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Abstract

Lipases (triacylglycerol acylhydrolases, EC 3.1.1.3) function as significant biocat-
alysts in biotechnological applications. The fact that their mechanism, selectivity and
structure is well known make lipases a suitable candidate for studies of protein engineer-
ing and directed evolution. Using the merits of DNA shuffling method, directed evolution
and random mutagenesis,libraries of mutant lipases are constructed with improved fea-
tures and functionality of pre-existing ones, which in turn encourages the use of industrial
lipases in applications such as biosensors, pharmaceuticals, agrochemicals, bioremedia-
tion, etc. With increasing demand on lipase production for commercial use, it has thus
become crucial to identify and isolate novel and target-specific lipases, as well as opti-
mizing existing ones for acquisition of desired functionality. The aim of this study is to
generate mutant lipase libraries using directed evolution and to screen for a candidate bio-
catalyst. There are two lipases of interest, the mesophilic Aspergillus niger lipase (ANL)
and the thermophilic Bacillus thermocatenulatus lipase (BTL), which were shuffled in
order to obtain a mutant library that would have the desired features such as increased

thermostability, pH stability and a broader range of substrate specificity.



Yo6nlendirilmis evrim metodu ile yeni, rastgele mutasyona ugratilmig

lipaz kiitiiphanelerinin olusturulmasi.

Batuhan Orbay Yenilmez
BIO, Yiiksek lisans Tezi , 2013

Tez danismani: Ugur O. Sezerman

Anahtar Kelimeler : DNA karma metodu, Yo6nlendirilmis evrim, Endiistriyel lipazlar,
Rastgele Mutasyon Yontemi

Ozet

Lipazlar (triasilgliserol asilhidrolaz EC 3.1.1.3), biyoteknolojik uygulamalarda etkili rol
oynayan biyokatalizorlerdir. Mekanizmalari, se¢icilikleri ve yapilar1 bilindigi i¢in, pro-
tein miihendisligi ve yonlendirilmis evrim metodlarina uygun adaylardir. DNA karma
metodu, yonlendirilmig evrim ve rastgele mutajenez tekniklerinin bir arada kullanilabilmesi,
istenilen dzelliklere sahip mutant lipaz kiitliiphanelerinin olusturulabilmesine imkan tanimustir.
Bu durum, lipazlarin ayn1 zamanda biyosensor, ilag, tarim endiistrilerinde kullanilmasina
olanak saglamistir. Lipazlarin ticari kullanimina karg1 artan talep sonucu yeni ve hedefe
0zglin lipazlarin tantmlanmasi ve izole edilmesi kritik 6nem tagimaktadir. Bu tez, yonlendirilmis
evrim teknigiyle mutant lipaz kiitiiphanelerinin olusturulmasini hedef almakla beraber,
aday biyokatalizorlerin analizini yapmay1 amag¢lamaktadir. Bunun icin, fungal ve mezofi-

lik bir lipaz olan Aspergillus niger lipazi (ANL) ile bakteriyel ve termofilik bir lipaz olan
Bacillus thermocatenulatus lipazi (BTL) DNA karma metodu ile kartirilmistir. Rast-
gele mutajene olacak olan enzimlerin, termostabilite, pH stabilite ve siibstrat se¢iciliginde

art1 gostermesi ve endiistriyel ve biyokteknolojik uygulamalarda 6nemli bir lipaz olmasi
ongoriilmektedir. Elde edilen klonlarda, siibstrat segiciligi degisikligi goriilmemekle be-
raber, enzimlerin genel aktivitelerinde belirli degisiklikler saptanmis, ve bu ozellikler

yapisal boyutta tartigilmistr.
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1 Introduction

1.1 Lipases

Lipases are metabolic enzymes which are involved in every domain of life. Animals,
plants and microorganisms are all producing various types of lipases. Lipases were dis-
covered by Eijjkmann in 1900s. This discovery was simply the observation of several
bacteria that can produce and secrete lipases and the degradation of lipids via these pro-
duced enzymes. Microbial enzymes are one of the largest enzyme class due to the large
variety of known microbes and therefore lipases are one of the most studied enzyme class
as well. Since lipases have been studied sweepingly, their mechanism of action, selectiv-

ity and structure are already well known [1,2].

Lipases (triacylglycerol acylhydrolases; EC 3.1.1.3) function as biocatalysts to hy-
drolyze triglycerides into glycerol and fatty acids on water-insoluble substrates [3].They
actively have a role on the digestion, transportation and processing of triglycerides. It is
well known fact that bacteria, yeast and fungi share a high potential on the production of
lipases. Since lipases which are produced from different types of microorganisms have
specific features in terms of substrate specificity, heat resistance thresholds and wide pH

range, these features make them efficient in terms of selectivity through many industrial



applications such as biosensors, pharmaceuticals, cosmetics, agrochemicals, bioremedia-
tion etc. Lipases have been used on numerous studies, ranging from industrial production
and immobilization techniques, to the analysis of pure enzymes and their biocatalytical
features [4]. For instance, lipase-detergent compounds are used to clean surface fatty

residues and clogged drains [5].

As well as being lipolytic, lipases have the capability to perform esterification. This
combined feature enables them to be effective under wide substrate range [6]. With in-
creasing demand on lipase production for commercial use, it has become crucial to iden-
tify and isolate novel and target-specific lipases, as well as optimizing existing ones for
acquisition of desired functionality. Nowadays, this can be achieved by directed evolution
techniques, and it is heavily relied upon [7]. By means of directed evolution, it is aimed
to improve features and functionality of pre-existing lipases, both with time and cost ef-
ficiency. DNA shuffling is a widely used technique, serving as a fundamental method for

studies in directed evolution.

Since properties of lipases are mainly strain-dependent, the catalytic properties and
functional parameters are crucial for design and application procedures, including ther-
mostability, specificity, optimum pH and enantioselectivity. For instance, Aspergillus
niger lipase (ANL) is one of the significant biocatalysts used in industrial food process-
ing and production, utilized as food and detergent additive, as well as in cellulose acety-
lation [8]. ANL shows regio-selectivity on its first and third position, towards glycerol
binding site. Because of this, this lipase has proven to be safe for utilization in food and
pharmaceutical industry [9]. The thermoalkalophilic lipase, Bacillus thermocatenulatus
lipase 2 (BTL2), on the other hand, is an enantioselective biocatalyst which shows consid-
erably high resistance and stability at elevated temperatures and organic solvents, making
it a hub for industrial and biotechnological applications [10]. Quyen et.al, (2002) have
successfully produced the recombinant BTL lipase out of both Pichia pastoris and E.coli

and performed enzyme characterization [11].



1.2 Reaction

The hydrolysis of triacylglycerols to free fatty acids, diacylglycerols, monoacylglyc-
erols and glycerol is catalyzed by lipases. This breakdown reaction is an equilibrium
reaction, which can be disturbed by changing the concentration of substrates or products.
One of the reactants of hydrolysis reaction is water. Therefore, changing the hydrolytic

conditions of the hydrolysis causes a shift of the equilibrium [12].

Either by breaking as in hydrolysis or by forming as in esterification, lipases act on
carboxylic ester bonds. The acyl transfer reactions through esterification are also cat-
alyzed by lipases. Triacylglycerols are commonly their natural substrates, depending on
the chemical properties of the reactants and the amount of water in the medium [13].Un-
der low water conditions, a carboxyl/thiolester or amide can also be formed. An ester
group, serving as an acyl donor, can form an acyl-enzyme intermediate by either releas-
ing an acid, in this case acyl acceptor would be water, or by forming a new ester and in
that case acyl acceptor would be alcohol/thiol/amine. In addition, acidolysis, alcoholysis,

aminolysis and interesterification can be given as examples to transesterification.

1.3 Mechanism

Although lipases catalyze many versatile reactions, the reaction mechanisms are dis-
tinctive. In all lipases, the catalytic machinery is conserved and it is composed of three
residues, which are serine, histidine and aspartate/glutamate [14]. Two residues (histidine
and aspartate/glutamate) are aligned in order to lower the pKa of the serine hydroxyl,
so that serine can carry out a nucleophilic attack on the ester bond. The acyl donor, the
substrate, interacts with the active site of the lipase, forming the enzyme-substrate (ES)
complex. The hydroxyl group of serine is activated by the histidine in the catalytic triad.
Serine carries out a nucleophilic attack on the carbonyl carbon of the substrate, so that
the first tetrahedral intermediate is formed. The main-chain amide groups of two residues
generate a hole and the negative charge on the oxyanion is stabilized. The aspartate or

glutamate stabilize the positive charge on the histidine. The tetrahedral intermediate is



then decomposed into another intermediate which is determined by the first leaving group
of the substrate (an alcohol or an acyl enzyme intermediate). A second tetrahedral in-
termediate is formed right after the formation of the acyl enzyme intermediate. Newly
formed intermediate corresponds to the highest energy barrier in the reaction. In order to
yield the deacylated-free form of the enzyme and the hydrolysis of the second substrate,
an acid, this intermediate is also collapsed. A proton is transfered from the substrate to

histidine during the deacylation step.
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Scheme 1: Mechanism of hydrolysis by lipases. During Step A, His residue acts as a
general base and removes a proton from the active site of Ser. In Step B, an acyl-enzyme
intermediate is formed, followed by the deacetylation (Step C). With a nucleophile
attacking the acetylated enzyme, the catalytic site is regenerated and a long-chain fatty
acid is formed as a product (Step D). [15]



1.4 Selectivity

Lipase selectivity towards Triacylglycerols (TAGs) is generally categorized as regio-
selectivity, stereo-selectivity and substrate selectivity [16,17]. Regio-selectivity is related
to the position of the ester bond in TAG, whereas stereo-selectivity is related to the chiral

center. Substrate selectivity is related to the type and chain-length.

1.4.1 Substrate Selectivity

Lipases show selectivity regarding to the type and the chain-length of the acyl groups in
their substrates. They can differ in terms of certain fatty acids or groups of fatty acids. For
instance, porcine is a lipase with specificity to cis-2 over cis-7 octadecenoyl moiety [2].
Moreover, the lipases most preferred substrate is primary alcohols and the least preferred
is tertiary alcohols [5]. Lipases are also able to accommodate cyclic esters, thioesters
and amines apart from triacylglycerols and aliphatic esters [18-20]. The chain-length
selectivity of lipases has been the subject of many studies [21-24]. Lipases mostly prefer a
range of medium (C6) to long (C16) chain-length with respect to the chain-length of fatty
acids [2]. However, there are some exceptions to this generalization such as Penicillum
roquefortti and Bacillus thermocatenulatus lipases and they hydrolyze only short chains

of C4.

1.5 Structure

In 1990, the first lipase structure was crystallized by Brady [14]. In protein data bank,
there are more than one hundred 3D lipase structures available. According to these stud-
ies, some common features of all lipases are determined. One of the common features
is that all lipases are among the members of a-f3 (hydolase fold so that lipase structures
are composed of central sheets and surrounding helices [25-28]. Another one is that,
in a hairpin turn between an -helix and -helix or -sheet is placed the catalytic serine in
lipases. A highly conserved penta-peptide sequence of G-X-S-X-G is also found in this
region. This sequence forms a characteristic turn, which is referred as the nucleophilic

elbow [9,26,27]. Moreover, the active sites in lipases consist of three amino acids, ser-



ine, histidine and aspartic/glutamic acid, which is common to another class of hydrolases,
serine-protease [14,29]. Compared to proteases, the structural arrangement of the residues
in active site is oriented to invert the stereochemistry of the catalytic triad in lipases, al-
though they have the same chemistry for their active sites [30]. There is an amphiphilic
lid found covering the active site of lipases [31,32]. The composition and size of the lid
structure differs from lipase to lipase. The lid from the lipase of guinea pig has only five
amino acids where the lid from Bacillus thermocatenulatus lipase has two -helices which

corresponds to 20% of the whole lipase structure [28, 33].

In addition to the given features of lipase structures, the catalytic cleft in lipases are at-
tributed to specificity. The lipase clefts, fatty acid binding sites in particular, have been in-
vestigated and it came out that there are three different geometry that lipase structures may
exhibit; crevice-like, funnel-like and tunnel-like [34]. These differences in the binding
pockets is related to the diverse substrate specificities in lipases. Additionally, stereose-
lectivity depends on the steric interaction of the cleft with the substrate, so lipase structure

is also critical for understanding the stereoselectivity [35].

1.6 Lipase in Industry

Enzymes are generally produced from bio-based elements by fermentation so that the
enzymes are entirely biodegradable and are able to be revitalized [38]. Lately, there has
been many improvements made in the production processes. These have led us that deliv-
ering enzyme concentrates at relatively low costs [39] is possible — encouraging enzyme

applications in the bulk industrial process.

Since the hydrolysis or production of many esters can be catalyzed by naturally oc-
curring fats and oils, they are the generally favored substrates of lipases [40-43]. With
their far-scaled spectrum of substrates, lipases are among the largest class of biocatalysts
considering the two coercing enzyme markets which are food processing and detergent

industry, are the mainly operations of lipases [42].



Since lipases are able to catalyze reactions in aqueous and in organic media, they are
especially tempting for solving challenging synthesis of organic reactions [44]. Lipases
are particularly attractive for protein engineering applications because of their broad use
in industry consequent to their important products. The extracellular nature of micro-
bial lipases enables them to be produced easily at large quantities and to be isolated and
they are the favored source for many industrial applications. Being stable in organic sol-
vents, at high temperatures and ionic strengths, not requiring cofactors and having a wide

substrate selectivity and high enantioselectivity are among the main reasons for the high

Figure 1: (A) — Structure of mature Bacillus thermocatenulatus lipase 2, on which
amino and carboxyl termini, Zn>*, Ca?* and cysteine 64 is labeled. [36] (B) — Structure
of Aspergillus niger lipase by homology modeling [37].



industrial potential of microbial lipases [45]. Large number of articles and reviews stud-
ied in the molecular biology, biochemical and structural properties of lipases and their

biotechnological applications reflect the tempt in microbial lipases.

Removal of the pitch in pulp industry is also among the known applications of lipases.
The hydrophobic component of wood is called pitch and it must be removed before
processing. At low costs, the enzymatic removal of pitch is achieved via C. rugosa li-
pase [46]. Lipases are also used in the textile industry in order to bypass a process called
stoning, especially for denim production [47]. Abbreviated exposure to toxic chemicals
used in chemical process, which requires asbestos, is among the numerous advantages of
this enzymatic bypass mentioned above. Pharmaceutical industry also uses lipases be-
cause of their ability to synthesize enantio-pure drugs [48—50]. Ibuprofen for pain, Taxol
for cancer and Diltiazem for high blood pressure medications are examples to enantio-
pure drugs. The costs and drug toxiticy in pharmaceutical industry are reduced by the use

of lipases in enantioselective production of drugs.

1.7 Protein engineering and Directed Evolution

Directed evolution is an in vitro process, where genetic mutations are generated and
inserted into a microorganism’s genome to analyze specific functional patterns and prop-
erties on molecular level. Directed evolution performs under the same fundamental prin-
ciples as natural evolution: the offsprings vary from the predecessor and selection crit-
era 1s the survival of the fittest. In nature, random mutation and recombination lead to
genetic diversification. Directed evolution requires a mechanism, for introducing those
genetic variations such as error prone PCR, nucleoside analogs [51], degenerate olignu-
cleotides [52], propagation in strains that lack DNA repair capabilities, growth in the

presence of chemical mutagens and DNA shuffling for recombination [53].

Mimicking the evolution in vitro would provide a better understanding of natural evo-
lution as well as allow the development of new enzyme activities. Since there is a con-

siderable interest in new biocatalysts, directed evolution became more widely used in



industrial and academic laboratories in order to generate and modify enzymes [54].

Directed evolution in laboratory, necessitates a precise selection of a suitable starting
genes. A suitable candidate for molecular evolution is the class of o/p- barrel class of
proteins due to their wide spectrum of catalytic functions [54]. Evolution did its job by
evolving o/f3- barrel to have a substrate binding sites within the barrel and the catalytic
residues within the connecting loop regions. These distinct regions, which are responsible
for specificity and catalysis, are suitable tools for their semi-autonomous evolution. And

this will lead to generate diversity in a combinatorial manner.

Protein engineering has been used as a key concept for producing biotechnologically
functional and novel biocatalysts. It has been applied on numerous fields such as oil
recovery enhancement, in which cellulosic ethanol has been produced [55], as well as
detergents, in which proteases are used [56], and polyester production via enzyme mod-

eling and engineering [57].

Since rational design introduces mutation(s) specifically for the desired properties of
certain protein sites and acquires numerous structural and functional parameters, as well
as characteristic information about the enzymes, itself and molecular evolution are the
fundamental approaches held for protein engineering. Despite the fact that molecular
evolution does not necessarily need any structural or functional information of the en-
zymes, randomly generated mutants need additional screening for establishing desired

properties.

To choose a best approach, limitations of both approaches should be considered thor-
oughly, such as methods for mutagenesis, information intensity that includes further de-
tails of structural and functional information, and selection and screening methods for
directed evolution techniques. Thereby, various strategies may result in a different out-
come, all having their certain advantages or disadvantages. The trade-off between rational
design efforts and screening can be given as an example. If X-ray crystal structures are

used for the rational design of a well-characterized and understood enzyme, it may limit

9



screening to a few number of amino acid substitutions. On the contrary, if a powerful
screening method is applied, it may disregard the rational design altogether [58]. As a
result, choosing the optimal method depends on detailed information about the locations

for amino acid substitution, as well as the screening methods, group wise.

Another common target for protein engineering is to increase thermostability of a pro-
tein. A rigid and stable enzyme can be engineered, specifically functional at high temper-
atures, using the X-ray structure as one approach, following a design of stability interac-
tions such as disulfide bonds and/or salt bridges, as well as inserting Proline or removing
Glycine for stabilizing loops and focusing specifically on mutagenesis at flexible regions

of the desired enzyme [58].

Another improvement can be made on the catalytic activity and the enantioselectivity
of the enzyme, by substituting certain amino acid residues on the catalytic site of a target
protein that are closely located [57]. Certain strategies for introducing substitution in-
cludes shuffling, simultaneous mutagenesis (for multiple amino acid substitution), Error-
prone PCR, saturation mutagenesis (single amino acid substitution), and gene synthesis
for specific modifications [59]. While establishing multiple amino acid substitutions pro-
vides numerous possibilities and design parameters for a target protein, it may lead to a
loss in cooperative interactions and create a large library that has many idle variants. To
overcome this problem with cooperative interactions of multiple amino acid substitutions,
F.H. Arnold has suggested a stepwise accretion of single amino acid substitutions that has

each variant superior than the previous one [60].

To be able to locate paths for a specific derivative of a protein with desired properties,
all available paths should be tested beforehand. As an example, for an amino acid sub-
stitution that has five positions, there are 120 possible paths that leads to a final decisive
variant. In a study, the resistance of f3-lactamase was enhanced with 18 paths at each stage
[61]. Thermostability of the enzyme phytase has been enhanced. After following 9 rounds

of optimization, Tyr277Asp mutation has been resulted as the only single base exchange,

10



while the other was double-base (three mutations) and three-base exchanges [62]. A prior
mutation earlier than the final variant being developed may lead to a dead end, as well as
random mutations at several sites. Nevertheless, this may cause further screening efforts,
therefore a well-designed selection method can be applied beforehand, as well as elimi-
nating unfolded or unstable proteins by reductionist assumptions [63,64] to diminish the

number of variants that needs to be screened [65].

It is probable to detect which mutations are more functionally beneficial for a particular
given characteristic by manipulating the data manually, if it’s a small dataset. However, as
more mutations are evaluated and screened for functional variance through each library,
the analysis of the data by hand becomes too complicated as it increases in size. Statistical
analysis introduced by ProSar uniquely analyzes the biological evolutionary relationship
between protein structure and activity and it compares the data for each variant that has
same or similar substitutionary information which in turn provides a clear understanding
about whether the particular substitution is functionally significant or non-functional at
all [66, 67]. In his study, G.W. Fox has used this statistical approach to successfully

observe the evolutionary path of a halohydrin dehalogenase [68].

As easily may be anticipated, there are numerous screening strategies, most of them
being either time or labor intensive. Most of the time, a final target variant can be missed
out due to a lack of a suitable and efficient screening-selection strategy. However, some
limited calorimetric screening methods can be developed for a limited number of enzymes
to overcome this complication. To be concise, the best protein engineering approach may
be defined as the one that brings the optimal solution with the least amount of effort and
with a time efficiency. Because of this reason, certain individual approaches should be
combined in order to produce the optimum outcome. For instance, due to the lack of a
suitable screening methodology for industrial enzymes used in directed evolution appli-
cations, and the difficulty of hitting the optimal substitution for an enzyme with desired
functionality in rational design, using these approaches individually is not a unique pro-

tein engineering approach. Instead, a combination of both strategies is crucial to provide a

11



novel and efficient path for enhancing the functional and structural properties of enzymes

and thereby leading to rapid improvements in protein engineering.

1.7.1 DNA shuffling

Stemmer had introduced DNA shuffling as a technique for in vitro recombination of
homologous genes, for accelerating evolution rate of certain genes to perform directed
evolution. The technology is highly used in applications such as gene therapy, vaccines,
small molecule pharmaceuticals, and so on [7]. DNA shuffling techniques mimic diver-
sity due to the merits of meiotic recombination. It is noted that libraries as large as 10!
molecules can be constructed by directed evolution. This may be considered as a draw-
back in terms of challenges at screening procedures; however, it is more of an advantage
in terms of obtaining more recombinations that facilitates the production of a targeted
enzyme, which is aimed to be utilized in industrial applications. As well as recombining
DNA fragments, point mutations are also introduced to the sequence with a low rate, nat-
urally propose a high-throughput methodology — both accelerating rate of evolution and
obtaining the desired features for functionality, which leads to a novel advancement in

industrial applications [7].

The classical DNA shuffling method is basically performed by digesting specific genes
by DNAse I enzyme and attaining pieces of different types of genes shuffled together
and reassembled under optimized PCR protocol, followed by integration into vectors and
transformation into the target organisms [69, 70].One of the advantages of DNA shuffling
is that, after the gene to be improved is introduced with a point mutation, there is a vari-
ety of beneficial mutations which are low on frequency relative to deleterious mutations,
which then can be added to the cycle one at a time, building more beneficial mutations
that eventually give out the best mutant from that given cycle [7]. Suen et al. (2004), have
used DNA shuffling method on Candida antartica lipase (CALB) to obtain chimeric li-
pase B. The obtained lipase have shown 20 fold increase in activity and 11 fold increase in
the 45°C half life towards the diethyl 3-(3”,4’-dichlorophenyl) glutarate (DDG) substrate,

compared to it’s wild type [71]. Yu ef al. (2012) have also used DNA shuffling method

12



to increase heat resistance of Rhizopus chinernsis lipases. The half life of the obtained

mutant at 60°C and 65°C have increased by 46 and 23 fold, respectively [72].

Directed evolution has played a significant role in improving the performance of an
enzyme (or create one) through introducing new features that natural selection normally
would not necessarily provide [73], as well as enhancing the selection criteria to yield
targeted properties for that specific enzyme or microorganism, through custom schemes.
A lead enzyme is picked and mutagenized, followed by selection or screening which
results in improved variants that contains the target evolved enzyme. Protein molecules
can be altered due to their structural and functional properties, which in turn can increase
their thermal stability or introduce a new functionality (enzyme engineering), as well as
changing the topology or structure, and altering the existing properties for improvement.
While creating new enzymes improved for applications in industry and biotechnology,
directed evolution methods can also be applied to improve limitations of certain functions
of proteins, via accumulating beneficial mutations that lead to an augmentation of the
enzyme’s activity. In a study, it has been noted that the improved enzyme previously

containing 10 amino acid substitution is enhanced by 157-fold [73].

13



2 Materials and Methods

2.1 Molecular Cloning

Bacillus thermacatenulatus lipase gene(BTL2), which is 1,167 bp DNA fragment, and
Aspergillus niger lipase gene(ANL), which is 891 bp, are amplified from the mature li-
pase clones (pMCSG7 - BTL2 and ANL). Primer sets are containing ligation indepen-
dent cloning (LIC) sites; for forward (F.BTL2_LIC : 5’- TACTTCCAATCCAATGC-
CGCGGCATCCCCACGC - 3’ and F ANL_LIC: 5’ - TACTTCCAATCCAATGAAAT-
GTTCTCTGGACGGTTTG - 3’) and for reverse (R_.BTL2_LIC: 5° - TTATCCACTTC-
CAATGTTAAGGCCGCAAACTCGCC - 3* and R_ANL_LIC: 5° - TTATCCACTTC-
CAATGAATAGCAGGCACTCGGAAA - 3’). PCR conditions are the following: 5 min
at 94 °C, 35 cycles of 30 sec at 94 °C, 30 sec at 53 °C, 1 min at 72 °C, 10 min at 72 °C.
After DNA shuffling procedures, 41 g of expression vector, pMCSG7, is linearized using
Sspl restriction enzyme (see Appendix A.l for vector map). Linear vector and insert are
elecroporated at 135 V in 1.5% agarose gels using tris borate EDTA (TBE) buffer sys-
tem for 20 minutes. Both fragments are extracted from agarose gel and treated with T4
DNA Polymerase. The exonuclease activity is restricted using excess amount of dGTP
for vector and dCTP for the inserts according to the given LIC sequences. The reaction
is carried on for 50 minutes at 20°C followed by heat-activation at 70°C for 20 minutes.
Phenol/chloroform extraction and ethanol precipitation procedures are applied to the T4
DNA polymerase treated DNA samples. Vector (in 5 ul) and shuffled lipase genes(in 3ul)
solubilized in distilled water and annealed at 23°C for 16 hours. E.coli Shuffle chemically
competent cells are prepared according to Maniatis ef al [74]. All the annealing reaction
after 16 hours are transformed into E.coli Shuffle cells by using a chemical transforma-
tion method [75]. For colony PCR , ANL_LIC and BTL2_LIC primer pairs are used in
the given PCR cycle profile for the selected colonies. PCR products, which are ampli-
fied by Colony PCR reaction, are run in 1.5% agarose gel using GeneRuler 1kb DNA
Ladder SM0311(Fermentas). To the colony PCR positive clones, plasmid purifications

are applied. The plasmid purifications are done using Qiagen Plasmid Purification kit .
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Plasmids are sequenced using the primer set combinations which are used at the DNA

shuffling process by Molecular Cloning Laboratories (MCLAB).

2.2 DNA Shuffling

PCR products of ANL and BTL2 genes, which are amplified with the PCR cycle men-
tioned above, are purified using Qiagen PCR Purification Kit. 1.2pg DNA from ANL
and BTL2 is mixed in a tube and digested with 0.05 U DNase(Roche,10 U/ul) in 10X
digestion buffer with MnCl; for 75, 90 and 120 min at room temperature. The reaction is
inactivated with 2.5 mM EDTA and incubation at 85°C for 5 minutes. The mixtures are
run in 2% agarose gel. Fragments that are lower than 50 base pairs in size and between
50 and 100 base pairs are extracted from the gel by using QIAEX II gel extraction kit.
Extracted fragments are reassembled by the previous PCR cycles but without the primers.
Amplification of the reassembled fragments are made through the same PCR reaction us-
ing the assembled fragments as the template but the primer combinations of ANL and
BTL2 were added. Amplified reassembled fragments are cloned to pMCSG7 expression

vector by ligation independent cloning.

2.3 Lipase Expression

Shuffled genes are transformed to Shuffle E.coli by chemical transformation. Trans-
formed cells are plated on LB-Agar plates with Ampicillin. Colonies, which survived,
inoculated on LB- Rhodamine, which has IPTG (isopropyl-f -D-thiogalactopyranoside),
plates to check the qualitatively check the lipase activity. All possible mutants are also
expressed in suspension culture using ImM IPTG in LB broth. The expressions are lasted
out for eight hours and sampled once at fourth hour. The cells are harvested by cen-
trifugation (for 5 min at top speed) and lysed by using B-PER(Thermoscientific). After
centrifugation at maximum speed for 10 min, lipase activity of soluble fractions is deter-
mined using fluorescent substrates, 4MU-C8 in 0.1M Tris at pH 7.25. SDS-PAGE gel is

run to analyze the soluble fractions and visualized by coommassie staining.
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2 .4 Lipase Assays

Lipase activity is determined in two different ways:

2 .4.1 Rhodamine plate assays

Selected colonies are inoculated on to the Rhodamine-LB agar plates which are con-
taining IPTG (for expression), oil (as substrate), Rhodamine(dye that interacts with free
fatty acids) and LB agar. When the expression starts at the inoculated colonies, expressed
recombinant lipases start to hydrolyze oil. Fatty acids which yielded from the hydrol-
ysis reaction interacts with the Rhodamine dye and gives light under UV. Preliminary

detection of active recombinant enzymes is achieved by this screening technique.

2 4.2 Fluorescence assay

For more quantitative measurement, lipase activity is measured with fluorescent assay
methods. For fluorescent assays, lipase activity measured in a 96-well black micro titer
plate using 4MU - caprylate as the substrate. Expression medium, which do not contain
any cell, assayed in reaction medium of 100 mM Tris-Cl at pH 7.25. 4MU fluorescence
is measured by using Gemini XS (Molecular Devices) using wavelength of 355 nm for
excitation and an emission wavelength of 460 nm. For one hour, in every minutes, mea-
surements are taken. All assays are made in duplicates and initial velocities are calculated
using SoftMax Pro Software (Molecular Devices). Relative Fluorescent Unit obtained
from fluorometer is converted to 4MU units with respect to the linear relationship ob-

tained from 4MU standard curve.
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2.5 Lipase Characterization

2.5.1 Thermostability

Soluble fractions of the clones that do have expressions, are used in fluorescent assays
to profile thermostability by quantifying the residual activity of lipases after 30 minutes
of incubation at temperatures 30°C, 40°C, 50°C, 60°C, 70°C, and 80°C is set to 100%

activity for calculating the percent activity.

2 .5.2 Substrate specificity

Chain length specificity of the mutated lipases are screened by fluorescent enzyme
assays using reaction medium of 100 mM Tris-Cl at pH 7.25 as the reaction buffer. From
the chain lengths of 2C to 16C the following lipids are used; Acetate(2C), propionate(3C),
butyrate(4), caproate(6C), enatiothe(7C), caprylate(8), and palmitate(16C).
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3 Results

In this study, DNA shuffling method has been successfully performed on ANL and
BTL2 genes in order to generate randomly mutated novel lipases. The reason ANL and
BTL was chosen as candidates due to their evolutionary distance, in which they share 42%
identity. Furthermore, the fact that Bacillus thermocatenulatus lipase is thermophilic and
Aspergillus niger lipase is mesophilic, DNA shuffling on these candidate lipases could
lead to obtain the expected features such as wide range of temperature, pH, which re-

markably appeals to industrial and biotechnological applications.

Due to the fact that DNA shuffling introduces random mutagenesis, numerous mutants
can be produced in a single run, which in turn enables an increase in the shuffled gene
library size. In our experimentation, multiple optimization experiments have been held
for DNase digestion to obtain the desired fragment size (50bp), using time, temperature
and DNA concentration as parameters. Using regular cloning methodology, randomly
mutated library has been transformed into Shuffle type E.coli cells. For screening, only
qualitative plate assay has been performed, and for sequencing, sequencing data have

been obtained and analyzed from libraries to detect random mutations.

18



891 b
P 1167 bp

(a) (b)

Figure 2: PCR amplifications of (a) ANL (891bp), and, (b) BTL2 (1167bp).
Arrowheads show the plasmids. M: MassRuler DNA Ladder Mix (Fermentas).

ANL and BTL2 genes were amplified from the mature lipase clones, pMCSG7-ANL
and BTL2 , by using their specific primers. PCR conditions are the following: 5 min at 94
C, 35 cycles of 30 sec at 94 °C, 30 sec at 53 °C, 1 min at 72 °C, 10 min at 72 °C. In Figure
2, the bands that appeared above the PCR product indicates presence of the plasmid which

is used as the template. This plasmid would spoil the DNase digestion.

In order to eliminate plasmid interference, Dpn2 digestion applied to the PCR products
at 37C for overnight. In Figure 3 , digested plasmid fragments are shown with arrow

heads. PCR products were extracted from the agarose gel.

Dpn2-treated ANL Dpn2-treated BT12

Figure 3: Dpn?2 digestion of the plasmids carrying (a) ANL, and (b) BTL2. Arrowheads
show the digested plasmid fragments. U: Uncut PCR products for (a) ANL, and (b)
BTL2. M: MassRuler DNA Ladder Mix (Fermentas).
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ANL BTL2
M

Figure 4: Purified PCR products for ANL and BTL2, excised and extracted from the
agarose gel shown in Figure 2. M: MassRuler DNA Ladder Mix (Fermentas).

Extracted PCR products are run on 1.2% agarose gel in order to confirm that there is no
plasmid left in the mixture. So Figure 4 indicates that the PCR products are plasmid-free

and ready to DNase digestion.

DNase digestion is applied to PCR products. 2 ug DNA from ANL and BTL were
digested separately with 0.05 unit of DNase I (Roche). As the reaction buffer, 10X diges-
tion buffer which is 500mM Tris-HCl pH 7.4 and 100mM MnCl; is used. The digestion
was done at room temperature until it is terminated after 20 minutes by heating at 85°C
with the presence of 2.5mM EDTA. Mixture is run on 2% agarose gel. Smear on Figure
5 shows the digested fragments of the particular genes. Fragments from 150 to 300bp are

excised and extracted from the gel.
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Figure 5: Dnasel digestion of ANL and BTL2 PCR Products. DNA smears indicative of
digestion products of varying lengths, as low as 200bp, are evident. M: GeneRuler Ultra
Low Range DNA Ladder (Fermentas).

300 bp

100 bp

Q A

DA A A 3

S FFeFFeees
S VDD DS

Figure 6: Digest products from Dnasel-treated ANL and BTL2 mixtures at different
time points as given at the bottom. M: GeneRuler Ultra Low Range DNA Ladder
(Fermentas).

20 minutes of digestion was not sufficient for obtaining the desired fragment size which
is smaller than 100 base pair. So DNase digestion is applied to PCR products. This time
1,2 ug of each gene from were mixed and digested in a tube with 0.05 unit of DNase
I (Roche). As the reaction buffer, 10X digestion buffer which is 500mM Tris-HCI pH
7.4 and 100mM MnCl; is used. The digestion was done at room temperature. 15, 20,
23, 27, 32, 38, 45, 53, 60 minutes of digestion was done in order to find out the most
efficient digestion time point. Inactivation is done by heating the samples at 85C with the
presence of 2.5mM EDTA. Mixture is run on 2% agarose gel. Smears on Figure 7 show

the digested fragments of the particular genes.
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Same protocol used at Figure 5 was applied for 75 minutes, 90 minutes and 120 minutes
in order to obtain smaller fragments(smaller than 50bp). Inactivation is done by heating
the samples at 85C with the presence of 2.5 mM EDTA. Mixture is run on 2% agarose
gel. Smears on Figure 8 show the digested fragments which are in the range of desired
fragment size. Fragments below 50bp and between 50 -100bp are excised and extracted

from the gel followed by the reassembly PCR.

Figure 7: Digest products from Dnasel-treated ANL and BTL2 mixtures at different
time points as given at the bottom. M: GeneRuler Ultra Low Range DNA Ladder
(Fermentas).
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Figure 8: Amplification PCR with the primer combinations. M: MassRuler DNA
Ladder Mix (Fermentas).

In figure 7, Group A indicates the reassembled 50bp and below fragments, while Group
B indicates the reassembled fragments in the range of 50-100 bp. Lastly, Group C in-
dicates the reassembled ANL fragments which are 150-300 bp in length. The primer
combinations are; (1) F_.ANL - R_ANL, (2) F_ BTL, R.BTL, (3) F_.ANL, R_.BTL, and
(4) F BTL, R_ANL. Al, B1 and C1 labeled samples, which are produced by using ANL
primer sets, are detected on 1,2% agarose gel. The amplified fragments were excised and

extracted from the gel.

23



Extracted shuffled genes are cloned to expression vector pMCSG7 by ligation indepen-
dent cloning and transformed into Shuffle E.coli competent cells by chemical transforma-
tion. As a result of the transformation, 75 colonies (37 colonies from A1, 18 colonies from
B1, 20 colonies from C1) were obtained on LB-agar plates. Colony PCR was performed
to check the insertion of the shuffled genes into the transformed vectors. It is confirmed

that all colonies had the insert, shown in Figure 9.

Figure 9: Colony PCR of obtained colonies.

Obtained A1l colonies are inoculated to LB - rhodamine activity plates to decide the
activity of the possible mutants qualitatively. All the colonies except colony 33 had the

lipase activity (Figure 10).

Figure 10: LB-Rhodamine activity plates of A colonies.
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Obtained B1 colonies are inoculated to LB - rhodamine activity plates to decide the
activity of the possible mutants qualitatively. The LB- rhodamine plate of B1 combination

showed that most of the colonies have the lipase activity (Figure 11).

Figure 11: LB-Rhodamine activity plates of B colonies.

Obtained C1 colonies are inoculated to LB - rhodamine activity plates to decide the
activity of the possible mutants qualitatively. Inoculated 14 C1 colonies out 20 have the

lipase activity on LB-rhodamine plates (Figure 12).

Figure 12: LB-Rhodamine activity plates of C colonies.
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To screen the mutations which occurred by DNA shuffling, plasmid isolation is applied
to all 75 colonies and the purified plasmids are sent to sequencing with R_ANL primer.
Alignment of the samples with ANL and BTL2 native genes shows that samples have
similarity more than 90% with ANL gene. Although, samples mostly similar to ANL,
eight of the samples have point mutations which may lead to the activity change. In fact,
colony A33 has 10 point mutations which lead to the loss of activity. Point mutations at
these eight samples are listed at Table 1. There are point mutations in these samples that
would normally lead to activity loss but didn’t caused any activity loss such as Asp to Gly

mutation at colony B15 or Gly to Ser mutation at colony C15 or Thr to Ala at colony C15.

Clone Location of the Mutation Amino acid Substitution Activity
A33 60" amino acid GUG (Val) — GUA (Val).

A33 64" amino acid GCC (Ala) — ACC (Thr)

A33 68" amino acid CCU (Pro) — GCU (Ala)

A33 95" amino acid GCC (Ala) — GUC (Val)

A33 106" amino acid GCC (Ala) — UCC (Ser) -)
A33 124" amino acid CUC (Leu) — CUU (Leu)

A33 160" amino acid GCC (Ala) — GAC (Asp)

A33 184" amino acid AGC (Ser) — AAC (Asn)

A33 214" amino acid ACG (Thr) — GAG (Glu)

A33 250" amino acid AGC (Ser) — AAC (Asn)

B2 3" amino acid UCU (Ser) — UAU (Tyr)

B2 44'" amino acid UCU (Ser) — UCC (Ser) )
B2 46" amino acid GCA (Ala) — GCG (Ala)

B8 188" amino acid AAU (Asn) — AAC (Asn) +)
B15 65" amino acid GAC(Asp) —+ GGC(Gly)

B15 61%" amino acid AAU(Asn) — AGU(Ser) +)
Co6 61" amino acid ACA(Thr) — GCA(Ala)

Co 275" amino acid GGU(Gly) — GAU(Asp) (+)
Cl12 137" amino acid CAC(His) — CGC(Arg) (+)
Cl4 86" amino acid AAC(Asn) — GAC(Asp) +)
C15 31" amino acid ACU(Thr) — GCU(Ala)

Cl15 151" amino acid CUG(Leu) — CCG (Pro)

Cl15 176" amino acid GGC(Gly) — AGC (Ser) +)
C15 223" amino acid GUU(Val) — GCU(Ala)

Table 1 : Types of point mutations and their locations on the sequence.
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The locations of the mutations of particular colonies given in table 1 were investigated.
Since the colonies have more than 90% identity with ANL, homology model of ANL
is used to locate the point mutations which are detected. Homology model of ANL is
made by using Thermomyces lanuginosa lipase structure as the template. They have

51% sequence similarity with the query coverage of 99%.

Figure 13: Homology modeling of Aspergillus niger lipase, using 1dt3 (Thermomyces
lanuginosa lipase) as the template.

Lid Domain (Top view) Lid Domain (Side view)

Figure 14: The Lid domain has been shown from top and side view, respectively. The
predicted model corresponds to the inactive lipase form where the lid is in its closed
conformation.
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The best candidate for the Lid domain is shown in Figure 14 in yellow. The reason
for chosen as best candidate is because the catalytic Serine has also been covered. Also,
the amino acid content of the lid explains the interfacial properties of the lipase. In the
closed conformation, the polar residues like, N, D and T are exposed to solvent. In the
open conformation, the non-polar residues like W, I and V should be exposed to the lipid-

interface.

Multiple sequence alignment is applied to all mutants (see Appendix A.2), which are
obtained from sequencing, with native ANL. Afterwards, locations of the point muta-
tions, which are detected from sequencing data, pointed with arrows (Red = “deadly”
mutations, Blue = ’compensating” mutations, Grey = "silent” mutations) and in addition,
only ”deadly” mutations which indicates non polar amino acid - polar amino acid change,

are shown on the homology model of ANL by using VMD (Visual Molecular Dynamics).
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Figure 15: Multiple sequence alignment of Colony A33.
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Colony 33 had 5 “deadly”, 5 “compensating” and 1 “silent” mutations. As it can be
seen from Figure 15, 2 out of 5 deadly mutations are located at core of the protein. In
fact, T184E mutation located on the nucleophilic elbow (in Magenta color) which carries
the catalytic serine residue. And the A146D mutation is located at the adjacent f3-sheet to
the nucleophilic elbow. Locations of these 2 mutations make them important due to their

closeness to the catalytic site.

Figure 16: Locations of the mutations for Colony A33. The nucleophilic elbow that
carries the catalytic serine is shown in magenta.

For the mutations at the colonies B2, B8, B15, C12 and C14, they are either “deadly”
but surface exposed or silent mutations which are unlikely to cause a change in activity
of the enzyme. At the colony B2, three codon changes have occurred, two of them being
silent mutations (Serine to Tyrosine on the 3¢ amino acid, Serine to Serine on the 44"
amino acid, and Alanine to Alanine on the 46" amino acid, respectively). At the colony
B8, Asparagine to Asparagine change has occurred on the 188" amino acid. At the colony
B15, two codon changes have occurred, an Aspartic acid to Glycine on the 65 amino
acid, and an Asparagine to Serine on the 61% amino acid. At the colony C12, a Histidine
to Arginine substitution has occurred on the 137" amino acid, and at the colony C14, an

Asparagine to Aspartic acid substitution on the 86/ amino acid.
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Figure 17: Multiple sequence alignment of Colony 39 (B2).
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Figure 18: Multiple sequence alignment of Colony 45 (B8).
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Figure 19: Multiple sequence alignment of Colony 52 (B15).
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Figure 20: Multiple sequence alignment of Colony 61 (C6).
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Figure 21: Locations of the mutations for Colony 61 (C6)

Colony C6 has 2 “deadly” mutations which are Threonine to Alanine substitution at
61st amino acid which is surface exposed and far away from the catalytic site. The other
one is the Glycine to Asparagine substitution at the 275 amino acid which is located
more closely to the catalytic site (Figure 20). Since this is also a non polar to polar

substitution, the mutation has a role in changing the activity.
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Figure 22: Multiple sequence alignment of Colony 67 (C12).
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Figure 23: Multiple sequence alignment of Colony 69 (C14).
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Figure 24: Locations of the mutations for Colony 69 (C14).
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Figure 25: Multiple sequence alignment of Colony 70 (C15).
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Figure 26: Locations of the mutations for Colony 70 (C15).

Colony C15 has 3 “deadly” mutations which are Threonine to Alanine substitution at
31st amino acid Leucine to Proline substitution at 151* amino acid, Glycine to Serine
substitution at 176" amino acid (Figure 25). 2 out of these 3 “deadly” mutations are
likely to effect the activity of the enzyme. G176S mutation is very much at the core of
the protein and is significantly close to the catalytic site. This kind of mutation (non-polar
to polar) would be significant since there will be a presentation of a polar amino acid at
the core of the protein. Another significant “deadly” mutation would be L151P because a
presentation a Proline in to a existing a-helix would cause rupture the o helical structure

which is also likely to change the activity of an enzyme.

35



140

120
100
80
60
40
20
0 . . :
433 cis

Control o]

Figure 27: The relative activity plot of the colonies, using fluorescence enzyme assays.
As a substrate, 4MU-caprylate has been used to detect the activity of lipase from the
soluble fraction.

For quantitatively determining the lipase activity, fluorescent lipase assay methodology
is applied. 5 micro liters of the soluble fraction from the cultured cells are assayed by
using 4MU - caprylate as the substrate. Soluble fraction of the cultured cells, which do
not contain any cell, assayed in reaction medium of 100 mM Tris-Cl at pH 7.25. 4MU
fluorescence is measured by using Gemini XS (Molecular Devices) using wavelength of
355 nm for excitation and an emission wavelength of 460 nm. As it is shown in Figure
26 the mutations caused a decrease on the lipase activity at clones A33 and C6, as well
as increase in activity of clone C15 by 25%. These activity changes may be due to the
“deadly” mutations that are presented near the catalytic site. To investigate whether the
mutations caused a change in substrate selectivity and due to that the activity loss against
caprylate has occurred or it is the general activity loss, a substrate selectivity assay is
made. From the chain lengths of 2C to 16C the following lipids are used; Acetate(2C),
propinate(3C), butyrate(4), caproate(6C), enatiothe(7C), caprylate(8), and palmitate(16C)
for the investigation of the substrate selectivity. As it is shown in Figures 27, 28, 29 and
30, there is no detectable change in the substrate selectivity trend with respect to the

control group which is the native ANL.
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Figure 28: Substrate selectivity assay of native ANL. From the chain lengths of 2C to
16C the following lipids are used; Acetate(2C), propinate(3C), butyrate(4),
caproate(6C), enatiothe(7C), caprylate(8), and palmitate (16C).
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Figure 29: Substrate selectivity assay of clone A33. From the chain lengths of 2C to
16C the following lipids are used; Acetate(2C), propinate(3C), butyrate(4),
caproate(6C), enatiothe(7C), caprylate(8), and palmitate (16C).
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Figure 30: Substrate selectivity assay of clone 61 (C6). From the chain lengths of 2C to
16C the following lipids are used; Acetate(2C), propinate(3C), butyrate(4),
caproate(6C), enatiothe(7C), caprylate(8), and palmitate (16C).
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Figure 31: Substrate selectivity assay of clone 70 (C15). From the chain lengths of 2C
to 16C the following lipids are used; Acetate(2C), propinate(3C), butyrate(4),
caproate(6C), enatiothe(7C), caprylate(8), and palmitate (16C).
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Figure 32: Thermostability assay of clone 33 (A33), 61 (C6), and 70 (C15).

Soluble fractions of the clones that do have expressions, are used in fluorescent assays
to profile thermostability by quantifying the residual activity of lipases after 30 minutes
of incubation at temperatures 30°C, 40°C, 50°C, 60°C, 70°C, and 80°C is set to 100%
activity for calculating the percent activity. As it is shown at the results, C6’s and C15’s
activity peak shifted to around 40°C whereas A33’s has peaked at the same with control
but has higher activity on the particular temperatures. This may due to the various mu-
tations located at the different places at the structure. Although, the activity of A33 is

decreased 20% , it’s thermostability is slightly better.

39

B Control

HCo
mC15



4 Discussion and Conclusion

Here, it is reported that DNA shuffling is a suitable methodology for generating ran-
domly mutated lipase libraries for industrial usage. In this study, instead of family shuf-
fling, which is a common preferred method for random mutagenesis of an enzyme, non-
family shuffling has been tried. ANL, which is a fungal lipase, and BTL2, which is a
bacterial lipase, were shuffled in order to obtain a mutant library which would have the

desired features such as increased thermostability, and broader substrate specificity.

To the best of our knowledge, this study describes the first application of DNA-shuffling
of lipases from B. thermocatenulatus and Aspergillus niger. As it can be seen from mul-
tiple alignments, the clones which are obtained from this study are not chimeric proteins.
Multiple sequence alignments of the clones do not produce hits for BTL sequence and
moreover, they all have at least 99% sequence identity to ANL sequence. This may due to
the usage of genes from different families. Although ANL and BTL have 41% sequence
homology, they didn’t shuffle, as can be deduced from the results. It can be speculated
that the reason for not seeing any chimeric proteins would be the slight difference in
their codon usage. Due to this, the chimeric proteins couldn’t have survived during the
cloning selection. The reason of not seeing any BTL self-shuffled proteins would be the
evolutionary difference between fungi and bacteria, since their codon usage is related to
their evolutionary path as well. Evolution of synonymous codon usage is reported to be
decided by a balance between mutation, genetic drift and natural selection. However, nat-
ural selection on codon usage is considered to be a weak evolutionary force and selection
on codon usage is expected to be the strongest force [76]. Reported point mutations may
come from self shuffling of ANL fragments which could lead to point mutations as well
or it may come from the errors of the DNA polymerase. The second case is not likely
since Pfu DNA polymerase is used and Pfu has high fidelity. Therefore, it can be reported
that these mutations are coming from the self shuffling of the ANL fragments. There are
also studies which indicate that using single genes and random point mutations which

are generated by shuffling of the single gene is also a source of diversity [53,77]. Self
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shuffling or family shuffling utilizes naturally occurring nucleotide substitutions as the
driving force for the evolution in vitro. It is also reported that multiple rounds of shuf-
fling would increase the recombination and the mutations yield [77]. Thereby, in further
studies, shuffling of the clones which are obtained from this study can be used to generate

different mutations and more evolved clones.

From a single round of DNA-shuffling with these two parent lipases, three mutants
(A33, C6, C15) with various point mutations have occurred, which could normally cause
an activity loss (non polar - polar /charged amino acid substitution). In this case, only
A33 and C6 clones show activity loss around 20% due to the point mutations. Activity
loss of these clones may occur due to the mutations that are located at a close proximity to
catalytic site. In A33 clone, T184E mutation which is located on the nucleophilic elbow
is likely to cause the activity loss and the C6 G92D mutation may be the responsible of
the activity loss due to the fact that they are close to the catalytic triad and also located at

the core of the protein.

Since the aim of this project was to generate the library that could be investigated on
further studies, the mutant proteins are not purified. However, substrate selectivity and
thermostability assays are effectuated, with the soluble fraction of the cells to shed light
on the features of the lipases as a preliminary examination. As it is mentioned at the results
section, there are no changes in the substrate selectivity trend with respect to the control’s
substrate selectivity trend. In this case, this is expected, since the point mutations are not
in close proximity with amphiphilic lid of the lipases. All three clones and the control
have the highest activity against caprylate (8C) and the lowest activity against palmitate

(16C).

Their thermostability features are more diverse than their substrate selectivity. As it is
shown in the results, C6’s and C15’s activity peak shifted to around 40°C whereas A33’s
has peaked at the same with control but has higher activity on the particular temperatures.

This may be due to the various mutations located at the different places at the structure.
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These mutations may have lead to decreased flexibility of A33 clone and therefore it
might cause an increase in thermostability. Although the activity of A33 has decreased by
20% , it’s thermostability is slightly better. Again this may due to synergistic effect of all
point mutations but the A146D and T184E mutations could have a crucial effect on both
flexibility and the activity of the protein. The reason for the thermostability shift of clone
may again be caused by the G92D mutation because this mutation would lead an increase
on flexibility of the protein therefore decrease in thermostability. In clone C13, there is
a G176S mutation at the core of the protein and a L151P mutation at a helical structure
which would break the helix and would turn it to loop or multiple helices. As it can be
seen from the bar graph of thermostability, thermostability trend of clone C15 is shifted
around 40°C and it is more likely that this shift is caused by the L151P mutation because
since proline mutation breaks the o helical structure, the flexibility of the protein would
increase and therefore again it would lead to a decrease in thermostability. Although the
thermostability trend is shifted in C6 and C15, their activity is not dead even in 80°C. It
may be caused by the other proteins in the soluble fraction of the cells. To find out the
real stability of these enzymes further studies like purification and same characterization

experiments should be performed.

These point mutations may affect substrate binding and/or regulate the reaction rate for
the hydrolysis of the covalent reaction intermediate. Therefore, it could affect the activity
change. Also, synergistic effects of mutations may occur and lead up to the getting the

desired functions for the industrial applications.
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A Appendix A

A.1 DNA ladders and Experimental Protocols

GeneRuler™ Ultra Low Range DNA Ladder
0'GeneRuler™ Ultra Low Range DNA Ladder,| | GeneRuler™ 1 kb DNA Ladder
ready-to-use ’ ™
y 0’GeneRuler™ 1 kb DNA Ladder,
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Figure A.1 : DNA molecular weight markers, Ultra low range and 1kb ladders,
respectively.
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A.1.1 Vector (pMCSG-7) Overnight Digest with Ssp1

pMCSG-7 (his-tagged bacterial expression vector) is a vector that is transformed into
E.coli and expressed as 6 x His-tagged-protein complex. This vector was digested by
restriction enzyme digestion. The restriction enzyme was chosen as Sspl.

Xhol (159
', HirdIII(174)
\ | BeoRI (193)
Awval (1567 Y11
\\| BamHl(199)
|| | HIC region
His tag (C) \l{ || TEV site

Kprl (249)
pl (&%

T7 terminator .' . Boll ( RBHSIS tag
N Leader Sequencelac operator
bla (Ap) sequence -
i ¢ T7 promoter
Rl L4357
pMCSG7
5286 bp lac |
/

ColE1 pBR322 origin

Figure A.2 : pMCSG -7 (his-tagged bacterial expression vector)

The restriction enzyme digestion of pMCSG-7 was performed according to the table
below:

pMCSG-7 50ul
Sspl 2ul
Green Buffer 6ul
ddH,0 2ul

Table A.1 : Procedure for the restriction enzyme digestion of pMCSG-7
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A.1.2 Gel Electrophoresis Procedure

For the gel electrophoresis the general protocol was applied as indicated below.

Take 50X TAE buffer, dilute it to 1X by adding 10 ml to 490 ml water.
Weight 1 gr agarose; dissolve it in 100 ml 1X TAE buffer.

Heat the solution until full homogeneity is obtained.

Cool the solution; add 2 1 EtBr; mix the solution to solve EtBr.

Pour solution to the rack; place comb; wait till polymerization.

Place the rack onto the container; fill the container with 1X TAE buffer.
Place the samples to the wells.

Run the machine for 30 min; later on, check the gel under UV light.

If necessary run for additional minutes.

Gel Extraction

After the agarose gel electrophoresis of PCR products and pMCSG-7 overnight digest
with Sspl, the samples are extracted from the gel for obtaining pure reaction products.

QIAGEN- QIAquick Gel Extraction Kit Protocol was performed as listed.

1.
2.

Excise the DNA fragment from the agarose gel with a clean, sharp scalpel.

Weigh the gel slice in a colorless tube. Add 3 volumes Buffer QG to 1 volume gel
(100 mg 100 ul). For > 2% agarose gels, add 6 volumes Buffer QG.

. Incubate at 50°C for 10 min (or until the gel slice has completely dissolved). Vortex

the tube every 2—3 min to help dissolve gel.

. After the gel slice has dissolved completely, check that the color of the mixture is

yellow (similar to Buffer QG without dissolved agarose). If the color of the mixture
is orange or violet, add 10 ul 3 M sodium acetate, pH 5.0, and mix. The color of
the mixture will turn yellow.

. Add 1 gel volume of isopropanol to the sample and mix.

. Place a QIAquick spin column in a provided 2 ml collection tube or into a vacuum

manifold.

. To bind DNA, apply the sample to the QIAquick column and centrifuge for 1 min or

apply vacuum to the manifold until all the samples have passed through the column.
Discard flow- through and place the QIAquick column back into the same tube. For
sample volumes of > 800 ul, load and spin/apply vacuum again.
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10.

11.
12.

13.

. If the DNA will subsequently be used for sequencing, in vitro transcription, or micro

injection, add 0.5 ml Buffer QG to the QIAquick column and centrifuge for 1 min
or apply vacuum. Discard flow-through and place the QIAquick column back into
the same tube.

. To wash, add 0.75 ml Buffer PE to QIAquick column and centrifuge for 1 min or

apply vacuum. Discard flow-through and place the QIAquick column back into the
same tube.

Note: If the DNA will be used for salt-sensitive applications (e.g., sequencing,
blunt-ended ligation), let the column stand 2—5 min after addition of Buffer PE.

Centrifuge the QIAquick column once more in the provided 2 ml collection tube
for 1 min at 17,900 x g (13,000 rpm) to remove residual wash buffer.

Place QIAquick column into a clean 1.5 ml micro centrifuge tube.

To elute DNA, add 50 ul Buffer EB (10 mM Tris - Cl, pH 8.5) or water to the center
of the QIAquick membrane and centrifuge the column for 1 min. For increased
DNA concentration, add 30 ul Buffer EB to the center of the QIAquick Membrane,
let the column stand for 1 min, and then centrifuge for 1 min. After the addition
of Buffer EB to the QIAquick membrane, increasing the incubation time to up to 4
min can increase the yield of purified DNA.

If the purified DNA is to be analyzed on a gel, add 1 volume of Loading Dye to 5
volumes of purified DNA. Mix the solution by pipetting up and down before loading
the gel.
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A.1.3 T4 DNA Polymerase Reaction

For ligation independent cloning vector and insert were modified according to T4 DNA
Polymerase reaction which creates guanine overhangs for vector and cytosine overhangs
for insert.

Vector Volume Insert Volume
ddH:20 - ddH20 1 pL
5X Buffer 16 L 5X Buffer 14 puL
T4 T4

Polymerase 3 pL Polymerase 3uLl
dGTP 2 uL dCTP 2puL
DNA 60 pL DNA 50 pL
Vfinal 80 pL VFinal 70 pL

20°C 60°

75°C 20

Table A.2 : T4 DNA Polymerase Reaction Program
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A.1.4 Phenol/Chloroform Extraction and Ethanol Precipitation

Phenol/Chloroform extraction and ethanol precipitation is carried out for both vector
and insert in separate tubes based on the following procedure.

Product of T4 DNA polymerase reaction for vector (80 ul) was completed up to
100 ul with ddH,O

Product of T4 DNA polymerase reaction for insert (70 1) was completed up to 100
ul with ddH;0.

Addition of 1:1 ratio phenol/chloroform (100 ul) into both tubes.
Vortex

5’ of top speed centrifuge (13.2 rpm)

Take supernatant

Addition of 4 ul NaOAc, 10 ul LPA and 250 ul EtOH (%100)
Keep the tubes at-80°C for 20’

15° Top speed centrifuge (13,2 rpm)

Discard the supernatant

Addition of 250 ul EtOH (%70) onto the pellet

10’ Top speed centrifuge

Discard the supernatant

Re-suspend the pellet with 10 ul of ddH,

54



A.1.5 Annealing Reaction

Purified vector and insert were combined together by annealing reaction at 22°C for
45— 60’.

Control Sample
Vector 150 ng 150 ng
Insert | 100 ng

Table A.3 : Annealing reaction

A.1.6 Transformation to Shuffle Competent Cells

For the transformation of plasmid into the competent cell, the following procedure was
carried out.

Mix 2 pL product of annealing reaction with 200 uL of each competent cells
Keep on ice for 20’

Heat shock for 17 at strictly at 42°C

Keep on ice for 10°

Addition of 800 uL. SOC

Incubation at 37°C for 60’

Centrifuge at 7000 rpm for 2’

Discard the supernatant until 100 uL of supernatant remains
Re-suspend the pellet in 100 uL of supernatant

Spread on LB agar plate with beads.

Incubation at 37°C for 24—48 hours.
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A.1.7 Colony PCR and Mini-prep Protocol

Taq Polymerase MM| 7.5 uL
Reverse Primer 5 ul
Forward Primer 0,75 uL
ddH20 6 uL
Vinal 15 ul

Table A.4 : Colony PCR

Positive colonies are taken from the previously streaked plate and inoculated into 5 mL
of LB broth. Overnight incubation was performed at 37°C shaker. The 5 mL of cultures
were centrifuged for 5’ at the top speed. The supernatants were discarded and QTAGEN-
Plasmid DNA Purification Kit was performed on pellets.

QIAGEN - Plasmid DNA Purification Kit Protocol:

1.

Re-suspend pelleted bacterial cells in 250 ul Buffer P1 and transfer to a 1.7ml
micro-centrifuge tube. No cell clumps should be visible after resuspension of the
pellet. The bacteria should be resuspended completely by vortexing or pipetting up
and down until no cell clumps remain.

. Add 250 ul Buffer P2 and mix thoroughly by inverting the tube 4—6 times. Do not

vortex, as this will result in shearing of genomic DNA. If necessary, continue invert-
ing the tube until the solution becomes viscous and slightly clear. Do not allow the
lysis reaction to proceed for more than 5 min. If LyseBlue has been added to Buffer
P1, the cell suspension will turn blue after addition of Buffer P2. Mixing should
result in a homogeneously colored suspension. If the suspension contains localized
colorless regions or if brownish cell clumps are still visible, continue mixing the
solution until a homogeneously colored suspension is achieved.

. Add 350 ul Buffer N3; mix immediately and thoroughly by inverting the tube 4—6

times. Keep on ice for 10 mins. To avoid localized precipitation, mix the solution
thoroughly, immediately after addition of Buffer N3. The solution should become
cloudy. If LyseBlue reagent has been used, the suspension should be mixed until
all trace of blue has gone and the suspension is colorless.

. Centrifuge for 10 min at 13,000 rpm ( 17,900 x g) in a table-top micro-centrifuge.

A compact white pellet will form.

. Apply the supernatants from step 4 to the QIAprep spin column by decanting or

pipetting.

. Centrifuge for 30 — 60 sec. Discard the flow-through.

. Wash QIAprep spin column by adding 0.75 ml Buffer PE and centrifuging for 30 —

60 sec.
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8.

Discard the flow-through, and centrifuge for an additional 1 min to remove residual
wash buffer.

Important: Residual wash buffer will not be completely removed unless the flow-
through is discarded before this additional centrifugation. Residual ethanol from
Buffer PE may inhibit subsequent enzymatic reactions.

. Place the QIAprep column in a clean 1.5 ml micro-centrifuge tube. To elute DNA,

add 50 u1 Buffer EB (10 mM Tris-Cl, pH 8.5) or water to the center of each QIAprep
spin column, let stand for 1 min, and centrifuge for 1 min.

A.1.8 Expression

Take positive clones from each transformation plates (Shuffle) by tips.
Add them to 5 ml LB Broth with 5 ul Ampicillin (1000X)

After overnight growth at 37°C, take glycerol stocks of each cell culture (200 ul
60% Glycerol + 600 ul cell culture)

Transfer cell cultures to 30 ml LB Broth with 30 1l Ampicillin (1000X)
Take 1 ml sample from each of the cultures and label them as tg

Add IPTG when efficient optimal density is reached.

For expression of the proteins wait for 8 hours.

Centrifuge samples for 15 minutes at 4000 rpm.

Add sufficient amount of B-PER according to the pellet amount (between 100 ul
-250 ul)

Centrifuge samples for 5 minutes at 13.2 rpm.

Take 20 ul sample from supernatant and mix with 4 ul dye mix (loading dye +
DTT)

Load the samples and run SDS-PAGE electrophoresis and carry out the characteri-
zation step.
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A.2 Multiple Sequence Alignments

Color Overview
{Alignment
Percentage)

90% > Identities == 75% > Identities ==
75% 60%

Identities < 60%

Figure A.2: The scheme of multiple sequence alignments of the clones against native
ANL.
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Figure A.3: Clone A1l
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Figure A.4: Clone A2
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Score

=1

70% bita (B62), Expect = 0.0

Identities = B&6Z/862Z (100%)

Strand

Cuery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

Cuery:

Skqct:

mery:

Skqeot:

Cuery:

Skqct:

mery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

1

B&Z

BOZ

158

6B

I3
[*0
]

622

218

SEZ2

oz

438

447

458

382

G618

I62

Fluz / Minus

accacaagtgagocaasacgtocacogttgottogoctgoatteccogoogtagaat tga

accacaagtgagocaasacgtocacogttgottogoctgoatteccogoogtagaat tga

ttoocctogatgagt toeaatatcogacgecgtgacact ggotcoggtgocactggtgates

ttoceoteogatgagt teaatatecocgacgeoogt gacactggoteccggtgeocactggtgateoo

agtattetggacttggotggotgaatecaaagtecat gggt ggoaacocgggggacga tgt

(N R R R A RN A R R AR AN R RN
agtattetggacttggotggotgaatocaaagtocat gggt gocaacogggggacgatgt

cgttoaagtgt gtaacgoggaagttogeotocagatoocotggyotggtgatgtgotoggoca
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
cgtteoaagtgt gtaacgoggaagt togetoccagatoootggotggtgatgtget cggoca

gqogoatagtttocogactegaggacateocataggt gtacagt tcaacgetataacogtcat

gqogoatagtttoocgactogaggacatocataggt gtacagt teaacgotataacogtoat

ttogeoaagacogttgotoccagtgtageocaatgo gocgooccaagetgtgocoggtgaagt
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

ttogeoaagaccgttgotecoagtgtagocaatgogocgoccaagetgtgoccggtgaagt

agagggtatagococgaatacgtgeotoatogoggacttgatettgotegteagat tgtctg
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

agagggtatagococgaatacgtgotoatogoggacttgatottgotegteagat tgt oty

cagoggottococatgocttocagaatocagt gtgaaccttgoagecagtacagaggt cat

cagoggetteccat goct tocagaatecagt gtgaaccttgeagecagtacagaggt cat

cgttatcttgoaggatgaagtogagatcagoaatcoeagttottgatggtgotactgocte

cgttatcttgoaggatgaagtogagatcagoaatcoeagttottgatggtgotactgocte

qoaaqgogaccacgaqoegottgttggtgtt gtcogoggocaggaaaccggotgtgocte
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
qoaaqgogaccacgaqoegottgttggtgtt gtcogoggocaggaaaccggotgtgocte

casagttatttgtocaggtoaasactocageageatcttggtgotegoctoctogactgatyg

casagttatttgtocaggtoaasactocageageatcttggtgotegoctoctogactgatyg

gqacagqgogteggocgtgoatgtocacgt tagagtogtocgagtegatattgttegagoaat
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
gqacagqgogteggocgtgoatgtocacgt tagagtogtocgagtegatattgttegagoaat

aageotgoggoagaccattgogagaacaattgoagotecatecaacgtggaagtegagacac

aagotgoggoagaccattgogagaacaattgoagotecatocaacgtggaagtogagacac

toocgeoacateaagt ggtgtoggtgoocgeagoact cagogqoagegtgogoo gtoaaaa goa
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

toogeoacateaagt ggtgtoggtgoocgoagoact cagogoagogtgogoo gtoaaaa goa

ctocaaacogtoccagagaacat BTYH

ctocasaccgtocagagaacat 1

Figure A.S: Clone A3
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Score

=1

671 bita (843), Expect = 0.0

Identities = B54/857 (%%%), Gapza = 1/857 (0%)
Strand =
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Skqeot:
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Skqeot:
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Skqct:
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Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

Cuery:

Skqct:

mery:

Skqeot:

Cuery:

Skqct:

mery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Ta6

14z

T34

6T

&l4

3Bz

454

442

434

6B

144

BGTZ

17

Fluz / Minus

agtgngocasaacgnocacogttgottogoctgoattcocogoogtegaattgattocot

agtgagocasaacgtocacogttgottogoctgoattcocogoogtegaattgattooot

cgatgagttoaatatococgacgocgtgacact gyotecggtgocactggtgatocagtatt

cgatgagtteaatatecgacgeocgtgacactggotecggtgecactggtgatecagtatt

ctggacttggotggotgaateccaaagtocoat gggtggoaacegggggacgatgtogt tea

(N R R R A RN A R R AR AN R RN
ctggacttggotggotgaatecaaagtecat gygtggoaaccgggggacgatgtogt tea

agtgtgtaacgoggaagttogotocagatocctggotggtgatgtgotoggoecagogoat
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
agtgtgtaacgoggaagttogotocagateocctggeot ggtgatgtgeotoggoeagegeat

agtttoogactcgaggacatocecataggtgtacagttocaacgetataacocgtoatttogea

agtttocgactogaggacatocataggtgtacagttcaacgotataacogteat ttogoa

agaccgttgotoccagtgtagocaatgogoocgoccaagotgtgocoggtgaagtaga ggg
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
agaccgttgotoccagtgtagocaatgogocgoccaageotgtgocoggtgaagt aga ggg

tatagoocgaatacgtgotoatogeggacttgatocttgotegtocagattgtetgoagegg

tatagococgaatacgtgotoatogoggacttgatcttgotegteagattgtotgoagegy

cttoccatgocttocagaatoccagtgt gaac ottt goagocagtacagaggteat ogt tat

cttoccatgeocttocagaatecagtgtgaacctt goagocagtacagaggtoat ogt tat

cttgeaggatgaagtogagat cagoaateccagttocttgatggtgetactgoctoggaagyg

cttgeaggatgaagtogagat cagoaateccagttocttgatggtgetactgoctoggaagyg

cgacecacgagqooge ttgttggtgt tgtcogo ggocaggaaaccggot gtgectocaaagt
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
cgacecacgagqooge ttgttggtgt tgtcogo ggocaggaaaccggot gtgectocaaagt

tatttgtcaggteaaactocagoagqoatett gt gotogoctectegact gatggacagy

tatttgtcaggteaaactocagoagqoatett gt gotogoctectegact gatggacagy

cgtoggocgtgoat gtcacgt tagagtogtoccgagtogatattgttegageaataagetg
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
cgtoggocgtgoat gtcacgt tagagtogtoccgagtogatattgttegageaataagetg

cggoagacocat tgo gagaacaattgoagotoatoccaacgtggaagtegagacacteogea

cggoagaccat tgogagaacaattgoagqotoatocaacgtggaagtegagacactec gea

catocaagtggt gteggtgoogoagoacteagogoago gtgogoocgtoaaaaagqoact coa
PEEEEEETETE et e e e e e e e b e e b e e v e e e e et

catcaagtggt gteggtgoogeoageactoageogqragogtgogoe gt e ~aaaagqeact coa

aaccgtoccagagaacat BTE

aaccgtocagagaacat 1

Figure A.6: Clone A4
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Score

=1

699 bitas (B57), Expect = 0.0

Identities = BE1/863 (59%)

Strand
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Skqct:

omery:

Skqct:

oneryr

Skqct:

omery:

Skqct:

oneryr

Skqct:

omery:

Skqct:

oneryr

Skqct:

omery:

Skqct:
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Skqct:
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omery:

Skqct:

oneryr

Skqct:

oneryr

Skqct:

omery:

Skqct:

oneryr

Skqct:

1a

263

803

1326

156

6E3

3lé

63

03

438

443

458

alé

Za3

Fluz [/ Minus

tacnacaagtgngocassacgtocacogttgottogootgoattococcogoogtogaattyg

taccacaagtgagocassacgtocacogttgottogootgoattococcogoogtogaattyg

attococtogatgagtteaatatocgacgocgtgacactggotecggt gocactggtgate

attocooctogatgagttoaatatecgacgocgtgacactggetecggt gocactggtgate

cagtattotggacttggo tggotgaat ceaaagtoccatgggtggocaacegggggacgatyg

(RN R A R R R R AR R RN
cagtattoctggacttggotggotgaat ccaaagtocatgggtggoaacogggggacgatyg

tocgttoaagtgtgtaacgoggaagttogotocagateocctggot gyt gat gtgotoggec
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
tocgttoaagtgtgtaacgoggaagttogotocagateectggot gyt gat gtge toggeo

agogoatagtttoogact cgaggacat ceataggtgtacagttocaacgotataacocgtoa

agogoatagtttocgactogaggacat ceataggtgtacagttocaacgotataacogtea

tttogoaagacogttgotoocagtgtagocaatgogoagoccaagot ghgoccggtgaag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

tttogoaagacogttgot coecagt gtagocaatgeogoogoccaaget gtgocoggtgaag

tagagggtatagocogaatacgtgoctocatogoggacttgatecttgotogtcagattgtet

tagagggtatagocogaatacgtgotoategeggact tgatcttgotogtcagattgtet

goagoggottococatgocttocagaat ccagtgtgaacctt goagocagtacagaggtea

goagoggottocoatgocttocagaat ceagtgtgaacoctt goageocagtacagaggtoa

togttatocttgoaggatgaagtogagateageaatocagttocttgat gyt gotactgeoct

togttatocttgoaggatgaagtogagateageaatocagttocttgat gyt gotactgeoct

cogaaggogaccacgagqeocgo ttgttggtgt tgtccgeggo caggaaacoggot gtgoot
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
cogaaggogaccacgagqeocgo ttgttggtgt tgtccgeggo caggaaacoggot gtgoot

cocasagttatttgteoaggteoasactocageagoatettggt gotogoctectogact gat

cocasagttatttgteoaggteoasactocageagoatettggt gotogoctectogact gat

gogacaggogteggoogtgoat gtocacgttagagtegt cogagtegatatt gttegagoaa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
gogacaggogteggoogtgoat gtocacgttagagtegt cogagtegatatt gttegagoaa

taagoctgoggoagaccat tqogagaacaattgoaget catoccaacgt ggaagtogagaca

taagotgoggoagaceat tgo gagaacaattgoagot catocaacgt ggaagtogagaca

ctocgoacatoaagtggt gt ggt gocgoageacteagogoage gtgoge cgtoaaaage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

ctoocgoacatecaagtggt gtocggt goc goageoactecagogoage gtgogo cgtocaaaagqe

actoocaaacogtocagagaacat BTE

actocasaccgtocagagaacat 1

Figure A.7: Clone A5
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Score
Identities
Strand =
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Skqct:

oneryr
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omery:

Skqct:

oneryr

Skqct:

oneryr

Skqct:

omery:

Skqct:

oneryr

Skqct:

1697 bits (B56), Hxpect = 0.0

= BE0/EG2 (99%)

Fluz [/ Minus

accacaagtgngocanaacgtoccacegttgottoegoctgoattoccocogoogtogaat tga

accacaagtgaqocasaacgtoccacegttgottoegoctgoattoccocogoogtogaat tga

ttoccoctogatgagtteaatat cogacgoogtgacact ggotcoggtgocactggtgates

ttococctogatgagttecaatatoogacgoegtgacactggetcoggtgocactggtgatoe

agtattotggacttggot ggotgaatocasagteocatgggt ggoaacocgggggacgatgt

(RN R A R R R R AR R RN
agtattotggacttggot ggotgaatocasagtocat gggt ggocaacogggggacgatgt

cgttocaagtgtgtaacgoggaagt toegotocagatooctggotggtgatgtgotoggoca
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
cgttocaagtgtgtaacqoggaagt tegotoccagatococtggotggtgatgtgotcggoca

gogoatagtttoogactegaggacatocecataggtgtacagt teaacgotataacegtoat

gogoatagttteocgactogaggacatocataggtgtacagt teaacgotataacogtoat

ttogoaagacegttgotoccagtgtagocaatgogocgoccaagotgtgocaggtgaagt
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

ttoegraagacegttgotocoagtgtagocaatgogoegoccaagetgtgocoggtgaagt

agagggtatagecogaatacgtgoteategoggacttgatettgotegtcagattgtetyg
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

I agagggtatageocogaatacgtgoteatogoggacttgatocttgotogtoagattgtetyg

cagqoggottooccatgoct tecagaatocagtgtgaacottgoagocagtacagaggt cat

cagoggottooccatgoct tocagaatoccagtgtgaaccttgoagoeagtacagaggt cat

cgttatocttgoaggatgaagtcgagatcagoaatocagttottgatggtgotactgoote

cgttatocttgoaggatgaagtcgagatcagoaatocagttottgatggtgotactgoote

goaaggogaccacgagec got tgt tggtgttgtoegeggocaggaaaceggeotgtgecte
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
goaaggogaccacgagec got tgt tggtgttgtoegeggocaggaaaceggeotgtgecte

casagttatttgtocaggt casactococagoageatottggtgotegoctoctagactgatyg

casagttatttgtocaggt casactococagoageatottggtgotegoctoctagactgatyg

gacaggogtoggoecgtgoatgteacgt tagagtogtecgagtegatattgttogageaat
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
gacaggogtoggoecgtgoatgteacgt tagagtogtecgagtegatattgttogageaat

aaqotgoggoagaccatt gogagaacaattgeageoteoatecaacgtggaagtogagacac

aaqgeotgoggoagaceatt gogagaacaattgeagotoatocaac gtggaagtogagacac

tocogoacatocaagtggtgteggtgoogoagoactcagagoagogtgo goc gtocaaaagoa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

toocgracatocaagtggtgteggtgocogoagoact cagegeagegtge goc gtcaaaagoa

ctocaaacogtocagagaacat BT

ctocaaaccogtocagagaacat 1

Figure A.8: Clone A6
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705 bits (B6&0), Expect = 0.0

Identities = B&0/6460 (100%)
Strand =
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3z0
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pegnln]

140

200

g0

B&0

Fluz [/ Minus

cacaagtgagocaaascgtocaccgttgottegoctgoattococcogoogtogaattgatt

cacaagtgagocaaascgtocaccgttgottegoctgoattococcogoogtogaattgatt

cootogatgagttoaatateocgacgoogtgacactggotocggt gocact ggtgatecag

coctogatgagtteaatatecgacgecgtgacactggetecggt gocact ggtgatocag

tattctggacttggetggotgaat ccaaagtocatgggtggoaacegggggacgatgtog

(RN R A R R R R AR R RN
tattoctggacttggotggotgaat coaaagtoccatgggtggoaaceggyggacgatgteg

ttoaagtgtgtaacgoggaagttogotcoagateoctggot gyt gat gtgotoggocage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttoaagtgtgtaacgoggaagttogot ceagatecectggot ggt gat gtgotoggocage

goatagtttocegactogaggacat ceataggtgtacagttocaacgeotataaccgtoattt

goatagtttoogactogaggacatcoataggtgtacagttoaacgotataacogtoattt

cgoaagacogttgotoccagt gtagocaatgegoogoccaaget gtgoce gyt gaagtag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgoaagacegttgotoccagt gtagocaatgogeoogeccaaget gtgoocc ggtgaagtag

agggtatagoecegaatacgtgotocatogeggacttgatecttgetcgtcagattgtot goa

agqjgtatagoococgaatacgtgotocatogoggacttgatott gotogtcagattgtot goa

goggottoccatgocttocagaatcoagtgtgaacct tgoagecagtacagaggtoateg

goggottoccatgocttocagaatcecagtgtgaaccttgoagocagtacagaggteatog

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

aaggogaccacgagqoogo ttgttggtgttgt cogeggecaggaaaceggo tgtgeoctoca
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
aaggogaccacgagqoogo ttgttggtgttgt cogeggecaggaaaceggo tgtgeoctoca

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa

gotgoggoagacocattge gagaacaat tqoagoteat ccaacgt ggaagt cgagacacte

gotgoggoagacoattgogagaacaat tgoagoteat ccaacgt ggaagt cgagacacte

cgoacatcaagtggtgte got gocgoageactoagogoagqo gtgogo ogt caaaagoact
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgcacatcaagtggtgte ggt googoageactoagogeagogtgoge ogt caaaageact

coaaaccgtocagagaacat BTS

cocasaccgtococagagaacat 1

Figure A.9: Clone A7
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Score

=1

8953 bitz (BZ3), Expect = 0.0

Identities = B53T7/858 (95%)
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Pluz / Minuz

caagtgagocaaaacgtocacogttgottogoctgoattocccgeogtogaatt gat tee

caagtgagocaaaacgtocacogttgottogoctgoattocccgeogtogaatt gat tee

ctogatgagttcaatatecocgacgoegtgacactggetcoggtgocactggtgat ccagta

ctogatgagttoaatatoogacgoogtgacactggot coggtgocactggtgat coagta

ttotggacttggot ggotgaatocoaaagtecatgggt ggoaacegggyggacgat ghogtt

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
ttotggacttggeot ggot gaatoccaaagtocatgggt ggoaacegggggacgat gtogtt

caagtgtgtaacgoggaagttogotocagatcocctggotggtgatgt got cggo cagoge
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
caagtgtgtaacgoggaagttogotocagatocctggotggytgatgtgotcggocagoge

atagtttocogactogaggacatocatagotgtacagt teaacgotataacogtoattteg

atagtttocogactogaggacatocecataggtgtacagt teaacgetataacegtocatt teg

caagaccgttgotoccagtgtagocaatgogoogoecaage tgt goecggytgaagtagag
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

caagqaccgttgotcccagtgtagocaatgogoogoccaagqotgtgocoggtgaagtagag

ggtatagocogaatacgtgoctocatogoggacttgatottgotegtoagat tgtotgoage

ggtatagooecgaatacgtgoteoategoggacttgatottgotegtoagattgte tgoage

gqgocttococatgocttocagaatocagtgtgaaccttgoagocagtacagaggtecatogtt

ggocttoccatgocttocagaatocoagtgtgaaccttgoagecagtacagaggtoate gt

atcttgoaggatgaagtogagatecageoaatocagttottgatggtgeotactgectoggasa

atcttgoaggatgaagtogagatecageoaatocagttottgatggtgeotactgectoggasa

ggogaccacgagocgottgttggtgttgtec goggocagqgaaacegyotgtgoctecasa

(N R R R A RN A R R AR AN R RN
ggogaccacgagocgottgttggtgttgtec goggocagqgaaacegyotgtgoctecasa

gttatttgteaggtcasacteocageageatottggtgotogectectogactgatggaca

gttatttgteaggtcasacteocageageatottggtgotogectectogactgatggaca

ggogtoggoegtgoatgteacgttagagtegtecgagtogatat tgt toegagoaataage
(N R R R A RN A R R AR AN R RN
ggogtoggoegtgoatgteacgttagagtegtecgagtogatat tgt toegagoaataage

tgoggoagaccatt gogagaacaattgoagoteatocaacgtggaagtogagacactceg

tgoggoagaccatt gogagaacaattgoago teatocaacgtggaagtogagacactoog

cacatcaagtggtgteggtgoogoagoactocagqe goagngt gogeocgtoaaaagoac too
FErrrrerrererr et errrrererrer e e et e e P e e e

cacatcaagtggtgteggtgoocgoagoactoage goagogt gogeogtecaasagoac teo

aaacocgtocagagaacat BT S

aaaccgtoccagagaacat 1

Figure A.10: Clone A8
66

81

zo1

L]

261

G158

485

441

435

01

373

361

321G

G621

aE1

185

13%

201

BE1

15



Score

=1

481 bitz (B4E), Expect = 0.0

Identities = B&2/864 (59%), Gaps = 2/8&4 (0%)

Strand
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omery:
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18

BE2

g0z

158

GEZ

438

442

498

382

618

262

Flua / Minua

accacaagtgagoocaaaacgtocacegttgettegooctgeattococogocgtogaat tga

accacaagtgagoocaaaacgtocacegttgettegooctgeattococogocgtogaat tga

ttococctogatgagttecaatatoogacgoegtgacactggetcoggtgocactggtgatoe

(RN R A R R R R AR R RN
ttoccoctogatgagtteaatat cogacgoogtgacact ggotcoggtgocactggtgates

agtattotggacttggot ggotgaatocasagtocat gggt ggocaacogggggacgatgt

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
agtattotggacttggot ggotgaatocasagteocatgggt ggoaacocgggggacgatgt

cgttocaagtgtgtaacqoggaagt tegotoccagatococtggotggtgatgtgotcggoca
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
cgttocaagtgtgtaacgoggaagt toegotocagatooctggotggtgatgtgotoggoca

gogoatagttteocgactogaggacatocataggtgtacagt teaacgotataacogtoat

gogoatagtttoogactegaggacatocecataggtgtacagt teaacgotataacegtoat

ttogoaagacogttgotoceagtgtagocaatgogoogooccaagotgtgo coggtgaagt
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
ttogoaagacogttgotococagtgtagocaatgogocgoccaagotgtgocoggtgaagt

agaggitatagocogaatacgtgotoategoggacttgatottgotegtocagattat oty

agagggtatagecogaatacgtgoteategoggacttgatettgotegtcagattgtetyg

cagoggottooccatgoct tocagaatoccagtgtgaaccttgoagoeagtacagaggt cat

(RN R A R R R R AR R RN
cagqoggottooccatgoct tecagaatocagtgtgaacottgoagocagtacagaggt cat

cgttatettgoaggatgaagtocgagatcageoaatecagttottgatggtgetactgecte

cgttatettgoaggatgaagtocgagatcageoaatecagttottgatggtgetactgecte

ggaaggogaccacgagoc got tgt tggtgttgtecgo ggocaggasaceggotgtgoote
(RN R A R R R R AR R RN
ggaaggogaccacgagoc got tgt tggtgttgtecgo ggocaggasaceggotgtgoote

caaagttatttgteaggt caaactcocagoageoateottggtgotogeoctectogactgatyg

caaagttatttgteaggt caaactcocagoageoateottggtgotogeoctectogactgatyg

gqacaggogtoggocgtgoatgteacgt tagagtegtoccgagtegatattgttogagoaat
(RN R A R R R R AR R RN
gqacaggogtoggocgtgoatgteacgt tagagtegtoccgagtegatattgttogagoaat

aaqgeotgoggoagaceatt gogagaacaattgeagotoatocaac gtggaagtogagacac

aaqotgoggoagaccatt gogagaacaattgeageoteoatecaacgtggaagtogagacac

tocogoacatcaagtggtgteggtgoogoagoract cagegoagogtge goo gtoaaaagen
FEEETREEEE e e e e e e e e e e e e e e e e e e e e e e e et
tocogoacatocaagtggtgteggtgoogoagoactcagegeagoegtgo goc gtoaaaage

actoccasaccgtoccagagaacat BEL

actoccaaaccgt-ccagagaacat 1

Figure A.11: Clone A9
67

BO3

157

6E3

ra
(913
-1

623

437

443

457

363

o
o
-1

3z3

817

I&63



Score

=1

701 bits (B58), Expect = 0.0

Identities = B35/858 (100%)
Strand =
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Fluz [/ Minus

caagtgagocasaacgtocacogttgottogectgoattoccegoegtegaattgat tee

caagtgagocasaacgtocacogttgottogectgoattoccegoegtegaattgat tee

ctogatgagtteoaatatocogacgoogt gacactggotcocggtgocactggtgatccagta

ctogatgagttocaatatecogacgoocgt gacactggeotcoggtgocactgotgatccagta

ttetggacttggotggeot gaatocaaagtocatgggt ggeaacogggggacgatgtegtt

(RN R A R R R R AR R RN
ttotggacttggotggot gaatocaaagtecatgggt ggoaaccgggggacgat gtegtt

caagtgtgtaacgoggaagttogotocagatecoctggetgotgatgt got ocggocagege
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
caagtgtgtaacgoggaagttogo tecagatecoctggetggtgatgt got cggocagege

atagtttoeogactogaggacatecataggtgtacagtteaacgo tataaceogteatttog

atagtttocogactogaggacatocataggtgtacagtteaacgotataacogtoattteg

caagaccgttgotoccagtgtagocaatgogoogeccaagqo tgt gocoggtgaagtagag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

caagaccgttgotoccagtgtagocaatgogoogoccaagqe tgt gocoggtgaagtagag

gotatagoeocgaatacgt gotcatcgoggacttgatettgotegteagat tgtetgoage

ggtatagococgaatacgtgotcatogoggacttgatottgotegteagat tgtotgoage

ggotteoccatgeocttocagaatocagt gtgaacottgoagqocagtacagaggteategtt

ggcttoccatgoocttocagaatocagt gtgaaccttgeagocagtacagaggteategtt

atcttgoaggatgaagtogagatcagqoaatecagttottgatggtgotactgoctoggas

atcttgoaggatgaagtogagatcagqoaatecagttottgatggtgotactgoctoggas

googaccacgagoecgqottgttggt gttt gtocegoggocaggaaac cggotgtgoctocaaa

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
googaccacgagoecgqottgttggt gttt gtocegoggocaggaaac cggotgtgoctocaaa

gttatttgtcaggtcasactocagoagoatottggtgotogoctoctogactgatggaca

gttatttgtcaggtcasactocagoagoatottggtgotogoctoctogactgatggaca

gogogtoggecgtgoatgtcacgttagagtogtocgagteogatat tgt tegagoaataage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
gogogtoggecgtgoatgtcacgttagagtogtocgagteogatat tgt tegagoaataage

tgoggoagaccattgogagaacaattgoage toatocaacgtggaagtegagacacteog

tgoggoagaccattgogagaacaattgoagotoatocascgtggaagtegagacact cog

cacatecaagtggtgtoggtgocgoaqoacteagegoagogt gogoegtoaaaagqoactos
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cacatcaagtggtgtoggtgoogoagoacteagogoageogt gogoegtecaaaageactoo

aaacogtoccagagaacat BT T

aaacogtccagagaacat 1

Figure A.12: Clone A10
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Score = 1464% kbits (B3Z), Expect = 0.0
Identities = B&Z/8467 (99%), Gapz = 4/8&67 (0%)
Strand = Plus / Minus

cmery: 14  taccacaagtgagoeocaasacgtocacogttgettogoctgoattoccogoogtegaattg 73

Skqct: BE3 taccacaagtgagocaasacgteocacogttgottegoctgoattoccogoogtogaattg B04

cmery: 74 attcococtogatgagtteoaatateocgacgocgtgacactggotocggtgocactggtgate 133

FEPETEEETEr e e rer rer b e e e e e e e e e e e b e e b e b b e el
Skqct: BO3 attococcoctogatgagtteoaatatcocgacgoogtgacactggotoocggtgocactggtgate 744

omery: 134 cagtattetggacttggotggotgaatocaaagteocatggotggoaacegggggacgatg 153

PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 743 cagtattotggacttggotggotgaatcocaaagteocatgggtggoaacoggygyacgaty 654

cmery: 1%4 teogtteoaagtgtgtaacgoggaagttogeotocagatecctggot gyt gat gtgotoggos 253
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: 6B3 togtteoaagtgtgtascgoggaagttogotoccagatcocctggotggtgatgtgotoggoe 624

omery: 254 agogoatagtttoeogactogaggacatcocecataggtgtacagttocaacgeotataacogtea 313

Skqct: 623 agogeoatagtttoogactogaggacatcocataggtgtacagttoaacgotataacogteca 364

cmery: 314 tttogoaagacogttgotoccagtgtagocaatgogocgoccaagqot gtgocoggtgaag 373
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: 5363 tttogoaagacogttgotoccoccagtgtagocaatgogoogoccaagotgtgocoggtgaag 304

omery: 374 tagagggtatagoceogaatacgtgotocatocgeggacttgatottgotogtocagattgtet 433

PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 303 tagagggtatagocogaatacgtgotoatogoggacttgatcttgeotogtoagattgtet 444

cmery: 434 geoagoggotteoccatgocttocagaatocagtgtgaaccttgoagocagtacagaggteca 453

FEPETEEETEr e e rer rer b e e e e e e e e e e e b e e b e b b e el
Skqct: 443 goagoggottoccatgocttocagaatcocagtgtgaaccocttgoagocagtacagaggteoa 354

cmery: 45%4 teogttatcttgeoaggatgaagtogagateocageaatocagttottgatggtgotactgect

PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 383 togttatcocttgeoaggatgaagteogagatcagoaatocagttottgatggtgotactgect 324

omery: 334 cggaaggogaccacgagqoogottgttggtgttgtecgeggocaggaaaccggotgtgect €13
FEPETEEETEr e e rer rer b e e e e e e e e e e e b e e b e b b e el
Skqct: 323 cggaaggogaccacgagqoogottgttggtgttgtoogoggocaggaaacoggotgtgoct 2464

cmery: 614 cocasagttatttgteaggtoaasactocagoagnateottggtgotogoctoctegactgat €73

Skqct: 263 coasagttatttgteoaggteoasactocagoagoatottggtgotogoctoctogactgat 204

omery: 674 ggacaggogtoggoogtgoatgtocacgttagagtegteocgagtogatattgttegageas 733
FEPETEEETEr e e rer rer b e e e e e e e e e e e b e e b e b b e el
Skqct: 203 ggacaggogtoggoogtgoatgtocacgttagagteogteoocgagtogatattgttegageasn 144

omery: 734 taagotgoggoagaccattgogagaacaattgoagotecatococaacgt ggaagtegagaca 753

Skqct: 143 taageotgoggoagaccattgogagaacaattgoagotoatoccaacgtggaagtogagaca B4

cmeaery: 754 cteocgoacatcaagtggtgtoggtgocgoageactoaggogoagogt gogoogt caaana BE3
FEETERETEE e v e e e e e b e e e e e et v e b e e et
Skqct: B3 cteoocgoacatcaagtggtgtoggtgocgoageoactoa-gogoagogt gogoogtcaaa-a 24

omery: B34 goacteococcaaaccocgttocagagaacat BEO

Skqct: 25 geoact-ccasmacog-tocagagaacat 1

Figure A.13: Clone A1l
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=1

240 kbitz (777), Expect = 0.0

Identities = B53/866 (98%), Gaps = 10/868 (1%)
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24

Pluz / Minuz

agtgngocaaaacgtecacogttgettogoctgoattcoccogoegtegaattgattocet

agtgagocaaaacgtecacogttgettogoctgoattcoccogoegtegaattgattocet

cgatgagtteaatatecgacgeocgtgacactggotecggtgecactggtgatecagtatt

cgatgagttoaatatococgacgocgtgacact gyotecggtgocactggtgatocagtatt

ctggacttggotggotgaatecaaagtecat gygtggoaaccgggggacgatgtogt tea

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
ctggacttggotggotgaateccaaagtocoat gggtggoaacegggggacgatgtogt tea

agtgtgtaacgoggaagttogotocagateocctggeot ggtgatgtgeotoggoeagegeat
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
agtgtgtaacgoggaagttogotocagatocctggotggtgatgtgotoggoecagogoat

agtttocgactogaggacatocataggtgtacagttcaacgotataacogteat ttogoa

agtttoogactcgaggacatocecataggtgtacagttocaacgetataacocgtoatttogea

agaccgttgotoccagtgtagocaatgogocgoccaageotgtgocoggtgaagt aga ggg
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
agaccgttgotoccagtgtagocaatgogoocgoccaagotgtgocoggtgaagtaga ggg

tatagococgaatacgtgotoatogoggacttgatcttgotegteagattgtotgoagegy

tatagoocgaatacgtgotoatogeggacttgatocttgotegtocagattgtetgoagegg

cttoccatgeocttocagaatecagtgtgaacctt goagocagtacagaggtoat ogt tat

cttoccatgocttocagaatoccagtgt gaac ottt goagocagtacagaggteat ogt tat

cttgoaggatgaagtegagatcageaatocagttottgatggtgetactgecteggaagg

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
cttgoaggatgaagtegagatcageaatocagttottgatggtgetactgecteggaagg

cgaccacgagoogottgttggtgttgtcogo ggo caggaaaceggotgtgoctocasaag

(N R R N A R R AR AN RN
cgaccacgagoogottgttggtgttgtcogo ggocaggaaaceggotgtgoctoc—aaag

ttattttgteaggtcasacteocageageoatottggtgotogecotoctogactgatggac

tta-tttgteaggtcasactocageageatottggtgotog-cotoctogactgatggac

agqgogteggocgtgoatgtoacgt tagagtegtecgagtogatattgntegagoaataag
(HEEE R R R R A N A R R R R AR R RN
agqgogteggocgtgoatgtoacgt tagqagtegtocgagtogatattgttegagoaataag

ctgoggoagaccat tgogagaacaatttgoaget cat coaacgtggaagt cgagacacte

ctgoggoagaccat tgogagaacaa-ttgoragetcat ccaacgt ggaagt cgagacacte

cgocacatoctaagt ggtgtoggtgecegoageac teagngeage gtgqogocogt caaaag
PErreerr reerrrrerrrrer rrerrere e err trrre e e e

cg-cacatc-aagtggtgtoggtg-cogoagoac teagogoagegtgog- cogt casaag

coactoccaaacogtocagagaacat HEE

cact-coaaacogtocagagaacat 1

Figure A.14: Clone A12
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Score

=1

711l bitz (B&43), Expect = 0.0

Identities = B&3/863 (100%)
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Flua / Minua

taccacaagtgagocaaaacgtecaccgttgottogectgoattcocogoegtegaattyg

taccacaagtgagocaaaacgtecaccgttgottogectgoattcocogoegtegaattyg

attocooctogatgagttoaatatecgacgocgtgacactggetecggt gocactggtgate

attococtogatgagtteaatatocgacgocgtgacactggotecggt gocactggtgate

cagtattoctggacttggotggotgaat ccaaagtocatgggtggoaacogggggacgatyg

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
cagtattotggacttggo tggotgaat ceaaagtoccatgggtggocaacegggggacgatyg

tocgttoaagtgtgtaacgoggaagttogotocagateectggot gyt gat gtge toggeo
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
tocgttoaagtgtgtaacgoggaagttogotocagateocctggot gyt gat gtgotoggec

agogoatagtttocgactogaggacat ceataggtgtacagttocaacgotataacogtea

agogoatagtttoogact cgaggacat ceataggtgtacagttocaacgotataacocgtoa

tttogoaagacogttgot coecagt gtagocaatgeogoogoccaaget gtgocoggtgaag
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

tttogoaagacogttgotoocagtgtagocaatgogoagoccaagot ghgoccggtgaag

tagagggtatagocogaatacgtgotoategeggact tgatcttgotogtcagattgtet

tagagggtatagocogaatacgtgoctocatogoggacttgatecttgotogtcagattgtet

goagoggottocoatgocttocagaat ceagtgtgaacoctt goageocagtacagaggtoa

goagoggottococatgocttocagaat ccagtgtgaacctt goagocagtacagaggtea

togttatocttgoaggatgaagtogagateagqeoaateccagttett gat gyt gotactgoot

togttatocttgoaggatgaagtogagateagqeoaateccagttett gat gyt gotactgoot

cggaaggogaccacgagqoogottgttggtgt tgtcoegeggocaggaaaccggot gkgect
(RN R A R R R R AR R RN
cggaaggogaccacgagqoogottgttggtgt tgtcoegeggocaggaaaccggot gkgect

coaaagttatttgteaggteaaacteocagoagoatettggbtgot cgooctoctogactgat

coaaagttatttgteaggteaaacteocagoagoatettggbtgot cgooctoctogactgat

ggacaggogteggocgtgoat gtcacgttagagtegt cogagtegatatt gttogageas
(RN R A R R R R AR R RN
ggacaggogteggocgtgoat gtcacgttagagtegt cogagtegatatt gttogageas

taagotgoggoagaceat tgo gagaacaattgoagot catocaacgt ggaagtogagaca

taagoctgoggoagaccat tqogagaacaattgoaget catoccaacgt ggaagtogagaca

ctoocgoacatecaagtggt gtocggt goc goageoactecagogoage gtgogo cgtocaaaagqe
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

ctocgoacatoaagtggt gt ggt gocgoageacteagogoage gtgoge cgtoaaaage

actoccasaccgtocagagaacat BYVE

actoccaaaccgtocagagaacat 1

Figure A.15: Clone A13
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Score = 130% kitz (74l), Expect = 0.0
Identities = 780/797 (98%), Gaps = 3/757 (0%)
Strand = Pluz / Minuaz
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caagtgngeocaaaacgteocacogttgottogoctgoatteccogoegtegaattgat toe

caagtgageocaaaacgteocacogttgottogoctgoatteccogoegtegaattgat toe

ctogatgagttocaatatecogacgoocgt gacactggeotcoggtgocactgotgatccagta

ctogatgagtteoaatatocogacgoogt gacactggotcocggtgocactggtgatccagta

ttotggacttggotggot gaatocaaagtecatgggt ggoaaccgggggacgat gtegtt

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttetggacttggotggeot gaatocaaagtocatgggt ggeaacogggggacgatgtegtt

caagtgtgtaacgoggaagttogo tecagatecoctggetggtgatgt got cggocagege
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
caagtgtgtaacgoggaagttogotocagatecoctggetgotgatgt got ocggocagege

atagtttocogactogaggacatocataggtgtacagtteaacgotataacogtoattteg

atagtttoeogactogaggacatecataggtgtacagtteaacgo tataaceogteatttog

caagaccgttgotoccagtgtagocaatgogoogoccaagqe tgt gocoggtgaagtagag
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

caagaccgttgotoccagtgtagocaatgogoogeccaagqo tgt gocoggtgaagtagag

ggtatagococgaatacgtgotcatogoggacttgatottgotegteagat tgtotgoage

gotatagoeocgaatacgt gotcatcgoggacttgatettgotegteagat tgtetgoage

ggcttoccatgoocttocagaatocagt gtgaaccttgeagocagtacagaggteategtt

ggotteoccatgeocttocagaatocagt gtgaacottgoagqocagtacagaggteategtt

atettgoaggatgaagtogagatcagoaatecagttottgatggtgeotactgoctoggas

atettgoaggatgaagtogagatcagoaatecagttottgatggtgeotactgoctoggas

ggogaccacgagqoogott gtk ggt gtt gtocogoggocaggaaaccggotgtgoctocaas

(RN R A R R R R AR R RN
ggogaccacgagqoogott gtk ggt gtt gtocogoggocaggaaaccggotgtgoctocaas

gttatttgtocaggtoaaactococageagnatettggtgetegeoctcotogactgatggaca

gttatttgtocaggteoaaactocoageageatettggtgetegeoctcotogactgatggaca

ggtogtoggoegtgeatgteoacgt tagagtegtecgagtogatattgttegagoaatasag
(R A N R N R AR R RN
gg-cgtoggoegtgeoatgteoacgt tagagtegtocgagtogatattgtte gagoaatasag

ctgoggoagaccattgogagaacaatt geagetoatococnacgt gggaagtagagacact

ctgoggoagaccat tgogagaacaatt goageotoat-coaacgt ~ggaagtogagacact

cogoacatcaagnggtg B1E
FEEErrrrerrr vl

cogoacatcaagtggtg €3

Figure A.16: Clone A14
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1703 bita (839), Expect = 0.0

= BEl/EE7 (99%)

Pluz / Minuz

accacaagtgngocaaaacgtecacogttgottogoctgoattecocogoogtegaat tga

accacaagtgagocaaaacgtecacogttgottogoctgoattecocegoogtegaat tga

ttoceoteogatgagt teaatatecocgacgeoogt gacactggoteccggtgeocactggtgateoo

ttoocctogatgagt toeaatatcogacgecgtgacact ggotcoggtgocactggtgates

agtattetggacttggotggotgaatocaaagtocat gggt gocaacogggggacgatgt

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
agtattetggacttggotggotgaatecaaagtecat gggt ggoaacocgggggacga tgt

cgtteoaagtgt gtaacgoggaagt togetoccagatoootggotggtgatgtget cggoca
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
cgttoaagtgt gtaacgoggaagttogeotocagatoocotggyotggtgatgtgotoggoca

gqogoatagtttoocgactogaggacatocataggt gtacagt teaacgotataacogtoat

gqogoatagtttocogactegaggacateocataggt gtacagt tcaacgetataacogtcat

ttogeoaagaccgttgotecoagtgtagocaatgogocgoccaagetgtgoccggtgaagt
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

ttogeoaagacogttgotoccagtgtageocaatgo gocgooccaagetgtgocoggtgaagt

agagggtatagococgaatacgtgotoatogoggacttgatottgotegteagat tgt oty

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
agagggtatagococgaatacgtgeotoatogoggacttgatettgotegteagat tgtctg

cagoggetteccat goct tocagaatecagt gtgaaccttgeagecagtacagaggt cat

cagoggottococatgocttocagaatocagt gtgaaccttgoagecagtacagaggt cat

cgttatettgoaggatgaagtogagatcagoaatceagttottgatggtgetactgocte

cgttatettgoaggatgaagtogagatcagoaatceagttottgatggtgetactgocte

Jgaaggogaccacgagqoogot tgttggtgtt gtococgo ggocaggasaceggotgtgocte
(N R R R A RN A R R AR AN R RN
Jgaaggogaccacgagqoogot tgttggtgtt gtococgo ggocaggasaceggotgtgocte

caaagttatttgtocaggt caaacteocagoageatocttggtgeotegoetoctogactgatg

caaagttatttgtocaggt caaacteocagoageatocttggtgeotegoetoctogactgatg

gqacaggogteggocgtgoatgteacgt tagagtegtoocgagtegatattgttogagoaat
(N R R R A RN A R R AR AN R RN
gqacaggogteggocgtgoatgteacgt tagagtegtoocgagtegatattgttogagoaat

aagotgoggoagaccattgogagaacaattgoagotecatocaacgtggaagtogagacac

aageotgoggoagaccattgogagaacaattgoagotecatecaacgtggaagtegagacac

toogeoacateaagt ggtgtoggtgoocgoagoact cagogoagogtgogoo gtoaaaa goa
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

toocgeoacateaagt ggtgtoggtgoocgeagoact cagogqoagegtgogoo gtoaaaa goa

ctocasacogtocagagaacat BT9

ctocasacogtoccagagaacat 1

Figure A.17: Clone A16
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Score

=1

699 bitas (B57), Expect = 0.0

Identities = BE1/863 (59%)
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Fluz [/ Minus

tacnacaagtgngocassacgtocacogttgottogootgoattococcogoogtogaattyg

taccacaagtgagocassacgtocacogttgottogootgoattococcogoogtogaattyg

attococtogatgagtteaatatocgacgocgtgacactggotecggt gocactggtgate

attocooctogatgagttoaatatecgacgocgtgacactggetecggt gocactggtgate

cagtattotggacttggo tggotgaat ceaaagtoccatgggtggocaacegggggacgatyg

(RN R A R R R R AR R RN
cagtattoctggacttggotggotgaat ccaaagtocatgggtggoaacogggggacgatyg

tocgttoaagtgtgtaacgoggaagttogotocagateocctggot gyt gat gtgotoggec
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
tocgttoaagtgtgtaacgoggaagttogotocagateectggot gyt gat gtge toggeo

agogoatagtttoogact cgaggacat ceataggtgtacagttocaacgotataacocgtoa

agogoatagtttocgactogaggacat ceataggtgtacagttocaacgotataacogtea

tttogoaagacogttgotoocagtgtagocaatgogoagoccaagot ghgoccggtgaag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

tttogoaagacogttgot coecagt gtagocaatgeogoogoccaaget gtgocoggtgaag

tagagggtatagocogaatacgtgoctocatogoggacttgatecttgotogtcagattgtet

tagagggtatagocogaatacgtgotoategeggact tgatcttgotogtcagattgtet

goagoggottococatgocttocagaat ccagtgtgaacctt goagocagtacagaggtea

goagoggottocoatgocttocagaat ceagtgtgaacoctt goageocagtacagaggtoa

togttatocttgoaggatgaagtogagateageaatocagttocttgat gyt gotactgeoct

togttatocttgoaggatgaagtogagateageaatocagttocttgat gyt gotactgeoct

cogaaggogaccacgagqeocgo ttgttggtgt tgtccgeggo caggaaacoggot gtgoot
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
cogaaggogaccacgagqeocgo ttgttggtgt tgtccgeggo caggaaacoggot gtgoot

cocasagttatttgteoaggteoasactocageagoatettggt gotogoctectogact gat

cocasagttatttgteoaggteoasactocageagoatettggt gotogoctectogact gat

gogacaggogteggoogtgoat gtocacgttagagtegt cogagtegatatt gttegagoaa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
gogacaggogteggoogtgoat gtocacgttagagtegt cogagtegatatt gttegagoaa

taagoctgoggoagaccat tqogagaacaattgoaget catoccaacgt ggaagtogagaca

taagotgoggoagaceat tgo gagaacaattgoagot catocaacgt ggaagtogagaca

ctocgoacatoaagtggt gt ggt gocgoageacteagogoage gtgoge cgtoaaaage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

ctoocgoacatecaagtggt gtocggt goc goageoactecagogoage gtgogo cgtocaaaagqe

actoocaaacogtocagagaacat BTE

actocasaccgtocagagaacat 1

Figure A.18: Clone A17
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Score

=1

697 bits (B56), Expect = 0.0

Identities = B35/85% (59%)
Strand =
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Fluz [/ Minus

acaagtgngocaaaacgtocacogttgottegoctgoattooccogoogtogaattgatte

acaagtgagooaaaacgtocacogttgottegoctgoattooccogoogtogaattgatte

cotogatgagttoaatatcogacgoogtgacactggotooggtgocactggtgatocagt

cotogatgagttoaatatcoegacgoogtgacactggetoceggtgoecactggtgatoocagt

attoctggacttggotggo tgaatoccaaagtecatgggtggoaaccgggggacgatgtegt

(RN R A R R R R AR R RN
attotggacttggotggeo tgaatccasagtecatgggtggoaac cgggggacgatgtogt

tocaagtgtgtaacgoggaagt tegotocagatoocctggotggtgatgtgoteggyocageg
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
tcaagtgtgtaacqgeoggaagt tegotoccagatococectggotggtgatgtgeo teggocageg

catagtttecgactogaggacatocataggtgtacagtteaacgotataacegteattte

catagtttoocgactogaggacatccataggtgtacagttoaacgotataacagtoattte

goaagaccgttgotoccagtgtagocaatgogoogoccaagotgtgoceggtgaagtaga
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

goaagaccgttgoteoccagtgtagocaatgogoogoccaagetgtgooceggtgaagtaga

gogtatagecogaatacgtgoteategoggacttgatettgotogtecagattgtetgeag
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

gggtatagocogaatacgtgocteatogoggacttgatottgotegtoagattgtotgoag

cggottoccatgocttocagaatccagtgtgaacctt goagocagtacagaggtcat gt

coggottoceatgocttocagaatocagtgtgaacett goageocagtacagaggteatogt

tatocttgoaggatgaagt ocgagat cagoaatcocagttottgatggtgotactgoctegga

tatocttgoaggatgaagt ocgagat cagoaatcocagttottgatggtgotactgoctegga

aggogaccacgagooget tgt tggtgt tgtecgoggeocaggaaacegget ghkgoctocas
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
aggogaccacgagooget tgt tggtgt tgtecgoggeocaggaaacegget ghkgoctocas

agttatttgtoaggteasactcocagoageatottggtgotogoctectegactgatggac

agttatttgtoaggteasactcocagoageatottggtgotogoctectegactgatggac

aggogtoggoegtgeoatgteacgt tagagtegtecgagtegatattgttogagoaataag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
aggogtoggoegtgeoatgteacgt tagagtegtecgagtegatattgttogagoaataag

ctgoggoagaccat tgogagaacaatt goageotocatecaacgtggaagtogagacactoo

ctgoggoagaccattgogagaacaatt geagetoatocaacgtggaagtegagacactoe

goacatcaagtggtgtoeggtgocgoagoact cagegoagogtgo goc gtocaaaagoacte
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

goacatcaagtggtgteggtgocgeageoact cagegeagegtge goc gtocaaaagoacte

caaacocgtocagagaacat BTE

casacogtocagagqaacat 1

Figure A.19: Clone A18
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Score = 146%% kbits (B37), Expect = 0.0
Identities = B3%/6460 (59%)
Strand = Plus / Minus
pguery: 13 cacaagtgngocasaacgteocaccgttgeotteogoctgeattococogoogtogasttgatt
PEEETEEE PR e e e e e e e e e b e e e e et e e e errl
Skqct: BE0 cacaagtgagocasasacgtocaccgttgottogooctgeoattococogoogtogaattgatt
pguery: 73 coctogatgagtteoasatateccgacgoocgtgacactggetecggtgocactggtgatocag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: BOO cooctogatgagtteocaatatococgacgoocgtgacactggotococggtgocactggtgatocag
ouery: 135 tattctggacttggeotggotgaatcocaaagteocatgggtggoaacegggggacgatgtog
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 740 tatteoctggacttggotggotgaatcocaaagteocatgygtggocaacegggggacgatgtog
guery: 193 tteoaagtgtgtascgoggaagttogeotoocagatocctggeotggtgatgtgotoggocage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: 6B0 tteoaagtgtgtaacgoggaagttogotocagatcoctggotggtgatgtgotoggocage
omery: 255 goatagtttoeogactogaggacatcocecataggtgtacagttocaacgeotataacogtoattt
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 620 geoatagtttocgactocgaggacatcocataggtgtacagttcaacgotataaccgteoattt
guery: 313 cgeoaagaceogttgotoccagtgtagocaatgogoogoocaagetgtgoccggtgaagtag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: 5360 cgoaagaccgttgotococcagtgtagocaatgogoogoccaagotgtgocoggtgaagtag
omery: 375 agggtatagoceogaatacgtgotocatocgeoggacttgatottgotogtocagattgtotgoa
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 300 agggtatagocogaatacgtgotcatogoggacttgateottgotogtocagattgtotgea
guery: 433 goggottocccatgocttocagastcocagtgtgasccocttgoagocagtacagaggteatog
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: 440 goggottoccatgocttocagaatcoccagtgtgaaccttgoagocagtacagaggtoatog
cmery: 453 ttatcttgoaggatgaagtogagatocagoaatocagttottgatggtgotactgoctegy
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 3B0 ttatcttgeoaggatgaagtogagatcageoaatccagttottgatggtgotactgoctegy
ouery: 335 aaggogaccacgageoogottgttggtgttgteogeoggecaggaaaceggotgtgoctoca
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: 320 aaggogaccacgagoogottgttggtgttgtoogeggocaggaaacocggotgtgoctoca
cmery: 613 aagttatttgtecaggtcasacteocagoagoatottggtgotogoctoctogactgatgga
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 260 aagttatttgtcaggtoasacteocagoagoatcttggtgotogoctoctogactgatgga
Duery: 673 caggogtocggoogtgoatgtocacgttagagtegteocgagtegatattgttogageaatas
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: 200 caggogtoggoogtgoatgtoacgttagagteogteoocgagtogatattgttogageoaatas
ouery: T35 gotgoggoagaccattgogagaacaattgoagotecateocaacgtggaagtogagacacte
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 140 gotgeoggoagaccattgogagaacaattgoagoteatocaacgt ggaagtogagacacte
guery: 723 cgeoacatcaagtggtgtoggtgocgoagoactoagogeoagogtgogoogt caaaagoact
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: BO cgeoacatcaagtggtgtoggtgocgoagoactoagogoagqogtgogoogt caaaagqoact
omery: BEZ cocasaccgtocagagaacat BT
[REARARRRRRRRE RN
Skqct: 20 coasaccgtocagagaacat 1

Figure A.20: Clone A19
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Score = 1877 kitz (84dd), Expect = 0.0
Identities = BE55/837 (95%), Gaps = 1/837 (0%)
Strand = Pluz / Minuz
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caagtgagocaaaacgtocacogttgottogoctgoattocccgeogtogaatt gat tee

caagtgagocaaaacgtocacogttgottogoctgoattocccgeogtogaatt gat tee

ctogatgagttcaatatecocgacgoegtgacactggetcoggtgocactggtgat ccagta

ctogatgagttoaatatoogacgoogtgacactggot coggtgocactggtgat coagta

ttotggacttggot ggotgaatocoaaagtecatgggt ggoaacegggyggacgat ghogtt

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
ttotggacttggeot ggot gaatoccaaagtocatgggt ggoaacegggggacgat gtogtt

caagtgtgtaacgoggaagttogotocagatcocctggotggtgatgt got cggo cagoge
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
caagtgtgtaacgoggaagttogotocagatocctggotggytgatgtgotcggocagoge

atagtttocogactogaggacatocatagotgtacagt teaacgotataacogtoattteg

atagtttocogactogaggacatocecataggtgtacagt teaacgetataacegtocatt teg

caagaccgttgotoccagtgtagocaatgogoogoecaage tgt goecggytgaagtagag
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

caagqaccgttgotcccagtgtagocaatgogoogoccaagqotgtgocoggtgaagtagag

ggtatagocogaatacgtgoctocatogoggacttgatottgotegtoagat tgtotgoage

ggtatagooecgaatacgtgoteoategoggacttgatottgotegtoagattgte tgoage

gqgocttococatgocttocagaatocagtgtgaaccttgoagocagtacagaggtecatogtt

ggocttoccatgocttocagaatocoagtgtgaaccttgoagecagtacagaggtoate gt

atcttgoaggatgaagtogagatecageoaatocagttottgatggtgeotactgectoggasa

atcttgoaggatgaagtogagatecageoaatocagttottgatggtgeotactgectoggasa

ggogaccacgagocgottgttggtgttgtec goggocagqgaaacegyotgtgoctecasa

(N R R R A RN A R R AR AN R RN
ggogaccacgagocgottgttggtgttgtec goggocagqgaaacegyotgtgoctecasa

gttatttgteaggtcasacteocageageatottggtgotogectectogactgatggaca

gttatttgteaggtcasacteocageageatottggtgotogectectogactgatggaca

ggogtoggoegtgoatgteacgttagagtegtecgagtogatat tgt toegagoaataage
(N R R R A RN A R R AR AN R RN
ggogtoggoegtgoatgteacgttagagtegtecgagtogatat tgt toegagoaataage

tgoggoagaccatt gogagaacaattgoagoteatocaacgtgnaagtogagacactceg

tgoggoagaccatt gogagaacaattgoago teatocaacgtggaagtogagacactoog

cacatcaagtggtgteggtgoogoagoactocagqe goagegt gogeocgtoaaaagoac too
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

cacatcaagtggtgteggtgoocgoagoactoage goagogt gogeogtecaasagoac teo

aaaaccgtocagagaac 74

aaaccgtccagagaac 3

Figure A.21: Clone A20
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715 bits (865), Expect = 0.0
= BG3/B65 (100%)
Fluz / Minus

agtaccacaagtgagocasaacgtocacogttgottogoctgoattoccogoogtogaat

agtaccacaagtgagocasaacgtocacogttgottogoctgoattoccogoogtogaat

tgattocctogatgagttoaatatoogacgoogt gacactggotcoggtgocactggtga

tgattocectegatgagttcaatateoocgacgoocgt gacactggotcoggtgecactggtga

tocagtattetggacttggotggeotgaatocaaagtocatgggt ggraacegggggacga

(N R R R A RN A R R AR AN R RN
tocagtattetggacttggot ggotgaatecaaagtoccatgggt ggoaac agggagacga

tgtogttoaagtgt gtaacgoggaagttogotocagatocotgyotggtgatgtgotogg
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
tgtocgttoaagtgt gtaacgoggaagt togotoccagatococotggotggtgatgt got ogg

ccagoegeatagtttoogactegaggacatoocataggt gtacagt tocaacgetataacogt

coageogoatagtttocogactogaggacateccataggt gtacagt toaacgotataacogt

catttogoaagaccgttgetoccagtgtagocaatgogoogeceaagetgtgocoggtga
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

catttogoaagaccgttgoteccagtgtagocaatgogoogeccaagetgtgocoggtga

agtagagggtatagoecocgaatacgtgoteat cgoggacttgatettgeotogteagat tgt
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

: agtagagggtatagococgaatacgtgotoatogoggacttgatettgotegteagat gt

ctgoagoeggettoccatgeoct tocagaatecagt gtgaaccttgeagocagtacagaggt

ctgoagogget toccatgocttocagaatocagt gtgaaccttgeageocagtacagaggt

catogttatettgoaggatgaagtogagatoagoaat coagttettgatggtgotac tge

catogttatettgoaggatgaagtogagatoagoaat coagttettgatggtgotac tge

ctoggaaggogaccacgagoecgqot tgttggt gttt gtoccgoggocaggaaacocggotgtge
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
ctoggaaggogaccacgagoecgqot tgttggt gttt gtoccgoggocaggaaacocggotgtge

ctocasagttatttgtoagotcaaactocagoageoatocttggtgeotogoctoctogactyg

ctocasagttatttgtoagotcaaactocagoageoatocttggtgeotogoctoctogactyg

atggacaggogtoggoocgtgoatgtoacgttagagteogtecgagtogatattgt tegage
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

» atggacaggegteggocgtgeoatgtocacgttagagtegtoegagtegatattgt tegage

aataagetgoggoagaccattgogagaacaattgoageoteatoccaacgtggaagteogaga

: mataagotgoggoagaccattgogagaacaattgoagoteatocaacgtggaagtegaga

cacteoogoacatoaagtgatgtoggtgocgoagoact cagegoagogtgogoogtoaassa
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

cacteocgoacatocaagtggtgtoggtgoogoagoact cagogeagogtgegoegtecaaas

gqoactocaaacogt ccagagaacat BTT

gqoactocaaacogtcocagagaacat 1

Figure A.22: Clone A21
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695 bits (B55), Expect = 0.0

Identitiens = BE0/B462 (55%)
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jed et

Fluz [/ Minus

accacaagtgngocasaacgtcocacogttgottegoctgoattoccocogoogtogaat tga

accacaagtgaqocasaacgtoccacegttgottoegoctgoattoccocogoogtogaat tga

ttoccoctogatgagtteaatat cogacgoogtgacact ggotcoggtgocactggtgates

ttococctogatgagttecaatatoogacgoegtgacactggetcoggtgocactggtgatoe

agtattotggacttggot ggotgaatocasagteocatgggt ggoaacocgggggacgatgt

(RN R A R R R R AR R RN
agtattotggacttggot ggotgaatocasagtocat gggt ggocaacogggggacgatgt

cgttocaagtgtgtaacgoggaagt toegotocagatooctggotggtgatgtgotoggoca
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
cgttocaagtgtgtaacqoggaagt tegotoccagatococtggotggtgatgtgotcggoca

gogoatagtttoogactegaggacatocecataggtgtacagt teaacgotataacegtoat

gogoatagttteocgactogaggacatocataggtgtacagt teaacgotataacogtoat

ttogoaagacoegttgottocagtgtagocaatgogocgooccaagotgtgocaggtgaagt
PEETEEEEEr e e rer e e b e e e e e et e e e e e b e e e el

ttoegraagacegttgotocoagtgtagocaatgogoegoccaagetgtgocoggtgaagt

agagggtatagecogaatacgtgoteategoggacttgatettgotegtcagattgtetyg
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

agaggitatagocogaatacgtgotoategoggacttgatottgotegtocagattat oty

cagqoggottooccatgoct tecagaatocagtgtgaacottgoagocagtacagaggt cat

cagoggottooccatgoct tocagaatoccagtgtgaaccttgoagoeagtacagaggt cat

cgttatocttgoaggatgaagtcgagatcagoaatocagttottgatggtgotactgoote

cgttatocttgoaggatgaagtcgagatcagoaatocagttottgatggtgotactgoote

goaaggogaccacgagec got tgt tggtgttgtoegeggocaggaaaceggeotgtgecte
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
goaaggogaccacgagec got tgt tggtgttgtoegeggocaggaaaceggeotgtgecte

casagttatttgtocaggt casactococagoageatottggtgotegoctoctagactgatyg

casagttatttgtocaggt casactococagoageatottggtgotegoctoctagactgatyg

gacaggogtoggoecgtgoatgteacgt tagagtogtecgagtegatattgttogageaat
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
gacaggogtoggoecgtgoatgteacgt tagagtogtecgagtegatattgttogageaat

aaqotgoggoagaccatt gogagaacaattgeageoteoatecaacgtggaagtogagacac

aaqgeotgoggoagaceatt gogagaacaattgeagotoatocaac gtggaagtogagacac

tocogoacatocaagtggtgteggtgoogoagoactcagagoagogtgo goc gtocaaaagoa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

toocgracatocaagtggtgteggtgocogoagoact cagegeagegtge goc gtcaaaagoa

ctocaaacogtocagagaacat BT

ctocaaaccogtocagagaacat 1

Figure A.23: Clone A22
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Score

=1

677 bits (B46), Expect = 0.0

Identities = B34/658 (59%)
Strand =
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Skqct:

458

438

438

458

Fluz [/ Minus

caagtgngocasaacgtocacogttgottogectgoattoccogoegtogaattgat tee

caagtgagocasaacgtocacogttgottogectgoattoccegoegtegaattgat tee

ctogatgagtteoaatatocogacgoogt gacactggotcocggtgocactggtgatccagta

ctogatgagttocaatatecogacgoocgt gacactggeotcoggtgocactgotgatccagta

ttetggacttggotggeot gaatocaaagtocatgggt ggeaacogggggacgatgtegtt

(RN R A R R R R AR R RN
ttotggacttggotggot gaatocaaagtecatgggt ggoaaccgggggacgat gtegtt

caagtgtgtaacgoggaagttogotocagatecoctggetgotgatgt got ocggocagege
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
caagtgtgtaacgoggaagttogo tecagatecoctggetggtgatgt got cggocagege

atagtttoeogactogaggacatecataggtgtacagtteaacgo tataaceogteatttog

atagtttocogactogaggacatocataggtgtacagtteaacgotataacogtoattteg

caagaccgttgotoccagtgtagocaatgogoogeccaagqo tgt gocoggtgaagtagag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

caagaccgttgotoccagtgtagocaatgogoogoccaagqe tgt gocoggtgaagtagag

gotatagoeocgaatacgt gotcatcgoggacttgatettgotegteagat tgtetgoage

ggtatagococgaatacgtgotcatogoggacttgatottgotegteagat tgtotgoage

ggotteoccatgeocttocagaatocagt gtgaacottgoagqocagtacagaggteategtt

ggcttoccatgoocttocagaatocagt gtgaaccttgeagocagtacagaggteategtt

atcttgoaggatgaagtogagatcagqoaatecagttottgatggtgotactgoctoggas

atcttgoaggatgaagtogagatcagqoaatecagttottgatggtgotactgoctoggas

googaccacgagoecgqottgttggt gttt gtocegoggocaggaaac cggotgtgoctocaaa

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
googaccacgagoecgqottgttggt gttt gtocegoggocaggaaac cggotgtgoctocaaa

gttatttgtcaggtcasactocagoagoatottggtgotogoctoctogactgatggaca

gttatttgtcaggtcasactocagoagoatottggtgotogoctoctogactgatggaca

gogogtoggecgtgoatgtcacgttagagtogtocgagteogatat tgt tegagoaataage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
gogogtoggecgtgoatgtcacgttagagtogtocgagteogatat tgt tegagoaataage

tgoggoagaccattgogagaacaattgoage toatocaacgtggaagtegagacacteog

tgoggoagaccattgogagaacaattgoagotoatocascgtggaagtegagacact cog

cacatecaagtggtgteggtgoocgoagqoacteageqoanngngegocgtoaaaagqoactos

cacatcaagtggtgtoggtgoogoagoacteagogoageogt gogoegtecaaaageactoo

aaacogtoccagagaacat BT S

aaacogtccagagaacat 1

Figure A.24: Clone A23
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1705 bita (860), Expect = 0.0
(=]

o

o

= BE2/BE3 (99%)
Pluz / Minuz

taccacaagtgngeocaaaacgtocacegttgottogootgeattococcgoegtogaattg

taccacaagtgagocaaaacgtocacegttgottogootgeattococgoegtogaattg

attoccoctogatgagttoaatatocogacgoogtgacactggotocoeggtgocactggtgate

attoccoctogatgagtteaatatocogacgocgtgacactggotooggtgocactggtgate

cagtattoctggact tggotggotgaatoccasagt cocatgggtggeaaccgggggacgatg

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
cagtattctggact tggeotggeotgaatcoaaagt ceatgoggtggoaacogggggacgatg

togttoaagtgtgtaacgeggaagttogotocagatococtggotggt gat gtgo toeggeo
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
togttoaagtgtgtaacgoggaagttogotocagatococtggotggt gatgtgoteggeoc

agogeatagtttocgactegaggacatccataggtgtacagttcaacgotataacegtea

agqogeatagtttecgacteogaggacatccataggtgtacagtteaacgotataacegtea

tttogoaagaccgttgotococagtgtagocaatgogoogoccaagqotgtgeceggtgaag
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

tttogoaagacogttgotoccagtgtagocaatgogoogqoccaagotgtgocogatgaag

tagagggtatagocogaatacgtgoteategoggact tgatettgotegtcagattgtet

tagagggtatagococgaatacgtgeteatogoggact tgatettgotegtcagattgtet

gqrageggettoccatgoettocagaatcoagtgt gaaccttgoagocagtacagaggtea

gqoagqeoggottoccatgocttocagaateccagtgt gaacott goagocagtacagaggtea

togttatcttgoaggatgaagtogagateageaatecagttettgatggtgotactgoet

togttatcttgoaggatgaagtogagateageaatecagttettgatggtgotactgoet

cqgaaggcgaccacgagoegottgttggtgt tat cegoggeo caggaaacaggot gtgoet
(N R R R A RN A R R AR AN R RN
cqgaaggcgaccacgagoegottgttggtgt tat cegoggeo caggaaacaggot gtgoet

coaaagttatttgtcaggtoaaactocagorageatet tggtgotegoctoctegact gat

coaaagttatttgtcaggtoaaactocagorageatet tggtgotegoctoctegact gat

ggacaggcgtoggocgtgoat gtoacgttagagtcgt cogagtegatatt gttogageas
(N R R R A RN A R R AR AN R RN
ggacaggcgtoggocgtgoat gtoacgttagagtcgt cogagtegatatt gttogageas

taageotgoggoagaceattgogagaacaatt goagot catocaacgt ggaagto gagaca

taagetgoggoagaceat tgogagaacaatt goagetcatoccaacgt ggaagte gagaca

ctoogoacatcaagtggtgteggtgoegoageac teagegoagegtgeogecgtcaaaage
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

ctoogoacatoaagtggtgteggtgocgoagoac teagogoagegtgogo agtocaaaage

actocasaccgtocagagaacat B77

actocaaacogtocagagaacat 1

Figure A.25: Clone A25
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T01 bitz (EBZE), Expect = 0.0

Identities = B38/858 (100%)
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158

Pluz / Minuz

caagtgagocaaaacgtocacogttgottogoctgoattocccgeogtogaatt gat tee

caagtgagocaaaacgtocacogttgottogoctgoattocccgeogtogaatt gat tee

ctogatgagttcaatatecocgacgoegtgacactggetcoggtgocactggtgat ccagta

ctogatgagttoaatatoogacgoogtgacactggot coggtgocactggtgat coagta

ttotggacttggot ggotgaatocoaaagtecatgggt ggoaacegggyggacgat ghogtt

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
ttotggacttggeot ggot gaatoccaaagtocatgggt ggoaacegggggacgat gtogtt

caagtgtgtaacgoggaagttogotocagatcocctggotggtgatgt got cggo cagoge
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
caagtgtgtaacgoggaagttogotocagatocctggotggytgatgtgotcggocagoge

atagtttocogactogaggacatocatagotgtacagt teaacgotataacogtoattteg

atagtttocogactogaggacatocecataggtgtacagt teaacgetataacegtocatt teg

caagaccgttgotoccagtgtagocaatgogoogoecaage tgt goecggytgaagtagag
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

caagqaccgttgotcccagtgtagocaatgogoogoccaagqotgtgocoggtgaagtagag

ggtatagocogaatacgtgoctocatogoggacttgatottgotegtoagat tgtotgoage

ggtatagooecgaatacgtgoteoategoggacttgatottgotegtoagattgte tgoage

gqgocttococatgocttocagaatocagtgtgaaccttgoagocagtacagaggtecatogtt

ggocttoccatgocttocagaatocoagtgtgaaccttgoagecagtacagaggtoate gt

atcttgoaggatgaagtogagatecageoaatocagttottgatggtgeotactgectoggasa

atcttgoaggatgaagtogagatecageoaatocagttottgatggtgeotactgectoggasa

ggogaccacgagocgottgttggtgttgtec goggocagqgaaacegyotgtgoctecasa

(N R R R A RN A R R AR AN R RN
ggogaccacgagocgottgttggtgttgtec goggocagqgaaacegyotgtgoctecasa

gttatttgteaggtcasacteocageageatottggtgotogectectogactgatggaca

gttatttgteaggtcasacteocageageatottggtgotogectectogactgatggaca

ggogtoggoegtgoatgteacgttagagtegtecgagtogatat tgt toegagoaataage
(N R R R A RN A R R AR AN R RN
ggogtoggoegtgoatgteacgttagagtegtecgagtogatat tgt toegagoaataage

tgoggoagaccatt gogagaacaattgoagoteatocaacgtggaagtogagacactceg

tgoggoagaccatt gogagaacaattgoago teatocaacgtggaagtogagacactoog

cacatcaagtggtgteggtgoogoagoactocagqe goagegt gogeocgtoaaaagoac too
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

cacatcaagtggtgteggtgoocgoagoactoage goagogt gogeogtecaasagoac teo

aaacocgtocagagaacat BTA

aaaccgtoccagagaacat 1

Figure A.26: Clone A26
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699 bitas (B57), Expect = 0.0

Identities = B35/8460 (59%)
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Fluz [/ Minus

cacaagtgngocaaascgtocaccgttgottegoctgoattcoccogoogtcgaattgatt

cacaagtgagocaaascgtocaccgttgottegoctgoattococcogoogtogaattgatt

cootogatgagttoaatateocgacgoogtgacactggotocggt gocact ggtgatecag

coctogatgagtteaatatecgacgecgtgacactggetecggt gocact ggtgatocag

tattctggacttggetggotgaat ccaaagtocatgggtggoaacegggggacgatgtog

(RN R A R R R R AR R RN
tattoctggacttggotggotgaat coaaagtoccatgggtggoaaceggyggacgatgteg

ttoaagtgtgtaacgoggaagttogotcoagateoctggot gyt gat gtgotoggocage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttoaagtgtgtaacgoggaagttogot ceagatecectggot ggt gat gtgotoggocage

goatagtttocegactogaggacat ceataggtgtacagttocaacgeotataaccgtoattt

goatagtttoogactogaggacatcoataggtgtacagttoaacgotataacogtoattt

cgoaagacogttgotoccagt gtagocaatgegoogoccaaget gtgoce gyt gaagtag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgoaagacegttgotoccagt gtagocaatgogeoogeccaaget gtgoocc ggtgaagtag

agggtatagoecegaatacgtgotocatogeggacttgatecttgetcgtcagattgtot goa

agqjgtatagoococgaatacgtgotocatogoggacttgatott gotogtcagattgtot goa

goggottoccatgocttocagaatcoagtgtgaacct tgoagecagtacagaggtoateg

goggottoccatgocttocagaatcecagtgtgaaccttgoagocagtacagaggteatog

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg
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aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa

gotgoggoagacocattge gagaacaat tqoagoteat ccaacgt ggaagt cgagacacte

gotgoggoagacoattgogagaacaat tgoagoteat ccaacgt ggaagt cgagacacte

cgoacatcaagtggtgte got gocgoageactoagogoagqo gtgogo ogt caaaagoact
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Figure A.27: Clone A27
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gqaatacgtgoteoatogoggacttgatottgotegteagatt gtoctgoagoggottoccat

gootteocagaatocagtgtgaaccttgoagocagtacagaggtecategttatettgoagyg

gocttocagaatocagtgtgaaccttgoagecagtacagaggtocategttatot tgoagg

atgaagtcgagatcagoaatocagtttottgatggtgotactgocteggaaggo gac cac
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Figure A.28: Clone A28
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Figure A.29: Clone A30
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tgoagoggottoccatgocttococagaatecagtgtgaacot tgoagocagtacagaggte

tgecagoggettooccatgocttocagaatecagtgtgaacet tgoagecagtacagaggte

atocgttatottgoaggat gaagtocgagatcagoaatocagt tet tgatggtgotact goo

atocgttatottgoaggat gaagtocgagatcagoaatocagt tet tgatggtgotact goo
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» ataagetgoggeoagaccattgogagaacaattgoageteat ccaacgtggaagt cgagac

ataagetgoggoagaccattgogagaacaat tgoagoteat cocaacgtggaagt cgagac

i actcogoacatcoaagtggtgtoggtgoocgoagoactocagogoagogt gogoogt caaaag

actocogoacatecaagtggtgtoggtgoocgoagoactocageogoagogt gogoogt caaaag

cactoocaaaccgtocagagaacat BTE

cactocasaccogtocagagaacat 1

Figure A.30: Clone A32
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Figure A.31: Clone A33
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Figure A.32: Clone A34
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tocagtattetggacttggot ggotgaatecaaagtoccatgggt ggoaac agggagacga

tgtogttoaagtgt gtaacgoggaagttogotocagatocotgyotggtgatgtgotogg
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
tgtocgttoaagtgt gtaacgoggaagt togotoccagatococotggotggtgatgt got ogg

ccagoegeatagtttoogactegaggacatoocataggt gtacagt tocaacgetataacogt

coageogoatagtttocogactogaggacateccataggt gtacagt toaacgotataacogt

catttogoaagaccgttgetoccagtgtagocaatgogoogeceaagetgtgocoggtga
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

catttogoaagaccgttgoteccagtgtagocaatgogoogeccaagetgtgocoggtga

agtagagggtatagoecocgaatacgtgoteat cgoggacttgatettgeotogteagat tgt
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

: agtagagggtatagococgaatacgtgotoatogoggacttgatettgotegteagat gt

ctgoagoeggettoccatgeoct tocagaatecagt gtgaaccttgeagocagtacagaggt

ctgoagogget toccatgocttocagaatocagt gtgaaccttgeageocagtacagaggt

catogttatettgoaggatgaagtogagatoagoaat coagttettgatggtgotac tge

catogttatettgoaggatgaagtogagatoagoaat coagttettgatggtgotac tge

ctoggaaggogaccacgagoecgqot tgttggt gttt gtoccgoggocaggaaacocggotgtge
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
ctoggaaggogaccacgagoecgqot tgttggt gttt gtoccgoggocaggaaacocggotgtge

ctocasagttatttgtoagotcaaactocagoageoatocttggtgeotogoctoctogactyg

ctocasagttatttgtoagotcaaactocagoageoatocttggtgeotogoctoctogactyg

atggacaggogtoggoocgtgoatgtoacgttagagteogtecgagtogatattgt tegage
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

» atggacaggegteggocgtgeoatgtocacgttagagtegtoegagtegatattgt tegage

aataagetgoggoagaccattgogagaacaattgoageoteatoccaacgtggaagteogaga

5 aataagotgoggoagaccattgogagaacaattgoagotoatocaacgtggaagtegaga

cacteoogoacateaagtggtgtoggtgocgoagoact cagegoagogtgognogtoaassa
PEEEEEETETE e e e e e e e e e b e e b e e v e e e e e e et

cacteocgoacatocaagtggtgtoggtgoogoagoact cagogeagogtgegoegtecaaas

gqoactocaaacogt ccagagaacat BEID

gqoactocaaacogtcocagagaacat 1

Figure A.33: Clone A35
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Score

=1

429 bits (BZI), Expect = 0.0

Identities = B33/83d (59%), Gaps = 1/83& (0%)
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omery:
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oneryr
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oneryr
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oneryr
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oneryr
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omery:

Skqct:

oneryr

Skqct:

omery:

Skqct:

omery:

Skqct:

oneryr

Skqct:

15

B&0

200

13%

185

aE0

321G

280

00

435

440

495

614G

Za0

g0

Flua / Minua

cacaagtgagocaaaacgtecacogttgettogoetgeattcocococgoogt cgaattgatt

cacaagtgagocaaaacgtecacogttgettogoetgeattcocococgoogt cgaattgatt

coctogatgagtteaatatecgacgecgtgacactggetecggt gocact ggtgatocag

cootogatgagttoaatateocgacgoogtgacactggotocggt gocact ggtgatecag

tattoctggacttggotggotgaat coaaagtoccatgggtggoaaceggyggacgatgteg

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
tattctggacttggetggotgaat ccaaagtocatgggtggoaacegggggacgatgtog

ttoaagtgtgtaacgoggaagttogot ceagatecectggot ggt gat gtgotoggocage
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
ttoaagtgtgtaacgoggaagttogotcoagateoctggot gyt gat gtgotoggocage

goatagtttoogactogaggacatcoataggtgtacagttoaacgotataacogtoattt

goatagtttocegactogaggacat ceataggtgtacagttocaacgeotataaccgtoattt

cgoaagacegttgotoccagt gtagocaatgogeoogeccaaget gtgoocc ggtgaagtag
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

cgoaagacogttgotoccagt gtagocaatgegoogoccaaget gtgoce gyt gaagtag

agqjgtatagoococgaatacgtgotocatogoggacttgatott gotogtcagattgtot goa

agggtatagoecegaatacgtgotocatogeggacttgatecttgetcgtcagattgtot goa

goggottoccatgocttocagaatcecagtgtgaaccttgoagocagtacagaggteatog

goggottoccatgocttocagaatcoagtgtgaacct tgoagecagtacagaggtoateg

ttatcttgeaggatgaagtegagatecagoaatocagttottgat ggt gotactgectegg

ttatcttgeaggatgaagtegagatecagoaatocagttottgat ggt gotactgectegg

aagqfogaccacgagecgo ttgttggngttgt cogoggocaggaaaccggo tgtgoct oca
Prrrrerrrrerrr e e et e e e e e e e e e e e e e
aagqfogaccacgagecgo ttgttggtgttgtcogoggocaggaaacoggo tgtgoct oca

aagttatttgteaggtoaaactecagoageateottggtgetogoctectogact gat gga

aagttatttgteaggtoaaactecagoageateottggtgetogoctectogact gat gga

cagqgogteggoogtgeat gtocacgttagagtegtoccgagtogatatt gttogageaatas
(RN R A R R R R AR R RN
cagqgogteggoogtgeat gtocacgttagagtegtoccgagtogatatt gttogageaatas

gotgoggoagacoattgogagaacaat tgoagoteat ccaacgt ggaagt cgagacacte

gotgoggoagacocattge gagaacaat tqoagoteat ccaacgt ggaagt cgagacacte

cgeacatcaagtgggtgt cggtgnogoageoactecagegoageogt gogoegtoaaaa B34
Prrerrrrerr e rrrerrer e rrr et e e e e e e e e e e

cgoacatcaagt-ggtgtoggtgocgoageactoagogoagogt gogocgteaaas 26

Figure A.34: Clone A37
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705 bits (B60), Zxpect = 0.0
= B62/BG3 (99%)
Fluz [/ Minus

tacnacaagtgagocassacgtocacogttgottogootgoattooccogoogtogaattyg

taccacaagtgagocassacgtocacogttgottogootgoattococcogoogtogaattyg

attococtogatgagtteaatatocgacgocgtgacactggotecggt gocactggtgate

attocooctogatgagttoaatatecgacgocgtgacactggetecggt gocactggtgate

cagtattotggacttggo tggotgaat ceaaagtoccatgggtggocaacegggggacgatyg

(RN R A R R R R AR R RN
cagtattoctggacttggotggotgaat ccaaagtocatgggtggoaacogggggacgatyg

tocgttoaagtgtgtaacgoggaagttogotocagateocctggot gyt gat gtgotoggec
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
tocgttoaagtgtgtaacgoggaagttogotocagateectggot gyt gat gtge toggeo

agogoatagtttoogact cgaggacat ceataggtgtacagttocaacgotataacocgtoa

agogoatagtttocgactogaggacat ceataggtgtacagttocaacgotataacogtea

tttogoaagacogttgotoocagtgtagocaatgogoagoccaagot ghgoccggtgaag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

tttogoaagacogttgot coecagt gtagocaatgeogoogoccaaget gtgocoggtgaag

tagagggtatagocogaatacgtgoctocatogoggacttgatecttgotogtcagattgtet

tagagggtatagocogaatacgtgotoategeggact tgatcttgotogtcagattgtet

goagoggottococatgocttocagaat ccagtgtgaacctt goagocagtacagaggtea

goagoggottocoatgocttocagaat ceagtgtgaacoctt goageocagtacagaggtoa

togttatocttgoaggatgaagtogagateageaatocagttocttgat gyt gotactgeoct

togttatocttgoaggatgaagtogagateageaatocagttocttgat gyt gotactgeoct

cogaaggogaccacgagqeocgo ttgttggtgt tgtccgeggo caggaaacoggot gtgoot
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
cogaaggogaccacgagqeocgo ttgttggtgt tgtccgeggo caggaaacoggot gtgoot

cocasagttatttgteoaggteoasactocageagoatettggt gotogoctectogact gat

cocasagttatttgteoaggteoasactocageagoatettggt gotogoctectogact gat

gogacaggogteggoogtgoat gtocacgttagagtegt cogagtegatatt gttegagoaa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
gogacaggogteggoogtgoat gtocacgttagagtegt cogagtegatatt gttegagoaa

taagoctgoggoagaccat tqogagaacaattgoaget catoccaacgt ggaagtogagaca

taagotgoggoagaceat tgo gagaacaattgoagot catocaacgt ggaagtogagaca

ctocgoacatoaagtggt gt ggt gocgoageacteagogoage gtgoge cgtoaaaage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

ctoocgoacatecaagtggt gtocggt goc goageoactecagogoage gtgogo cgtocaaaagqe

actococaaacogtocagagaacat BT

actocasaccgtocagagaacat 1

Figure A.35: Clone B1
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Score

=1

675 bits (B45), Expect = 0.0

Identities = B34/6460 (59%)
Strand =
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280

go0

1328

158

680

ENR:

60

a0

438

440

458

al8

Zal

Fluz [/ Minus

cacaagtgngocaaascgtocaccgttgottegoctgoattcoccogoogtcgaattgatt

cacaagtgagocaaascgtocaccgttgottegoctgoattococcogoogtogaattgatt

cootogatgagttoaatateocgacgoogtgacactggotocggt gocact ggtgatecag

coctogatgagtteaatatecgacgecgtgacactggetecggt gocact ggtgatocag

tattctggacttggetggotgaat ccaaagtocatgggtggoaacegggggacgatgtog

(RN R A R R R R AR R RN
tattoctggacttggotggotgaat coaaagtoccatgggtggoaaceggyggacgatgteg

ttoaagtgtgtaacgoggaagttogotcoagateoctggot gyt gat gtgotoggocage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttoaagtgtgtaacgoggaagttogot ceagatecectggot ggt gat gtgotoggocage

goatagtttocegactogaggacat ceataggtgtacagttocaacgeotataaccgtoattt

goatagtttoogactogaggacatcoataggtgtacagttoaacgotataacogtoattt

cgoaagacogttgotoccagt gtagocaatgegoogoccaaget gtgoce gyt gaagtag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgoaagacegttgotoccagt gtagocaatgogeoogeccaaget gtgoocc ggtgaagtag

agggtatagoecegaatacgtgotocatogeggacttgatecttgetcgtcagattgtot goa

agqjgtatagoococgaatacgtgotocatogoggacttgatott gotogtcagattgtot goa

goggottoccatgocttocagaatcoagtgtgaacct tgoagecagtacagaggtoateg

goggottoccatgocttocagaatcecagtgtgaaccttgoagocagtacagaggteatog

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

aaggogaccacgagqoogo ttgttggtgttgt cogeggecaggaaaceggo tgtgeoctoca
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
aaggogaccacgagqoogo ttgttggtgttgt cogeggecaggaaaceggo tgtgeoctoca

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa

gocgoggoggacoattge gagaacaat tqoagotcat ccaacgt ggaagt cgagacacte

gotgoggoagacoattgogagaacaat tgoagoteat ccaacgt ggaagt cgagacacte

cgoacatcaagtggtgte got gocgoageactoagogoagqo gtgogo ogt caaaagoact
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgcacatcaagtggtgte ggt googoageactoagogeagogtgoge ogt caaaageact

coaaaccgtocatagaacat BYT

cocasaccgtococagagaacat 1

Figure A.36: Clone B2
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Score

=1

699 bitas (B57), Expect = 0.0

Identities = B3%/6460 (59%)
Strand =
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15
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15%
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a0

435

440

485

G158

Zal

Fluz [/ Minus

cacaagtgngocaaascgtocaccgttgottegoctgoattcoccogoogtcgaattgatt

cacaagtgagocaaascgtocaccgttgottegoctgoattococcogoogtogaattgatt

cootogatgagttoaatateocgacgoogtgacactggotocggt gocact ggtgatecag

coctogatgagtteaatatecgacgecgtgacactggetecggt gocact ggtgatocag

tattctggacttggetggotgaat ccaaagtocatgggtggoaacegggggacgatgtog

(RN R A R R R R AR R RN
tattoctggacttggotggotgaat coaaagtoccatgggtggoaaceggyggacgatgteg

ttoaagtgtgtaacgoggaagttogotcoagateoctggot gyt gat gtgotoggocage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttoaagtgtgtaacgoggaagttogot ceagatecectggot ggt gat gtgotoggocage

goatagtttocegactogaggacat ceataggtgtacagttocaacgeotataaccgtoattt

goatagtttoogactogaggacatcoataggtgtacagttoaacgotataacogtoattt

cgoaagacogttgotoccagt gtagocaatgegoogoccaaget gtgoce gyt gaagtag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgoaagacegttgotoccagt gtagocaatgogeoogeccaaget gtgoocc ggtgaagtag

agggtatagoecegaatacgtgotocatogeggacttgatecttgetcgtcagattgtot goa

agqjgtatagoococgaatacgtgotocatogoggacttgatott gotogtcagattgtot goa

goggottoccatgocttocagaatcoagtgtgaacct tgoagecagtacagaggtoateg

goggottoccatgocttocagaatcecagtgtgaaccttgoagocagtacagaggteatog

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

aaggogaccacgagqoogo ttgttggtgttgt cogeggecaggaaaceggo tgtgeoctoca
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
aaggogaccacgagqoogo ttgttggtgttgt cogeggecaggaaaceggo tgtgeoctoca

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa

gotgoggoagacocattge gagaacaat tqoagoteat ccaacgt ggaagt cgagacacte

gotgoggoagacoattgogagaacaat tgoagoteat ccaacgt ggaagt cgagacacte

cgoacatcaagtggtgte got gocgoageactoagogoagqo gtgogo ogt caaaagoact
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgcacatcaagtggtgte ggt googoageactoagogeagogtgoge ogt caaaageact

coaaaccgtocagagaacat BTE

cocasaccgtococagagaacat 1

Figure A.37: Clone B6
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e g -

Score = 1455 kits (734), Expect = 0.0
Identities = T7&/76% (58%), Gapz = 4/785% (0%)
Strand = Plus / Minus
guery: 31 gocaasacgneonaccgttgotteogoctgeoattoceocogeocgtogaattgnttoocctogatyg
PEEerrrr e e e er e e e e e e e e e e
Skqct: BE1 gocaasacgtocacogttgotteogoctgeoattoccogoogtogaattgattocctogatg
guery: %1 agttcaatatcogacgoogtgacactggeotocggtgocactggtgatococagttattetgg
FEETEEETEEE e e e e e et b e e e v et e e e e e b e e vl
Skqct: 781 agttcaatatcogacgoocgtgacactggotocoggtgocactggtgatcoccagt-attotgg
ouery: 131 acttggotggetgaatcocaaagtoccat gggtggoaacegggggacgatgtogttoaagtyg
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: T3II acttggotggootgaatccasagtocatgggtggoaacogggggyacgatgtogttocaagtyg
guery: I11 tgtaacgoggaagttogoteocagatcoctggeotggtgatgtgctoggocagogoatagtt
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: 672 tgtaacgoggaagttogotocagatcocococtggotggtgatgtgotoggocagogoatagtt
ouery: 271 tococgactocgaggacatococataggtgtacagttoaacgetataaccogtoatttogoaagac
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 612 tocgactogaggacatccataggtgtacagttocaacgotataaccgtoatttogoaagac
guery: 331 cgttgotoceoccagtgtagocastgogoogeococaageotgtgocoggtgaagtagagggtata
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqjcoct: 3532 cgttgotocccagtgtagocaatgogoocgooccaagotgtgocogotgaagtagaggotata
omery: 3%1 gococgaatacgtgotocatogoggacttgatettgetegteagattgtotgoageggotte
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 452 gococgaatacgtgotcatogoggacttgatettgeteogteoagattgtotgoageoggotte
cmery: 431 ceocatgeocttocagaatcoccagtgtgaaccttgeoageocagtacagaggteoatogttatettg
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
Skqct: 432 ccatgocttocagaatccagtgtgaaccocttgeoagocagtacagaggtoatogttatettg
guery: 311 caggatgaagtogagatcagoastccagttottgatggtgotactgoctoggasggogac
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
Skqct: 37I caggatgaagtogagatcagoaatccagttettgatggtgotactgoctoggaaggogac
ouery: 371 cacgagocgontgttggtgttgtocogeoggnoaggasaccggttgtgoctoccaaagttatt
PEETEEEEEE prrre e e e et erer et et v e el
Skqct: 312 cacgagoogottgttggtgttgtocogoggocaggaaacoggotgtgoctocaaagttatt
pguery: 431 tgtcaggteocaaactcocagoageoatcocttggtgoteogoctecteogactgatggacaggogt
PEEETEEE e e e e e v e e e e e e e e et e e e el
Skqct: Z53I tgtcaggteoasmactocagoageoat-cttggtgoctegeoctectogact gat ggacaggegt
omery: %1 cggoogtgeoatgtteacgtttagagtogtocegagtogatattgttegagoaataageotge
PEETEEETEEE e e et b e e v et e e e e e b e e e el
Skqct: 183 cggoogtgeoatg-teocacg-ttagagtogtoogagtogatattgttogagoaataagotge
ouery: 731 ggoagaccattgogagaacaattgeoagotecatocaacgtggaagtogagactotocgoac
PEEETEEEEr e e e e e e e e e e e et e et rerirernl
Skqct: 133 ggeagaccattgogagaacaattgoagotoatoccaacgtggaagtogagacactocogeac
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Figure A.38: Clone B7
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479 bitz (B47), Expect = 0.0

Identities = B57/859 (59%), Gaps = 1/85% (0%)
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Flua / Minua

caagtgageocaaaacgteocacogttgottogoctgoatteccogoegtegaattgat toe

caagtgageocaaaacgteocacogttgottogoctgoatteccogoegtegaattgat toe

ctogatgagttocaatatecogacgoocgt gacactggeotcoggtgocactgotgatccagta

ctogatgagtteoaatatocogacgoogt gacactggotcocggtgocactggtgatccagta

ttotggacttggotggot gaatocaaagtecatgggt ggoaaccgggggacgat gtegtt

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttetggacttggotggeot gaatocaaagtocatgggt ggeaacogggggacgatgtegtt

caagtgtgtaacgoggaagttogo tecagatecoctggetggtgatgt got cggocagege
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
caagtgtgtaacgoggaagttogotocagatecoctggetgotgatgt got ocggocagege

atagtttocogactogaggacatocataggtgtacagtteaacgotataacogtogttteg

atagtttoeogactogaggacatecataggtgtacagtteaacgo tataaceogteatttog

caagaccgttgotoccagtgtagocaatgogoogoccaagqe tgt gocoggtgaagtagag
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

caagaccgttgotoccagtgtagocaatgogoogeccaagqo tgt gocoggtgaagtagag

ggtatagococgaatacgtgotcatogoggacttgatottgotegteagat tgtotgoage

gotatagoeocgaatacgt gotcatcgoggacttgatettgotegteagat tgtetgoage

ggcttoccatgoocttocagaatocagt gtgaaccttgeagocagtacagaggteategtt

ggotteoccatgeocttocagaatocagt gtgaacottgoagqocagtacagaggteategtt

atettgoaggatgaagtogagatcagoaatecagttottgatggtgeotactgoctoggas

atettgoaggatgaagtogagatcagoaatecagttottgatggtgeotactgoctoggas

ggogaccacgagqoogott gtk ggt gtt gtocogoggocaggaaaccggotgtgoctocaas

(RN R A R R R R AR R RN
ggogaccacgagqoogott gtk ggt gtt gtocogoggocaggaaaccggotgtgoctocaas

gttatttgtocaggteoaaactocoageageatettggtgetegeoctcotogactgatggaca

gttatttgtocaggteoaaactocoageageatettggtgetegeoctcotogactgatggaca

ggogteggocgtgoatgtcacgttagagtegtocgagtogatat tgt tegagoaataage
(RN R A R R R R AR R RN
ggogteggocgtgoatgtcacgttagagtegtocgagtogatat tgt tegagoaataage

tgoggoagaccattgogagaacaattgoagotoatocascgtggaagtegagacact cog

tgoggoagaccattgogagaacaattgoage toatocaacgtggaagtegagacacteog

cacatcaagtggtgtoggtgoogoagoacteagogoageogt gogoegtecaaaageactoo
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

cacatecaagtggtgtoggtgocgoaqoacteagegoagogt gogoegtoaaaagqoactos

aaacococgtocagagaacat BTS

aaa-cogtocagagaacat 1

Figure A.39: Clone BS
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caagtgngocaaaacgtocacogttgottegeoct goattoccogeogtogaatt gat tee

caagtgagooaaaacgtocacogttgottegeoct goattoccogeogtogaatt gat tee

ctogatgagttoaatatoogacgoogtgacactggot coggtgocactggtgat coagta

ctogatgagttcaatatecocgacgoegtgacactggetcoggtgocactggtgat ccagta

ttotggacttggeot ggot gaatoccaaagtocatgggt ggoaacegggggacgat gtogtt

(N R R R A RN A R R AR AN R RN
ttotggacttggot ggotgaatocoaaagtecatgggt ggoaacegggyggacgat ghogtt

caagtgtgtaacgoggaagttogotocagatocctggotggytgatgtgotcggocagoge
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
caagtgtgtaacgoggaagttogotocagatcocctggotggtgatgt got cggo cagoge

atagtttocogactogaggacatocecataggtgtacagt teaacgetataacegtocatt teg

atagtttocogactogaggacatocatagotgtacagt teaacgotataacogtoattteg

caagqaccgttgotcccagtgtagocaatgogoogoccaagqotgtgocoggtgaagtagag
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

caagaccgttgotoccagtgtagocaatgogoogoecaage tgt goecggytgaagtagag

ggtatagooecgaatacgtgoteoategoggacttgatottgotegtoagattgte tgoage

ggtatagocogaatacgtgoctocatogoggacttgatottgotegtoagat tgtotgoage

ggocttoccatgocttocagaatocoagtgtgaaccttgoagecagtacagaggtoate gt

gqgocttococatgocttocagaatocagtgtgaaccttgoagocagtacagaggtecatogtt

atcttgoaggatgaagtogagatcagoaatccagttottgatggtgotactgocteggas

atcttgoaggatgaagtogagatcagoaatccagttottgatggtgotactgocteggas

gqgogaccacgagoc gottgttggtgttgtoogoggocaggaaacecggetgtgeoctocaaa

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
gqgogaccacgagoc gottgttggtgttgtoogoggocaggaaacecggetgtgeoctocaaa

gttatttgteaggtcasactoccagoageatottggtgotogectectogactgatggaca

gttatttgteaggtcasactoccagoageatottggtgotogectectogactgatggaca

gqgogtoggoecgtgoatgtcacgttagagtogtecgagtegatat tgt toegageaataage
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
gqgogtoggoecgtgoatgtcacgttagagtogtecgagtegatat tgt toegageaataage

tgoggoagaccatt gogagaacaattgoago teatocaacgtggaagtogagacactoog

tgoggoagaccatt gogagaacaattgoagoteatocaacgtggaagtogagacactceg

cacatcaagtggtgteggtgoocgoagoactoage goagogt gogeogtecaasagoac teo
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

cacatcaagtggtgteggtgoogoagoactocagqe goagegt gogeocgtoaaaagoac too

aaacocgtococagagaacat BTE

aaaccgtoccagagaacat 1

Figure A.40: Clone B9
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Fluz / Minus

accacaagtgngocassacgtocacogttgottogoctgoatteccogoogtagaat tga

accacaagtgagocaasacgtocacogttgottogoctgoatteccogoogtagaat tga

ttoocctogatgagt toeaatatcogacgecgtgacact ggotcoggtgocactggtgates

ttoceoteogatgagt teaatatecocgacgeoogt gacactggoteccggtgeocactggtgateoo

agtattetggacttggotggotgaatecaaagtecat gggt ggoaacocgggggacga tgt

(N R R R A RN A R R AR AN R RN
agtattetggacttggotggotgaatocaaagtocat gggt gocaacogggggacgatgt

cgttoaagtgt gtaacgoggaagttogeotocagatoocotggyotggtgatgtgotoggoca
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
cgtteoaagtgt gtaacgoggaagt togetoccagatoootggotggtgatgtget cggoca

gqogoatagtttocogactegaggacateocataggt gtacagt tcaacgetataacogtcat

gqogoatagtttoocgactogaggacatocataggt gtacagt teaacgotataacogtoat

ttogeoaagacogttgotoccagtgtageocaatgo gocgooccaagetgtgocoggtgaagt
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

ttogeoaagaccgttgotecoagtgtagocaatgogocgoccaagetgtgoccggtgaagt

agagggtatagococgaatacgtgeotoatogoggacttgatettgotegteagat tgtctg
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

agagggtatagococgaatacgtgotoatogoggacttgatottgotegteagat tgt oty

cagoggottococatgocttocagaatocagt gtgaaccttgoagecagtacagaggt cat

cagoggetteccat goct tocagaatecagt gtgaaccttgeagecagtacagaggt cat

cgttatcttgoaggatgaagtogagatcagoaatcoeagttottgatggtgotactgocte

cgttatcttgoaggatgaagtogagatcagoaatcoeagttottgatggtgotactgocte

qoaaqgogaccacgaqoegottgttggtgtt gtcogoggocaggaaaccggotgtgocte
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
qoaaqgogaccacgaqoegottgttggtgtt gtcogoggocaggaaaccggotgtgocte

casagttatttgtocaggtoaasactocageageatcttggtgotegoctoctogactgatyg

casagttatttgtocaggtoaasactocageageatcttggtgotegoctoctogactgatyg

gqacagqgogteggocgtgoatgtocacgt tagagtogtocgagtegatattgttegagoaat
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
gqacagqgogteggocgtgoatgtocacgt tagagtogtocgagtegatattgttegagoaat

aageotgoggoagaccattgogagaacaattgoagotecatecaacgtggaagtegagacac

aagotgoggoagaccattgogagaacaattgoagotecatocaacgtggaagtogagacac

toocgeoacatocaagtggtgtegggngecgeageactocagqogeagegtgogocgt coaaasa
PEEEerere errrrerr et te rrrr et e e e v e e e e e e

toogeoacat-caagtggtgte~ggtgocgoageoactocagogeagegt gogecgt ~caaaa

gqoactocaaacogt ccagagaacat BEL

gqoactocaaacogtcocagagaacat 1

Figure A.41: Clone B14
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489 bita (B3Z), Expect = 0.0
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Flua / Minua

taccacaagtgagocaaaacgtecaccgttgottogectgoactcocogoegteogaattyg

taccacaagtgagocaaaacgtecaccgttgottogectgoattcocogoegtegaattyg

attocooctogatgagttoaatatecgacgocgtgacactggetecggt gocactggtgate

attococtogatgagtteaatatocgacgocgtgacactggotecggt gocactggtgate

cagtattoctggacttggotggotgaat ccaaagtocatgggtggoaacogggggacgatyg

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
cagtattotggacttggo tggotgaat ceaaagtoccatgggtggocaacegggggacgatyg

tocgttoaagtgtgtaacgoggaagttogotocagateectggot gyt gat gtge toggeo
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
tocgttoaagtgtgtaacgoggaagttogotocagateocctggot gyt gat gtgotoggec

agogoatagtttocgactogaggacat ceataggtgtacagttocaacgotataacogtea

agogoatagtttoogact cgaggacat ceataggtgtacagttocaacgotataacocgtoa

tttogoaagacogttgot coecagt gtagocaatgeogoogoccaaget gtgocoggtgaag
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

tttogoaagacogttgotoocagtgtagocaatgogoagoccaagot ghgoccggtgaag

tagagggtatagocogaatacgtgotoategeggact tgatcttgotogtcagattgtet

tagagggtatagocogaatacgtgoctocatogoggacttgatecttgotogtcagattgtet

goagoggottocoatgocttocagaat ceagtgtgaacoctt goageocagtacagaggtoa

goagoggottococatgocttocagaat ccagtgtgaacctt goagocagtacagaggtea

togttatocttgoaggatgaagtogagateagqeoaateccagttett gat gyt gotactgoot

togttatocttgoaggatgaagtogagateagqeoaateccagttett gat gyt gotactgoot

cggaaggogaccacgagqoogottgttggtgt tgtcoegeggocaggaaaccggot gkgect
(RN R A R R R R AR R RN
cggaaggogaccacgagqoogottgttggtgt tgtcoegeggocaggaaaccggot gkgect

coaaagttatttgteaggteaaacteocagoagoatettggbtgot cgooctoctogactgat

coaaagttatttgteaggteaaacteocagoagoatettggbtgot cgooctoctogactgat

ggacaggogooggocgtgoat gtcacgttagagtegt cogagtegatatt gttogageaa
(RN R A N R R N N RN AR R RN
ggacaggogteggocgtgoat gtcacgttagagtegt cogagtegatatt gttogageas

taagotgoggoagaceat tgo gagaacaattgoagot catocaacgt ggaagtogagaca

taagoctgoggoagaccat tqogagaacaattgoaget catoccaacgt ggaagtogagaca

ctoocgoacatcaagtggt gtocggt goc goageactecagogoage gngoge cgtocaaaagqo
PEEETErr e e er e e e erer e e e rre et e errl

ctocgoacatoaagtggt gt ggt gocgoageacteagogoage gtgoge cgtoaaaage

actoccasaccgtocagagaacat BYTS

actoccaaaccgtocagagaacat 1

Figure A.42: Clone B15
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705 bits (B6&0), Expect = 0.0

Identities = B&0/6460 (100%)
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Fluz [/ Minus

cacaagtgagocaaascgtocaccgttgottegoctgoattococcogoogtogaattgatt

cacaagtgagocaaascgtocaccgttgottegoctgoattococcogoogtogaattgatt

cootogatgagttoaatateocgacgoogtgacactggotocggt gocact ggtgatecag

coctogatgagtteaatatecgacgecgtgacactggetecggt gocact ggtgatocag

tattctggacttggetggotgaat ccaaagtocatgggtggoaacegggggacgatgtog

(RN R A R R R R AR R RN
tattoctggacttggotggotgaat coaaagtoccatgggtggoaaceggyggacgatgteg

ttoaagtgtgtaacgoggaagttogotcoagateoctggot gyt gat gtgotoggocage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttoaagtgtgtaacgoggaagttogot ceagatecectggot ggt gat gtgotoggocage

goatagtttocegactogaggacat ceataggtgtacagttocaacgeotataaccgtoattt

goatagtttoogactogaggacatcoataggtgtacagttoaacgotataacogtoattt

cgoaagacogttgotoccagt gtagocaatgegoogoccaaget gtgoce gyt gaagtag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgoaagacegttgotoccagt gtagocaatgogeoogeccaaget gtgoocc ggtgaagtag

agggtatagoecegaatacgtgotocatogeggacttgatecttgetcgtcagattgtot goa

agqjgtatagoococgaatacgtgotocatogoggacttgatott gotogtcagattgtot goa

goggottoccatgocttocagaatcoagtgtgaacct tgoagecagtacagaggtoateg

goggottoccatgocttocagaatcecagtgtgaaccttgoagocagtacagaggteatog

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

aaggogaccacgagqoogo ttgttggtgttgt cogeggecaggaaaceggo tgtgeoctoca
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
aaggogaccacgagqoogo ttgttggtgttgt cogeggecaggaaaceggo tgtgeoctoca

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa

gotgoggoagacocattge gagaacaat tqoagoteat ccaacgt ggaagt cgagacacte

gotgoggoagacoattgogagaacaat tgoagoteat ccaacgt ggaagt cgagacacte

cgoacatcaagtggtgte got gocgoageactoagogoagqo gtgogo ogt caaaagoact
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgcacatcaagtggtgte ggt googoageactoagogeagogtgoge ogt caaaageact

coaaaccgtocagagaacat BTS

cocasaccgtococagagaacat 1

Figure A.43: Clone B17
99

201

13%

199

851

621

315

36l

373

301

435

441

453

3Bl

321

619

261

&7%

Iol

g1

B39



Score

=1

657 bits (B36), Expect = 0.0

Identities = B59/B43 (99%), Gapa = 3/B63 (0%)
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cacaagtgagocaaascgtocaccgttgottegoctgoattococcogoogtogaattgatt

cacaagtgagocaaascgtocaccgttgottegoctgoattococcogoogtogaattgatt

cootogatgagttoaatateocgacgoogtgacactggotocggt gocact ggtgatecag

coctogatgagtteaatatecgacgecgtgacactggetecggt gocact ggtgatocag

tattctggacttggetggotgaat ccaaagtocatgggtggoaacegggggacgatgtog

(RN R A R R R R AR R RN
tattoctggacttggotggotgaat coaaagtoccatgggtggoaaceggyggacgatgteg

ttoaagtgtgtaacgoggaagttogotcoagateoctggot gyt gat gtgotoggocage
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttoaagtgtgtaacgoggaagttogot ceagatecectggot ggt gat gtgotoggocage

goatagtttocegactogaggacat ceataggtgtacagttocaacgeotataaccgtoattt

goatagtttoogactogaggacatcoataggtgtacagttoaacgotataacogtoattt

cgoaagacogttgotoccagt gtagocaatgegoogoccaaget gtgoce gyt gaagtag
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el

cgoaagacegttgotoccagt gtagocaatgogeoogeccaaget gtgoocc ggtgaagtag

agggtatagoecegaatacgtgotocatogeggacttgatecttgetcgtcagattgtot goa

agqjgtatagoococgaatacgtgotocatogoggacttgatott gotogtcagattgtot goa

goggottoccatgocttocagaatcoagtgtgaacct tgoagecagtacagaggtoateg

goggottoccatgocttocagaatcecagtgtgaaccttgoagocagtacagaggteatog

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

ttatcocttgoaggatgaagtogagatoagoaatocagttott gat ggt gotactgeoctegyg

I aaggogaccacgagoogottgttggtgttgtcogeoggecaggaaaceggotgtgoctoca

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
aaggogaccacgagqoogo ttgttggtgttgt cogeggecaggaaaceggo tgtgeoctoca

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

aagttatttgtoaggteaaactocagqoageatottggtgotogoctoctogact gat gga

caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa
FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
caggogtoggoocgtgoat gtcacgttagagtogtccgagtogatatt gttt cgageoaataa

gotgoggoagacocattge gagaacaat tqoagoteat ccaacgt ggaagt cgagacacte

gotgoggoagacoattgogagaacaat tgoagoteat ccaacgt ggaagt cgagacacte

cgoacatcaagtggtgtognt gocgoageactoagogoagqo gtgogocogtoaaaagoac
FEETEEEEEE e rrr e e be e e e v et e e e e rer el

cgeacatcaagtggtgte ggt googeageactoagogeago gtgog- cogtoaaaagoac

toocaaaacocgtooccagagaacat BE4

toco-aaaccgt-cocagagaacat 1

Figure A.44: Clone C2
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Fluz / Minus

caagtgagooaaaacgtocacogttgottegeoct goattoccogeogtogaatt gat tee

caagtgagooaaaacgtocacogttgottegeoct goattoccogeogtogaatt gat tee

ctogatgagttoaatatoogacgoogtgacactggot coggtgocactggtgat coagta

ctogatgagttcaatatecocgacgoegtgacactggetcoggtgocactggtgat ccagta

ttotggacttggeot ggot gaatoccaaagtocatgggt ggoaacegggggacgat gtogtt

(N R R R A RN A R R AR AN R RN
ttotggacttggot ggotgaatocoaaagtecatgggt ggoaacegggyggacgat ghogtt

caagtgtgtaacgoggaagttogotocagatocctggotggytgatgtgotcggocagoge
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
caagtgtgtaacgoggaagttogotocagatcocctggotggtgatgt got cggo cagoge

atagtttocogactogaggacatocecataggtgtacagt teaacgetataacegtocatt teg

atagtttocogactogaggacatocatagotgtacagt teaacgotataacogtoattteg

caagqaccgttgotcccagtgtagocaatgogoogoccaagqotgtgocoggtgaagtagag
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

caagaccgttgotoccagtgtagocaatgogoogoecaage tgt goecggytgaagtagag

ggtatagooecgaatacgtgoteoategoggacttgatottgotegtoagattgte tgoage

ggtatagocogaatacgtgoctocatogoggacttgatottgotegtoagat tgtotgoage

ggocttoccatgocttocagaatocoagtgtgaaccttgoagecagtacagaggtoate gt

gqgocttococatgocttocagaatocagtgtgaaccttgoagocagtacagaggtecatogtt

atcttgoaggatgaagtogagatcagoaatccagttottgatggtgotactgocteggas

atcttgoaggatgaagtogagatcagoaatccagttottgatggtgotactgocteggas

gqgogaccacgagoc gottgttggtgttgtoogoggocaggaaacecggetgtgeoctocaaa

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
gqgogaccacgagoc gottgttggtgttgtoogoggocaggaaacecggetgtgeoctocaaa

gttatttgteaggtcasactoccagoageatottggtgotogectectogactgatggaca

gttatttgteaggtcasactoccagoageatottggtgotogectectogactgatggaca

gqgogtoggoecgtgoatgtcacgttagagtogtecgagtegatat tgt toegageaataage
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
gqgogtoggoecgtgoatgtcacgttagagtogtecgagtegatat tgt toegageaataage

tgoggoagaccatt gogagaacaattgoago teatocaacgtggaagtogagacactoog

tgoggoagaccatt gogagaacaattgoagoteatocaacgtggaagtogagacactceg

cacatcaagtggtgteggtgoocgoagoactoage goagogt gogeogtecaasagoac teo
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

cacatcaagtggtgteggtgoogoagoactocagqe goagegt gogeocgtoaaaagoac too

aaacocgtococagagaacat BEQ

aaaccgtoccagagaacat 1

Figure A.45: Clone C3
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Pluz / Minuz

cacaagtgagocaaaacgtocacegttgottcgooctgoattecocgoegtegaattgatt

cacaagtgagocaaaacgtocacegttgottcgooctgoattecocgoegtegaattgatt

coctegatgagttoaatatocegacgoegtgacactggotoeggt goocactggtgatocag

coctegatgagttocaatatocogacgoogtgacactggoctocggt gocact ggtgatecag

tattetggacttggotggetgaatccaaagt coatgggtggoaacogggygygacgatgteg

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
tattetggact tggotggetgaatocaaagt coatgggtggeoaacoggggygacgatgtog

ttoaagtgtgtaacgoggaagttogotcoagatococtggotggtgatgtgoteggocage
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
ttoaagtgtgtaacgoggaagttogotcoagatococtggotggtgatgtgotoggocage

gqoatagtttocgactogaggacatocataggtgtacagttocaacgotataacogteattt

gquatagtttecgactegaggacatoccataggtgtacagttoaacgotataacegteattt

cgoaagacogt tgoteccagtgtagoecaatgogoogooccaagqot gbgooccggtgaagtag
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

cgoaagaccgttgotoccagt gtagocaatgogoocgocoaagqot gtgocoggtgaagtag

agggtatagocogaatacgtgotoatogoggacttgatettgotogtcagattgtet goa

agggtatagooccgaatacgtgeteategoggacttgatettgotogtcagattgtet gea

gqoggeottococatgocttocagaatocagtgt gaacet tgoagocagtacagaggteatog

gqoggettoceatgocttocagaatccagtgt gaacot tqoagocagtacagagqgteateg

ttatecttgoaggat gaagtogagatocagoaatocagttoettgatggtgotactgoetogg

ttatecttgoaggat gaagtogagatocagoaatocagttoettgatggtgotactgoetogg

aaggogaccacgagocgottgttggtgttgt cegoggocaggaaaceggotgtgoctcoa
(N R R R A RN A R R AR AN R RN
aaggogaccacgagocgottgttggtgttgt cegoggocaggaaaceggotgtgoctcoa

aagttatttgtcaggtocaaactococageoageatettggtgotegeoctectogact gat gga

aagttatttgtcaggtocaaactococageoageatettggtgotegeoctectogact gat gga

caggogtocggoogt goatgtcacgttagagt cgt coegagtegatattgttogagoaatas
(N R R R A RN A R R AR AN R RN
caggogtocggoogt goatgtcacgttagagt cgt coegagtegatattgttogagoaatas

gqotgeoggoagaceattgogagaacaat tgoaget cat coaacgtggaagt cgagacacte

gqotgoggoagaccattgogagaacaat tgoragetcat ccaacgt ggaagt cgagacacte

cgoacatcaagtggtgtegotgoogoagoac teagegoagogtgogoocgt caaaagoact
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

cgocacatcaagtggtgtoggt googoageac teagogoagegtgegeagt caaaagoact

cocaaaccgtocagagaacat 875

coaaaccgtocagagaacat 1

Figure A.46: Clone C5
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Pluz / Minuz

accacaagtgngocaaaacgtecacogttgottogoctgoattecocogoogtegaat tga

accacaagtgagocaaaacgtecacogttgottogoctgoattecocegoogtegaat tga

ttoceoteogatgagt teaatatecocgacgeoogt gacactggoteccggtgeocactggtgateoo

ttoocctogatgagt toeaatatcogacgecgtgacact ggotcoggtgocactggtgates

agtattetggacttggotggotgaatocaaagtocat gggt gocaacogggggacgatgt

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
agtattetggacttggotggotgaatecaaagtecat gggt ggoaacocgggggacga tgt

cgtteoaagtgt gtaacgoggaagt togetoccagatoootggotggtgatgtget cggoca
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
cgttoaagtgt gtaacgoggaagttogeotocagatoocotggyotggtgatgtgotoggoca

gqogoatagtttoocgactogaggacatocataggt gtacagt teaacgotataacogtoat

gqogoatagtttocogactegaggacateocataggt gtacagt tcaacgetataacogtcat

ttogeoaagaccgttgotecoagtgtagocaatgogocgoccaagetgtgoccggtgaagt
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

ttogeoaagacogttgotoccagtgtageocaatgo gocgooccaagetgtgocoggtgaagt

agagggtatagococgaatacgtgotoatogoggacttgatottgotegteagat tgt oty

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
agagggtatagococgaatacgtgeotoatogoggacttgatettgotegteagat tgtctg

cagoggetteccat goct tocagaatecagt gtgaaccttgeagecagtacagaggt cat

cagoggottococatgocttocagaatocagt gtgaaccttgoagecagtacagaggt cat

cgttatettgoaggatgaagtogagatcagoaatceagttottgatggtgetactgocte

cgttatettgoaggatgaagtogagatcagoaatceagttottgatggtgetactgocte

Jgaaggogaccacgagqoogot tgttggtgtt gtococgoggocaggaaateggotgtgocte
(HEEE R R R R A N A R R R R AR R RN
Jgaaggogaccacgagqoogot tgttggtgtt gtococgo ggocaggasaceggotgtgocte

caaagttatttgtocaggt caaacteocagoageatocttggtgeotegoetoctogactgatg

caaagttatttgtocaggt caaacteocagoageatocttggtgeotegoetoctogactgatg

gqacaggogteggocgtgoatgocacgt ttagagtcgt cogagtegatatt gttogageas
Perrrrerrrrrrrrerere e reer rrerr e e e e e e e e e
gqacaggogteggocgtgoatgteacg-ttagagtcgt cogagtegatatt gttogageas

taageotgoggoagaceattgogagaacaatt goagot catocaacgt ggaagto gagaca

taagetgoggoagaceat tgogagaacaatt goagetcatoccaacgt ggaagte gagaca

ctoogoacatcaagtggtgteggtgoegoageac teagegoagegtgeogecgtcaaaage
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

ctoogoacatoaagtggtgteggtgocgoagoac teagogoagegtgogo agtocaaaage

actocasaccgtocagagaacat B79

actocaaacogtocagagaacat 1

Figure A.47: Clone C6
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Flua / Minua

caagtgageocaaaacgteocacogttgottogoctgoatteccogoegtegaattgat toe

caagtgageocaaaacgteocacogttgottogoctgoatteccogoegtegaattgat toe

ctogatgagttocaatatecogacgoocgt gacactggeotcoggtgocactgotgatccagta

ctogatgagtteoaatatocogacgoogt gacactggotcocggtgocactggtgatccagta

ttotggacttggotggot gaatocaaagtecatgggt ggoaaccgggggacgat gtegtt

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttetggacttggotggeot gaatocaaagtocatgggt ggeaacogggggacgatgtegtt

caagtgtgtaacgoggaagttogo tecagatecoctggetggtgatgt got cggocagege
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
caagtgtgtaacgoggaagttogotocagatecoctggetgotgatgt got ocggocagege

atagtttocogactogaggacatocataggtgtacagtteaacgotataacogtoattteg

atagtttoeogactogaggacatecataggtgtacagtteaacgo tataaceogteatttog

caagaccgttgotoccagtgtagocaatgogoogoccaagqe tgt gocoggtgaagtagag
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

caagaccgttgotoccagtgtagocaatgogoogeccaagqo tgt gocoggtgaagtagag

ggtatagococgaatacgtgotcatogoggacttgatottgotegteagat tgtotgoage

gotatagoeocgaatacgt gotcatcgoggacttgatettgotegteagat tgtetgoage

ggcttoccatgoocttocagaatocagt gtgaaccttgeagocagtacagaggteategtt

ggotteoccatgeocttocagaatocagt gtgaacottgoagqocagtacagaggteategtt

atettgoaggatgaagtogagatcagoaatecagttottgatggtgeotactgoctoggas

atettgoaggatgaagtogagatcagoaatecagttottgatggtgeotactgoctoggas

ggogaccacgagqoogott gtk ggt gtt gtocogoggocaggaaaccggotgtgoctocaas

(RN R A R R R R AR R RN
ggogaccacgagqoogott gtk ggt gtt gtocogoggocaggaaaccggotgtgoctocaas

gttatttgtocaggteoaaactocoageageatettggtgetegeoctcotogactgatggaca

gttatttgtocaggteoaaactocoageageatettggtgetegeoctcotogactgatggaca

ggogteggocgtgoatgtcacgttagagtegtocgagtogatat tgt tegagoaataage
(RN R A R R R R AR R RN
ggogteggocgtgoatgtcacgttagagtegtocgagtogatat tgt tegagoaataage

tgoggoagaceattgogagaacaattgoagoteoatocascgtgggaagtegagacactoe

tgoggoagaccattgogagaacaattgeoagoteatocaacgt-ggaagtogagacactoo

goacatcaagtggtgteggtgocgeageoact cagegeagegtge goc gtocaaaagoacte
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

goacatcaagtggtgtoeggtgocgoagoact cagegoagogtgo goc gtocaaaagoacte

casaccgtocagagaacat BEL

caaaccgtocagagaacat 1

Figure A.48: Clone C7
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Fluz / Minus

taccacaagtgagocasaacgtococacegttgottogoctgoatteocogoagtogqaattyg

taccacaagtgagocasaacgtococacegttgottogoctgoatteocogoagtogqaattyg

attoccoctogatgagtteaatatocogacgocgtgacactggotooggtgocactggtgate

attoccoctogatgagttoaatatocogacgoogtgacactggotocoeggtgocactggtgate

cagtattctggact tggeotggeotgaatcoaaagt ceatgoggtggoaacogggggacgatg

(N R R R A RN A R R AR AN R RN
cagtattoctggact tggotggotgaatoccasagt cocatgggtggeaaccgggggacgatg

gogttoaagtgtgtaacgoggaagttogotocagatococtggotggt gatgtgoteggec
FEPEEEETEE e e e e e e e e e e e e b e e b e e e e e e el
togttoaagtgtgtaacgeggaagttogotocagatococtggotggt gat gtgo toeggeo

agqogeatagtttecgacteogaggacatccataggtgtacagtteaacgotataacegtea

agogeatagtttocgactegaggacatccataggtgtacagttcaacgotataacegtea

tttogoaagacogttgotoccagtgtagocaatgogoogqoccaagotgtgocogatgaag
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

tttogoaagaccgttgotococagtgtagocaatgogoogoccaagqotgtgeceggtgaag

tagagggtatagococgaatacgtgeteatogoggact tgatettgotegtcagattgtet

tagagggtatagocogaatacgtgoteategoggact tgatettgotegtcagattgtet

gqoagqeoggottoccatgocttocagaateccagtgt gaacott goagocagtacagaggtea

gqrageggettoccatgoettocagaatcoagtgt gaaccttgoagocagtacagaggtea

togttatocttgoaggatgaagtogagatecagoaatocagttoettgatggt gotactgeoet

togttatocttgoaggatgaagtogagatecagoaatocagttoettgatggt gotactgeoet

cggaaggo gaccac gageocge ttgttggtgt tgt cegoggocaggaaacogget gtgoot
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
cggaaggo gaccac gageocge ttgttggtgt tgt cegoggocaggaaacogget gtgoot

coaaagttatttgtcaggtoasactocagoageatet tggtgotegoctactogact gat

coaaagttatttgtcaggtoasactocagoageatet tggtgotegoctactogact gat

gqoacaggcgtocggeocgtgoat gtocacgttagagtcgtcogagtegatattgttegageaa
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
gqoacaggcgtocggeocgtgoat gtocacgttagagtcgtcogagtegatattgttegageaa

taagetgoggoagaceat tgogagaacaatt goagetcatoccaacgt ggaagte gagaca

taageotgoggoagaceattgogagaacaatt goagot catocaacgt ggaagto gagaca

ctoogoacatoaagtggtgteggtgocgoagoac teagogoagegtgogo agtocaaaage
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

ctoogoacatcaagtggtgteggtgoegoageac teagegoagegtgeogecgtcaaaage

actoccaaacocgtocagagaacat BTE

actoccaaaccgtocagagaacat 1

Figure A.49: Clone C8
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Score

Identi

Strand
Cuery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

Cuery:

Skqct:

mery:

Skqeot:

Cuery:

Skqct:

mery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

= 1655 bits (835), Expect = 0.0
ties = 533/85% (95%), Gaps = 1/83% (0%
= Plus / Minus

IZ  caagtgngocaasacgbtccacogttgottogoctgeoattococcogoogtogaattgattee

B38 caagtgagocasaacgtcocacogttgotteogoctgoattococogoogtogaattgattee

BZ ctogatgagttcastatcogacgoogtgacactggotooggtgocactggtgatccagta

7498 ctogatgagttcaatatcocgacgoogtgacactggetcoggtgocactggtgatocagta

142 ttetggacttggeotggotgaatoccaaagtocatgggt ggoaacegggggacgat gtegtt

(N R R R A RN A R R AR AN R RN
735 ttotggacttggotggotgaatocasagtocatgggt gyocaaceggygggacgat gt gt

Z0Z caagtgtgtaascgoggaagtcogotocagatocctggotggytgatgtgotoggocagoge
PEEEEEETEEE e e et ere e b e e b e v e e e e e e el
678 caagtgtgtaacgoggaagttegotocagatococotggotggtgatgtgotoggocagoge

62 atagtttocogactogaggacatoccataggtgtacagt tecaacgeotataacegtoatttog

8l% atagtttoocgactogaggacatocataggtgtacagtteaacgotataacogteattteg

322 caagaccgttgotocccagtgtagocaatgogocgoccaagotgtgocoggtgaagtagag
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

caagaccgttgotoccagtgtagocaatgogoogoecaage tgt goecggytgaagtagag

o
o
=2

B2 ggtatagococgaatacgtgoteategoggacttgatocttgotegteagattgtetgoage

(N R R R A RN A R R AR AN R RN
445 ggtatagocogaatacgtgoteoatogoggacttgatottgotegteagattgtetgoage

442 ggottococcatgeoctteocagaatocagtgtgaaccttgoagocagtacagaggteate gt

438 ggottoceocatgoctteocagaatoccagtgtgaaccttgoagoecagtacagaggtecatogtt

atcttgoaggatgaagtogagatcagoaatccagttottgatggtgotactgocteggas

378 atcttgeaggatgaagtogagatcagoaatocagttottgatggtgotactgocteggas

362 ggogaccacgagocgoettgttggtgttgtoocgeggocaggaaacecggeotgtgectocaas
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
318 ggogaccacgagocgoettgttggtgttgtoocgeggocaggaaaceggetgtgectocaas

gttatttgteaggtcasactoccagoageatottgntgotogectectoegactgatggaca

I5% gttatttgteaggtoasactocageoageatottggtgotegectoctagactgatggaca

f82 ggogtoggoecgtgoatgtoacgttagagtogtocgagneogatat tgt toegageaataage
PEEEETET et e e e e e e e e e e rer e e e e e e el
1%8 ggogtocggoegtgoatgtoacgttagagtogtecgagtogatattgttoegageaataage

742 tgoggoagancattgogagaacaattgoagoteateocaacgtggaagtogagacactoog

138 tgoggoagaccattgogagaacaattgoagotoatocaacgtggaagtogagacactoeg 7

B0Z cacatcaagtggtgteoggtgocgeagoactocagogoaggoegtgegocgtoaaaageacte
PEEEETET et e e e e e e e e e e rer e e e e e e el

T8 cacatcaagtggtgteggtgoogoagoactoagogea-gogtgogoogtoaaaageacte

B&Z2 caaaccocgtoccagagaacat BEO

1% casaccgtocagagaacat 1

Figure A.50: Clone C9
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Score

=1

4ld bitz (B1l3), Expect = 0.0

Identities = B35/B62 (99%), Gapz = 5/B&2 (0%)

Strand =
omery: 1
Sbjct: BET
omery: B
Skdect: 78T
cmery: 141
Skqjct: 73T
omery: 201
Skdct: &77
cmery: 26l
Skqjct: 617
omery: 3IZ1
Skdeot: 357
cmery: 381
Skqjct: 487
omery: 441
Skdct: 437
omery: 01
Skqjct: 377
cmeary: 381
Skdect: 317
omery: 621
S8bqjct: 257
cmery: 681
Skdect: 157
cmeary: 741
Skqct: 137
omery: BOL
Skqct: TEB
cmeary: Bal
Skqct: 1

Flua / Minua

aagtgagoeaaaacgtocaccgttgot tegoctgeoattoecogoogt cgaattgattoce

aagtgagoeaaaacgtocaccgttgot tegoctgeoattoecogoogt cgaattgattoce

togatgagttoaatateocogacgoogtgacactggyetecggt gocact ggt gatoccagtat

togatgagttoaatatecgacgocgtgacactggetoaggt gocact gyt gatocagtat

totggacttggeotggotgaat coaaagtecatgygtggoaacegggggacgatgtogtte

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
totggacttggotggotgaat ccaaagtecatgygtggoaacegggggacgatgtogtte

aagtgtgtaacgoggaagttogetceagatecectggotggt gat gtgoto ggocage goa
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
aagtgtgtaacgoggaagttogotcoagateoctggotggt gat gtgotoggocago goa

tagtttocgactogaggacatcocataggtgtacagttcaacgotataacogteatttoge

tagtttoogactogaggacatocataggtgtacagttcaacgetataacogteatttoge

aagaccgttgetooccagt gtagecaat gogeocgoccaaget gtgooce ggt gaagtagagg
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

aagacoegttgotoccagt gtagocaat gogoegeccaagot ghgoce gt gaagtagagg

gtatagocogaatacgtgotoatogoggacttgatettgotogtcagatt gtot goageg

gtatagocegaatacgtgotecatogeggacttgatettgetogt cagatt gtot goagog

gottococcatgeocttocagaatoccagtgogaacottgoagecagtacagaggteatogtta

gottoccatgocttocagaatcocagtgtgaacocttgoagocagtacagaggteatogtta

tottgoaggatgaagtogagateagoaatocecagttot tgat gyt gotact gooct cggaag

tottgoaggatgaagtogagateagoaatocecagttot tgat gyt gotact gooct cggaag

gogaccacgagoogottgttggtgttgtecgeggocaggaaaccggo tgt goct coaaag
(RN R A R R R R AR R RN
gogaccacgagoogottgttggtgttgtecgeggocaggaaaccggo tgt goct coaaag

ttatttgteaggtecasactecagoageoatocttggtgetogootoctogactgat ggacag

ttatttgteaggtecasactecagoageoatocttggtgetogootoctogactgat ggacag

gogteoggoogtgoatgtoacgttagagtegtcogagtagatatt gttogagoaataaget
(RN R A R R R R AR R RN
gogteoggoogtgoatgtoacgttagagtegtcogagtagatatt gttogagoaataaget

goggoagaccattgogagaacaat ttgoagoteatocascgtggaagtegagacact cog

goggoagaccattgogagaacaa-ttgoagetoatocaacgtggaagtegagacacteog

cacatcaagtggtgtoggtgooocgoageoact cagegeagegtge goc gttt casaangoac
Prrerrrrerr e e e rererrrrrrrerrrrerre e e ey rrrrer rrrl

cacatecaagtggtgteggtg-cogoagoact cagoegoagogtge goo -t caaaa-goac

tococaaacognnocagagaacat BEZ

tocasaccg-toocagagaacat 1

Figure A.51: Clone C12
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Score

=1

B4 bitz (BOO), Expect = 0.0

Identities = B51/863 (58%), Gaps = 5/B&3 (0%)
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Flua / Minua

caagtgngeocaaaacgteocacogttgottogoctgoatteccogoegtegaattgat toe

caagtgageocaaaacgteocacogttgottogoctgoatteccogoegtegaattgat toe

ctogatgagttocaatatecogacgoocgt gacactggeotcoggtgocactgotgatccagta

ctogatgagtteoaatatocogacgoogt gacactggotcocggtgocactggtgatccagta

ttotggacttggotggot gaatocaaagtecatgggt ggoaaccgggggacgat gtegtt

FEETERETEE e v e e e e e e b e e e v et e e e e e b e e e el
ttetggacttggotggeot gaatocaaagtocatgggt ggeaacogggggacgatgtegtt

caagtgtgtaacgoggaagttogo tecagatecoctggetggtgatgt got cggocagege
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl
caagtgtgtaacgoggaagttogotocagatecoctggetgotgatgt got ocggocagege

atagtttocogactogaggacatocataggtgtacagt teacogonnnencegtoattteg

atagtttoeogactogaggacatecataggtgtacagtteaacgo tataaceogteatttog

caagaccgttgotoccagtgtagocaatgogoogoccaagqe tgt gocoggtgaagtagag
PEEETREEEEr e e e e e e e et e e e e e e et et e e errl

caagaccgttgotoccagtgtagocaatgogoogeccaagqo tgt gocoggtgaagtagag

ggtatagococgaatacgtgotcatogoggacttgatottgotegteagat tgtotgoage

gotatagoeocgaatacgt gotcatcgoggacttgatettgotegteagat tgtetgoage

ggcttoccatgoocttocagaatocagt gtgaaccttgeagocagtacagaggteategtt

ggotteoccatgeocttocagaatocagt gtgaacottgoagqocagtacagaggteategtt

atettgoaggatgaagtogagatcagoaatecagttottgatggtgeotactgoctoggas

atettgoaggatgaagtogagatcagoaatecagttottgatggtgeotactgoctoggas

ggogaccacgagqoogott gtk ggt gtt gtocogoggocaggaaaccggotgtgoctocaas

(RN R A R R R R AR R RN
ggogaccacgagqoogott gtk ggt gtt gtocogoggocaggaaaccggotgtgoctocaas

gttatttgtocaggteoaaactocoageageatettggtgetegeoctcotogactgatggaca

gttatttgtocaggteoaaactocoageageatettggtgetegeoctcotogactgatggaca

ggogteggocgtgoatgtcacgttagagtegtocgagtogatat tgt tegagoaataage
(RN R A R R R R AR R RN
ggogteggocgtgoatgtcacgttagagtegtocgagtogatat tgt tegagoaataage

tgoggoagaceattgogagaacaattgoagoteoatocascgtgggaagtegagacactoe

tgoggoagaccattgogagaacaattgeoagoteatocaacgt-ggaagtogagacactoo

goaccatcaagtgggtgt cggtgocgoagoactoagegoaggegtge goc cgtocaaaage
Prrrrrrerr e reeerrerrrrerrrrrrrerrrrerr reererr rrrrrrr e

goa-catcaagt-ggtgtoggtgocgoageactoagogoa- gogtgo g-cogtoaaaage

actoccasaccgtocagagaacat BE4

actoccaaaccgtocagagaacat 1

Figure A.52: Clone C13
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Score

=1

§ld kbitz (E13), Expect = 0.0

Identities = B50/857 (%5%), Gaps = 4/857 (0%)
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Pluz / Minuz

gtgngoeaaaacgtoccacogttgottegoctgoattoccogecgtogaattgatteccte

gtgagoeaaaacgtoccacogttgeottegoctgoattoccogecgtogaattgatteccte

gqatgagttoaatatcogacgoogtgacactggetcoggtgocactggtgatoceagtatte

gqatgagttcaatatcogacgoogtgacactggetcoggtgocactggtgatocagtatte

tggacttggot ggo tgaatocasagtocatgggt ggocaacegggggacgatgtogttcas

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
tggacttggetggotgaatocasagteocatgggt ggoaaccggggogacgatgte gttt caa

gtgtgtaacgoggaagtteogotocagatocctggotggtgatgtgot cggocagogoata
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
gtgtgtaacgoggaagttogotocagatocctggotggtgatgtgotcggocagogoata

gttteoogactogaggacatocataggt gtacagt toeaacgotataacogtcatt tegeas

gttteocgactogaggacatocataggtgtacagt teaacgotataacegteatttoegeaa

gaccgttgotoccagtgtagocaatgogocgoccaagotgt goccggtgaagtagagggt
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
gaccgttgotoccagtgtagocaatgogocgoccaagotgtgoococggytgaagtagagggt

atageoocogaatacgtgoteatogoggacttgatottgotegtoagattgtoetgoage gge

atageocogaatacgtgotocategoggacttgatettgotegtoagat tgtetgoage gge

ttoceoatgoct tocagaatocagtgtgaacottgoageocagtacagaggteategttate

ttocecatgoocttocagaatocagtgtgaacocttgoagocagtacagaggtcatogttate

ttgoaggatgaagtcgagatcageoaatcocagttottgatggtge tactgocteggaa gge

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
ttgoaggatgaagtcgagatcageoaatcocagttottgatggtge tactgocteggaa gge

gqaccacgagoogot tgttggtgttgtoccgoggeocaggaaaccggetgtgoctocaaagte

(HERREE AR R R N R R AR AR
gqaccacgagoogot tgttggtgttgteccgoggeocaggaaaceggetgtgoctocaaagtt

atttgteaggtcasactocageageateottggtgotogoctectocgactgatggacagge

» atttgtocaggtoaaactoccagoageatettggtgetogectocctegactgatggacagge

gtoggocgtgoatgteacgttagagtegtecgagtegatat tgt togagoaataage tge
(N R R R A RN A R R AR AN R RN
gtoggocgtgoatgteacgttagagtegtecgagtegatat tgt togagoaataage tge

gggoagaccattgogagaacaattgoagotoatocaacgtggaagtogagacactec gea

gyoagaccat tgqogagaacaattgoagetcatoccaacgtggaagtogagacac toe goa

catcaagtggntgt cggt gocogoagoactoagqo goagegt gogeocgtoaaaagoac too
PEEEErerrr et et reer e e e e r et e e e e e e e e el

catocaagtgg-tgtoggtg-cogoagoactoage goagogt gogeogtecaasagoact-o

cazancgtoccagagaac §EZ

caaaccgtocagagaac 3

Figure A.53: Clone C14
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Score
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= 1681 bita (848), Expect = 0.0
Identities = B40/864 (55%)
Strand =

14

8464

504

134

154

684

314

564

04

434

444

454

©l4

Ia4

Fluz / Minus

gJtaccacaagt gagocaaaacgtocacogttgot toegooctgeoattoccogocgt ogaatt

gJtaccacaagt gagocaaaacgtocacogttgot toegooctgeoattoccogocgt ogaatt

gatteoocctogatgagttoaatatocgacgocgtgacactggyotecggtgocact gt gat

gqatteocotogatgagttocaatatecogacgoogtgacactggyetecggtgecact ggt gat

ccagtattotggacttggeotggotgaatocaaagtecatgygtggoaacegggggac gat

(N R R R A RN A R R AR AN R RN
coagtattoctggacttggetggotgaateccaaagtecatggygtggoaacegggggac gat

gtogttocaagt gtgtagogoggaagttogotocagatocctggotggytgatgtgote gge
PEEEEEETETE et vrr e e e e b e e b e e v e e e e e e el
gtogttocaagt gtgtaacgoggaagttogotocagatococtggeo tggtgatgtgote ggo

cagogoatagt ttoocgactogaggacatocataggtgtacagtt caacgetataacogte

cagogoatagtttocogactogaggacatecocataggtgtacagttcaacgotataacogte

attteogeoaagacogttgotoccagtgtagecaat gogotgoccaagetgt gooe gt gaa
PEEEEEETETErrrr e e e e e e e e e b e e e e et te e e e el

atttegoaagacegttgotoccagtgtagocaat gogoogoccaage tgt goec ggt gaa

gtagagggtatagoocogaatacgtgotcatogeoggacttgatettgotegtoggatt gte

(HEEE R R R R A A R R AR R R RN
gtagagggtatagocogaatacgtgoteatogoggacttgatettgotegtoagatt gte

tgoagoggottoccatgocttocagaatoccagtgtgaacct tgoagocagtacagaggte

tgoagoggottococcatgeocttocagaatocagtgtgaacct tgoagocagtacagaggte

atcgttatcttgoaggatgaagtogagatcageaatccagttottgatggtgotact goo

atcgttatcttgoaggatgaagtogagatcageaatccagttottgatggtgotact goo

toggaaggogaccacgagoogettgttggtgttgtec goggecaggaaacegge tgt goo
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
toggaaggogaccacgagoogettgttggtgttgtec goggecaggaaacegge tgt goo

tocaaagttatttgteaggtcasactocagoagqoatottggytgoteogectactogactga

tocaaagttatttgteaggtcasactocagoagqoatottggytgoteogectactogactga

tggacaggogtcggoogtgoatgteacgttagagtegtoogagtegatattgttogagea
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
tggacaggogtcggoogtgoatgteacgttagagtegtoogagtegatattgttogagea

ataagotgoggoagaccattgeogagaacaat tgoage teat ccaacgtggaage ogagac

ataagotgoggoagaccattgogagaacaat tqoage teat ccaacgtggaagt cgagac

actocogoacatcaagtggtgtoggtgocgoageactocagogeagegt gogecgt caaaag
PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el

actocogoacat caagtggtgteggtgoocgoageactocagogeagogt gogecgt caaaag

cactoocaaaccgtocagagaacat BTT

cacteocasaccgtocagagaacat 1

Figure A.54: Clone C15
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9% bitz (EBZ7), Expect = 0.0

Identities = B539/860 (95%)

Strand

mery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

mery:

Skqeot:

Cuery:

Skqct:

mery:

Skqeot:

Cuery:

Skqct:

Cuery:

Skqeot:

mery:

Skqct:

Cuery:

Skqeot:

Bé

g0

1z

1%

o

a2

31

34

437

44

457

38

o
o

a1

26

o

g |
[P
-

a

a

7

T

a

a

T

a

!

a

!

a

T

a

a

Pluz / Minuz

cacaagtgagocaaaacgtocacegttgottcgooctgoattecocgoegtegaattgatt

cacaagtgagocaaaacgtocacegttgottcgooctgoattecocgoegtegaattgatt

coctegatgagttoaatatocegacgoegtgacactggotoeggt goocactggtgatocag

coctegatgagttocaatatocogacgoogtgacactggoctocggt gocact ggtgatecag

tattetggacttggotggetgaatccaaagt coatgggtggoaacogggygygacgatgteg

PEEEEEETETErrrr e e e e e e e e b e e b e e v e e e e e e el
tattetggact tggotggetgaatocaaagt coatgggtggeoaacoggggygacgatgtog

ttoaagtgtgtaacgoggaagttogotcoagatococtggotggtgatgtgoteggocage
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e
ttoaagtgtgtaacgoggaagttogotcoagatococtggotggtgatgtgotoggocage

gqoatagtttocgactogaggacatocataggtgtacagttocaacgotataacogteattt

gquatagtttecgactegaggacatoccataggtgtacagttoaacgotataacegteattt

cgoaagacogt tgoteccagtgtagoecaatgogoogooccaagqot gbgooccggtgaagtag
FECRTIEEE R et et e e b e e e e b e e e e e e e e e e

cgoaagaccgttgotoccagt gtagocaatgogoocgocoaagqot gtgocoggtgaagtag

agggtatagocogaatacgtgotoatogoggacttgatettgotogtcagattgtet goa

agggtatagooccgaatacgtgeteategoggacttgatettgotogtcagattgtet gea

gqoggeottococatgocttocagaatocagtgt gaacet tgoagocagtacagaggteatog

gqoggettoceatgocttocagaatccagtgt gaacot tqoagocagtacagagqgteateg

ttatecttgoaggat gaagtogagatocagoaatocagttoettgatggtgotactgoetogg

ttatecttgoaggat gaagtogagatocagoaatocagttoettgatggtgotactgoetogg

aaggogaccacgagocgottgttggtgttgt cegoggocaggaaaceggotgtgoctcoa
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aaggogaccacgagocgottgttggtgttgt cegoggocaggaaaceggotgtgoctcoa

aagttatttgtcaggtocaaactococageoageatettggtgotegeoctectogact gat gga

aagttatttgtcaggtocaaactococageoageatettggtgotegeoctectogact gat gga

caggogtocggoogt goatgtcacgttagagt cgt coegagtegatattgttogagoaatas
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caggogtocggoogt goatgtcacgttagagt cgt coegagtegatattgttogagoaatas

gqotgeoggoagaceattgogagaacaat tgoaget cat coaacgtggaagt cgagacacte

gqotgoggoagaccattgogagaacaat tgoragetcat ccaacgt ggaagt cgagacacte

cgoacatcaagtggtgtegotgoogoagoac teagegoagogtgoge gt caaaagnact
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cgocacatcaagtggtgtoggt googoageac teagogoagegtgegeagt caaaagoact

ccaaaccgtocagagaacat 874

coaaaccgtocagagaacat 1

Figure A.55: Clone C16
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acaagtgngooaaaacatccacogttgottegoctgoattooccogoogtogaattagatte

acaagtgagooaaaacgtocacogttgottegoctgoattooccogoogtogaattgatte

cotogatgagttoaatatcogacgoogtgacactggotooggtgocactggtgatocagt

cotogatgagttoaatatcoegacgoogtgacactggetoceggtgoecactggtgatoocagt

attoctggacttggotggo tgaatoccaaagtecatgggtggoaaccgggggacgatgtegt

(RN R A R R R R AR R RN
attotggacttggotggeo tgaatccasagtecatgggtggoaac cgggggacgatgtogt

tocaagtgtgtaacgoggaagt tegotocagatoocctggotggtgatgtgoteggyocageg
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tcaagtgtgtaacqgeoggaagt tegotoccagatococectggotggtgatgtgeo teggocageg

catagtttecgactogaggacatocataggtgtacagtteaacgotataacegteattte

catagtttoocgactogaggacatccataggtgtacagttoaacgotataacagtoattte

goaagaccgttgotoccagtgtagocaatgogoogoccaagotgtgoceggtgaagtaga
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goaagaccgttgoteoccagtgtagocaatgogoogoccaagetgtgooceggtgaagtaga

gogtatagecogaatacgtgoteategoggacttgatettgotogtecagattgtetgeag
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gggtatagocogaatacgtgocteatogoggacttgatottgotegtoagattgtotgoag

cggottoccatgocttocagaatccagtgtgaacctt goagocagtacagaggtcat gt

coggottoceatgocttocagaatocagtgtgaacett goageocagtacagaggteatogt

tatocttgoaggatgaagt ocgagat cagoaatcocagttottgatggtgotactgoctegga

tatocttgoaggatgaagt ocgagat cagoaatcocagttottgatggtgotactgoctegga
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goacatcaagtggtgtoeggtgocgoagoact cagegoagogtgo goc gtocaaaagoacte
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goacatcaagtggtgteggtgocgeageoact cagegeagegtge goc gtocaaaagoacte
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Figure A.56: Clone C18
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aagtgagocaaaacgtocaccgntgnt tegoctgeat toccogoogt ogaattgattooe

aagtgagocaaaacgtocaccgttgot tegoctgoat teocogoogt ogaattgattoce

togatgagttoaatatecgacgocgtgacactggetoaggt gocact gyt gatocagtat

togatgagttoaatateocogacgoogtgacactggyetecggt gocact ggt gatoccagtat

totggacttggotggotgaat ccaaagtecatgygtggoaacegggggacgatgtogtte
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gtatagocegaatacgtgotecatogeggacttgatettgetogt cagatt gtot goagog

gtatagocogaatacgtgotoatogoggacttgatettgotogtcagatt gtot goageg

gottoccatgocttocagaatcocagtgtgaacocttgoagocagtacagaggteatogtta

gottococcatgeocttocagaatocagtgtgaacocttgeageocagtacagaggteatogtta

tottgoaggatgaagtogagateagoaatecagttoet tgat gyt gotact goct oggaag

tottgoaggatgaagtogagateagoaatecagttoet tgat gyt gotact goct oggaag
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acatocaantanngtoggt goc goagoactecagogoagogtgoge cgt casaaagqoactos

acatcaagtggtgteoggt gocgeageoactecagogeagegtgogo cgt c-aaaagqeoactoo

aaaancgtocagagqaacat BEL

aaacogtocagagqascat 1

Figure A.57: Clone C20
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