (Figure R24c). The
stacking between the DNA ends observed in the crystal structure is preserved, while the other two free
ends fluctuate considerably (Figure R26a). The insertions of Phe51 and lle124 are maintained, further
demonstrating the stability of the protein/DNA complex (Figure R26b). In conclusion, the MD simulations
show that DNA binding brings together the N- and C-termini of Abf2p, and the N-helix functions as a

pin-lock that consolidates the hydrophobic core.
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Figure R25. Abf2p dynamics: Conformational variability at the Linker and movement of the N-helix. (a) Secondary structure
variability of the free protein during the MD simulation at and around the Linker (residues 108-116). This region includes the end
of HMG-box1 helix3, the Linker and the beginning of HMG-box2 extended region (see text). Note that the conformation at Lys113
occasionally transits from helix (cyan) to turn (violet) to coil (white) while the amino acids before it, maintain helical conformation.
(b) 15 frames from the MD simulation of free Abf2p (extracted every 25 ns of the simulation and superposed by the HMG-box1
extended region) demonstrate the extensive motion of the N-helix. HMG-box1 is shown in gray. The protein model from Abf2p/22

crystal structure is shown in olive green and its N-helix in deep green. HMG-box2 is omitted for clarity.
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Figure R26. Visualization of conformational features of Abf2p-DNA complex by MD simulations and Stiffness of poly-
adenine tracts (a) Superposed frames (15, extracted every 25 ns of the simulation) show that the protein conformational changes
are constrained on binding to the DNA. Especially, the N-helix (in deep green) is locked in a conformation similar to that found in
the crystal structures. The free DNA ends however, show considerable flexibility. The top view shows that the stacking of the DNA
ends at the junction between DNA1 (in grey) and DNA2 (in orange), in between the binding sites of the HMG-boxes, is preserved.
The ARS-m-like sequences are depicted in orange. (b) DNA minor groove variations along the two protein-bound DNA fragments
in (a). The red line denotes average values calculated from the MD simulation with the spread of the values shown in gray. The
orange line shows the value corresponding to an ideal B-DNA. Rectangular boxes show values corresponding to the DNA regions
contacted by HMG-box1 (olive green) and HMG-box2 (orange). The insertion sites for the two boxes are indicated by arrows. The
A-tract in the DNA sequence is boxed. (c) Total stiffness constant Ktot for Af2_22 and Af2_shift22 DNA. The regions contacted
by HMG-box1 (olive green) and HMG-box2 (orange) are shown. The A-tracts are boxed in red.
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9. Abf2p compacts upon DNA binding in solution

The inter-domain flexibility suggested from MD simulations was further experimentally demonstrated by
small angle X-ray scattering (SAXS), a technique that allows extraction of information about the structure
(~20A\) and dynamics of macromolecules in solution 122130, Data from a concentration series (3.8 mg/ml,
5.4 mg/ml, 7.0 mg/ml, 9.5 mg/ml and 13.5 mg/ml) was collected at 50mM Tris-HCI, pH 7.5, 500mM
NaCl. Molecular weight of the protein was estimated from the Porod volume. The estimated molecular
masses are 14.3-19.0 kDa, 16.3-21.8 kDa, 15.1-20.1 kDa, 16.1-21.5 kDa and 16.3-21.8 kDa
respectively (the lower and upper estimates for each concentration are obtained by dividing the Porod
volume by 2 and 1.5 respectively). These values match closely with the 6-histidine-tagged monomer of
Abf2p (19.5kDa). The radii of gyration (Rg), calculated from the Guinier plot are 27.2 +/- 0.1, 27.3 +/-
0.1, 27.4 +/- 0.1, 27.3 +/- 0.1 and 27.8 (+/-0.1) A, respectively. Additional data was collected at 50mM
Tris-HCI, pH 7.5, 100mM NaCl (0.36 mg/ml; no reliable data could be obtained at other concentrations)
for which the calculated molecular mass and Rg are 12.6-16.8 kDa and 28.4 (+/-0.6) A respectively. The
curve corresponding to the highest concentration (13.5 mg/ml) was used for all other subsequent
analyses as it showed lesser noise at higher angles. The calculated radius of gyration (Rg=27.8 A) is
larger than that expected for a ~20 kDa protein (17A according to Flory equation 133 Rg = 3 x Ne0.33)
and agrees well with that calculated from MD simulation of the free protein (Rg=29.9A). Furthermore,
the pair- wise distribution function (P(r)), which reflects the distribution of intra-particle distances 39,
yielded a large maximal particle dimension Dmax of 130A (Figure R27a). These results are consistent
with an extended state of the protein. Additional information regarding the conformational variability of
macromolecules can be obtained from the Kratky representation '3. In this case, the Kratky plot showed
a flat profile that is typical for a flexible particle (Figure R27b), as indeed shown by MD simulations. To
further describe Abf2p flexibility and the expanse of its conformational variability, we applied the
ensemble optimization method 32133 (see Methods) which, from a large pool of static structures
(thousands, generated from an initial starting model), selects a sub-ensemble of conformations that best
describes the SAXS data. Initially EOM was performed using protein coordinates from the Abf2p/22
structure as the starting point. Fitting the calculated average scattering profile from the sub-ensemble to
the experimental SAXS data, yielded a fitting with x2=1.379. As an alternative, we used a frame from

the MD simulation (extracted from the simulation run after the r.m.s.d. had converged) as a starting
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Figure R27. Conformational flexibility of free Abf2p and Abf2p/DNA complex in solution (a) Distance distribution (P(r)) plots
for free Abf2p (top) and Abf2p/Af2_22 complex (bottom) from SAXS data. The maximum intra-molecular distances (Dmax) show
that the protein alone is in a much more extended conformation compared to the protein/DNA complex. (b) Kratky plots for free
Abf2p (top) and Abf2p/Af2_22 complex (bottom). For Abf2p, the curve plateaus and then shows increase at high s, thus indicating
a non-globular conformation of the protein. In contrast, for the Abf2p/Af2_22 protein-DNA complex the plot shows a bell shaped

feature at low s values and flat profile at high s values, indicating a more compact species.

model for EOM (Figure R24b). Using the same assignment of flexible regions, EOM generated a subset
of five conformations, which, collectively, were in better agreement (x?=0.957) with the experimental
data (Figure R28a), and showed a remarkable variability in the relative orientations of the HMG-boxes
(Figure R28b), further confirming results from MD. The Rg estimates for the sub-ensemble (Figure R28c)
show a bimodal distribution, suggesting two alternative predominant conformations of the free protein
in solution, one being more compact than the other. The Abf2p/Af2_22 complex, in contrast to the free
protein, showed characteristics of a more compact species, as reflected in the respective radii of gyration
and maximal particle dimensions (Rg=13.8A vs 27.8A; Dmax=65A vs 130A, Figure R27a). This is

supported by the corresponding Kratky plot (Figure R27b), which shows a bell-shaped profile,
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Figure R28. Conformational flexibility of Abf2p in solution. (a) Plot of the experimental SAXS intensity (Log(l)) along the
momentum transfer s (blue curve) and fit (x2=0.957) of the calculated average intensity from the final selected sub-ensemble (red
curve) (b). Final sub-ensemble of 5 models selected by EOM, superposed by the HMG-box1 domain and showing the variability
of the HMG-box2 position in the different models. (c) Radius of gyration (Rg) distribution of the EOM selected pool (light brown)

compared to the initial random pool (black). The former shows a bimodal distribution.
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characteristic of a compact particle '30. Therefore, free Abf2p is highly flexible and extended in solution

while DNA binding reduces its conformational freedom leading to a more compact particle.

10. Structural Features of the A-tracts prevent Abf2p binding

To investigate the structural basis of exclusion of Abf2p binding from near matches of the ARS
consensus sequence, we analyzed properties of the DNA sequences by all-atom MD simulations,
starting from standard B-DNA (Methods). From the simulation trajectories, averages of the intra- and
inter-base pair parameters and groove parameters over the entire simulation were obtained which
immediately revealed DNA features distinct from standard B-DNA and characteristic of adenine tracts

(A-tracts) 143144154
10.1 The case of Af2_22 DNA sequence

A-tracts generally come in two flavors: asymmetric A-tracts are a contiguous stretch of adenine bases
(An, where n24) 154 and show a progressive narrowing of the DNA minor groove going from the 5’ to the
3’ end; symmetric A-tracts 5 are of the form AnTn, where n22 and exhibit narrowest minor groove at the
middle of the tract. The Af2_22 DNA sequence has a A2T2 tract. The MD trajectory was analyzed to
identify characteristic features of A tracts for Af2_22 DNA.

A-tracts influence the conformation of bases at their junctions, especially at the 3’ end. They show
buckling at the junctions with B-DNA. For the Af2_22 sequence, a reversal of buckling was observed at
the centre of the AAATT region with the central A having a buckle close to zero and positive and negative
values to the left and right respectively (Figure R29). This corroborates the data from Hizver et al 15
where the buckle goes from positive to negative in the 5’ to 3’ direction for the A>Tz tract. The A-tract
influences the buckling of the bases adjacent to the 5’ and 3’ end of it before the buckle returns to near
zero values. Propeller twisting and consequent bifurcated hydrogen bonds are another characteristic of
A-tracts, predominantly found in asymmetric A-tracts of 4 adenines or longer. In case of the present
A2T2 tract the bases become more negatively propeller twisted from the 5’ to the 3’ end, starting from -
100, except at the last T where it returns back to -10°. The DNA exhibits a similar extent of propeller
twisting for the next 5 bases downstream (Figure R29). A-tracts have been additionally observed to
possess negative roll and tilt and positive values occur at the flanking B-DNA regions. The Af2_22 A2T>

A-tract shows similar trends (Figure R13b, R29). Notably, the MD simulation shows that the symmetric
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A-tract at Af2_22 narrows from both ends to a minimum width of 3.75 A (compared to the 5.91A in an

ideal B-form), precisely at the AgT10 junction (Figure R13b).
10.2 The case of Af2shift22 DNA sequence

The Af2shift22 sequence possesses an asymmetric A4 tract at positions 12-15. Significant positive
buckle (compared to ideal B DNA buckle of 0°) was observed within the A4 tract as well as change in
the direction of bucking at the 5" and 3’ end of the tract (Figure R29). The thymine 5’ to the A-tract retains
a similar buckling direction as the adjacent A tract, presumably to preserve base stacking. Propeller
twist values remain close to the average B-DNA value of -14.60 except at the first adenine where it is
less negative (-8.8°). The flanking bases maintain a less negative propeller twisting relative to the A4
tract. Indeed, high propeller twist has been observed in asymmetric A-tracts longer than 4 bases and it
has been speculated that high propeller twist, permitting formation of bifurcated hydrogen bonds, might
be responsible for stabilization of longer A-tracts 154. Af2_shift22 additionally shows negative roll and tilt
in the A-tract region (Figure R13b, R29). Most importantly, A4 tract shows a prominent decrease in the
minor groove width from the 5’ to 3’ end, reaching a minimum of 4.0 A (Figure R13b).

Thus, the DNAs from both crystal structures possess prominent A-tracts with structural features distinct
from standard B-DNA. Notably, a MD simulation of the Abf2p/22 complex (1protein:2DNA) showed that
the A-tract maintains the structural characteristics of the unbound form (Figure R26b) and is not affected
by the DNA distortions due to protein binding at adjacent non-A-tract regions. Furthermore, the
crystallographic structures show remarkably narrow minor grooves precisely at the A-tracts (3.08 A and
2.8 A for Abf2p/22 and /shift22, respectively; Figure R13b). Thus, it can be deduced that Abf2p, a protein
that binds to and opens up DNA minor grooves, finds A-tracts inhospitable. Values for the DNA stiffness
descriptor 43 (Ktot, see Methods, Figure R26¢, Figure R30), revealed that the above A-tract regions
possess high intrinsic rigidity that make them difficult to adopt the required distorted conformation. All
these observations suggest that the unusually narrow minor groove of A-tracts together with their
inherent rigidity impede Abf2p binding, diverting the protein towards more permissive DNA sequences.
This presumably causes the unexpected dual-binding observed in both the crystals. Specifically, in the
crystal structures, HMG-box2 binds inside the ARS-m-like sequence, but avoids the A-tracts (Figure

R12b,d), further indicating that the A-tracts are the key elements responsible for positioning Abf2p on
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Table R4. Abundance of symmetric and asymmetric A tracts of different lengths in y-mtDNA.

ATy | AsTz | AsTa | AsTs | AsTe | As As | As | A7 | As | Ao | Ao | Aix | Az | Asz

No. | 4128 | 300 | 22 1 1 |1201 (530|158 |52 |38 |33 | 15| 6 2 2

10.3 A high deformation energy for A-tracts prevents Abf2p binding

In order to explore how the DNA conformational properties affect Abf2p binding, an Elastic Deformation
Energy model 43144 (see Methods) was used to calculate the energy required to contort segments of
the natural y-mtDNA 64bp sequence into the conformations induced by Hmg-box1 or Hmg-box2. (see
Methods). Based on the rationale that binding propensity will be higher for those segments that require
less energy to be distorted, we derived a sequence-dependent probability of binding (see Methods,
Figure R31). The results show exclusion of the HMG-boxes from the A-tracts. Additionally, HMG-box1
binding probability (Figure R31a) shows a more restrained pattern compared to HMG-box2 (Figure
R31b), indicating that the former has more stringent sequence requirements and a higher tendency to
avoid A-tracts. The binding probability of full-length Abf2p can be expected to be a combination of that
observed for the individual boxes. In summary, the narrow minor groove and rigidity of the A-tracts make
them unsuitable as binding sites for Abf2p, while the adjacent sequence stretches are well suited for
insertion and are favored for positioning the HMG-boxes. This points to a mechanism of protein
positioning mediated by DNA structure, which somehow resembles that suggested for nucleosome
placements in nuclear chromatin 1%6-160_ Interestingly, we calculated that 33.3% of the y-mtDNA is
composed of A-tracts '® (symmetric and asymmetric; Table R4 and Appendix A), consistent with
previous estimates '61. According to the above results, Abf2p DNA binding would follow a similar trend

at other y-mtDNA regions possessing A-tracts.
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11. The thermodynamics of Abf2p DNA binding is altered by A-tracts

Analysis of the thermodynamics of Abf2p DNA recognition by isothermal titration calorimetry (ITC)
showed that the presence of A-tracts modifies the mode of binding. Titration of Abf2p with Af2_22 DNA
(protein in cell, DNA in syringe), produced a thermogram with an exothermic phase until a DNA:protein
molar ratio of 1:1 was reached. Notably, a second endothermic phase followed (Figure R32a, top left).
The isotherm was fitted to a model for two independent sets of sites (Figure R32a, bottom left), which
would correspond to two binding sites on the protein. For site1, a stoichiometry of 0.86 (+/- 0.09) was
obtained corresponding to a ~1:1 DNA:site1 ratio (Table R5). For site2, a binding stoichiometry of 0.49
(+/- 0.1) was obtained, corresponding to a 1:2 (DNA:site2) ratio (Table R5). In addition, the derived
affinity for site1 (Kd=52.1 nM) was higher than for site2 (Kd=166.4 nM). Our EMSA assays demonstrate
that the Nhelix+tHMG-box1 construct has a much higher DNA binding efficiency than HMG-box2.
Additionally, the crystal structures and the predicted probability of binding to the 64 bps sequence
indicate that the Nhelix+*HMG-box1 module is constrained to be positioned outside the A-tracts and has
a single preferred binding site on the Af2_22 sequence (in grey in Figure R32b top, Figure R31). In
contrast, HMG-box2 possesses two putative binding sites on Af2_22. Therefore, we rationalized that
the first exothermic phase is mostly attributable to the binding of N-helixtHMG-box1, until a 1:1
(DNA:site1) molar ratio is reached (Figure R32b, top). After the Nhelix+tHMG-box1 module is saturated,
the HMG-box2 domains have access to two sites on each new injected DNA molecule, yielding a 1:2
(DNA:site2) stoichiometry (Figure R32b, top). Thus, the two binding events together lead to an overall

molar ratio of 3:2 (DNA:protein).

Additional ITC experiments were performed with a 22bp DNA sequence that did not contain any A-tract
(see Methods and Figure R32a, right). These showed an exothermic phase until a molar ratio close to
1:1 was reached, followed by a slightly endothermic phase (Figure R32a, top right). Fitting the data to
the two-sites model yielded stoichiometry values of 0.55 (+/- 0.01) and 0.50 (+/- 0.03) for sites 1 and 2
respectively (Figure R32a, bottom right; Table R5). Thus, both sites correspond to a 1:2 (DNA:site)
molar ratio. In this case we propose that the absence of A-tracts on GC_22 allows the Nhelix+HMGbox1
module (site 1) to bind freely, giving a 1:2 (DNA:site1) complex (Figure R32b, bottom). On near-

saturation of the Nhelixt+HMGbox1 fragment, HMG-box2 (site 2) binding becomes predominant, giving
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Table R5. Thermodynamic parameters obtained from ITC experiments

ITC Experiment | N1 AH1 AS1 Kd1 N2 AH2 AS2 Kd2
(nM)
(kCal/mole) (Cal/mole) (kCal/mole) Cal/mole | (nM)
Abf2p/Af2_22 0.859 -37.37 -91.9 52.08 | 0.494 | 57.76 225 166.39
+/- +/- +/-
+/-0.0873 +/- 4.65 202 0.100 +/-25.7 1262.6
Abf2p/GC_22 0.554 -29.5 -61.7 7.25 0.505 11.21 71.6 36.76
+/- +/- +/-
+/-0.0158 +-1.8 8.77 | 0.0332 | */-2.66 47.85

a 1:2 ratio for site 2. Therefore, for the GC_22 complex the overall molar ratio (DNA:protein) is 1:1,

whereas for the Af2_22 it is 3:2. Both for Abf2p/Af2_22 and Abf2p/GC_22 experiments, the enthalpy

and entropy changes are negative for site 1 and positive for site 2 (Table R5). Thus, considering 4G =

AH — TAS (see Methods), where an event is spontaneous if AG is negative, site 1 binding is an enthalpy

(AH or heat exchange) driven process while site2 is an entropy (measure of randomness) driven

process. Additionally, in both cases, site 1 has a higher binding affinity Ka (thus lower dissociation

constant Kd) compared to site 2 (Table R2). This supports the interaction scheme proposed in Figure

R32b. Thus, the ITC experiments provide further experimental evidence that the A-tracts dictate the

mode of DNA binding by Abf2p.
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Abf2p functions like a staple on DNA with each of the two HMG-boxes bending the DNA by 90 degrees,
thus generating a U-turn. In this arrangement, the N- and C-terminus of Abf2p are positioned in close
proximity. This feature is absent in the free protein, suggesting that the protein conformation observed
in the crystal is induced by DNA binding. Additionally, the HMG-boxes alone have very low DNA binding
efficiency, and the presence of the N-helix is crucial for maintaining DNA binding activity, both in vitro
and in vivo. Our findings suggest a sequential DNA binding model where the N-helix+HMG-box1 module
initiates DNA binding. In this event, the N-helix functions as a pin-lock that consolidates the N-
hydrophobic core between the N-helix, HMG-box1 helix3, and the Linker. This arrangement might
facilitate interaction of HMG-box2 with downstream DNA and consequent bending. The N-flag and the
first turn of the N-helix can now make contacts with DNA minor groove further downstream, potentially
contributing to the stability of the U-turn. The final outcome is a stable protein/DNA complex where the

N- and C-termini of Abf2p are in close proximity.

Abf2p and its human counterpart TFAM are the best characterized mtDNA packaging proteins. Both
show universal features of mtDNA bending and compaction through their HMG-box domains, but
present very low sequence similarity (Figure 16). We don’t know if this reflects different roles played by
the two proteins in nucleoid organization and segregation or possibly, differences in mtDNA base
composition and topology. Indeed, striking differences are found between respective mtDNAs: human
miDNA is a small G-C rich circular molecule of 16.5 kbp, whilst yeast genome is an A-T rich linear
molecule of 80 kbp. Both proteins generate a U-turn on the DNA 5254 (Figure D1a,b). However, TFAM,
by virtue of its long and flexible 30aa linker, intertwines the DNA, positioning the HMG-boxes at opposite
faces on the DNA (Figure D1b). In contrast, Abf2p possesses a short linker and thus the two vicinal
HMG-boxes interact with the DNA from one side (Figure D1a). As a result, the N- and C-termini are
distant in space in TFAM, but come close in Abf2p. Additionally, HMG-box1 is oriented in opposite
directions in the two proteins (Figure D1c,d). HMG-box2 of TFAM, on the other hand superposes well
with HMG-box2 of Abf2p.Further differences exist in terms of the insertions made by the two proteins in
the DNA, relative to the U-turn. While both proteins maintain a 11 bps distance between the insertions
made by box1 and box2, the insertions of TFAM are displaced by 1bp relative to those of Abf2p (Figure

D1c). Additionally, the HMG-box2 insertion for Abf2p comes from lle124 located on helix1, whereas that
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Figure D1. Similarities and differences in DNA bending by Abf2p and TFAM. a. DNA bending by Abf2p. The different protein
structural parts are colored as in other figures. The inserting residues Phe51 and lle124 are shown as sticks (cyan). b. DNA
bending by TFAM (PDB ID 3TQ6). The protein is depicted in red. The inserting residues Leu58 and Leu182 are shown as sticks
(yellow). c. Superposition of the U-turns for Abf2p and TFAM. The high similarity of the 180° bends is notable. d. Interaction and
insertion of HMG-box1 from Abf2p and TFAM with the DNA. The respective insertions are shown. helix3 of Abf2p and TFAM are
in opposite orientations at the bend. e. HMG-box2 interactions for Abf2p and TFAM. The inserting residues are shown. The Abf2p
and TFAM box2 are in the same orientation relative to the DNA bend and are well superposed.
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Figure D2. Phylogenetic relationship between mitochondrial HMG-box proteins from different yeast species. Bakkaiova
et al. Biosci. Rep. 36, (2015).

of TFAM comes from Leu 182 located on helix2 (Figure D1e). Therefore, the two homologs, constrained
by their respective structural characteristics, utilize different binding strategies to achieve a similar DNA
bending. This suggests that U-turns constitute the basic structural unit of mitochondrial nucleoid

organization in both systems.

The EMSA assays (Figure R19b) reveal that Abf2p binds DNA templates at a ratio of 1Abf2p:10-20bps,
which agrees with the number of DNA bps (~19bps) contacted by the protein in the crystal structures.
Additionally, previous atomic force microscopy studies showed that Abf2p induces compaction at a
1Abf2p:20bps ratio 4, being more prominent at 1:10. At these ratios TFAM showed higher compaction,
which correlated with a reduction in in vitro DNA replication and transcription '%2. A similar effect was
observed for Abf2p, where Abf2p overexpression resulted in loss of y-mtDNA, suggesting excessive
DNA compaction and consequent reduced access for the replication machinery 6. Thus, at ratios of
1Abf2p:10-20bps and higher, considerable compaction of the DNA would occur and therefore relative
abundance of Abf2p with respect to available DNA binding sites will dictate the extent of compaction in

mitochondrial nucleoids.
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Figure D3. Predicted secondary structure features for the three proteins Abf2p, Geflp and Mhblp. Bakkaiova et al.
Biosci. Rep. 36, (2015).

The dual-binding found in the crystal structures and the relative conformational freedom of the two HMG-
boxes observed from SAXS-EOM analyses demonstrates the capability of the protein to bind two DNA
molecules simultaneously. This ability would be compatible with ‘cross-strand binding’ or DNA looping

by Abf2p, as also described for TFAM 5. Thus, both DNA bending and cross-strand binding might be

underlying the nucleoid packaging mechanism of the two proteins.

In extension of the above comparison between Abf2p and TFAM it is interesting to compare the former
with putative mtDNA packaging proteins from other yeast species. In this regard, Bakkaiova et al,
2016 % have performed phylogenetic comparison of mitochondrial HMG-box proteins from different
yeast species. Based on the said comparison they identify three main sub-types of HMG-box proteins
in yeasts: S. cerevisiae type (Abf2p), C.parapsilosis type (Gcf1p) and Y. lipolytica type (Mhb1p) (Figure
D2). The three HMG-box proteins differ in the arrangement and size of the boxes (Figure D3). Gcf1p
possesses a coiled coil extension N-terminal to HMG-box1 and both is HMG-boxes are shorter than
Abf2p. Additionally HMG-box1 region for Gecf1p was assigned based on weak sequence conservation

with HMG-box1 in orthologues from Candida lusitaniae, Candida subhashii, Debaryomyces hansenii

and Meyerozyma guilliermondii. The actual tertiary structure of this region in Gef1p remains to be

validated by structural studies. Mhb1p on the other hand is predicted to have an unstructured region at
the N-terminus and its predicted HMG-box1 is much shorter than Abf2p. Thus there is considerable

structural variation between the three proteins. The Abf2p structures presented here show an N-terminal
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helix that could not be predicted by bioinformatics. This raises the question whether Gef1p and Mhb1p
also possess such N-terminal helices and if they play a similar functional role as in Abf2p. However,
these questions can only be definitively answered in light of experimentally determined structures.
Nevertheless, functionally these proteins differ in their binding affinities for dSsSDNA and to non-canonical
DNA structures like 4-way junctions and replication forks % and this might reflect functionally distinct
roles played by the three proteins.

The presented results demonstrate that the A-tracts direct positioning of Abf2p on DNA. Crystallization
trials with DNA sequences not containing A-tracts yielded poorly diffracting crystals, suggesting high
disorder. Presumably, by specifying positioning of the protein, the A-tracts induced a complex that
formed the ordered crystals reported here. Accordingly, previous competition experiments showed that
binding of Abf2p to an ARS1 probe could not be competed by a poly(dA)-poly(dT) double-stranded homo
polymer 7071 indicating the incapability of this protein to bind to poly-adenine DNA. A-tract guided
nucleo-protein interactions have also been proposed in the nucleus, where biochemical studies have
shown that A-tracts help in positioning nucleosomes '57-10, This has been further corroborated by
computational approaches #4156, Additionally, other biochemical experiments have demonstrated that
the A-tracts are involved in DNA synthesis termination in the human immunodeficiency virus 163164 and
in regulation of transcription in pathogenic bacteria 165166.167 Thus, A-tract mediated control of
protein/nucleic acid interactions appears to be a general strategy across species. We and others
detected that y-mtDNA has a high content of A-tracts 18161, Thus, location of these tracts might determine
strategic positioning of Abf2p, suggesting a DNA-mediated control of nucleoid architecture and of

mtDNA accessibility.

Another novel and unexpected feature observed in the crystals is DNA end-joining by Abf2p. This could
be relevant for cellular processes where DNA ends are available, such as in DNA breaks or
recombination. Notably, Abf2p levels correlate with the level of recombination intermediates in
mitochondria 6586 and, additionally, y-mtDNA replication is proposed to be recombination-dependent
3242 Thus, Abf2p might be involved in maintenance of y-mtDNA copy number via interaction with
recombination intermediates 5%, However, any potential biological implication of Abf2p DNA end-

joining in recombination remains to be analyzed by further studies.
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Assimilation of the obtained results thus provides a molecular mechanism for Abf2p/DNA interaction
and helps construct a putative model for global nucleoid architecture in yeast. The basic structural unit
of DNA packaging seems to be a U-turn. This could be augmented by DNA looping or ‘cross-strand’
binding by Abf2p and possibly by other protein-protein interactions. The binding of Abf2p to DNA is
modulated by the positioning of poly-adenine tracts and in view of the abundance of A-tracts in mtDNA
of yeast, this poses a DNA structure guided orchestration of nucleoid architecture and packaging in
conjunction with U-turns. The presented results thus demonstrate how the intrinsic structural properties
of DNA can play a key role in directing localization of non-specific DNA binding proteins that are essential

for mitochondrial maintenance, and thus for cell life.
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. Abf2p binds DNA from one side, makes two insertions into the DNA
separated by 11bp and causes a 180° DNA bend. Thus it uses a
mechanism distinct from its human counterpart TFAM to achieve a similar
U-turn. This suggests that U-turns are the basic structural units for mtDNA
packaging in human and yeast.

. In vivo and in vitro assays reveal that the two HMG-boxes of the protein
possess low DNA binding efficiency on their own. A N-terminal helix,
unique to this protein is crucial for protein-DNA interaction and results in
significantly higher DNA binding efficiency of the N-helix-HMG-box1
module compared to HMG-box2. The crystal structures show that the N-
helix forms a hydrophobic core in the protein/DNA complex and MD
simulations reveal that this core forms on DNA binding. Thus a sequential
binding model is proposed in which the N-helix-HMG-box1 module binds
DNA first with concomitant consolidation of the N-hydrophobic core,
followed by HMG-box2 binding.

. In-solution biophysical analyses (SAXS) and MD simulations reveal that
Abf2p is an intrinsically flexible protein with high relative conformational
freedom of the two HMG-box domains. This inherent flexibility enables the
protein to bind separate DNA molecules, as seen in the crystal structures.
Such a capability could be important in mtDNA packaging by allowing DNA
looping by Abf2p. On binding DNA, Abf2p forms a compact and stable
complex.

. Structural properties of poly-adenine tracts (A-tracts) prevent Abf2p
binding, as observed from the crystal structures, MD simulations and
related computational analyses. Extrapolation of these results to yeast
mtDNA points to a DNA structure mediated protein positioning
mechanism.

. A-tract mediated Abf2p exclusion and difference in DNA binding efficiency
between the N-helix-HMG-box1 module and HMG-box2 lead to distinct
DNA binding phenomena and thermodynamic manifestations in case of A-

tract containing DNA compared to DNA devoid of A-tracts. This allows
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identification of an exothermic binding event for N-helix-HMG-box1
module and an endothermic binding event for HMG-box2.

The high abundance of A-tracts in the yeast mtDNA and the exclusion of
Abf2p from A-tracts points to a DNA guided mechanism for orchestration
of global nucleoid architecture and packaging, thus coordinating functional

transactions of mtDNA.
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Appendix A: A-tracts in y-mtDNA

A-tracts, both symmetric and asymmetric (see main text), are demarcated in bold non-capital
lettering.

TTCATaattaattttttATATATATATTATATTATAATAttaattTATAT
TATaaaaaTAATATTTATTAttaaaaTATTTATTCTCCTTTCGGGGTTCC
GGCTCCCGTGGCCGGGCCCCGGaattAttaattaaTAATaattATTAtta
aTaattATTTATTAttttATCAttaaaaTATATAAATaaaaaaTAttaaa
aaGATaaaaaaaaTAATGTTTATTCTTTATATaattATATATATATATAT
aattaattaattaattaattaattaalAATaaaaaTATaattATAAATAA
TATAAATATTATTCTTTAttaaTAAATATATATTTATATATTATaaaaGT
ATCttaattaaTaaaaaTAAACATttaaTAATATGaattATATATTATTA
TTATTAttaaTaaattAttaaTAATAATCAATATGaattaaTaaaaaTCT
TATaaaaaaGTAATGAATACTCCtttttaaaaalaaaaaGGGGTTCGGTC
CCCCCCCTTCCGTATACTTACGGGAGGGGGGTCCCTCACTCCTTCttaat
taattATCttaattaattATCttaattaattATCttaattaattATCtta
attaattATCttaattaattaaaaGGGGACTTTATATTTATAAAGTaatt
ATATTATTATTATTATTATTATTTATTTATtttATEEEtATTALLLATT
ATATATATTATATAttaaTACAGATAGAAGCCaaaaGGTCAGGCGCTTTC
TTTGGGAGAAAGACCTAGTTAGTTCGAGTCTATCCTATCTGATAATaatt
taattaaCCAttaaaaaaaaGTATATATATTTATCATAATATAttaattt
tATTACATTACAAATGAACACLLLEATTTATATTTATaaaaaTATGAACT
CCTTCGGGGTCCGCCCCGCGGGGGCGGGCCGGACTCCATATTATTATTAT
TATaattATTATTATaattATTATTATaattATTATTATaattATTATTA
TaattaaAGAGttttGGATACCAATATGATATAATATGATATAGGACCGA
AACCCCTCALLELtATCATTTATTTATAATATTATAAATaaaaaaaaaTAT
TATATATTATAATaaattaaTATCATAATATATTATATTATATATTATAT
TATATATATATATATATATATTCttttATaaatttATATTCTTCTTAtta
aattaaaaaGGGAGCGGACttttaattATATttaattATAGtLtttaaTlC
ATTGGTTGAGATTTCaaaaTAAGGTATAATATTTATATTATTCTttaaCA
AATATTATATTATaaaaaaaGATATAATATTTATATTATTCTttaaCAAA
TATTATATTATaaaaaaGATATAATATTTATATATTATTAttaaTATTAL
ttttaaGTTCCGAAAGGAGAAACTTATaatttttATATCATTATTTATTA
TTAtttttaattTCAACTCCLEttAGGTATTTCCATttaaCTTTCAGCAG
AGACTTTCTaattATaattATATATATATaatttaaalTACATTTATaaaa
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aaGTATATAATATaattATATTATATATAATAATATTAttaaATGAAGTA
TTCTTTATTAttaattATAGGATATCTGGGGTCCAttaaTaattATTATT
GTAAATAATAATAAGGACCCCCCCCATTATCTaattaaTAAATATATAAA
TAATCAttaaTAAATATAttaaTaattAttaaTAAATATATAAATAATCA
ttaaTAAATATATAAATAATATAATATATTATaaaaaTATAATAATAATa
attTATTAttaaaaTATAATaattTATTATaaaaaTATAATaattTATTA
TaaaaaTATAATAATAACTCCTTTCGGGGTTCACACCTTTATAAATAATA
AATAATAAATAATAAATAATAAATAATAAATATTAGTATTCACTAATATa
aaaTAATaattATaaaaaTAATCATTAttaaaaaTATTAttaattAttaa
ttaaATACaattaaTATaattTAGTTGTTTATATaattttaaaTAATGTT
TATATCaatttaaTaaattaatttATAGTTCCGGGGCCCGGCCACGGGAG
CCGGAACCCCGAAAGGAGTTTATCTATATATTATAATAACTATATGaatt
taattAttaaaaaTAATaaaaaTAAGGaattttaaTAAGAAGTAATATTT
ATTATATAATATATaaaaaaaaTATATATATATATATaaaaaTATATATA
ATAAGLLELtATTATAATATATAttaattaattATTATGAGGGGTTCGGTC
CCTTTCCGGGCCCCaattCATCTCATCTCALELLtATTTCATTTCAATATC
ATCTAATCTCATTTCTTTATAGAttttACATATATATAAATATAAATATA
AGATATTCACATTTATATATAATATAATATAATATAATAGATATTCATTC
CTCTTTGAttaaACTAATaattaaTaattaaTaattaaTaattaaTaatt
aaTaattATTCAGTAGAACTCCTTCttaaaaaGGGGTTCGGTCCCCCTCC
CATTAGTATAGTATAGGGAGGGGTCCCTCACTCCTTCGGGGTCCGCCCCG
CAGGGGGCGGGCCGGACTATTAttaaATaattTATaattTATTATTTALL
aaTATATTTATATAATATAATATAATATAATATTATTCATACLLLLtLALL
aaTATAATATAATATAATATTAttaaTACTTTCTCCTTTCGGGGTTCCGG
CTCCCGTGGCCGGGCCCCGGAACTAttaaTATAAAGaaaaGAGTTTCaat
tATTTATTTATTTATTTAttttttATaaaaaTAAGTCCCCGCCCCGGCGE
GGACCCCGAAGGAGTAttaatttaaaTaattTATttaaTGaattAttaat
tATAAATaaaaaTAATaatttttaaaGATGTAATATaaaaaTAAATATAA
TATaattTAGGATaattATATaaaaTATTTATTATATATAGLEELLATAA
AGAGttttaaaaGTGATAATATAATATATAATATTTATAAGTTCCGGGGC
CCGGCCACGGGAGCCGGAACCCCGAAAGGAGTTATTTATATATATATaat
TtATAATCTTAttaattATTTATATATATATttaaTATTAtLttttATATaa
ttttATAttaaAGTATTATaattATATATttaaTATTAtttttATATaat
tttATATTATTTATTTATTTATTTATTTAtttaaaaaTATTATAATCATA
TATttaaTATTATttaaTATATttttATATATTATATCEELLtATTGATTTA
TATATATATAGATttaaTAAATATATATATATATATATATATAAATATTC
ATTATATATTTATTATTATTATTATTATTTATTACTATtLtttATTATAT
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AttaaTAATATATATATTATTAGTTATGGGTATCCTAATAGTATATTATT
AtttttaaTAATaattTATGATTTATGTATAATAAATAAGTAGGGAATCG
GTACGAATATCGAAAGGAGTTATATATTAttaattATTTATaattAtttt
ATATATTAttaattATTTATaattAttttATATATTTATaattAttttAT
ATAGATAGGTTAGATAGGATAGATAGTATAGATAGGGGTCCCATTTATTA
TTTACAATAATaattAttaaTGGGACCCGGATATCTTATTGTTAttaatt
TATATATTATTCATTATTAttaaTATATATttaaTATaattaaATATTAT
ATTATATTATATTATATTATTTAttaaaaaaaaaTCTATTACTTAtLtLtLtt
tttAttaaTATATaattATTTATATaattTATCALLtttATTTATATATT
ATTALLLtttATATATaattaaTATATATATATATTATATATACtELLLLL
TttttATAATATATCTATATATATAAATAAATATATTATATTATALLLLLA
TATAATATATTAttaattATTALtttaattttCTATTCTATTGTGGGGGT
CCCaattATTALLttCAATAATaattATTATTGGGACCCGGATATCTTCT
TGTTTATCATTTATTAttttAttaatttATTATTALttttaattTATATT
TATATTATATaattaattATATCGTTTATACTCCTTCGGGGTCCCCGCCG
GGGCGGGGACTTTATATLLLtATTATATAATATATTATATTCTTATAATAT
ATTTATTGATTATGTTATaaatttATTCTATGTGTGCTCTATATATATTLL
aaTATTCTGGTTATTATCACCCACCCCCTCCCCCTATTACGTCTCCGAGG
TCCCGGTTTCGTAAGAAACCGGGACTTATATATTTATAAATATAAATCTA
ACttaattaaTaatttaaaTAATATACTTTATAttttATAAATaaaaaTa
AttATAACCLLLLttATaattATATATAATAATAATATATATTATCAAAT
aattATTATTTCttttttttCTttaattaattaattaattaaTAttttAT
aaaaaTATATTTCTCCTTACGGGGTTCCGGCTCCCGTAGCCGGGGCCCGA
AACTAAATaaaaTATATTAttaaTAATATTATATAATATAATAATAATAT
AATaattttATATAAATATATATTTATATAttaattaattATaattttAT
TATGaaattATATCLLLLLLttATALLLttATATAATaaaaaTATGTTAT
ATATATAttaaTAATaaaaGGTAGTGAGGAttaaATaattATATAATaat
tATAACTCttaattATaaaaTAAATATATATATATATATAAGTATCCATT
TCCATATAATCttttaaTAAATAttaaTAAATAttaaaaaaaaaTAATAT
TATAATATtttAGTATATaattCAATaaattCATTGGAGGGGTAAATAAT
AATaattTACTAATGGCAAGTTATAGTCttaaAGCtLLLLtALLLLLLLtA
ttaattaaTaaaaTAATAATACCATTTATATATTCCATTATATATATATA
TttaaTaaaaaTAATAATATCATTTATATALELtATTATATATTATATAT
AttttATATaaaaTAATAATAATaatttATALLLLtATATATTATTALta
aATAATAATAATATAAATAACTCCTTCGGGGTTCGGTCCCCACGGGTCCC
TCACTCCTTCttaaGAATaaaaaGGGGTTCGGTCCCCCTCCCGTTAGTAC
ACGGGAGGGGGTCTCTCACTCCTTCttaaaaaaTaaaaaGGTGGAAGGAC
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TAATATaattttaaalTAATaattaaTACTttaaTAATaattTGTATTTCT
TTATTAttaaTATAttaaATATAATAATaattaaTATaattACAATATAL
taaTATTATCAAATAttaaTAAATATACLLELLtATATaattTATTTATT
TATTTAttttttttttAttaaACTaattATaattGTaattTCGaaaaGGG
GGTGGGAGTAAACATATATaattTATAATCTATATATATATATATATaat
tttttaaTAAATAttaaTAAATATTTATaaaaaGAATaattTATATTTAT
AATATATaattTATATAttttAtttttATTATACaattaaTATaaaaTAT
aaaalTAttaaATAttaaATAttaaATAttaaATAttaaATAttaattttt
ATAGGGGTTATATAATaattATATTTATaattATATAATAttaaaaaGGG
TAtttttATaattATTACAtLttttAttttATTTATaaaaaTAttaatttt
aaTAAGTATTGAATACTTTATATAATATAAATAttaattACATaattaaT
aattaaATAATATttaaTAATATTATttaatttATTATTTATaattATTT
ATTTATaaattCTALLLttATTATTATTALLLTttALLttATTAttaaAGA
ttaaTATAATaattAttaaTATAttaaaaaTCttttATTATAttaaTATT
TATaaaaaaGTATttaaTaaaaaaGATGTATaatttATaattATATAATA
TTAttaattTATATAATAATAATATTATAACTTTGTGATTGTCaattTAG
ttaaTCATTGTTAttaaTAAAGGAAAGATATaaaaaaTATTCTCCTTCtt
aaaaaGGGGTTCGGTTCCCCCCCGTAAGGGGGGGGTCCCTCACTCCTTTG
GTCGGACTCCTTCGGGGTCCGCCCCGCGGGGGLCGGGCCGGACTaatttaa
CttttaaTAttaaTAttaaTATTATTTATAtttttaaTATATaaaaaTAA
ATaattttAtttttAttaaTAGTATATTATATAAACAATaaaaTAGTALL
aattATATaaatttATATaaaaTATATATaatttATTATATATATATATA
ttaaTAttttaaTAAAGLLLLtATTATaatttATTTATTTATTTATTATA
ATAttaaTaattTATTTATTATTATATAAGTAATAAATAATAGLLLLATA
TAATAATAATAATATATATATATATATATTATTATATTAGTTATATAATA
AGGaaaaGTaaaaatttATAAGAATATGATGTTGGTTCAGAttaaGCGCT
AAATAAGGACATGACACATGCGAATCATACGTTTATTATTGATAAGATAA
TAAATATGTGGTGTAAACGTGAGTaattttATTAGGaattaaTGAACTAT
AGAATAAGCTAAATACttaaTATATTATTATATaaaaaTaattTATATAA
TaaaaaGGATATATATATAATATATATTTATCTATAGTCAAGCCAATAAT
GGTTTAGGTAGTAGGTTTAttaaGAGttaaACCTAGCCAACGATCCATAA
TCGATAATGAAAGTTAGAACGATCACGTTGACTCTGAAATATAGTCAATA
TCTATAAGATACAGCAGTGAGGAATATTGGACAATGATCGAAAGATTGAT
CCAGTTACTTATTAGGATGATATATaaaaaTATLttALLLtATTTATAAA
TAttaaATATTTATAATAATAATAATAATAATATATATATATaattGAtLt
aaaaalaaaalCCATAAATaattaaaaTAATGATAttaattACCATATAT
AtttttATATGGATATATATAttaaTAATAATAttaattttATTATTALL
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aaTAATATALtttaaTAGTCCTGACTAATATTTGTGCCAGCAGTCGCGGT
AACACAAAGAGGGCGAGCGttaaTCATAATGGtLttaaaGGATCCGTAGAA
TGaattATATATTATaattTAGAGttaaTaaaaTATaattaaAGaattAT
AATAGTAAAGATGAAATAATAATAATaattATAAGACTAATATATGTGaa
aaTAttaattaaATAttaaCTGACATTGAGGGAttaaaaCTAGAGTAGCG
AAACGGATTCGATACCCGTGTAGTTCTAGTAGTAAACTATGAATACaatt
ATTTATAATATATATTATATATAAATAATAAATGaaaaTGAAAGTATTCC
ACCTGAAGAGTACGTTAGCAATAATGAAACTCaaaaCAATAGACGGTTAC
AGACttaaGCAGTGGAGCATGTTATttaattCGATAATCCACGACTAACC
TTACCATATLTLttGAATATTATAATaattATTATaattATTATATTACAGG
CGTTACATTGTTGTCTTTAGTTCGTGCTGCAAAGLLttAGAttaaGTTCA
TAAACGAACaaaaCTCCATATATATaattttaattATATATaattttATA
TTATTTAttaaTATAAAGAAAGGaattaaGACAAATCATAATGATCCTTA
TAATATGGGTAATAGACGTGCTATAATaaaaTGATAATaaattATATaaa
aTATATttaattATATttaattaaTAATATaaaaCAttttaatttttaaTl
ATALLLLLttATTATATAttaaTATGaattATAATCTGaattCGATTATA
TGaaaaaaGaattGCTAGTAATACGTaattAGTATGTTACGGTGAATATT
CTAACTGTTTCGCACTAATCACTCATCACGCGTTGAAACATATTATTATC
TTATTATTTATATAATAttttttaaTAAATAttaaTaattAttaattTAT
ATTTATTTATATCAGAAATAATATGaattaaTGCGAAGTTGAAATACAGT
TACCGTAGGGGAACCTGCGGTGGGCTTATAAATATCttaaATATTCTTAC
ATAAATAttaaTCTAAATAttaaTATAAATAttaaTAttaaTAGTTCCGG
GGCCCGGCCACGGGAGCCGGAACCCCGAAAGGAGAAATALtaaTATAAAT
ATAAATATLttaaTATAAATATAAATATAAATATAAATATALEEtaaTATAA
TATAATATAATATATAATATATTATATAAATATAATATATAAATAATATA
ATaaaaTAttttaaTATATATATAATATAATATaattATTATTATaattt
aaTATaattATTATTATaatttaalATAATAAATAAATAAATaattATaa
ttATaattATaattATAATCTCAATATATAAATGATaattATTATAAATA
CAAAGGAAATaattGAtttttaaaaTATATttaaTaaaaTATATAATATa
AttATACLLLLtttGTTATTATATAATaattATAttaaTATATttaaTAG
aattaaACTCCTTCGGCCGGACTATTATTCALLLtATATAttaaTGATAA
ATCAttaattATTAttaaTaatttATTTATAATATttaattttATATATT
ATTATTTATAATaaaaaaattATATTATAACaatttaattttaatttttA
tttttaattATaaattaaTaattTATTTGtttaaaTaaatttATAACTCC
TTCGGGGTTCGGCCGGACTAttaaTATAAATAAATAATAAATATTTATAA
TaaaaTAATATACATCTTCtttaaaTaaaaaaaGGGGACATTATAAATAG
TATATAAATATATTATATCLELEEtttATTATTATTAttaaTAAATAATAAT
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AATaattTATATATTTATAATATATttaaTAGTTCCGGGGCCCGGCCACG
GGAGCCGGAACCCCGAAAGGAGAATGTATTATaattATTACATATaattA
TTATTATTCACTTCTTAttaaaaaTAATACTCTATATaattTATATaatt
TAttttaaTATATATATATTTATATATAATATAATATATATATTTATTTA
TTATAATCAtttttttttaaCttaaaalTaaaaCTTATTATaattTATATa
attTATaatttttATATaaaaaTaattATATaatttttATTTATTTATAT
AATAATAATATTATTTGTTATATATTATATATTATATATATAATAAATAA
ATAAATAATAAATAATAATAATAAGGATATAGTttaaTGGTaaaaCAGTT
GATTTCAAATCAATCATTAGGAGTTCGAATCTCTTTATCCTTGATAATAA
TAATaaaaaTATGTATTTATttaattAttttaaTATTTCTCCTTTCGGGG
TTCCGGCTCCCGTGGCCGGGCCCCGGAACTALtaaTATAATATAATATAA
TATAAATATTCATTTATCttttttttaaTATTCttaattaattaattaat
taaTATAttaattATaaaaaaTATATTATaattttATTAttaaTAAGTAT
AAATATATTAttaaTAATaattTAttaaaaaTATATTATTATAATATALL
aaTATATCATaattATAATCAATATTATATTATttaattttATAATACTEL
aattAttaaTATATTATTCATATATATATaattaattaattaattATATT
GAATATATAAATATATATATATATAAATATATaaaaattATATaattAtt
ttaaGTaaaaaTAATAttaaTaaaattATACAATAATAATAATAAATATT
CATTATTATttaattaaTATCTCCTTTACTTCEtttttCCTCCGTTGAGGA
CTTATTAttaaGTATATTATTATATACTACttaaGATTATATATATAATA
TATATATATATATTATATATaaaaTATAAATATATAAATAATATaaaatt
aaTaaaaTAAATaaaaTaattAGTCCGATCGAATCCCCTATttaattaat
taattaattaaGAAAGAGATaatttATATaaaaTATTATTTATaattaat
tATaattaattATAATATAATATAATATAAATAATAATATAATaaaaaTa
aaaalaaaaTAATATTAGATTATATTATATaattTATATaattttttaaTl
AATAATAATAAATAAGTTTATTTATaattATAAATATAAATATAAATATA
AATAAAGAAGGTATTATAttttATaaaaTATAATAATAATACaaatttAT
AttttaaTAAATAttaaTATAAGtttaaaGTTCCGGGGCCCGGCACGGGA
GCCGGAACCCCGAAAGGAGAAATAAATAATATATTTATaaaaattaaATA
AATAAATATTATCTAtttaaaaaTAAATATAATATAATATAATATAATaa
ttCTAAATATAAATAATATTTATTATaattATTATAATaattGTATTATT
TAttaaTAATATATATaattATAttaaaaCTAATATTACATTALLELEGTA
TAtttaaaCaattaattGATTATTCTTATTTGTAATCTTTATTTALLLtA
TTATATCTTAttaaTGATaattATaattATTAttaaaaTAATaattTACT
TCttttGATATaaaaaTaaaaTAATATAGTTCCGGGGCCCGGCCACGGGA
GCCGGAACCCCGGAAGGAGATAAATATATTATALLLLEATTCCTACCTAL
taaAGGTAAAGACTCGATTCTCATaattaatttATATCCTTCGGCCGGAL
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taattTALtttATTTATATTTATATTTATAGTGAATACCttttttaaTAT
TTAtttttaaTATTTAtttttaaTAttttAtttttaaTaaaaTATAATCT
TGTAAGTAAGaaaaGaattTCGGTGATTGGAACCTTGAAAGGATaatttC
TTATTTATTATAATATTTATAttaaTAGTTCCGGGGCCCGGCCACGGGAG
CCGGAACCCCGAAAGGAGTATTAttaaACATttaaTATATTATAttaaTA
TttaatttaaaTGAttaaTATATTATTATAATAATATTTAtLttATAtta
aaaTATTATaattaaTATATATATATTTAttttaaTAATATTATTATTAT
TATTAttaaattATTALLtttATAAATATATATATATATATATATATATT
AtttttATTCTTATATaattATATaaaaaaaaTATATATAATATATaatt
aattaaTATATATTATttaattATATATTAtttaaaaTACLLLLtATATT
ATATCTTCTttaattaaaaTATaattATTATTTATATTATaattATTTAT
GAAATATTATTAttaaaaTaaaaaaGAGGTTTAGACTATATATTTATTAT
TTATAAACTTATTATATTATTTATTAttaaTAGTTCCGGGGCCCGGCCAC
GGGAGCCGGAACCCCGAAAGGAGAAATAAATaaaaTaaaaaaTAATAAAT
AttaaTATTAttaaATATTATTTATAATAAATAttaaTATTAttaaATAT
TATTCATAttaaTaattttATTATTATTTGTAATATAttaaATAttaaTA
ATATATATATTATTTATTATAATGaaaaCCTATCCTATATTATCCTATCA
TATAATATCATATCATATTATATTATATCTTATTATATGATATATAAAGT
ATTCACTCTATATGAGGTTATGATTATTATATAAATCTTALLLLALLLLL
AtttttATTTGGACTAATAATaattATAATAATaattATTGATATGTTCT
AATAttaaTAAATACATATTTATATTATAATATAAATATTCATTTCTTAC
TaattaaTaaaaaGtttttATATTCATTATAATATAAATATATAAATATA
TATAAATAttttaaTaattATaattATAttaaGATATTATAAATATATAT
TTAtttttttttATaaaaTAAATAAATAAATAAATaattaaTATTLLAT
ATTATAACTTATLLLttATAATAATAATAAGTALLELALELLLtATTATAT
TATTATTTATATaattATATATATAttaattTCaatttaattaattaatt
AattGGTATTTGGCATATAATATCaattaattGCTaattCTTATAAGaatt
aattaattaaTATGCLttttATATaattTATACLLttATATTTCTCCTTC
CGGGGTTCCGGCTCCCGTGGCCGGGCCCCGGAACTATTATTATTATLLLLL
ATTTATTTATTAttaaaaTATAATAATAAATAGTCCGGCCCGCCCCGCGG
GGCGGACGCCGGAGGAGaattATALLLLtATATAATaattTATATTTCTA
TATATATATATATATATTATATATAAATATTATTATATATATEELLLATAT
ATATTATaattATATTCAttaaTAttttATTATAGTGGTGGGGTCCCaat
TtATTAttttCAATAATaattTATCATGGGACCCGGATATCTTCTTGtELELL
tATTTATTAttttAttaatttAttttaattATTTATTTATaattTATATT
ATACaattTATTATTTCGttaaTACCTTTATTTATATTATATAATATATT
ATATTATTATAATATATTTATTGATTATAttaaTACATttaaCTAATGTG
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TGCTCTATATTTATTGAATAGTTTGGTTCTTATCACCCACCCCCTCCCCC
TATTACGTCTCCGAGGTCCCGGTTTCGTAAGAAACCGGGACTTATATATTE
taaTACTaaaaaTATAACTACATTACttLttttaaTATATATAACAATATA
TATATATATATATAttaattATATaaaaTATAATACTCTATAttaaATAT
TATttttATCAATATTTATTTATATATATAATAATAATAATAATAATCAA
TAttaattATTTATATATATAAGAttaaTATTATttaaTATATTATGAAT
aatttaattaaTAAATCtttaaaTATTATCATaaaaaTATaattaaATaa
ttTCTTATTTATAATAAAGAATAATAATATATATAAATATAATAAAGAAT
GTAAATAATATATATATAATATAATATAATATaaaaaaTATATATATATA
TAAATATATATATAATATATAGATAATAATAtLLLLEtATATaattTALLLt
ATTAttaaGTAATAAATAATaaaaaaaTCAATATAttaaATAATATATTT
ATATTAGTTCGGTTTAGTTGGTALtttGTAATGAGTaaaaaGTAATATAT
AATAttaaATAATAAGTATTGATATAAGTAATAGATATAATAATAATATT
AttaaTATttttATATAAATAATATttaaTAATATAGATTATGAAAGAGAGT
AttaaTATCAttaaATATATATATATGTTATATaatttaaalTGAttttaa
TATATATATATATATTATATTATAGATTATGATACATTTATATAAATAAT
ATATATATaaaattaattATACTATTACTTTATAATATAATAATATTTAT
TTATAAAGATATaaaaGaattGtttaaaGTTATAACTaaaaTATTATATA
GTATTCAttaaTaattaaTATTATaattCAACTATTGTTATATTTATAAA
TAGAATAATATATTATTATCCTttaaGATATAACAATaattATttaatta
attaattaatttaattaatttttttttttaalGAATATAATAATAATAAT
ATTAttaaattaaTATATaaaaaaaaaGTaaaaaTGGTACAAAGATGATT
ATATTCAACAAATGCaaaaGATATTGCAGTATTATALLLtATGTTAGCTA
TtttttAGTGGTATGGCAGGAACAGCAATGTCTttaaTCATTAGATTAGaa
ttAGCTGCACCTGGTTCACAATATTTACATGGTaattCACaattATttaa
TGGTGCGCCTCTCAGTGCGTATATTTCGTTGATGCGTCTAGCATTAGTAT
TATGAATCATCAATAGATACttaaaaCATATGACTAACTCAGTAGGGGCT
AACTTTACGGGGACAATAGCATGTCATaaaaCACCTATGATTAGTGTAGG
TGGAGttaaGTGTTACATGGTTAGGttaaCGAACTTCTTACAAGTCTTTA
TCAGGATTACaattTCCTCTTATCATTTGGATATAGTaaaaCAAGTTTGA
TTAttttACGTTGAGGTAATCAGATTATGATTCATTGELLttAGATAGCAC
AGGCAGTGTGaaaaaGATGAAGGACCTAAATAACACaaaaGGAAATACGa
aaaGTGAGGGATCAACTGAAAGAGGAAACTCTGGAGTTGACAGAGGTATA
GTAGTACCGAATACTCAAATaaaaaTGAGAtttttaaalTCAAGTTAGATA
CTATTCAGTAAATAATaatttaaaaaTAGGGAAGGATACCAATATTGAGT
TATCaaaaGATACAAGTACTTCGGACTTGTTAGaattTGAGaattAGTAA
TAGATAATATAAATGAGGaaaaTATAAATAATaattTAttaaGTATTATa
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aaaaaCGTAGATATAttaaTATTAGCATATAATAGaattaaGAGTAAACC
TGGTAATATAACTCCAGGTACAACATTAGAAACATTAGATGGTATAAATA
TAATATAtttaaaTaattATCAAATGaattAGGAACAGGTaattCaattt
aaaCCCATGAGAATAGttaaTATTCCTAAACCTAAAGGTGGTATAAGACC
TttaaGTGTAGGTAATCCAAGAGATaaattGTACAAGAAGTTATAAGAAT
aattttAGATACaatttttGATaaaaaGATATCAACACATTCACATGGtLL
TtAGAAAGAATATAAGTTGTCAAACAGCaattTGAGAAGTTAGAAATATA
TTTGGTGGAAGTaattGATTTATTGAAGTAGACttaaaaaaaTGttttGA
TACaattTCTCATGATttaattAttaaAGaattaaaaaGATATATTTCAG
ATAAAGGLLttATTGATTTAGTATATaattAttaaGAGCTGGTTATATTG
ATGAGAAAGGAACTTATCATAAACCTATATTAGGTTTACCTCAAGGATCA
ttaattAGTCCTATCTTATGTAATATTGTAATAACATTGGTAGATaattG
ATTAGAAGATTATAttaattTATATAATAAAGGTAAAGttaaaaaaCAAC
ATCCTACATATaaaaattATCAAGAATaattGCaaaaGCTaaaaTAtttt
CGACAAGAttaaattACATAAAGAAAGAGCTAAAGGCCCACTATTTATTT
ATAATGATCCTaattTCAAGAGAATaaaaTACGTTAGATATGCAGATGAT
AttttaattGGGGTATTAGGTTCaaaaaaTGATTGTaaaaTAATCaaaat
AGAtttaaaCaattttttaattCATTAGGTttaaCTATAAATGAAGaaaa
aaCTttaattACTTGTGCAACTGAACTACCAGCAAGATLLLLAGGTTATA
ATATTTCaattACACCtttaaaaaGAATACCTACAGTTACTAAACTaatt
AGAGGTAAACTTATTAGAAGTAGAAATACAACTAGACCTATTAttaaTGC
ACCaattAGAGATATTATCAATaattAGCTACTAATGGATATTGTAAGCA
TAATaaaaaTGGTAGAATAGGAGTGCCTACAAGAGTAGGTAGATGACTAT
ATGAAGAACCTAGAACaattAttaaTaattATAAAGCGTTAGGTAGAGGT
ATCttaattATTATaattAGCTACTaattATaaaaGAttaaGAGAAAGAA
TCTATTACGTATTATATTATTCATGTGTAttaaCTTTAGCTAGTAAATAT
AGAttaaaaaCAATAAGTaaaaCTAttaaaaatttGGTTATaatttaaaT
ATTATTGaaaaTGATaattaattGCCaattttCCAAGAAATACTLLLLGAT
AATATCaaaaaattGaaaaTCATGGTATATTTATATATATATCAGAAGCT
AAAGTAACTGATCCELLttGAATATATCGATTCaattaaATATATATTACC
TACAGCTAAAGCTaattttaaTAAACCTTGTAGTATTTGTaattCAACTA
TTGATGTAGAAATACATCATGttaaACaattACATAGAGGTATAttaaaa
GCACttaaAGATTATATTCTAGGTAGAATaattACCATAAACAGaaaaCa
attCCATTATGTAAACAATGTCATAttaaaaCACATaaaaaTaatttaaa
aaTATAGGACCTGGTATATaaaaTCTATTAttaaTGATACTCAATATGGA
AAGCCGTATGATGGGAAACTATCACGTACGGTTTGGGAAAGGCTCTttaa
CACGTGGCAACATAGGCttaattTGCTATTTCALLLtttAGTAGTTGGTCAT
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GCTGTAttaaTGAttttCTGTGCGCCGTTTCGCttaattTATCACTGTAT
TGAAGTGCttaattGATAAACATATCTCTGTTTATTCaattaaTGaaaaCT
TTACCGTATCALtttGGTTCTGATTATTAGTAGTAACATACATAGTATTT
AGATACGTAAACCATATGGCTTACCCAGTTGGGGCCAACTCAACGGGGAC
AATAGCATGCCATaaaaGCGCTGGAGTaaaaCAGCCAGCGCAAGGTAAGA
ACTGTCCGATGGCTAGGttaaCGaattCCTGTAAAGAATGTTTAGGGTTC
TCAttaaCTCCTTCCCACTTGGGGATTGTGATTCATGCTTATGTATTGGA
AGAAGAGGTACACGAGttaaCCaaaaaTGAATCATTAGCTttaaGTaaaa
GTTGACATTTGGAGGGCTGTACGAGTTCAAATGGaaattaaGAAATACGG
GATTGTCCGAAAGGGGAAACCCTGGGGATAACGGAGTCTTCATAGTACCC
aatttaatttaaaTAAAGTGAGATACTTTAGTACTTTATCTaattaaATG
CAAGGAAGGAAGACAGTTTAGCGTATttaaCAAAGAttaaTACTACGGAL
ttttCCGAGttaaATaattaaTAGaaaaTAATCATAATAAACTTGAAACC
AttaaTACTAGaattttaaattaalGTCAGATATTAGAATGTTAttaatt
GCTTATAATaaattaaaaGTAAGAAAGGTAATATATCTAAAGGTTCTAAT
AATATTACCTTAGATGGGAttaaTATTTCATAtttaaaTaattATCTAAA
GATAttaaCACTAATATGTttaattttCTCCGGTTAGAAGAGTTGaattC
CTaaaaCATCTGGAGGATTTAGACCTttaaGTGTTGGAAATCCTAGAGaa
aaattGTACAAGAAAGTATGAGAATAATATTAGaattATCTATAATAATA
GTTTCTCTTATTATTCTCATGGATTTAGACCTAACTTATCTTGTttaaCA
GCTATTATTCAATGTaaaattATATGCAATACTGTaattGATTTAttaaA
GTAGAtttaaaTAAATGCTTTGATACaattCCACATAATATGttaattaa
TGTAttaaATGAGAGAATCAAAGATAAAGGTTTCATAGACTTATTATATa
attAttaaGAGCTGGATATGTTGATaaaaaTAATaattATCATAATACAA
CTTTAGGaattCCTCAAGGTAGTGTTGTCAGTCCTALLLLATGTAATALL
tttttAGATaattAGATAAATATTTAGaaaaTaatttGAGAATGaattCA
ATACTGGAAATATGTCTAATAGAGGTAGAAATCCaattTATAATAGTTTA
TCATCTaaatttATAGATGTaattATTATCTGaaaattaaattGATTAGA
ttaaGAGACCATTACCAAAGAAATATGGGATCTGATaaaaGttttaaaat
AGCTTALtttGTTAGATATGCTGATGATATTATCATTGGTGTAATGGGTT
CTCATAATGATTGTaaaaaTAttttaaaCGATAttaaTAACTTCttaaaa
GaaatttAGGTATGTCaattaaTATAGATAAATCCGTTAttaaACATTCT
AAAGAAGGAGTTAGLLLttttAGGGTATGATGTaaaaGTTACACCTTGAGa
aaaaaGACCTTATAGAATGAttaaaaaaGGTCGATaattttATTAGGGTTA
GACATCATACTAGTTTAGTTGttaaTGCCCCTATTAGAAGTATTGTAATa
aattaaATAAACATGGCTATTGTTCTCATGGTAttttAGGaaaaCCCAGA
GGGGTTGGAAGAttaattCATGAAGAAATGaaaaCCAttttaaTGCATTA
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CTTAGCTGTTGGTAGAGGTATTATAAACTATTATAGATTAGCTACCaatt
ttACCACAttaaGAGGTAGaattACATACATLLLALLLATTCATGTTGT
ttaaCATTAGCAAGaaatttaattaaATACTGttaaGAAAGTTAttttaa
attCGGTAAAGTATTAGTTGATCCTCATTCaaaaGTTAGLLLtAGTATTG
ATGAttttaaattAGACATaaaaTAAATATAACTGATTCTaattATACAC
CTGATGaattttAGATAGATATAAATATATGTTACCTAGATCTTTATCAT
TATTTAGTGGTATTTGTCaatttGTGGTTCTAAACATGATTTAGAAGTAC
ATCACGTAAGAACAttaaATAATGCTGCCAATaaattaaAGATGATTATT
TATTAGGTAGAATGAttaaGATAAATAGaaaaCaattACTATCTGTaaaa
CATGTCAttttaaaGTTCATCAAGGTAAATATAATGGTCCAGGTTTATAA
TaattATTATACTAttaaATATGCGttaaATGGAGAGCCGTATGATATGA
AAGTATCACGTACGGTTCGGAGAGGGCTCLtttATATGAATGTTATTACA
TTCAGATAGGTTTGCTACTCTACTCTTAGTAATGCCTGCTttaattGGAG
GttttGGTAACCaaaaaaGATATGAAAGTAATAATAATAATAATCAAGTA
ATAGaaaaTAAAGAATATaatttaaattaattATGATAAGTTGGGACCTT
ATTTAGCTGGAttaattGAAGGTGATGGAACTATTCTAGTTCaaattCAT
CTTCAATaaaaaaaTCTAAATATAGACCGttaattGTTGTAGTATttaat
tAGAAGATTTAGaattAGCTaattATTTATGTaatttaaCTAAATGTGGa
aaaGTGTATaaaaaattaalTCCTaattATGTATTATGACTTATTCATGAL
ttaaaaGGTGTATATACATTAttaaATATTAttaaTGGATATATGAGAAC
ACCTAAATATGAAGCATTTGTTAGAGGTGCTGaattTATAAATaattATA
ttaattCAACAACaattCTACATAATaattaaaaaaTATAGATAATAtLta
aattaaACCATTAGATACATCAGATATTGGTTCAAACGCTTGATTAGCTG
GTATGACAGATGCAGATGGTaatttttCTAttaatttaaTAAATGGTaaa
aaTCGTTCTAGTAGAGCAATGCCTTATTATTGTTTAGaattaaGACaaat
tATCaaaaaattCTAATAATAATAATAttaatttttCTTALLLLtATATT
ATGTCTGCaattGCACTATAttttaaTGttaattTATATAGTAGAGAACG
TaatttaatttATTAGTATCTCttaaTAATACGTATAAACTATATTATAG
TTATAAAGTAATAGTGGCTAATCTATATaaaaaTAttaaAGTAATAGAAT
ACTttaaTAAATATTCTTTATTATCATCTAAACACTTAGALLELLLtAGAT
TGATCTaattAGTTAttttaattaaTAATGAGGGTCAAAGTATaaaaCtt
aaTGGTAGTTGAGaattAGGCTATaatttACGTAAAGATTATAATaaaaCT
AGAACTACGTTTACTTGATCTCAtttaaaaaaTACATATTTAGaaaaTAA
ATAAATaattATTATTACTTTCTTCCCCTCCGAATCCGTAATATATTTAC
GGATATATAATCTCGTAGTGTaaaaGGTGTAACGAGATTAttaaTAAGTT
GCCGTAATATATTGTaaaaTATATTATTATTACAACACTATATGCGGGaa
aaCCCTAAAGTCATAATATAATATTATCCCCACGAGGGCCACACATGTGT
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GGCCCTCGCGGGGTATGGTaatttaattaaGTTATAAATGTACTATAGTA
ttaaaattATTATGAATaattTCCCCACCCCCATGCGAAGCATGGGGGGE
GGTATAAGTATGGACAATCCGCAGGAAACCAAATAATaattaaTATCCTG
AAACAAAGTAAGTGAAGGAGATATCttaaaaTATATATAATATATALLLL
ATaattATTATGTAGGATCCTCAGAGACTACACGTGTTGCACCCATTATA
TTATGTATAATGGGTTGAAGATATAGTCCAAATATaattGAAAGATTATA
ATaaaaTGAACTATTTATTACCAttaaTaattGGAGCTACAGATACAGCA
TTTCCAAGaattaaTAACATTGCLttttGAGTATTACCTATGGGGTTAGT
ATGTTTAGTTACATCAACTTTAGTAGAATCAGGTGCTGGTACAGGGTGAA
CTGTCTATCCACCATTATCATCTATTCAGGCACATTCAGGACCTAGTGTA
GATTTAGCaatttttGCATTACATttaaCATCaattTCATCATTATTAGG
TGCTAttaattTCATTGTAACAACAttaaATATGAGAACAAATGGTATGA
CAATGCATaattACCATTATTTGTATGATCaattttCATTACAGCGTTCT
TATTATTATTATCATTACCTGTATTATCTGCTGGTATTACAATGTTATTA
TTAGATAGAAACTTCAATACTTCATTCTTTGAAGTATCAGGAGGTGGTGA
CCCAATCTTATACGAGCATTTALLEEtGATTCTTTGGTCAAACAGTGGCCC
TTATTATTATAttaaTAATATATAATGATATGCALEELtCTAAATGCTGG
aattAttaaaaaaalGaattACAAATATTATAAGTCTATTAtttaaaGCC
TTATTTGTaaaaaTATTCATATCTTATAATAATCAGCAGGATAAGATAAT
AAATAATCTTATAttaaaaaaaGATAATAttaaaaGATCCTCAGAGACTA
CAAGaaaaaTAttaaATaattCAATAAATaaaaatttaalCAATGATTAG
CTGGAttaattGATGGTGATGCGATALLLtGGTATTGTAAGTAAGAAATAT
GTATCATTAGaattCTAGTAGCATTAGAAGATGAAATAGCtttaaaaGaa
ttCaaaaTaatttGGTGGTTCTAttaattaaGATCAGGTGTaaaaGCTAT
TAGATATAGATTACttaaTaaaaCTGGTATaattaattaattaaTGCAGt
taaTGGTAATATTAGAAATACTaaaaGATTAGTACaatttaaTAAAGTTT
GTATLttATTAGGTATTGALLLtATTTATCCaattaattaaCTAAAGATA
ATAGTTGATTTGTTGGALLttttGATGCTGATGGTACaattaattATTCA
tttaaaaaTAATCATCCTCaattaaCaattTCTGTAACTAATAAATATTT
ACAAGATGTACAAGAATATaaaaaTALtttAGGTGGTAATATTTALLLLG
ATAAATCACaaaaTGGTTATTATAAATGATCCATTCAATCaaaaGATATA
GTAttaattttAttaaTGATTATAttaaaaTAAATCCATCAAGAACACTa
aaaalTAAATaattATATttaaGTAAAGaattttATaatttaaaaGaatta
aaaGCTTATAATAAATCTTCTGATTCAATACAATATAAAGCATGAttaat
tttGaaaaTAAATGaaaaaaTAAATaattATttaaTAAAGATATAGTCCa
attATATATATATAATATATATATATATAACAAGCACCCTGAAGTATATA
ttttaattATTCCTGGATTTGGTATTATTTCACATGTAGTATCAACATAT
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TCTaaaaaaCCTGTATTTGGTGaatttCAATGGTATATGCTATGGCTTCa
attGGATTATTAGGATTCTTAGTATGATCACATCATATGTATATTGTAGG
ATTAGATGCAGATCTTAGAGCATATTTCCTATCTGCACTAATGATTATTG
CaattCCAACAGGaattaaattttCTCATGAttaaTAAATCCCTTTAGCA
AGGATaaaaaTaaaaaTaaaaaTaaaaaGTTGATCAGaattATCaaaaaa
TAAATAATAATAATATAATaaaaaCATAtttaaaTAATAATAATATaatt
ATAATAAATATATATAAAGGTaattTATATGATATTTATCCAAGATCAAA
TAGaattATATTCAACCAAATAATAttaaTAAAGaattAGTAGTATATGG
TTATaattTAGAATCTTGTGTTGGTATACCTCTATATACTAATATTGTaa
aaCATATAGTAGGTATTCCTAATAATALLLtATATATTATAACAGGTALtL
ttAttaaCAGATGGTTGaattGATTATCTATCTaaaaaaGATTTAGATaa
aaaaaCaattATAGaattaattGTAGATTTAGAttaaaaCAATCAATaat
tCATAGTGAATATttaaTATATGTATTTATATTATTATCACATTATTGTA
TAAGTTATCCTaaaaTaaaattGCTAAAGttaaAGGTAAATCATATAATC
aattAGaattttATACTAGATCATTACCATGELLLtACTAtLtLttaaGATAT
ATALtttATAATGCGTAGAGTaaaattGTACCTAATaattTATATGATTTA
ttaattATGAATCTTTAGCTCATATaattATATGTGATGGTTCATTTGTa
aaaGGTGGAGGTTTATATttaatttACAATCLLtttCTAACTAAAGaatta
atttttATTATAAATAttttaaaattaatttaatttaattGTCTATTACA
TAAATCTAGAAATAAATATCTTATTTATATAAGAGTAGAATCTGttaaaa
GATTATTTCCTATaattTATAAATATALLLttACCTTCTATAAGATATaat
ttCGATATTATATTATGACaaaaaaaaTATAATATGAttaattaattaatt
aattaattaattTATTTATTATTTACLLtttttGATATATATAGAGGCAAA
CTCGAGGaaaaCCATATaattAGAATAAGTAATaattATATGACAACCGT
CGAACTAAATCATATTCAAGaattaaTATGTaaaaGCGTAGAGATTAGAC
GCCTCTGGTTATCTAAGTAATATATATATATATATTATATGATAACATAA
GGTATAATCCAATGAGATCAGTAATGAttttaaaaCAATaattttCtttt
aaGTAttaaTAATAATAttaaTATTCGACCTCttaattGAGGATATTATA
ATCATaattttttATATTATAATATaaatttaaCTAGCTAGATAATATTA
TATaaaaaaaaaaaalTAATATTATATaattaattaaaalaatttttAtta
attGAAACTGAAATGttttaaaGttaaATaaaaGAGCTCTAATCCATGGT
GGTTCaattAGATTAGCACTACCTATGTTATATGCaattGCATTCTTATT
CTTATTCACAATGGGTGGCTttaaCTGGTGTTGCCTTAGCTAACGCCTCAT
TAGATGTAGCATTCCACGATAttaatttaaTAAGTGTCGTGCttaaattC
ACTaaaaTAATATATAATaattATAATAAATATATaaaaaaaaTaaaaaa
aaTaaaaaaaattaaTATCTTATGAttaattttATATAAATaaaatttAt
taaATATTATTGGTTATATATATATATATAttaaTAATaaaaaaaTATAT

ARKA CHAKRABORTY



ATATATATATAGCTAACGGGGAAACTCTTATaattATTATTTATATAATA
AATAAGACAATCCCGTGATAACTttaaTATATATATATTATATAttaaAG
TATTGTAGAGACTAAACGTGAATGAttttaaTATTAtttaaaTAttaaat
taaGAGATAGTCCAATCTTATATGTAAATATAAGttaaTACCaaaaaaaa
AaTAATATTALLttGACTTATTATATAttaaTATTAttaaTAATaatttt
aaCTAATAATAAAGLLLELtATAGAAACTTTATATTATTATttaaTATtta
attttCaattaaTATCTCCttttGGGGTTCCGGTCCCTGGTCCGGLCCCCC
GAAACTAAAGATAttaaGaattTATATGAATCaattATAAATaattATAtL
taaTAttttaaaTAAATATCTTAttaaTAttaaTAAAGATAATAttaaTa
attaaatttttAGATaattATACTGCGAAGAAGaaaaaGGTTATTATTTATC
TGGATTATTTGAAGGAGATGGTAATATTTATACTAGATGtLtEtttCaattA
CtttttCTTTAGAAGATCLLLLATTAGCTaattATTTATGTCTTTALLLL
aaattGGTCATATTACAGCTAAATATaattttaaTAAAGaattaaCAGCT
GttaaATGAAATATTATaaaaaaaaaaGAACAAGAAGTATTTATaattAT
AttaaTGGTaattAttaaCATATaaaaGATATGATCAATAttttaaaTAT
aattttaalTAATCCtttaaaTAttaattAttaaaaCCTAAAGaattTGAT
TTACTAttaaATCCTTGAttaaCAGGttttaaTGATGCTGATGGTTALLL
TttATCTAGCGttttCaaaaaCATaaaaaTAGTCAATGAttaaatttCATTT
AGaattATCACaaaaaGATAGTTATALELLtAGTCCGGCCCGCCCCCGLGG
GGCGGACCCCAAAGGAGATATTAttaaaaaaTAttttaaaCTTGGTGGTA
ttttaaaaaGAGATTATAAATCTGGTGCTACAGCTTATATTTATAAAGCT
CAATCATCaaaaGCTATaaaaCCttttATTGAATAttttaaTaattATCA
ACCAttaaGTCTTAGAAGATATAAACAATATTTATTAttaaATATTGCTT
ACTTAttaaattaaATaattACATATATTACttaattCTTTAttaaTAtt
aaaaGaattaaTATTATTACAAAGTGttaaaaaTATATCTTTAGAAATaa
aaaalGaattaaATAATAGAGttaaattATTAttaaTAAACTTCATTATA
ACAATATCGAATAATGATAATAttaaAGAGTaaattCttaaAGTGttaat
taaATAATATTCLLLLttttttATGACTTACTACGTGGTGGGACALtLtLLC
GTGCGGTCTGAAAGTTATCATAAATAATATTTACCATATAATAATGGATa
AttATALttttATCAATATAAGTCTaattACAAGTGTAttaaaaTGGTAA
CATAAATATGCTAAGCTGTAATGACaaaaGTATCCATATTCTTGACAGTT
ATATTATaaaaaaaGATGAAGGAACTTTGACTGATCTAATATGCTCAACG
AAAGTGAATCAAATGTTATaaattACTTACACCACTaattGaaaaCCTGT
CTGATATTCaattATTATTTATTATTATATaattATATAATAATAAATaa
aaTGGTTGATGTTATGTATTGGAAATGAGCATACGATAAATCATATAACC
ATTAGTAATATaattTGAGAGCTAAGTTAGATATTTACGTATTTATGATa
aaaCAGAATAAACCCTATaattATTATTAttaaTAATaaaaaaTAATAAT
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AATACCAATATATATATTATttaattTATTATTATTATAttaaTaaattt
aaTATATATTATAAATaattATTGCGAttaaGAAATATAATALLLEATAGa
attttCTTTATATTTAGAGGGTaaaaGATTGTATaaaaaGCTAATGCCAT
ATTGTAATGATATGGATAAGaattATTATTCTAAAGATGaaaaTCTGCTA
ACTTATACTATAGGTGATATGCCTATCTTTATTTATATATATATTATTAT
TAttaaTAATaaaaaaaaaattaaaaaaaaGATAGGAGGTTTATATATAA
CTGATAAATATTTATTATATTALLLELttttATAATAAATAttaaaaGAT
ATTGCGTGAGCCGTATGCGATGAAAGTCGCACGTACGGTTCTTACCGGGG
GaaaaCTTGTAAAGGTCTACCTATCGGGATACTATGTATTATCAATGGGT
GCTALELttCTCTTTATTTGCAGGATACTATTATTGAAGTCCTCaattttA
GGtttaaaCTATAATGaaaattAGCTCaattCaattCTGAttaattttCA
TTGGGGCTAATGTTALLLtCTTCCCAATGCALLLLLtAGGTAttaaTGGT
ATGCCTAGAAGaattCCTGATTATCCTGATGCTTTCGCAGGATGaattAT
GTCGCTTCTATTGGTTCATTCATTGCACTATTATCATTATTCTTATTTAT
CTATATLtttATATGATCaattAGttaaTGGAttaaACAATAAAGttaaTA
ATAAATCAGTTATTTATAATAAAGCACCTGALLLEGTAGAATCTAATCTT
ATCTttaatttaaaTACAGttaaATCTTCATCTATCGaattCTTAttaaC
TTCTCCACCAGCTGTACACTCATttaaTACACCAGCTGTACAATCttaaG
TTATaaatttaattATTTACttaaTaattaaaaaGTAAATATTATATCTA
AACttaaTAATATAATAATAATATTCTTATaaaaaTATATaaaaaaaaaT
ATATaaatttAttaaaaTATCTCCTTTCGGGAACTATAATATATTTATAT
AAATAAATACTAATATAATCCTATTATATATATATATATATaaaaTAATA
TATATATATaattaaTATAAATAATATTTATAATaattttttaaTAATAT
ATATaatttaaTATAttaaTGAATATTATATaattAttaaATATATTATA
ATATTATTATTAttttATAATaaaaaTAtttttaaTACTaattATTATTT
ATTATTTATAAATATATAAATAGTATGTttaaTATTAttaaTACTaaaaa
aaaTATaattATaattAGGATCTAACAATACATTTATCTGAttaaTAtta
aTAttaaTAttaaTATTTATAttaaTAAACGGAttaattaattGTATCCa
atttaattaattATAGATATATTATTTATAATAttaaTATATTGELtLtAL
taaaaaGGTaaaaaTAGLLLLtATLLtATATATAAATATAGGATATAAAT
AAATATATTATAGTGAACCCCGAAAGGAGAATATALtaaGAATATATTTA
TAttttACATATaattATTTATAATATAAATATCTCCGCAAAGCCGGALtL
aaTGTaattATttaaTaattttATttaaTaattTAttaaaaTAAATATTT
ACATTTGATAATATTTATATTATGTCAGTTAttttATAttaaTGTttaaT
CTATTATAATATLLLLLLtttATAAATATATTATTTATTTATAttaattAT
ATATATATATTALELLtATAATATATATATALLLLEAttaaATATTTALL
AaATATTTAttaattATTATAATGTTGTTAttaaTCTTAttaaaaaaTAT

ARKA CHAKRABORTY




ATATaaaaaTGCCACaattAGTTCCALLLtALLtLtATGAATCaattaaCA
TATGGTTTCTTAttaaTGATTCTATTAttaattttATTCTCACaattCtt
tttACCTATGATCttaaGATTATATGTATCTAGATTATTTATTTCTaatt
ATAATATATATTAttaattTATTTATTCATATAAATATTATTATTATATA
TAAATAttaaTAATATTTATACTTATttaaTAATAATaaaaTaaaaaaTa
attATaatttaaTATATttaaTATATTTCCTTACGGACTATATATTTATA
TATATATAttaaATACaatttaatttaatttaattATGTTATTTAttaaA
TAAAGTTATATTATGATATAATAACAATATTATATATTATTATATaattA
TAATATAttttaaTATaattATCaaaaGAAATAATaaaaaaaTAttaaTA
AGAATATaatttaaTaattAttaaaaaaaattCTTATAGTCCGGCCCGCC
CCCCCCGCGGGGCGGACCCCAAAGGAGGAGTAATaaaattAttaaATACA
AATATTATATATATATaattCATTATATATATATATATATAATaattaaT
CTTACLLttttATATATTTATTTATATATCTATTTATATLLLtATATATAT
TTATTTATATATCTAAGGGGTTCGGTCCCTCCCCCCGTAAGTATAATATA
CGGGGGTGGGTCCCTCACTATTTATALLLLLATLLLLATATALLLLATATA
TTTATAAATAAAGTATAATAAGATATaattATGAttaattATTTATAAGT
TATAGttttATaatttATaattATTATGTttaattTAttaaATACATATA
TTACATCACCATTAGATCaattTGAGATTAGACTATTATTTGGTTTACAA
TCATCATTTATTGATttaaGTTGTttaatttaaCAACALELLCATTATAT
ACTATTATTGTATTATTAGTTATTACAAGTTTATATCTAttaaCTAATAA
TAATAATaaattATTGGTTCAAGATGAttaattTCACAAGAAGCTATTTA
TGATACTATTATAAATATGCttaaAGGACaattGGAGGTaaaattGAGGT
TTATATTTCCCTATGATCTTTACATTATTTATGTTTALLtttATTGCTaa
tttaattAGTATGATTCCATACTCATTTGCATTATCAGCTCATTTAGTAT
TTATTATCTCTttaaGTATTGTTATTTGATTAGGTAATACTALLLLAGGT
TTATATAAACATGGTTGAGTATTCTTCTCATTATTCGTACCTGCTGGTAC
ACCATTACCATTAGTACCTTTATTAGTTATTATTGAAACTTTATCTTATT
TCGCTAGAGCTATTTCATTAGGTttaaGATTAGGTTCTAATATCTTAGCT
GGTCATTTAttaaTGGTTAttttAGCTGGTTTACTATttaattttATGtLEL
aattaattTATTTACTTTAGTATTCGGttttGTACCTTTAGCTATGATCT
TAGCCATTATGATGTTAGaattCGCTATTGGTATCATTCAGGGATATGTC
TGGGCTAttttaaCAGCATCATAtLttaaaaGATGCAGTATACTTACAtLta
attATaaaaTaaattATaaaaTaaaaTaattTACATATGGAGTAttaaAC
TATAATAAATACAATATACCCCATCCCCCCCttttaaTAATATTCLELtA
TCTAATaaaaTATTTATTTAttaaTATTATTATTATCTTCTTCAAGGACT
TATttaaTATATttaaTAACTTATTATACTTATTTATATTTATaattaaT
ACAAATATATTAttaaTCTTACTCCTTCGGAGTTCGGCCCCCCATAAGGG
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GGGGACCTCACTCCTTCCCCACTGCACTGGATGCGGGGACTTATLLLLEAT
TATTATTATttaaTCTTTATTTATaaattATATATTATATATaattATTA
TACttaaTaattaaaaaaaaaCCTCTaattATTAttaaTATTATATATAA
TATATATATTCTCAttaaTGTTATATATAATATATATATTCTCAttaaTA
TAttaaTATAGTAttaaaaaaaaTaaaaTATttaaTAAATATTATTAtta
aTAATATTTAttaaaaaTAATATAACATAATAAATATAAGATTATTATAT
AATATATTTATTATATCATATAGTTCCGGGGCCCGGCCACGGGAGCCGGA
ACCCCGGAAGGAGaattATAACATALLLLtLttaaTAATATTCATATTTALL
ttATATACAAATAAATATATTTATTTAGAATAATaaaaaaaaaTAATAAA
TAAATATATTATTATCATTATTATACTTTATTCATTATTTATTATAATaa
ttATATATAACaattATAATATATaattATALLLtATATAATATTATALL
aaTATttaaTATATTTATTATTATTATTACTTCTATGGAAACTTTATATLt
TttAGATALLELtATTATTATTAttaattTATAATGTTATALLLLEGATTT
ATAAATATATAAGTCCCGGTTTCTTACGAAACCGGGACCTCGGAGACGTA
ATAGGGGGAGGGGGTGGGTGATAATAACCAGAATATTCAATAAATACAGA
GCACACATTAGATaattttATAATATAACCAATATaaaaTaaattaaaaTl
aattaaTATATATATATAAATATAATaattATTATATATAAATATATATa
atttttATAATAAATATTATAATATTATATAAATAAATaattATAATATA
TAATAAATATATAATAATAATaaaaaTAttaaCAATATAATaaaatttAT
AATATAAATATaattATAAATAAGttaattaaTaaaaTAATAAATGAtta
aCAAGAAGATATCTGGGGTCCCAttaaTaattATTALtttCAATAATaat
tGGGACCCCCCACCATTATAATATCATAttaattaaTATAATAATAATGT
ATATaaaaTAGAAATAATaattaaTATAATAATAATAATATATATaaaaT
AGAAATAATaattaaATATATATATAAATaattATTTATATAATATATTA
TAAATAATAATAATAATAAATATTTAttaattaaTAATGATTATAAATAL
tttATttaaTATaatttATAACTALLLtATTATATATATALLLEELEATTC
ATaaaattCCLttttCAGGATLLLALLLtATATAAATATCTTCTAATATT
TATAATAAATAATAATATATTCATTATATTTATaattATATATAATGTAA
TACGGGTAAACATTACCCGTTGTTCACGGGTAATGTTTACCCTATLLLEAT
ATaattCttaaTAAATATATTTATAtttttATATaaaaaaattATAATaa
ttTAttaattCTCCTTTCGGGGTTCCGGCTCCCGTGGCCGGAACTCCGGA
ACTATaaaaaTaattttaaTATaattTATATALtttATGAttaaTATAAT
ATATTAttaaTGTAACTCCTTCGGGATTTGGTCCCCCTCGTAAGTATATA
GTATATAGTATATAGTATACGGGGGGTCCCTCACTCCTTCGGGGTTCGGT
CCTCCCTTACGGGTACGGATACGGATACGAATATGGGGAGTCCCTCACTC
CTTATCACTACGCTGAAGGTGGaattTALLttATATTATTAttaaATCTT
TATTTATttaattATATATttaaTATATATATTATTATAATaaaaCACCT
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aattATTAttaaTGTTATATttaaTATAATATATATATTCttaaaatttA
TATAATATAAATAAATaaaaaaaaaaGAAAGTACATaattaaTATTATTA
TAAATAATATTAttaaaaaGAATATAATATaattaaTAGAAAGACGtLLtLtL
aaaaalaaaaalaaaaalTaaaaalaaaaalaaaaalaaaaalTaaaaalaa
aaaTaaaaGAGttttGGTTTACATATCAAGACCCaattCaattGAAACTA
TTTATTTAttaaTCTCCTCCCCTCCCCCTCACTATTATTATAAGTACaat
TtAGGGCGCCAACCCCGCAGTGTTATTTACTGGGAAATGTTTATCCCaatt
aaTATAATAACGAGAGTTAttaattATTATTTATaattCATATAATGTAA
TATAATGTAATGTaattaaTAGAACATTATTGTGTTATTCACCAGTGtta
aGATATAttaaTCCCaattttATttaaTAGTGAAGATTATAttttAttaa
ttATGAATCCATATTATTATTATttaaTATATTTATAATATTATATATaa
ttATaattATAAATaattTATATaaaaaaaGttttAttaaaaaaTATTAL
taaaaaTATAATAttaaTAATAAATaaaaaTAATATTATACTCttaaTAG
aattTATAATGATaaaattaaGATGAAGACttLttttttATaattATTATa
atttATATaaaaaTAATATATATATATTTATATTTAttttAttaaTATAT
ATAATATATTTATGTATAttaaaaaGATATAtttaaaTAtttttAtLtLtLtt
TLCttATAAGATaatttttGTAAATATATAAGTAATaattaaGttttATA
GGGGGAGGGGGTGGGTGATTAGAAACttaaCTGAATAATATATATAAAGC
ATACATTAGttaaTATttaaTAATATAATCAATATATAATaattATaaaa
TaattaattATATAATAATAATAATGTATAAACAATATAATaattGTATa
aaaTaaaaTATAAATCATAAATAAAGCTaattaaTaaaaTAATAAATGAT
AAACAAGAAGATATCCGGGTCCCAATAATaattATTATTGaaaaTAATaa
ttGGGACCCCATATAGAATATAAATaattaaATATATATATATAAATAAT
AattTATATAATATATTATAAATAAATAATAATAAATATTAttaaTCTAT
AATaattATAAATAttttAttaaTATaatttaalaattATATATATtTtLtt
ATAATAACTCCGAAAGAGTAAGGAGATAttaattTCTTATaaaatttAtt
aaTAATAATAATATATaaaaTATATAAATAATATATTATATATaaaaTaa
aaTaaaaTAAATAATATAttaaaaaTATTGAAAGTAttttaaTAAATAAT
aatttaaattCATATTTATAATAATAAATAAATAAATAAATAAATAAGTA
AATATTTAGATTCTCAttaaTAttaaTATTTATATTTCLLtttLttttATA
ATAATaaaaaTATCATATATAAATATAATATAATATAATATAATaattAT
TATATATAAATAATAAATAttaaATATAATATATAATAATATATAATCTT
ACaattTATaatttaaTAAAGAAGGAAATAAATAATAATAACTCCLLLLG
GGGTTCCGGTGGGGTTCACACCTTTATAAATAATAAATAAAGATGTTTAC
TCCTCTTCGGGGTTCCGGTCCCCLLLttGGGTTCCGGAACTaattaaTAL
TtttATATAATAATAATAATATAttaaTATaattTCATTAttaaTAAATAT
CTCCTGCGGGGTTCGGTTCCCCCCCGTAAGGGGGGGGTCCCTCACTCCTT

138




CGGAGCGTACTATTATTATAAATaattATATATTATAATATaattaaaaa
GTATTATaattGAAACGaaattGCTaattttaaaTGGAATAATaattATTA
TATATttaaTATATttaaTAAAGTTATAATATCTCTTTCTACCGGACTAL
TLEATTTTATLTLEATTLEALLTttATAAAGaaaaaTAGTAATAATATTAT
CTTCTCCTCCTTTCGGGGTTCCGGTTCCCGTGCCGGGCCCCGGAACTALL
AattATATAATATAATATAATATAATATAATATAATATGATACGGATCAA
ACATTACCCGTTGTTCACTGGCAATGTttaaTCCTATTGTATATAAATAT
AATaaaaTaattATCCCTCTCGTAATACATATATaaaaTATaaaaTATaa
aaTaaaaaTATTATGATTATTATAATATATATATATATATATATAAATAT
ATATATATaattTATaattTATATGAttaaTATATTATATATATaaaaaa
TATAttaatttACtttttATAGAAAGGAGTGAGGGACCCCCCCCCCTTAC
GGGGGGGAACCGAACCCCGCAGGAGATATTTALtttaaTACTTATATAGT
ATTTAttaaTAATATAATaattGTTATTATAAATAttaaTAATAATATaa
aaaTAGGGTAAATAATATAAATAATATGAATAAATATaaaaaCATAttaa
ATATaaaaTATATCATaatttaaTAAATATTATAATaattTATAAATGAT
AGATATCTGGGGTCCTATAAATAATaattAttttCAATaattATAGGGAC
CCCCACCTATTATATAAATATAAATATAAATATAAATATAAATACAAATA
TAAATATATAAATATATAAATATAATATAAATACAAATATAATATATAAA
TATAAATATAAATATATAAATATAAGTCCCCGCCCCGGCGGGGACCCCGA
AGGAGTGAGGGACCCCTCCCTATACTAATGGGAGGGGGACCGAACCCCGA
AGGAGTATAAATaaaattaaTAATATATATATaattATAATAGTTCCGGG
GCCCGGCCACGGGAGCCGGAACCCCGAAAGGAGAAATAATAATATAATAT
ATAATaaaaTATAACTTAttaaTATAATAttaaaaaTATaattaaCAAGA
ATAAATAGTCCGTGGGATCGAACCCCCttttttATttaaTATttaaTAtLt
taaaGAAGGaattGTTTATATATAttaaTATCTTATTTGGGGAttaaTAT
AATATATAAGLLttGGATACCAGGCCAAAGACCGGAATCCCaaaaGGAGA
TTATATAAATATTATTTATCTCCCttttttaaTATTATAATaattttAtt
aaaaalaaaaTAATAATAATaattATaattTATAATAACaattATAATaa
tttaattaattaattaattaattaattaattaattaattaattaalTAATA
AATATAAATATaaaaaGAATATaattTATAATAAATaatttATATATATA
TATATATAttaaATaaaaTATTTACTTCAttaaTATaaaaTATAAATATA
TttaattaaTAAGTATATATATATAATAATATATAATAACCTATTTATAT
ATATAATCttaaTATaattATAAGAAATATTATATAAGTAATATATaaaa
aTAATATaaaaTaattATaattCaattTATATAttaaTAGTTCCGGGGCC
CGGCCACGGGAGCCGGAACCCCGAAAGGAGGAATAAGATAAATATATaat
tATAttaaTAAATATaattttaaaTGaattaaTaaattaaTATATATATG
TATATATATATATATAttaaaaaTATttaattAtttttAGGAAGGAGTGA
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TAGATCCCTTTGGGGGACCGAACCCCTATttaaGAAGGAGTGCGGGACCC
CGTGGGAACCGAACCCCttttttAtttaaaGAAGAAGTLLLTALLLALLL
TATTLEATTLEATTLEATTTATTTATTTTATTTTATTTTATTLTATTL
aatttaattttaattAGGCttaaTAAATAGTAATAATAAACttaaTAATAA
TAATAATaattttAtttttATaattTAttaaTAATAATAATaattATATA
TATATATATTAttaaTAAATATAGACCTTATCGTCTAATGGTTACGACAT
CACCTCTTCATGTTGATAATATCGGTTCGATTCCGAttaaGGTTATTCAT
AATAATAAATATTTGTaaaaaaaGTATATATaattaaACATATTCTTTAT
AttaattaaTaattAttaaTAATATACATLLLtATATAATACaattATATA
TATATATATAtLtLLtttttaaTACAAATAATATATTCATAATAATAAATA
CCGATTGTTATTATACTATAATaaaaTATATAATATALLEttCATTATAA
TAtttttaaaTAAATATTATAATaattATATAAATAATATTTATGTATAA
TAATAATAATAATaattGTTAttaattaattCTATaattATTATATATtt
aatttttrtttttaaTATAATATATAATAATATaattTATTTTALTLtLTt
tttATAGTTCCGGGGCCCGGTCACGGGAGCCGGAACCCCGAAAGGAGAAT
ATaattaaTAATAATATAAATAACATAttaaCAATaattATTGttaaTAT
AATAATAATAATAACAATAttaaTAAATAATATaaaattAttaaTATTAT
ATTTATATAATAttaaTATaaaaalTCTTTCATAATAttaattATTAttaa
ATAATAATGATATCAttaaTAttaaTATAATCGTCAATATTATTTATTTA

[TTATTTATTTATTTATTTATTTATTTATTTATTAttaaATAAATALLLL
taaaTATTATATTATATTAttaaCtttttAttaaaaaattaalAATGATA
TAATATaattaaTATTATCCACGGGACCAATGACCAACCCAGTAGTTGAC
CGGATTGGCGCCCGCGAGGTTTATATttaaTAAATAATAATAATAATALL
aaTaaaalCTAttaaCttttttttttaalGGATTATAttaaTGaaaaaaa
aaTGAGAAATATCttttttttttaaTaattATaattTATATATAATaaaa
TATGTATATATAATaaaaaaaTAGtttttaaTATTATAATATaattATAT
ATATaattATAAATATATATATATATAATAAGTAttaattaaTAATATAT
ATTTATATAttttttAttaattaaTATATATaaaaTATTAGTAATAAATA
ATATTAttaaTATtttATAAATAAATAATAATAATATGGCATTTAGaaaa
TCAAATGTGTATttaaGTTTAGTGAATAGTTATATTATTGATTCACCACA
ACCATCATCaattaattATTGATGAAATATGGGTTCATTATTAGGTTTAT
GTTTAGTTATTCaattGTAACAGGCTALttttATGGCTATGCATTATTCAT
CTAATATTGaattAGCtttttCATCTGTTGAACATATTATAAGAGATGTG
CATAATGGTTATAttttaaGATATTTACATGCAAATGGTGCATCATTCtt
ttttATGGTAATGTTTATGCATATGGCTAAAGGTTTATATTATGGTTCAT
ATAGATCACCAAGAGTACTATTATGAAATGTAGGTGTTATTAtLtttCAtLt
ttaaCTATTGCTACAGCLLLtttAGGTTATTGTTGTGTTTATGGACAGAG
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TGAGACAAGTATAAGTATATTATTATAATATCATACCAttaaATaattAt
tttaaTGAAATGATTATGTTTATATATAACATATACCTaattAGACATGC
ATTATTAGTAATaattttGTATGAAACTCTAATAATAATaattATTAtta
attAttaaGGTAAGATTCATATGGATAGCGTAAGTCAATCTAATATTATa
aaaTATCGTAACATAAACAATALLELLLttCTATTAttaattaaTAAATAA
TAATAAATaaaaaTaattATATGAGAAGTAAGATATTCaattCTGTCTAG
AATACATATATATACGttaaTACTCATCGGTATaaattAGAATCCTAAGT
GaattATTGAAAGTATAATAATATAAACTTGGTAAGCCCaattATTTCCA
TATAATAttaaTATAAATATTATATGGTAGTTATATATAATATTAttaaA
TAAATAATAATAGaattATAATATAGATAAGTGGGTaaaaGACTATTGaa
aaaGCTAAAGATTATATGTAATGTATAATATAGATCaattATTTATATAL
tttaaTaaaaaTATAttaaTAATGGttaaTATTATTAttaattaattaat
taattaattaaTAATAATAACGAATAAATGAttaaTGTGAAAGCATGCTA
ACTTCAATATAGGATGATTTATATAGTATATaattGTTTGAGCTGTATAC
TATGAAAGTAGTACGTACAGTTCTGAGTGGGGGaaatttGTAAAGATCTA
CCTATCACaattGTCACATTGAGGTAATATAAATATCGCCTCAAATATAT
ttaaTATAATaaaaCTaattTATATAATAATGttaaTATTAttaattTAT
ATTtttttATACGATTATAATAAGACAAATAATaaaaaCTAAAGAATATCT
TATAttaattaaGAGTATAGATTATAttaaTaaaaaTAAATATATaatta
atttaaaTATAACAAATAAGAAAGATATAAATAATAATATTGGTCCAtta
aATATAAACATLLLtATCaattATTTATGGTTCAATATTAGGAGATGGTCA
TGCTGaaaaaaGaaaaGGTGGTAAAGGAACAAGaattGTATTTCAACAAG
AATATTGTAATAttaattATTTATATTATTTACATAGTTTATTAGCTaat
tTAGGTTATTGTAATACTaattTACCTttaattaaaaCTAGATTAGGTaa
aaaaGGTaaattAGACAATAtttaaatttaaTACATGAACTTATGATTCA
TttaaTATGATTTATTCAGAATGGTATAttaaaaaTATATCTGGaaaaGG
TAATAttaaAGTTATTCCTAAATCTTTAGACaattATttaaCTCCTTTAG
CTTTAGCTATTTGaattATAGATGATGGATGTaattAGGTAAAGGtttaa
attCACAACTaattGttttAGTTATAAAGATGTTCAATATTTACTTTATT
TATTACATAATAAATATAATAttaaATCTACTATTCttaaAGGCAATAAA
GaaaaTACACaattTGTTATTTATGTATGaaaaGAATCTATACCTAtLtLtLt
aaCTaaattGTATCTCCTTATATTATTCCTAGTATaaaaTATaattAGGT
AattATTTATAATaaaaTATATAGTATTATAttaattATTATATTATTAT
AATGCGATATTATTGaaaaCATGTCaaattATATTAttaaGTAACAAGAC
AGTGGGTTATATaattATATGATCCCAACAGAATACACCAATAATAGGTA
TTATTATaaaaaaaaTAATAATATttaaTGTTTATTCGAAGaaatttATA
ATATTATTATTATAACACAAGGTttaaTAATCTATATATATATATTATAT
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ATATAACTACTGTTATTATTCCATTTACCTaattaaTATATAAATAATGa
attATaattATTATGAttaaTAtttttATAATAATAACCCCATCATAACA
TTTATATATAACATTTATATATAACATTTATATATAATATTTATATTATG
GTATTATTAGGTATAAATATTTATTCATAAGAGaaaaTAGTGAttaaATG
GaattATaaaaaGGGTAGATATTAttaaATACAGGGTATTATTTATAtta
aTAAATCAATAAATATTGAGATTATTATTAttaaaaaaTAATAATaattT
ATAAATAATATTALLttCTTGGCACTAGTTATTACTaattTATTCTCAGC
aattCCATTTGTAGGTAACGATATTGTATCTTGATTATGAGGTGGGTtta
aTATAGAGGATCCATATTATAGTAATATAATAtLttaaATAAATCTGLELLA
TGCTGAAATATCTTCATTTGAATAATaattACTATATTATTCaattaatt
ATTTATAATAATATaattTGAAATaaaaaTAATATAGttaaaaTATTTAT
TATAAGAAGaaattAGCAGTaattaaTATATATATATATATaaattaatt
ATTCAGAGACTTTATAGTTATTATATAAATAATACTATTATTTATGATaa
aaaTCATaattaaACACAGATAATCCTATTTATGCATATATTGGTGGTTT
ATTTGAAGGAGATGGTTGaattACTATTTCaaaaaaaGGTAAATATTTAT
TATATGaattAGGTATTGAAATACATATTAGAGATATTCaattATTATAT
aaattaaaaaTAttttAGGTATTGGCGTAAAGTAACaattaaaaattaaaaa
TaaaaGATGGTACTAttaaAGAAATATGTaatttaalGTAAGAAATaaaa
aTCAtttaaaGAATATTATTATTCCTALLLLttGATAAATATCCTATAtLta
aCTAATAAACATTATGATTATTTATAttttaaaGATaattTAttaaaaGA
TAttaaATATTATAATGATTTATCTTATTATTTACGTCCTAttaaACCAT
ttaaTACTCTTGAAGATAttttaaaTaaaattAtttttCTTCATGAttaa
TGOttt ttGAAGCTGAAAGTTGLEttAGTATTTATAAACCTATAAAT
aaaaaaalaaaaCTTGCTAGLtttGCAAGTATCTCaaaaTAATAGTATAGA
AGTTATATTAGCTAttaaATCATAtttaaaattACTCaaaaTATTTATAC
AGATaatttaaTaattCAAGAATAACACttaaaaGTAttaalGGTAttaa
aaaTGTTGTAATATTTAttaaTAATAACCCTAttaattATTAGGTTATaa
aaattACAATATTTATTATTCttaaaaGATTTACGTCTTATTCttaaATA
TAATaattAttttaaattCCTCCTAAATAttaaTCTTATATaaaaaTATA
ATAATAATATATTTATATATTATATaattATATAAACaaaaTATaattTA
TATATaattATTTATTATAAATATAGTCCGGCCCGCCCCGCGGGGCGGAC
CCCGGAGGAGTGAGGGACCCCTCCCTATTCTAACGGGAGGGGGACCGAAC
CCCGAAGGAGTttaattATATAttaaATATATTATTATCAATAAATaatt
CCTTTGAACTATTTATTALLLttATTATATTTALtttCTCCTTCATTAtLta
atttttAttaaTaattaaaaTCTTATCAtLtttATGGTALELLLtATTTCTA
TtttAGGATATCGAAACTATaattaaaaaGTATaattttAttaattATaa
ttTATGAttaaTAAATAAGAAATaaaaaCTTTAGAAGTAATATTTATCtt
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TLLLttttATAAATAAATATTATCGALttaaTATATAATCATTTATAAATAT
TTATATATaattATATATATACATAAATAGGAttaaGATATAGTCCGAAC
AATATAGTGATATATTGATAATAGLLttCAAATATGTAACTAtttaaaCA
ttaaaaGCTCAGTATCTAACCCTCTAATCCAGAGATTCTTTGCGTTACAT
TATTTAGTACCttttATCATTGCTGCAATGGTTATTATGCATttaaTGGC
ATTACATATTCATGGTTCATCTAATCCATTAGGTATTACAGGTaattTAG
ATAGaattCCAATGCATTCATACTTTAtLttttaaaGATTTAGTAACTGLL
ttCTTATTTATGttaattttAGCATTATTTGTATTCTATTCACCTAATAC
TTTAGGTCaaaaTATGGCCTTATTAttaattACATATGTaattaaTAtLtt
tATGTGCTGTATGCTGGAAATCTTTATTTAttaaATATCAATGaaaattt
ATAATaaaaCTCTATATTAttttATTATTCaaaaTAttttaaaTACaaaa
CaattaaATaattTCGTAttaaatttaattGAACAAAGCAATATAATaaa
aTAAATATTGTAAGTGATTTATttaaTCCCAATAGAGTaaaaTATTATTA
TAAAGAAGATAATCAGCAGGTAACCAATATaattCTTCTAATACTCACtL
aaCGAGTAATaaaaaGaattTATTAGTAGATACTTCAGAGACTACACGCA
CACTaaaaaaTaatttaattATTTAttaaATAtttttaalTATaaaaaaaa
TAAATCaattATTCttaaaaGACATTATAGTATTTATAAAGATAGTAATA
TTAGATttaaCCAATGATTGGCCGGTttaattGACGGAGATGGTTALtLLL
tGCTATTACTaaaaaTAAATATGCATCTTGTGaattCTTGTAGaattaaaa
GATGaaaaaaTGttaaGACAAATCCAAGATaatttGGTGGTTCTGTaaat
taaGATCAGGTGttaaGGCTATTAGATATAGATTACaaaaTAAAGAAGGT
ATaattaattaattaalTGCCCttaaTGGCGTAATATTCGTAATAGTaaaaGA
TTAGTACaatttaaTAAAGTATGTAttttAttaaATATCGAttttaaaGA
ACCTAttaattaaCTAAAGATAATGCTTGATTTATAGGGTTCTTTGATGC
TGATGGTACTAttaattATTATTATTCCGGTaattaaaattAGACCTCaa
ttaaCTATTAGCGTTACAAATAAATATTTACATGATGTTGAATACTATAG
AGAAGTATTTGGTGGTAATATTTAttttGATAAAGCTaaaaaTGGTTALL
ttaaaTGATCTAttaaTAATAAAGaattACATAATALELLLLtATCTTTAT
AATaaaaGTTGTCCTTCTAAATCTAATAAAGGTAAACGTTTAtttttaat
tCATaattttATTATTTATATGATTTATTAGCttttaaaGCACCTCATAA
TACTGCTTTATATAAAGCTTGAttaaatttaalGaaaaaTGAAATAATaa
ttaattttCTCCCTATTCATTATTATATTATCTaattTATaaaaTAttta
aaGATTCCTTATAATAATATAACATCTTTGTaattATTGttaaAGATAAT
ATaattATTATGAATCGGTAGATTATALLLttACAATCTTAttaaATaaa
ttCTGATCAttaaACATGATTGAAGAAATAATAATAGTTTATGAAATAAG
ATAGTGTAATATaatttttATGAAGATATAGTCCALLLATATTTATTAT
aaaaGCATCCTGATAACTATATTCCTGGTAATCCTTTAGTAACACCAGCA
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TCTATTGATAttaaaaaTAttaaTaaattATTATTATttaalCTTATTTA
ttttATATaaaaaaaalTAAATAATaattAttaaTaaaaaTATATTATTTA
TTTCTCCTTTCGGGGTTATTTATATATATTCCTTTATaattTATATttaa
TATATTATAttaaATATATGaaaattATAATAAATaattaattaattaaTl
AATAAATAATAATaaaaaGTACAGTAGCAttaaATATTCttaaGTTTCCG
CTTTGTGGGAACTCCCATAAGGAGTttaaTGAttaaattGGttaattGTC
AAGaaaaTCTAAGGTAttaaTAAATAAATAATACTATGACAACTTGCAGC
GAAGTTTATATCATCTCTATATTATATAttaaTATATATATATAATAATA
ATAATAATAttaaTATAATATAAGATATaaaaaCGTTCAACGACTAGAAA
GTGAACTGAGATAGTAATACCTTTCCACGaaaaCCaattaattTATaatt
AtttttaaaTAAAGAATAGATTAttaattttttttATATAGTTCCGGGCC
CCGGCCACGGGAGCCGGAACCCCGGAAGGAGTAATATATATTATATATaa
aaTaaaaaaTATATATATATATATTATaaaaTATCaaaaGttttaaTlCtt
ttATTATaattaaTGACATAGTCTGAACAATAATGaaattATTGAGATAA
GATAttaaATAATCTTATGttaaCATATATaattGTGTACCTGAATGATA
CTTATTACCATTCTATGCTAttttaaGATCTATTCCTGATaattATTAGG
AGTTATTCTAATGTTTGCAGCTALLttAGTATTATTAGEELttACCATTTA
CTGATAGAAGTGTAGTAAGAGGTAATACttttaaaGTATTATCTaattCT
TCTTCTTTATCTTTGTATTCaattTCGTATTATTAGGACaattGGAGCAT
GCCATGTAGAAGTACCTTATGTCttaaTGGGACAAATCGCTACATTTATC
TACTTCGCTTATTTCttaattATTGTACCTGTTATCTCTACTATTGaaaa
TCLtttATTCTATATCGGTAGAGttaaTAAATAATATATaattaattaaT
ACATAGATATAATATATATATTATTATTAttaaTAATATAATaaaaaTaa
aaaTaaattAttaaTAATAATAATACTttaaTAATATTCttaaaaaTAAT
ATATCTCTaattTATaaaattaaATAATAATAATaaaaaaaaaaTATTAT
aaaalATaattaattaaTAATGaaaaTAATATACTTAttaattaaTATAA
ATAAATGAATAATATAATATAACTATATTGaattATAATCTATCTATCtL
tttttttCATATaattATAATATATATAttaaTATATATaattATTALLL
tATATATTATAGTTCCGGGGCCCGGTCACGGAAGCCGGAACCCCGCAAGG
AGATTTAttaattATTATTATCATTATTALLLLttATttaaTCTTATTTA
TTATaaaaTaattaattATCATAAAGCATaattATTATAGAATCTTATTA
ttttCTTTATttaatttATaaaaaTATAAAGTCCCCGCCCCCLLLtLtAtLtL
ttATttaattaaGAAGGCTAttttaaaaaaGGAGTGAGGGACCCCCTCCCG
TTAGGGAGGGGGACCGAACCCCGAAGGAGTACTCATttaaTATAAATALL
aaATaaaattAttttATATATAttaalTGATTAttaaTATTGATAATATaa
ttAttttATaattaattATTATAAATATATAACTAttaaTaattaatttt
taaTCTAGGGGTTTCCCCCACTTACATAAACTTACGTATACTTACATATA
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CTTATGTATACTTACATATACTTACGTATACTTATATATACTTATGTATA
CTTACGTATACTTACATATATGGGGGATCCCTCACTCCTCCGGCGTCCTA
CTCACCCTATTTAttaaTCAttaaTAAGaattATTAttaaaaaattATaa
ttTACTCAAAGttaattATAAATATAtttttaaaTATCTAttttAttaaT
CttttATaaatttaattaattGTaattaattaaTATTATAATaattATTC
TTAGGAAGGATATTTATTTAttttaattATGaattCCTGACATAGAGACa
attaattAGAACTTCTTATTATTATTATAGTAATAATaaaaaTATTCTAA
ATATATTATATATATTATTAttttttttATTAttaaTaaaaTATTATAAT
aatttaaaTAAGTTTATaatttttGCGATAAGTATTGTTATALLLLLEATTT
CCAAATATATAAGTCCCGGTTTCTTACGAAACCGGGACCTCGGAGACGTA
ATAGGGGGAGGGGGTGGGTGATAAGAACCAAACTATTCAATAAATATAGA
GCACACATTAGttaaTATttaaTAATATAACTAATATATAATaattATaa
aaTaattaattATATAATATAATATAAAGTCCCCGCCCCGGCGGGGACCC
CAAAGGAGTAttaaCAATATAATATATTGTATaaaaTaattATAAATALL
aaATaaaaaCCAAATAAATAATATAATAAATGATAAACAAGAAGATATCC
GGGTCCCAATAATaattATTATTGaaaaTAATaattGGGACCCCCATCTa
aaaTATATATATAACTAATAATATATTATATATAttaaTATATAATAATA
TTAttaaaaTATAATATTAttaaaaaaaaaGTATATATaaaaTAAGATAT
ATATATATAAATATATATATTCttaaTAAATATTATATATAATAATAATa
attATTTCATAATaattATTTCtttttAttaaTaaaattACTTATCTCCT
TCGACCGGACTAttaaATAttaaATATttaaTATttaaTATttaaTAtLtt
tATTCTATAGATATTCATATGaaaaaTAATAAGTATATaattATGATAAT
GAATATALttttATTTATaattTATTATTATaaaaaTAttttaatttaaTl
AATAATAATAAATCATTATAttaattCttttaaGaattTATaattGTCAT
TATTTATTATATACTCCTTAttaaaaGGGATTCGGTTTCCCTCATCCTCA
TGGGTATCCCTCACTCCTTCTGATaattaattttATAATAATAATaaaaT
AAACttaattaaATATTATATATTTATTTACaattATATATATATATTAC
TCATaattaattaattaaGATGCaattCAATACGGTTGTATTATATTATT
CATCAAATATTGttaaTATTGATACCTACAGAGATATttaaTALELLLtAT
TATTATTATCCATTACTLLLLttATTATALLLtaattATTTATTTATTTA
TTTATTTATAATAATAATATTTCATATTATCaattATTALLLLLLLtLttt
tATAATATATaattaattATTTATATAGTTCCCCGAAAGGAGAATAAATa
aaaTATTATATAAATATTTATATCTTTAttaaTAttaaTATAAGTAATAT
ATATAGTTTATGATATttaattttATCATAATATAATAATaattATATAA
ATCTTATACACATTTATATAAGTATATATATATATTAttaaTATAATGAA
CATCTAttaaATaaaaTaattGTAAATCTCAAGTaattATTATTALLLLA
tttttaaTAATaattTATGATTTATaattaaTAAATaaaaGAGTaattAT
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ATGATaaaaaaGGTAATAAATaaatttATAGTTCCGGGGCCCGGCCACGG
GAGCCGGAACCCCGAAAGGAGTTTATTTATATATATATATATATGaatta
aTATttaaTAATAAATAATAATATaattaaTAATATTATTATTATTATaa
TLLttttATTTATAATAttaaTaaaaTATTATTATATATATATTATAATA
ATAttaaTAAGATATATAAATAAGTCCCttLtttttttAtttaaaaTAAAG
AAAGAATaattaaATAATAttttaaTaatttaattaaATAGTGTAttaaa
aGATAATaaaaaGTAATAttaaTATGttaattATATATAATATATTTATA
TATaattATATATATATATATAAATAATAATAAATATATATATAATATaa
aaaTAAGAATAGAttaaATATttaaTAAATAAATATTATGCaattAGTAT
TAGCAGCTAAATATATTGGAGCAGGTATCTCAACaattGGTTTATTAGGA
GCAGGTATTGGTATTGCTATCGTATTCGCAGCTttaattaaTGGTGTATC
AAGAAACCCATCaattaaAGACCTAGTATTCCCTATGGCTATELLLAGGTT
TCGCCTTATCAGAAGCTACAGGTTTATTCTGTttaaTGGTTTCATTCTTA
TTATTATTCGGTGTATAATATATATAATATATTATAAATAAATaaaaaaT
AATGaattaaTaaaaaaalaaaaTaaaaTaaaalCTCATTTGAttaatta
aTAACATTCTTATaattATATaattATTATaaaaTATATAAATATTATAA
TAATAATAATATATATaattATAATaaaaaaTAATAATAATATATAATAT
ACCttttttttaaTATAttaaTATATAAATAAATAAATAATGGATAATAT
ATaattACTLLLtttttATATTAttaaTAATAATaattTATAAATATTGTTA
TAATAAACATTTATATAAATAAATATaattACCATAATAAGATATATTAT
TTAttaaTAATaaaaaTATTTAttaaTAAATAAGAAATATATATATTATG
ATAATATTTAttaaTAAATAATaattCTTTATATATAAATATAttaaATA
TATttaattGAACACAATATaatttttATTGTATTATTCATttaaTAATA
ttaaTAttaaTAttaaTATAATATTAGTGAACATCTCCTTTCGGGGTTCC
GGCTCCCGTGGCCGGGCCCCGGAACTAttaaTATttaaTaaaaTATATAT
aattTATaattttCATATaattaaTATAATaattAGGTTTATAAATaatt
ATAATATATTATAACAATATAATaaaaTATATTATAAATCTATCTATCTA
TCTATATAATATATaatttATATATACAttaaTAATATttaattATaatt
AtttaaaTATttaattTAttaaTATTCCCCGCGGGCGCCAATCCGGTTGT
TCACCGGATTGGTCCCGCGGGGTTTATATTAtttaaaTAttaaATAttaa
ATAATaattTATATTATAttaaTAAATATAATaattaaaaaTATATGAtLt
aattATATAATAATAATAATaattAttttaalATTATaattTATaaatta
attATAttaattATAttaattCTTATTATATAATaattAttaaTAATaat
tTAttttaaGAAAGGAGTGAGGGACCCCCTCCCGTTAGGGAGGGGGACCG
AACCCCGAAGGAGaaaaTaattaaTaaaaGtttaaaaGTTCTTATAttaa
TaattATATAATATTATAttaaAGALLLttATAATATATATATATAATAT
ATTTATAGTTCCGGGGCCCGGCCACGGGAGCCGGAACCCCGAAAGGAGTT
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TATttaaTATTTATATTTATAttaaTATTTATATTTATATTTATATTCCT
CttaaGGATGGTTGACTGAGTGGtttaaaGTGTGATATTTGAGCTATCAT
TAGTCTTTATTGGCTACGTAGGTTCAAATCCTACATCATCCGTAATAATA
CATATATATAATAATaattttaaTATTATTCCTATaaaaaTaaaaTAAAT
AAATAAATAATAATaattaattaattaattaattttaaTAAATATaaaaTl
ATATaaaaaTAATAATAATAATaattATTAttttaaTAATATTATTTATA
TAATAGTCCGGTCCGACCCLLLLtATTCttaaGAAGGGALLLEALLLTAL
taattaalTAATAATATAttaaaattATAAATaattaaTaattCTTTATAT
TTATATATATATATATATATTTATATATTTATATATATAttttaaTAATA
TTATGATATAttttAttttaaTAATALLLLEALTLTtttATATATaaattAT
AATALtttAttttATaattATTTATATATaattAttaaTAATaattAttt
Tttt tATTTGGGATTTATATTATTATTATAAAGAATATAATGTTAttaa
TAACTGCaaaaaaTATCTAATATATTATTATTTATAATAATAAATAATAT
TATAATAAGGATGCATATTATATATATATATATATTTCTATTTATAttaa
TAttaaTAttaaTATGTATATATAATAGATaaaaaGTaaaaaTaaaaaaT
AATGaattaaattAttaaATATaattttATCAATAATAAATAAACttaaT
AATAATAATAATATTATTAttaaTAATCTATTAGATTCAttaaTAAATAA
GaattATTAttaaAGAATATATTATTAGATATAAATAATaaaaaaaTAAA
TAATATaaaaaGAATAttaaATAATAATAATATAAACCCCGCGGGCGCCA
ATCCGGTTGTTCACCGGATTGGTCCCGCGGGGAATAttaaTAATaattAC
AACAtttaaaTAATATAAATaattGAAATCTACaatttATaattATAATa
aaaaTATAGaattATAAATACTATAAATGATaattaattaaTaattATTA
TATaaaaTAATAACtttaaattaaATAATATAAATAttaaTaaattATTA
TAAGTAAACTTAttaaTCAACATAGtttaaaTaattaaATAttaattttA
TTATTATAATAATGATAttaaTAATAATAATAATAATAATAATAATaatt
ATTATATAAATATAATAAATaattaaTAAATATTATAAATAATAATATAA
ATAATaattTATGTAATAttttaaGTTATTATTATaaaaaaaaaGTAACT
ATTGAACCTAttaattATCATATATTTAtttaaaTAGTGATALLLLLAGT
AAATATATTAGtttaaaTGATATAGATAAATATAATAATGGTATCttaaC
TaattATCAACGTATAttaaATAATATTATGCCTaattaaATGATCATAA
TATTTCTATaattATAttaaTAATAttaaTAATAttaaTAATAATAAATA
TAATAATATaattaattTAttaaATAATAATAATAATAttaaTAATAATA
ATaattATAATAATAATAATAATaattATATTGGTAATAttaaTAATATT
TATAATAATATAACTATTGATAATATTCCTATAGATAttttaaTATATAA
ATATTTAGTTGGTTGATCTAttaatttaaaGGTAGAttaaGTAATAATAA
TGGTAGAACTAGTACACttaattTAttaaATGGTACttttaaTAATaaaa
aaTATTTATGAAGTAATAttaaTAATaattATaattaattATATCCCTTC
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TAATCATaattTATATAATaattCTAATAttaaTaaaaaTGGTAAATATA
ATAttaaAGttaattaaACTTTATttaaTATATATAttaaTAGTTCCGGG
GCCCGGCCACGGGAGCCGGAACCCCGAAAGGAGAAATaaaaTAAATATAA
TAAATaaaaTAAATAAATAAATAATATATATATATATATAAATATATaaa
aTAATATTTACTLLEttATATATATATaattATATATAAATaaaaTATAAT
ATAATATCATATaattATATaaaaaTaaattATaattTATTTATAttaaa
aaTAttaattaattaatttttttATATaattATTATAATAATaatttaat
taaaaaTAAATATCAAATaaattATaattaaTCCTACTLttGGATCCTAT
TTATALtttATTATTATAAATaattATTATTGATAGttaattaaATaaaa
aTATATATATATATTACTCCTTCGGGGTCCGCCCCGCAGGGGGCGGGLCG
GACTATTATaattATTAttaaTATAttaattAttaattATATAAACCGCC
CCCGCGGGGGCGGTTAGTTATTTATAttaaTATALtttATAttaaTATAT
AATACTCELLLtttCTATTATAttttaaTATATAATAttaaaaaaaaTAAA
TaaaaTAATATTCttaatttttATTCTTTATCTTCTttaaCCAAACTCCT
TCGGGGTTCGGTCCCCCTCCCATTAGGTTAGGGAGGGGGTCCCTCACTCC
TTCGGGGTCCGCCCCCCCCCGCGGGGGCGGGCCGGACTALLLtaatttta
atttaattttATAAATATAATATttaattATaatttaaTAATAATATATa
aaaaaTATATATATGGttaaTATATATAAAGATTATAATCtLtLtttAttaa
ATAAAGGaaatttATTATATaatttttCTCTATAGTTATATAtttaaaaC
TTATtCLtLELLttttttATAAATAATaattATAATAAATAATALtaattAT
TTATTATATaattaattGGCCCCCATGCTGGGTTCCGGAACTCCTCCTTC
TCGCGAGGttaaCACCTATTATATAACTATAACTATAACTATAACTATaa
ttATaattATAACTATAACTATAAATATTCAtLtttaaTAATAATAATAAT
AATAATAttaaTATAAATAGTCGAAGAATATATTTATTTAttttaaTATA
AATaaaaaGTTTCaattaattTGaattTGGaattaattATTACTTCATAT
GGGGTTATGGATTTCGTTCGGAACTCCTCCCTCCTACCTCTATTTAttaa
TCATAAATCATaattATTAttaattaaTAATAATaattTACTCGAGGTTC
ATACCTAttttaaTAttaaTAttaaTATTGATaaaaTATATATTCACTaa
aaaGTATATaattTACTCaattTATACTATaattttATATLLLLLtATTA
TaatttaattATTTCAAATAAAGTaattATAATAATATATATCCTTTALL
aaATATATAttaattaaTATATATATaaaaaGTAAATATTAttaattGTA
TATaattATAAATaattaaTATTTAttaaaaTATATATaattTATAATCC
TCATATaattaaTATAATAAATAATATAACACAATGTaatttaatttaat
tACATAATaatttATTATTATTATaattATTATTTATTTATTTATTTATT
ATTATaattATAAATATTATTATaattaaaalTCaattAttaattAttaaTl
GATAAATaattaaTGATaattATCAATAACCaattAGATTATTTATCGAT
ATttaattATATTATATTATATTATATTATATATATATATATATATTATA
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TTATaaatttATTTATAAATATTTGTTTATTTATTTATTTATTGAATAAC
AATAGaattaaATATTGTCAATAAATAATAAATAATGTttaaTATATATT
ATATTATAttaaTAttaaTATTATTATTALLLLttttATTATAttaaTAT
aattTATaaaaaTATaaattATTATTtttATTATaattTATATATATATA
ATATATATATTTAttaaaaTAttttaaGAAAGGAGaaaaaTaattaatta
attaattaattATTTATTATTATTATTATTATTTATATAATAATATATTA
tttaaaTATTTATATATTALEtttATAttaaTATTTATAGATGGGGGGTC
CCTATTATTATTGaaaaTAATaattAttaaTGGACCCCAGATAGCTTCTT
GTTTATCATTTATATATATATATATATTAttaattAttttATTCTCCTTT
CGGGGTTCCGGCTCCCGTGGCCGGGCCCCGGAACTTTATAATATTATTAL
taattATttaattaaTATTATAATCATATaatttaaTAttttATttaatt
ttAttaaatttaaTATATATATLLttATTATTATttaattaattTATAAA
TATaaaaTATTCttaaTAttaaaaaTAAATAAATAATAAAGTTTATAAAT
CATATATTATaattATTTATTALttttATATTATAttaaTaaaaTATTAT
TATTATaaaaaaaaaTAGaattttATAATALLLLtATATAtttttaattA
TTATTAttaaTATTTAttaaAGGAAATATaaaaaCCGAAGGAATATTATa
attATaattATaattATTATTATATttaattTATTATTATAATAATaatt
ATAGTCTGCCCCCTCTTTATCTTTAttttaaaGTTCCGGGGCCCGGCTAC
GGGAGCCGGAACCCCGAAAGGAGAAGGATATttaaTaattTATAATATLL
AattCATATATATATATATATALLLEALLLLLtATATATATATttaaTAT
ATTATATTTATATTTATATTATTATTATATTTATATTATATTATttaatt
AttttttaaTAATATATTAttaaTALtttACCLttttGATAAATaaaattt
AttaaaattttATAATAAGTAttaaaaTATCATaaaaGTATAATATTTAT
ATaaaaTGTATaatttATAATCTTCTaattaattaattaaATAAATaaaa
TaaaaTaattaaACTCCttttGCAGATTCACACCTAttttAttaaaaaTlTAG
GTATTCACttaattaattaattaattaattaattATGGATaattTATtta
aTAAATATATATAttaattATaaaaTAATAGTCCGGCCCGCCCCGCGGGE
CGGACCCCGAAAGAGTCTGCCCCtttttATttaaTATttaaTATttaaTA
TttaaTATttaaTATttaaTAtttaaaGAAGGATATATTTATaattTATC
ATAATATTATttaaTAAGaattAttaattaattaattaattaattTATIT
ATTGTTTATATTTAttaaTAttaaTATAATaaaaalTGTaaaaTACttaaT
ATTAttaaTATTATTATATATAATATATATAATAATATATTATATTTATA
TCTCCTTTATTCCLtttttCCCCCGATGGGGACTTATTATATTATATTATT
ATATATTTCTTCGATAACTTTATATATAttttAtttttATaaaaaaaTAT
TTATATATTATTATTTACAATAATaattAttaaTAGTCCGGCCCGTCCCG
CGGGGGGGAACCGAAGGAGTGCGGGACCCCGTGGGAACCGCATCCCCELLEL
tAtttttaattaaGAAGGAGTGAGGGACCCCGTGGGGACCGAACCCCGAA
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GCGAGTCLLttttCTATTTAttaaTAATAACTATaattATAtttaaaaTAA
TaattTACTTGTTATAATCttaaTGTTCCGGGGCCCGGCCACGGGAGCCG
GAACCCCGAAAGGAGAAGTATATAAATATTTACTTGTTATaattTATTAT
ATATTTATAACCTCCTTCttaattATCTTTACTTTATAATaaattaaTAT
AATATAATCTGATAATAATCGaattttATTATATttaatttaattaaTAA
TAGACaattATTATTATTALtttACTTAttaaTAttaattTAGATTTATA
TATATAAATATTAttaattttATAttaattttttAttaattATTTALLLL
tATATTCATAttttttAttaaTATTAtttttAttaaTAACtttttaaaTa
attATAAACTATATATTATTTATATTTATATTTATAATAAATGAAACaat
tATAATaaaattACaattACaattATATTATaattATGATTACAATAGGG
ttaaACATTACCTGTGAACAACTGGTAATGTttaaCCCGTATTATTATTT
ATTATATTATATATATAttaaaaTAttaaTAttaaTAttaaTATTATATT
ATATTATATTATATTATATTATATTATATTATATTATATTTATaattATA
TTATATTATATaattTATATACLEttATaattCTTATTATTATTTATTTA
TTATTTATTTATTATTAtttaaaTATATTATTATTATATAttaaTAATAT
ATATATTALLLtATATAttttATttaaTATaattATTTATATELLATAL
TtttATTATGAGGGGGGGCTCCCaattATTALELtCAATAATaattTATCAT
GGGACCCGGATATCTTCTTGTTTATCATTTATTATTCTTATTATTTGGtL
tttATttaaTATTTATaattTAttttATACaattTATTATATTGTTTATA
CCTTATTATTATTATATAATATATTATATTATTATAATaatttaattaat
tATATTAttaaATAttaaCTAATGTGTGCTCTATATATATTATTCATTCT
AGTTTCTAATCACCCACCCCCTCCCCCTATTACTTATATATCTAGAAATa
aaaaTACATAACATATAttttaaaTATATATATATaattATATAATaatt
ATTATATATaaaaTATATATATATATAATATATATTTATaaaaTAATAAT
AATAAATATTATTACTCCATTAGAGGLEttGGTCCCATATCAGGAACCGA
AACTATAATAATATATAATATTATAATAAAGATATTCTTATTTATAATAT
ATTAttaaATaattaaTAATaattATAATATATATATATAATATATTATA
ATATATTTATTCGAGAACLLLttATTTATTATaaaaTaaaaTAtLLtATT
TATTATTTAGtttttttttAttaaACAttttATaaaaaTATAAATGtLtaa
TAATATTATGAttaaTAAGTAATAATaatttATTTAtttttAttaattAC
TTCTTCGAGGTATTAGTATCAGTATCAGTATCAGTATCGTaaaaaaCGGG
TGACTaaaaTATATATATATATaaattATAAATaaaaaTATTATAATaat
tttaaaTAAATAAATATCAATATATTATTATTATTTATATTATAATAAAT
ATTATCTAATAATAGTCCGGCCCGCCCCCGCGGGGCGGACCCCGAAGGAG
TCCGAACCCCttttttATttaattttAtttaaaGAAGGAGTGAGGGACCC
CTCCCGTTAGGGAGGGGGACCGAACCCCGAAGGAGATaattAGATATaat
TATATLLLATLLtATATaattATATAATATTATATAATAATaattATATA
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ATAAGttaaTAATaattATATAATAAGttaaTAATAATCATATCTCCTTT
ATAAATGAACttLttAttaaATATAttttAttaaATAttaaATATALLLLL
tATAATAttaaATATAttttAttaaaaTATttaaTATAttttAttaaATA
ttaaATATALtLLtAttaaATAttaaATATAAATAAAGGTTTATATTATaa
ttCATTATTTATATCTTCTTTATaattaaTATTCGTATTAGATCCTTATt
taattTATAATCCtttaaaaaaCttttaaTAAATATAATATAATATATAT
ATaatttttATTATLLLtATATTALTEttATTAtttaaaTATATTATATA
TTTCATTATAATaattAtttaaaaaGTTATttaaTAAATAATCTGATATT
ATAttttATaattaattttATTTALLtttATTTATTATATATATTATTATA
TATaattaaattATaattACaattATAACTATaattaattaattaattaa
ttGCGAttaattaattaattGGGCGCCAAGCCGGTTGTTCACCGACTTGGT
CCCAATATAATATGAGATAATATAATATACTATATGATATAACATAAATA
TAATATATTATATGATATAACATAAATATAATATACTCCTTCGGGGTCCG
CCCCCGCGTGGGCGGACCGGACTATATGAATATATTATTATTATaattAT
aaattATAATAAATAAATaaatttCTttaaTaattAttaattaaTATTAL
taattTATTTACAAATAttLttAttaatttttAtttttAttaaATATAAAT
ATATAAATATATATATATTTATTTATAATATTATTTATATTTATTATATA
TTATTAttaaATATALLLttATTATATATCAttaaATAttaaTATGTTAT
TATAGTGGTGGGGGTCCCaattATTALLLLCAATAATaattATTATTGGG
ACCCCGGATATCTTCTTGttaaTCaattATTATATTATttaattTALtLtLt
ATTTCTTATTTATaattTATATTATATaattTATTATATTGttaaTACTC
CTTCGGGGTCCCCGCCGGGGCGGGGACELELATTTATATTAttaattATA
TTATATTATTATAATATATttaattGATTATATTATaaattATAACTAAT
GTATGCTTTGTATTTATTGAATAGTTTGGTTCTTATCACCCACCCCCTCC
CCCTATTACTTCTCCGAGGTCCCGGTTTCGTAAGAAACCGGGACTTATAT
ATTTGGTaattaaaaaTATAACTTATATAAATATttaaTAAATATATALL
AaATATATTATTAttaaTaattTATTATTATATaaaaaaaTAATAAATAT
TAttaaTGATttaattATATAAATAttaattAttaaATAAATaattATAC
TTTCTCCTTTCGGGGTTCCGGCTCCCGTGGCCGGGCCCCGGAACtELtaaa
aTAATATATATATATATaaaaGTAttttATAATaattAGTttaattATTA
TTCtttttttttAttaaATATaaaaTCALtEtttAGCGTTAttaatttttATT
TAttaaaaaTaattttATaattaaTATTTCTCCTTTCttaaaaTAAATAA
TATTATTATTATaattAttaattaaTGAATACTCTTCTCLtttGGGGTTC
GGTCCACCCTCCCGTATACTTACGGGAGGGGGGTCCCTCACTCCTELLLGA
GACTttaattttATAAATATAAATATAAATATAATAAGATGLtaaCTCtt
TttATAAATAAATAATAAATATaattCTALttttaaTAATAATATATAATA
tttttATAATaaaaTATATAAATAATAATATTTATATATATATATATACE
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Tttt tATATAAGAATAATATATATAGTTCACATTGGAGGCGAGTaaaa
GGAGATAAGAAATATAATATAATATAATAATaaaaaTATAATGAATAATA
ATAATaaaatttATATAATAACaaaaTAGTCCGACCGAAGGAGATGAGAT
TAttaaTATTAttaaATAATaaaaTGTAttaattATaaaaTATaaaaCCT
ATAAATaattTATAATATaattTATATTATGATAATAATAATATATATAT
TATAATATELtATATATATATTTATTATATTTATATTTATATaaaaaaGT
GATATTGAttaattaattaattTATaattaaTaattAttaaTATAGTCCG
GCCCGCCCCCGCGGGGCGGACCCCGAAGGAGTCCGGCCGAAGGAGTTTAT
TATATTATAttaaATAAGATTTATAATATaattaaTATATAttttaaTAA
ATATaaaaGATTATATTATATTATaaaaaGTATATLttATATTTATALLL
tATTTATTATTATTATTATATATATAAGTAGTaaaaaGTAGAATAATAGA
TTTGAAATATTTATTATATAGAtttaaaGAGATAATCATGGAGTATAATa
attaatttaaTaatttaaTATAACTAttaaTAGaattAGGTTACTAATaa
ttaaTAACaattaattttaaaaCCTAAAGGTAAACCTTTATAttaaTAAT
GTTATCLLLTttATTALLEtttATAATAAGAATaattAttaaTAATAATAAAC
TAAGTGAACTGAAACATCTAAGTAACttaaGGATAAGAAATCAACAGAGA
TATTATGAGTATTGGTGAGAGaaaaTAATAAAGGTCTAATAAGTATTATG
TGaaaaaaaTGTAAGaaaaTAGGATAACaattCTAAGACTAAATACTALtL
aaTAAGTATAGTAAGTACCGTAAGGGAAAGTATGaaaaTGATTALLLEAT
AAGCAATCATGAATATATTATATTATAttaaTGATGTACCELELtGTATAA
TGGGTCAGCAAGTaattaaTATTAGTaaaaCAATAAGTTATAAATAAATA
GAATAATATATATATATaaaaaaaTATAttaaaaTATttaattaaTAtta
attGACCCGAAAGCAAACGATCTAACTATGATAAGATGGATAAACGATCG
AACAGGTTGATGTTGCAATATCATCTGAttaattGTGGTTAGTAGTGAAA
GACAAATCTGGTTTGCAGATAGCTGGLLEttCTATGAAATATATGTAAGTA
TAGCCTTTATAAATAATaattATTATATAATATTATAttaaTATTATATA
AAGAATGGTACAGCaattaaTATATATTAGGGAACTAttaaAGttLtLtALt
aaTAATAttaaATCTCGAAATATttaattATATATAATAAAGAGTCAGAT
TATGTGCGATAAGGTAAATAATCTAAAGGGAAACAGCCCAGAttaaGATA
TAAAGTTCCTAATAAATAATAAGTGAAATAAATAttaaaaTATTATAATA
TAATCAGttaaTGGGTTTGACAATAACCAtLtttttaaTGAACATGTAACA
ATGCACTGATTTATAATAAATaaaaaaaaaTAATAtttaaaaTCAAATAT
ATATATATTTGttaaTAGATAATATACGGATCttaaTAATAAGaattATt
taattCCTAATATGGAATATTATALLLtttATAATaaaaaTATAAATACTG
AATATCTAAATATTATTATTACLLLLLttttaaTAATAATAATATGGTAA
TAGAACATttaaTGATAATATATATTAGTTAttaattaaTATATGTAtta
attaaATAGAGAATGCTGACATGAGTAACGaaaaaaaGGTATAAACCtELL
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tCACCTaaaaCATAAGGTttaaCTATaaaaGTACGGCCCCTaattaatta
aTAAGAATATAAATATATttaaGATGGGATAATCTATAttaaTaaaattt
ATCttaaaaTATATATATTAttaaTaattATAttaattaattaalTAATAT
ATATaattATATTATATATTATATALLEtttATATAATATAAACTAATAA
AGATCAGGAAATaattaaTGTATACCGTAATGTAGACCGACTCAGGTATG
TAAGTAGAGAATATGAAGGTGaattAGATaattaaAGGGAAGGAACTCGG
CAAAGATAGCTCATAAGTTAGTCAATAAAGAGTAATAAGAACAAAGTTGT
ACAACTGTTTACTaaaaaCACCGCACTTTGCAGAAACGATAAGTttaaGT
ATAAGGTGTGAACTCTGCTCCATGCttaaTATATAAATaaattATttaaC
GATaatttaattaatttAGGTAAATAGCAGCCTTATTATGAGGGTTATAA
TGTAGCGaattCCTTGGCCTATaattGAGGTCCCGCATGAATGACGTAAT
GATACAACAACTGTCTCCCCTttaaGCTAAGTGaattGAAATCGTAGTGA
AGATGCTATGTACCTTCAGCAAGACGGAAAGACCCTATGCAGCTTTACTG
TaattAGATAGATCGaattATTGTTTATTATATTCAGCATAttaaGTAAT
CCTATTATTAGGTAATCGTTTAGATAttaaTGAGATACTTATTATAATAT
AATGATaattCTAATCTTATAAATaattATTATTATTATTAttaaTAATA
ATAATATGCTTTCAAGCATAGTGATaaaaCATATTTATATGATAATCACT
TTACttaaTAGATATaattCttaaGTAATATATAATATATALLLEATATA
TATTATATATAATATAAGAGACAATCTCTaattGGTAGLtttGATGGGGC
GTCATTATCAGCaaaaGTATCTGAATAAGTCCATAAATAAATATATaaat
tATTGAATaaaaaaaaaaTAATATATATTATATATAttaattATaattGA
AATATGTTTATATaatttATATTTATTGAATATATLELttAGTAATAGATaa
aaaTATGTACAGTaaattGTAAGGaaaaCAATAATAACTTTCTCCTCTCT
CGGTGGGGGTTCACACCTALttttaaTAGGTGTGAACCCCTCTTCGGGGT
TCCGGTTCCCTTTCGGGTCCCGGAACttaaATaaaaaTGGAAAGaattaa
ttaaTATAATGGTATAACTGTGCGATaattGTAACACAAACGAGTGAAAC
AAGTACGTAAGTATGGCATAATGAACAAATAACACTGATTGTAAAGGTTA
TTGATAACGAATaaaaGTTACGCTAGGGATaattTACCCCCTTGTCCCAT
TATATTGaaaaaTATaattATTCaattaattATttaattGAAGTaattGG
GTGaattGCTTAGATATCCATATAGATaaaaaTAATGGACAATAAGCAGC
GAAGCTTATAACAACTTTCATATATGTATATATACGGTTATAAGAACGTT
CAACGACTAGATGATGAGTGGAGttaaCAATaattCATCCACGAGCGCCC
AATGTCGAATAAATaaaaTAttaaATAAATATCAAAGGATATATAAAGAL
ttttaaTAAATCaaaaaaTaaaaTaaaalGaaaaaTAttaaaaaaaalTCA
AGTAATaatttAGGACCTaattCTaattAttaaaaGAATATAAATCACaa
ttaattGaattaaATATTGAACaattTGAAGCAGGTATTGGTttaatttt
AGGAGATGCTTATATTCGTAGTCGTGATGAAGGTAAACTATATTGTATGC
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aattTGAGTGaaaaaaTAAGGCATACATGGATCATGTATGTTTATTATAT
GATCAATGAGTATTATCACCTCCTCATaaaaaaGAAAGAGttaaTCATTT
AGGTaattTAGTaattACCTGAGGAGCTCAAACttttaaaCATCAAGCttL
ttaaTaattAGCTAACTTATTTATTGTAAATAATaaaaaaCTTATTCCTA
ATaattTAGTTGaaattATttaaCACCTATAAGTTTAGCATATTGATTTA
TAGATGATGGAGGTAAATGAGATTATAATaaaattCTCttaaTaaaaGTA
TTGTAttaaATACACAAAGLLLtACTLLtGAAGAAGTAGAATATTTAGLL
aaAGGTttaaGAAATaatttCaattaattGTTATGttaaattaaTaaaaa
TAAACCaattATTTATATTGATTCTATAAGTTATttaattttttATaatt
taattaaACCTTATttaattCCTCAAATGATATATaattACCTAATACTA
TTTCATCCGAAACttttttaaaaTAATATTCTTALLLLLALLLEATGATA
TATTTCATAAATATTTATTTATAttaattttATTTGATAATGATATAGTC
TGAACAATATAGTAATATATTGAAGTaattAtttaaaTGTaattACGATA
ACaaaaatttGAACAGGGTAATATAGCGAAAGAGTAGATATTGTAAGCTA
TGTTTGCCACCTCGATGTCGACTCAACATTTCCTCTTGGTTGTaaaaGCT
AAGAAGGGTTTGACTGTTCGTCaattaaaaTGTTACGTGAGTTGGGttaa
ATACGATGTGAATCAGTATGGTTCCTATCTGCTGAAGGAAATATTATCaa
ttaaATCTCATTATTAGTACGCAAGGACCATAATGAATCAACCCATGGTG
TATCTATTGATAATAATATAATATATttaaTaaaaaTAATACTTTAttaa
TATATTATCTATATTAGTTTATAttttaattATATATTATCATAGTAGAT
AAGCTAAGTTGATAATAAATAAATATTGAATACATALtaaATATGAAGTT
GttttaaTAAGATaattaaTCTGATaattttATACTaaattaaTaattAT
AGGLtttATATATTATTTATAAATAAATATATTATAATAATAATaattAT
TATTAttaaTaaaaaaTAttaattATAATAttaaTaaaaTACTaattTAT
CAGTTATCTATATAATATCTAATCTATTATTCTATATACTTATTACTCCt
ttttaattaattaaaaaGGGGTTCGGTTCCCCCCCCCCATAAGTATGATT
ATaattATaattATAATATAAGGGAGGGGTCCCTCACTCCTTATGGGGTC
CCGGTTGGACCGAGACTCCTCCCTTGCGGGATTGGTTCACACCTTTATAA
ATAAATAATAAATAATAAATAAAGGTGTTCACTAATAAATATATATATAT
ATATATATATATTATATTATAATATTATttaaTACttaaTATATTATATA
ttttATATttaaTAAATaaaaaaaaTAttaaTAAATAATAATAttaaTAA
TAAAGaattATaattaaTACCCTCTATATATaattCTaattaattaatta
aATATTTATATATAATAATCAATATATTAttaatttaaTaattATTATAA
TAGTTCCGGGGCCCGGCCACGGGAGCCGGAACCCCGAAAGGAGTTTATaa
AaGATATALLELLtATATTATATTATATTATATttaaTAAATATTACCtELL
TtCtATTATTALELtttATATATTATATAATATTAttaatttttATTATAA
TATTATTTACEttttttATTGGATTATTTATTTATTTATTTATTTAttaat
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taattaattaaATATTTAttaattaalTATATATAttaaATAttaaTATTT
CAttaaaaaaaaGAGATATATGAATAATATATTATGTTATATTATATTAT
ATaattATATTAtttttATAATAttaaTaattaaaaaTAAGAACTTALLL
aaaattATaattATGATAATaattaaTACtttttaattTATaaaaalTATa
atttCTTTACATATATATATATATATATTATTATTATTTATAttaaTCAT
aattttaalTATTTATAATaatttATATaaaaTCaattATAATATTATATA
CLEttttATATACTTTATAATCTTTATATCTTCACCCCCCCttttttaaTA
ATATATTATAttaaaaaTATAATaattTATATGATTTAttaaTACttLttt
ATATaattATATTATTALLLEttttttATAGATGTTATATTATLLLLLATA
ATaatttttttttAtttaaaTaaatttATAACTCCTTCttaattaaAGAT
aaaaGGGGTTCCCCCCttaaGTATAAGTATAAGTATAAGTATAAGTATAA
GTATAAGTATAAGTATAAGTATAAGTATAAGTATAGTATACGGGGGGGGG
GTCCCTCACTCCTTCGttaattTATATATATTAttaaTaattATttaatt
tttATTATTTATTTATATATaaaaaTATTCTaaattAttaaTATTTATAA
TAGAATAAATATTATAAAGTATaattATAAATaattaattAtttaaaTAA
TAATAATATATTTATTATTATATAATAAATATATTATAAATAATAGTTAT
ATTAGCttaattGGCGTAGAGCATTCGLLttGTAATCGAAAGGTTTGGGGTT
CAAATCCCTAATATAACAATAATAATAATaaaaTAttaaaaTAAATATAA
TATTTATaaaaatttAttaattTATATaaaaaaTATATATATAAATAATa
attATAATaaaaCAttttATAATCAATaatttaaTAAATAATCTTCTTAT
TATAATATTATGtttaaaTATTACTCTTTATGAGGTCCAACAAACTAATA
AGATATAAATATATATATATTATATAATAATAATAATAATAATATATTAT
ttaaTATATTATCAAGAAGATAAATATAAATAATAttttaaTaattttaa
aTAAATCTaattTATATAttaaTaatttaaTAATCttaaTATTTATTATC
ATTATTTCATATTTATATTATATAAATATTTAtttaaaTaaaaaaTAtta
aAGAGTTTALLLtATTTATTATaattATttaaTaaaaTATATATAATAAT
ATATAGAATAAAGATATAAATaattATAAGTATATAAAGTAATAAAGGAG
ATGTTGttttaaGGCttaaACTATTAGATTGCAAATCTACTTAttaaGAGT
TCGATTCTCTTCATCTCttaaATAAATAATATAATAATaaaaTATTATAG
TTCCGGGGCCCGGCCACGGGAGCCGGAACCCCGGAAGGAGATAAATATAT
ATATATTTATAATaattATATAATAAAGGTGAATATATTTCAATGGTAGa
aaaTACGCTTGTGGTGCCttaaATCTGAGTTCGATTCTCAGTATTCACCC
TATAAATAATAATAATAATATALLLLATTATTCttaattttttATTCTTT
ATATTATATATATAATAttaaTATTATTACtttttaaTAACaaaaTATTA
TaattaattGATATATATATATACCAAATATaattaattGaattaaATAA
TAAATaaaaTATTTACTTCTTTAttaaattCTaattaattGATTCtLtttt
ATTGAATAttaattCTATTATAACTTAttaattaattaattaattaattA
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TAATAATAATAATATTTATTAttaattAttaaATATTTATTATTATATAT
AAGATttaattttaaaTAttaaTaaaaaaaGAATaaaaTaaaaTaaaaTG
AATAATATTTCTTTATCTCTTTCGATCGGACTCCTTCGGCCGGACTCCTT
CGGGGTCCGCCCCGCGGGGCGGGCCGGACTATTTATTATTATAATATAAT
ATttaaTCAATAGATTTATaattTATttaaTGAATATLLLtATAAATATAT
aaaaCaattCCtttttATTATTATaatttttCATTATTTATTTATTTATT
TATTTATTTATTCAATATATaaaaaTaattATaaaaaGATTAttaaaaaTl
AATaatttaaTGATAAATATATATTATATATAttaaTATaaaaaTAATAA
ATATAAATATATTATGTAAATATTATATaatttGTATATGTATATATTAT
AATAATGTTATATAAGTAATAATATAATaaaaTALLLtATGTaattTATA
TATATTTATaattATaaaaTaaaaaTATTATAAATAATaaattaaTAATA
ATAATaattttaaTaaaaTaattATATATttaattttATTATGAAGTTTA
TACttaaTATaattATATTTCCTTTATaattAttaaTATATCCtttttaa
ttaaATaaaaTaaaaaTATTATAAATAttaaTaattaattttttATTITAT
ATTTATATATATAttaaAGAttaaATATATTAttaaTACTaattTATaat
tTATTAttaaTAAATAGTCCGGCCCGCCCCCTGCGGGGCGGACCCCGAAG
GAGTTCGACttaattATaatttaaTaatttttATTTAttaaTAGTTTCGG
GGCCCGGCCACGGGAGTCGGAACCCCGAAAGGAGELLLtATTAttaaTATa
aaaaGAGTAAGGATAATAATaattCttttaattTAtttttaaTaaaaTAT
aattttaaaaTAGLLtttATAGTCCGGCCCGCCCCGCGGGGEGGGGCGGA
CCCCGAAGGAGTTCGGTCTGGCAttaattATAATaattATAttaaTATTA
TTATTATTTATTATATTATAATATATTTATTTATATtttATAATAttaaT
AattALLttATATttaaTAAATATAATATATATATTALEELLtttaaTAA
CTATCTaattaaTAGCTALtttGGTGGaattGGTAGACACGATACTCtta
aGATGTATTACTTTACAGTATGAAGGTTCAAGTCCtttaaaTAGCAATAA
ATATATATAATATATATAATATATATAAATGAGTCGTAGACTAATAGGTA
AGTTACCaaatttGAGTTTGGAGTTTGTTTGTTCGAATCAAACCGATTCA
ATATTATAATATATATATTATTTATATATAAATATATaattATACTCCTA
tttttATAttaattaattaaTAATATATGATAATATaaaattATTGaatt
AttaaCTCTTAttaaTAATAATAATAATCATAATAATAATATATATATAT
ATAGTATATATATaaaaGttttATTATATTATATTATATTATATATTTAT
TTATATATaattCTTAttaattGaaaaaaGAATaattaaTAATCTTAtta
aaaaaaTAAATACTTTCALLLTALTLTLTAtLtLLtATttaatttaattATAAT
ATATAAATAttaaaaaaaGGATATAAGLLLtttATAAGATATAATATATA
TATATAttaaATATAAAGAAGttaaTATTTATAttttaattATaaaalGt
taaTACTCCTTTGGGGACTTAttaattaattAttaattaaTAATaattTA
TGATTTATAAATAATAAATAAAGGAATAAGTATCaattaattaaTATATT
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ATATttaaTAttttATATttaaTATttaaTATttaaTAttttaaGTTCCG
GGGCCCGGCCACGGGAGCCGGAACCCCGAAAGGAGTAGTAtLtaattATGG
ATAGTGAGGGTGGATttaaTCCttttGTTATGTTAttaattaattaatta
attTATATATATaaaaTAttttaattaatttttATATAAATATATATATA
TATATATAttaaTAATAGTCCGGCCCGCCCCGTGGGGCGGACCCCAAAGG
AGTAATATATATTATGTATAAACAATAGAGAATATTGTttaaTGGTaaaa
CAGTTGTCttttaaGCAACCCATGCTTGGTTCAACTCCAGCTATTCTCAT
AATATTATATATATATATTTCCCTTTCTaaaaaTAATAATaattATATAT
AATAATAATATaattATATATATATATATTATAATAATAATAATAATAAT
AATAATAAATAATAATaattAtttttAttaaTAATAttaaTATATTATaa
ttAttaaTAAATAttaaTaaaaalTAGCTCTCTTAGCttaaTGGttaaAGC
ATAATACTTCTAATAttaaTATTCCATGTTCAAATCATGGAGAGAGTaat
tATATTATAttaaTAATCCCCCCCCCAtttttaattaattaaGAAGTtta
attTACTATttaaTAATAAATGAAATAATAATAATAGATATAAGttaatt
GGTAAACTGGATGTCTTCCAAACATTGAATGCGAGTTCGATTCTCGCTAT
CTATaattaaTAttaaTATaattaaTATCCTATaattaattaaATACaaa
ttATAttaaaaCTTATATTATATTATATTATAATATTATATTATTATTAT
ATaaaaaTATAATAATAATAATATttaattttATttaaTAATAATALLLL
ATATAATaaaaTAATCATATTTATAATATttaaTAttaaTAATaattTAT
TATAATaattCTttaaTATACTTATTTATTATTAttttaaTAAATAAATA
TaattCTTATAAATATATTATAACaaaaTATATTATAttttaattaaATA
CAATATTATAAATATATATATATATATAAATATTTATATaaaaaaaaaaTl
aaaaaTAttttaaTaattATTCTTTATAAATAAATAATGATAATAATaat
tTATAATAATCTCCTTGTGGGGTTCCGGCTCCCGTGGCCGGGCCCCGGAA
CTATAATATALtLttaaTATALLLtttATTACTCCTCCTTTGGGGTCCGCC
CCGCGGGGGCGGGGCGGACTATAATaattttttATTGATaaaaaaGTATA
TATAATATaattaaTATATTTCLtttttATATaattATAAATATTALELEA
TAATaaaaaaaGTATATATAATATTATATATttaaTAAATAATATAATAA
TAATATAAATAAATATATATATATTAttaaTATAttaattttATAATAAT
AattATAATAATAGTAGTAGGTATaattttaaTAAAGAGELLtATTCCAA
TGGAGTAATAATAATAATAATAATaaaaTAAAGGATCTGTAGCttaaTAG
TAAAGTACCALLttGTCATAATGGAGGATGTCAGTGCAAATCTGATTAGA
TTCGTATATTTATACttaaTATaaaaaaaaTAAATAATAATCELLLLLLAT
TATTATATTTAttaaTAATaattAttttGTTATTATTAttaattTATALtL
AaTALLttATATaattATTTATttaaTCTTTCATTATATATttaaTATAT
TAttaaTAttaattaaTAttttATAATAAATAAATaaaaTaaaaTAAATA
ttttaaTATAATACTCCTTCGGGGTTCGGTCCCCCTCCCATTAGTATAGT
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ATAGGGAGGGGTCCCTCACTCCTTCGGGGTCCCCGCCGGGGCGGGGACTT
AtttttATATTTAttaaTAATaattaatttttATATaatttATTATTTCT
TACAATATATTTATTACTATTALtttttaaTAATCTTATATATAATATAT
aaaaTATATATATATTATATATATATATAAATATAATATATATTATTATA
AATATTTATAATCTTAttaattaattAGATTATATTATATTATATTAGAT
CATATTATATTATATTATATTATATTATATTATTATTAttaaTAtttttA
tttttAttttATATttaaTAGTaaaaaaTCATaattttATaattTAttaa
ttATTATATaattTCAttaaTATATTTCTTCEEEttATTTATTTATTTAT
TACTTAttaaTAGTTCCGGGGCCCGGCCACGGGAGCCGGAACCCCGAAAG
GaaaaTAATATaaaaaaTaattATaattTATTATaattTAttaattTAtt
aattTAttaattTATTTAttaattTAttaattTATTTATTATTATALtLtLL
ttttaaTAAAGGaaattaaCTATAGGTAAAGTGGATTATTTGCTAAGTaa
ttGCaattGTaattCTTATGAGTTCGAATCTCATALLLECCGTATATATCT
ttaatttaaTGGTaaaaTATTAGAATACGAATCTaattATATAGGTTCAA
ATCCTATAAGATATTATATTATATTATATAATATTATATAttaaTAAATA
TTAttaattaattTATTTATTTATTTATTAttaaATaaaaaTATttaaTA
GTTCCGGGGCCCGGCCACGGGAGCCGGAACCCCGAAAGGAGAATAATATaA
aaaTATTATaattATTTATATAttaattAttaattATTTATTATTTATTA
TATaaaaaGTATATaattttATAttttaaTATAGGGttaattaattaatt
AttaattttttATAATAAGATAATAATATAttaaaaaCTTATTATaattt
ATaaaaTAATATTTATTTACTTTGATATTAtttttaaTCTTTCAttaaTA
TATAttttATTATAAGTAATAATATAGTttaatttaattaaTATAAATaa
ttACATAAGAATAATATTATAATAATATTATATATTATATAAAGAAATAA
TaattTATATTttATLLEEttttATAAATAATATAAATATAAATATAATG
GGGTTATAGCttaatttGGTAGAACGACTGCGTTGCATGCATttaaTATGA
GTTCAAGTCTCAttaaCTCCAATaattATATTATATAATATATATAttaa
TaattATATATATATATATATATATAAATAtLttaaATAAATATTATAttaa
TAAATAATATaattATCTAATCGAAGGAGATATTTATAATATAATATAAA
TAttttaaTaattaaTAAATATTATAttaaTAAATaattaaTAAATATAT
aattATAATaattttaaTATTATTATATaattaattaaATATAATaatta
aTGAAATAGAAACTATaattCaattGGTTAGAATAGTALLLLGATAAGGT
ACAAATATAGGTTCAATCCCTGTTAGTTTCATATTATATATCAttaaTAT
ATaaaaTATAAATATATATATTATAATAATAATAATAATAAATATAAATA
TaattATATATATATATATATATAAATAAATaattATttaattTATAATA
AATATATATAGTTCCCGCGAAGCGGGAACCCCATAAGGAGLLLATTALL
aattATATttaaTAAATAttaattAttaattttATATTTATAAATaattt
ATTACTCCTTCttaattaaGAATaaaaaGGGATGCGGTTCCCATGGGGTC
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CCGCACTCCTTCGGGGTCCGCCCCCTCCCCTGCGGGAGGGGAGCGGACTA
ttttAttaaaaaTATTATaattaaATAATAATATAAATaattTATAATAT
AATAATATATACTTATAAATAATAtttaaaTCTTATTAttaattTATAAA
TCATaattATTAttaaTAAATATCTCLLttAGATAAGATaattGAACTTA
TATTTATATTATATATATATAGATATAAATCttaaATAGAGTAAATATAT
TATAATaattATATAAATATATATATATTATAttaaGATAATAATATATA
TATATAttaaTATATAAGGAGGGATLLECAATGTTGGTAGTTGGAGTTGA
GCTGTAAACTCAATGACTTAGGTCTTCATAGGTTCaattCCTATTCCCTT
CATaattTATTAttaattATATATTATTATAAATCAAATCCATTGaatta
aTATAATCCAATGAATaattaatttaaTACATaatttaaTATATaaattA
TATATATATATACTTTATaaaaaaaaaattATATAATaattATAttaaTA
TATTTATATATATAAATAAATAAATAAATAATAATaattATaattATaat
tATaattaattaattaaTAAATAAATAATaattTATATTATCTTTATAAT
ATATATATATACttttATaaaaaaaaTATATAAATaattCTaaaaTGTAT
ATTTCTCCTTTCGGGGTTCCGGCTCCCGTGGCCGGGCCCCGGAACTATta
aTaaattaaTAATaaaaTaattATTATCTGTATttaaTaatttaattATA
GAGTTATATTTCTATATATTTATATATTTATTTATTTATTCTCCTTCCGG
AACTAATaaaaTATATaaaaTAAGGGELLtLttATTTATttaattaaTATAT
ATTTATTCEttttATATAATATGTCCTTATAGCTTATCGGttaaAGCATCT
CACTGttaaTGAGAATAGATGGGTTCaattCCTAttaaGGACGATAATAA
TATATATATAttttaattTATATATCATATATATATATATAttaaAGaaa
aTAATATaaaaaGTATGTAttaaTAATAATAATAAATAAATAATAATAAA
TaattttATTATATTATATTATATTATATTTATTGATATATTTATTGATA
TTTAttaatttaaGATTATTCAttaaATATATaattAttaaTaatttaaT
ATATLttATaatttttATTATATEEttATGTAAGAAGAAACTATLLLEATAT
ATTATATATATATATATaatttttATaaaaTGATaattttATATTATAAA
TATTAttaaaaTAtttttATAAATATttaattATTTATaaaaaGGTATAT
AATAATaattAttaaTATTATATTATATTATATATTTATTTATATTATAT
ATAATAATATATTTATATATATAttaattaaTaattaaATAAGTATCTAT
ALLttATATTATATTATATTALLLtATLttAttaattCCGGAAGGAGAAT
aaaaaGTATTCTAAAGaattATATATTTATTAtttttAttaaTATGTTAT
aattaaTaaaaaaTAAATATGTATATATaattATATTTATTATGTttaat
tATTTATaattTATTATAATATATAGTATAAGATATCTTATTTATATTTA
TATATAATAAAGAATATTAttaaACTAACACCTATATTATATATATTATA
TTATATAATATTATATATATAttaattACTAAGAATaatttATaattAGA
TAATATTTATATTTATTTATTTATttaattaaCAAATATAttaaTALtLtLt
taattaattaaTAATACCTTTATATATATATATATATATATAttaatttt
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aattATATaattATCttttttAttaaTaattATAAATATATTATATALLL
tATATAATAAGATTATaattttATaattAttttAttttttAttaaaattA
TTATTATTATaattATTATATTATaattATaattAttaaAGAATATATTT
AttaaTAttttaaTaattaaTATCttttATTTATATTTATaaaaTAAGGT
ATAAATATTGATAATAAAGAGTAAATATTGTAttaattATAATAATaatt
ATaattaaGGAGCTTGTATAGTttaattGGttaaaaCATTTGTCTCATAA
ATAAATAATGTAAGGTTCaattCCTTCTACAAGTAATAATGATTATAATA
TTTATATATAttaaaaTAATAttaaTAAATaattACTCCTCCTAGCAGGA
TTCACATCTCCTTCGGCCGGACTCCTTCGGGGTCCGCCCCGLCGGGGELEGE
GCCGGACTATLLLEtATTATTAttaaATAGATGTTCAttaaATaattATAAA
TATaattTATCttttaaaTATATATATATAATATAATAtttaaaTATATA
TTATAAATAAATAAATAAATaattaattaalTaaaaaCATATAATGTATAT
TTATCTATaaaaaaTAttaattaattaaTATATTATTACAGTTCCGGGGG
CCGGCCACGGGAGCCGGAACCCCGAAGGAGATAAATAAATAAATAAATAT
AAATaattCTTCTTCtttaaattaaATaaaalTaaaaTaaaaaGGGGGGCG
GACTCCTTCGGGGTCCCGCCCCCCTCCGCGGGGCGGACTALLLEALLLLL
aaaTATATATTATAttaaTAATATAAATATAAGTCCCCGCCCCGGCGGGG
ACCCCGAAGGAGTATAAATaaaattaaTAATATATTATATATATATTATA
ttaaTAATAATAATAATAATAATAATAATAAATAATAACTCCTTGCTTCA
TACCTTTATAAATAAGGTAATCACTAATATATTATAATAATaaaattATA
TATATTATATATAATCTAAATATTATATAttttaaTAAATAttaaTATAT
ATGATATGAATATTATTAGEEttttGGGAAGCGGGAATCCCGTAAGGAGTG
AGGGACCCCTCCCTAACGGGAGGAGGACCGAAGGAGTLLLLAGTALLLLLL
tttttttaaTaaaaTATATATTTATATGAttaaTAATATTATATATATTA
TTTATaaaaaTAATATATaattttaattAtttttaaTaaaaaaaGGTGGE
GTTGATAATATAATATAATALLLLLtAtLtttaattTATAATATATAATAA
TaattATAAATaattttaattaaaaGTAGTAttaaCATATTATAAATAGA
CaaaaGAGTCTAAAGGttaaGATTTAttaaaaTGTTAGATTTAttaaGAT
TACaattaaCAACATTCATTATGAATGATGTACCAACACCTTATGCATGT
TATttttCAGGATTCAGCAACACCAAATCAAGAAGGTAtLtLLtAGaattACA
TGATAATATTATGLEEttATTTATTAGTTALtttAGGTTTAGTATCTTGAA
TGTTATATACaattGTTATAACATATTCaaaaaaTCCTATTGCATATAAA
TATAttaaACATGGACAAACTATTGAAGTTATTTGAACaatttttCCAGC
TCTaattttAttaattATTGCLtttCCTTCATTTALLLtATTATATTTAT
GTGATGAAGTTATTTCACCAGCTATAACTAttaaAGCTATTGGATATCAA
TGATATTGaaaaTATGAATATTCAGALLttAttaaTGATAGTGGTGAAAC
TGTTGaattTGAATCATATGTTATTCCTGATGaattATTAGAAGAAGGTC
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aattaaGATTATTAGATACTGATACTTCTATAGTTGTACCTGTAGATACA
CATATTAGATTCGTTGTAACAGCTGCTGATGTTATTCATGALLLEGCTAT
TCCAAGTTTAGGTAttaaAGTTGATGCTACTCCTGGTAGAttaaATCAAG
TTTCTGCTttaattCAAAGAGAAGGTGTCTTCTATGGAGCATGTTCTGAG
TTGTGTGGGACAGGTCATGCAAATATGCCaattaaGATCGAAGCAGTATC
ATTACCTaatttttGGAATGAttaaATGAACAATaattaaTATTTACTTA
TTAttaaTAtttttaattAttaaaaalTAATAATAATAATAATaattATAA
TAATATTCttaaATATAATAAAGATATAGATTTATATTCTATTCAATCAC
CTTATAttaaaaaTATAAATATTAttaaaaGAGGTTATCATACTTCttta
aaTAATaattaattATTGTTCaaaaaGATAATaaaaaTAATAATAAGAAT
AattTAGAAATAGATaatttttATAAATGATTAGTAGGATTTACAGATGG
AGATGGTAGtttttATAttaattaaATGATaaaaaaTATttaaGAtLtLtLtt
TttATGGLtttAGAATACATATTGATGATAAAGCATGTTTAGaaaaGATTA
GAAATATAttaaATATACCTTCTaattttGAAGAACTACttaaaaCaatt
ATATTAGTaattCACaaaaGAAATGGTTATATTCTAATATTGTAACTALL
tttGATAAGTATCCTTGTttaaCaattaaATATTATAGTTATTATAAATG
aaaaaTAGCTATaattaaTaatttaaalGGTATATCTTATAATAATAAAG
ATTTAttaaATAttaaaaaTACaattaaTaattATGAAGTTATACCTaat
ttaaaattCCATATGATaaaaTAAATGATTATTGaattttAGGLttLtATT
GAAGCTGAAGGTTCATTTGATCTATCTCCaaaaCGTAATATTTGTGGtLLL
taaTGTTTCACAACATAAACGTAGTAttaaTACAttaaaaGCTAttaaAT
CTTATGTAttaaATaattGaaaaCCaattGATAATACACCATTAttaatt
aaaaalaattAttaaaaGATTGAGATTCATCTAttaattaaCTAAACCTG
ATaaaaaTGGAGTTAttaattAGaatttaaTAGAATAGALLLELLtATATT
ATGTTALtttACCTaattATATTCAttaaaaTGATATAGTCGTAAAGaat
tCGATTTCCaattATGaaaaaCACTTATAGAAATCTATATaaaaGGTTTAC
ATAATACACttaaAGGTTCTaattTAttaaattaattaaTAATAATAtta
aTaaaaaaaGATATTATTCTaattATAATATTTCTCCTTTCGGGGTTCCG
GCTCCCGTGGCCGGGCCCCGGAACTaaaaaTATTATTGATGATGTAttaa
ATATAAATCTTATCTATaattATaattACCATATCGTATAAATAGTGATA
TTCAACGTttaattCTATAAATAATAATAATACTaatttAttaaTGTTGG
AGTATTTGTTTATGAtttaaaTAATACAttaattATAACATTTACTGGTT
ATAGACCAGCAGCTCTTTACTttaattGTTCTCCttttCGGGGTCCCGAC
TGGGGCCGGGACTAAACATGaattGCTAAATATAttaaaaaTGGTAATGT
ATTTATAAATAAATATAttttaaaaaaTAttttATTAGAttaattATTAL
TLttACTTCTTCttaaattaaaaaaGGAGACTLLLLtATATTTATATaat
tATATATaattATTCLtEtttATTATAAATATATaaattAttttCttttaat
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tAtttttATaattaattaattCTTCATGGCTATAGCCATAACttttaaTA
ATATTCLEttATTCTTTATTATTATATATATATATATTTATTATTTATTA
TTATAGaattTATATTTATaaaaaTAttaaTAttttAtttaaaaTAAATA
ATGAttaattTATaaaaTATATAttaattaaGTTTCGGGTCCCGGCTACG
GGACCCGGAACCCCCGAGAGGAGTTATTATATTTATaattaaATCtttaa
aTAATATATCttaattATTATATTGATAttaaTATTATATTGATAttaaT
AttaaATATATATttaaTATTTAGCTTATTAttttATaaattATATTTAT
ATATTATAATATaattaaATATATTATaatttaaTaatttaalTaaaaaTA
TTCtttttATaattATTATAATaattaaATAAATAATAATAATAAGAATa
attaaTGTATaatttttttATAAATATTATATALLLLtATAttaaTAGTT
CCGGGGCCCGGCCACGGGAGCCGGAACCCCGAAAGGAGAAATALtaaTaa
aaTaaaaTaaattATAATATaattaattATAAGaattATATTTACTCCtt
ttATaattTATATTTATAATATAATATAATATaaaaTAAATATAATATAA
TATaaaaTAAATATAATGTAATAGGTATTCACTCCTCTTTGGGGTTCCGA
TCCCCCATACGGATACGGATACGGATACGAATACGGATACGGATACGGAT
ACGGGGGGCCGTCCCCCAGAACttaaTATTATATCttaaATaattaaTAT
AAATATAATATATTATttaaTAATAATAATAAATAAATAAATAAATAAAT
AAATaattaaATAAATAATAATATTATTATaattACtttttaaTAAATAA
TAttaaTATAATATTATATTAGTATTATAAATAGACTLLLtATTALELLtA
TATATAATATAGTCCGGCCCGCCCCCGCGGGGCGGACCCCGAAGGAGTAA
TATATTATATaattATTAtttttaattATAAATaaaaTATaattATTATT
TATTATATaattTATATAAATATATATATATATTTATTATATATATAAAT
ATAAATATAAATATAATaattaaTAATAttaaAGttttATATATAttaaT
ATATTATaaaaGGTTTATATATATATATAATAAGATAAGTAATaattaat
taattaaTAATATaaaaaTATATATTATATATTATGEEEtEtATTTATATAT
ATATATATATTATGTATTATTATATAAATATATATATATATTATATTATA
AGTAATAATAAGTATTATATTATATATAGCEEttATAGCTTAGTGGTAAA
GCGATaattGAAGATTTATTTACATGTAGTTCGATTCTCAttaaGGGCAA
TAATAATAATATAttaattaaTaattaattTATAATAAATATATTATAAT
aattaaTATATATATATATAATATATttaaTACAAAGaaaaTATATATTA
TATCTCTTATTTATTTATTTAttaaTAttttaaTAAATATAATATTATaa
aaaaaaGTTTATATATTTAGTTCCGGGGCCCGGCCACGGGAGCCGGAACC
CCGGTAGGAGAAATATAAATATAAATATAAATATAATATAAGTTTGGTAT
TCATttaattATATTATttaattaaaaaTATTCTAAATAAGAATAAATAT
CAATAAAGGAGTTATAAATATATATATATAttaaTATATATATaaaaaTA
TATATTATTATTAGTTCCCGCTTTGCGGGAACCCCGTAAGGAGTGAGGGA
CCCCATGGGAACCGAACCCCTATttaaGAAGGAGELLLtATTATAATaaat
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ttATATATATttaaTATATaattATaaaaaTATTATATAATAAATAATAA
ATaattAttaaTAATAAATAAATATAATAATAATATTATAATaatttATA
AATGATTATAATaatttATAttaattttttAttttGCTAAATACTAAGATT
TGAACTTAGATAATATGCACCTaaaaaCATACAttttACCAttaattATA
TTTACCTTAttaattATATaaatttAttaaATATATAATATAttaattAT
ATaaaattAttaaATAAATATATAATATATTATATATaattTATAATATA
TATATTATAAATATTATTATATATaaaaTATAATATACTACTTATaaaaa
TATATATATATATATAAATATATATATAAATAAATALLLtATATAttaat
taaATaattAttaaTaatttaattATAAAGTATaattttCAATAGGAATA
TTTATAAGATTATAATaattATATGaattATTATaattATATATATATAA
ATAAATaaaaTAATaattATAATaattaaTAAGAGTLLttGGATATATATC
TGTGGAGTATATALLttATAAAGGAGATTAGCttaattGGTATAGCATTC
GttttACACACGAAAGATTATAGGTTCGAACCCTATATTTCCTAAATCTA
GATATAATATTATATCTATCttaaTATAATAATATTTATTTAttaaATaa
aaaaaaaalAAATAATAttaattaaTATAAGATTCttttttaattATAAT
AATAAATAAATaaaaaGAAGATATTATCAATGATTTATAttaaTAATAAA
TATAAATAATaaaaaaTATATATAATATAATATAATAAATATATTTCCTt
taaTAttaaTaattaaTAATAATAATAATAATAATAATaaaaTAtttaaa
TaattATATTCAATACaattaattATTTATATTAttaaTaattGAATAAA
TAATCCGGTCGAAAGAGATALtaattCGATTATATTATTTATttaattAT
ATttaatttaaaTATATaattaaTATATATATATTGaattATATATaatt
TALLTttATaattttATAAATAATATATTATTATAAATATttaaTATaatt
TATATTATTAttaaATaaaaGATTTAttaattaaTATTATTATttaattt
TtATTATATAGTttaaGGGATAATAtLLLtAttaaTALLLLELttATTTATT
TATttaattATATTATATATATAATATATATATAACAATaatttATGACA
CATTTAGAAAGAAGTAGACATCAACAACATCCATTTCATATGGTTATGCC
TTCACCATGACCTATTGTAGTATCATTTGCATTATTATCATTAGCATTAT
CACTAGCAttaaCAATGCATGGTTATATTGGTAATATGAATATGGTATAT
TTAGCATTATTTGTATTAttaaCAAGTTCTATLttATGATTTAGAGATAT
TGTAGCTGAAGCTACATATTTAGGTGATCATACTATAGCAGTAAGaaaaG
GTAttaattTAGGTTTCttaalGTTTGTATTATCTGAAGTAttaaTCTTT
GCTGGTTTATTCTGAGCTTATTTCCATTCAGCTATGAGTCCTGATGTACT
ATTAGGTGCATGTTGACCACCCGTAGGTATTGAAGCTGTACAACCTACCG
AattACCTTTAttaaATACTATTATCTTATTATCTTCTGGTGCTACTGTA
ACTTATAGTCATCATGCCttaaTCGCAGGTAATAGAAATAAAGCCTTATC
AGGTTTAttaattACATTCTCGAttaattGCTTALLtttGTTACTTGTCAAT
ATATTGAATATACTAATGCTGCATTCACTATCTCTGATGGTGTTTATGGT

ARKA CHAKRABORTY



TCAGTATTCTATGCTGGTACAGGATTACATTTCTTACATATGGTAATGTT
AGCAGCTATGTTAGGTGttaattATTGAAGAATGAGaattATCATttaaC
AGCTGGACATCATGTTGGATATGAAACAACTATTATTTATCTACATGLLL
tAGATGTTATCTGATTALLtttATACGTAGTCTTCTACTGATGAGGAGTC
TAAGGCTATAGaattATATATCTAAATGAttaaTATATATATTAttaaTa
attaaCAATaattaaTATATTATaattTATATATATATALLLtATATTAT
TATAATAATATTCTTACAAATATaattATTATATATTATTCCTTCaaaaC
TCCTAACGGGGTTCCCGCGAAGCGGGAACTAATAATAATATAATCATTAT
ACTCLLttttCATTTACCLtttATAAAGATaattaaTaatttATttaaTA
TTTATaaaaaaaaaaaTATAATAttaaTATAATATAATATAATAATGTaa
ttATTTATALLEttATATTCCTTCGAGGTCACCGCCTCACCTCCAGCGGG
ACttttttaaTATGATATAATATAATATAAATATTAttaatttaaCTAAT
ATATaattCATATATATATATATATTAttaaTATTAttttATaaaaaaTA
Tttt ttATTTGATTATTAttaaATATTATATAGTTCCGGGGCCCGGCCAC
GGGAGCCGGAACCCCGAAAGGAGAAATALtaaTATATTATAAATATACTA
TTTATGTaattAttttttGAAGTGAGCACCTALLLEATATATALLLLATA
TATATTttATTATAttttAttaaaaaTAGGTGTGAACCTCCATGAGAGAG
GAATGAATACCTALLELtATAAAGTATALLLEATATTCTATATATTATAAA
TATGAACCaaaaaaaGGAGtttaaatttaattaatttaattaattGaatt
TCTTTATTATTATTATCATaattAttaaACCCTTTAttaaTATAATAATA
TATTATTTATTATCaaaaTACCTACCCtttttATaattTATATCTttaaT
AATATaattaaATATaaaaTGTTTAttaaATATTATATaaaaaTaaaaaT
aaaaaTATATATATATATATAAATGATAAATAATAAGGaattCACACTTA
TATaatttaaaTATAAAGTCCCaaaaGAAGTATTCAttaaATaattATCA
ttaattaattATAATAAACTTATttaaTATTAttaaAGAttaattTATAA
TAATaattATTATTATTATTAttaaTAttaaTaaaaTATATAAATaatta
aATAGTTCATATAttaaaaaGaattAGaattaaACTttaaTAAGTGTATt
taaTATATAGAATAttaaTAGAATATTTATTCTATTTATATATATATTTA
TATATATATATAttaaATAATATTATTTATATTATATLEtATATATATAT
TAttaaTATaaaaaGTATATTATATGTATTATATATATTATATATTATAT
ATttaaTAATATATTACTCCTTTGGGGTGGGTCCGCCCCACGGGGCGGGL
CGGACTATTATaattaaTaattttATAAAGTTCCGGGGCCCGGCCACGGG
AGCCGGAACCCCGAAAGGAGAATAAATaattATATATCTTCTTCttaatt
aattaattaattaattaattaattaattaattaaaaaGGGGTTCGGTCCC
CCTCCCTAACGGGAGGGGGTCCCTCACTCATTCAAACTATaatttaaTAT
ATTATGATATTATTTATaattTATAATATAATGTATAATATTATATTATA
AATATTATATaaaaaTaaaaTGATATATATAATAATAATAATAATAATAA
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TaaaaaaaTAGaaaaGAATaatttttATTALtttAGTATATATAAGaatt
taaTAAGTTATATTATTGCGGACACCGTTACGCGGAGTGGGGACTATTAT
ATttttACCTATATATAttaaTATTATTATaattTCCTTCtttaaaaGaaa
aaaGGaattCCGAGAACTTATTATTATAttaaTATAttaaTAATAAATAAT
AATAAATAATaaaaaaGTAAATaattATaattATATaaaaaTATaatttt
ATTAttaaGAAAGGAGtttaaaTATaaaaTATAATATTATCAttaaGTTC
TAATAAAGGTATATAATGAAGATCTATTAGAACCTaaaaaGAATAttaaT
ATATCTATTATaaaaTAATAATAATAAATATAAATATaaaaaTaattGTA
ATATTTATAAATAATAATaaaaaaTAAATAAGGAATATAttaattAttaa
TAATAAATaattATAttaaaaTATAATATTATTAttaattaaAGaattAT
AttaaATATATTTAttaaattttATAAATAAGttaaTAttttAttaaATA
ATATTTATAAATAATaaaaaaaaaTAAGTATATaattAttaaTATAttaa
ttTATTATGTTATATATTTATATATTTCAAATATATAAGTAATAGGGGGA
GGGGGTGGGTGATAATAACCAGAATAttaaATAAATACAGAGCACACATT
TCttaaTATttaaTAATATAATCAATAAATATATTATAATAATATAATAT
aattaaTAATAGATATAAAGTATAAACAATATAATaattATATaaaaTAA
ATATaattaaaaaTAATAACCAAATaattaaTATAATAAATGATAAACAA
GAAGATATCCGGGTCCCAATAATaattATTATTGaaaaTAATaattGGGA
CCCCCACAATAGAATaaaaaaTaaaaaGaattaaTAATATATAAATAATA
TaaaaTATATTATATATATATATAATATATATATATATATAATaaaaaaa
aaTATATAATATAATATATATATATaaaaTAATaattATATATATATATA
TaaaaTAATaaaaaaTAATAATCATATGaattttATAAATATaattATTA
ttaaTAATAATAATAATAATAATAAAGTCCGGTCCGCCCCGCGGAGGGGG
CGGACCCCCGAAGGAGTGCGGGACCCCGTGGGAACCGCATCCCLELLEAT
TCttaattaaGAAGGCAGATAATaattTATaaaattaaTATTTALLLtLATG
TAATAttaaTAttaaTAttaaTATAATATAATATAATATAATACGGAtta
aATATTACCAGTTGTTCACAGGTAATATaaaaTCCTATTGTTTCACCTAT
TAttaattaaTAGTTCCGGGGCCCGGCCACGGGAGCCGGAACCCCGAAAG
GAGAATAAGTATATATAATaaatttaalTaaaaaaaaaTaattATATAATA
AATATATATATTATAATATTATATAAATATaaaaTATaattGATAttaaC
ATTATATaattaaTAATATAATCAAATAATATAAATATAATATaaaaaGt
tttaattAttaaattATATAAATATTATttaaTaaaaalTaaaaaTAATAA
TAATAATAATAATAATAAAGTCCGGTCCGCCCCCTCCGCGGAGGGGGCGE
ACCCCGAAAGAGTGAGGGACCCCCCCGTATACTTACGGGGGGAGAACCGA
ACCCCLLLLLttAtttaaaGAAGGAGATAAATATTTATATCTTTATTTAT
aattATATATAAATaaaaGTTTAttaaatttATAATAATAATATaaaaaa
GTATATAATaatttATTATAAATAAATAAATATTTAGTAATAATATttaa
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TaaattATAAATATTATAAATaaaaTAttaaTAATAAATAATAAATATAT
AATATAATATAATATAATaattaaTAACAATAAGATATCCGGGTCCCCTA
AATaattATTATATaaaaTAATaattGGGACCCATACATATAAATATaaa
aTAttttaaTATTTATATATAAATAATAATAATATATATTTATATTATAT
TATAATATAACCCTTTCCaattaaTAttaaTAttaaTAttaattACTTCC
ttaaaaaaaTAATaattaattaattGAtttttATAttaaTATaaaaaaGt
taaTATATATATTTATATATAAATAATATaattaaTATAAAGATAATAAG
TCCCCGCTTTCAGCGCAGTGAGGGACCCCCTCCCGTAAATATACGGGAGG
GGAGACCGAACCCCAAAGGAATAATAAATAATAGTATGTAtttaaaTAAA
TATttaaTATACTALLLLLELttATTATLLttATAATATATTTATAATAA
TATATttaattATaattTATaaaaaaGAGATATAATALLLtATTATATAT
AATAttaaTATAATACaattaaCATTATttaattATTAttaaTAATATLL
aaCTTTATTATTATCTTCTACGGTTGGACTCCTTCttaaaaaGGGGTTCG
GTCCCCCTCCCATTAGGGAGGGGTCCCTCACTCCTTCGGGGTCCGLGLCC
CCCGCGGGGGGGGGCGGACCGGACTATTATTACTATTTATTTAttaaTAA
TAAATAATaattATAAAGTCACTGAAAGAGTGAGGaattttCCttttCCC
AAGGGaaaaCCCCAAAGGATAATATAAATATTATaaatttttAttaaATA
ATATaaattCAATaaaaTaattttaattaattaattaattaattaalATa
aaaaTAAATAtttttaattaaTAttaaTAttaaTAGTTCCGGGGCCCGGC
CACGGGAGCCGGAACCCCGGAAGGAGAAATATAAATATAATAGTATAGTA
TATAGGAAGttaaTAATAATATAAATATTATATAATATATATATGTATAT
ATATTATATTATATaattaattttCTCCttttGTATTTACATCttaaTaa
aaTATaaaaTATaaaalGTTAttaaCAATaaaattAttaaTCTTTATAAT
AttaaTAATAGTaatttATTTATATATCTCCTTTAGGATGGACTCCTTCG
GCCGGACTCCTTCGGGGTCCGCCCCGCGGGGGCGGGCCGGACTALLLLEA
ttttttttttaaaaaaTAttaaATATTATAAATATATTATAAATATATTA
TAAATATGTTATAAATATATTATAAATAGAATATAATATAATATTATATA
TTATAATGATAAAGATTATATATALLLLCLLLLLLLLLttATTTATTALL
tttaaTAAGTaaaattATATTATATATATATATATATTAGATLELATAAG
TAATATAATATAAGTAttaaTATATAAATGCAATATGATGTaattGGtta
aCATttttAGGGTCATGACCTaattATATACGTTCAAATCGTATTATTGCT
AATaattaaTATATAATATTTATaaaaaaGTATAATaaaaTATATTATAA
GAAGAATATATTATATAATaattATAttaaTAATAttaaTAAATAATATA
TAAATaattATaaaaaaGTATATAATAttaaTCaattaattaattaaTAA
ATATAAATAATATAttaatttttaattaattTGAATAAGATATTTATATT
AttaaTAGGAAAGTCATAAATATATaattATATTATATaattaaTATAAT
AATaaaaTaattATATALLEtATTTATAATATTATTTCTTTATAAGATaa
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aaTATTATCTGATGAATaattAGATTGAATAATATTTATAAAGAAATATA
TATaaaaaGTCATTATATaatttaattATaatttaaaTaattttATATaa
ttaaTATAATAttaaTAAAGTaattAGTATAAATAAATAATATGaaaaTa
aaaCttaaTAAATATATAAATATAGTCCGGCCCGCCCCCCCGCGGLGGGL
GGACCCCGAAGGAGTGAGGGACCCCTCCCTAATGGGAGGGGGACCGAACC
CCtttttaaGAAGGAGTCCATATATATATAttaaTaaaaaaaaGTAATAT
ATATATATATATTGGAATAGTTATATTATTATACAGAAATATGCttaatt
ATAATATAATATCCATA
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