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Production of Nucleic Acid

Field of invention

The present invention relates to a process for the production of nucleic acid encoding a target
protein and target protein obtainable thereby, including enzymes such as nucleic acid

processing enzymes, and in particular reverse transcriptase.

Background of the invention
Protein evolution is a known technology for selection and directed evolution of proteins from
large libraries. The basic principle of selection is to ensure that there is a linkage between a
specific phenotype (protein) and its encoding genotype. This phenotype-genotype linkage can
be realized in three different ways:
o covalent linkage such as mRNA display, and to some extent phage display, bacterial
display, yeast display etc.,
e non-covalent linkage which use affinity interaction. Examples are ribosome display,
CIS display, plasmid display etc.,
s compartmentalization such as i vitro compartmentalisation (IVC), compartmentalized

self-replication (CSR), simple bacterial screening, high throughput screening etc.

As indicated in the above paragraph, one example of covalent phenotype-genotype linkage is
achieved using mRNA display. As described by Roberts and Szostak (1997) covalent fusions
between an mRNA and the peptide or protein that it encodes can be generated by in vitro
translation of synthetic mRNAs that carry puromycin, a peptidyl acceptor antibiotic, at their 3’

end.

Non-covalent linkage between phenotype and genotype can be achieved with ribosome
display. In ribosome display, an array of RNAs including one o.r more encoding a target protein
is subjected to an in vitro translation system so as to form a non-covalent ternary complex of
ribosome, mRNA and protein coupled to tRNA. This array of ternary complexes must be
stabilized. Accordingly, each ternary complex formed during in vitro translation uses mRNA
lacking a STOP codon at the end. The ternary complexes are further stabilized at low
temperature (4°C) and high concentration of magnesium (50mM). In the stable complex the

linkage between phenotype and genotype is preserved. A selection step follows whereby target
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protein is selected on the basis of a property of the protein whilst still attached to the ternary
complex. Selected ternary complexes may then be disassembled and the mRNA associated

with the target protein is amplified by RT-PCR.

In general, ribosome display is successfully applied for the selection of peptides (Mattheakis et
al., 1994; Matsuura and Pluckthun, 2003) and proteins (Hanes and Pluckthun, 1997; He and
Taussig, 1997; Irving et al., 2001), which bind to different targets. In some cases it is possible
to use ribosome display to sclect for enzymatic activities, performing affinity selection of
proteins with suicide inhibitor (Amstutz et al., 2002) or active site ligand (Takahashi et al.,
2002).

In in vitro compartmentalization (IVC) phenotype and genotype linkage is realized by in vitro
compartmentalization of genes in a water-in-oil emulsion. The number of genes used to
prepare the emulsion is calculated such that most of water compartments contain no more than
a single gene. The compartmentalized genes are transcribed and translated. The activity of the
synthesized proteins is then assessed. Subsequent selection on the basis of protein activity
results in amplification of DNA encoding active proteins with desired properties. Water
droplets used in most IVC applications are 2-3 um in size, giving ~5 femtolitres reaction
volume and ~10'" water-in-oil compartments (50 pl water phase) per 1 ml of emulsion. The
first successful example of IVC selection system was based on target-specific DNA
methylation activity (Tawfik and Griffiths, 1998). Genes of Haelll methyltransferase were
compartmentalized, transcribed and translated. In vitro synthesized methyltransferase in the
presence of a cofactor was able to methylate its own DNA. Based on methylated DNA
(reaction product) resistance to digestion with Haelll réstriction endonuclease, genes encoding

methyltransferase were selected from a 107 fold excess of other DNA molecules.

To date many more modifications of IVC have been designed and realized. The easiest way to
perform IVC selection is to wuse DNA-modifying enzymes, in particular
DNA-methyltransferases (Lee et al., 2002; Cohen et al., 2004). A similar experimental
strategy was applied in order to select for active variants of FokI restriction endonuclease (Dot

et al., 2004). Compartmentalized DNA, encoding active restriction endonucleases, was
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digested and selected by subsequent incorporation of biotin-dUTP and binding to streptavidin
beads.

A different IVC selection strategy was applied for evolution of DNA polymerases (Ghadessy et
al., 2001; Ghadessy et al., 2004; Ong et al., 2006). This new selection method is based on
‘compartmentalized self-replication’ (CSR) of genes encoding active DNA polymerase.
Contrary to usual IVC, where proteins of interest are expressed in situ, CSR is performed by
compartmentalization of bacterial cells expressing thermophilic DNA polymerase. Cells
resuspended in PCR buffer, supplemented with primers and dNTP’s, are emulsified yielding
compartments ~15 pm in size. Each water droplet serves as a separate PCR compartment.
During the initial PCR denaturation step the bacterial cells are broken releasing the expressed
thermophilic DNA polymerase and its encoding gene into the reaction mixture, allowing
self-replication to proceed meanwhile other bacterial proteins are denatured by high

temperature,

A modification of IVC is the use of double water-in-oil-in-water emulsions. Water droplets
surrounded by an oil layer can be analyzed and sorted in a FACS at a rate of >10* variants per

second (Bernath et al., 2004; Mastrobattista et al., 2005).

Selection of proteins for binding may also be performed by IVC. A protein of interest
expressed in water-in-oil compartments is coupled covalently (Bertschinger and Neri, 2004) or
non-covalently (Doi and Yanagawa, 1999; Yonezawa et al., 2003; Sepp and Choo, 2005) to the

gene that encodes it.

Other applications of IVC are known where microbeads entrapped into compartments are used
as intermediators for protein and gene coupling. Single genes attached to microbeads are
transcribed and translated in water droplets. Newly synthesized protein is captured onto the
same bead within reaction compartment. After emulsion is broken isolated beads can be used
further for affinity selection (Sepp et al., 2002). Emulsions usually are broken using organic
solvents (hexane, ether, chloroform), which can also decrease activity of certain enzymes
displayed on the beads, limiting the application of this technology. For selection of catalytic

activity microbeads can be easily washed, resuspended in different reaction buffer and
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compartmentalized again by second emulsification step (Griffiths and Tawfik, 2003). However
sometimes rigid enzyme-bead-gene complexes (because of sterical hindrance and enzyme
mobility limitations) can not fulfil essential reaction requirements and the activity of the
attached enzymes may be lower than that of the free enzyme. In addition, such methods are
technically complicated since many additional components have to be used (i.e. affinity tags,

antibodies, and beads).

The composition of emulsions used in IVC is designed to ensure stability of water
compartments and efficient in vitro transcription of mRNA and subsequent translation of target
proteins. In vitro evolution has a broad range of targets to be improved. Some proteins and
enzymes of interest are robust hard-workers and can be active enough in different buffers, in
particular in reaction mixtures used in IVC. However there are many complicated enzymes,
which can work only under optimized or specific conditions. In addition to that the first law of
in vitro evolution says - “you will evolve what you are selecting for”. That means, an enzyme
evolved and optimized in transcription/translation reaction mixture will work well in that
particular mixture and most likely will perform much worse in its own buffer. In some cases
enzyme working conditions are incompatible with in vitro transcription and translation mixture
used for protein expression in compartments. A partial solution is a nano-droplets delivery
system (Bernath et al., 2005) used to transport different solutes into emulsion compartments.
Even more sophisticated manipulations with water-in-oil compartments can be done employing
microfluidics devices. Highly monodisperse single or double emulsions (Thorsen et al., 2001;
Okushima et al., 2004) can be prepared at a rate of up to 10000 aqueous droplets per second.
Generated water compartments can be transported in microfluidic channels, fused, subdivided
and sorted (Song et al.,, 2003; Link et al., 2006). Nevertheless full buffer exchange in the

compartments is still a problem.

Reverse transcriptases are very important commercial enzymes used to synthesize cDNA from
an mRNA target. A lot of research has been done in order to improve properties of reverse
transcriptases. However no properly working selection system suitable for in vitro evolution of
reverse transcriptase was known to date. Almost all improvements are made and mutants of

reverse transcriptase selected using high throughput screening and rational design.
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Neither ribosome display (RD), nor in vitro compartmentalization (IVC) may be used for
selection of fully active reverse transcriptase. Ternary complexes used in ribosome display
usually are not stable at higher temperatures required to perform reverse transcriptase selection
and as a consequence linkage between phenotype and genotype will be lost. Whilst relatively
stable ternary complexes used in ribosome display can be produced using synthetic in vitro
translation extract WakoPURE (Matsuura et al., 2007), in vitro translated reverse transcriptase
immobilized to ribosome and mRNA will encounter significant Steric hindrance during
synthesis of full-length cDNA. There is also the possibility that immobilized enzyme will act in
trans as well as in cis, which again is incompatible with protein evolution strategy, because the

phenotype-genotype linkage will not be preserved.

IVC generally employs DNA as genetic material. In vitro transcription of mRNA and target
protein translation is performed in spatially separated emulsified water compartments in the
presence of the DNA. In the case of reverse transcriptase in vitro evolution, the presence of
coding DNA sequence abolishes the main prerequisite of selection for reverse transcriptase
activity - cDNA has to be synthesized de novo. In other words, selection for better reverse
transcriptase variants is based on enzyme ability to synthesize their own coding cDNA from
mRNA. Newly synthesized cDNA has to be amplified by PCR, therefore cDNA should be the
only source of DNA in the reaction. DNA used in IVC selection will amplify together with

cDNA canceling basic selection scheme.

More sophisticated variants of in vitro compartmentalization, such as usage of microbeads
entrapped in water compartments (Sepp et al., 2002; Griffiths and Tawfik, 2003), allow
complete exchange of reaction buffer. In this approach the phenotype-genotype linkage is
realized via microbeads yielding a rigid selection unit mRNA-microbead-protein, which, in
case of reverse transcriptase selection, again can cause steric hindrance and as a result

inefficient cDNA synthesis.

Taq DNA polymerase able to synthesize ~300 nucleotides long ¢cDNA was selected using
modification of phage display technology (Vichier-Guerre et.al, 2006). Although this approach
works, it has some shortcomings: 1) not all proteins can be displayed on phages; 2) absolute

requirement to use biotin labeled nucleotides for selection; 3) displayed enzyme can work in
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trans as well as in cis; 4) because of steric hindrance and enzyme mobility limitations phage-

enzyme-DNA/RNA complex can interfere with efficient synthesis of cDNA.

The possibility of selection for reverse transcriptase is also mentioned in W00222869, which
is related to the compartmentalized self replication (CSR) method. CSR technology is used to
select thermophilic DNA polymerases, in particular Taq DNA polymerase (Ghadessy et al.,
2001; Ghadessy et al., 2004; Ong et al., 2006). Bacterial cells, expressing mutants library of
thermophilic DNA polymerase are suspended in PCR mixture and emulsified yielding separate

PCR compartments for in vitro selection of more active polymerases.

Real selection for reverse transcriptase activity will be prevented by the presence of bacterial
RNases, which remain active at moderate temperatures and will degrade target mRNA. There
will also be DNA contamination from non-selected plasmid DNA (released from bacterial cell)
as well as the presence of all E.coli enzymes, structural proteins, ribosomes, NTP, RNases,

DNases and small molecular weight molecules.

Summary of the Invention

The present invention aims to provide an improved method of protein evolution which does not

suffer from drawbacks of the prior art methods.

Accordingly, in a first aspect, the present invention provides a process for the production of
nucleic acid encoding a target protein, which comprises:

(a) providing an array of RNA or DNA molecules including one or more encoding
the target protein;

(b)  generating a target protein from the array to form RNA-protein or DNA-protein
complexes in which the RNA or DNA molecule is non-covalently or covalently bound to the
complex;

(©) separating the complexes into compartments wherein most or all of the
compartments contain no more than one complex;

(d) subjecting the complexes to reaction conditions which allow target protein

activity; and
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(e) selecting nucleic acid encoding the target protein on the basis of the activity
associated therewith,
wherein when the complex is a DNA-protein complex in which the DNA is non-covalently

bound, step b) is performed in the absence of separate compartments for each complex.

The present inventors have devised a method which utilizes two distinct types of phenotype-
genotype linkage and achieves a new selection system for use in methods of protein evolution
within the laboratory. The new features of the method, described further below, allow it to be
applied to an extended range of target proteins in comparision to the methods of the prior art,
with increased ease of use and flexibility. In particular, the present invention provides for the
first time the possibility of evolving and improving the properties of reverse transcriptase

enzymes — one of the most important enzyme groups in the toolbox of molecular biologists.

In one embodiment of this aspect the invention provides a process for the production of nucleic
acid encoding a target protein, which comprises:
(a) providing an array of RNA or DNA molecules including one or more encoding

the target protein;
(b) generating a target protein from the array to form RNA-protein or DNA-protein

complexes;

(©) separating the complexes into compartments wherein most or all of the
compartments contain no more than one complex;

(d) subjecting the complexes to reaction conditions which allow target protein
activity; and

(e) selecting nucleic acid encoding the target protein on the basis of the activity

associated therewith,
wherein in the RNA-protein complex the RNA is non-covalently or covalently bound thereto

and in the DNA-protein complex the DNA is covalently bound thereto.

In a second embodiment of this aspect the invention provides process for the production of
nucleic acid encoding a target protein, which comprises:

(a) providing an array of RNA or DNA molecules including one or more encoding

the target protein,
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(b)  generating a target protein from the array to form RNA-protein or DNA-protein
complexes in which the RNA or DNA molecule is non-covalently or covalently bound to the
complex;

(c) separating the complexes into compartments wherein most or all of the
compartments contain no more than one complex;

(d)  subjecting the complexes to reaction conditions which allow target protein
activity; and

(e) selecting nucleic acid encoding the target protein on the basis of the activity
associated therewith,

wherein step b) is performed in the absence of separate compartments for each complex.

Covalent linkages between DNA or RNA and the target protein can be generated by any
technique known in the art, for example, mRNA display, phage display, bacterial display or
yeast display. In particular, a covalent RNA-protein linkage can be generated using the
technique of mRNA display, while a covalent DNA-protein linkage can be generated using the
technique of covalent antibody display (CAD) (Reiersén et al., 2005), performing translation in
compartments by covalent DNA display (Bertschinger and Neri, 2004), or using similar
covalent display techniques such as those described by Stein et al., (2005).

Non-covalent linkages between DNA or RNA and the target protein can also be generated by
any technique known in the art, for example, ribosome display, CIS display, or plasmid
display. In particular, a non-covalent DNA-protein linkage can be generated in the absence of a
compartment using CIS display (Odergrip et al., 2004), while a non-covalent RNA-protein

linkage can be génerated using the technique of ribosome display.

As indicated above, when the complex is a DNA-protein complex in which the DNA is non-
covalently bound, step (b) of the process of the invention is performed in the absence of
separate compartments for each complex. In other words, step (b) is un-compartmentalised.
Specifically, when the complex generated is a DNA-protein complex in which the DNA is non-
covalently bound, the generation step is performed without separating each member of the
array from one another. In particular, the generation step is performed without separating each

member of the array by in vitro compartmentalization (IVC). In a particularly preferred
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embodiment the generation step is performed without separating each member of the array in a

water-in-oil emulsion.

Compartmentalisation can also be performed by any method known in the art which enables
the complexes to be generated or separated such that all or substantially all of the
compartments contain no more than one complex. In particular, it is preferred that at least 70%,
at least 80% or at least 90% of the compartments contain no more than one complex. For
example, compartmentalization can be performed by separating members of the array or each
complex into different wells on a microtitre or nanotitre plate, or by in vitro
compartmentalization (IVC). In particularly, separation by IVC can involve separation into

aqueous droplets in a water-in-oil emulsion or a water-in-oil-in-water emulsion.

The method of the present invention combines at least two different types of genotype-
phenotype linkage selected from the list: covalent linkage, non-covalent linkage and
compartmentalization. In a preferred aspect of the invention the method utilized no more than
two of these linkages. Thus in a particularly preferred embodiment the method utilizes the
covalent or non-covalent linkage as the only genotype-phenotype linkage in step b). In other

words, in this embodiment there is no compartmentalization in step b).

Covalent/non-covalent linkages between DNA or RNA and the protein in the absence of a
compartment can be established in many different ways, for example, by ribosome display,
mRNA display (Roberts and Szostak, 1997), CIS display (Odergrip et al., 2004) or covalent
antibody display (CAD) (Reiersen et al., 2005). Specifically, covalent DNA-protein linkage
can be realized in the absence of compartments by using CAD technique, while covalent RNA-
protein linkage and non-covalent RNA-protein linkage can be established by mRNA display

and ribosome display, respectively.

The present invention can be realized through a combination of many different linkages. For
example, the present invention can be realized through a compbination of ribosome display and
in vitro compartmentalization, or through a combination of mRNA display, CIS display, or
CAD display and IVC.
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In a preferred aspect the process for the production of nucleic acid encoding a target protein is
realized through a combination of ribosome display and in vitro compartmentalization. In
particular such an process comprises:

(a) providing an array of mRNAs including one or more encoding the target
protein;

(b)  incubating the array of mRNAs under conditions for ribosome translation to
generate an array of ternary complexes each comprising an mRNA, a ribosome and protein
translated from the mRNA;

(©) incorporating the array of ternary complexes into aqueous phase droplets of a
water-in-oil or a water-in-oil-in-water emulsion, wherein most or all of the aqueous phase
droplets contain no more than one ternary complex;

(d)  subjecting the aqueous phase droplets to reaction conditions which allow
protein activity; and

(e) selecting nucleic acid encoding the target protein on the basis of the enzyme

activity associated therewith.

Such a process according to the present invention may be termed “compartmentalized
ribosome display” (CRD). CRD is applicable to a wide range of target proteins, including
enzymes. CRD has the advantage that the linkage between the enzyme and the mRNA is non-
covalent. Thus if the reaction conditions used in step (d) involve a raised temperature the
ternary complexes generated in step (b) will fall apart and the enzyme will be released. This
avoids the problems associated with enzyme mobility described above for prior art methods in

which the enzyme is immobilized on a bead.

Emulsion droplets with ribosome display complexes inside can be sorted or selected in step (€)
in many ways. Preferably they are sorted by fluorescence activated cell sorting (FACS) or
using microfluidic techniques. Both techniques mainly exploit fluorescence based droplet
sorting. However, droplets can also be searpated by size, light diffraction or light absorption,
depending on the reaction conditions used in step (d) and the protein activity that is being

selected for.
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Fluorescent based sorting methods are preferably used when the target protein is an enzyme. In
this embodiment the reaction conditions employed in step (d) include a non-fluorescent
substrate capable of being converted to a fluorescent product. Activity by the enzyme generates
the fluorescent product, allowing FACs to be used to distinguish between fluorescent droplets
containing an active enzyme and non- or less fluorescent droplets which contain no active

enzyme or a less active enzyme.

In particular, CRD is applicable to nucleic acid processing enzymes such as reverse

transcriptases, and allows for fast and efficient in vitro evolution.

In a further aspect the present invention provides a process for the production of nucleic acid
encoding a target protein, which comprises:

(a) providing an array of mRNAs including one or more encoding the target
protein, wherein the mRNAs comprise a substrate for an enzyme comprising the target protein

or a co-enzyme thereof;,

(b)  incubating the array of mRNAs under conditions for ribosome translation to
generate an array of ternary complexes each comprising an mRNA, a ribosome and protein
translated from the mRNA;

(c) incorporating the array of ternary complexes, and optionally the co-enzyme,
into aqueous phase droplets of a water-in-oil or a water-in-oil-in-water emulsion, wherein most
or all of the aqueous phase droplets contain no more than one ternary complex;

(d) subjecting the aqueous phase droplets to reaction conditions which allow
enzyme activity; and

(e) selecting nucleic acid encoding the target protein on the basis of the enzyme

activity associated therewith.

In one embodiment of this aspect of the invention, where the nucleic acid processing enzyme is
a DNA dependent DNA polymerase, the mRNA of step (a) can be ligated to a double stranded
DNA adaptor molecule to provide the substrate.

CRD diversity is ~10°-10" variants and is limited by IVC step. The new method is much more

efficient, less time consuming and cheaper compared to high throughput screening (HTS),
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which can be used to screen ~10°-10° mutant variants of reverse transcriptase. CRD diversity is
about four orders of magnitude higher compared to HTS; thus many more beneficial mutants

missed by HTS can be easily fished-out byvcompartmentalized ribosome display selection.

According to step (a), an array of mRNAs which are typically synthesized mRNAs is provided
which includes one or more members of the array encoding the target protein. Where the target
protein is reverse transcriptase the mRNAs comprise a substrate for an enzyme comprising the
target protein or a co-enzyme thereof In the subsequent selection step (e), the nucleic acid
encoding the target protein is selected on the basis of the enzyme activity associated therewith.
In this way, two embodiments of the invention are contemplated: one in which the enzyme
activity is provided by the target protein and one in which the enzyme activity is provided by a
co-enzyme of the target protein in the presence of the target protein. In the embodiment
requiring the co-enzyme, this is incorporated into aqueous phase droplets of the water-in-oil
emulsion of step (c), as is the array of ternary complexes. Where the enzyme comprises the
target protein, no additional co-enzyme need to be incorporated into the aqueous phase

droplets.

In step (b) of the process, the array of mRNAs is treated with ribosomes to generate an array of
ternary complexes, each comprising an mRNA, a ribosome and protein translated from the
mRNA. This step may be performed under any conditions suitable for typical in vitro
translation of mRNA, as used for example in the technique of ribosome display. At this point,
the ternary complexes may be purified, although this is not essential. The ternary complexes
may be supplemented at this point with any co-substrates necessary for the subsequent enzyme
activity whereupon the reaction mixture is typically emulsified to give approximately 10%°
water-in-oil compartments each typically having a mean diameter of approximately 2 to 3 pum.
Even a small volume (25 pl) of in vitro translation reaction generates approximately 10" to
10" molecules of stored ribosomal complexes. A typical ribosome display method uses
mRNAs lacking STOP codons, although STOP codon may be present (Matsuura et al., 2007).
In order to achieve aqueous phase droplets in which most or all contain no more than one
ternary complex the concentration of ternary complexes would have to be reduced by about

two orders of magnitude as compared with corresponding concentration used in a typical
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ribosome display technique. Only a very small concentration of ternary complexes is used in

this step of the process.

The enzyme may comprise a nucleic acid processing enzyme, which may be an RNA
processing enzyme. The nucleic acid processing enzyme may comprise the target protein and
may be selected from a nucleic acid polymerase, a nucleic acid ligase and a terminal
deoxynucleotidyl transferase. As decribed in further detail herein, the nucleic acid polymerase
may comprise a reverse transcriptase. In this embodiment, the mRNA encoding the reverse
transcriptase is itself the substrate for the reverse transcriptase. Step (e) of selecting nucleic
acid encoding the target protein, comprises selecting cDNA produced by the action of the

reverse transcriptase, which cDNA encodes reverse transcriptase.

Where the target protein is a nucleic acid ligase, selection for RNA (DNA) ligases able to
ligate RNA to RNA or DNA to RNA can be performed. Preferably, the reaction conditions
which allow enzyme activity include a co-substrate comprising a nucleic acid linker or adaptor,
which co-substrate further comprises an affinity ligand for attachment to a ligand binding
partner or sequence tag for specific amplification of processed mRNA in RT-PCR. In the first
case, the mRNA encoding the target protein is ligated to the co-substrate in those aqueous
phase droplets which incorporate mRNA encoding a nucleic acid ligase. Preferably, the
affinity ligand comprises biotin and the ligand binding partner comprises streptavidin. The
step of selecting nucleic acid encoding the target protein comprises selecting mRNA
incorporating the co-substrate by attachment to a solid phase comprising the ligand binding
partner. In a typical process, a mutant library of ligase is translated in vitro and purified ternary
complexes are diluted and emulsified in reaction buffer with biotin labeled DNA/RNA linker
and/or adaptor. After bringing the emulsion to a temperature of 37°C ribosome ternary
complexes disassemble. Ligase will be released and the 3' end of the mRNA will become
accessible for the biotin labeled adaptor and subsequent ligation reaction. Biotin labeled
mRNA encoding only active (or more active) variants of ligase will be purified on the

streptavidin beads and may be amplified by RT-PCR.
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In the second case the step of selecting nucleic acid encoding the target protein comprises
selecting mRNA with attached sequence specific tag, which can be used for selective annealing

site of primer for reverse transcription and subsequent PCR.

In a typical process, a mutant library of ligase is translated in vitro and purified ternary
complexes are diluted and emulsified in reaction buffer with DNA/RNA linker and/or adaptor.
After bringing the emulsion to a temperature of 37°C ribosome ternary complexes disassemble.
Ligase will be released and the 3' end of the mRNA will become accessible for the adaptor and
subsequent ligation reaction. RNA encoding only active (or more active) variants of ligase will
have specific linker sequence required for specific annealing of primer used in reverse

transcription and may be efficiently amplified by RT-PCR.

It is also possible to select for terminal deoxynucleotidyl transferase (TdT). This enzyme
works on RNA and incorporates deoxyribonucleotides, ribonucleotides, nucleotide analogues
and similar. In this embodiment, the reaction conditions which allow enzyme activity include
a co-substrate comprising dNTP which further comprises an affinity ligand for attachment to a
ligand binding partner. As with the nucleic acid ligase, the affinity ligand may be biotin and
the ligand binding partner streptavidin. Selecting nucleic acid encoding the target protein may
comprise selecting mRNA incorporating the co-substrate by attachment to a solid phase
comprising the ligand binding partner. A mutant library of TdTs may be translated in vitro and
purified ribosome ternary complexes may have to be diluted and emulsified in reaction buffer
with biotin labeled nucleotides, such as biotin-dUTP. The optimal working temperature for
wild type enzyme is 37°C. At this temperature the ribosome ternary complexes will
disassemble and the 3' end of mRNA will become accessible for template independent
polymerization reaction. TdT-encoding mRNA incorporating biotin labeled nucleotide is
selected on the streptavidin beads and may subsequently be reversed transcribed and amplified

by RT-PCR.

In a further embodiment, the target protein comprises a reverse transcriptase helper enzyme
such as a helicase, pyrophosphatase, processivity factor, RNA binding protein or other protein
able to improve a reverse transcription reaction in the presence of reverse transcriptase. In this

embodiment, the nucleic acid processing enzyme comprises a reverse transcriptase, which is
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the co-enzyme incorporated into the aqueous phase droplets of the water-in-oil emulsion. In
step (e) of selecting nucleic acid target protein, cDNA is selected, which cDNA is produced by
the action of the reverse transcriptase and which encodes the reverse transcriptase helper
enzyme. The presence of the reverse transcriptase helper enzyme in the aqueous phase
facilitates reverse transcription of the mRINA which encodes the helper. Thus, mRNA which is
reverse transcribed forms cDNA which encodes the helper and this may be PCR amplified.

In a further embodiment, the target protein comprises an RNase inhibitor. In this embodiment,
the nucleic acid processing enzyme comprises an RNase. The step (e) of selecting nucleic acid
encoding the target protein comprises selecting mRNA undegraded by RNase. In this
embodiment, the RNase is incorporated as the co-enzyme into the aqueous phase droplets of
the water-in-oil emulsion. Once reaction conditions allow enzyme activity, any droplets not
containing effective RNase inhibitor would exhibit RNase activity whereby the mRNA would
be degraded. Thus, mRNA encoding RNase inhibitor effective at the reaction conditions used
would survive. Typically, a mutant library of RNase inhibitors is translated in vitro and
purified ribosome ternary complexes are diluted and emulsified in reaction buffer with
appropriate RNase. In an alternative arrangement RNase can be delivered later by emulsion
micro droplets. mRNA encoding only active (or more stable) RNase inhibitor will be purified
and amplified by RT-PCR.

Compartmentalized ribosome display can also be used for reaction buffer exchange in in vitro
compartmentalization where selection buffer is incompatible with in vitro translation mixture

and substrate conversion to product has to be performed under strictly controlled reaction

conditions.

The nucleic acid encoding the target protein which has been selected on the basis of the
enzyme activity associated therewith may be DNA or RNA, as discussed herein. The array
may be converted or amplified to form DNA or RNA. In a preferred arrangement, the array is
converted or amplified to form the array of mRNAs of step (a) of the process and is subject to
one or more further cycles of steps (b) to (e) so as to enrich further the array with increasing

amounts of mRNAs encoding the target protein.
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The step (d) of subjecting the aqueous phase droplets to reaction conditions which allow
enzyme activity provides the basis for selection step (e) where those nucleic acids encoding the
target protein are selected. A wide range of reaction conditions may be used in step (d) to
provide selection pressure. In one example, the reaction conditions include a temperature
above the optimum temperature for a wild type enzyme. These reaction conditions may be
used to select a mutant enzyme which is more thermostable than wild type enzyme or which
has a greater reaction velocity at that temperature or an altered temperature-activity profile.
Mutant enzymes may have to operate at higher sensitivities than wild type enzymes because
concentrations of mRNA in the aqueous phase droplets are approximately 400pM. Mutant
enzymes may also have to perform more accurately. All of these selection pressures are
particularly important in relation to reverse transcriptases. As well as physical conditions, the
reaction conditions may include alterations in buffer, concentrations of other factors such as

metal ions and pH.

Many more different selection pressures can be applied in CRD selecting for better reverse
transcriptases: 1) selection for more soluble enzymes which are less prone to aggregation -
ternary complexes (before emulsification) have to be preincubated with hydrophobic material
in order to eliminate proteins with surface exposed hydrophobic residues; 2) selection for very
fast enzymes - reverse transcription reaction times have to be gradually reduced during
selection cycles; 3) selection for enzymes synthesizing long cDNA - gradual prolongation of
mRNA library used in CRD and as a consequence synthesis of longer cDNA; 4) selection for
enzymes able to transcribe through secondary structures - secondary structure forming
sequences have to be introduced into mRNA library used in CRD; 5) selection for enzymes
working in buffers which are different from RT buffer (for example in PCR, one step RT-PCR
buffer or with denaturing agents) - CRD selection has to be performed in buffer of our choice;
6) selection for enzymes able to incorporate nucleotide analogues - selection has to be
performed in RT buffer with biotin labeled nucleotide analogues with subsequent cDNA

purification on streptavidin beads.

Compartmentalized ribosome display (CRD) is also suitable for many fluorescence activated
cell sorting (FACS) applications. Protein of interest has to be displayed in ribosome display

format. Optionally purified (or just diluted many times) ternary complex comprising mRNA-



17

ribosome-protein (tRNA) mixed with non fluorescent substrate (S) in reaction buffer should be
emulsified producing double water—in-oil-in-water emulsions (Bernath et al, 2004;
Mastrobattista et al., 2005). Active variants of compartmentalized enzymes will convert
substrate (S) to fluorescent product (P) allowing FACS to distinguish between fluorescent
(active enzyme inside) and “dark” (inactive enzyme inside) droplets. Contrary to previously
published examples, where enzymatic reaction has to be performed in transcription/translation
mixture, CRD allows for complete buffer exchange and selection for active enzymes in more

native (required) conditions (FIG 10.)

Selection and evolution of thermostable DNA polymerases using CRD is also possible
(FIG 11.). Polymerase of interest has to be displayed in ribosome display format. Optionally
purified (or just diluted many times) ternary complex comprising mRNA-ribosome-polymerase
can be used to prepare reaction mixture with reverse transcriptase (helper enzyme), dNTP’s
and primer set in PCR buffer. Reaction solution should be emulsified producing water-in-oil
emulsion. In first RT step - reverse transcriptase has to synthesize cDNA, which subsequently
will serve as a target for second PCR step - cDNA amplification by ribosome displayed DNA
polymerase. One of the primers used in PCR can have biotin for optional subsequent
purification with streptavidin beads and non-complementary 5 end. After RT-PCR emulsions
should be broken, newly synthesized DNA fragment can be purified via biotin and reamplified
using new primer set, which will contain one primer with sequence non-complementary to
c¢DNA, but identical to 5° part of primer used in first amplification reaction (selective
amplification of DNA over cDNA background). More active variants of DNA polymerase will

be enriched over less active variants and can be used for further analysis or next selection

round (FIG 11.).
Important features of the compartmentalized ribosome display technology are:

1) the genotype is maintained by an mRNA library, which is especially useful in selecting

RNA processing enzymes;
2) the selection unit is a ternary complex of mRNA-ribosome-protein (tRNA) and this can

readily purified by ultracentrifugation, gel-filtration, affinity tag purification and other simple

means;
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3) the reaction buffer can be exchanged thereby enabling the selection unit to be transferred
(with or without purification) to a new reaction mixture and at the same time be diluted by a
factor of 100 to 200 (in order to adjust the number of ribosome complexes after emulsification
to less than one molecule per reaction compartment);

4) the mRNA library diversity of CRD is limited only by the diversity of the in vitro
compartmentalization and is less than 10'® different variants;

5) once emulsified, the selection reaction can be performed at a broad range of temperatures
from 4° to 94°C because emulsions are stable over these temperatures;

6) if selections performed at elevated temperatures (30°C and above), the ternary complexes
will dissociate but remain compartmentalized so as not to lose the genotype-phenotype link,

releasing mRNA and in vitro translated protein.

The compartmentalized ribosome display process of the present invention has been found to
work particularly well in promoting evolution of new reverse transcriptase enzymes. As an
example, M-MuLV reverse transcriptase (Gerard et al., 1986, pRT601) may be used for
selection (the enzyme including a N terminal His tag for purification). This reverse
transcriptase has a temperature optimum for activity at 42°C and is active at temperatures up to
50°C. An array of mRNAs encoding the M-MuLV reverse transcriptase may be subjected in
step (d) of the process of the present invention to reaction conditions which include primer and
dNTPs required for cDNA synthesis at an incubation temperature in the range of from 50°C to
60°C. At these elevated temperatures stored ribosomal complexes stable at 4°C quickly

dissociate releasing into solution a reverse transcriptase substrate (nRNA) and enzyme.

In one embodiment, in vitro translated reverse transcriptase M-MuLV released from ribosomal
complex has C terminal fusion with phage lambda outer surface protein D used in ribosome
display construct as a spacer to remain in ribosomal tunnel (Matsuura and Pluckthun, 2003)
and covalently bound tRNA, because translation was not terminated properly. Protein D is very
well expressed, soluble, stable protein with unfolding transition temperature ~57°C (Forrer and
Jaussi, 1998) and therefore is good fusion partner for selection of thermostable reverse

transcriptase.
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In compartmentalized ribosome display selection method only fully active variants of reverse
transcriptase can perform synthesis of cDNA, which encodes the same active enzyme. In 1 hr,
after the reverse transcription reaction is completed, emulsion is broken, ¢cDNA is purified and
amplified by nested PCR. Because of the selection nature of CRD only ¢cDNA, which encodes
active variants of reverse transcriptase, able to perform full length cDNA synthesis, will be
amplified and if necessary transferred to the next selection round. In order to eliminate
undesirable mutations in T7 polymerase promoter region, ribosome binding site (RBS) and
protein D sequence, amplified DNA, encoding only M-MuLV sequence, may be ligated to
native 5° and 3’ terminal fragments in such way that original ribosome display construct is

restored and next selection round can be performed.

In five selection rounds enzyme variants with specific activities at 50° have been identified,
which are 2-4 times better as compared to the activity of the primary enzyme used for library
preparation. Some of proteins are faster, some - more thermostable. Many selected M-MuLV
variants have mutations D524G or D583N, which turn off RNase H activity of reverse
transcriptase and improve cDNA synthesis as well as thermostability (Gerard et al., 2002).
Many more variants of selected M-MuLV reverse transcriptases have other different beneficial
mutations (H204R; H638R; T197A; M289V; E302K; T306A; N454K; Y64C; E69G; Q190R;
V223M; F309S; L435P; ES562K) mentioned and described before (US7056716;
US20060094050A1; US7078208; US20050232934A1; WO07022045A2). In addition to that
we have found many new hot spots in reverse transcriptase amino acids sequence. Some
mutations repeat very frequently and are of very high importance, what was shown analyzing
purified mutants (Example 2). Thus we can state, that our CRD technology is very fast and
robust selection method, efficiency of which was confirmed by direct evolution and
improvement of M-MuLV reverse transcriptase. As proof of principle we have selected

variants of M-MuLV reverse transcriptase working better at higher temperatures.

In a further aspect, the present invention provides a reverse transcriptase enzyme obtainable by

the process as described herein.

In a further aspect, the present invention provides a reverse transcriptase enzyme having an

optimum activity at a temperature above 42°C, preferably at least 50°C and more preferably in
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the range of from 50°C to 60°C. Reverse transcriptase enzymes may be selected according to
the process described herein by applying reaction conditions having an elevated temperature,
preferably of at least 50°C. In this aspect of the invention, a reverse transcriptase enzyme may
be selected which has an activity-temperature profile which is shifted in comparison with wild
type enzyme to increase the temperature at which optimum activity is observed.

In a further aspect, the invention provides a reverse transcriptase enzyme which comprises a
MMLYV reverse transcriptase amino acid sequence with a mutation at one or more of the

following amino acid positions:

D200, D653, L603, T330, L1309, Q221,
T287, 149, N479, H594, F625, H126,
A502, E607, K658, P130, Q237, N249,
A307, Y344, Q430, D449, A644, N649,
L671, E673, M39, Q91, Mé66, W388,
1179 E302 L333 R390 Q374 and E5

Where the mutation is at D653 it is preferred that the mutation is not D653N. Where the
mutation is at L603 it is preferred that the mutation is not L603A. Further, where the mutation
is at H594 it is preferred that the mutation is not H594A,

It is preferred that the mutations at the above positions are point mutations.

Preferably, the reverse transcriptase has one or more of the following mutations:

D200N,A or, G, D653N,G,AHor, V, L603WorM,  T330P, 1.139p, Q221R,
T287A, 149V or T, N479D, H594R or Q, F625SorL, HI26SorR,
A502V, E607K, G or A, K658R or Q P130S, Q237R, N249D,
A307V, Y344H, Q430R, D449G or A, A644V or T, NG649S,
L671P, E673G or K, M3%VorlL, Q91RorL, M66L, W388R,

I179T or V E302K L333Q R390W Q374R and ESK
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Each of these mutations is found, for example, in mutant enzymes having a higher activity at
50°C as compared with the corresponding wild type enzyme. Further details of these mutations

are described in the specific examples.

In particularly preferred aspect of the invention the mutant enzyme has at least two mutations.
In one embodiment the two mutations are at D200 and at L603. For example the mutations are
D200N and L603W. In an alternative embodiment the mutations are at N479 and H 594. For
example the mutations are N479D and H594R.

In a further aspect, the invention provides a reverse transcriptase enzyme having an optimum
activity at a temperature above 37°C, wherein the activity at 50°C is at least 120% of the
activity at 37°C. Preferably, the activity at 50°C is at least 130%, more preferably at least
160% of the activity at 37°C.

In a further aspect, the present invention provides a mutant reverse transcriptase enzyme

having an activity at 50°C which is at least twice that of the corresponding wild type enzyme.

In a further aspect, the present invention provides a mutant reverse transcriptase enzyme
having a specific activity at 37°C which is at least 130% of the corresponding wild type
enzyme. Preferably, the specific activity of the mutant reverse transcriptase enzyme is at least
140%, more preferably at least 150% and particularly preferably at least 160% of the specific
activity of the corresponding wild type enzyme. It has been found as described herein that
partially purified wild type enzyme specific activity at 37°C is approximately 200000U/mg.
Specific mutant reverse transcriptase enzymes obtainable in accordance with the present

invention are discussed in further detail in the specific examples.

In a further aspect, the present invention provides a mutant reverse transcriptase enzyme
having a thermostability of at least 1.5 times that of the corresponding wild type enzyme.
Thermostability is measured in the present application as residual activity at 37°C following
treatment at 50°C for 5 minutes. Preferably, the thermostability of the mutant reverse
transcriptase enzyme is at least 1.5 times, more preferably at least 2 times, still more preferably

at least 2.5 times that of the corresponding wild type enzyme. Typically, residual activity at
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37°C of the wild type reverse transcriptase enzyme is approximately 11% as compared with

untreated enzyme.

It is preferred that the reverse transcriptase enzyme according to the invention comprises an

MMLV reverse transcriptase.

In a further aspect, the present invention provides a polynucleotide, such as an mRNA or DNA,

encoding a reverse transcriptase as described herein.

The reverse transcriptases according to the present invention may be used in a variety of
molecular biology techniques such as RT-PCR (qRT-PCR, etc). A kit for RT-PCR may be
provided in which the reverse transcriptase of the kit is a reverse transcriptase according to the

present invention.

Detailed Description of Invention
The invention will now be described in further detail, by way of example only, with reference

to the accompanying figures and appendices:

Figure 1. The experimental scheme of Example 1. Two plasmids pET his MLV pD
(encoding Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase fused to protein D
spacer) and pET his_del pD (encoding inactivated (57 amino acids deletion in pol domain)
Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase fused to protein D spacer)
were used to synthesize PCR fragments. PCR fragments furtheron are used in transcription
reaction and synthesis of mRNA lacking STOP codon at the 3’ end. Purified mRNA is mixed
with ratio 1 : 50 = MLV (active RT) : del (inactive RT) and used for in vitro translation
reaction. During translation reaction ribosomal complex synthesizes protein and stops at the
end of mRNA lacking STOP codon. Mixture of ternary complexes (TC) is purified by
ultracentrifugation on sucrose cushions. Purified térnary complexes (<3*10° molecules taken)
already containing mRNA linked to in vitro translated MLV reverse transcriptase are used to
prepare reverse transcription reaction mix supplemented with external dNTP set and primer for
RT reaction. Ice-cold RT reaction mixture is emulsified giving ~1*10'" water in oil

compartments ~2um in size. Emulsified RT reaction mixture (less than one TC (mRNA +
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MLV RT) per compartment is incubated for 1 hr at 42°C in order to perform RT reaction. After
the temperature of compartmentalized RT reaction mixture is raised most of TC dissociate
releasing mRNA and reverse transcriptase. Successful RT reaction is performed only in
compartments containing active MLV reverse transcriptase (MLV pD) and no c¢DNA is
synthesized in compartments with inactive reverse transcriptase (del pD). Subsequent PCR
amplifies cDNA and enrichment of active reverse transcriptase (MLV_pD) genes over inactive

reverse transcriptase (del_pD) is observed.
Figure 2. The structural scheme of pET_his MLV _pD plasmid.

Figure 3. Example 1 - the agarose gel electrophoresis of first PCR performed on cDNA
synthesized during CRD selection. Primers used: RD_Nde (SEQ ID No: 9) and pD_55 (SEQ
ID No: 10). Expected length of PCR fragments was 2185 bp for MLV_pD and 2014 bp for
del_pD. Amplification was analyzed on 1% agarose gel loading 10 pl of PCR mix per well.

Figure 4. Example 1 - the agarose gel electrophoresis of nested PCR for partial gene
amplification performed on first PCR product. Primers used: M_F (SEQ ID No: 11) and M_2R
(SEQ ID No: 12). Expected length of PCR fragments was 907 bp for MLV_pDa and 736 bp
for del pD. Amplification was analyzed on 1% agarose gel loading 10 pl of PCR mix per well.

Figure 5. Example 1 - the agarose gel electrophoresis of nested PCR for full gene
amplification performed on first PCR product. Primers used: M_Esp (SEQ ID No: 13) and
M_Eri (SEQ ID No: 14). Expected length of PCR fragments was 2077 bp for MLV _pDa and
1906 bp for del pD. Amplification was analyzed on 1% agarose gel loading 10 pul of PCR mix

per well.

Figure 6. The experimental scheme of CRD selection in Example 2. PCR fragments encoding
mutants library of reverse transcriptase (in fusion with protein D) MLV pD was used to
synthesize mRNA. Purified mRNA was used for in vifro translation reaction. Ternary
complexes (TC) of mRNA-ribosome-MLV_pD(tRNA) were formed in translation mixture and
stabilized by low temperature and high concentration of Mg?** ions. Mixture of TC was purified

by ultracentrifugation on sucrose cushions. Precipitated TC was dissolved in ice-cold buffer
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(50mM Mg*") and used to prepare reverse transcription reaction mix supplemented with
external dNTP set and primer for RT reaction. Ice-cold RT reaction mixture was emulsified
giving ~1#10"® water in oil compartments ~2um in size. Optimal reaction temperature of MLV
RT is ~42°C. In order to select for reverse transcriptase variants, which are working better at
higher temperatures emulsified RT reaction mixture (less than one TC (mRNA + MLV RT) per
compartment) was incubated for 1 hr at 50°C. At this temperature successful synthesis of full
length cDNA was performed better in compartments containing more active or thermostable
MLV reverse transcriptase variants. Subsequent PCR was used to amplify full length cDNA
and enrichment of more active and thermostable reverse transcriptase genes was performed. By
PCR amplified genes were moved back to CRD format restoring intact 5° (START fragment -
T7 polymerase promoter, SD and his-tag coding sequences) and 3’ (END fragment - gs linker,
protein D and second gs linker) sequences by ligation PCR. Reconstructed PCR fragment,
containing enriched library of reverse transcriptase genes, was used for subsequent mRNA
transcription and next CRD selection round. Each selection round was performed at higher and

higher temperatures of RT reaction: 50°C (1% round); 52.5°C (2™ round); 55°C (3" round);
57.5°C (4" round) and 60°C (5 round).

Figurev7. The scheme of PCR fragment reconstruction before new round of CRD selection.
Mutated MLV RT library was digested with Esp3I (Ncol compatible end) and EcoRI and
ligated with START (244 bp) and END (398 bp) fragments in order to get PCR fragment
suitable for CRD selection. START fragment (containing T7 polymerase promoter, SD and
his-tag coding sequences) was constructed by PCR amplification of initial 983 bp START
fragment (target - plasmid pET his_del pD (SEQ ID No: 2), primers - pro-pIVEX (SEQ ID
No: 3) and M_1R (SEQ ID No: 15)) and subsequent digestion with Ncol (recognition sequence
CJ{CATGQG) giving 244 bp DNA fragment. END fragment (containing gs linker, protein D and
second gs linker sequences) was constructed by PCR amplification of initial 1039 bp END
fragment (target - plasmid pET his del_pD (SEQ ID No: 2), primers - M_3F (SEQ ID No: 16)
and pD-ter (SEQ ID No: 4)) and subsequent digestion with EcoRI (recognition sequence
GJAATTC) giving 398 bp DNA fragment.

Figure 8. Reverse transcriptase activities of mutant RT variants measured at 37°C, 50°C and

residual activity at 37°C after 5 min incubation at 50°C. Reverse transcriptase activity at 37°C
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is normalized to be always 100% and is omitted. Thus only two types of columns (percents of
RT activity at 50°C and residual RT activity at 37°C after 5 min incubation at 50°C) are
shown. As a control is given wt M-MuLV reverse transcriptase used for mutants library
construction. This primary enzyme is expressed in the same vector and purified in the same
way as mutant variants of RT. An average value of mutant RT activity at 50°C for all tested
mutants is about ~92% and is more than 2 times higher comparing to wt enzyme (45%). An
average residual activity of mutant RT variants at 37°C after 5 min preincubation at 50°C is

12% (wt enzyme - 11%).

Figure 9. Specific activity (u/mg of protein) of partially purified wt and mutant RT variants

measured 10 min at 37°C.

Figure 10. The proposed experimental scheme of CRD selection using FACS. Protein of
interest is displayed in ribosome display format. Purified (or just diluted many times) ternary
complex comprising mRNA-ribosome-protein (tRNA) is mixed with non fluorescent substrate
(S) in reaction buffer and subsequently emulsified producing double water-in-oil-in-water
emulsions. Active variants of compartmentalized enzymes will convert substrate (S) to
fluorescent product (P) allowing FACS to distinguish between fluorescent (active enzyme

inside) and “dark” (inactive enzyme inside) droplets.

Figure 11. The proposed experimental scheme for selection and evolution of thermostable
DNA polymerases using CRD. Polymerase of interest has to be displayed in ribosome display
format. Optionally purified (or just diluted many times) ternary complex comprising mRNA-
ribosome-polymerase can be used to prepare reaction mixture with reverse transcriptase (helper
enzyme), dNTP’s and primer set in PCR buffer. Reaction solution should be emulsified
producing water-in-oil emulsion. In first RT step - reverse transcriptase has to synthesize
cDNA, which subsequently will serve as a target for second PCR step - cDNA amplification by
ribosome displayed DNA polymerase. One of the primers used in PCR can have biotin for
optional subsequent purification with streptavidin beads and non-complementary 5° end. After
RT-PCR emulsions should be broken, newly synthesized DNA fragment can be purified via
biotin and reamplified using new primer set, which will contain one primer with sequence non-

complementary to cDNA, but identical to 5’ part of primer used in first amplification reaction
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(selective amplification of DNA over ¢DNA background). More active variants of DNA
polymerase will be enriched over less active variants and can be used for further analysis or

next selection round.

Figure 12. The experimental scheme of Example 4. In this experimental setup M-MuLV
reverse transcriptase is used as DNA dependent DNA polymerase. Two plasmids
pET his MLV _D583N_pD (encoding RNase H minus Moloney Murine Leukemia Virus
(M-MLV) reverse transcriptase fused to protein D spacer) and pET his_del pD (encoding
inactivated reverse transcriptase fused to protein D spacer - 57 amino acids deletion in pol
domain and point mutation D583N in RNase H domain) were used to synthesize PCR
fragments. PCR fragments furtheron are used in transcription reaction. Purified mRNA is
mixed with ratio 1 : 20 = MLV _D3583N_pD (active RT) : del pD (inactive RT) and used to
prepare mRNA/dsDNA complex by dsDNA ligation to mRNA mix using T4 DNA ligase.
mRNA/dsDNA complex was used for in vitro translation reaction. During translation reaction
ribosomal complex synthesizes protein and stops at the end of mRNA (at the beginning of
mRNA/DNA hybrid). Mixture of ternary complexes (TC) is purified by ultracentrifugation on
sucrose cushions. Purified ternary complexes (<3*10° molecules taken) already containing
mRNA/dsDNA linked to in vitro translated polymerase (M-MuLV reverse transcriptase) are
used to prepare elongation reaction mix supplemented with external biotin-dUTP. Ice-cold
reaction mixture is emulsified giving ~1*10'" water in oil compartments ~2um in size.
Emulsified elongation reaction mixture (less than one TC (mRNA/dsDNA + polymerase) per
compartment is incubated for 30 min at 37°C in order to incorporate biotinylated nucleotide.
After the temperature of compartmentalized reaction mixture is raised most of TC dissociate
releasing mRNA/dsDNA complex and polymerase. Successful incorporation reaction in to
dsDNA substrate is performed only in compartments containing active polymerase (reverse
transcriptase - MLV_D583N_pD) and no cDNA is synthesized in compartments with inactive
polymerase (del_pD). After the emulsions are broken excess of biotin-dUTP is removed using
gel-filtration mini-column. Biotinylated mRNA/dsDNA complex is purified on streptavidin
beads and used to synthesize ¢cDNA. Subsequent PCR amplifies cDNA and enrichment of
active polymerse (reverse transcriptase - MLV_D583N_pD) genes over inactive polymerase

(del_pD) is observed.
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Figure 13. Determination of biotin-dUTP incorporation efficiencies into mRNA/dsDNA
complex and into self primed mRNA. Picture of RT-PCR performed on samples of
mRNA/dsDNA (MLV_D583N_pD) and mRNA (del pD) after the incorporation of dTTP or
biotin-dUTP. Predicted amplicons size are 907 bp for MLV _D583N _pD and 736 bp for
del_pD c¢DNA. PCR products were analyzed on 1% agarose gel loading 10 pl of PCR mix per

well,

Figure 14. General control of mRNA/dsDNA complex existence by incorporation of dTTP
(biotin-dUTP) and [0-P**]|dATP. Radioactive dATP should be introduced into dsDNA
substrate subsequentialy after the incorporation of initial dTTP or biotin-dUTP. A - etidium
bromide visualized agarose gel (MRNA or mRNA/dsDNA bands ~2.5 kb). B - the same gel as
in A dried on filter paper and visualized using Cyclone Phosphor Imager (Perkin-Elmer,
Wellesley, MA). Labelled mRNA/dsDNA complex and/or only dsDNA bands are observed. C
- structure and sequence of dsSDNA counterpart in mRNA/dsDNA complex.

Figure 15. The resultant final RT-PCR fragments analysis of Example 4. Predicted amplicons
size are 907 bp for MLV_DS583N_pD and 736 bp for del pD ¢DNA. PCR products were
analyzed on 1% agarose gel loading 10 pl of PCR mix per well. RT-PCR samples before
streptavidin beads corresponds to the ratio of active and inactive polymerase genes 1:20
(almost only del_pD fragment ~736 bp is visibile). RT-PCR samples after the purification on
streptavidin beads corresponds to the ratio of active and inactive polymerase genes after the

single selection round - 1:1. An enrichment factor of ~20 is observed in this selection.

Figure 16. Some examples of alkaline agarose gels used to determine highest temperature of
1 kb and 4.5 kb ¢cDNA synthesis reaction. PCR machine - Eppendor Mastercycle Gradient.
A-D - 1kb cDNA synthesis (M-MuLV (wt), D200N, L603W and Q221R); temperature
gradient 41.9°C, 43.6°C, 45.5°C, 47.8°C, 50.4°C, 53.1°C, 55.8°C, 58.1°C, 60.1°C, 62.1°C;
size standart - DNA Fast Ruler Middle Range (Fermentas). E-G - 4.5 kb ¢cDNA synthesis (M2,
M3 and M4); temperature gradient 49.8°C, 51.5°C, 53.4°C, 55.7°C, 58.3°C, 61.0°C, 63.7°C,
66.1°C, 68.0°C, 70.0°C; size standart - Zip Ruler Express DNA ladder 2 (Fermentas).
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Appendix 1. The general scheme of mutations found in initial MLV RT library (sequence
between Ncol and EcoRI restriction sites — SEQ ID No. 24). 23 nucleotide mutations were
found among 10 sequenced genes (1 transversion, 20 transitions - mutated positions are
underlined, mutations indicated above the sequence, 2 deletions — underlined and indicated as
dashed line above the sequence) giving 15 amino acids exchanges, 6 silent mutations, 1 stop

codon and 2 frame shifts of coding frame - on average 1-2 amino acids substitutions per gene.

Appendix 2. The CLUSTALW alignment of all 104 protein sequences without N terminal His
tag in order to have the same numeration of amino acids as is usually used in literature. Wild
type sequence denoted as MLV (SEQ ID No: 25) is always given as first sequence (mutated
sequences represent SEQ ID Nos: 26 to 128 based on the order in which they are shown).
Mutations are marked using white font color in black background. Amino acids positions,
mutations of which somehow improve M-MuLV reverse transcriptase properties and are
described in different patent applications are marked in the alignment as columns of amino
acids (white font) highlighted in grey. Mutations originating from our selection and located in
grey columns indicate that our selection procedure precisely targeted the beneficial hot spot or
even exact amino acid mutations described elsewhere. Sequences of analyzed proteins, activity
of which at 50°C was substantially better as compared to the primary wt M-MuLV (70% and
more as compared to 45% of wt activity) are highlighted in grey.

Appendix 3. List of mutations found in all selected RT variants. Proteins are sorted by

decreasing number of mutations.

Appendix 4. Mutations frequency (in decreasing order) of selected RT variants. Names of
analyzed proteins, which activity at 50°C was substantially better as compared to primary wt

M-MuLV (70% and more comparing to 45% of wt activity) are highlighted in grey.

Appendix 5. Summarized table of data on M-MuLV (wt) reverse transcriptase and single
mutants, which contains: name of protein; selection frequency (number of sequenced mutants,
which had exact mutation and the number in the parentheses indicates total number of
particular amino acid mutations found in selection); protein concentration (mg/ml); reverse

transcriptase specific activity at 37°C (uw/mg); relative activity at 50°C (%); relative residual
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activity at 37°C after 5 min enzyme incubation at 50°C (%); specific RNase H activity of
protein (w/mol); relative RNase H activity (%) and highest temperature of 1 kb cDNA synthesis

reaction.

Appendix 6. Summarized table of data on M-MuLV (wt) reverse transcriptase and single
mutants, which contains: name of protein; protein concentration (mg/ml); reverse transcriptase
specific activity at 37°C (u/mg); relative activity at 50°C (%) and highest temperature of 1 kb
and 4.5 kb ¢cDNA synthesis reaction.

Appendix 7. Sequence and information relating to SEQ ID Nos: 1 to 23.

Example 1 - CRD - proof of principle

To provide proof of principle for Compartmentalized Ribosome Display selection system test
selection was performed. Typical proof of principle experiment should give positive signal for
active enzyme (in our case RT-PCR fragment for original MLV reverse transcriptase) and no
signal for inactive enzyme (no RT-PCR fragment for inactivated MLV reverse transcriptase).
More sophisticated experiment is to use mixture of genes with defined ratio encoding active
and inactive enzymes. As a result of successful experiment genes encoding active enzyme

should be enriched over genes encoding inactive enzyme.

General scheme of experiment is shown in FIG 1. Two plasmids pET his MLV_pD (encoding
Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase fused to protein D spacer)
and pET his del pD (encoding inactivated (57 amino acids deletion in pol domain) Moloney
Murine Leukemia Virus (M-MLYV) reverse transcriptase fused to protein D spacer) were used
to synthesize PCR fragments. Further PCR fragments were used in transcription reaction for
synthesis of mRNA, which lacks STOP codon at the 3’ end. Purified mRNAs resulting from
the two abovementioned PCR fragments were mixed with a ratio 1 : 50 = MLV (active RT) :
del (inactive RT) and used for im vitro translation reaction. During translation reaction
ribosomal complex synthesizes protein and stops at the end of mRNA lacking STOP codon.
Translation reaction was stopped by dilution with ice-cold buffer containing 50 mM Mg
Low temperature, high concentration of Mg®* ions and absence of STOP codon at the end of

mRNA stabilize ternary complexes (TC) of mRNA-ribosome-protein(tRNA). Mixture of
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ternary complexes (TC) was purified by ultracentrifugation on sucrose cushions.
Ultracentrifugation was optimized in such a way that TC (~3.5 MDa) were precipitated at the
bottom of ultracentrifugation tube, meanwhile small molecular weight molecules, proteins and
most of free mRNA (~0.9 MDa) remained in the supernatant. Precipitated TCs were dissolved
in the ice-cold buffer (50mM Mg”"). Purified ternary complexes (<3*10° molecules taken)
already containing mRNA linked to in vitro translated MLV reverse transcriptase were used to
prepare reverse transcription reaction mix supplemented with external dNTP set and primer for
RT reaction. Ice-cold RT reaction mixture was emulsified yielding ~1*10' water in oil
compartments ~2um in size. Emulsified RT reaction mixture (less than one TC (mRNA +
MLV RT) per compartment was incubated for 1 hr at 42°C in order to perform RT reaction.
After the temperature of compartmentalized RT reaction mixture is raised most of TCs
dissociate releasing mRNA and reverse transcriptase. Successful RT reaction is performed only
in compartments containing active MLV reverse transcriptase (MLV_pD) and no cDNA is
synthesized in compartments with inactive reverse transcriptasé (del_pD). Subsequent PCR
ensures the amplification of synthesized cDNA .and enrichment of active reverse transcriptase

(MLV_pD) genes over inactive reverse transcriptase (del_pD) is observed.

Methods and materials

Initial plasmid pET his MLV _pD (SEQ ID No: 1 and FIG 2) was constructed by modification
of pET type plasmid in T7 polymerase promoter and Shine-Dalgarno sequences region and
insertion of MLV H+ reverse transcriptase coding sequence (306-2363 on SEQ ID No: 1) with
N-terminal His-tag (258-305 on SEQ ID No: 1) and C-terminal fusion with glycine-serine (gs)
linker (2364-2393 on SEQ ID No: 1), part of protein D (pD) from phage lambda (2394-2669
on SEQ ID No: 1) and second glycine-serine (gs) linker (2670-2759 on SEQ ID No: 1).
N-terminal His-tag is used for protein express purification. C-terminal fusion has to remain in
ribosome  tunnel during protein in  vitro translation and formation of

mRNA-ribosome-MLV(tRNA) ternary complex.

M-MuLV reverse transcriptase has two main enzymatic activities: RNA dependent DNA
polymerase and RNase H. Reverse transcriptase RNase H activity was turned off introducing
point mutation D583N (single nucleotide G to A exchange at position 2055 in plasmid
pET his MLV pD, SEQ ID No: 1). Aspartate 583 is located in RNase H active site, is
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involved in Mg ion binding and is crucial for RNase H activity. New plasmid is identified as
pET his MLV _D583N pD and was used for further construction of next plasmid
pET his del pD (SEQ ID No: 2), which encodes inactivated reverse transcriptase. Plasmid
pET his MLV _DS83N pD was digested with restriction endonuclease Xmall (recognition
sequence C|CTAGG - positions 1047 and 1218 on SEQ ID No: 1). Gene fragment 171bp in
length was removed and digested plasmid was self - ligated, yielding plasmid pET his_del pD
(SEQ ID No: 2), which encodes reverse transcriptase gene shorter by 171 nucleotides or 57

amino acids, without shift in protein translation frame.

It was important to have the same reverse transcriptase gene: 1) shorter in length (for easy PCR
detection); 2) inactive (it was confirmed experimentally that deletion of 57 amino acids in
polymerase domain completely inactivated polymerase activity and mutation DS583N
inactivated RNase H activity); and 3) without frameshift (any frameshift will result in

appearance of STOP codons, which are not compatible with ribosome display format).

Preparation of PCR fragments for in vitro transcription. PCR mixture was prepared on ice: 20
ul - 10X Taq buffer with KCI (Fermentas); 20 pl - 2 mM of each ANTP (Fermentas); 12 pl - 25
mM MgCl, (Fermentas); 16 pl - DMSO (D8418 - Sigma); 4 pl - 1 v/ul LC (recombinant) Taq
DNA Polymerase (Fermentas); 1 pl - 100 uM pro-pIVEX primer (SEQ ID No: 3); 1 ul - 100
pM pD-ter primer (SEQ ID No: 4); 122 ul water - mixture divided into two tubes 2x 98 pl. To
2x 98 ul of PCR master mix were added either 2 pl of pET his MLV_pD (diluted to ~1 ng/ul)
or 2 pl of pET his del pD (diluted to ~1 ng/ul). The cycling protocol was: initial denaturation
step 3 min at 94°C, 30 cycles (45 sec at 94°C, 45 sec at 53°C, and 2 min at 72°C) and final
elongation 5 min at 72°C. Amplification was ~7000 fold from 2 ng of plasmid (7873 bp) target
to ~5 pg (50 ng/pl) of amplified product (2702 bp PCR fragment for pET his MLV _pD; 2531
bp PCR fragment for pET his del pD).

Transcription mixture was prepared: 40 ul - 5x T7 transcription buffer (1 M HEPES-KOH pH
7.6; 150 mM Mg acetate; 10 mM spermidin; 0.2 M DTT); 56 pl - 25 mM of each NTP
(Fermentas); 8 pl - 20 u/ul T7 RNA polymerase (Fermentas); 4 ul - 40 u/ul RiboLock RNase

inhibitor (Fermentas); 52 pl nuclease-free water - mixture divided into two tubes 2x 80 ul and
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add 20 ul - 50 ng/ul of MLV pD(pro-pIVEX//pD-ter) or 20 pl - 50 ng/ul of
del_pD(pro-pIVEX//pD-ter) PCR mixture. Transcription was performed 3 hr at 37°C.

Both transcription mixturcs were diluted to 200 pl with ice-cold nuclease-free water and 200 pl
of 6 M LiCl solution were added. Mixtures incubated 30 min at +4°C and centrifuged for 30
min at +4°C in cooling centrifuge at max speed (25’000 g). Supernatant was discarded and
RNA pellet washed with 500 pl of ice-cold 75% ethanol. Tubes again were centrifuged for 5
min at +4°C in cooling centrifuge at max speed and supernatant was discarded. RNA pellet
was dried for 12 min at room temperature and subsequently resuspended in 200 pl of
nuclease-free ice-cold water by shaking for 15 min at +4°C and 1400 rpm. Tubes again were
centrifuged for 5 min at +4°C in cooling centrifuge at max speed in order to separate not
dissolved RNA. About 180 ul of supernatant were moved to new tube with 20 pl of 10x
DNase I buffer (Mg®*) (Fermentas); 1pl - 1 w/ul DNasel (RNase-free) (Fermentas) and
incubated for 20 min at +37°C in order to degrade DNA. To each tube were added 20 pl of
3 M Sodium acetate pH 5.0 solution and 500 pl of ice-cold 96% ethanol. Finally RNA was
precipitated by incubation for 30 min at -20°C and centrifugation for 30 min at +4°C in cooling
centrifuge at max speed (25’000 g). Supernatant was discarded and RNA pellet washed with
500 pl of ice-cold 75% ethanol. Tubes again were centrifuged for 5 min at +4°C in cooling
centrifuge at max speed and supernatant was discarded. RNA pellet was dried for 12 min at
room temperature and subsequently resuspended in 43 pl of nuclease-free ice-cold water by
shaking for 15 min at +4°C and 1400 rpm. RNA solution was aliqouted 4x 10 pl and liquid
nitrogen frozen. Concentration of mRNA was measured spectrophotometrically and double
checked on agarose gel using RiboRuler™ RNA Ladder, High Range (Fermentas) - MLV_pD
mRNA ~1.2 pg/pl; del_pD mRNA ~1.2 pg/ul.

Purified mRNA is mixed with ratio 1:50 = MLV (active RT) : del (inactive RT). MLV_pD
mRNA was diluted 25 times to ~48 ng/ul and 1 ul (~48 ng) was mixed with 2 pl ~1.2 pg/pl
del pD mRNA (2.4 png) giving mRNA mixture ~0.8 pg/ul with ratio 1:50. In vitro translation
was performed using two translation systems RTS 100 E.coli HY Kit (03 186 148 001 - Roche)
and synthetic WakoPURE (295-59503 - Wako). Proteins translation sequences are given in
SEQ ID No: 6 for MLV_pD and SEQ ID No: 7 for del_pD.
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Translation mixture for RTS HY system (25 pl): 6 pl - E.coli lysate (Roche); 5 pl - Reaction
Mix (Roche); 6 ul - amino acids (Roche); 0.5 pl - 100 mM Met (Roche); 0.5 ul - 40 w/ul
RiboLock RNase inhibitor (Fermentas); 0.4 pul - 200 uM assrA oligonucleotide (SEQ ID No:
5); 0.25 pl - 1M DTT; 2.5 pl reconstitution buffer (Roche); 2.5 pl nuclease-free water and
1.5 pul - 0.8 pg/ul mRNA mixture 1:50=MLV_pD:del pD (~1200 ng). In vitro translation was
performed for 20 min at 30°C.

Translation mixture for WakoPURE system (25 pul): 12.5 pl - A solution (Wako); 5l - B
solution (Wako); 0.5 pl - 40 u/ul RiboLock RNase inhibitor (Fermentas); 0.4 ul - 200 pM
assrA oligonucleotide (SEQ ID No: 6); 0.25 ul - 1 M DTT; 5 pl nuclease-free water and 1.5 pl
- 0.8 pg/ul mRNA mixture 1:50=MLV_pD:del pD (~1200 ng). In vitro translation was
performed for 30 min at 37°C.

Both translations (~25 pl) were stopped by adding 155 pl of ice-cold stopping buffer
WBK500+DTT+triton (50 mM tris-acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate;
500 mM KCI; 10 mM DTT; 0.1% (v/v) - triton x-100 (T8787 - Sigma)) and centrifuged for
5min at +4°C and 25’000 g. Very carefully 160 ul of centrifuged translation mixture was
pippeted on the top of 840 nl 35% (w/v) sucrose solution in WBKsgg+DTT-riton (50 mM tris-
acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate; 500 mM KCI; 10 mM DTT; 0.1%
(v/v) - triton x-100 (T8787 - Sigma); 35% (w/v) - sucrose (84097 - Fluka)). In order to purify
ternary complexes (TC) of mRNA-ribosome-protein(tRNA) ultracentrifugation was performed
using TL-100 Beckman ultracentrifuge; TLA100.2 fixed angle rotor (Beckman); transparent
1 ml ultracentrifugation tubes (343778 - Beckman) for 9 min at +4°C and 100’000 rpm. In
order to keep small transparent pellet of TC at the bottom of ultracentrifugation tube intact
tubes were handled with care. Initially 750 pl of solution was removed from the very top of the
centrifugation tube. Then (very carefully) tube walls were washed with 750 pl of WBKso
(50 mM ftris-acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate; 500 mM KCI). Finally
all solution was removed starting from the very top of the centrifugation tube and pellet was

dissolved in 30 pl of ice-cold stopping buffer WBKsoe+DTT+riton (50 mM tris-acetate pH 7.5
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at 25°C; 50 mM NaCl; 50 mM Mg-acetate; 500 mM KCl; 10 mM DTT; 0.1% (v/v) - triton
x-100 (T8787 - Sigma)).

As it was determined using radioactively labeled mRNA after ultracentrifugation 5% - 30 % of
input mRNA is located in ternary complex pellet. Therefore it was expected to have less than
360 ng (30% from 1200 ng mRNA used in translation reaction) of mRNA in 30 pul of buffer

(~12 ng/ul or 9*10° molecules/pl of ternary complex).

Reverse transcription reaction mixture for selection was prepared on ice: 60 ul - 5X reaction
buffer for Reverse Transcriptase (Fermentas); 7.5 ul - 40 w/ul RiboLock RNase inhibitor
(Fermentas); 15 pl - 20 uM pD_42 oligonucleotide (SEQ ID No: 8); 188 ul nuclease-free
water - mixture divided into two tubes 2x 135 ul and 0.9 pl of purified (<8*10° molecules) TC
(translation in Roche - RTS HY kit) or 0.9 ul of purified (<8*10° molecules) TC (translation in
Wako - WakoPURE) were added. Each reaction mixture (~135 ul) again was divided into two
tubes 45 pl and 90 pl. To the first part - 45 pl of RT mixture 5 pl of nuclease-free water were
added. This sample is considered to be the negative selection control (without dNTP) and has
to prove that there is no DNA contamination in the reaction mixture and cDNA synthesis is
strictly linked to reverse transcriptase functional activity coming from MLV RT in ternary
complex. To the second part - 90 pl of RT mixture 10 pl - 10 mM each ANTP Mix (Fermentas)
were added and reaction mixture again was divided into two tubes - 50 pl for selection control
and 50 pl supplemented with 1 pl - 200 u/pl of RevertAid H- M-MuLV Reverse Transcriptase
(Fermentas) for positive selection control. According to the protocol each reverse transcription

reaction mix contains <2.7*10° molecules of ternary complex in 50 ul volume.
ry p L

Oil-surfactant mixture for emulsification was prepared by mixing ABIL EM 90 (Goldschmidt)
into mineral oil (M5904 - Sigma) to final concentration of 4% (v/v) (Ghadessy and Holliger,
2004; US2005064460). Emulsions were prepared at +4°C in 5 ml cryogenic vials (430492 -
Corning) by mixing 950 pl of oil-surfactant mixture with 50 pl of RT mixture. Mixing was
performed using MS-3000 magnetic stirrer with speed control (Biosan) at ~2100 rpm;
Rotilabo®- (3x8 mm) magnetic followers with centre ring (1489.2 - Roth); water phase was

added by 10 pl aliquots every 30 sec, continuing mixing for 2 more minutes (total mixing time
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- 4 min). According to optical microscopy data compartments in our emulsions vary from
0.5 pm to 10 um in size with average diameter of ~2 um. Therefore it was expected to have
~1*10" water in oil compartments after the emulsification of 50 ul reverse transcription
reaction mixture, which contains less than 2.7%10° molecules of ternary complex (about 1

mRNA and reverse transcriptase molecules per 3-4 compartments).

All six emulsions representing RT reactions with TC, translation in Roche - RTS HY kit
(negative selection control, selection control and positive selection control) and with TC,

translation in Wako - WakoPURE (negative selection control, selection control and positive

selection control) were incubated 1 hr at +42°C.

To recover the reaction mixtures emulsions were moved to 1.5 ml tube, centrifuged for 1 min
at room temperature and 25’000 g. Oil phase was removed leaving concentrated (but still
intact) emulsion at the bottom of the tube and 250 ul of PB buffer (Qiagen PCR purification
kit) were added. Finally emulsions were broken by extraction with 0.9 ml water-saturated
ether; 0.9 ml water-saturated ethyl-acetate (in order to remove ABIL EM 90 detergent) and
again 0.9 ml water-saturated ether. Water phase was dried for 5 min under vacuum at room
temperature. Synthesized cDNA was purified with Qiagen PCR purification kit and eluted in
30 pl of EB buffer (Qiagen PCR purification kit).

Amplification of cDNA was performed by nested PCR. Initial PCR mixture was prepared on
ice: 16 ul - 10X Taq buffer with KCI (Fermentas); 16 pl - 2 mM of each dNTP (Fermentas);
9.6 pl - 25 mM MgCl, (Fermentas); 3.2 ul - 1 w/pul LC (recombinant) Taqg DNA Polymerase
(Fermentas); 0.8 ul - 100 pM RD_Nde primer (SEQ ID No: 9); 0.8 pl - 100 pM pD_55 primer
(SEQ ID No: 10); 74 pl water - mixture was divided into 6 samples x 15 pl (6x15 ul) and
30 pl. To 6x 15 pl of PCR master mix were added 5 pl of cDNA (1-6 RT samples); to 30 pl of
PCR master mix were added 9 pl water and mixture again divided into two tubes 2x 19.5 ul for
negative PCR control (plus 0.5 pl water) and positive PCR control (plus 0.5 pl - 1:1 mixture
(~Ing) of pET his MLV _pD and pET his del pD plasmids). The cycling protocol was:
initial denaturation step 3 min at 94°C, 25 cycles (45 sec at 94°C, 45 sec at 58°C, and 2 min at
72°C) and final elongation 5 min at 72°C. Expected length of PCR fragments was 2185 bp for



36

MLV_pD and 2014 bp for del_pD. Amplification was analyzed on 1% agarose gel loading
10 w of PCR mix per well (FIG 3).

Nested PCR was performed using two different sets of primers, giving either partial gene
amplification (for better resolution of MLV:del ¢cDNA ratio in RT samples) or full gene

amplification (to prove possibility of full gene recovery).

Nested PCR mixture for partial gene amplification was prepared on ice: 28 ul - 10X Taq buffer
with KCl (Fermentas); 28 ul - 2 mM of each dNTP (Fermentas); 16.8 pl - 25 mM MgCl,
(Fermentas); 5.6 pl - 1 uw/pl LC (recombinant) Taqg DNA Polymerase (Fermentas); 1.4 pul - 100
pM M_F primer (SEQ ID No: 11); 1.4 ul - 100 pM M_2R primer (SEQ ID No: 12); 185 pl
water - mixture divided 2x 19 ul and 6x 38 pl. To 2x 19 pl of PCR master mix was added 1 pl
of positive or negative controls of first PCR (primers set RD_Nde//pD_55) - 30 PCR cycles
amplification; to 6x 38 pul of PCR master mix were added 2 ul of first PCR (primers set
RD_Nde//pD_55) (1-6 samples) - each sample again was divided into two 2x 20 ul for 23 or
30 PCR cycles amplification. The cycling protocol was: initial denaturation step 3 min at 94°C,
23 or 30 cycles (45 sec at 94°C, 45 sec at 57°C, and 1 min at 72°C) and final elongation 5 min
at 72°C. Expected length of PCR fragments was 907 bp for MLV_pD and 736 bp for del pD.
Amplification was analyzed on 1% agarose gel loading 10 pl of PCR mix per well (FIG 4).

Nested PCR mixture for full gene amplification was prepared on ice: 28 pl - 10X Taq buffer
with KCl (Fermentas); 28 pl - 2 mM of each dNTP (Fermentas); 16.8 pl - 25 mM MgCl,
(Fermentas); 5.6 pl - 1 w/pl LC (recombinant) Taq DNA Polymerase (Fermentas); 1.4 pl - 100
uM M_Esp primer (SEQ ID No: 13); 1.4 ul - 100 pM M_Eri primer (SEQ ID No: 14); 185 pl
water - mixture divided 2x 19 pl and 6x 38 pl. To 2x 19 pl of PCR master mix was added 1 ul
of positive or negative controls of first PCR (primers set RD_Nde//pD_55) - 30 PCR cycles
amplification; to 6x 38 pl of PCR master mix were added 2 pl of first PCR (primers set
RD Nde//pD_55) (1-6 samples) - each sample again was divided into 2x 20 pl for 23 or 30
PCR cycles amplification. The cycling protocol was: initial denaturation step 3 min at 94°C, 23

or 30 cycles (45 sec at 94°C, 45 sec at 55°C, and 2 min at 72°C) and final elongation 5 min at
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72°C. Expected length of PCR fragments was 2077 bp for MLV_pD and 1906 bp for del_pD.
Amplification was analyzed on 1% agarose gel loading 10 pl of PCR mix per well (FIG 5).

Results
To demonstrate proof of principle for Compartmentalized Ribosome Display (CRD) method

selection was performed using starting 1:50=MLV:del mixture of two mRNA encoding active
(MLV) and inactive (del) reverse transcriptases fused to protein D spacer (FIG 1). In vitro
translation was performed using two different translation systems Roche - RTS 100 E.coli HY
or Wako - WakoPURE in order to understand which translation system is better in our
experimental setup. For each translation system three compartmentalized RT reactions were
performed: negative selection control without NTP, which has to prove that there is no DNA
contamination in the reaction mixture; selection control, which has to demonstrate the
enrichment of genes encoding active (MLV) reverse transcriptase over genes encoding
inactivated enzyme (del), because only active enzyme can synthesize cDNA; and positive
selection control supplemented with external RevertAid H- commercial reverse transcriptase,
which has to serve as positive RT control synthesizing cDNA from both MLV_pD and del pD
mRNA in all compartments, showing real ratio of genes in reaction mixture without selection

pressure applied.

Synthesyzed cDNA was amplified by nested PCR. The picture of agarose gel electrophoresis
of initial PCR (25 cycles) (FIG 3) shows weak PCR fragments bands only in case of both
positive selection controls (translation systems - Roche and Wako). This is normal, because
these samples contain external RT enzyme, which synthesizes cDNA much more efficiently
comparing to reactions containing only one in vitro synthesized reverse transcriptase molecule

per compartment.

The picture of agarose gel electrophoresis of nested PCR (partial gene amplification) is shown
in FIG 4. Amplification results after 23 and 30 PCR cycles are consistent:

1) there is no amplification (no DNA contamination) in negative selection controls (w/o

dNTP);
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2) very efficient amplification of del_pD ¢DNA (736 bp DNA fragment) is observed in
positive selection controls (external RT enzyme) and no MLV_pD cDNA amplification is
visible, because initial ratio of MLV_pD to del_pD mRNA is 1:50;

3) amplification of both cDNA MLV _pD (907 bp DNA fragment) and del_pD (736 bp
DNA fragment) are observed in case of selection controls;

4) ratio of MLV _pD:del pD ~ 1:1 is observed in case of reverse transcriptase
synthesized by Roche in vitro translation system, what means ~50 times enrichment of
MLV _pD genes over del_pD genes starting from initial 1:50 ratio;

5) ratio of MLV pD:del pD ~ 1:3 is observed in case of reverse transcriptase
synthesized by Wako in vitro translation system, what means ~16 times enrichment of

MLV _pD genes over del_pD genes starting from initial 1:50 ratio.

The picture of agarose gel electrophoresis of nested PCR (full gene amplification) is shown in
FIG 5. Amplification results after 23 and 30 PCR cycles are consistent in between and
comparing to results of nested PCR used for partial gene amplification (FIG 5):

1) there is no amplification (no DNA contamination) in negative selection controls (w/o
dNTP);

2) very efficient amplification of del_pD c¢cDNA (1906 bp DNA fragment) is observed
in positive selection controls (external RT enzyme) and no MLV_pD c¢DNA amplification is
visible, because initial ratio of MLV _pD to del_pD mRNA is 1:50;

3) amplification of both cDNA MLV_pD (2077 bp DNA fragment) and del_pD
1906 bp DNA fragment) are observed in case of selection controls;

4) it is difficult to determine ratio of MLV_pD:del pD in case of full gene
amplification, because relative difference between 2077 bp (MLV_pD) and 1906 bp (del_pD)
DNA fragments is not big enough, but in general ratios are similar to results of nested PCR

used for partial gene amplification.

As a result of this example we can conclude that during reverse transcription reaction
performed in CRD format we have enriched genes encoding active MLV reverse transcriptase
over the genes encoding inactive enzyme by a factor of 50 in case of Roche translation system

or by a factor of 16 in case of Wako translation system used to synthesize enzymes in vitro.
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Example 2 - CRD - selection for reverse transcriptase, which shows improved performance
at higher temperatures

In order to understand, how efficiently Compartmentalized Ribosome Display (CRD) selection
works, evolution experiment of Moloney Murine Leukemia Virus reverse transcriptase
(M-MuLV RT) was performed. General scheme of experiment is shown in FIG 6. Initial
mutants library of reverse transcriptase was constructed by error-prone PCR using nucleotide
analogues dPTP and 8-ox0-dGTP. Whole gene (~2 kb) mutagenesis was performed
introducing 2-3 nucleotides or 1-2 amino acids mutations per gene. PCR fragment encoding
mutants library of reverse transcriptase (in fusion with protein D) MLV _pD was used to
synthesize mRNA. Purified mRNA was used for in vitro translation reaction. Ternary
complexes (TC) of mRNA-ribosome—MLV _pD(RNA) were formed in translation mixture and
stabilized by low temperature and high concentration of Mg®* ions. Mixture of TC was purified
by ultracentrifugation on sucrose cushions. Precipitated TC was dissolved in ice-cold buffer
(50mM Mg*") and used to prepare reverse transcription reaction mix supplemented with
external ANTP set and primer for RT reaction. Ice-cold RT reaction mixture was emulsified
giving ~1*10' water in oil compartments ~2pm in size. Optimal reaction temperature of MLV
RT is ~42°C. In order to select for reverse transcriptase variants, which are working better at
higher femperatures emulsified RT reaction mixture (less than one TC (mRNA + MLV RT) per
compartment) was incubated for 1 hr at 50°C. At this temperature successful synthesis of full
length cDNA was performed better in compartments containing more active or thermostable
MLV reverse transcriptase variants. Subsequent PCR was used to amplify full length cDNA
and enrichment for more active and thermostable reverse transcriptase genes was performed.
By PCR amplified genes were moved back to CRD format restoring intact 5° (START
fragment - T7 polymerase promoter, SD and his-tag coding sequences) and 3> (END fragment -
gs linker, protein D and second gs linker) sequences by ligation-PCR.

Reconstructed PCR fragment, containing enriched library of reverse transcriptase genes, was

used for subsequent mRNA transcription and next CRD selection round. Each selection round
was performed at higher and higher temperatures of RT reaction: 50°C (1% round); 52.5°C (2"
round); 55°C (3" round); 57.5°C (4" round) and 60°C (5" round).
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Amplified library of reverse transcriptase genes (without C terminal pD linker) after 5™
selection round was cloned into plasmid vector. Individual clones were sequenced and
analyzed. Pool of evolved proteins as well as individual mutants were purified via his-tag using
affinity chromatography. MLV reverse transcriptase specific activities at 37°C, 50°C and

residual activity at 37°C after 5 min enzyme incubation at 50°C were determined.

Methods and materials

Initial plasmid pET his MLV_pD (SEQ ID No: 1 and FIG 2) was used as a starting material
for error-prone PCR. Mutations were introduced using nucleotide analogues dPTP and
8-0x0-dGTP. PCR mixture for error prone PCR was prepared on ice: 10 pl - 10X Taq buffer
with KCl (Fermentas); 10 pl - 2 mM of each ANTP (Fermentas); 6 ul - 25 mM MgCl,
(Fermentas); 2 pl - 1 u/pl LC (recombinant) Tag DNA Polymerase (Fermentas); 0.5 pl - 100
uM M_Esp primer (SEQ ID No: 13); 0.5 pl - 100 pM M_Eri primer (SEQ ID No: 14); 1 ul -
10 uM dPTP (TriLink BioTechnolgies); 5 pl - 100 uM 8-0x0-dGTP (TriLink BioTechnolgies);
3.75 ul - 40 ng/pl (totally 150 ng) of pET his MLV _pD plasmid; 61.25 pul water. The cycling
protocol was: initial denaturation step 3 min at 94°C, 30 cycles (30 sec at 94°C, 30 sec at 55°C,
and 2 min at 72°C) and final elongation 5 min at 72°C. Amplification was 150-300 fold from
150 ng of plasmid (7873 bp) target to ~6-12 Qg of amplified product (2077 bp PCR fragment
for pET _his MLV_pD). PCR fragment was purified using Qiagen PCR purification kit,
digested with Esp3I (recognition sequence CGTCTC (1/5)) and EcoRI (recognition sequence
GJAATTC) and finaly purified from agarose gel using Qiagen Gel extraction kit giving DNA

concentration ~50 ng/pl.

Mutagenesis efficiency and library quality was checked by sequencing of individual clones
subcloned back into original pET his MLV pD plasmid digested with Ncol and EcoRI. As it
was expected mutations were distributed randomly all over the amplified sequence of MLV RT
gene (Appendix 1). Among 10 sequenced genes 23 nucleotide mutations (1 transversion, 20
transitions, 2 deletions — labelled red in Appendix 1) were found giving 15 amino acids
exchanges, 6 silent mutations, 1 stop codon and 2 frame shifts of coding frame - on average 1-2

amino acids substitutions per gene.
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Mutated library was ligated with START (244 bp) and END (398 bp) fragments in order to get
PCR fragment suitable for CRD selection (FIG 7). START fragment (containing T7
polymerase promoter, SD and his-tag coding sequences) was constructed by PCR amplification
of initial 983 bp START fragment (target - plasmid pET his del pD (SEQ ID No: 2), primers
- pro-pIVEX (SEQ ID No: 3) and M_1R (SEQ ID No: 15)) and subsequent digestion with
Ncol (recognition sequence C{CATGG) giving 244 bp DNA fragment. END fragment
(containing gs linker, protein D and second gs linker sequences) was constructed by PCR
amplification of initial 1039 bp END fragment (target - plasmid pET his_del pD (SEQ ID No:
2), primers - M_3F (SEQ ID No: 16) and pD-ter (SEQ ID No: 4)) and subsequent digestion
with EcoRI (recognition sequence G|AATTC) giving 398 bp DNA fragment.

Ligation reaction (150ul) was prepared at room temperature: 15 pl - 10X ligation buffer for T4
DNA Ligase (Fermentas); 15 pl - 1 u/pl T4 DNA ligase (Fermentas); 26 pl - 50 ng/pl mutated
MLV RT library digested with Esp3I (Ncol compatible end) and EcoRI (~1300ng or ~5.9*10"!
molecules); 9.4 pl - 35 ng/ul START fragment digested with Ncol (~329 ng or ~1.2%10"
molecules); 15.7 pl - 35 ng/ul END fragment digested with EcoRI (~548 ng or ~1.2%10"
molecules); 68.9 ul - water. Ligation was performed overnight at +4°C. Reaction mixture was
treated once with phenol and twice with chloroform, precipitated and dissolved in 53 pl of
water. Approximate ligation yield ~20% was determined comparing amplification efficiency of
ligation mixture and known amount of plasmid pET his MLV _pD. Taking into account 20%
ligation yield diversity of MLV RT mutants library was defined as ~1.2%¥10"" molecules

(50 ub).

Ligated MLV RT library was amplified by PCR (1 ml - prepared on ice): 100 pl - 10X Tag
buffer with KCI (Fermentas); 100 pl - 2 mM of each dNTP (Fermentas); 60 ul - 25 mM MgCl,
(Fermentas); 80 pl - DMSO (D8418 - Sigma); 20 pl - 1 w/pl LC (recombinant) Taq DNA
Polymerase (Fermentas); 5 ul - 100 uM pro-pIVEX primer (SEQ ID No: 3); 5 ul - 100 uM pD-
ter- primer (SEQ ID No: 17); 20 pl - ligated MLV RT library (~5*10'" molecules); 610 pl -
water. The cycling protocol was: initial denaturation step 3 min at 94°C, 15 cycles (30 sec at

94°C, 30 sec at 53°C, and 3 min at 72°C) and final elongation 5 min at 72°C. Amplification
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was ~200 fold from ~5%10'° molecules (corresponds to ~150 ng) of final ligation fragment

2702 bp in size target to ~30 pg (30 ng/ul) of amplified product (2702 bp PCR fragment).

1* selection round

Transcription mixture (100 pl) was prepared: 20 pl - 5x T7 transcription buffer (1 M HEPES-
KOH pH 7.6; 150 mM Mg acetate; 10 mM spermidin; 0.2 M DTT); 28 ul - 25 mM of each
NTP (Fermentas); 4 pl - 20 u/pl T7 RNA polymerase (Fermentas); 2 pl - 40 uw/pl RiboLock
RNase inhibitor (Fermentas); 30 pl - 30 ng/pl of mutants library (pro-pIVEX//pD-ter-) PCR
mixture (~900ng or ~3*10'" molecules); 16 pl nuclease-free water. Transcription was

performed 3 hr at 37°C (library diversity ~5*10'" molecules).

Transcription mixture was diluted to 200 pl with ice-cold nuclease-free water and 200 pl of 6
M LiCl solution were added. Mixture incubated 30 min at +4°C and centrifuged for 30 min at
+4°C in cooling centrifuge at max speed (25’000 g). Supernatant was discarded and RNA
pellet washed with 500 pl of ice-cold 75% ethanol. Tube again was centrifuged for 5 min at
+4°C in cooling centrifuge at max speed and supernatant was discarded. RNA pellet was dried
for 12 min at room temperature and subsequently resuspended in 200 pl of nuclease-free
ice-cold water by shaking for 15 min at +4°C and 1400 rpm. Tube again was centrifuged for 5
min at +4°C in cooling centrifuge at max speed in order to separate not dissolved RNA. About
180 pl of supernatant were moved to new tube with 20 pl of 10x DNase I buffer (Mg®")
(Fermentas); 1 pul - 1 u/pl DNasel (RNase-free) (Fermentas) and incubated for 30 min at +37°C
in order to degrade DNA. To reaction mixture were added 20 pl of 3 M Sodium acetate pH 5.0
solution and 500 pl of ice-cold 96% ethanol. Finally RNA was precipitated by incubation for
30 min at -20°C and centrifugation for 30 min at +4°C in cooling centrifuge at max speed
(25’000 g). Supernatant was discarded and RNA pellet washed with 500 pl of ice-cold 75%
ethanol. Tube again was centrifuged for 5 min at +4°C in cooling centrifuge at max speed and
supernatant was discarded. RNA pellet was dried for 12 min at room temperature and
subsequently resuspended in 33 pl of nuclease-free ice-cold water by shaking for 10 min at
+4°C and 1400 rpm. RNA solution was aliqouted 3x 10 pul and liquid nitrogen frozen.

Concentration of mRNA was measured spectrophotometrically and double checked on agarose
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gel using RiboRuler™ RNA Ladder, High Range (Fermentas) - MLV RT library mRNA
~2.1 pg/ul.

In vitro translation was performed using RTS 100 E.coli HY (03 186 148 001 - Roche)
translation system (25 pl): 6 pl - E.coli lysate (Roche); 5 pl - Reaction Mix (Roche); 6 ul -
amino acids (Roche); 0.5 pl - 100 mM Met (Roche); 0.5 pl - 40 u/pl RiboLock RNase inhibitor
(Fermentas); 0.4 pl - 200 pM assrA oligonucleotide (SEQ ID No: 5); 0.25 ul - 1 M DTT; 3 pl
reconstitution buffer (Roche); 2.5 ul nucleaée-free water and 0.6 ul - 2.1 pg/pl mRNA
(~1200 ng). Reaction mixture was incubated for 20 min at 30°C. Translation was stopped
adding 155 pl of ice-cold stopping buffer WBKsog+DTT+riton (50 mM tris-acetate pH 7.5 at
25°C; 50 mM NaCl; 50 mM Mg-acetate; 500 mM KC1; 10 mM DTT; 0.1% (v/v) - triton x-100
(T8787 - Sigma)) and centrifuged for 5 min at +4°C and 25’000 g. Very carefully 160 pl of
centrifuged translation mixture was pippeted oﬁ the top of 840 pul 35% (w/v) sucrose solution
in WBKs00+tDTT+triton (50 mM tris-acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-
acetate; 500 mM KCI; 10 mM DTT; 0.1% (v/v) - triton x-100 (T8787 - Sigma); 35% (W/v) -
sucrose (84097 - Fluka)). In order to purify ternary complexes (TC) of mRNA-ribosome-
MLV({RNA) ultracentrifugation was performed using TL-100 Beckman- ultracentrifuge;
TLA100.2 fixed angle rotor (Beckman); transparent 1 ml ultracentrifugation tubes (343778 -
Beckman) for 9 min at +4°C and 100’000 rpm. In order to keep small transparent pellet of TC
at the bottom of ultracentrifugation tube intact tubes were handled with care. Initially 750 pl of
solution was removed from the very top of the centrifugation tube. Than (very carefully) tube
walls Were washed with 750 ul of WBKsqo (50 mM tris-acetate pH 7.5 at 25°C; 50 mM NaCl;
50 mM Mg-acetate; 500 mM KCI). Finally all solution was removed starting from the very top
of the centrifugation tube and pellet was dissolved in 30 ul of ice-cold stopping buffer
WBK500tDTT+riton (50 mM tris-acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate;
500 mM KCI; 10 mM DTT; 0.1% (v/v) - triton x-100 (T8787 - Sigma)).

As it was determined experimentally, using radioactively labeled mRNA, ultracentrifugation
yields 5% - 30 % of input mRNA in ternary complex pellet. Therefore it was expected to have
less than 360 ng (30% from 1200 ng mRNA used in translétion reaction) of mRNA in 30 pl of
buffer (~12 ng/pl or 9*10° molecules/ul of ternary complex).
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Reverse transcription reaction mixture for selection was prepared on ice: 60 ul - 5X reaction
buffer for Reverse Transcriptase (Fermentas); 7.5 pl - 40 u/ul RiboLock RNase inhibitor
(Fermentas); 15 pul - 20 uM pD_42 oligonucleotide (SEQ ID No: 8); 186 pl nuclcasc-frce
water and 1.8 pl of purified (<1.8*10" molecules) TC (translation in Roche - RTS HY kit).
Reaction mixture was divided into two tubes 45 pl and 225 pl. To first part - 45 pl of RT
mixture were added 5 pl of nuclease-free water. This sample was considered to be negative
selection control (without ANTP) and has to prove that there is no DNA contamination in the
reaction mixture and ¢cDNA synthesis is strictly linked to reverse transcriptase functional
activity coming from MLV RT in ternary complex. To second part - 225 pl of RT mixture
were added 25 ul - 10 mM each dNTP Mix (Fermentas) and reaction mixture again was
divided into two tubes - 200 pl (4x 50 pl) for selection control (<1.2%10" molecules of TC
totally) and 50 ul supplemented with 1 ul - 200 w/pl of RevertAid H- M-MuLV Reverse
Transcriptase (Fermentas) for positive selection control. According to protocol each reverse

transcription reaction mix contains <3*10° molecules of ternary complex in 50 pl volume.

Oil-surfactant mixture for emulsification was prepared by mixing ABIL EM 90 (Goldschmidt)
into mineral oil (M5904 - Sigma) to final concentration of 4% (v/v) (Ghadessy and Holliger,
2004; US2005064460). Emulsions were prepared at +4°C in 5 ml cryogenic vials (430492 -
Corning) by mixing 950 pl of oil-surfactant mixture with 50 pl of RT mixture. Mixing was
performed using MS-3000 magnetic stirrer with speed control (Biosan) at ~2100 rpm;
Rotilabo®- (3x8 mm) magnetic followers with centre ring (1489.2 - Roth); water phase was
added by 10 ul aliquots every 30 sec, continuing mixing for 2 more minutes (total mixing time
- 4 min). According to optical microscopy data compartments in our emulsions vary from
0.5 um to 10 um in size with average diameter of ~2 pm. Therefore .it was expected to have
~1#10'" water in oil compartments after the emulsification of 50 ul reverse transcription
reaction mixture, which contains less than 3*10° molecules of ternary complex (about 1

mRNA and reverse transcriptase molecules per 3-4 compartments).

All emulsions were incubated 1 hr at +50°C in order to select for reverse transcriptase variants,

which work better at higher temperatures. To recover the reaction mixtures emulsions were
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moved to 1.5 ml tube, centrifuged for 10 min at room temperature and 25’000 g. Oil phase was
removed leaving concentrated (but still intact) emulsion at the bottom of the tube. Emulsions
were broken by extraction with 0.9 ml water-saturated ether; 0.9 ml water-saturated
ethyl-acetate (in order to remove ABIL EM 90 detergent) and again 0.9 ml water-saturated
ether. Water phase was dried for 5 min under vacuum at room temperature and 250 pl of PB
buffer (Qiagen PCR purification kit) were added. Four selection samples were merged into two
tubes. Synthesized cDNA was further purified with Qiagen PCR purification kit and eluted in
30 ul of EB buffer (Qiagen PCR purification kit) in case of negative and positive selection

controls and 2x 30 pl in case of selection control.

Amplification of cDNA was performed by nested PCR. First of all small PCR amplification
was performed in order to check negative and positive selection controls and determine
minimal number of PCR cycles required for efficient amplification of ¢cDNA in selection
samples. PCR mixture (200 pl) was prepared on ice: 20 ul - 10X Taq buffer with KCl
(Fermentas); 20 pl - 2 mM of each dNTP (Fermentas); 12 ul - 25 mM MgCl, (Fermentas); 2.5
pl - 1 u/pl LC (recombinant) Taq DNA Polymerase (Fermentas); 1 pl - 2.5 uw/ul Pfu DNA
Polymerase (Fermentas); 1 pul - 100 uM RD_Nde primer (SEQ ID No: 9); 1 ul - 100 uM
pD_55 primer (SEQ ID No: 10); 50 pl - purified cDNA of selection controls; 92 ul water. The
cycling protocol for 2185 bp PCR fragment was: initial denaturation step 3 min at 94°C, 25
cycles (45 sec at 94°C, 45 sec at 58°C, and 2 min at 72°C) and final elongation 5 min at 72°C.

Nested PCR mixture (500 pl) for full gene amplification was prepared on ice: 50 ul - 10X Taq
buffer with KCI (Fermentas); 50 ul - 2 mM of each INTP (Fermentas); 30 ul - 25 mM MgCl,
(Fermentas); 6.25 ul - 1 u/pul LC (recombinant) Taq DNA Polymerase (Fermentas); 2.5 pl - 2.5
w/ul Pfu DNA Polymerase (Fermentas); 2.5 pl - 100 pM M_Esp primer (SEQ ID No: 13); 2.5
pl - 100 uM M_Eri primer (SEQ ID No: 14); 50 pl of first PCR (primers set RD_Nde//pD_55);
306 pl water. The cycling protocol for 2077 bp PCR fragment was: initial denaturation step 3
min at 94°C, 22 cycles (45 sec at 94°C, 45 sec at 55°C, and 2 min at 72°C) and final elongation
5 min at 72°C.



46

Final PCR fragment of selection sample was agarose-gel purified using Qiagen gel extraction
kit (elution in 60 pl ~50 ng/ul). Purified PCR fragment was digested with EcoRI and Esp31 for
1 hr at 37°C and again agarose-gel purified (elution in 30 ul ~50 ng/ul).

Recovered MLV reverse transcriptase library after 1% selection round was ligated with START
and END fragments (construction described earlier in this example) in order to get PCR
fragment (FIG 7) suitable for 2™ round of CRD selection (FIG 6). Ligation reaction (40ul) was
prepared at room temperature: 4 ul - 10X ligation buffer for T4 DNA Ligase (Fermentas); 2 pl
- 1 uw/pl T4 DNA ligase (Fermentas); 4 pl - 50 ng/pl selected library digested with Esp3I and
EcoRI (~200ng or ~0.9%10!" molecules); 1.1 pl - 35 ng/pl START fragment digested with
Neol (~35 ng or ~1.5%10" molecules); 1.76 pl - 35 ng/ul END fragment digested with EcoRI
(~61 ng or ~1.5%10"" molecules); 27.2 pl - water. Ligation was performed 1 hr at room

temperature.

Ligated MLV RT library was amplified by PCR (300 pl - prepared on ice): 30 ul - 10X Taq
buffer with KC1 (Fermentas); 30 pl - 2 mM of each NTP (Fermentas); 18 ul - 25 mM MgCl,
(Fermentas); 24 ul - DMSO (D8418 - Sigma); 3.7 ul - 1 uw/ul LC (recombinant) Taq DNA
Polymerase (Fermentas); 1.5 pl - 2.5 u/ul Pfu DNA Polymerase (Fermentas); 1.5 ul - 100 uM
pro-pIVEX primer (SEQ ID No: 3); 1.5 pl - 100 pM pD-ter- primer (SEQ ID No: 17); 25.5 pl -
ligated MLV RT library (<0.6%10'° molecules); 164.3 ul - water. The cycling protocol for
2702 bp PCR fragment was: initial denaturation step 3 min at 94°C, 15 cycles (45 sec at 94°C,
45 sec at 53°C, and 3 min at 72°C) and final elongation 5 min at 72°C. PCR fragment was

agarose-gel purified using Qiagen gel exraction kit (elution in 30 pl ~100 ng/ul).

2" selection round

Second selection round was performed following general setup of 1% selection round of
experimental scheme with minor modifications in PCR cycles, emulsified RT reaction

temperature and few more details.

All modifications are given below:
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transcription - 10 pl - 100 ng/pl (~1000ng) of agarose-gel purified PCR
fragment were taken; final concentration of mRNA used in 2™ slection round
was 1.5 pg/pl;

translation - 0.8 ul - 1.5 pg/pl (~1.2 pg) of mRNA were taken;

emulsified RT reaction was performed 1 hr at 52.5°C;

1* PCR (RD_Nde//pD_55) - 24 cycles were performed;

2" (nested) PCR (M_Esp//M_Eri) - 23 cycles were performed,

final concentration of digested PCR fragment - 80 ng/pl;

ligation - 200 ng (~0.9*10"! molecules ) of MLV RT library were taken;

PCR (on ligation mix) - <0.6* 10" molecules of selected library were taken and
15 PCR cycles were performed; concentration of final agarose-gel purified PCR

fragment was 200 ng/pl.

3" selection round

Third selection round was performed following general setup of 1% selection round of

experimental scheme with minor modifications in PCR cycles, emulsified RT reaction

temperature and few more details.

All modifications are given below:

transcription - 5 pl - 200 ng/pul (~1000ng) of agarose-gel purified PCR fragment
were taken; final concentration of mRNA used in 3" slection round was
1.5 pg/pl;

translation - 0.8 ul - 1.5 pg/ul (~1.2 ng) of mRNA were taken;

emulsified RT reaction was performed 1 hr at 55°C;

1 PCR (RD_Nde//pD_55) - 25 cycles were performed;

2" (nested) PCR (M_Esp//M_Eri) - 22 cycles were performed;

final concentration of digested PCR fragment - 70 ng/ul;

ligation - 200 ng (~0.9%10" molecules ) of MLV RT library were taken;

PCR (on ligation mix) - <0.6*10'° molecules of selected library were taken and
15 PCR cycles were performed; concentration of final agarose-gel purified PCR

fragment was 100 ng/pl.
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4™ selection round

Fourth selection round was performed following general setup of 1* selection round of

experimental scheme with minor modifications in PCR cycles, emulsified RT reaction

temperature and few more details.

All modifications are given bellow:

[

transcription - 10 pul - 100 ng/pl (~1000ng) of agarose-gel purified PCR
fragment were taken; final concentration of mRNA used in 4" slection round
was 1.8 pg/ul;

translation - 0.67 pul - 1.8 pg/ul (~1.2 ug) of mRNA were taken;

emulsified RT reaction was performed 1 hr at 57.5°C;

1* PCR (RD_Nde//pD_55) - 25 cycles were performed;

ond (nested) PCR (M_Esp//M_Eri) - 24 cycles were performed,

final concentration of digested PCR fragment - 50 ng/pl;

ligation - 200 ng (~0.9*10" molecules ) of MLV RT library were taken;

PCR (on ligation mix) - <0.6*10" molecules of selected library were taken and
15 PCR cycles were performed; concentration of final agarose-gel purified PCR

fragment was 100 ng/ul.

5" selection round

Fith selection round was performed following general setup of 1% selection round of

experimental scheme with some modifications in PCR cycles, emulsified RT reaction

temperature and final stage of analysis.

All modifications are given bellow:

transcription - 10ul - 100 ng/pl (~1000ng) of agarose-gel purified PCR
fragment were taken; final concentration of mRNA used in 5™ slection round
was 1.1 pg/ul;

translation - 1.1 pl - 1.1 pg/pl (~1.2 pg) of mRNA were taken;

emulsified RT reaction was performed 1 hr at 60°C;
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e 1" PCR (RD_Nde//pD_55) - 25 cycles were performed;
o 2 (nested) PCR (M_Esp//M_Eri) - 33 cycles were performed;

Nested PCR mixture (500 ul) for full gene amplification was prepared on ice: 50 pl - 10X Taq
buffer with KCI (Fermentas); 50 ul - 2 mM of each dNTP (Fermentas); 30 pl - 25 mM MgCl,
(Fermentas); 6.25 pl - 1 u/pl LC (recombinant) Taqg DNA Polymerase (Fermentas); 2.5 ul - 2.5
u/ul Pfu DNA Polymerase (Fermentas); 2.5 pl - 100 pM M_Esp primer (SEQ ID No: 13); 2.5
pul - 100 pM M_Hind3+ primer (SEQ ID No: 18); 50 ul of first PCR (primers set
RD_Nde//pD_55); 306 pl water. The cycling protocol for 2077 bp PCR fragment was: initial
denaturation step 3 min at 94°C, 22 cycles (45 sec .at 94°C, 45 sec at 55°C, and 3 min at 72°C)

and final elongation 5 min at 72°C.

Final PCR fragment of selection sample was agarose-gel purified using Qiagen gel extraction
kit (elution in 60 ul ~60 ng/pl). Purified PCR fragment was digested with HindIIl and Esp3I
for 1 hr at 37°C and again agarose-gel purified (elution in 40 pl ~50 ng/pl).

Recovered MLV reverse transcriptase library after 5™ selection round was ligated into plasmid
vector prepared from pET his MLV_pD (SEQ ID No: 1 and FIG 2) digested with Ncol and
HindlII, giving new 7474 bp plasmid pET his MLV (SEQ ID No: 19) encoding MLV RT
with N-terminal his-tag and no pD fusion on C-terminus for fast protein purification using

affinity chromatography.

Ligated MLV RT library after 5™ selection round was electroporated into T7 expression strain
ER2566. Individual clones were sequenced and analyzed. Pool of evolved proteins as well as
individual mutants and primary wt M-MuLV reverse transcriptase in the same construction
were grown in 200 ml of LB to A590 ~0.7 and purified via his-tag by affinity chromatography
using 2 ml of Qiagen - Ni-NTA Superflow resin (all purification was performed under native
conditions according to suppliers recommendations). Elution was performed in 1 ml of EB
(50 mM - NaH,POy4, 300 mM - NaCl, 250 mM - imidazol, pH 8.0, 10 mM - B-mercaptoethanol
and 0.1% of triton X-100). All proteins were dialyzed against 50 times excess of storage buffer
(50 mM Tris-HCI (pH 8.3 at 25°C), 0.1 M NaCl, I mM EDTA, 5 mM DTT, 0.1% (v/v) Triton
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X-100 and 50% (v/v) glycerol). Protein purity was checked on SDS-PAGE (usually ~40-80%
of target protein). Protein concentration was determined using Bredford method based Bio-Rad

protein assay (500-0006).

MLV reverse transcriptase specific activities were measured at 37°C, 50°C (enzyme diluted in
special dilution buffer: 30 mM Tris-HCI pH 8.3 at 25°C, 10 mM DTT, 0.5 mg/ml BSA) and
rest of activity at 37°C after 5 min enzyme incubation at 50°C (enzyme diluted and its stability
measured in 1x RT reaction buffer: 50 mM Tris-HCI pH 8.3 at 25°C, 4 mM MgCl,, 10 mM
DTT, 50 mM KCI). Enzyme activity in all cases was assayed in the following final mixture: 50
mM Tris-HCI (pH 8.3 at 25°C), 6 mM MgCl,, 10 mM DTT, 40 mM KCl, 0.5 mM dTTP, 0.4
MBqg/ml [3H]-dTTP, 0.4 mM polyA-oligo(dT)i,.15. Activity units were determined measuring
incorporation of dTMP into a polynucleotide fraction (adsorbed on DE-81) in 10 min at

particular reaction temperature and comparing to known amounts of commercial enzyme.

Results ,

During analysis of selection data we have accumulated 104 sequences expressing full length
M-MuLV reverse transcriptase. The total CLUSTALW alignment of all proteins (Appendix 2)
is compiled without N terminal His tag in order to have the same numeration of amino acids as
is usually used in literature. Wild type sequence denoted as MLV is always given as the first
sequence. Mutations are marked using white font color in black background (Appendix 2).
Amino acids positions, mutations of which somehow improve M-MuLV reverse transcriptase
properties and are described in different patent applications are marked in the alignment as
columns of amino acids (white font) highlighted in grey. Mutations originating from our
selection and located in grey columns serve as proof that our selection procedure precisely
targeted the beneficial hot spot or even exact amino acid mutations described elsewhere. Out of
104 sequenced clones we found 98 unique sequences and 1 wt (L5_87) sequence. Five
sequences are repeated twice (L5 21 and L5 111; L5 43 and L5 112; LS 49 and L5 _63;
L5 64 and L5 93; L5 85 and L5_96). In total we had randomly expressed 55 proteins. Out of
55 expressed proteins 40 enzymaticaly active mutant variants (including control wt) of
M-MuLV reverse transcriptase were successfully purified to 40-80% homogeneity according
to SDS-PAGE. Total protein concentration in purified RT samples was in range of

0.6-5.5 mg/ml. Mutant RT variants were tested for reverse transcriptase activity at 37°C, 50°C
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and residual activity at 37°C after 5 min incubation at 50°C (FIG 8). Reverse transcriptase
activity at 37°C is normalized to be 100% and is omitted in FIG 8. Thus only two types of
columns (percents of RT activity at 50°C and residual RT activity at 37°C after 5 min
incubation at 50°C) are shown. As a control wt M-MuLV reverse transcriptase used for
mutants library construction is presented. This primary enzyme was expressed in the same
vector and purified in the same way as mutant variants of RT. An average value of wt enzyme
RT activity at 50°C is about 45% comparing to activity at 37°C. Almost all tested proteins,
with few exceptions, have higher than 45% activity at S0°C. An average value of RT activity at
50°C for all tested mutants is about ~92% and is more than 2 times higher comparing to wt
enzyme (45%). Some mutants are 100% or even more active at 50°C as they are at 37°C: 20,
23, L5_16, L5 24, L5 30, L5 35, L5 37, L5_43, L5 46, L5 47, L5_49, LS 52, L5_55,
>L5_64, L5 65,15 68, L5;72. The best mutants found have RT activity at 50°C about 140%
and more (3 times higher than 45% of wt): 20 (165%), L5 37 (162%), L5_43 (156%), L5_46
(135%), L5_47 (179%), L5_52 (137%), L5_64 (142%) and L5_68 (153%).

Even though majority of mutants have very high RT activities at 50°C, they are not as
thermostable. Residual RT activity at 37°C after 5 min incubation at 50°C of wt control is
~11%. The same average residual activity of selected enzymes is also similar ~12%. Although
some tested RT variants are substantially more thermostable and have residual activity 2-3
times higher than wt enzyme (11%): L5_8 (25%), L5_43 (32%), L5_46 (27%), L5_64 (28%),
L5 65 (25%), L5_68 (31%)).

Specific activity (u/mg of protein) for partially purified wt enzyme 1s ~200°000 w/mg (FIG 9).
Selected RT variants were expressed and purified in very diverse manner and an average
specific activity (~155°000 u/mg) is slightly lower as for wt control (FIG 9). In some cases
specific activity is decreased, in some - increased (20 - ~274°000 w/mg; LS 11 -
~273°000 w/mg; L5 28 - ~230°000 u/mg; L5 30 - ~224°000 u/mg; L5 35 - ~316°000 u/mg;
L5 43 - ~328°000 w/mg; L5 46 - ~304°000 wmg;, L5 52 - ~310°000u/mg; L5_64 -
~256000 wmg; L5_65 - ~247°000 u/mg).

It is obvious that our selection system works well. Using increased temperature of RT reaction

as a selection pressure factor, we have managed to evolve faster (specific RT activity at 50°C
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is higher) and more thermostable (residual RT activity at 37°C after 5 min preincubation at

50°C) reverse transcriptases.

The source of valuable information is an alignment of selected protein sequences (Appendix
2). Sequences of analyzed proteins, whose activity at 50°C was substantially better as
compared to primary wt M-MuLV (70% and more comparing to 45% of wt activity) are
highlighted in grey (Appendix 2). Number of mutagenized amino acids varied in range of 0 (wt
or L5 _87) to 12 (L5_9). List of mutations found in all selected RT variants is given in
Appendix 3. Proteins are sorted by decreasing number of mutations. Most mutants (53 out of
104) had 4-6 mutations per sequence. It is obvious that reverse transcriptase sequence has some
hot spots, which are very important and beneficial for the RT reaction in general and for the
thermostability of enzyme. Those hot spots can be easily identified in multiple sequence
alignment (Appendix 2) as conglomeration of mutations at particular position. Especially
important are mutations found in better performing variants of M-MuLV reverse transcriptase
(sequences are highlighted in grey — Appendix 2). Summarized information about the most
frequent mutations (in decreasing order) is given in Appendix 4. As in previous appendix
mutant proteins with substantially higher activity at 50°C are highlighted in grey. If same
mutation repeats for many times and tested reverse transcriptases with this mutation are better
performing at 50°C, that means this mutation is somehow beneficial for reverse transcription

reaction.

According to the frequency with which mutations are found they can be divided into five
classes: 21-31 repeats; 14-18 repeats; 4-7 repeats; 2-3 repeats and 1 repeat. The first group of
the most frequent mutations comprises four amino acids D524 (31 repeats); D200 (30 repeats);
D653 (23 repeats) and D583 (21 repeats). Two amino acids (D524 and D583) are known to
complex magnesium ions in active centre of ribonuclease H domain. Mutants D524G, D583N
and E562Q are used to turn off RNase H activity of M-MuLV reverse transcriptase (Gerard et
al., 2002), what improves synthesis of cDNA. Results of our selection are strikingly similar.
Mutation of aspartate 524 is found in 31 sequences out of 98. Moreover, D524N substitution is
found once, D524A - 10 times and finally D524G - 20 times. Thus our selection not only
precisely targeted important amino acids, but also the same amino acid substitutions, which are

known to be the best. Exactly the same situation is with mutation of aspartate 583, which is
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repeated in 21 selected proteins out of 104. Substitution D583E is found once, D583A - 3
times, D583G - 7 times and finally DS83N - 10 times. Again, same amino acid and same
substitution (D583N), which is known to be the best is selected most frequently. Commercial
enzyme SUPERSCRIPT II from Invitrogen has three mutations: D524G, D583N and E562Q
(W02004024749). An interesting thing is that mutation of the third amino acid substitution
E562 in our selection is found only once (E562K in L5 71). This result suggests that most
likely glutamate 562 is not as important as aspartates 524 and 583, or for some reasons

exchange of this amino acid can cause some side effects and is not beneficial for RT reactions

performed at increased temperatures (>50°C).

Further analysis of selected proteins sequences allowed to identify many more hot amino acids
positions, mutations of which are described in other patent applications for improved M-MuLV
reverse transcriptase: H204R - 7 repeats (US7078208); H638R - 4 repeats
(US20050232934A1); T197A - 2 repeats (US7056716); M289V(L), T306A(M) - 2 repeats
(US7078208); E302K, N454K - 2 repeats (WO07022045A2); E69G, L435P - 1 sequence
(W007022045A2); Y64C, Q190R, V223M, F309S - 1 sequence (US7056716); E562K - 1
sequence (US7078208). There are also two selected sequences of reverse transcriptases which
have combination of three amino acids substitutions described in literature (30 - D200N,

T306M, D524N, D583G; L5_28 - T306A. F309S, D524A, H594R, F6258).

In addition to known mutations we have identified many more amino acids positions which are
mutated quite often: D200N(A, G) - 30 repeats; D653N(G, A, H, V) - 23 repeats; L603W(M) -
18 repeats; T330P - 15 repeats; L139P - 14 repeats; Q221R - 6 repeats; T287A - 6 repeats;
I49V(T) - 5 repeats; N479D - § repeats; H594R(Q) - 5 repeats; F625S(L) - 5 repeats; P65S - 4
repeats; H126S(R) - 4 repeats; L333Q(P) - 4 repeats; A5S02V - 4 repeats; E607K(G, A) - 4
repeats; K658R(Q) - 4 repeats; H8P(R) - 3 repeats; P130S - 3 repeats; E233K - 3 repeats;
Q237R - 3 repeats; N249D - 3 repeats; A283D(T) - 3 repeats; A307V - 3 repeats; Y344H - 3
repeats; P407S(L) - 3 repeats; M428L - 3 repeats; Q430R - 3 repeats; D449G(A) - 3 repeats;
A644V(T) - 3 repeats; N649S - 3 repeats; L671P - 3 repeats; E673G(K) - 3 repeats; N6781 - 3
repeats (Appendix 4).
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Best performing variants of RT usually have mutations of amino acids, which are modified
most frequently:

20 (50°C - 123%) - D200N (30 repeats), L603W (18 repeats) and slightly modified C terminus
- N6781, S679P, R680A;

L5_35 (50°C - 125%) - D200N (30 repeats), T330P (15 repeats), N479D (5 repeats);

L5 37 (50°C - 162%) - H123S (4 repeats), L149F (1 sequence), D200N (30 repeats), N454K
(2 repeats), DS83N (21 repeats);

L5_43 (50°C - 160%) - D200N (30 repeats), Q237R (3 repeats), T330P (15 repeats), D524G
(31 repeats), F625S (5 repeats), D653N (23 repeats);

L5 46 (50°C - 135%) - D200N (30 repeats), T330P (15 repeats), DS83N (21 repeats), T644T
(3 repeats);

L5_47 (50°C - 179%) - N107S (1 repeat), H126R (4 repeats), T128A (1 repeat), 1179V (2
repeats), D200N (30 repeats), H642Y (2 repeats), D653N (23 repeats);

L5_52 (50°C - 137%) - D200N (30 repeats), T330P (15 repeats), Q374R (2 repeats), (D583N
(21 repeats);

L5_64 (50°C - 142%) - D200N (30 repeats), D216G (2 repeats), D524G (31 repeats), E545G
(2 repeats);

L5 65 (50°C - 127%) - D200N (30 repeats), Q238H (1 repeat), L5701 (1 repeat), L603W (18
repeats);

L5 68 (50°C - 153%) - M39V (2 repeats), [49V (2 repeats), Q91R (2 repeats), H204R (7
repeats), T287A (6 repeats), N454K (2 repeats), F625L (5 repeats), D653H (23 repeats).

The combined data set of measured RT activities and sequence alignment analysis of mutant
proteins allowed us to determine many beneficial mutations (and combinations thereof) in the

sequence of M-MuLV reverse transcriptase sequence.
Example 3 - Anaiysis of Moloney Murine Leukemia Virus reverse transcriptase mutants

In vitro evolution experiment described in 2nd example was very efficient. Gradually
increased temperature of reverse transcription reaction was used as a selection pressure and
generated a lot of different mutant variants of M-MuLV RT. Most of them were able to

perform better at elevated temperatures comparing to primary enzyme. Sequence analysis of
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evolved reverse transcriptases indicates hot spots and most important amino acids positions
(replacements), responsible for complex improvement of enzyme properties. In order to
elucidate individual impact of different mutations single and multiple mutants of M-MuLV RT
were constructed, partially purified and analyzed. Starting point for mutants construction was
7474 bp plasmid pET_his MLV (SEQ ID No: 19) encoding M-MuLV RT with N-terminal
his-tag for fast protein purification using affinity chromatography. M-MuLV reverse
transcriptase specific activity at 37°C, relative activity at 50°C and relative residual activity at
37°C after 5 min enzyme incubation at 50°C were determined. In some cases RNase H activity
was checked and cDNA synthesis reaction at different temperatures on 1kb or 4.5kb RNA was

performed.

Methods and materials

Initial plasmid pET his MLV (SEQ ID No: 19) was used as a starting material for
mutagenic PCR. Mutations were introduced using mutagenic primers. Individual clones were
sequenced and analyzed. M-MuLV RT mutants were expressed in T7 expression strain
ER2566. Individual proteins and primary wt M-MuLV reverse transcriptase in the same
construction were grown in 200 ml of LB to A590 ~0.7 and purified via his-tag by affinity
chromatography using 2ml of Qiagen - Ni-NTA Superflow resin (all purification was
performed under native conditions according to suppliers recommendations). Elution was
performed in 1 ml of EB (50 mM - NaH,PO4, 300 mM - NaCl, 250 mM - imidazol, pH 8.0,
10 mM - B-mercaptoethanol and 0.1% of triton X-100). All proteins were dialyzed against 50
times excess of storage buffer (50 mM Tris-HCI (pH 8.3 at 25°C), 0.1 M NaCl, 1 mM EDTA,
5 mM DTT, 0.1% (v/v) Triton X-100 and 50% (v/v) glycerol). Protein purity was checked on
SDS-PAGE (usually ~40-80% of target protein). Protein concentration was determined using
Bradford reagent (Fermentas #R1271).

MLV reverse transcriptase activities were measured at 37°C, 50°C (enzyme diluted in
special dilution buffer: 30 mM Tris-HCI pH 8.3 at 25°C, 10 mM DTT, 0.5 mg/ml BSA) and
rest of activity at 37°C after 5 min enzyme incubation at 50°C (enzyme diluted and its stability
measured in 1x RT reaction buffer: 50 mM Tris-HCI pH 8.3 at 25°C, 4 mM MgCly, 10 mM
DTT, 50 mM KCI). Enzyme activity in all cases was assayed in the following final mixture: 50
mM Tris-HCI (pH 8.3 at 25°C), 6 mM MgCl,, 10 mM DTT, 40 mM KCI, 0.5 mM dTTP, 0.4
MBqg/ml [3H]-dTTP, 0.4 mM polyA-oligo(dT) 2.15. Activity units were determined measuring
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incorporation of dTMP into a polynucleotide fraction (adsorbed on DE-81) in 10 min at
particular reaction temperature and comparing to known amounts of commercial enzyme.

RNase H activity of M-MuLV reverse transcriptase variants was measured according to US
patent US5405776. RNase H activity of purified enzymes was assayed in reaction mixtures
(50 pl) containing 50mM Tris-HCI pH 8.3, 2 mM MnCly, 1 mM DTT and [3H](A)n*(dT)n
(5 uM [3H](A)n, 35 cpm/pmol; 20 uM (dT)n). Reactions were incubated at 37°C for 10 min
and were stopped by adding 10 ul of tRNA (1 mg/ml) and 20 pl of cold 50% TCA. After 10
minutes on ice, the mixture was centrifuged for 10 minutes in an Eppendorf centrifuge (at
25000g). Forty pul of the supernatant was counted in a LSC-universal cocktail (Roth - Rotiszint
eco plus). One unit of RNase H activity is the amount of enzyme required to solubilize one

mole of [3H](A)n in [3H](A)n*(dT)n in 10 min at 37°C.

“RevertAid™ First Strand cDNA Synthesis Kit” (#K1622 - Fermentas) and its control 1.1 kb
RNA with a 3’-poly(A) tail in combination with oligo(dT),s primer was used to check purified
reverse transcriptases for their ability to synthesize ¢cDNA at different temperatures.
Alternatively 4.5 kb RNA (synthesized from Eco31I linearized pTZ19R plasmid, which
additionally contains piece of phage lambda DNA 5505-8469bp) was used to test reverse
transcription reaction. cDNA was synthesized 1hr in 20 pl reaction volume using kit’s
components 1 pg of synthetic RNA, following provided protocol with only some minor
modifications (without 5min preincubation at 37°C). Reverse transcription reactions were
performed in 96 well PCR plate in Eppendorf Mastercycler gradient PCR machine applying
corresponding temperature gradient. Synthesized cDNA was analyzed by alkaline agarose gel
electrophoresis (staining with ethidium bromide). Samples of cDNA synthesis analysis on

alkaline agarose gels are given in FIG 16.

Results

According to the frequency, with which mutations are found during the evolution of M-MulLV
reverse transcriptase, they can be divided into five classes: 21-31 repeats; 14-18 repeats; 4-7
repeats; 2-3 repeats and 1 repeat. Construction of individual reverse transcriptase mutants in
general was performed according to this information. Most frequently found mutations were
tested first. Reverse transcriptase specific activity at 37°C, relative activity at 50°C and relative

residual activity at 37°C after 5 min enzyme incubation at 50°C were determined. In some
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cases RNase H activity was checked and cDNA synthesis reaction at different temperatures on
1kb or 4.5kb RNA was performed. All experimental data on individual mutants are presented
in Appéndix 5. Second column (“Selection frequency”) indicates the number of sequenced
mutants, which had exact mutation and the number in the parentheses indicates total number of
particular amino acid mutations found in selection. For example D200N - 25 (30) means, that
aspartate 200 replacement to asparagine was found 25 times out of 30 total D200 mutations.
Reverse transcriptase specific activity measured at 37°C is given in units per mg of protein.
Relative enzyme activity at 50°C and relative residual RT activity at 37°C after 5 min
incubation at 50°C are given in percents normalized to specific activity (100%) of the same
enzyme measured at 37°C. As a control (first line) is given wt M-MuLV reverse transcriptase
used for mutants library construction. This primary enzyme is expressed in the same vector and
purified in the same way as mutant variants of RT. Specific activity of wt enzyme is about
200°000 wmg at 37°C, relative activity at 50°C (comparing to activity at 37°C) - 45-50%
(90°000-100°000 w/mg) and relative residual RT activity at 37°C after 5 min incubation at
50°C (comparing to activity at 37°C) is about 11% (~22°000 u/mg). Wild type enzyme has
about 160-200 u/mol of RNase H activity and can synthesize full length 1kb cDNA at 48°C. It
is known, that M-MuLV reverse transcriptase is protected from thermal inactivation by the
binding to template-primer substrate and contrary, enzyme is less thermostable in solution
alone (Gerard et al., 2002). Relative residual RT activity at 37°C after 5 min incubation at
50°C directly indicates enzyme thermostability in solution without substrate. Meanwhile
relative activity at 50°C represents enzyme thermostability in complex with RNA/DNA
substrate and speed of cDNA synthesis. Fast mutant variant of reverse transcriptase will give
increased numbers of polymerase units at 50°C, even if it’s thermostability will be the same as
wild type enzyme. Highest temperature of cDNA synthesis (in our case 1 kb or 4,5 kb) is the
most comprehensive parameter, which represents general ability of enzyme to synthesize
cDNA at increased temperatures. Reverse transcriptase mutants, which have at least 10%
increased: specific activity at 37° (2220°000 u/mg, 200°000 u/mg - wt), relative activity at
50°C comparing to mutant activity at 37°C (254%, 45-50% - wt) or relative residual activity at
37°C after 5 min incubation at 50°C comparing to mutant activity at 37°C (213%, 11% - wt),-
are shadowed in gray and considered as significantly improved enzymes. Mutants able to

synthesize full length 1kb cDNA at temperatures higher than 48°C are also shadowed in gray.
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Reverse transcriptase mutants with increased specific activity (2207000 w/mg) at 37°C are
(Appendix 5):

D200 (D200N - 254’000 uw/mg; D200G - 276’000 u/mg; D200H - 234’000 u/mg),
T330 (T330N - 223’000 w/mg; T330D - 240°000 u/mg),

0221 (Q221R - 268’000 wmg), _

HS594 (H594K - 270’000 w/mg; H594Q -231°000 u/mg),

D449 (D449E - 224’000 uw/mg; D449N - 221°000 w/mg),

M39 (M39N - 349’000 u/mg),

M66 (M66L - 237°000 uw/mg; M66V - 227000 u/mg; M66I - 240’000 u/mg),
H126 (H126R - 227°000 u/mg),

W388 (W388R - 266’000 u/mg),

1179 1179V - 251°000 u/mg).

Reverse transcriptase mutants with increased relative activity (254%) at 50°C (comparing to
activity at 37°C) are (Appendix 5):

D200 (D200N - 84%; D200A - 87%; D200Q - 103%; D200E - 79%; D200V - 131%; D200W -
103%; D200G - 88%; D200K - 102%; D200R - 68%; D200H - 54%)),

L603 (L603W - 105%; L603F - 104%; L603Y - 95%; L603M - 77%),

D653 (D653N - 93%; D653K - 106%; D653A - 99%; D653V - 98%; D653Q - 93%; D653L -
83%; D653H - 116%; D653G - 90%; D653 W - 93%; D653E - 80%),

T330 (T330P - 80%; T330N - 69%; T330D - 55%; T330V - 65%; T330S - 67%),

0221 (Q221R - 94%; Q221K - 77%; Q221E - 64%; Q221M - 58%; Q221Y - 77%),

607 (E607K - 84%; E607A - 98%; E607G - 72%; E607D - 69%),

L139 (L139P - 59%),

T287 (T287S - 68%),

N479 (N479D - 81%)),

HS94 (H594R - 69%; H594K - 80%; H594Q - 75%; H594N - 61%),

D449 (D449G - 79%; DA49E - 77%; D449N - 75%; D449A - 99%; D449V - 83%),

M39 (M39V - 54%; M39N - 71%),

M66 (M66L - 79%; M66V - 73%; M66I - 80%),

L.333 (L333Q - 54%)),
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H126 (H126R - 58%),
P130 (P130S - 70%),
Q91 (QIIR - 56%),
W388 (W388R - 72%),
R390 (R390W - 64%),
0374 (Q374R - 56%),
ES (BSK - 67%).

Reverse transcriptase mutants with increased relative residual activity (=13%) at 37°C after 5
min incubation at 50°C (comparing to activity at 37°C) are (Appendix 5):

D206 (D200N - 15%; D200A - 18%; D200Q - 23%; D200R - 27%; D200H - 27%),

L603 (L603W - 23%; L603Y - 13%; L603P - 15%),

D653 (D653N - 21%; D653K - 15%; D653A - 18%; D653V - 16%; D653Q - 18%; D653H -
13%; D653G - 13%; D653W - 13%; D653E - 19%),

T330 (T330P - 21%; T330N - 13%; T330D - 16%; T330S - 15%),

T287 (T287A - 13%; T287F - 13%)),

H594 (H594R - 14%; H594Q - 13%),

D449 (D449G - 13%)),

M39 (M39V- 13%),

M66 (M66L - 13%),

Y344 (Y344H - 13%)),

Q91 (Q91R - 13%),

N649 (N649S - 16%),

W388 (W388R - 14%)).

Mutants able to synthesize full length 1kb cDNA at temperatures higher than 48°C are
(Appendix 5): :

D200 (D200N - 50.4°C; D200H - 50.4°C),

L603 (L603W - 53.1°C; L603F - 50.4°C; L603Y - 47.8-50.4°C),

D653 (D653N - 50.4-53.1°C; D653K - 50.4-53.1°C; D653A - 50.4°C; D653V - 50.4°C;
D653Q - 50.4°C; D653L - 50.4°C; D653H - 50.4-53.1°C; D653G - 50.4°C; D653W - 50.4°C),

0221 (Q221R - 50.4°C),
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E607 (E607K - 47.8-50.4°C),
H594 (H594K- 47.8-50.4°C; H594Q - 47.8-50.4°C).

Samples of 1 kb ¢cDNA synthesis analysis on alkaline agarose gels are given in FIG 16 A-D.

According to collected biochemical data most important positions in M-MuLV reverse
transcriptase sequence, which can impact cDNA synthesis at increased temperatures, are:
D200, L1603, D653, T330, Q221, E607, 1139, T287, N479, H594, D449, M39, M66, 1333,
H126, Y344, P130, Q91, N649, W388, R390, 1179, Q374, ES.

In general mutations of interest can be combined in between and M-MuLV reverse
transcriptase thermostability with and without substrate, velocity, processivity and overall
ability to synthesize cDNA at increased temperatures can be further improved. Some data,
which illustrates enzyme improvement by combinatorial approach are presented in Appendix
6. Single mutants D200N and L603W have relative activity at 50°C 84% and 105%. Highest
temperatures of 1kb cDNA synthesis are 50.4°C and 53.1°C. Double mutant D200N; L603W
has relative activity 131% at 50°C and can synthesize 1kb ¢cDNA at 56°C. Triple mutant
D200N; L603W; T330P (80% at 50°C; 1kb ¢DNA at 47.8°C) is improved further and has
relative activity 175% at 50°C and can synthesize 1kb ¢cDNA at 56-58°C. Quadruple mutant
D200N; L603W; T330P; E607K (84% at 50°C; 1kb ¢cDNA at 47.8-50.1°C) has relative activity
174% at 50°C and can synthesize 1kb ¢cDNA at 60-62°C. Quintuple mutant D200N; L603W,
T330P; E607K; L139P (59% at 50°C; 1kb cDNA at 47.8°C) has relative activity 176% at 50°C
and can synthesize 1kb ¢cDNA at 62°C and that is about 14°C higher temperature comparing to
wild type M-MuLV reverse transcriptase (1kb cDNA at 47.8°C). Additive character of

thermostability is also observed in case of:

N479D, H594R mutants (D200N; L603W - 131% at 50°C, 1kb cDNA at 56°C versus D200N;
L603W; N479D; H594R - 182% at 50°C, 1kb ¢cDNA at 56-58°C, 4.5kb cDNA at 56-58°C),

T330P mutant (D200N; L603W; D653N; D524G - 155% at 50°C, 1kb cDNA at 58-60°C
versus D200N; L603W; D653N; D524G; T330P - 180% at 50°C, 1kb cDNA at 60-62°C).
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Samples of 4.5 kb cDNA synthesis analysis on alkaline agarose gels are given in FIG 16 E-G.

Example 4 - Modification of CRD - selection for DNA dependent DNA polymerase activity
using biotin-dUTP (proof of principle).

This example illustrates activity-based selection strategy of reverse transcriptase as DNA
dependent DNA polymerase, which is able to incorporate modified nucleotides into
DNA-DNA substrate. The principle scheme of selection is schematically illustrated in FIG 12.
Two plasmids pET_his MLV_D583N_pD (encoding RNase H minus Moloney Murine
Leukemia Virus (M-MLYV) reverse transcriptase fused to protein D spacer) and its derivative
pET_his_del pD (encoding inactivated reverse transcriptase; 57 amino acids deletion in pol
domain and mutation D583N in RNase H domain, Example 1, SEQ ID No: 2) were used as a
starting material in this example. Initial DNA fragments encoding active and inactive reverse
transcriptases were synthesized in two separate polymerase chain reactions using plasmids
pET_his MLV_D583N_pD and pET his_del_pD as a target. Synthesized PCR fragments
were used in transcription reaction for synthesis of mRNA, which lacks STOP codon at the 3’
end. Purified mRNAs were mixed to a ratio of 1:20=MLV (active RT):del (inactive RT).
Double stranded DNA adapter (required for selection of DNA dependent DNA polymerase
activity) was ligated to 3° mRNA by T4 DNA ligase. This mRNA-dsDNA complex is used for
in vitro translation reaction. The ribosome moving along the mRNA stops translation at the site
of RNA-DNA hybridization (Tabuchi et al., 2001). Ribosome-mRNA/dsDNA-protein
complexes were stabilized (as in conventional ribosome display) by dilution of translation
mixture with ice-cold buffer containing 50 mM Mg®*. Mixture of ternary complexes (TC) was
purified by ultracentrifugation on sucrose cushions. Purified ternary complexes (<3*10°
molecules taken) containing mRNA-dsDNA linked to in vitro translated M-MuLV (RNase H-)
reverse transcriptases were used to prepare reaction mixture additionally supplemented with
biotin-dUTP and reaction buffer. Ice-cold reaction mixture was emulsified yielding ~1*10"°

water in oil compartments ~2um in size. Emulsified reaction mixture (less than one TC,

ribosome-mRNA/dsDNA-protein per compartment) was incubated for 30 min at 37°C. After
the temperature of compartmentalized reaction mixture is raised most of TCs dissociate
releasing mRNA/dsDNA and reverse transcriptase. Successful incorporation reaction can occur
only in compartments containing active M-MuLV (RNase H-~) reverse transcriptase resulting in

biotinylation of mRNA/dsDNA complex. Biotinylated complex can be selectively immobilized
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on streptavidin coated magnetic beads and specifically amplified by RT-PCR. As a result of
successful experiment genes encoding active enzyme (in our case RT-PCR fragment of
MLV_D583N pD reverse transcriptase) should be enriched over genes encoding inactive

enzyme (del pD).
Methods and materials

Production of mRNA/dsDNA complex.

(1) Determination of ligation efficiency. Efficiency of ligation reaction was determined by
ligation of MLV_pD mRNA (synthesized from pET his MLV _pD plasmid, Example 1) with
primer Long+Tb (SEQ ID No: 23) using ddC-Long2 primer (SEQ ID No: 22) as a splint. The
5° end of Long+Tb was previously phosphorylated using T4 Polynucleotide Kinase
(Fermentas).

Annealing mix of 36ul was prepared by mixing of 8.5 pmol (~10pg) of purified MLV_pD
mRNA with 4 times of molar excess of Long+Tb (SEQ ID No: 23) and 4.2 times of molar
excess of ddC-Long2 (SEQ ID No: 22) in nuclease free water. The mixture was incubated at
70°C for 5Smin and then cooled to room temperature for 20 min. Before adding ligation

reaction components mixture was moved to cooling stand for 2 min.

4.5 pl of 10x ligation buffer and 4.5pl of T4 DNA ligase (5v/ul) (Fermentas) were added to
36l of annealing mixture. Ligation reaction was performed for 30min at 37°C and followed
extraction once with equal volume of Roti® Phenol/chloroform (ROTH) and twice with equal
volume of chloroform. Assuming that mRNA amount was close to initial amount taken for
ligation reaction ~5pug of ligation products mix was diluted to 43ul by nuclease free water.
Aliquot of 2l of resultant mixture was left for analysis on agarose gel before immobilization
on Dynabeads M-280 Streptavidin beads (Dynabeads® kilobase BINDER™ Kit (DYNAL
Biotech)).

10l of resuspended Dynabeads was transferred to a 1.5 ml microcentrifuge tube, washed with
50 ul of Binding Solution provided in the kit. The tube was placed on the magnet for 1-2 min
until beads settled at the tube and solution was removed. Dynabeads were gently resuspended
by pipetting in 38 pul of Binding Solution supplemented with 2ul of aqueous tRNA (tRNA from
yeast (Roche)) solution (1pg/ul) to minimize non-specific mRNA binding. 40pl of Dynabeads
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in Binding solution was added to solution (~40ul) containing ligation products mix. The tube
was incubated shaking at the +22°C in termomixer (Eppendorf) for 60 min. After the binding
of ligated mRNA/dsDNA, supernatant was removed and the beads were washed three times
with 50 pl of Washing Solution (supplied in the kit). Collected Dynabeads with immobilizes
ligated mRNA/dsDNA complex was resuspended in 26pl of nuclease free water and followed
extraction once with 40 pl of Roti® Phenol/chloroform (ROTH) and twice with 40ul volume
of chloroform to release mRNA/dsDNA complex from magnetic beads. 1; 2 and Sul of final
mix were analysed on agarose gel along with sample (2 pl) left before immobilization and
Mass Ruler™High Range DNA ladder. Amount of mRNA in mRNA/DNA complex purified
on streptavidin beads was determined comparing mRNA amounts before and after the
immobilization. The yield of recovered mRNA was ~60%, what means that at least 60% of
mRNA was successfully ligated with DNA duplex, resulting in mRNA/dsDNA complex.

(2) Determination of biotin-dUTP incorporation efficiencies into mRNA/dsDNA complex
and into self primed mRINA. As it was shown in first mRNA to dsDNA ligation experiment
ligation reaction efficiency is ~60% and more. Free mRNA left in ligation mixture can self
prime and participate in extension reaction using M-MuLV reverse transcriptase and biotin-
dUTP. This experiment was performed in order to demonstrate that mRNA/dsDNA complex
(ligation product) is better substrate than free self primed mRNA.

MLV_DS583N_pD mRNA was ligated with long+ oligonucleotide (SEQ ID No: 21) according
procedure described above (construction of initial plasmids pET his MLV_D583N pD and
pET his del pD in details is described in Example 1). ~12,5ng of prepared
(MLV_D583N_pD mRNA/long+) substrate was combined with ~12,5 ng of del pD mRNA
previously incubated at 70°C for 5 min, then cooled to room temperature for 20 min in
nuclease free water, in total volume of 12.5 pl. The second mix for dTTP or biotin-dUTP
incorporation by reverse transcriptase was prepared: 8 pl of 5x Reaction buffer for reverse
transcriptase; 1 pl - 40 v/ul RiboLock™ RNase inhibitor (Fermentas); 18.6 ul nuclease-free
water; 0.4 ul - 200 u/pul RevertAid™ Minus M-MuLV Reverse transcriptase (Fermentas).
Prepared mix was divided to two tubes 2x 15 pl and 1 pl of 1 mM dTTP (Fermentas) or 1 pl of
1 mM biotin-dUTP (Fermentas) was added. Subsequentially 5 pl of substrate (from the first

mix) was added to dTTP and biotin-dUTP containing mixtures. Reactions were carried out at
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37°C for 60 min. After that 1 pl of 0.5M EDTA (pH 8.0) was added to both samples and
reaction mixtures were extracted once with equal volume of Roti® Phenol/chloroform (ROTH)
and once with equal volume of chloroform followed by purification on G-50 MicroColumns
(GE Healthcare). 2ul of resultant reaction products were left for direct RT reaction (without
streptavidin beads purification) and the remaining part of solutions were used for biotinylated
mRNA-dsDNA complex immobilization on Dynabeads M-280 Streptavidin beads
(Dynabeads® kilobase BINDER™ Kit (DYNAL Biotech)). 10 pl of resuspended Dynabeads
was transferred to a 1.5 ml microcentrifuge tube, washed with 25 pl of provided Binding
Solution. The tube was placed on the magnet for 1-2 min until beads settled at the bottom of
the tube and solution was removéd. Dynabeads were gently resuspended by pipetting in 90 pl
of Binding Solution and 2 ul of aqueous tRNA (tRNA from yeast (Roche)) solution (1ug/ul)
was added to minimize non-specific mRNA binding. 40 ul of Dynabeads in Binding solution
was added to solution (~40pl) containing the elongated by dTTP and biotin-dUTP RNA-DNA
fragments. The tubes were incubated at the +22°C in termomixer (Eppendorf) for 40 min by
shaking (1400 rpm). After the binding step, supernatant was removed and the beads were
washed three times with 50 pl of Washing Solution (provided in the kit) shaking (1400 rpm)
for 5 min at +22°C. Collected Dynabeads with immobilizes elongated mRNA-dsDNA complex
was resuspended in reverse transcription reaction mixture. Reverse transcription reaction
mixture was prepared on ice: 20 pl - 5X reaction buffer for Reverse Transcriptase (Fermentas);
10 pl — 10 mM dNTP (Fermentas); 2.5 pl - 40 u/pl RiboLock RNase inhibitor (Fermentas);
Spul - 20 pM pD_42 oligonucleotide (SEQ ID No: 8); 2,5 ul RevertAid™ Minus M-MuLV
Reverse transcriptase (200 u/pl)(Fermentas); 55 pl nuclease-free water. Prepared mix was
divided to five 19 pl (5x19 pl) aliquots: two were used to resuspend Dynabeads with
immobilized elongated mRNA/dsDNA complex or mRNA, the other two were transferred to
the tubes with samples left without streptavidin beads purification and to the rest of 19 pl
aliquot was added 1pl of nuclease free water — negative reaction control to prove, that reaction
mixture is not contaminated by DNA. All reaction mixtures were incubated by shaking
(1000 rpm) at the +42°C in termomixer (Eppendorf) for 1 hour until cDNA synthesis reaction

was finished.
Amplification of cDNA was performed by nested PCR. Initial PCR mixture was prepared on

ice: 14 pl - 10X Tagq buffer with KCI (Fermentas); 14 pl - 2 mM of each dNTP (Fermentas);
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8,4 ul - 25 mM MgCl, (Fermentas); 2.8 ul - 1 u/ul LC (recombinant) 7aqg DNA Polymerase
(Fermentas); 0.7 pl - 100 pM M_F primer (SEQ ID No: 11); 0.7 ul - 100 uM M _2R primer
(SEQ ID No: 12); 92.4 ul water - mixture was divided into 7 samples for 19 pl (7x19 pul). To
5% 19 wl of PCR master mix were added 1 ul of cDNA (1-5 RT samples); to the 6™ tube of
PCR master mix 1 ul of water was added - negative PCR control; to the 7" tube (positive PCR
control) - 1 ul of pET_his MLV_D583N_pD plasmid (~1 ng) was added. The cycling protocol
was: initial denaturation step 3 min at 94°C, 25 cycles (45 sec at 94°C, 45 sec at 57°C, and 1
min at 72°C) and final elongation 3 min at 72°C, |

Predicted amplicons size 907 bp for MLV_D583N _pD and 736 bp for del pD ¢cDNA. PCR
products were analyzed on 1% agarose gel loading 10 pl of PCR mix per well (FIG 13).

As it was expected efficient cDNA amplification is observed only in elongation reaction with
biotin-dUTP. Very faint bands of amplified cDNA can be detected in elongation reaction with
dTTP and can be explained by weak nonspecific binding of mRNA to streptavidin beads. After
purification on streptavidin beads DNA encoding MLV_D583N_pD gene (907 bp) is enriched
over DNA of del pD (736 bp). That means mRNA/dsDNA complex is elongated by
biotin-dUTP much more efficiently than self primed del pD mRNA.

(3) Preparation of mRNA mixture (MLV_D583N_pD:del_pD=1:20) and RNA/dsDNA
complex.

Preparation of PCR fragments for in vitro transcription. PCR mixture was prepared on ice: 20
pl - 10X Taq buffer with KCl (Fermentas); 20 pl - 2 mM of each ANTP (Fermentas); 12 pl - 25
mM MgCl, (Fermentas); 16 pl - DMSO (D8418 - Sigma); 4 pl - 1 vw/pl LC (recombinant) Taq
DNA Polymerase (Fermentas); 1 pl - 100 pM pro-pIVEX primer (SEQ ID No: 3); 1 ul - 100
uM pD-ter- primer (SEQ ID No: 20); 122 pl water - mixture divided into two tubes 2x 98 pl.
To 2x 98 ul of PCR master mix were added either 2 pul of pET his MLV _DS583N pD (diluted
to ~1 ng/pl) or 2 pl of pET his_del pD (diluted to ~1 ng/pl) (construction of initial plasmids
pET_hié*MLV_D583N _pD and pET his del pD in details is described in Example 1). The
cycling protocol was: initial denaturation step 3 min at 94°C, 30 cycles (45 sec at 94°C, 45 sec
at 53°C, and 2 min at 72°C) and final elongation 5 min at 72°C. Amplification efficiency was
~7000 fold from 2 ng of plasmid (7873 bp) target to ~5 pg (50 ng/ul) of amplified product
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(2702 bp PCR fragment MLV_DS583N_pD from pET_his MLV DS583N_pD; 2531 bp PCR
fragment del_pD from pET his_del pD).

Transcription mixture was prepared: 80 pl - 5x T7 transcription buffer (1 M HEPES-KOH pH
7.6; 150 mM Mg acetate; 10 mM spermidin; 0.2 M DTT); 56 ul - 112 mM of each NTP
(Fermentas); 16 ul - 20 u/ul T7 RNA polymerase (Fermentas); 8 ul - 40 u/ul RiboLock RNase
inhibitor (Fermentas); 114 pl nuclease-free water - mixture divided into two tubes 2x 165 ul
and add 35 pl - 20 ng/ul of PCR fragment MLV_D583N_pD (unpurified PCR mixture) or 35
ul - 20 ng/ul of PCR fragment del_pD PCR (unpurified PCR mixture). Transcription was
performed 2 hr at 37°C.

Both transcription mixtures were diluted to 200 pl with ice-cold nuclease-free water and 200 pl
of 6 M LiCl solution were added. Mixtures incubated 25 min at +4°C and centrifuged for 25
min at +4°C in cooling centrifuge at max speed (25’000 g). Supernatant was discarded and
RNA pellet washed with 500 pl of ice-cold 75% ethanol. Tubes were centrifuged again for 5
min at +4°C at max speed and supernatant was discarded. RNA pellet was dried for 5 min at
room temperature and subsequently resuspended in 400 pl of nuclease-free ice-cold water by
shaking for 15 min at +4°C and 1400 rpm. Tubes were centrifuged again for 5 min at +4°C at
max speed to separate not dissolved RNA. About 380 pul of supernatant were transferred to new
tube with 42 pl of 10x DNase I buffer (Mg2+) (Fermentas); 3 pl - 1 u/pl DNasel (RNase-free)
(Fermentas) and incubated for 20 min at +37°C to degrade DNA. Reaction mixtures were
extracted once with equal volume of Roti® Phenol/chloroform (ROTH) and twice with equal
volume of chloroform to remove DNasel. 43 ul of 3 M Sodium acetate pH 5.0 solution and
1075 pl of ice-cold 96% ethanol were added to each tube. Finally RNA was precipitated by
incubation for 30 min at -20°C and centrifugation for 25 min at +4°C at max speed (25’000 g).
Supernatant was discarded and RNA pellet washed with 500 ul of ice-cold 75% ethanol. Tubes
were centrifuged again for 4 min at +4°C at max speed and supernatant was discarded. RNA
pellet was dried for 5 min at room temperature and subsequently resuspended in 150 ul of
nuclease-free ice-cold water by shaking (1400 rpm) for 15 min at +4°C. RNA solution was

aliquot for 10pl and liquid nitrogen frozen. Concentration of mRNA was measured



67

spectrophotometrically and double-checked on agarose gel along with RiboRuler™ RNA
Ladder, High Range (Fermentas).

mRNA/dsDNA complex was produced by ligation of long+ oligodeoxynucleotide to mRNA
using ddC-Long2 oligodeoxynucleotide as a splint. The 5’ end of long+ was previously
phosphorylated using T4 Polynucleotide Kinase (Fermentas). Oligodeoxynucleotide ddC-
Long2 has 3’ end modification (ddC) in order to prevent possibility of 3’ end extension by
reverse transcriptase on its natural RNA-DNA substrate.

Annealing mix of 50l was prepared by mixing of 17 pmol of purified mRNA mixture at ratio
of 1:20=MLV_D583N_pD (active RT) : del pD (inactive RT) with 4.3 time of molar excess of
long+ and 4.1 time of molar excess of ddC-Long2 in nuclease free water. The mixture was
incubated at 70°C for 5 min and then cooled to room temperature for 20 min. Before adding

ligation reaction components mixture was moved to cooling stand for 2 min.

5 pl of 10x ligation buffer and 5Spl of T4 DNA ligase (5v/ul) (Fermentas) were added to 40ul
of annealing mixture. Negative ligation reaction was carried out using the same annealing
mixture in 1x ligation buffer without T4 DNA ligase. Prepared ligation reaction mixtures were
incubated at 37°C for 30min. To stop ligation 1l of 0.5M EDTA (pH 8.0) was added to both
tubes and reaction mixtures were extracted once with equal volume of Roti®
Phenol/chloroform (ROTH) and twice with equal volume of chloroform followed by
concentration of reaction products at 30°C for 10min in vacuum Concentrator 5301
(Eppendorf). Desalting was performed using illiustra ProbeQuant G-50 MicroColumns (GE
Healthcare). Concentrations of ligation products were determined on agarose gel along with
RiboRuler™ RNA Ladder, High Range (Fermentas) -~ mRNA  mixture
(MLV_D583N_pD:del pD=1:20) ligated to long+/ddC-Long2 oligodeoxynucleotides
~0.24 pg/pl (sample with T4 DNA ligase) and simple mRNA mixture with long+/ddC-Long2
oligodeoxynucleotides ~0.06 pg/ul (sample without T4 DNA ligase).

(4) General control of mRNA/dsDNA complex by incorporation of [a-P**|dATP. Prepared
mRNA/dsDNA complex (substrate) was tested for dTTP (or biotin-dUTP) and subsequent [a-~
P¥1dATP incorporation by reverse transcriptase. Reaction mixture: 16pl of 5x Reaction buffer
for reverse transcriptase; 4 pl - 40 u/pl RiboLock ™ RNase inhibitor (Fermentas); 2 pl
[a-P*JdATP (10mCi)/ml, SRF-203 (Hartmann Analytic)); 35 pl nuclease free water; 1pl -
200 v/pl RevertAid™ Minus M-MulV Reverse transcriptase (Fermentas). Prepared mix was
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divided to two tubes 2x 28 ul and 2ul of ImM dTTP (Fermentas) or 2l of ImM biotin-dUTP
(Fermentas) was added. Resultant mixtures were divided to two tubes 2x 15ul. To first tube
1.25 pl (~0.3pg) of ligation products plus 3.75 ul of nuclease free water were added. To
second tube 5 pul (~0.3ug) of negative ligation reaction products were added. Reaction mixtures
were incubated at 37°C for 30 min. After that, 1ul of 0.5M EDTA (pH 8.0) was added to all
tubes and reaction mixtures were extracted once with equal volume of Roti®
Phenol/chloroform (ROTH) and twice with equal volume of chloroform followed by
purification on illiustra ProbeQuant G-50 MicroColumns (GE Healthcare). Reactions products
were analyzed on agarose gel along with RiboRuler™ RNA Ladder, High Range (Fermentas)
FIG 14A. In all samples (with and without ligase) we can see discreet band (~2500b) of
del pD mRNA (20 times smaller amount of MLV _D583N_pD mRNA ~2700b, which was
present in mRNA mixture can not be distinguished). Subsequently agarose gel was dried on
filter paper and radiolabeled mRNA/dsDNA complex (at the same position as mRNA) was
detected only in case of positive ligation sampies (with ligase) and not in case of negative
ligation samples (without ligase) FIG 14B.

(5) Selection for DNA dependent DNA polymerase activity using biotin-dUTP.

Previously prepared mRNA/dsDNA complex (mRNA mix MLV_D583N_pD (active
RT).del pD (inactive RT)=1:20) was used for in vitro translation employing synthetic
WakoPURE system (295-59503 - Wako). Translation mixture for WakoPURE system (25 pl):
12,5 ul - A solution (Wako); 5 ul - B solution (Wako); 0,5 pl - 40 u/ul RiboLock RNase
inhibitor (Fermentas); 0.25 ul - 1 M DTT; 1,75 pl nuclease-free water and 5 ul - 0.24 pg/pl
mRNA/dsDNA substrate (~1200 ng). In vitro translation was performed for 120 min at 37°C.
Translations (~25 ul) was stopped by adding 155ul of ice-cold stop buffer
WBK50o+DTT+riton (50 mM Tris-acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate;
500 mM KCl; 10 mM DTT; 0.1% (v/v) - Triton X-100 (T8787 - Sigma)) and centrifuged for
5 min at +4°C and 25’000 g. Very carefully 160 pl of centrifuged translation mixture was
transferred on the top of 840 ui 35% (w/v) sucrose solution in WBKsgg+DTT+Triton X-100
(50 mM Tris-acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate; 500 mM KCI; 10 mM
DTT; 0.1% (v/v) - Triton X-100 (T8787 - Sigma); 35% (w/v) - sucrose (84097 - Fluka)) to
transparent 1 ml ultracentrifugation tubes (343778 - Beckman). Ternary complexes (TC)
consisted of mRNA/dsDNA-ribosome-protein(tRNA) were purified by ultracentrifugation at
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TL-100 Beckman ultracentrifuge in TLA100.2 fixed angle rotor (Beckman) at 100’000 rpm for
9 min at +4°C. Initially 750 pl of solution was removed from the very top of the centrifugation
tube. Then (very carefully to keep small transparent pellet of TC at the bottom of
ultracentrifugation tube intact) tube walls were washed with 750 ul of WBKsgo (50 mM tris-
acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate; 500 mM KCI). Finally all solution
was removed starting from the very top of the centrifugation tube and pellet was dissolved in
30 pul of ice-cold stop buffer WBKspo+DTT+triton (50 mM Tris-acetate pH 7.5 at 25°C;
50 mM NaCl; 50 mM Mg-acetate; 500 mM KCI; 10 mM DTT; 0.1% (v/v) - Triton X-100
(T8787 - Sigma)).

As it was determined using radioactively labeled mRNA after ultracentrifugation 5% - 30 % of
input mRNA is located in ternary complex pellet. Therefore it was predicted to have less than

360 ng (30% from 1200 ng mRNA used in translation reaction) of mRNA in 30 pl of buffer
(~12 ng/ul or 9*10° molecules/ul of ternary complex).

Modified nucleotide incorporation reaction mix was prepared on ice by mixing: 5 ul - 5X
reaction buffer for Reverse Transcriptase (Fermentas); 1.25 pl - 40 u/ul RiboLock RNase
inhibitor (Fermentas); 2.5 pl — 1mM biotin-dUTP (Fermentas); 40.95 ul nuclease-free water
and 0.3 pl of purified (<2.7%10° molecules) TC. According to the protocol 50 pl of nucleotide

incorporation reaction mix contains <2.7%10° molecules of ternary complex.

Oil-surfactant mixture was prepared by mixing ABIL EM 90 (Goldschmidt) into mineral oil
(M5904 - Sigma) to final concentration of 4% (v/v) (Ghadessy and Holliger, 2004;
US2005064460). Emulsions were prepared at +4°C in 5 ml cryogenic vials (430492 - Corning)
by mixing 950 pl of oil-surfactant mixture with 50 pl of RT mixture. Mixing was performed
using MS-3000 magnetic stirrer with speed control (Biosan) at ~2100 rpm; Rotilabo®- (3x8
mm) magnetic bar with centre ring (1489.2 - Roth); water phase was added in 10 pl aliquots
every 30 sec, continuing mixing for 2 more minutes (total mixing time - 4 min). According to
optical microscopy data compartments in prepared emulsions vary from 0.5 pm to 10 pm in
size with average diameter of ~2 pm. Therefore it was expected to have ~1%*10'° water in oil

compartments after the emulsification of 50 pl reverse transcription reaction mixture, which
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contains less than 2.7#10° molecules of ternary complex (about one mRNA-dsDNA complex

and reverse transcriptase molecules per 3-4 compartments).
Prepared emulsion was incubated 30 min at +37°C.

To recover the reaction mixture from emulsion 20ul of 0.1M EDTA was added to emulsion,
stirred for 10 sec, then 50ul phenol/chloroform mix was added and stirred for additional 10
sec. After that, emulsion was transferred to 1.5 ml microcentrifuge tube, 0.5ml of water-
saturated ether was added mixed by vortexing and centrifuged for 10 min at room temperature
for 16’000 g. Oil-ether phase was removed leaving concentrated (but still intact) emulsion at
the bottom of the tube. Finally emulsions were broken by extraction with 0.9 ml
water-saturated ether; 0.9 ml water-saturated ethyl-acétate (in order to remove ABIL EM 90
detergent) and twice 0.9 ml water-saturated ether, Water phase was dried for 12 min under
vacuum at room temperature followed removal of incorporated nucleotides on illiustra
ProbeQuant G-50 MicroColumns (GE Healthcare). 2 pl aliquot of resultant mixture was left
for direct RT reaction (without streptavidin beads purification) and the remaining part of
solution was used for biotinylated mRNA/dsDNA complex immobilization on Dynabeads M-
280 Streptavidin beads (DYNAL Biotech).

Dynabeads® kilobase BINDER™ Kit (DYNAL Biotech) was used for isolation of biotinylated
mRNA-dsDNA complex according provided product description. 5Sul of resuspended
Dynabeads was transferred to a 1.5 ml microcéntrifuge tube, washed with 20 pl of provided
Binding Solution. The tube was placed on the magnet for 1-2 min until beads settled at the tube
and solution was removed. Dynabeads were gently resuspended by pipetting in 50 pl of
Binding Solution and 1l of aqueous tRNA (tRNA from yeast (Roche)) solution (1pg/pl) was
added to minimize non-specific mRNA binding. 50ul of Dynabeads in Binding solution were
added to solution {(~50ul) containing the biotinylated RNA-DNA fragments. The tube was
incubated shaking at the +22°C in termomixer (Eppendorf) for 1 hour. After the binding of
mRNA/dsDNA, supernatant was removed from the beads, and the beads were washed two

times with 50 ul of Washing Solution (provided in the kit) shaking (1400 rpm) for 5 min at
+22°C and once with 50 ul of Washing Solution shaking (1400 rpm) for 12 min at +22°C.
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Collected Dynabeads with immobilized biotinylated mRNA/dsDNA complex were

resuspended in reverse transcription reaction mixture.

Reverse transcription reaction mixture for selected mRNA/dsDNA complex was prepared on
ice: 12 pl - 5X reaction buffer for Reverse Transcriptase (Fermentas); 6 pl — 10 mM dNTP
(Fermentas); 1.5 ul - 40 u/pl RiboLock RNase inhibitor (Fermentas); 0,3 ul - 20 uM pD 42
oligonucleotide (SEQ ID No: 8); 1,5ul RevertAid™ Minus M-MuLV Reverse transcriptase
(200 w/pD)(Fermentas); 35.7 pul nuclease-free water. Prepared mix was divided to three 19 pl
aliquots: one was used to resuspend Dynabeads with immobilized biotinylated mRNA/dsDNA
complex, the other aliquot of 19 pl was transferred to the tube with sample of elongated
mRNA/dsDNA complex left without streptavidin beads purification and to the rest of 19 ul
aliquot was added 1ul of nuclease free water (negative reaction control - to prove that reaction
mixture is not contaminated). All reaction mixtures were incubated by shaking (1000 rpm) at

the +42°C in termomixer (Eppendorf) for 1 hour.

Amplification of cDNA was performed by nested PCR. Initial PCR mixture was prepared on
ice: 10 pl - 10X Taq buffer with KCI (Fermentas); 10 pl - 2 mM of each ANTP (Fermentas); 6
pul - 25 mM MgCl, (Fermentas); 2 pl - 1 w/ul LC (recombinant) 7ag DNA Polymerase
(Fermentas); 1 pl — 2,5 w/pl Pfi DNA Polymerase (Fermentas); 0.5 ul - 100 uM RD Nde
primer (SEQ ID No: 9); 0.5 pl - 100 pM pD 55 primer (SEQ ID No: 10); 65 pl water -
mixture was divided into 5 samples for 19 pl (5x19 pl). To 3x 19 pl of PCR master mix were
added 1 ul of cDNA (1-3 RT samples); to one tube with 19 pl of PCR master mix 1 pl water
was added - negative PCR control. For positive PCR control 1 ul of pET his MLV pD
plasmid (~1ng) was added. The cycling protocol was: initial denaturation step 3 min at 94°C,

30 cycles (45 sec at 94°C, 45 sec at 58°C, and 3 min at 72°C) and final elongation 5 min at
72°C.

Nested PCR mixture for partial gene amplification (for better resolution of
MLV _DS583N pD:del pD cDNA ratio in RT samples) was prepared on ice: 20 pl - 10X Taq
buffer with KC] (Fermentas); 20 pl - 2 mM of each dNTP (Fermentas); 12 pl - 25 mM MgCl,
(Fermentas); 0.9 pl - 5 uw/ul Tag DNA Polymerase (Fermentas); 1.0 ul - 100 uM M_F primer
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(SEQ ID No: 11); 1.0 ul - 100 pM M_2R primer (SEQ ID No: 12); 135.1 pl water - mixture
was divided 5x 38 pl. 2 pul of first PCR (primers set RD Nde//pD_55) product were added to
prepared nested PCR mixture. Master mix was mixed again and divided into two tubes (2x
20 pl) for 30 or 35 PCR cycles amplification. The cycling protocol was: initial denaturation
step 3 min at 94°C, 30 or 35 cycles (45 sec at 94°C, 45 sec at 57°C, and 1 min at 72°C) and
final elongation 3 min at 72°C. Expected length of PCR fragments was 907 bp for
MLV _DS583N_pD and 736 bp for del pD. Amplification was analyzed on 1% agarose gel
loading 10 pl of PCR mix per well (FIG 15).

Results

1. Double stranded (dsDNA) adaptor was successfully ligated to mRNA using T4 DNA ligase.
Ligation efficiency is about 60% as it was determined by ligation of dsDNA-biotin adapter.
mRNA/dsDNA complex can be specifically purified on streptavidin beads, providing an
opportunity to discriminate between biotin labelled and unlabelled substrates. Free mRNA is
much worse substrate for DNA dependent DNA polymerase comparing to mRNA/dsDNA. As
a consequence 60% ligation efficiency of dsDNA to mRNA is good enough and such a
substrate can be successfully used in evolution scheme.

2. General selection experiment using mRNA/dsDNA complex (mRNA mixture
MLV _D583N_pD:del pD=1:20) was performed. In vitro translation was performed using
WakoPURE protein translation system and compartmentalized biotin-dUTP incorporation
reaction in to dsDNA was carried out to demonstrate the enrichment of genes encoding active
(MLV_D583N_pD) reverse transcriptase over genes encoding inactivated enzyme (del_pD).
According to selection scheme (FIG 12) incorporation reaction of biotin-dUTP should occur
only in aqueous compartments containing active (MLV_DS583N_pD) reverse transcriptase
resulting in biotinylation of mRNA/dsDNA complex. DNA dependent DNA polymerase is
selected by binding of the biotinylated complex to streptavidin immobilized on magnetic
beads, and then the selected gene is amplified by RT-PCR. Genes encoding active enzyme (in
our case RT-PCR fragment for MLV _DS583N_pD reverse transcriptase) were enriched over
genes encoding inactive enzyme (FIG 15). Initial ratio of genes MLV_D583N_pD:del_pD was
1:20 and final ratio (after enrichment) was ~1:1. Respectively an enrichment factor in this
particular experiment was ~20 folds. Enrichment factors calculated from different experiments
varied in range from 5 to 200. And it was confirmed that DNA dependent DNA polymerase

could be selected for modified nucleotide incorporation applying Compartmentalized
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Ribosome Display (CRD) method. Selection of conventional DNA dependent DNA
polymerases can be performed straight away. Biotin-dUTP can be exchanged to different
nucleotide analogues of interest including nucleotide analogues having 3° modifications. After
the incorporation of such nucleotide analogues into DNA strand 3’ end is blocked, can’t be
extended and elongation reaction will be terminated. This approach is used in sequencing by
synthesis (SBS) scheme and DNA polymerase suitable for SBS can be easily evolved using
compartmentalized ribosome display (CRD) technique.
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YLLKEGQRWL:
YLLKEGQRWL
YLLKEGQRWL:
YLLKEGQRWL
YLLKEGORWL
YLLKEGQRWL
YLLKEGQRWL
YLLKEGQRWL
YLLKEGQRWL
YLLRKEGQRWL
YLLKEGORWL
YLLKEGQRWL
YLLKEGQRWL
YLLKEGQRWL
YLLKEGQRWL
YLLKEGQRWL
YLLKEGORWL
YLLKEGQRWL
YLLKEGQRWL:
YLLKEGQRWL
YLLKEGQRWL
YLLKEGQRWL
YLLKEGQRWL
YLLKEGQRWL
YLLKEGORWL
YLLKEGQORWL

QPTPKTPRQL
QPTPKTPRQL
QPTPKTPROL
QPTPKTPRQL
QPTPKTPRQL

QPTPKTPROL
PKTPROL

TR E S
QPTPXTPRQL

G QPTPKTPRQL

QPTPKTPRQL
QPTPKTPROL
QPTPKTPROL
QPTPKTPRQL
QPTPKTPROL
QPTPKTPROL
OPTPKTPROL
QPTPKTPRQL
QPTPKTPRQL
QPTPKTPROL
QPTPKTREQL
QPTPKTPROL
OPTPKTPROL
QPTPKTPROL
QPTPKTPRQL
QPTPKTPRQL
QPTPKTPROL
QPTPKTPROL
QPTPKTPROL
QPTPKTPROL
QPTPKTPROL
QPTPKTPROL
QPTPRETPROL
QPTPKTPROL
QPTPKTPROL
QPTPKTPROL
QPTPKTPROL
QPTPKTPROL
QPTPKTPROL
QPTPKTPRQL
QPTPKTPROL
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HIPGFAEM AAPLYPLTKT
IPGFAEM AAPLYPLTKT
ARPLYPLTKT
ARPLYPLTKT
AAPLYPLTKT
AAPLYPLTK]
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT

AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
ARPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
PR

L5_20
L5_21

301
301

GTLFNWGPDQ
GTLFNWGPDQ
GTLFNWGPDQ
GTLFNWGPDQ
GTLFNWGPDQ
GTLENWGPDQ
GTLFNWGPDO
GTLFNWGPDQ
GTLFNWGPDO
GTLFNWGEDQ
GTLFNWGPDQ
GTLFNWGPDQ
GTLFNWGEDQ
FRWG

GTLFNWGPDQ
GTLFNWGPDQ
GTLFNWGPDQ
GTLFNWGPDO
GTLFNWGPDO
GTLFNWGPDQ
GTLFNWGEPDQ

QRAYQEIKQA
QKAYQEIKQA
QKAYQEIXQA
QKAYQEIKQA
QKAYQEIKQA
QKAYQEIKQA
QKAYQEIKQA
OKAYQETKOA
QKAYQEIKQA
QKAYQEIKQA
QRAYQEIKQA
QKAYQEIKQA
QKAYQEIKQA

0 QKAYQEIKOA I

QKAYQOETKQA
QKAYQEIXQA
QKAYQEIKQA
QKAYQEIKQA
QKAYQEIKQA
QOKAYQEIRQA
QRAYQEIKQA

CTLENWGPDQ QKAR

LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALJLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP

LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP

2 AAPLYPLTKT GTLFNWGPDQ QKAYQEIKQA LLTAPALGLP
iy I PGFAEM AAPLYPLTKE GTLFNWGPDQ QKAYQEIKQA LLTAPALGLP
; AAPLYPLTKT GTLENWGPDQ QKAXQEIKQA LLTAPALGLP

AAPLYPLTKT GTJFNWGP

DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKFPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV

DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV

AAPLYPLTKT GTLFNWGPDQ QKAYQEIKQA LL%:iALGL%ﬁbLTKPFELFV
RLZIPGFAEM AAPLYPLTKT ETLFNWGPDQ QKAYQEIKQA LLTAPALGLP DLTKPFELFV
AAPLYPLTKT GTLFNWGPDQ QOKAYQEIKQA LLTAPALGLP DLTKPFELFV
AAPLYPLTKT GTLFNWGPDQ QKAYQEIKQA LLTAPALGLP DLTKPFELFV

ADEKQGYAKGV

DEKRQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYARGV
DEKQGYARGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYARGV

DEKQGYAKGV
DERQGYAKGV
DEKQGYAKGV
DEKQGYAKRGH
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV

0e :
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV

DE%QGYAKGV
5 Sden e

LTQKLGPWRR
LTOKLGPWRR
LTQXKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTOKLGPWRR
LTQKLGPWRY
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR

LTQKLGPWRR
LTQKLGPWRR
LTOKLGPWRR
LTQKLGPWRR
LTQXLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTOKLGPWRR
B

V LTOKLGPWRR

LTOKLGPWRR
LTQKLGPWRR
LTOKLGPWRR

N : %
DLTKPFELFV DEKQGYAKGV LTQKLGPWRR PVAYLSKKLD

LTOKLGPWRR PVAYLSKKLD

Fljj PVAYLSKKLD

PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PYAYLSKXLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD

PVAYLSKKLD
PVAYLSKKLD

BUAYLSKKLD

PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKXLD
PVAYLSKEED

SRt cooochan .W~
PVAYLSKKLD

PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD

DLTKPFELFV DEKQGYAKGV LTQKLGPWRR PVAYLSKKLD

DLTKPFELFV DERQGYAKGV LTQKLGPWRR PVAYLSKKLD
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L5_97
L5_99
L5_101
L5_103
L5_104
L5_106
L5_107
L5_111
LS_112
L5_114
L5_115
L5 116
L5_117
L5_118
L5_120

RIETPGFAEM
RL IPGFAEM
RLETPGFAEM
RIZTPGFAEM

RL] IPGFAEM
RLAIPGFAEM
RL} TPGFAEM

25
AAPLYPLTKT

AAPLYPLTKT
ARPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT

BAAPLYPLTKT G

AAPLEPLTKT
AAPLYPLTKT
AAPLYPLTKY
AAP PLTKT

LTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTK)
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKY
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTRY
ARPLYPLTKT
ARPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKT
BAPLYPLTKT
AAPLYPLTKT
AAPLYPLTKE
ARPLYPLTKT
AAPLYPLTKT
ARPLYPLTRT
AAPLYPLTKT
ARPLYPLTKT
AAPLYPLTKT

GTLFNWGEDQ QKAYQETKOA
GTLFNWGPDQ QKAYQETIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQETKOA

GTLFNWGPDQiQKAYQEIKQ
GTLFNWGPDQ QKAYQEIKQA

GTLFNWGPDQ QKAYQEIKQA
GTEFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTEFNWGPDQ QKAYQETKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QOKAYQETKQA
GTLFNWGPDQ QKEYQEIKQA
GTLFNWGPDQ QKAYQETKQA
GTLFNWGEFDQ QRAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGFDQ QKAYQEIKQA
GTLENWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ OKAYQEIXOA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQETKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQETKQA
GTLFNWGPDQ QKAYQETIKQA
GTLFNWGPDQ QKAOETIKOA
GTLFNWGPDQ QRAYQEIKQA
GTLFNWGPDQ QOKAYQEIKQA
GTEFNWGEEQ OKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA
GTLFNWGPDQ QKAYQEIKQA

LLTAPALGLP
LLTAPALGLP
GLTAPALGLP
LLTAPALGLP

LLTAPALGLP

LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPELGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPAT{JLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP
LLTAPALGLP

DLTKPFELFV

DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV

DLTKPFELFV

DLTRPFELFV

RERE
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELFV
DLTKPFELEV
DLTKPFELFV

s
DE§QGYAKGV

DERG

DEKQGYAKGV
DERQGYAREV
DEKQGYAKGV
DEKQGYAKGV
DEKOGYARGY

DEKQGYAKGV
EKQGYAKGV
DEREGYEREVT
DEKQGYAKGV
DEKQGYAKGV
DEKQGYARGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEREGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYARGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DERQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGV
DEKQGYAKGH

DEKQGEAKGV

DERQGYAKGV

LTQKLGPWRR
LTOKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTOKLGPWRR

LTQ GPWRR

LTQKLGPWRR

LTQKLGPWRR
LTOKLGPWRR
LTQKLGPWRR
LTOKLGPWRR
LTQKLGPWRR
LTOKLGPWRR
LTOKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTOKLGPWRR
LTQKLGPWRR
LTOKLGPWRR
LTOKLGPWRR
LTOKLGPWRR
LTQKLGPWRR
LTOKLGPERR
LTOKLGPWRR
LTQKLGPWRR
LTOKLGPWRR
LTOKLGPWRR
LTOKLGPWRR
LTQKLGPWRR
LTQKLGPWRR
LTFKLGPWRR
LTQKLGPWRR
LTOKLGPWRR

PVAXLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD

PVAYLSKKLD
e e

PVAYLSKKLD

PESKED
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKRKLD
PVAYLSKXLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
BvAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
PVAYLSKKLD
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MLV 401 PVAAGWPPCL RMVAATIAVLT KDAGKLTMGQ EALVKQPPDR

QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQOHNCLDILA

1 401 PVAAGWPPCL RMVAATAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
3 401 PVAAGWPPCL RMVAATIAVLT KDAGKLTEGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
5 401 PVAAGWPPCL RMVAATAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
7 401 PVAAGWPPCL RMVAAIAVLT XDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
8 401 PVAAGWPPCL RMVAAIAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LOHNCLDILA
1o 401 PVAAGWPPCL RMVAAIAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ETLLPLPEEG LOHNCLDILA
11 401 PVAAGWPPCL RMVAATAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
12 401 PVAAGWPPCL RMVAATAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LOHNCLDILA
13 401 PVAAGWPPCL RMVAATAVLT KDAGKLTEGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LOHNCLDILA
16 401 PVAAGWPPCL RMVAAIAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
17 401 PVAAGWPPEL RMVARTIAVLT XDAGKLTMGQ EALVKQPPDR WLS%ARMTHY QALLLDTDR& QFGPVVALNP ATLLPLPEEG LQHNCLDILA

18 401 PVARGWPPCL RMVAAIAVLT KDAGKLTMGQ EALVKQPPDR WLS»ARMTHY QALLLDTDRV QFGPVVAq:q&ATLLPLPEEG LQHNCLDILA
ARG O D TR O B A LN B AT BE P PR Ao

eu:gm'b

R
QFGPVVALNP ATLLPLPEEG LQHNCLDILA

(PRI KL
PVAAGWPPCL T _KDAGKLTMGQ

AETEDTD
QALLLDTDRV

Lol ~ TAVEERKDECKITHE0 BN & LB PRy DR PO, ATREPLEREC 1 CINCER LA
28 401 PVAAGWPPCL RMVAAIAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
30 401 PVAAGWPPCL RMVAATAVLT KDAGKLTMGQ PLVI‘APHAV EALVEKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LOHNCLDILA
L5_1 401 PVAAGWPPEL RMVAATAVLT KDAGKLTMGQ PLVIgAPHAV EALVKQFPDR QALLLDTDRE QFGPVVALNP ATLLPLPEEG LQHNCLDILA
L5_2 401 PVAAGWPPCL RMVAATAVLT KDAGKLTMGQ PLVI:zAPHAV EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
L5 _3 401 PVAAGWPPCL RMVAAIAVLT KDAGKLTMGQ PLVISAPHAV EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
L5 4 401 PVAAGWPPCL RMVAATAVLT KDAGKLTMGQ 5 EALVKQPPDR OALLLDTDRV QFGPVVALNP ATLLPLPEEG LQHNCLDILA
L5_6 401 PVAAGWPPCL RMVAAIAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPVVALNP ATLLPLPEEG LOHNCLDILA
Ls_8 401 PVAAGWPPCL RMVAAIAVLT KDAGKLTMGQ EALVKQPPDR QALLLDTDRV QFGPEVALNP ATLLPLPEEG LOHNCLDILA

RMVAJTAVLT XKDAGKLTMGQ OALLLDTDRY QFGPVVALNP ATLLPLPEEG LOHNCLDILA
. . G SRy TORCPVRAT ERE G L OHN 5

i S ] EL uEL =
. PVAAGWﬁ?EL RMVAATAVLT KDAGKLTMGQ QFGPVVALNP ATLLPLPEEG LQHNCLDILA
L5_20 401 PVAAGWPPCL RMVAATAVLT KDAGKLTEGQ PLVILAPHAV QFGPVVALNP ATLLPLPEEG LQHENCLDILA

LS 21 401  PVAAGWEPCL RMVAATAVLT KDAGKLTMGQ PLVIEAPHAV

QFGPVVAENP ATLLPLPEEG LOHNCLDILA
L5 23 401  PVAAGWPECL RMVAATAVLT KDAGKUTMGQ PLVIHAPHAY
R : ST :

QFGPVVALNP ATLLPLPEEG LQHNCLDILA

KDAGKLTMGQ

B PVAAGWPPCL RMVAATAVLT KDAGKLTMGQ PvadAPHAv
L5_40 401  PVAAGWPPCL RMVAATAVLT KDAGKLTMGQ PLVIaAPHAV
L5_41 401  PVAAGWPPCL RMVAAIAVLT KDAGKLTMGQ PLVIEZAPHAV

PVAAGWPPCL RMVAAIAVLT 7

panuiuod - 7 XIANHAdY
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L5_60 401
L5 61 401
15_62 401

401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401

PVAAGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVARGWPPCL

PVAAGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVARGWPPCL
PVARGWPPCL
PVARGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVARGWPPCL
PVARGWPPCL
PVAAGWPPCL
PVARGWPPCL
PVARGWPPCL
PVAAGWPPCL
PVARGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVARGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVARGWPPCL
PVAAGWEPCL
PVAAGWPPCL
PVAAGWPPCL
PVARGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVAAGWPPCL
PVAAGWPPCL

RMVAATAVLT
RMVAAIAVLT
RMVAATAVLT
RMVAATAVLT
RMVA%E&YLT

RMVAAIAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVARTAVLT
RMVAATAVLT
RMVAATAVLT
RMVAAIAVLT
RMVAAIFVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVARIAVLT
RMVAATAVLT
RMVAAIAVLT
RMVAAIAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAAIAVLT
RMVAAIAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT
RMVAATAVLT

KDAGKLTMGQ

L
KDAGKLIMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ

KDAGKLTMGQ
KDAGKLTMGQ

KDAGKLTMGE
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGH
KDAGKLTMGO
KDAGKLTMGQ
KDAGRLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGO
KDAGKLTMGQ
KDAGKLTMGO
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGO
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGQ
KDAGKLTMGO

PLVB#APHAV
PLVIiAPHAV
PLVIQAPHAV

PLVIVAPHAV
PLVIZAPHAV
PLVIAPHAV
PLVI::APHAV
PLVIA’APHAV

PLVTAPHAV

PLVIIZAPHAV
PLVILZAPHAV

EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVRKQOPPDR
EALVKQPPDR
EALVRRPPDR
EALVEQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EATLVKQPPDR
EALVEQPFDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVEQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR
EALVKQPPDR

WLégARMTHY
WL THY

WLS“ARMTHY
WLSHARMTEY

QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTRRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
OALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV
QALLLDTDRV

QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP

QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVAIEP
QFGPVVALNP

QFGPVVALNP

QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNE
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVAENP
QFGPVVALNP
OFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP
QFGPVVALNP

ATLLPLPEEG

M B
QFGPVVALNP

y LOHNCLDILA

ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
CEREE

ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG
ATLLPLPEEG

ATLLPLPEEG

LOHNCLDTLA
LQHNCLDILA
LOHNCLDTILA
LOHNCLDILA
LOHNCLDILA

LORNCLDILA
LOHNCLDILA
Bomncrprra
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
BomvcrLpILa
LOHNCLDILA
LQHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHMBCLDILA
LOHSCLDILA
LOHNCLDILA
LOHNCLDLA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA
LOHNCLDILA

penuizued - ¢ XTGNHEddY
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MLV 501
1 501
3 501
5 501
7 501
8 501
10 501
11 501
12 501
13 501
16 501
17 501

R SRS
EAHGTRPDLT

30 501
L5_1 501
L5_2 501
L5_3 501
L5_4 501
L5_6 501
L5_8 501

EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EfjHGTRPDLT
EAHGTRPDLT

EAHGTRPDLT

EAHGTRPDLT
EHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT
EAHGTRPDLT

EAHGTRPDLT
EAHGTRPDLT

EAHGTRPDLT

DQPLPDADHT
DQPLPDADHT
DQPLPDADHT
DQPLPDADHT
DQPLPDADHT
DOBFPDADHT
DQPLPDADHT
DQPLPDADHT
DQPLPDADHT WYT,
DQPLPDADHT
DQPLPDADHT
DQPLPDADHT
DOPLEDADHT

DQPLPDADHT
DQPLPDADHT
DQPLPDADHT
DQPLPDADHT
DQPLPDADHT
DQPLPDADHT
DQPLPDADHT
DQPLPDADHT

DQPLPDADHT |

DQPLPDADHT
DQPLPDADHT
DQPLPDADHT

WYTEGSSLLO
WY TEGSSLLO
WYTHGSSLLY

WYTEGSSLLQ

GSSLLQ
WYTEGSSLLQ
WYTEGSSLLQ
WYTZGSSLLQ
WYTHGSSLLQ

SGSSLIO
GSSLLQ

WYTSGSSLLO E

EGQRKAGAAV
EGORKAGARV
EGQRKAGAAV
EGORKAGAAV
EGQRKAGARV
EGORKAGAAV
EGQORKAGAAV
EGORKAGAAV
EGQRKAGAAV
EGQRKAGAAV
EGQRKAGAAV
EGQRKAGAAV
EGQRKAGAAV

EGQRKAGAAV
EGQRKAGARV
EGQRKAGAAV
EGQORKAGAARV
EGORKAGAAV
EGORKAGAAV
EGQRKAGARV
EGQRKAGAAV

TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTEHEVIWAK
TTETEVIWAK
TTETEVIWAK

TTETEVIWAK

TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK
TTETEVIWAK

WYT‘GSSLLQ EGORKAGAAV TTETEVIWAK
WYTQGSSLLQ EGQRKAGAAV TTETEVIWAK

WY?DGSSLLQ EGQRKAGAAV TTETEVIWAK

ALPAGTSAQR
ooy "

ALPAGTSAQR
BLPAGTSAQR
ALPAGTSAQR
ALPAGTSAQR
ALPRGTSAQR
ALPAGTSAQR
ALPAGTSAQR
ALPAGTSAQR
ALPAGTSAQR
ALPAGTSAQY
ALPAGTSAQR
ALPAGTSAQR
ALPAGTSAQR

ALPAGTSAQR

ALPAGTSAQR
ALPAGTSAQR
ALPAGTSAQR
2BPAGTSAQR
ALPAGTSAQR
ALPAGTSAQR
ALPAGTSAQR

BURRCGESh
ALPAGTSARR

ALPAGTSAQR
ALPAGTSAQR
ALPAGTSAQR

EAHGTRPDLT DQPLPDADHT WYTHGSSLLQ EGQRKAGAAV TTETEVIWAK ALPAGTSAQR‘A

EAEGTRPDLT DQPLFDADHT WYT=GSSLLO EGORKAGAAV TTETEVIWAK ALPAGTSAQR
EAHGTRPDLT DQPLPDADHT WYTEGSSLLQ EGQORKAGAAV TTETEVIWAK ALPAGTSAQR

EAHGTRPDLT DQPLPDADHT WYTS GSSLLQ EGQRKAGAAV TTETEVIWAK ALPAGESAQR

A LIALTQAL
ULIALTQAL
AELIALTQAL
ACLIALTQAL

ATLIALTQAL KEAE

AELIALTQAL
AGLIALTQAL
ASLIALTOAL
AZFLIALTOAL
H‘LIALTQAL
A,LIALTQAL

A%LIALTQAL
ALIALTOAL
A§LIALTQAL
ALIALTQAL

ATLIALTOAL

A%LIALTQAL

ACLIALTQAL
oL

KMAEGKKLNV
KMAEGKKLNV
KMAEGKKLNV
KMAEGKKLNV
KMAEGKKLNV
KMAEGKKLNV
KMAEGKKLNV
KMAEGKKLNV

YTSRYAFAT
YTOUSRYAFAT

SRYAFAT
SRYAFAT

YT}SRYAFAT
YTESRYAFAT
YTESRYAFAT
YT3SRYAFAT
YT:SSRYAFAT
YTESRYAFAT
YT::SRYAFAT
YT SRYAFAT

- AHTHGEIYRR

'AHI EIYRR

AHTHGETYRR
AHTRGETYRR
AHTHGEIYRR
AHTHGEIYRR
AHTHGEIYRR
AHTHGEIYRR
AHTHGEIYRR
AHTHGETYRR
AHTHGEIYRR
AHTHGEIYRR
AHIHGEIYRR
AHTHGEIYRR
A§IHQEIYR§

AHTHGEIYRR
AHIHGEIYRR
AHTHGEIYRR
AHTHGEIYRR
AHTHGEIYRR
AHIFIGEIYRR
AHIHGEIYRR

KMAEGKKLNV YT@SRYAFAT AHTHGEIYRR
KMAEGKKLNV YTESRYAFAT AHTHGEIYRR

KMAEGKKLNV YTESRYAFAT AHIHGEIYRR
R ETVER

KMAEGKKLNV YTu RYAF T AHIHGEIYRR
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JIATHADHIHY
TIXTHOHTHY
HIATHOHIHY
WIATEOHIHY
WIAIIDHIHY
WHATIOHTIHY
WIATHOHIHY
WEATEDHIHY
TIXTTDHIHY
WMIATIOHIHY
WIATHOHIHY
WIATIOHIHY
WIATTOHTHY
WAATADHTHY
WMIATHOHIHY
WIATEDHIHY
WAXTIOHIHY
MIATIOHIHY
WAATIOHIHY
WAATEDHIHY
WMIATEOHTHY
WAXTIOHIHY
YUALEOHIHY
WAAIFOHTHY
WAXIFOHIHY
MIATEOHTIHY
WIXIFDHIHY
WMIKITOHIHY
waxBaonIny
WIAIHOHTHY
TAATIADHTHY

TIABEOHTHY

WIKTEOHTHY
WIXTEOHTHY

MIXIADHIHY
CIXIAOHINY
TUATIDHINY
TIATIADOHIHY

MIATHDHIHY

Bammwmwwaw
IVAVANSLLA
IVAVAES LA

Hdhmwmmw

2LA
INAVXESALA
a<wmwmmﬂaw
aammmeLaw
a«mmMMmgw&
ammmmeraw
IVavRISNLA
a@mmmemaw
IYIVRESHIA
INIVAISHLA
h<mmwmmwpw
IVIYEESEIE
IVAVRASE
LYAYRAS
IYICXASELA
aammmeﬁaw

IYACAIS LA
INAYAYS LA
9¢m¢»Mmmaw
IVAYAUS LA
LYAVANS 1A
INAYANSELA
a¢m¢>Mmme
IVAYAYSHLA
INAVANSEIA
a@m«mmMEHw
IVAVAUSELA
e«hmmmmw

O

RTHSEI T T avA 1mmamwn T

NAVAAS,
IVIYXES,
IVAVAY
IYAYAAS])

ANTIIDIVIHA
LA ANTIDIDEVI
ANTDIDEIOL
ANTENDEVIE
ANTIIDEVICI
ANTIEDIVIN
ANTINDIVIN
ANTINDEYNI
ANTIIDEVIN
ANDIIDTI
ANTIIOEVID
ANTIIDTYNL
ANTIIDHTN
ANTIIDTYIL
ANTIIDAVINI
ANTIIOEYINI
ANTIIOTVA
ANTIIOAYINA
ANTIIDIYI
ANTIOEI
ANTIIDIVIOL
ANDIIDEVI
ANTIIOEVII
ANTIIDFYIN
ANTTIDEVID
ANTIIDIVINI
ANTIOEYI
ANTDIDEVIN
ANTIIDIVI
ANTLEOEYNA
ANTIIORRI
ANTIIDIYNL

TYOLTYITENY JOVSIOVATY
qmoygmuqnm WOVSIOVATY
TYOLTYIIEY HOUSIOVATY
TEOIIVIIENY WOVSIOYATY
TYOLIVITEY d0VSIOVdTY
q<oaq4qu< FOYSIOVATY
qmahquqaa WOYSIOVATY
TEOLTYIIIN WOVSIOVATY
qma&amHAwm AOYSIOVATE
TUOLTYITGY WOVSIOVATY
TYOLIVITIENY SOVSIOVATY
TVOLTYITEY wEVSIovaTy
FOYSIOVITY
AOYSIOVATY
TYOLTVITEN AOVSIOVATY
TYOLTETTN SOVSIOVATY
q4oaa¢qum AOYSIOVATY
AOVSIOVATY
IOVSIOVATY
TYOLTYTT. 4 AOYSLOVATY
qmoaquqmm AOVSIOVETY
qmoaquq Y HOVSLOVATY
q«oaanqmm WOYSIOVATY
TYOLIVITEN dOVSIOVATY

TYOLTYI TN JOVSIOVATY

TYOLTITTLY HOVSIOVATY
TYOLTYITEY wos1ovaTy
TYOITYITEN MOVSIOVATY
FOYSIOVITY

FOVSILOVATY

TYOLTYITEY MOYSIOVATY
Amoag4qu¢ AOYSIOVATY
AOYSLOVATY
/ AOYSIOVATY

AYMIARIELL
NYMIASIALL
MYMIASIHLL
AYMIARLELL
AYMIATLELL
AYMIATLELI,
MUYMTAZLALL
MYMTATLALL
AIMTATLELL
AIMTATIZLL
FYMIAGIELL
MYMIARIHELL
AYMIATLELL
AYMIATLELL
MYMIASIELL
MYMIAHIALL
M¥MTIALLELL
AYMIAHLELL
AYMIABLELL
FYMIARLALL
AYMTARIELL
MYMIAHLIELL
MYMIAHLELL
MYMIAZLELL
MYMIATLELL
MYMTARLALL
MYMIARIELL
TYMTARLALL
MYMTATITLIL
IYMIARIALL
NYMIATLELL
MYMIATLELL

AVVOVINODE
AVVOINOOE
AVVOVIORE
IN Y el
AVYOIN0DE
AVYSONODE
AVUDOIEODE
AVYOIN0ODE
ATONINODE
AVYDVINEDE
AVYODTIEPE
AYYDIE0DE
AVYOVAE0DE
AVYOIN0DE
AVYOVINODE
AVVOVIHODE
AVVONIN0ODE
INY Oraeiont]
ATTORRIODE
AYYSRODE
AYYDTIEODE
AVYORIN0O0E
AVVORIN00E
AVYORINODH
AYVDVIEODE
ABvovIaooa
AYYOVAN0ODE
AVYORRIODE
ATEONINODE
ANYOINODE
ANVOVIE0DE
AVTOTIIODH

IYMIANLELL
AYMIAFLALL
AVMIATLALL

AVMIATLILL
NIREA

AYYOVII0DR

BTISSOELAM
OTISSOALAM

OTISSOBLAM

OTISSDELAM

0TISs
0T1ISS
0T1SS

OTISSDELAM
OTISSDLLAM

0T1SS
OTISS!
OTISSOALAM

Zn\

OTISSDELAM

oqqmmomawz

OQQwWGMHME

Oqﬂmmwﬂphz

oqqmmowp&z

OTISSD,
OTISSog

Oddmmwuﬁwz

oqqmmwmwwz

OTISSOELAM
OTISSDELAM

oaqmmwwwww
OTISSO)

mqqmmwiawz
oqammw,amz

OTISSDELAM

OTISSOULAM
oqqmmmrhwz

LHAYAZ1d0a
LEAVAd140a
IHAYad1dda
LHAVAd1d0a
IHAYd41d0d
IHAYA41a0a
LHAYAdTI0a
IHAYAJ1d0a
IHAYAd140a
IHAYAd1d40a
LHAYAdII0a
IHAVad1ada
IHAYAd140a
IHAYA41d0d
LHA¥A4140a
LHAYAd1d0a
LHEAYAd1400
IBAYAd1dda
IHAYA41d4da
IHAYAdT40a
LHAYad1dada
LHAYAd1dda
LHAYAETA0a
IHAYAA1d0a
IHAVAI140d
IHAVAd1ada
LHAYA4I40d
LHAYAII40a
IHEAYAd1a0d
IHAYAd1dda
IHAQVAT1ada
LHAYA41d0a

M BmQQQQOOQ

OTHSSOE

ey

PRI NGt (o N ER A R RO T oA

IHOYAATA0d

LHAOVAd1d0d

ANYOVIIODE mqqmmw LAM IHQVOE140Q

aqnmmmmmwm
e = g e

1IOQTYLOHVE
LTAdYLOHYE
LI LOHVE
LITQdILOHVE
LTQGILOHVE
ITQILLOHVE
LIQdALOHVE
LIQYIOHVE
IIG9LOHVE
ITIGIYLOBVE
LTAGYLOHVE
I7Qd¥LOHYE
I7QaYLOHYE
IIQIELOHE
I7QdYIOHVE
LT0dYLOHYE
LT LOHVE
ITGIELOHVE
hRateCrinralzy ot
LTAdILOHRYE
L7AdLOHVE
LI0dULOHYE
1TAaYIOHYE
ITOEELOHVE
IO LIOHYE
LTAdLLDHYE
LIAdELOHYE]
LTAaEIOHYE
LIAIEIOHYE
Iragarouia
LIAIELOHVE
LTAIELOHVE

LIAdILOEVE
LIAdIILOBYH
LIAIALOHYE
LIAdILOHYE

e AT A Ko ek

A
108

T0S
108
108
T0S




MLV 601 RGLLTSEGKE IKNKDEILAL LKALFLPKRL GHSAEBRRGNR ADQAARKAA ITETPDTSTL LIENSSPNSR LIN

1 601  RGLLTSEGKE IKNKDEILAL LKALFLPKRL GHSAEARGNR {ADOAARKAA ITETPDTSTL LIENSSPNSR LIN
3 601  RJLTSEGKE IKNKDEILAL LKALFLPKRL GHSAEARGNR JADQAARKAA ITETPDTSTL LIENSSPNSR LIN
5 601  RGLLTSEGKE IKNKDEILAL LKALFLPKRL GHSAEARGNR ITETPDTSTL LIENSSPNSR LIN
7 6§01 RGLLTSEGKE IKNKDEILAL LKALFLPKRL GHSAEARGNR ITETPDTSTL LIENSSPNSR LIN
8 601  RGLLTS[IGKE IKNKDEILAL LKALFLPKRL GHSAEARGNR ITETPDTSTL LIENSSPNSR LIN
10 601 RGLLTSEGKE TKNKDEILAL LKALFLPKRL GHSAEARGNR ITETPDTSTL LIENSSPNSR LIN

11 601 RGLLTSEGKE IKNKDEILAL LKALFLPKRL
12 601 RGLLTSEGKE IKNKDEILAL LKELFLPKRL
13 601 RGWLTSEGKE IKNKDEILAL: LKALFLPKRL

GHSAEARGNR
GHSAEARGNR
GHSAEARGNR

ITETPDTSTL LIENSSPNSR LIN
ITETPDTSTL LIENSSPNSR LIN
ITETPDTSTL LIENSSPNSR LIN

16 601 RGLLTSEGKE IKNKDEILAL LKALFLPKRIL GCHSAERRGNR ITETPDTSTL LIENSSPNSR LIN
17 601 RGLLTSEGKE IKNKDEILAL LKALFLPKRL GHSAEARGNR ITETPDTSTL LIENSSPNSR LIN
RGLLTSEGKE IKNKDEIEAL LKALFLPKRL GHSAEARGNR ITETPDTSTL LIENSS IP2
o . . T

UL TPA
IPA
; [ ST T TN S SBNSRANTN
ITETPDTSTL LIENSSPNSR LIN
ITETPDTSTL LIENSSPNSR LIN
ITETPDTSTL LIENSSPNSR LIN
ITETPDTSTL LIENSSPNSR LIN
ITETPDTYTL LIENSSENSR LIN
ITETPDTSTL LIENSSPNSE
QRARKAR ITETPDTSTL LIENSSPNS
QAARKAA ITETPDTSTL LIENSSP
ITETPDTSTL %;ENSSPNSR

Gl ’ BLE:
RGLLTSEGKE LXALFLPKRL

RGLLTSEGKE TKNKDEILAL LKALFLPKRL § SEIHCPG oK
RGLLTSEGKE IKNKDEILAL LKALFLPKRL SITHCPGIOK
RGLLTSEGKE IKNKDEILAL LKALFLPKRL SITHCPGEOK GHSAEARGNR i
RGLLTSEGKE IKNKDEILAL LKALFLPKRL SIIHCPG QK GHSAEARGNR
RGLTSEGKE IKNKDEILAL IEALFLPKRL SITHCPGJQK GHSAEARGNR
RGLLTSEGKE IKNKDEILAL LKALFLPKRL SITHCPGIQK GHSAEARGNR
RGLLTSEGKE IKNKDEILAL LKALFLPKRL SITHCPGHQK GHSREARGNR
RGLLTSEGKE IKNKDEILAL LKALFLPKRL SIIHCPG:QK GHSAEARGNR
RGLLTSEGKE LXALFLEKRL SITHCPGLOK Gl

e oTiarl e
: ITETPDTSTL LIENSSPNSR LIN

LTSEGKE IKNKDEILAL LKALFLPKRL SITHCP QK GHSAEARGNR éANQAARKAA ITETPDTSTL LIENSSPNSR LIN
RGLLTSEGKE IKNKDEILAL LKALFLPKRL : ITETPDTSTL LIENSSPNSR

RGLLTSEGKE IKNKDEILAI, LKALFLPKRL

15 20 601 RGQLTSEGKE IKNKDEILAL LKALFLPKRL
L5 21 501

AT
. RGLLTSEGKE
L5_40 601 RGLLTSEGKE IKNKDEILAL
L5_41 RGLLTSEGKE IKNKDEILAL
IKNKDEILAL

%ADQAARKAA ITETPD%%%L LIENSSPNSR LIN
MAEQAARKAA ITETPDTSTL LIENSSPNSR

QAARKAA ITETPDTSTL LIENSSPNSR LIN
QAARKAA I?EE?DTSTL LIENS%PNSR LIN

LIENSSPNSR LIN

LKALFLPKRL SITHCPG.QK GHSAEARGNR o

ponunued - 7 XJUNAALY
L8



88

APPENDIX 2 - continued

NTT ¥SNdSSNAIT TLSIAILELI W ANDUVHYSHD MO? TOIIATYNT TYITEOQINIT @0asL iy T09 ONHHmJ
NIT ¥SNASSNEIT TILSIAILELI ANDIAVIYSHD MOW TRAATATOAT TVITE@INT EYOIS I T0S 8TIT_S1
NIT ASNISSNETT TLSIAdLILI UNDIVHAVSHD MOE TATLTEAT TVIIE@INIT EXOFSITIOY T0S LTT S71

NIT ¥SNASSNEIT 11SICdIEHT
NIT USNASSNEIT I1SICILALT
NIT ¥SNASSNEIT TISIGIIELI
NIT ¥SNASSNHIT TISIAdIELI
NIT SSNASSNEIT TISIAdLILI
NIT ISNASSNAI'T TISICALALT
NI'T ¥SNdssN2IT B1siadligsr

ANDVAVSHD MOZDADHIIS TAETATYNT TYITECINII IYDESITION 109 9TT ST
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NIT ¥SNASSNEIT TLSIAdIELI  UNDYVEVSHD NOIDIDHIIS TIdTATYNT IVITEMINII ZYDISITION 109 $0T_S1
NIT ¥SNASSNEIT TISIAAIZLI ANDIVHYSHD MomwmumHHm TRIATATENT TEITA@INGI EYOBSIIIOE 109 €0T S1
NIT ¥SNISSNIIT TISIAALELT | MNOWVAVSHD YOZDAOHIIS TIdTATNT TYITAMINAI ENOESITION 109 TOT ST
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L5 9
18

L5 79
L5 82
L5 117
21
L5 3
L5 20
L5 75
L5 76
8

L5 13
L5 41
L5 68
L5 72
L5 114
L5 115
17

L5 15
L5 21,L5 111
L5 40
L5 47
L5 71
L5 78
L5 81
L5 118
13

L5 30
L5 32
L5 43,15 112
L5 53
L5 56
L5 57
L5_60
L5 62
L5 84
L5 95
L5 107

12 mutations,
11 mutations,
10 mutations,
10 mutations,
10 mutations,
9 mutations,
9 mutations,
9 mutations,
9 mutations,
9 mutations,
8 mutations,
8 mutations,
8 mutations,
8 mutations,
8 mutations,
8 mutations,
8 mutations,
7 mutations,
7 mutations,
7 mutations,
7 mutations,
7 mutations,
7 mutations,
7 mutations,
7 mutations,
7 mutations,
6 mutations,
6 mutations,
6 mutations,
6 mutations,
6 mutations,
6 mutations,
6 mutations,
6 mutations,
6 mutations,
6 mutations,
6 mutations,
6 mutations,

83D->N, 135L->P, 166P->S, 214H->R, 222Y->C, 293T->A, 344Y->H, 407P->L, 415A->V, 436A->T, 444V->A, 447P->L

83D->N, 139L->P, 200D->N, 330T->P, 479N->D, 577K->Q, 583D->G, 618L->V, 678N->1, 679S->P, 630R->A
741->T, 104P->R, 325Y->H, 333L->Q, 430Q->R, 597[->T, 616E->K, 649N->S, 658K->R, 673E->G
26L->P, 130P->S, 137S8->G, 343A->T, 356A->G, 524D->G, 539A->T, 603L->W, 653D->N, 6768->P
14S->P, 95N->8, 139L->P, 190Q->R, 333L->Q, 339D->G, 380V->A, 383Q->P, 524D->G, 532G->R
131N->S, 1791->T, 204H->R, 323P->L, 353T->A, 583D->A, 678N->I, 679S->P, 680R->A

1251->V, 138G->R, 143H->R, 380V->A, 552L->P, 603L->W, 622K->R, 658K->Q, 668S->P
12E->A, 87L->P, 95N->8, 200D->A, 221Q->R, 242A->T, 331G->E, 428M->L, 603L->W

11H->Y, 325Y->H, 333L->Q, 430Q->R, 5971->T, 616E->K, 649N->S, 658K->R, 673E->G
66M->L, 105G->E, 200D->N, 289M->V, 3141->T, 436A->T, 491L->P, 573A->T, 583D->N
89P->S, 139L->P, 287T->A, 330T->P, 514L->F, 607E->K, 635C->S, 663E->D

130P->S, 159R->K, 200D->4A, 221Q->R, 330T->P, 449D->G, 524D->G, 583D->E

60S->A, 139L->P, 168F->S, 199F->Y, 346E->D, 450R->H, 524D->G, 583D->G

39M->V, 491>V, 91Q->R, 204H->R, 287T->A, 454N->K, 625F->L, 653D->H

139L->P, 200D->N, 330T->P, 393A->T, 572M->L, 594H->Q, 671L->P, 672I->T

17P->S, 108D->E, 249N->D, 307A->V, 344Y->H, 524D->G, 653D->G, 673E->K

8H->P, 139L->P, 197T->A, 200D->G, 358G->W, 524D->G, 623A->V, 653D->A

491>V, 65P->S, 200D->N, 409C->R, 470V->A, 502A->V, 583D->N

17P->S, 108D->E, 249N->D, 307A->V, 344Y->H, 524D->G, 653D->G

65P->S, 233E->K, 407P->S, 478L->P, 603L->W, 638H->R, 653D->N

24T->A, 41L->R, 127P->S, 151L->F, 330T->P, 503H->R, 653D->G

107N->S, 126H->R, 128T->A, 1791->V, 200D->N, 642H->Y, 653D->N

97P->S, 184T->A, 250L->P, 289M->L, 497D->G, 551A->T, 562E->K

11H->R, 148V->M, 330T->P, 459H->R, 502A->V, 653D->G, 667T->A

166P->S, 199F->L, 446Q->R, 468D->A, S01E->K, 530Q->H, 558A->V

221Q->R, 283A->T, 287T->A, 369F->1, 376Y->C, 4341->T, 603L->W

51P->S, 136L->W, 207L->P, 428M->L, S60R->W, 603L->W

200D->A, 330T->P, 449D->G, 479N->D, 583D->N, 671L->P

69E->G, 135L->P, 139L->P, 431P->Q, 583D->G, 679S->F

200D->N, 237Q->R, 330T->P, 524D->G, 625F->S, 653D->N

130P->S, 139L->P, 417A->V, 524D->G, 583D->N, 634H->Y

8H->P, 211R->W, 292P->L, 486L->P, 524D->A, 594H->R

491>V, 173R->K, 302E->K, 392V->A, 603L->W, 669T->S

112V->A, 200D->N, 280L->P, 322A->T, 379G->S, 653D->N

118V->A, 204H->R, 282E->G, 346E->D, 524D->A, 528L->I

126H->R, 139L->P, 417A->V, 491L->P, 524D->G, 653D->A

124D->G, 187R->G, 263Q->R, 494N->K, 583D->G, 618L->V

139L->P, 233E->K, 295K->E, 6331->T, 642H->R, 643S>G

€ XIANAddV
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16
20

23
L5 2
L5_14
L5_18
L5 23
L5 24
L5 28
L5 37
L5 49,15 63
L5_55
L5_69
L5_88
L5_101
L5_104
3

5

7

11

12

30
L5 1
L5 6
L5 8
L5 11
L5 16
L5 29
L5 39
L5 42
L5 44
L5_46
L5 52
L5 61
L5 64,L5_93
L5 65
L5_85,L5_96
L5 90
L5 103
L5_106
L5_120
1

28
L5 4
L5 25
L5_35
L5 51
L5 58
L5_66
L5 73
L5 80
L5 92
L5 94
L5 97
10
L5_59
L5 99
L5 116
L5 48

WT MLV, L5 87

5 mutations,
5 mutations,
5 mutations,
5 mutations,
5 mutations,
5 mutations,
5 mutations,
5 mutations,
5 mutations,
5 mutations,
S mutations,
5 mutations,
S mutations,
5 mutations,
5 mutations,
5 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
4 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
3 mutations,
2 mutations,
2 mutations,
2 mutations,
2 mutations,
1 mutations,

90

241R->Q, 259A->T, 31 IR->H, 544T->1, 656A->T
200D->N, 603L->W, 678N->1, 679S->P, 680R->A
221Q->R, 332T->1, 524D->A, 644A->V, 6611->V
5E->K, 43V->], 184T->A, 391P->L, 543E->K
37G->W, 197T->A, 200D->G, 433V->A, 603L->W
45TM->T, 462A->T, 504G->R, 559Q->R, 655A->V
30P->L, 223V->M, 388W->R, 390R->W, 435L->P
139L->P, 221Q->R, 603L->W, 649N->S, 658K->R
306T->A, 309F->S, 524D->A, 594H->R, 625F->S
126H->S, 149L->F, 200D->N, 454N->K, 583D->N
501->V, 194N->S, 204H->R, 287T->A, 524D->A
5E->K, 200D->N, 240T->A, 653D->H, 671L->P
14S->T, 491->T, 538A->T, 603L->W, 653D->N
70A->V, 139L->P, 479N->D, 524D->G, 625F->L
65P->S, 204H->R, 283A->D, 391P->S, 583D->N
132P->8, 164S->G, 388W->R, 524D->G, 533Q->K
221Q->R, 428M->L, 602G->R, 603L->W

139L->P, 283A->D, 358G->V, 653D->N

204H->R, 433V->A, 524D->G, 572M->1

29F->L, 148V->M, 390R->W, 653D->A

238->P, 88V->A, 237Q->R, 623A->V

200D->N, 306T->M, 524D->N, 583D->G
249N->D, 409C->R, 470V->A, 502A->V
287T->A, 524D->A, 594H->R, 680R->P

475V->G, 524D->G, 679S->P, 6380R->A

15K->T, 200D->N, 576K->R, 607E->A

91Q->L, 583D->G, 600R->K, 603L->M
174D->G, 312L->P, 502A->V, 524D->G
12E->V, 861>V, 200D->N, 646A->V
192F->L, 333L->P, 556T->A, 603L->W
928->P, 430Q->R, 479N->D, 583D->N
200D->N, 330T->P, 583D->N, 644A->T
200D->N, 330T->P, 374Q->R, 583D->N
64Y->C, 351L->V, 449D->A, 530Q->H
200D->N, 216D->G, 524D->A, 545E->G
200D->N, 238Q->H, 570L->1, 603L->W
200D->N, 330T->P, 583D->A, 638H->R
200D->N, 298R->G, 330T->P, 374Q->R
96T->M, 200D->N, 559Q->P, 607E->G
524D->G, 583D->N, 635C->R, 670L->F
252Y->H, 308G->S, 441E->G, 603L->W
491>V, 524D->A, 594H->R

8H->R, 6321->T, 644A->V

208A->V, 225D->G, 680R->A

39M->L, 302E->K, 628K->E

200D->N, 330T->P, 479N->D

110R->G, 431P->Q, 653D->N

66M->L, 90C->Y, 653D->V

93P->L, 457M->R, 603L->W

67S->P, 139L->P, 307A->V

326P->S, 583D->G, 676S->P

126H->8, 200D->N, 653D->G
494N->D, 524D->G, 607E->K

4841->P, 4981->V, 653D->A

481A->T, 524D->G

450R->H, 503H->R

36T->1, 524D->G

653D->H, 662T->A

77H->R

0 mutations
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Position 524, total mutations 31, 3 different amino acids
, L5 82,15 84,15 88,

D->A 10 s sequences (1, 23} L5_ 6 0 , L5 93)

D->N, 1 sequences (30)

Position 200, total mutations 30, 3 different amino acids
D->G, 2 sequences (155%332‘, L5_115).
D->A, 3 sequences (L5 13, L5 20, I
D->N,

, L5 60,

7 I:S 76,L5_ 85 L5_90,L5 92 L5 93 L5 96 1:5 103, LS 112)

Position 653, total mutations 23 5 dlfferent amino acids
D->V, 1 sequences
D->G, 5 sequences (E5£15, L5_40,L5 78,15 92,15 _114)
D->A, 4 sequences (11, L5 84, L5 97, L5 115)
D->N, 10 sequences (5, L5 21, (8447, L5 51,15 60,15 69,15 82,15 111,L5 112)
D->H, 3 sequences (5.5 68, LS 116)

Position 583, total mutations 21, 4 different amino acids
D->E, 1 sequences (L5_13)
D->G, 7 sequences (18, 30, 5816, L5_32,1.5 41,15 80,15 95)
D->A 3 sequences (21 L5 §5x L5 96)

Position 603, total mutations 18, 2 different amino ac1ds
L->W, 17 sequences (3, 13, 20, L5_3, 5504
L5 69,15 82,L5 111,L5 118 Lg 120)

T->P, 15 sequences (8, 18, L5 13 1‘_3‘5&;@, 5135, Ls_40, B5¥
L5_90,L5 96,L5 112)

Position 139, total mutations 14, 1 dlfferent amino acids -
L->P, 14 sequences (5, 8, 18, B354, L5 32,15 41, B3¥59, 145
L5_115,L5_117)

Position 204, total mutations 7, 1 different amino acids
H->R, 7 sequences (7, 21, ] !

i

Position 221, total mutations 6, 1 different amino acids
Q->R, 6 sequences (3, 28, L5 13, L5 20, B4

4, L5 118)

Position 287, total mutations 6, 1 different amino acid§
T->A, 6 sequences (8, L5_6, ] L5 63,]

8, L5 _118)

Position 680, total mutations 6, 2 different amino acids
R->P, 1 sequences (LS_@
R->A, 5 sequences (18, 2§, 21, L5 4,15 _8)

Position 49, total mutations 3, 2 different amino acids
I->T, 1 sequences (L5_69) .
1>V, 4 sequences (1, 17, 738

Position 479, total mutations 5, 1 different amino acids
N->D, 5 sequences (18, L3150, | L5 44,15 88)




92
APPENDIX 4 continued

Position 594, total mutations 5, 2 different amino acids
H->Q, 1 sequences (Di,ﬂ. 12
H->R, 4 sequences (1,L5 6, L

Position 625, total mutations 5, 2 different amino acids
F->8, 3 sequences (

F->L, 2 sequences (E5

Position 679, total mutations 5, 2 different amino acids
S->F, 1 sequences (L5 32)
S->P, 4 sequences (18, 2@,, 21,L5 8)

3,
L5_88)

Position 65, total mutations 4, 1 different amino acids
P->8, 4 sequences (17,L5 21,L5 101, L5 111)

Position 126, total mutations 4, 2 dlfferent amino acids
H->S, 2 sequences (
H->R, 2 sequences

Position 333, total mutations 4, 2 different amino acids
L->Q, 3 sequences (LS_75,L5 79,L5_117)
L->P, 1 sequences (I.5_42)

Position 502, total mutations 4, 1 different amino acids
A->V, 4 sequences (17,L5_1,L5 29,L5 78)

Position 607, total mutations 4, 3 different amino acids
E->G, 1 sequences (L5 _103)
E->A, 1 sequences (i5.11)
E->K, 2 sequences (8, L5 _94)

Position 638, total mutations 4, 1 different amino acids
H->R, 4 sequences (L5_21,L5_85,L5 96,L5_111)

Position 658, total mutations 4, 2 different amino acids
K->Q, 1 sequences (L5_3)
1 2%4;, 15 _75,L5_79)

Position 8, total mutations 3, 2 different amino acids
H->P, 2 sequences (L.5_56,L5 115)
H->R, 1 sequences (28)

Position 130, total mutations 3, 1 different amino acids
P->$, 3 sequences (L5_13, 5753, L5_82)

Position 233, total mutations 3, 1 different amino acids
E->K, 3 sequences (L5_21,L5_107,L5_111)

Position 237, total mutations 3, 1 dlfferent amino acids
Q->R, 3 sequences (12, |

Position 249, total mutations 3, 1 different amino acids
N->D, 3 sequences (L5_1, 1

Position 283, total mutations 3, 2 different amino acids
A->D, 2 sequences (5, L5_101)
A->T, 1 sequences (L5 118)
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Position 307, total mutations 3, 1 dlfferent amino acids
A->V, 3 sequences

Position 344, total mutations 3, 1 di r
Y->H, 3 sequences (L5_9, L5

Position 407, total mutations 3, 2 different amino acids
P->8, 2 sequences (I.5_21,L5_111)
P->L, 1 sequences (L5_9)

Position 428, total mutations 3, 1 different amino acids
M->L, 3 sequences (3, 13, L5_20)

Position 430, total mutations 3, 1 different amino acids
Q->R, 3 sequences (L5 _44,L5 75,1L5_79)

Position 449, total mutations 3, 2 diffe
D->@, 2 sequences (L5 13,k
D->A, 1 sequences (LS 61)

amino acids

Position 644, total mutations 3, 2 different amino acids
A->T, 1 sequences

Position 673, total mutations 3, 2 different amino acids
E->G, 2 sequences (L.5_75, L5_79)
E->K, 1 sequences (L5_114)

Position 678, total mutations 3, lwdifferent amino acids
N->1, 3 sequences (18, @6, 21)

Position 5, total mutations 2, 1 dlfferent ammo acids
E->K, 2 sequences (L5_2, | -

Position 11, total mutations 2, 2 different amino acids
H->R, 1 sequences (L5 78)
H->Y, 1 sequences (L5_75)

Position 12, total mutations 2, 2 different amino acids
E->V, 1 sequences (L.5_39)
E->A, 1 sequences (L5_20)

Position 14, total mutations 2, 2 different amino acids
S->T, 1 sequences (L5_69)
S->P, 1 sequences (1.5_117)

Position 17, total mutations 2, 1 different amino acids
P->§, 2 sequences (L 5 L5 114)
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Position 39, total mutations 2, 2 different amino acids
M->V, | sequences a, )
M->L, 1 sequences (I1.5_25)

ifferent amino acids
L5 63)

Position 50, total mutations 2
1I->V, 2 sequences (ﬁ

Position 66, total mutations 2, 1 different amino acids

M->L, 2 sequences (5158, L5_76)

Position 83, total mutations 2, 1 different amino acids
D->N, 2 sequences (18, L5 9)

Position 91, total mutations 2 2 dlfferent amino acids
Q->R, 1 sequences '
Q->L, 1 sequences (;

Position 95, total mutations 2, 1 different amino acids
N->§, 2 sequences (L5_20,L5 117)

Position 108, total mutations 2, 1 different amino acids
D->E, 2 sequences ({[_.fgi 13

Position 135, total mutations 2, 1 different amino acids
L->P, 2 sequences (L5_9, L.5_32)

Position 148, total mutations 2, 1 different amino acids
V->M, 2 sequences (11, L5_78)

Position 166, total mutations 2, 1 different amino acids
P->§, 2 sequences (L5_9,L5_81)

Position 179, total mutations 2, 2 different amino acids
I->T, 1 sequences (21)
I->V, 1 sequences (I

Position 184, total mutations 2, 1 different amino acids
T->A, 2 sequences (L5_2, L5_71)

Position 194, total mutations 2, 1 (ilfferent amino acids
N->8, 2 sequences (I35 49, L5_63)

Position 197, total mutations 2, 1 glfferent amino acids
T->A, 2 sequences (L34, L5 115)

Position 199, total mutations 2, 2 different amino acids
F->L, 1 sequences (L5_81)
F->Y, 1 sequences (L5_41)
Position 216, total mutations 2, 1
D->G, 2 sequences (53

dlffvl‘i‘)ﬂn amino acids

Position 289, total mutations 2, 2 different amino acids
M->V, 1 sequences (L5_76)
M->L, 1 sequences (LS 71)
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Position 302, total mutations 2, 1 d1fferp tamlno acids
E->K, 2 sequences (L5_25, 1%

Position 306, total mutations 2 ’2 d1ffe1 ent amino acids
T->A, 1 sequences (%38
T->M, 1 sequences (30)

Position 3235, total mutations 2, 1 different amino acids
Y->H, 2 sequences (L5_75,L5_79)

Position 346, total mutations 2, 1 different amino acids
E->D, 2 sequences (L5_41,L.5_62)

Position 358, total mutations 2, 2 different amino acids
G->W, 1 sequences (L5_115)
G->V, 1 sequences (5)

Position 374, total mutations 2, 1 different amino acids
Q->R, 2 sequences (E Mﬁw, L5_90)

Position 380, total mutations 2, 1 different amino acids
V->A, 2 sequences (L5_3,L5_117)

Position 388, total mutations 2, 1 different amino acids
W->R, 2 sequences (L5_23,L5_104)

Position 390, total mutations 2, 1 different amino acids
R->W, 2 sequences (11, L5_23)

Position 391, total mutations 2, 2 different amino acids
P->8, 1 sequences (L5_101)
P->1, 1 sequences (L5_2)

Position 409, total mutations 2, 1 different amino acids
C->R, 2 sequences (17, L5_1)

Position 417, total mutations 2, 1 dlfferent amino acids
A->V, 2 sequences (

Position 431, total mutations 2, 1 different amino acids
P->Q, 2 sequences (L5_32,L5_51)

Position 433, total mutations 2, 1 different amino acids
V->A, 2 sequences (7, L5l

3
el

Position 436, total mutations 2, 1 different amino acids
A->T, 2 sequences (L5_9,L5_76)

Position 450, total mutations 2, 1 different amino acids
R->H, 2 sequences (L5_41,L5_59)

Position 454, total mutations 2, 1 dlfferent ammo acids
N->K, 2 sequences (I35

Position 457, total mutations 2, 2 different amino acids
M->T, 1 sequences (L5_18)
M->R, 1 sequences (L.5_66)
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Position 470, total mutations 2, 1 different amino acids
V->A, 2 sequences (17, L5_1)

Position 478, total mutations 2, 1 different amino acids
L->P, 2 sequences (L5_21, L5_111)

Position 491, total mutations 2, 1 different amino acids
L->P, 2 sequences (L5_76,L5_84)

Position 494, total mutations 2, 2 different amino acids
N->D, 1 sequences (L5_94)
N->K, 1 sequences (L5_95)

Position 503, total mutations 2, 1 different amino acids
H->R, 2 sequences (L5 40,15 59)

Position 530, total mutations 2, 1 different amino acids
Q->H, 2 sequences (L5_61,L5_81)

Position 545, total mutations 2 ‘1 different amino acids
E->G, 2 sequences (175564

Position 559, total mutations 2, 2 different amino acids
Q->P, 1 sequences (L5_103)
Q->R, 1 sequences (L5 _18)

Position 572, total mutations 2, 2 different amino acids
M->L, 1 sequences (I5555)
->1, 1 sequences (7)

Position 597, total mutations 2, 1 different amino acids
I->T, 2 sequences (L5_75,L5_79)

Position 616, total mutations 2, 1 different amino acids
E->K, 2 sequences (L5_75,L5 79)

Position 618, total mutations 2, 1 different amino acids
L->V, 2 sequences (18, L5_95)

Position 623, total mutations 2, 1 different amino acids
A->V, 2 sequences (12, L5 115)

Position 635, total mutations 2, 2 different amino acids
C->8, 1 sequences (8)
C->R, 1 sequences (L.5_106)

Position 642, total mutations 2, 2 different amino acids
H->R, 1 sequences (L5 _107)
H->Y, 1 sequences ]

Position 676, total mutations 2, 1 different amino acids
S->P, 2 sequences (L5 80, L5_82)

Position 15, total mutations 1, 1 dlfferent amino acids
K->T, 1 sequences (L;
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Position 23, total mutations 1, 1 different amino acids
S->P, 1 sequences (12)

Position 24, total mutations 1, 1 different amino acids
T->A, 1 sequences (L5_40)

Position 26, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5 _82)

Position 29, total mutations 1, 1 different amino acids
F->L, 1 sequences (11)

Position 30, total mutations 1, 1 different amino acids
P->L, 1 sequences (L5_23)

Position 36, total mutations 1, 1 different amino acids
T->1, 1 sequences (L5_99)

ifferent amino acids

Position 37, total mutations 1,
- G->W, 1 sequences (J;

Position 41, total mutations 1, 1 different amino acids
L->R, 1 sequences (L5_40)

Position 43, total mutations 1, 1 different amino acids
V->1, 1 sequences (L5_2)

97

Position 51, total mutations 1, 1 different amino acids

_P->S§, 1 sequences (13)

Position 60, total mutations 1, 1 different amino acids
S->A, 1 sequences (L.5_41)

Position 64, total mutations 1, 1 different amino acids
Y->C, 1 sequences (L5_61)

Position 67, total mutations 1, 1 different amino acids
S->P, 1 sequences (L5_73)

Position 69, total mutations 1, 1 different amino acids
E->G, 1 sequences (L5_32)

Position 70, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_88)

Position 74, total mutations 1, 1 different amino acids
I->T, 1 sequences (L5 _79)

Position 77, total mutations 1, 1 different amino acids
H->R, 1 sequences (L.5_48)

Position 86, total mutations 1, 1 different amino acids
1>V, 1 sequences (L5 _39)

Position 87, total mutations 1, 1 different amino acids
L->P, 1 sequences (1.5_20)
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Position 88, total mutations 1, 1 different amino acids
V->A, 1 sequences (12)

Position 89, total mutations 1, 1 different amino acids
P->§, 1 sequences (8)

Position 90, total mutations 1, 1 different amino acids
C->Y, 1 sequences (5] 8})

Position 92, total mutations 1, 1 different amino acids
S->P, 1 sequences (L5_44)

Position 93, total mutations 1, 1 different amino acids
P->L, 1 sequences (L5_66)

Position 96, total mutations 1, 1 different amino acids
T->M, 1 sequences (L5_103)

Position 97, total mutations 1, 1 different amino acids
P->S, 1 sequences (L5_71)

Position 104, total mutations 1, 1 different amino acids
P->R, 1 sequences (L5_79)

Position 105, total mutations 1, 1 different amino acids
G->E, 1 sequences (L.5_76)

Position 107, total mutations 1, 1 dxfferent amino acids
N->S, | sequences (L g

Position 110, total mutations 1, 1 different amino acids
R->G, 1 sequences (L5_51)

Position 112, total mutations 1, 1 different amino acids
V->A, 1 sequences (L5_60)

Position 118, total mutations 1, 1 different amino acids
V->A, 1 sequences (LS_62)

Position 124, total mutations 1, 1 different amino acids
D->@G, 1 sequences (L5 95)

Position 125, total mutations 1, 1 different amino acids
I->V, 1 sequences (L5_3)

Position 127, total mutations 1, 1 different amino acids
P->8, 1 sequences (L5_40)

Position 128, total mutations 1, 1 different amino acids
T->A, 1 sequences !

Position 131, total mutations 1, 1 different amino acids
N->8, 1 sequences (21)

Position 132, total mutations 1, 1 different amino acids
P->8, 1 sequences (L5_104)
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Position 136, total mutations 1, 1 different amino acids
L->W, 1 sequences (13)

Position 137, total mutations 1, 1 different amino acids
S->@, 1 sequences (L5 _82)

Position 138, total mutations 1, 1 different amino acids
G->R, 1 sequences (L5_3)

Position 143, total mutations 1, 1 different amino acids
H->R, 1 sequences (L5_3)

Position 149, total mutations 1, 1 different amino acids
L->F, 1 sequences (537

Position 151, total mutations 1, 1 different amino acids
L->F, 1 sequences (L5_40)

Position 159, total mutations 1, 1 different amino acids
R->K, 1 sequences (L5_13)

Position 164, total mutations 1, 1 different amino acids
S->@, 1 sequences (L5_104)

Position 168, total mutations 1, 1 different amino acids
F->8, 1 sequences (L.5_41)

Position 173, total mutations 1, 1 different amino acids
R->K, 1 sequences (L8457

Position 174, total mutations 1, 1 different amino acids
D->G, 1 sequences (L5_29)

Position 187, total mutations 1, 1 different amino acids
R->G, 1 sequences (L5_95)

Position 190, total mutations 1, 1 different amino acids
Q->R, 1 sequences (L5_117)

Position 192, total mutations 1, 1 different amino acids
F->L, 1 sequences (L5_42)

Position 207, total mutations 1, 1 different amino acids
L->P, 1 sequences (13)

Position 208, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_4)

Position 211, total mutations 1, 1 different amino acids
R->W, 1 sequences (L5_56)

Position 214, total mutations 1, 1 different amino acids
H->R, 1 sequences (L5_9)

Position 222, total mutations 1, 1 different amino acids
Y->C, 1 sequences (LL5_9)

99



APPENDIX 4 continued

Position 223, total mutations 1, 1 different amino acids
V->M, 1 sequences (L5_23)

Position 225, total mutations 1, 1 different amino acids
D->G, | sequences (LS 4)

Position 238, total mutations 1, 1 dlfferent amino acids
Q->H, 1 sequences (WSW 5

Position 240, total mutations 1, 1 different amino acids
T->A, 1 sequences (]

Position 241, total mutations 1, 1 different amino acids
R->Q, 1 sequences (16)

Position 242, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5_20)

Position 250, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5_71)

Position 252, total mutations 1, 1 different amino acids
Y->H, 1 sequences (L5 120)

Position 259, total mutations 1, 1 different amino acids
A->T, 1 sequences (16)

Position 263, total mutations 1, 1 different amino acids
Q->R, 1 sequences (LS_95)

Position 280, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5_60)

Position 282, total mutations 1, 1 different amino acids
E->G, 1 sequences (L5_62)

Position 292, total mutations 1, 1 different amino acids
P->L, 1 sequences (L5_56)

Position 293, total mutations 1, 1 different amino acids
T->4, 1 sequences (L5_9)

Position 295, total mutations 1, 1 different amino acids
K->E, 1 sequences (L5_107)

Position 298, total mutations 1, 1 different amino acids
R->G, 1 sequences (LS 90)

Position 308, total mutations 1, 1 different amino acids
G->8, 1 sequences (L5_120)

Position 309, total mutations »1 1 dlfferent amino acids
F->S, 1 sequences ([

Position 311, total mutations 1, 1 different amino acids
R->H, 1 sequences (16)
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Position 312, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5 29)

Position 314, total mutations 1, 1 different amino acids
I->T, 1 sequences (L5_76)
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Position 322, total mutations 1, 1 different amino acids

A->T, 1 sequences (L5_60)

Position 323, total mutations 1, 1 different amino acids
P->L, 1 sequences (21)

Position 326, total mutations 1, 1 different amino acids
P->8§, 1 sequences (L5_80)

Position 331, total mutations 1, 1 different amino acids
G->E, 1 sequences (L5_20)

Position 332, total mutations 1, 1 different amino acids
T->1, 1 sequences (2;

=

Position 339, total mutations 1, 1 different amino acids
D->G, 1 sequences (L5_117)

Position 343, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5_82)

Position 351, total mutations 1, 1 different amino acids
L->V, 1 sequences (L5 61)

Position 353, total mutations 1, 1 different amino acids
T->A, 1 sequences (21)

Position 356, total mutations 1, 1 different amino acids
A->G, 1 sequences (L5_82)

Position 369, total mutations 1, 1 different amino acids
F->1, 1 sequences (L.5_118)

Position 376, total mutations 1, 1 different amino acids
Y->C, 1 sequences (L5_118)

Position 379, total mutations 1, 1 different amino acids
G->S, 1 sequences (1.5_60)

Position 383, total mutations 1, 1 different amino acids
Q->P, 1 sequences (L5_117)

Position 392, total mutations 1

_ifferent amino acids
V->A, 1 sequences ([

Shrd

Position 393, total mutations 1, 1 different amino acids
A->T, 1 sequences (Bsse

Position 415, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_9)
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Position 434, total mutations 1, 1 different amino acids
I->T, 1 sequences (L.5_118)

Position 4335, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5 _23)

Position 441, total mutations 1, 1 different amino acids
E->G, 1 sequences (L5 _120)

Position 444, total mutations 1, 1 different amino acids
V->A, 1 sequences (L5 _9)

Position 446, total mutations 1, 1 different amino acids
Q->R, 1 sequences (L5_81)

Position 447, total mutations 1, 1 different amino acids
P->L, 1 sequences (L.5_9)

Position 459, total mutations 1, 1 different amino acids
H->R, 1 sequences (LS 78)

Position 462, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5 _18)

Position 468, total mutations 1, 1 different amino acids
D->A, 1 sequences (L.5_81)

Position 475, total mutations 1, 1 different amino acids
V->@, 1 sequences (1L5_8)

Position 481, total mutations 1, 1 different amino acids
A->T, 1 sequences (10)

Position 484, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5 97)

Position 486, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5_56)

Position 497, total mutations 1, 1 different amino acids
D->G, 1 sequences (L5 71)

Position 498, total mutations 1, 1 different amino acids
I->V, 1 sequences (L5_97)

Position 501, total mutations 1, 1 different amino acids
E->K, 1 sequences (L5_81)

Position 504, total mutations 1, 1 different amino acids
G->R, 1 sequences (L5 _18)

Position 514, total mutations 1, 1 different amino acids
L->F, 1 sequences (8)

Position 528, total mutations 1, 1 different amino acids
L->1, 1 sequences (L5 _62)

102



APPENDIX 4 continued

Position 532, total mutations 1, 1 different amino acids
G->R, 1 sequences (L5_117)

Position 533, total mutations 1, 1 different amino acids
Q->K, 1 sequences (L5_104)

Position 538, total mutations 1, 1 different amino acids
A->T, | sequences (L5_69)

Position 539, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5_82)
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Position 543, total mutations 1, 1 different amino acids

E->K, 1 sequences (L5_2)

Position 544, total mutations 1, 1 different amino acids
T->1, 1 sequences (16)

Position 551, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5_71)

Position 552, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5_3)

Position 556, total mutations 1, 1 different amino acids
T->A, 1 sequences (L5_42)

Position 558, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_81)

Position 560, total mutations 1, 1 different amino acids
R->W, 1 sequences (13)

Position 562, total mutations 1, 1 different amino acids
E->K, 1 sequences (1L5_71)

Position 570, total mutations 1, 1 dlfferent amino acids
L->1, 1 sequences (

Position 573, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5_76)

Position 576, total mutations 1, 1 dlfferent amino acids
K->R, 1 sequences (Jy ;

Position 577, total mutations 1, 1 different amino acids
K->Q, 1 sequences (18)

Position 600, total mutations 1, 1 dlfferent amino acids
R->K, 1 sequences (1.5 i

Position 602, total mutations 1, 1 different amino acids
G->R, 1 sequences (3)

Position 622, total mutations 1, 1 different amino acids
K->R, 1 sequences (L5_3)
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Position 628, total mutations 1, 1 different amino acids
K->E, 1 sequences (I.5_25)

Position 632, total mutations 1, 1 different amino acids
I->T, 1 sequences (28)

Position 633, total mutations 1, 1 different amino acids
I->T, 1 sequences (L5_107)

Position 634, total mutations 1, 1 different amino acids
H->Y, 1 sequences (]

Position 643, total mutations 1, 1 different amino acids
S->@G, 1 sequences (L5_107)

Position 646, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_39)

Position 655, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_18)

Position 656, total mutations 1, 1 different amino acids
A->T, 1 sequences (16)

Position 661, total mutations 1, 1 different amino acids
1>V, 1 sequences (23)

Position 662, total mutations 1, 1 different amino acids
T->A, 1 sequences (L5 116)

Position 663, total mutations 1, 1 different amino acids
E->D, 1 sequences (8)

Position 667, total mutations 1, 1 different amino acids
T->A, 1 sequences (L5 78)

Position 668, total mutations 1, 1 different amino acids
S->P, 1 sequences (L5_3)

Position 669, total mutations 1, 1 different amino acids
T->S, 1 sequences (15557

Position 670, total mutations 1, 1 different amino acids
L->F, 1 sequences (L5_106)

Position 672, total mutations 1, 1 different amino acids
I->T, 1 sequences ( ))
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Selection
ﬁequency*

25 (30)
3 (30)

2 (30)

17 (18)

1(18)
10 (23)
4(23)

1(23)

3(23)
5(23)

15 (15)

Conc.,

2.91
2.73
3.82
2.33
2.04
2.84
2.68
1.15
3.14
3.69
6.23
241
3.18
3.12
3.24
2.85
3.7
2.69
342
2.39
2.38
2.98
2.82
2.79
2.60
241
3.05
2.68
2.46
1.76
2.62

187000

110 000

2230005

Specific activity RNase H activity Highest temperature of
' cDNA synthesis
37°C (u/mg) 5 min 50°C => 37°C 1kb
~200000 B | D 17:8¢

400,

135 000
71 000
87 000
114 000
276 000
0

175 000
52 000

109 000
139 000
138 000
178 000
149 000
190 000
149 000
179 000
211 000
198 000
172 000
182 000
212 000
180 000
135 000
178 000
200 000
154 000

¢ XIANHAAY

c01



Selection Specific activity RNase H activity Highest temperature of
frequency* c¢DNA synthesis
50°C 5 min 50°C =>37°C u/mol 1kb

. "_”1_60'_'520(1 i

45.5°C
197 000 12 % 47.8°C
2.33 201 000 47.8°C
6 (6) 238 - 1268000 117 65% . . 504°C. -
3.09 114 000 45.5°C
247 55 000 8% 43.6-45.5°C
1.85 179 000 0% 45.5
1.85 83 000 0% 43.6-45.5°C
1.3 107 000 2% 45.5
1.76 60 000 0% 43.6-45.5°C
2 (4) 3.94 182 000 9 % 260 144 % L47.8°50740
1(4) 428 204 000 47.8°C
14 4.02 184 000 47.8°C
224 181 000 45.5°C
1.02 0
14 (14) 1.34 148 000 176 98 % 47.8°C
6 (6) 2.34 204 000 174 96 % 45.5-47.8°C
2.75 213 000 45.5-47.8°C
2.28 179 000 45.5°C
2.46 197 000 45.5°C
2.18 190 000 45.5°C
1.64 134 000 41.9°C
5(5) 3.15 190 000 234 130 % 47.8°C
2.82 176 000 43.6°C
2.58 179 000 45.5°C
4 (5) 2.67 184 000 A 232 129 %
3.66 270,000 170 94 %
1(5) 3.85 “231°00€
4.15 216 000
23) 3.53 123 000 162 90 % 45.5-47.8°C

ponunuod - ¢ XYANAILV
901



Selection
frequency*

Conc.,
mg/ml
4

325
3.25
4.15
445
3.09
224
2.51
2.38
3.35
275
3.27
3.34
3.58
3.29
2.59
244
347
1.75
1.98
5.44
3.17
32

37°C (u/:mg_)_v

~200000

212 000
216 000
146 000
212 000
141 000

120 000
160 000
157 000

135 000
160 000

Specific activity

5 min

110/ E

50°C=>37°C

RNase H activity

150

215

233
218
117
156
162

3%

119 %

129 %
121 %
65 %
87 %
90 %

Highest temperature of
cDNA synthesis

1kb

45.5°C
45.5°C
45.5-47.8°C
45.5°C
45.5-47.8°C
45.5°C
45.5°C
45.5-47.8°C
47.8°C
45.5-47.8°C
45.5-47.8°C
47.8°C
47.8°C
45.5°C
47.8°C
47.8°C
47.8°C
45.5-47.8°C
45.5-47.8°C
48°C

ponupued - ¢ XJNHAJIIV

LO1
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Conc., Specific activity Highest temperature
of cDNA synthesis
g/l | 57°Cwmg) [ 50°C | 1 | 45kb_

“D200N, L603W (20 mut) | 0.46

131 %

260 000 56°C

D200N, L603W, T330P | 4,17 321 194 175% | 56-58°C | 53°C
MO0_1)

D200N, L603W, T330P, | 4727 311576 174% | 60-62°C | 56°C
E607K (M1)

D200N, L603W, T330P, | 2,91 348 694 176 % | 62°C 61°C
E607K, L139P (M2)

D200N, L603W, N479D, | 537 371510 182% | 56-58°C | 56°C
H594R (M3)

D200N, L603W, D653N, | 4,84 358112 155% | 58-60°C | 58°C
D524G (M4)

D200N, L603W, D653N, | 5,23 272 031 180% | 60-62°C | 58°C

D524G, T330P (M6)
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APPENDIX 7

SEQ ID No: 1

Locus pET-his-MLV-pD 7873 bp DNA circular 5-JUN-

2007

SOURCE

ORGANISM
COMMENT This file is created by Vector NTI
http://www.invitrogen.com/

COMMENT ORIGDB |GenBank

COMMENT VNTDATE | 448383004 |

COMMENT VNTDBDATE | 448383004 |

COMMENT LSOWNER |

COMMENT VNTNAME | pET-his-MLV-pD|

COMMENT VNTAUTHORNAME | Remigijus Skirgaila]

COMMENT VNTAUTHORTEL | +370-5-2394224 |

COMMENT VNTAUTHOREML | skirgaila@fermentas.lt]

COMMENT VNTAUTHORWWW | www . fermentas. com |

FEATURES Location/Qualifiers

CDS 3534..4391
/vntifkey="4"
/label=Ap )
/note="ORF: Frame #2 Start: atg Stop: taa"”
CDS complement (6586..7674)

/vntifkey="4"
/label=lacI
/note="ORF: Frame #3 Start: gtg Stop: tga"
terminatoxr 2864..2910
/vntifkey="43"
/label=T7\terminator
rep origin 2947..3402
/vntifkey="33"
/label=f1\origin
rep origin complenment (2936..2936)
/vntifkey="33"
/label=ori
promoter 174..190
/vntifkey="30"
/label=PT7
misc_feature 2394..2669
/vntifkey="21"
/label=pD
misc_feature 2364..2393
/vntifkey="21"
/label=gs\linker
misc_feature 2670..2759
/vntifkey="21"
/label=gs\linker
misc_feature 306..2363
/vntifkey="21"
/label=MLV\H+

misc_feature 258..305
/vntifkey=121"
/label=his
BASE COUNT 1873 a 2155 ¢ 2084 g 1761 t
ORIGIN

1 cacggggcct gccaccatac ccacgccgaa acaagcgcetc atgageccga agtggegagce



61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541

ccgatcttec
ggtgatgccg
actcactata
aagaggagaa
tgggcatgac
atgtttetct
gcatgggact
ccgtgtcecat
tacagagact
tgctacccgt
tcaacaagcg
ggcteccace
tgagactcca
gaatctecagg
tgtttgatga
tcetgetaca
aaggtacteg
aagcccaaat
gatggctgac
gacaactaag
cagaaatggce
cagaccaaca
ggttgccaga
aaggtgtect
agctagaccc
tactgacaaa
atgcagtaga
ctcactatca
tgaaccecgge
tcetggecega
accacacctg
ctgcggtgac
ctcagecggge
taaatgttta
acagaaggcg
tggccectact
atcaaaaggg
aggcagecat
attccecgett
cegeaacegce
acacctecag
ttettgeggt
tcecgttatga
cgtttgeegy
gtggeggtte
cttgcggeeg
cgaaaggaag
gcctctaaac
aatgggacgc
tgaccgctac
tcgccacgtt
gatttagtge
gtgggccatce
atagtggact
atttataagg
aatttaacgce
gaaatgtgeg
tcatgagaca
ttcaacattt

ccatceggtga
gcecacgatgce
gggagaccac
attacatatg
cctaaatata
agggtccaca
ggcagttcge
aaaacaatac
gttggaccag
taagaaacca
ggtggaagac
gtecccaccag
ccccaccagt
acaattgacc
ggcactgcac
gtacgtggat
ggecectgtta
ttgeccagaaa
tgaggccaga
ggagttccta
agcecececttg
aaaggcctat
tttgactaag
aacgcaaaaa
agtagcagct
ggatgcaggc
ggcactagte
ggccttgett
tacgctgcete
agcccacgga
gtacacggat
caccgagacce
tgaactgata
tactgatagc
tgggttgctc
aaaagccctc
acacagcgcce
cacagagact
aattaatgaa
gcceggegga
ccgtaagctg
tgctgetgac
ggatgtgctc
aacggcaatc
cggeggtgga
cactcgagca
ctgagttgge
gggtcttgag
gccctgtage
acttgccagce
cgececggettt
tttacggcac
gccectgatag
cttgttccaa
gattttgccg
gaattttaac
cggaacccct
ataaccctga
cecgtgtegece
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tgteggcegat
gtcecggegta
aacggtttce
agaggatcgce
gaagatgagc
tggctgtcetg
caagctecte
cccatgtecac
ggaatactgg
gggactaatg
atccacccca
tggtacactyg
cagcctctet
tggaccagac
agagacctag
gacttactge
caaaccctag
caggtcaagt
aaagagactg
gggacggcag
taccctctea
caagaaatca
cecectttgaac
ctgggacctt
gggtggccce
aagctaacca
aaacaacccc
ttggacacgyg
ccactgectg
acccgacceyg
ggaagcagtc
gaggtaatct
gcactcecacce
cgttatgett
acatcagaag
tttetgceccea
gaggctagag
ccagacacct
tteggateceg
ttgagtgcga
gttgegtggg
cagaccagca
tggcceggagy
agcatcgttyg
tctggtggeg
ccaccaccac
tgctgccacc
gggttttttg
ggcgcattaa
gccctagege
cccecgtcaag
ctegaccececa
acggttttte
actggaacaa
atttcggect
aaaatattaa
atttgtttat
taaatgcettc
cttattceccet

ataggcgcca
gaggatcgag
ctctagaaat
atcaccatca
atcggcetaca
attttcetea
tgatcatacce
aagaagccag
tacccetgeca
attataggcecce
ccgtgcccaa
tgcttgattt
tecgectttga
tcecacaggy
cagacttcecg
tggccgecac
ggaacctecgg
atctggggta
tgatggggca
gcttetgteg
ccaaaacggyg
agcaagetcet
tctttgtega
ggcgtcggec
cttgectacyg
tgggacagece
ccgaccgetg
accgggteca
aggaagggct
acctaacgga
tcttacaaga
gggctaaage
aggccctaaa
ttgctactge
gcaaagagat
aaagacttag
gcaaccggat
ctaccctccect
gtggcggtte
aagcgectge
atggcaccac
ccacgcetgac
ctgeccagecga
gatctggtgyg

gtteceggegyg
caccactgag

gctgageaat
ctgaaaggag
gcgeggegygy
ccgetecttt
ctctaaatcg
aaaaacttga
gcecectttgac
cactcaaccc
attggttaaa
cgtttacaat
ttttctaaat
aataatattg
tttttgegge

gcaaccgceac
atctatacga
aattttgttt
ccatcacgga
tgagacctca
ggcctgggeg
tetgaaagea
actggggatc
gtcceceectgg
tgtccaggat
cccttacaac
aaaggatgcc
gtggagagat
tttcaaaaac
gatccagcac
ttctgagceta
gtatcgggcec
tcttetaaaa
gecctactceeg
cctetggate
gactctgttt
tctaactgce
cgagaagcag
ggtggcctac
gatggtagca
actagtcatt
getttecaac
gtteggaccyg
gcaacacaac
cecagecgete
gggacagcgt
cctgecagece
gatggcagaa
cecatatccecat
caaaaataaa
cataatccat
ggctgaccaa
catagaaaat
cggcggtgga
aatgaccccg
cgacggtget
gttcectacaag
cgagacgaaa
cggttecegge
tggatcgtgt
atcecggcetge
aactagcata
gaactatatc
tgtggtggtt
cgetttette
ggggctcect
ttagggtgat
gttggagtecc
tatctecggtc
aaatgagctg
ttcaggtggce
acattcaaat
aaaaaggaag
attttgeectt

ctgtggegcece
aattaatacg
aactttaaga
tctggtteca
aaagagccag
gaaaccgggy
acctctacce
aagccceccaca
aacacgecccece
ctgagagaag
ctcttgageg
tttttetgee
ccagagatgg
agtcccecacce
ccagacttga
gactgccaac
teggecaaga
gagggtcaga
aagaccccte
cctgggtttg
aattggggcce
ccagcectygg
ggctacgcca
ctgtccaaaa
gececattgeeg
ctggeccecee
gecccggatga
gtggtagcce
tgccttgata
ccagacgeceg
aaggcgggag
gggacatccyg
ggtaagaagce
ggagaaatat
gacgagatct
tgtccaggac
gcggeccgaa
tcatcaccca
tctatgggta
ctgatgctgg
gccgttggea
tceggcecacgt
aaacggaccyg
ggtggatctg
cttetttaag
taacaaagcce
accecttggg
cggattggeg
acgcgcageg
cctteettte
ttagggttcce
ggttcacgta
acgttcttta
tattcttttg
atttaacaaa
actttteggg
atgtatccge
agtatgagta
cctgtttttg



3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081

ctcacccaga
gttacatcga
gttttcecaat
acgecgggea
actcaccagt
ctgccataac
cgaaggaget
gggaaccgga
caatggcaac
aacaattaat
ttececggetgg
tcattgcagce
ggagtcaggce
ttaagcattg
ttcattttta
tcecttaacg
cttcttgaga
taccagcggt
gcttcagcecag
acttcaagaa
ctgctgccag
ataaggcgea
cgacctacac
aagggagaaa
gggagcttee
gacttgagcg
gcaacgegge
ctgegttate
ctegeegceag
tgatgcggta
tctcagtaca
cgtgactggyg
gcttgtetge
tgtcagaggt
gcgtggtegt
ttcteccagaa
tecctgtttgg
ccgatgaaac
ctggaacgtt
actcagggte
cagcatcctyg
agactttacyg
ttgcagcage
aggcaaccce
ggggecgecea
gtgacgaagg
atcgtcecgege
tgtcctacga
cgcgeccace
ggtgcctaat
tegggaaacc
ttgcgtattyg
gccecttecace
caggcgaaaa
atcgtcgtat
gegcattgceg
ctcattcage
ttcegetate
acgecgccgag

aacgctggtyg
actggatctc
gatgagcact
agagcaactc
cacagaaaag
catgagtgat
aaccgetttt
gctgaatgaa
aacgttgege
agactggatg
ctggtttatt
actggggcca
aactatggat
gtaactgtca
atttaaaagg
tgagttttcg
tcecttitttt
ggtttgtttg
agcgcagata
ctetgtagea
tggcgataag
gcggteggge
cgaactgaga
ggcggacagg
agggggaaac
tcgatttttg
ctttttacgg
ccctgattcet
ccgaacgacce
ttttctectt
atctgctectyg
tcatggctge
tcceggeate
tttcacecgte
gaagcgatte
gcgttaatgt
tcactgatge
gagagaggat
gtgagggtaa
aatgccageg
cgatgcagat
aaacacggaa
agtcgcttca
gccagcctag
tgeceggegat
cttgagcgag
tccagcgaaa
gttgcatgat
ggaaggagct
gagtgagcta
tgtcgtgeca
ggcgccagayg
gcectggcect
tcectgtttga
cccactaccg
cccagcgcca
atttgcatgg
ggctgaattt
acagaactta
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aaagtaaaag
aacagcggta
tttaaagttc
ggtcgcegea
catcttacgg
aacactgcgg
ttgcacaaca
gccataccaa
aaactattaa
gaggcggata
gctgataaat
gatggtaagc
gaacgaaata
gaccaagttt
atctaggtga
ttecactgag
ctgcgcegtaa
ccggatcaag
ccaaatactg
ccgectacat
tecgtgtetta
tgaacggggg
tacctacagce
tatccggtaa
gcctggtate
tgatgctegt
ttectggect
gtggataacc
gagcgcagcg
acgcatctgt
atgccgeata
gececgacac
cgcttacaga
atcaccgaaa
acagatgtct
cktggettetg
ctcegtgtaa
gctcacgata
acaactggeg
cttegttaat
ccggaacata
accgaagacc
cgttcgeteg
ccgggtecte
aatggcctgce
ggcgtgcaag
gcggteeteg
aaagaagaca
gactgggttg
acttacatta
gctgecattaa
tggtttttet
gagagagttg
tggtggttaa
agatatccge
tctgatcgtt
tttgttgaaa
gattgcgagt
atgggccegce

atgctgaaga
agatccttga
tgctatgtgg
tacactattc
atggcatgac
ccaacttact
tgggggatca
acgacgageg
ctggecgaact
aagttgcagyg
ctggagccgg
cctececgtat
gacagatcgce
actcatatat
agatcctttt
cgtcagacce
tctgetgett
agctaccaac
tccttetagt
acctecgectcet
cecgggttgga
gttcgtgecac
gtgagctatg
gecggecagggt
tttatagtcecc
caggggggcy
tttgctggece
gtattaccge
agtcagtgag
gecggtattte
gttaagccag
ccgeccaacac
caagctgtga
cgegegagge
gectgtteat
ataaagcggg
gggggatttce
cgggttactg
gtatggatgce
acagatgtag
atggtgcagg
attcatgttyg
cgtateggtg
aacgacagga
ttctegecga
attccgaata
ccgaaaatga
gtcataagtyg
aaggctcteca
attgegttgce
tgaatcggcce
tttcaccagt
cagcaagegyg
cggcegggata
accaacgegce
ggcaaccagc
accggacatg
gagatattta
taacagcgceyg

tcagttgggt
gagttttcgce
cgcggtatta
tcagaatgac
agtaagagaa
tctgacaacg
tgtaactege
tgacaccacyg
acttactcta
accacttctg
tgagegtyggyg
cgtagttatc
tgagataggt
actttagatt
tgataatctc
cgtagaaaag
gcaaacaaaa
tcttttteceg
gtagcecgtag
gctaatccetyg
ctcaagacga
acagcccage
agaaagcgec
cggaacagga
tgtcgggttt
gagcctatgg
ttttgcteac
ctttgagtga
cgaggaagcyg
acaccgcata
tatacactce
ccgetgacge
cecgtetecgg
agctgeggta
ccgegtcececag
ccatgttaag
tgttcatggg
atgatgaaca
ggcgggacca
gtgttccaca
gcgctgactt
ttgectcaggt
attcattetyg
gcacgatcat
aacgtttggt
ccgeaagega
cccagagege
cggcgacgat
agggcatcgg
gctecactgcee
aacgcgcggyg
gagacgggca
tccacgetgyg
taacatgagce
agcccggact
atcgecagtgg
gcactccagt
tgccagecag
atttgectggt

gcacgagtgg
cccgaagaac
tceegtattg
ttggttgagt
ttatgecagtg
atcggaggac
cttgatcgtt
atgecctgcag
gctteceegge
cgcteggecce
tectegeggta
tacacgacgg
gccteactga
gatttaaaac
atgaccaaaa
atcaaaggat
aaaccaccgce
aaggtaactg
ttaggcecacce
ttaccagtgg
tagttaccgg
ttggagcgaa
acgcttceeg
gagcgcacga
cgcecacctet
aaaaacgcca
atgttecttte
gctgatacceyg
gaagagcgcc
tatggtgcac
gctatcgeta
gccctgacgg
gagctgcatg
aagctcatca
ctcgttgagt
ggcggttttt
ggtaatgata
tgceceggtta
gagaaaaatc
gggtagccag
ccgegtttece
cgcagacgtt
ctaaccagta
gcgcaccecgt
ggcgggacca
caggccgate
tgcecggeacce
agtcatgceccce
tcgagatece
cgettteecag
gagaggcggt
acagctgatt
tttgcecccag
tgtctteggt
cggtaatggce
gaacgatgcc
cgeectteceg
ccagacgceag
gacccaatgce
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7141 gaccagatgc tccacgeccca gtcegegtace gtcettcatgg gagaaaataa tactgttgat
7201 gggtgtctgg tcagagacat caagaaataa cgccggaaca ttagtgcagg cagcttccac
7261 agcaatggca tcctggtecat ccageggata gttaatgatce agcccactga cgegttgege
7321 gagaagattg tgcaccgecg ctttacagge ttcgacgecyg cttegtteta ceatcgacac
7381 caccacgcetg gcacccagtt gatcggegeg agatttaatc geegegacaa tttgegacgg
7441 cgcgtgcagg gccagactgg aggtggcaac gccaatcage aacgactgtt tgeccgecag
7501 ttgttgtgcc acgcggttgg gaatgtaatt cagectccgec atcgeegett ccacttttte
7561 ccgegtttte gecagaaacgt ggctggectg gtteaccacyg cgggaaacgg tctgataaga
7621 gacaccggea tactctgega catcgtataa cgttactggt ttcacattea ccaccectgaa
7681 ttgactctct tccgggeget atcatgccat accgcgaaag gttttgegec attcgatggt
7741 gtcecgggate tcgacgetet cecttatgeg actcoctgeat taggaageag cccagtagta
7801 ggttgaggce gttgagcacce gecgcegeaa ggaatggtge atgcaaggag atggegecca
7861 acagtccece ggce
SEQ ID No: 2
LOCUS PET _his del pD 7702 bp DNA circular 6-JUN-
2007
SOURCE
ORGANISM
COMMENT This file is created by Vector NTI
http://www.invitrogen.com/
COMMENT VNTDATE | 448455242 |
COMMENT VNTDBDATE | 448455855 |
COMMENT LSOWNER |
COMMENT VNTNAME | pET_his_del pD|
COMMENT VNTAUTHORNAME |Remigijus Skirgaila]
COMMENT VNTAUTHORTEL | +370-5-2394224 |
COMMENT VNTAUTHOREML | skirgaila@fermentas.lt |
COMMENT VNTAUTHORWWW | www . fermentas. com|
FEATURES Location/Qualifiers
misc feature 2499, .2588
/vntifkey="21"
/labkel=gs\linker
misc_feature 2193..2222
/vntifkey="21"
/label=gg\linker
misc_feature 2223..2498
/vntifkey="21"
/label=pDh
promoter 174..190
/vntifkey="30"
/label=PT7
rep origin complement (2765..2765)
/vntifkey="33"
/label=ori
rep_origin 2776..3231
/vntifkey=133"
/label=f1l\origin
terminatoxr 2693..2739
/vntifkey="43"
/label=T7\terminator
CDS complement (6415..7503)
/vntifkey=74"
/label=lacI
/note="ORF: Frame #3 Start: gtg Stop: tga"

CDS 3363..4220



misc_feature

misc_feature

BASE COUNT

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761L
2821

cacggggcecet
ccgatettec
ggtgatgcceg
actcactata
aagaggagaa
tgggcatgac
atgtttctet
gcatgggact
cegtgtcecat
tacagagact
tgctaccegt
tcaacaagcey
ggctecececace
tgagactcca
gaatctcagg
tgtttgatga
tcectgctaca
aaggtactecg
ctgggtttgc
attggggccce
cagecectggg
gctacgecaa
tgtccaaaaa
ccattgecegt
tggcecceeca
ccecggatgac
tggtagcect
gcecettgatat
cagacgecga
aggcgggagce
ggacateccgce
gtaagaagcet
gagaaatata
acgagatctt
gtccaggaca
cggcccgaaa
catcacccaa
ctatgggtac
tgatgctgga
ccgttggeat
ccggcecacgtt
aacggaccgc
gtggatctgg
ttctttaage
aacaaagecc
ccecettgggg
ggattggcga
cgcgcagegt

1823 a
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/vntifkey="4"

/label=Ap

/note="ORF:

258..305

Frame #2

/vntifkey="21"

/label=hisg
306..2192

/vntifkey="21"

/label=del
2115

gccaccatac
ccatcggtga
gecacgatgce
gggagaccac
attacatatg
cctaaatata
agggtccaca
ggcagttecge
aaaacaatac
gttggaccag
taagaaacca
ggtggaagac
gtcecaccag
ccccaccagt
acaattgacc
ggcactgcac
gtacgtggat
ggcectgtta
agaaatggca
agaccaacaa
gttgccagat
aggtgteccta
gctagaccca
actgacaaayg
tgcagtagag
tcactatecag
gaacceggct
cctggecgaa
ccacacctgg
tgeggtgace
tcagecggget
aaatgtttat
cagaaggcgt
ggccctacta
tcaaaaggga
ggcagccate
ttccegetta
cgcaaccgcyg
cacctecagce
tcttgeggtt
ccgttatgag
gtttgcecgga
tggcggttece
ttgcggecge
gaaaggaagc
cctctaaacg
atgggacgcyg
gaccgctaca

o3

ccacgccgaa
tgtcggcgat
gtccggegta
aacggtttcc
agaggatcgc
gaagatgagc
tggctgtctyg
caagctectce
ccecatgtcac
ggaatactgg
gggactaatg
atccacccca
tggtacactg
cagcctectet
tggaccagac
agagacctag
gacttactge
caaaccctag
gceccettgt
aaggcctatce
ttgactaagc
acgcaaaaac
gtagcagctyg
gatgcaggca
gcactagtca
gceecttgettt
acgctgetec
gcccacggaa
tacacggatg
acecgagaccyg
gaactgatag
actaatagcc
gggttgctca
aaagccctcet
cacagcgcecg
acagagactc
attaatgaat
cecggeggat
cgtaagetygg
gctgectgacce
gatgtgctct
acggcaatca
ggcggtggat
actcgagcac
tgagttgget
ggtcttgagg
cecetgtageg
cttgecageg

2033 g

Start:

acaagcgcte
ataggcgccea
gaggatcgag
ctctagaaat
atcaccatca
atcggctaca
attttcctca
tgatcatacc
aagaagccag
taccctgcecca
attataggcc
ccgtgcccaa
tgcttgattt
tcgeetttga
tceccacaggg
cagacttecg
tggcecgecac
ggacggcagyg
accetetcac
aagaaatcaa
cctttgaact
tgggaccttg
ggtggecccce
agctaaccat
aacaaccceccee
tggacacgga
cactgcctga
cccgaccega
gaagcagtct
aggtaatctg
cactcaccca
gttatgcttt
catcagaagg
ttetgcecaa
aggctagagg
cagacaccte
tecggatcegg
tgagtgcgaa
ttgcgtggga
agaccagcac
ggceggaggce
gcategttygg
ctggtggegg
caccaccacce
gectgecacceg
ggttttttge
gcgcattaag
cectagegece

atg

Stop:

1731 t

atgagcccga
gcaaccgcac
atctatacga
aattttgttt
ccatcacgga
tgagacctca
ggcctgggcg
tctgaaagca
actggggatc
gtcceectgg
tgtccaggat
ccecttacaac
aaaggatgece
gtggagagat
tttcaaaaac
gatccageac
ttctgagcecta
cttetgtege
caaaacgggyg
gcaagectett
ctttgtegac
gegteggecg
ttgecctacgg
gggacagcca
cgaccgetgg
cegggtecag
ggaagggctyg
cctaacggac
cttacaagag
ggctaaagcc
ggccctaaag
tgctactgcece
caaagagatc
aagacttagc
caaccggatg
taccctecte
tggecggttcce
agegectgea
tggcaccace
cacgctgacyg
tgccagegac
atctggtggce
ttceggeggt
accactgaga
ctgagcaata
tgaaaggagg
cgcggegggt
cgectecttte

taa"

agtggcgagce
ctgtggegece
aattaatacg
aactttaaga
tectggtteca
aaagagccag
gaaaccgggg
acctctacce
aagceccaca
aacacgcccce
ctgagagaag
ctettgageyg
tttttetgee
ccagagatgg
agtcccacce
ccagacttga
gactgccaac
ctetggatee
actctgttta
ctaactgccece
gagaagcagyg
gtyggectacce
atggtagcag
ctagtcattce
ctttccaacy
ttecggacegg
caacacaact
cagccgcetec
ggacagcegta
ctgccagecg
atggcagaag
catatccatg
aaaaataaag
ataatccatt
gctgaccaag
atagaaaatt
ggcggtggat
atgacccege
gacggtgcetg
ttctacaagt
gagacgaaaa
ggttccggeyg
ggatcgtgte
tceggetget
actagcataa
aactatatcc
gtggtggtta
gctttettece



2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361

cttectttet
tagggttccyg
gttcacgtag
cgttcetttaa
attcttttga
tttaacaaaa
cttttegggg
tgtatccget
gtatgagtat
ctgtttttge
cacgagtggg
ccgaagaacy
cccgtattga
tggttgagta
tatgcagtgce
teggaggace
ttgatcgttyg
tgcctgceage
cttcocecggea
gcteggecct
ctegeggtat
acacgacggy
cctcactgat
atttaaaact
tgaccaaaat
tcaaaggatc
aaccaccgct
aggtaactgg
taggccacca
taccagtggce
agttaccgga
tggagcgaac
cgettececega
agcgcacgag
gccacctetg
aaaacgccag
tgttetttec
ctgataccgc
aagagegect
atggtgcact
ctategetac
cceetgacggg
agctgcatgt
agctcatcag
tcgttgagtt
gcggtttttt
gtaatgatac
geecggttac
agaaaaatca
ggtagccagce
cgegttteca
gcagacgttt
taaccagtaa
cgcaccegtg
gcgggaccag
aggccgatca
gccggcacct
gtcatgccce
cgagatcceyg

cgcecacgtte
atttagtgct
tgggecatceg
tagtggactce
tttataaggg
atttaacgcg
aaatgtgege
catgagacaa
tcaacattte
tcacccagaa
ttacatcgaa
ttttccaatg
cgcegggeaa
ctecaccagte
tgccataacc
gaaggagcta
ggaaccggayg
aatggcaaca
acaattaata
tcecggetgge
cattgcagca
gagtcaggca
taagcattgg
tecatttttaa
ccecttaacgt
ttcttgagat
accageggtg
cttcagecaga
cttcaagaac
tgctgecagt
taaggcgcag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgcggcc
tgcgttatcce
tcgecgeage
gatgcggtat
ctcagtacaa
gtgactgggt
cttgtetget
gtcagaggtt
cgtggtegtg
tctecagaag
cctgtttggt
cgatgaaacyg
tggaacgttg
ctcagggtca
agcatcctgc
gactttacga
tgcagecagca
ggcaaccceg
gggccgecat
tgacgaaggc
tcgtegeget
gtcctacgag
gcgeccaceg
gtgcctaatg
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gceggettte
ttacggcacce
ccectgataga
ttgttccaaa
attttgcega
aattttaaca
ggaaccccta
taaccctgat
cgtgtegece
acgetggtga
ctggatctca
atgagcactt
gagcaactcg
acagaaaagce
atgagtgata
accgettttt
ctgaatgaag
acgttgcgca
gactggatgg
tggtttattg
ctggggccag
actatggatg
taactgtcag
tttaaaagga
gagttttegt
ccttttttte
gtttgtttgce
gcgcagatac
tctgtageac
ggcgataagt
cggtcgggact
gaactgagat
gcggacaggt
gggggaaacg
cgatttttgt
tttttacggt
cctgattctg
cgaacgaccg
tttctectta
tctgctetga
catggetgeg
ccecggeatee
ttcaccgtea
aagcgattca
cgttaatgte
cactgatgcce
agagaggaty
tgagggtaaa
atgeccagege
gatgcagatc
aacacggaaa
gtegetteac
ccagectage
gcecggegata
ttgagcgagg
ccagcgaaag
ttgcatgata
gaaggagctyg
agtgagctaa

ccegtcaage
tcgacccecaa
cggttttteg
ctggaacaac
tttcggecta
aaatattaac
tttgtttatt
aaatgcttca
ttattccectt
aagtaaaaga
acagcggtaa
ttaaagttct
gtegecgeat
atcttacgga
acactgecggce
tgcacaacat
ccataccaaa
aactattaac
aggcggataa
ctgataaatc
atggtaagcc
aacgaaatag
accaagttta
tctaggtgaa
tcecactgage
tgcgegtaat
cggatcaaga
caaatactgt
cgectacata
cgtgtettac
gaacgggyggy
acctacagcey
atcecggtaag
cctggtatet
gatgectegte
tcectggeett
tggataaccg
agcgcagega
cgcatetgty
tgcegeatag
ccecegacace
gcttacagac
tcaccgaaac
cagatgtctg
tggcttetga
tcegtgtaag
ctecacgatac
caactggcgyg
ttcgttaata
cggaacataa
ccgaagacca
gttcgetcege
cgggtccetcea
atggcctget
gcgtgcaaga
cggtcecctege
aagaagacag
actgggttga
cttacattaa

tctaaatcgg
aaaacttgat
ccetttgacg
actcaaccct
ttggttaaaa
gtttacaatt
tttctaaata
ataatattga
ttttgecggea
tgctgaagat
gatccttgag
gctatgtgge
acactattct
tggcatgaca
caacttactt
gggggatcat
cgacgagegt
tggcgaacta
agttgecagga
tggagceggt
ctcecegtate
acagatcgcet
ctcatatata
gatccttttt
gtcagacccce
ctgctgettyg
gctaccaact
ccttetagtg
cctegetetyg
cgggttggac
ttegtgeaca
tgagctatga
cggcagggte
ttatagtect
aggggggcagy
ttgctggect
tattaccgee
gtecagtgagce
cggtatttca
ttaagccagt
cgcecaacace
aagctgtgac
gcgcgaggea
cctgttcatc
taaagegggce
ggggatttet
gggttactga
tatggatgeg
cagatgtagg
tggtgcaggy
ttcatgttgt
gtatcggtga
acgacaggag
tctcogecgaa
ttccgaatac
cgaaaatgac
tcataagtgce
aggctctcaa
ttgcgttgcg

gggectceett
tagggtgatg
ttggagtcca
atctcggtct
aatgagctga
tcaggtggca
cattcaaata
aaaaggaaga
ttttgcettce
cagttgggtyg
agttttcgee
gcggtattat
cagaatgact
gtaagagaat
ctgacaacga
gtaactcgece
gacaccacga
cttactctag
ccacttctge
gagcgtgggt
gtagttatct
gagataggtyg
ctttagattg
gataatctca
gtagaaaaga
caaacaaaaa
cttttteega
tageccgtagt
ctaatcctgt
tcaagacgat
cagcececaget
gaaagcgcca
ggaacaggag
gtegggttte
agcctatgga
tttgctcaca
tttgagtgag
gaggaagcgg
caccgcatat
atacactccg
cgctgacgeg
cgtcteeggg
gctgeggtaa
cgecgtcecage
catgttaagg
gttcatgggg
tgatgaacat
gcgggaccag
tgttccacag
cgctgactte
tgctecaggte
ttcattectge
cacgatcatyg
acgtttggtyg
cgcaagcgac
ccagagcgcet
ggcgacgata
gggcatcggt
ctecactgece



6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681

gctttccagt
agaggcggtt
cagctgattg
ttgccceage
gtctteggta
ggtaatggcy
aacgatgccc
gecttecegt
cagacgcaga
acccaatgeg
actgttgatg
agcttccaca
gegttgegeg
catcgacacc
ttgcgacggce
gcccgecagt
cactttttcc
ctgataagag
caccctgaat
ttcgatggtg
ccagtagtag
tggcgceecaa

SEQ ID No: 3

oligonucleotide (22 b)
pro-pIVEX
57 -GCGAGCCCGATCTTCCCCATCG-3"

SEQID No: 4

cgggaaacct
tgcegtattgg
ccettcacceg
aggcgaaaat
tcegtegtate
cgecattgege
tcattcageca
tcecgetateg
cgcgecgaga
accagatgcet
ggtgtetggt
gcaatggcat
agaagattgt
accacgctgyg
gcgtgcaggg
tgttgtgecca
cgegtttteg
acaccggceat
tgactcetett
tcegggatcet
gttgaggecg
cagtccceceg

oligonucleotide (21 b)

pD-ter

5/ -AAGAAGACACGATCCACCGCC-3

SEQ ID No: 5

ocligonucleotide (38 b)

assrA
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gtcgtgecag
gcgeeagggt
cctggeceetyg
cctgtttgat
ccactaccga
ccagcgccecat
tttgecatggt
gctgaatttg
cagaacttaa
ccacgcceag
cagagacatc
cctggtcate
gcaccgeege
cacccagttg
ccagactgga
cgeggttggg
cagaaacgtyg
actctgegac
cegggegeta
cgacgctcte
ttgagcaccg
gc

ctgcattaat
ggtttttett
agagagttgce
ggtggttaac
gatatcecgea
ctgategttg
ttgttgaaaa
attgcgagtyg
tgggccegcet
tcgegtaceg
aagaaataac
cagcggatag
tttacaggct
atcggegega
ggtggcaacg
aatgtaattc
getggeetgg
atcgtataac
tcatgccata
ccttatgega
ccgecgecaag

5" ~-TTAAGCTGCTAAAGCGTAGTTTTCGTCGTTTGCGACTA-3

gaatcggcca
ttcaccagtg
agcaagcggt
ggcgggatat
ccaacgecgea
gcaaccagca
ccggacatgg
agatatttat
aacagcgcga
tettcatggg
gccggaacat
ttaatgatca
tcgacgeege
gatttaatcg
ccaatcagca
agctcegeca
ttcaccacge
gttactggtt
ccgcgaaagg
ctcctgeatt
gaatggtgca

acgegegggyg
agacgggcaa
ccacgctggt
aacatgagct
gcecggacte
tecgcagtggyg
cactccagte
gccagccage
tttgctggtg
agaaaataat
tagtgcaggce
gcccactgac
ttegttcectac
ccgegacaat
acgactgttt
tcgeegette
gggaaacggt
tcacattcac
ttttgcgeca
aggaagcagce
tgcaaggaga

SEQ ID No: 6

protein (833 aa)

MLV _pD :
mrgshhhhhhgsgsmgmtlniedehrlhetskepdvslgstwlsdfpgawaetggmglavrgapliiplkatstpvs
ikgypmsgearlgikphiqgrlldggilvpegspwntpllpvkkpgtndyrpvgdlrevnkrvedihptvpnpynlls
glppshgwytvldlkdaffclrlhptsgplfafewrdpemgisggltwtripggfknsptlfdealhrdladfrigh
pdlilliqgyvddlllaatseldceqggtrallgtlgnlgyrasakkagicgkqvkylgyllkeggrwltearketvmgg
ptpktprglreflgtagfecrlwipgfaemaaplypltktgtlfnwgpdggkaygeikgalltapalglpdltkpfel
fvdekggyakgvlitgklgpwrrpvaylskkldpvaagwppclrmvaaiavltkdagkltmggplvilaphavealvk
gppdrwlsnarmthygallldtdrvgfgpvvalnpatllplpeeglghnecldilaeahgtrpdltdgplpdadhtwy
tdgssllgeggrkagaavtteteviwakalpagtsagraelialtgalkmaegkklnvytdsryafatahihgeiyr
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rrglltsegkeiknkdeilallkalflpkrlsiihcpghgkghsaeargnrmadgaarkaaitetpdtstllienss
pusrlinefgsgggsgggsmgtatapgglsakapamtplmldtssrklvawdgttdgaavgilavaadgtsttltfy
ksgtfryedvlwpeaasdetkkrtafagtaisivgsgggsgggsgggsgggsgggsgggscll

SEQ ID No: 7

protein (766 aa)

del pD
mrgshhhhhhgsgsmgmtlniedehrlhetskepdvslgstwlsdfpgawaetggmglavrgapliiplkatstpvs
ikgypmsgearlgikphigrlldggilvpcgspwntpllpvkkpgtndyrpvgdlrevnkrvedihptvpnpynlls
glppshgwytvldlkdaffclrlhptsqplfafewrdpemgisgqltwtrlpggfknsptlfdealhrdladfrigh
pdlillgyvddlllaatseldeqggtrallgtlgtagfcrlwipgfaemaaplypltktagtlfnwgpdggkaygeik
galltapalglpdltkpfelfvdekggyakgvltgklgpwrrpvaylskkldpvaagwppclrmvaaiavltkdagk
ltmggplvilaphavealvkgppdrwlsnarmthygallldtdrvgfgpvvalnpatllplpeeglghneldilaea
hgtrpdltdgplpdadhtwytdgssllgeggrkagaavtteteviwakalpagtsagraelialtgalkmaegkkln
vytdsryafatahihgeiyrrrglltsegkeiknkdeilallkalflpkrlsiihepghgkghsaeargnrmadgaa
rkaaitetpdtstlliensspnsrlinefygsgggsgggsmgtatapgglsakapamtplmldtssrklvawdgttdg
aavgilavaadgtsttltfyksgtfryedvliwpeaasdetkkrtafagtaisivgsgggsgggsgggsgggsgggsy
ggscll

SEQ ID No: 8
oligonucleotide (15 b)
pD_42

5/ -TTACGGCTGGAGGTG-3"'
SEQ ID No: 9
oligonucleotide (28 b)

RD Nde
5’ - CTTTAAGAAAGAGGAGAAATTACATATG-3’

SEQ ID No: 10

oligonucleotide (14 b)
pD_55
5/ -GCCGGGCGCGGTTG-3"

SEQ ID No: 11
oligonucleotide (23 b)

oligonucleotide (19 b)

M 2R
5’ -GCCCTGCTTCTCGTCGACA-3'

SEQ ID No: 13
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oligonucleotide (40 b)
M Esp
5/ - ATCGTCTCCCATGGGCATGACCCTAAATATAGAAGATGAG-3 "

SEQID No: 14

oligonucleotide (32 b)
M Eri
5/ -AATGAATTCATTAATTAAGCGGGAATTGGGTG-3"

SEQ ID No: 15

oligonucleotide (18 b)
M 1R
5’ -CAGGGCCCGAGTACCTTG-3’

SEQ ID No: 16

oligonucleotide (17 b)
M _3F
5/ -CCAGTTCGGACCGGTGG-3"

SEQ ID No: 17

oligonucleotide (19 b)
pD_ter-
5’ -AAGAAGACACGATCCACCG-3'

SEQ ID No: 18

oligonucleotide (36 b)

M_Hind3+
5/ -CGGATCAAGCTTAATTAATTAAGCGGGAATTGGGTG- 3/

SEQ ID No: 19
LOCUS PET his MLV 7474 bp DNA
SOURCE
ORGANISM
COMMENT This file is created by Vector NTI
http://www. invitrogen.com/
COMMENT ORIGDB | GenBank
COMMENT VUNTDATE | 446486240 |
COMMENT VNTDBDATE | 448293778 |
COMMENT LSOWNER |
COMMENT VNTNAME |pET_his MLV|
COMMENT VNTAUTHORNAME | Remigijus Skirgaila]

COMMENT VNTAUTHORTEL | +370~-5-2394224 |

circular

4-JUN-2007



COMMENT

COMMENT

FEATURES
CDS

Chs
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VNTAUTHOREML | skirgaila@fermentas.lt |
VNTAUTHORWWW | www . fermentas . com |

terminator

Location/Qualifiers
3135..3992
/vntifkey="4"
/label=Ap

/note="0ORF: Frame #2
complement (6187..7275)
/vntifkey="4"
/label=lacI
/note="0ORF: Frame #3
2465, .2511

Start: atg

Start: gtg

Stop:

Stop:

rep origin

rep origin

promoter

CDs

CDS

BASE COUNT

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621

1810 a

cacggggcct
ccgatettec
ggtgatgcecyg
actcactata
aagaggagaa
tgggcatgac
atgtttetcet
gcatgggact
ccgtgtcecat
tacagagact
tgctaccegt
tcaacaagcg
ggctcceccacce
tgagactcca
gaatctcagyg
tgtttgatga
tcectgetaca
aaggtactcg
aagcccaaat
gatggctgac
gacaactaag
cagaaatggc
cagaccaaca
ggttgccaga
aaggtgtccect
agctagaccce
tactgacaaa
atgcagtaga

/vntifkey="43"
/label=T7\terminator

2548..3003

/vntifkey="33"
/label=f1\origin

complement (2537..2537)

/vntifkey="33%

/label=ori
174..190

/vntifkey="30"

/label=PT7
306..2360

/vntifkey="4"

/label=MLV

258..305

/vntifkey="4"

/label=his
2046

gccaccatac
ccatecggtga
gccacgatge
gggagaccac
attacatatg
cctaaatata
agggtccaca
ggcagttege
aaaacaatac
gttggaccag
taagaaacca
ggtggaagac
gtcccaccag
ccccaccagt
acaattgacc
ggcactgcac
gtacgtggat
ggecctgtta
ttgccagaaa
tgaggecaga
ggagttccta
agcccecttyg
aaaggcctat
tttgactaag
aacgcaaaaa
agtagcagct
ggatgcaggc
ggcactagtc

¢ 1942 g

ccacgecgaa
tgtcggcgat
gtccggegta
aacggtttce
agaggatcge
gaagatgagc
tggctgtctg
caagectecte
cccatgteac
ggaatactgg
gggactaatg
atcecaccceca
tggtacactg
cagcctetet
tggaccagac
agagacctag
gacttactgce
caaaccctag
caggtcaagt
aaagagactg
gggacggcag
taccctetea
caagaaatca
ccectttgaac
ctgggacctt
gggtggeccce
aagctaacca
aaacaacccce

acaagcgete
ataggcgeca
gaggatcgag
ctctagaaat
atcaccatca
atcggctaca
attttectceca
tgatcatacc
aagaagccag
taccctgceccea
attataggcce
ccgtgcccaa
tgcttgattt
tegecttiga
tccecacaggg
cagactteccg
tggccgecac
ggaacctcgg
atctggggta
tgatggggca
gcttetgteg
ccaaaacggg
agcaagctcect
tectttgtega
ggcgtcggec
cttgcctacg
tgggacagcc
ccgaccgcectyg

l676 t

atgagccega
gcaaccgecac
atctatacga
aattttgttt
ccatcacgga
tgagacctca
ggcctgggeg
tctgaaagcea
actggggatc
gtcccectgg
tgtccaggat
cccttacaac
aaaggatgcce
gtggagagat
tttcaaaaac
gatccagcac
ttctgageta
gtatcgggcece
tcttetaaaa
gectactecyg
cctetyggate
gactctgttt
tctaactgcec
cgagaagcag
ggtggcctac
gatggtagca
actagtcatt
gctttecaac

taa"

tga 1%

agtggecgagce
ctgtggegee
aattaatacyg
aactttaaga
tctggtteca
aaagagccag
gaaaccgggyg
acctctacce
aagccccaca
aacacgeccece
ctgagagaag
ctettgageg
tttttetgec
ccagagatgg
agtcccaccce
ccagacttga
gactgeccaac
tcggccaaga
gagggtcaga
aagaccccte
cctgggtttyg
aattggggcce
cecagecectgyg
ggctacgeca
ctgtccaaaa
geccattgeeg
ctggeccecceecee
gcecggatga



1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161

ctcactatca
tgaacccgge
teectggecga
accacacctg
ctgeggtgac
ctcagecgggce
taaatgttta
acagaaggcg
tggccctact
atcaaaaggg
aggcagccat
attccecgett
gatceggetyg
taactagcat
ggaactatat
gtgtggtggt
tcgetttett
gggggcetece
attagggtga
cgttggagte
ctatctecggt
aaaatgagct
tttcaggtgg
tacattcaaa
gaaaaaggaa
cattttgecct
atcagttggg
agagttttcg
gcgeggtatt
ctcagaatga
cagtaagaga
ttctgacaac
atgtaactcyg
gtgacaccac
tacttactct
gaccacttct
gtgagegtgyg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
ctetttttee
tgtagececgta
tgctaatect
actcaagacg
cacagcccag
gagaaagcgc
tecggaacagg
ctgtegggtt
ggagcctatg
cttttgcteca
cctttgagtg
gcgaggaage
cacaccgecat
gtatacactc
ccaegetgacg
accgtcteceg

ggeettgett
tacgctgectce
agcccacgga
gtacacggat
caccgagacce
tgaactgata
tactgatagce
tgggttgctc
aaaagccctce
acacagecgcc
cacagagact
aattaattaa
ctaacaaagce
aaccecttgg
ccggattage
tacgcgcagc
ccettectte
tttagggttce
tggtteacgt
cacgttettt
ctattettte
gatttaacaa
cacttttegg
tatgtatccg
gagtatgagt
tcctgttttt
tgcacgagtyg
ccccgaagaa
atcccgtatt
cttggttgag
attatgcagt
gatcggagga
ccttgategt
gatgcectgcea
agctteceegyg
gcgecteggec
gtctegeggt
ctacacgacg
tgcctecactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact
gttaggcecac
gttaccagtg
atagttaccg
cttggagcga
cacgcttece
agagcgcacyg
tcgecacctce
gaaaaacgcc
catgttettt
agctgatacc
ggaagagcgc
atatggtgca
cgctategcet
cgcectgacg
ggagctgeat
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ttggacacgg
ccactgectg
acccgaccecceg
ggaagcagtce
gaggtadtct
gcactcacce
cgttatgcett
acatcagaag
tttctgceca
gaggctagag
ccagacacct
gcttgeggece
ccgaaaggaa
ggcctctaaa
gaatgggacyg
gtgaccgcta
ctegecacgt
cgatttagtg
agtgggccat
aatagtggac
gatttataag
aaatttaacyg
ggaaatgtge
ctcatgagac
attcaacatt
gctcacccag
ggttacateg
cgttttccaa
gacgcecgggce
tactcaccag
gctgcecataa
ccgaaggagc
tgggaaccgy
gcaatggcaa
caacaattaa
ctteeggetg
atcattgcag
gggagtcagg
attaagcatt
cttecattttt
atcecttaac
tettcttgag
ctaccagcgg
ggcttcagca
cacttcaaga
gctgctgeca
gataaggcgce
acgacctaca
gaagggagaa
agggagctte
tgacttgagce
agcaacgcgg
cctgegttat
gctcgecegea
ctgatgcggt
ctctcagtac
acgtgactgg
ggcttgtcetg
gtgtcagagg

accgggteca
aggaagggct
acctaacgga
tcttacaaga
gggctaaage
aggccctaaa
ttgctactge
gcaaagagat
aaagacttag
gcaaccggat
ctaccctect
gcactecgage
gctgagttgg
cgggtcttga
cgeccctgtag
cacttgccag
tegeeggett
ctttacggceca
cgcecctgata
tcttgtteeca
ggattttgee
cgaattttaa
gcggaaccecce
aataaccctyg
tcegtgtege
aaacgctggt
aactggatct
tgatgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgcettt
agctgaatga
caacgttgeg
tagactggat
gctggtttat
cactggggcce
caactatgga
ggtaactgte
aatttaaaag
gtgagtttte
atcetttttt
tggtttgttt
gagcgcagat
actctgtagce
gtggcgataa
agcggtcggg
ccgaactgag
aggcggacag
cagggggaaa
gtcgattttt
cctttttacyg
cecectgatte
gccgaacgac
attttctect
aatctgectet
gtcatggctg
ctcceggeat
ttttcaccgt

gttcggacceg
gcaacacaac
ccagecegetce
gggacagcegt
cctgecagece
gatggcagaa
ccatatccat
caaaaataaa
cataatccat
ggctgaccaa
catagaaaat
accaccacca
ctgctgecac
ggggtttttt
cggcgcecatta
cgcecectageg
tceceegtcaa
cecteocgaccee
gacggttttt
aactggaaca
gattteggcece
caaaatatta
tatttgttta
ataaatgctt
ccttattece
gaaagtaaaa
caacagcggt
ttttaaagtt
cggtegecge
gcatcttacg
taacactgcg
tttgcacaac
agccatacca
caaactatta
ggaggcggat
tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgegegta
gceggatcaa
accaaatact
accgcctaca
gtcgtgtett
ctgaacgggyg
atacctacag
gtatceggta
cgcctggtat
gtgatgctceg
gttectggee
tgtggataac
cgagcgeagce
tacgcatctg
gatgecegeat
cgececgaca
ccgcttacag
catcaccgaa

gtggtagcee
tgcecttgata
ccagacgeceg
aaggcegggag
gggacatccg
ggtaagaagce
ggagaaatat
gacgagatct
tgtccaggac
gecggccegaa
tcatcaccca
ccaccactga
cgctgagcaa
gctgaaagga
agcgceggegg
ccegetecett
gctctaaatce
aaagaacttg
cgccetttga
acactcaacc
tattggttaa
acgtttacaa
tttttctaaa
caataatatt
ttttttgecgg
gatgctgaag
aagatccttg
ctgctatgtg
atacactatt
gatggcatga
gccaacttac
atgggggatc
aacgacgagce
actggcgaac
aaagttgcag
tctggageeg
ccecteecgta
agacagatcg
tactcatata
aagatccttt
gegtecagace
atctgctgcet
gagctaccaa
gteccttctag
tacctegete
accgggttgg
ggttcgtgcea
cgtgagctat
agcggcaggyg
ctttatagtce
tcaggggggc
ttttgetgge
cgtattaccyg
gagtcagtga
tgcggtattt
agttaagcca
ccegcecaaca
acaagctgtg
acgcgcgagy



5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441

cagctgeggt
tcegegteca
gccatgttaa
ctgttcatgg
gatgatgaac
cggcgggacce
ggtgtteccac
ggcgetgact
gttgctcagyg
gattcattct
agcacgatca
aaacgtttgg
accgcaagceqg
acccagageg
gcggcgacga
aagggcatceg
cgetecactge
caacgcgegy
tgagacgggc
gtccacgetg
ataacatgag
cagceceggac
catcgcagtyg
ggcacteccag
atgccageca
gatttgctgg
ggagaaaata
attagtgcag
cagcccecactg
gcttegttet
cgccgegaca
caacgactgt
catcgeecget
gcgggaaacg
tttcacattc
ggttttgege
ttaggaagca
catgcaagga

SEQ ID No: 20

aaagctecatc
gctegttgag
gggcggtttt
gggtaatgat
atgceceggtt
agagaaaaat
agggtagceca
tccgegttte
tcgecagacgt
gctaaccagt
tgcgecaceeyg
tggcgggacce
acaggecgat
ctgeeggeac
tagtcatgcece
gtcgagatcec
ccgettteca
ggagaggcgg
aacagctgat
gtttgccceca
ctgtettcecgg
tcggtaatgg
ggaacgatge
tegecettece
gccagacgca
tgacccaatg
atactgttga
gcagctteca
acgcgttgeg
accatcgaca
atttgecgacg
ttgececegeca
tccacttttt
gtctgataag
accaccctga
cattcgatgg
gcccagtagt
gatggcgecce

oligonucleotide (19 b)

pD-ter-

5’ -AAGAAGACACGATCCACCG-3'

SEQ ID No: 21

oligonucleotide

long+

(35 b)
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agcgtggteg
tttctccaga
ttcctgtttg
accgatgaaa
actggaacgt
cactcagggt
gcagcatcct
cagactttac
tttgcagcag
aaggcaaccce
tggggccgee
agtgacgaag
catcgtcgeg
ctgtcectacg
cegegeceac
cggtgcectaa
gtegggaaac
tttgegtatt
tgcectteac
gcaggcgaaa
tatcgtcgta
cgegeattge
cctecattecag
gttcecgetat
gacgcgcega
cgaccagatg
tgggtgtetg
cagcaatggce
cgagaagatt
ccaccacgcet
gcgegtgeag
gttgttgtge
ccecgegttett
agacaccggce
attgactcte
tgtcecgggat
aggttgaggce
aacagtccece

tgaagcgatt
agcgttaatg
gtcactgatg
cgagagagga
tgtgagggta
caatgccagce
gcgatgcaga
gaaacacgga
cagtecgettce
cgccagccta
atgeceggega
gcttgagega
ctccagcecgaa
agttgcatga
cggaaggagce
tgagtgagct
ctgtcgtgee
gggcgccagyg
cgectggece
atcetgtttyg
tecccactace
gcececagegece
catttgcatg
cggctgaatt
gacagaactt
cteecacgece
gtcagagaca
atcctggtceca
gtgcaccgee
ggcacccagt
ggccagactg
cacgeggttyg
cgcagaaacy
atactctgeg
ttecegggege
ctegacgete
cgttgagceac
cgge

cacagatgtc
tctggettet
cctecgtgta
tgctcacgat
aacaactggc
gcttcgttaa
tcecggaacat
aaccgaagac
acgttegete
gccgggtect
taatggcctyg
gggcgtgceaa
agcggtectc
taaagaagac
tgactgggtt
aacttacatt
agctgcatta
gtggttttte
tgagagagtt
atggtggtta
gagatatccg
atctgategt
gtttgttgaa
tgattgecgag
aatgggcccg
agtcgegtac
tcaagaaata
tccageggat
gctttacagg
tgatcggege
gaggtggcaa
ggaatgtaat
tggctggect
acatcgtata
tatcatgcecca
tcecettatge
cgcegecgea

5’ - CGAACGTGGCGAGAAAGGAAGGGAAGAAAGAAGTC-3"

SEQ ID No: 22

tgcctgttca
gataaagecgg
agggggattt
acgggttact
ggtatggatyg
tacagatgta
aatggtgcag
cattcatgtt
gcegtateggt
caacgacagg
cttectegecg
gattccgaat
gccgaaaatyg
agtcataagt
gaaggctcte
aattgcgttg
atgaatcggce
ttttcaccag
gcagcaagcg
acggcgggat
caccaacgeg
tggcaaccag
aaccggacat
tgagatattt
ctaacagcge
cgtctteatyg
acgeccggaac
agttaatgat
cttcgacgece
gagatttaat
cgccaatcag
tcagctcege
ggttcaccac
acgttactgg
taccgcgaaa
gactcctgeca

aggaatggtyg
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oligonucleotide (71 b + 3’ modification ddcQ)
ddC-Long2
5’ -TTTTTTTAGACTTCTTTCTTCCCTTCCTTTCTCGCCACGTTCGAAGAAGACACGAT

CCACCGCCGGTTCCG-ddC-3"

SEQ ID No: 23

oligonucleotide (35 b + 3’ Biotin (TEG)
Long+Tb _
5’ - CGAACGTGGCGAGAAAGGAAGGGAAGAAAGAAGTC-Bio-3"
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CLAIMS:

1. A reverse transcriptase enzyme comprising a Moloney Murine Leukemia Virus
reverse transcriptase amino acid sequence, wherein said enzyme has an optimum activity at a
temperature above 42°C, and comprises a mutation at one or more of the following amino

acid positions:

D200, L603, L139, T330, E607, T287,

Q221, 149, N479, H594, A502,

D653, K658, P130, Q237, H634, D524

A307, Y344, Q430, D449, A644, N649,
L671, E673, M39, Q91, M66, W388,
1179 1333 R390 Q374 and E5

wherein when the mutation is at position D653 the mutation is not D653N, wherein when the
mutation is at position L603 the mutant is not L603A, and wherein when the mutation is at

position H594 the mutation is not H594A.

2. A reverse transcriptase enzyme according to claim 1 having an optimum activity at a

temperature of at least 50°C.

3. A reverse transcriptase enzyme according to claim 1 or claim 2 having a higher activity

at 50°C as compared with the corresponding wild type enzyme.

4. A reverse transcriptase enzyme according to any preceding claim having a specific

activity at 37° which is at least 110% of the corresponding wild type enzyme.

5. A reverse transcriptase enzyme according to any preceding claim having a
thermostability of at least 1.5 times that of the corresponding wild type enzyme, measured as

residual activity at 37°C following treatment at 50°C for 5 minutes.
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6. A reverse transcriptase enzyme according to any preceding claim, having one or more

of the following mutations:

D200N,A or, G, L603W or M, L139P, T330P, E607K, G or A, T287A,
Q221R, 149V or T, N479D, H594K, R or Q, H634Y

A502V, D653G,A,HorV  K658R or Q P130S, Q237R, DS524A

A307V, Y344H, Q430R, D449G or A, A644V or T, N649S,

L671P, E673G or K, M39VorL, Q91RorL, M66L, W388R,

I1179T or V L333Q R390W Q374Rand  ESK

7. A reverse transcriptase enzyme according to any preceding claim comprising at least
two mutations.

8. A reverse transcriptase enzyme according to claim 7 wherein the at least two

mutations are at D200 and at L603.

9. A reverse transcriptase enzyme

mutations are D200ON and at L603W.

10.
mutations are at N479 and H594.

A reverse transcriptase enzyme

11.
mutations are N479D and H594K.

A reverse transcriptase enzyme

12.

claims 1 to 11.

according to claim 8 wherein the

according to claim 7 wherein the

according to claim 10 wherein the

at least two

at least two

at least two

A polynucleotide encoding the reverse transcriptase enzyme according to any one of



