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Solubilization and Purification of a Target Protein

Fused to a Mutant Maltose-Binding Protein
BACKGROUND

Recombinant proteins have many uses in biotechnology
whenever large amounts of pure protein are needed. Microbial
expression systems such as Escherichia coli (E. coli) and yeast are
often the first choice due to their low cost and high yield. When
expressing foreign proteins in E. coli, it is not uncommon to
encounter problems of low levels of expression and/or insolubility of
the protein. Even if the protein is expressed well and remains
soluble, it must be purified from the myriad of other proteins in the
cell extract. To facilitate the expression and purification of a target
protein, one method that is in common use is to fuse an affinity tag
to the protein. A good affinity tag has properties that facilitate high-
level expression when fused to the N-terminus of the target protein,
and provides a simple one-step affinity purification that allows the

target protein to be purified from the expression milieu.

The maltose-binding protein (MBP) of E. coli is commonly
used as an affinity tag for expression and purification of foreign
proteins produced in E. coli. The natural role of MBP is to bind
maltodextrins at the outer membrane porin and release them to the
MalEFK transport apparatus in the inner membrane. Fusion of the
C-terminus of MBP to the N-terminus of a target protein permits the
expression of the fusion protein in E. coli (Figure 1). MBP and MBP
fusions can be purified in a single step by binding to a
chromatography matrix containing any of a number of glucose-
al—4-glucose polysaccharides such as amylose, starch or other
maltodextrins (U.S. Patent 5,643,758). Many proteins that are
soluble in their native host are insoluble when expressed as a

recombinant protein. For many of these proteins, fusion to MBP
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renders them soluble (Kapust & Waugh, Protein Sci. 8:1668-74
(1999)).

The utility of MBP as an affinity tag is tempered by the fact
that depending on the protein in a MBP-target protein purification,
some fusions don’t bind to the affinity matrix as well as others. In
addition, the presence of non-ionic detergents such as Triton X100
and Tween 20 can interfere with binding, especially for MBP-target

protein fusions that have an inherently lower affinity.

Researchers have used the structure of MBP to make directed
mutations in order to alter the binding properties of MBP. The X-ray
crystal structure of MBP has been reported by Spurlino et al., J.
Biol. Chem. 266:5202-5219 (1991). MBP consists of two domains,
with a cleft between the domains where the polysaccharide binds.
The domain that contains the N-terminus is named the domain I,
and the domain that contains the C-terminus is named the domain
I1. Three loops cross between the two domains to form a hinge. Two
groups have used the structure to make directed mutations to the
region behind the hinges that increase the affinity of MBP for
maltose and maltotriose (Marvin et al., Nature Structural Biology
8:795-798 (2001); Telmer & Shilton, Journal of Biol. Chem.
278:34555-34567 (2003)). However, this approach has an inherent
disadvantage, since these modifications to MBP increase the
hydrophobicity of the surface of the protein and thus decrease its
solubility. This reduces its utility as an affinity tag by increasing its

tendency to render a fusion protein insoluble.
SUMMARY

In an embodiment of the invention, a composition is provided
which includes a modified maltose-binding protein (MBP) which
when fused to a protein results in an increase in binding affinity for

maltodextrin compared with the wild type MBP fused to the protein,

PCT/US2009/039111
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the modified MBP maintaining enhanced solubility. The modification
includes a mutation selected from the group consisting of: F68L,
1318V, Q326R, V344M, and T35, TTTITITTTLGIEGR3g7 or two or more
mutations selected from the group consisting of: F68L, S146T,
A313V, 1318V, I318A, Q326R, V344M and T37, TTTITITTTLGIEGR3g7.

For example, the modification may include a double mutant:
A313V and 1318V or A313V and I318A.

Examples of MBP amino acid sequences with the mutations
described above include SEQ ID NO:8, SEQ ID NO:10, SEQ ID
NO:12, SEQ ID NO:14 or SEQ ID NO:16. DNA encoding these
modified MBPs are exemplified by SEQ ID NO:7, SEQ ID NO:9, SEQ
ID NO:11, SEQ ID NO:13 or SEQ ID NO:15. Vectors containing this
DNA and host cells transformed with these vectors are further

provided.

The modified MBP may be fused to a target protein to achieve
enhanced yield and solubility than would otherwise be possible with

the target protein alone.

In an embodiment of the invention, a method of purifying a
protein is provided that includes expressing in a host cell, a fusion
protein that includes a modified MBP as described above and a
target protein. The method further includes permitting the modified
MBP fusion protein to bind to a matrix such as a polysaccharide
such as maltodextrin and eluting the fusion protein from the matrix

in a selected buffer to obtain the purified protein.

In an embodiment of the invention, a method for solubilizing
a target protein is provided that includes expressing a modified MBP

as described above fused to a target protein so that in vivo, the

PCT/US2009/039111
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fusion protein is solubilized to an extent greater than can be

observed for the target protein alone.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic describing the cloning and
purification of a target protein by expressing a DNA encoding an
MBP fused to a target protein, allowing the fusion protein to
selectively bind to amylose, eluting the target protein in a maltose-
containing buffer and then recovering the target protein from the

purified fusion protein by protease cleavage.

Figure 2 provides sequences comparing wild-type MBP with
modified MBPs.

Figure 2A: The DNA sequence (SEQ ID NO:1) encoding wild-
type MBP (SEQ ID NO:2) from pMAL-c2X .

Figure 2B: The DNA sequence (SEQ ID NO:3) encoding the
MBP mutant A313V (SEQ ID NO:4). Changes in the modified MBP
DNA and amino acid sequences are indicated in bold.

Figure 2C: The DNA sequence (SEQ ID NO:5) encoding the
MBP mutant S146T (SEQ ID NO:6) . Changes in the modified MBP
DNA and amino acid sequences are indicated in bold.

Figure 2D: The DNA sequence (SEQ ID NO:7) encoding the
MBP mutant F68L (SEQ ID NO:8). Changes in the modified MBP
DNA and amino acid sequences are indicated in bold.

Figure 2E: The DNA sequence (SEQ ID NO:9) encoding the
MBP mutant 1318V (SEQ ID NO:10). Changes in the modified MBP
DNA and amino acid sequences are indicated in bold.

Figure 2F: The DNA sequence (SEQ ID NO:11) encoding the
MBP mutant Q326R (SEQ ID NO:12). Changes in the modified MBP
DNA and amino acid sequences are indicated in bold.

Figure 2G: The DNA sequence (SEQ ID NO:13) encoding the
MBP mutant V344M (SEQ ID NO:14). Changes in the modified MBP

PCT/US2009/039111
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DNA and amino acid sequences are indicated in bold.
Figure 2H: The DNA sequence (SEQ ID NO:15) of pIH1794,
encoding the MBP mutant T/I (SEQ ID NO:16). Changes in the

modified MBP DNA and amino acid sequences are indicated in bold.
Figure 3 provides the sequence of pIH1684 (SEQ ID NO:17).
Figure 4 provides the sequence of pIH1873 (SEQ ID NO:18).

Figure 5 shows fractions from the amylose affinity purification
of MBP on an SDS-PAGE gel. An increase in MBP relative to the
other proteins in the crude extract can be seen with the A313V
I318V and A313V I318A double mutants, as well as an increase in
the ratio of bound MBP vs unbound MBP. Molecular weights of the
markers in kDa are shown on the left.

Lane 1 NEB Protein Ladder

Lane 2. WT MBP crude extract

Lane 3. WT MBP column flow-through

Lane 4. WT MBP eluate

Lane 5. MBP A313V crude extract

Lane 6. MBP A313V column flow-through

Lane 7. WT MBP A313V eluate

Lane 8. MBP A313V 1318V crude extract

Lane 6. MBP A313V 1318V column flow-through

Lane 10. MBP A313V I318V eluate

Lane 11. MBP A313V I318A crude extract

Lane 12. MBP A313V I318A column flow-through

Lane 13. MBP A313V I318A eluate

Figure 6 shows a crystal structure in which the mutated amino
acids of interest are identified. The view is from the opposite side of
the binding cleft.
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DETAILED DESCRIPTION OF THE EMBODIMENTS
Terms that are used herein are discussed below.

“"Wild-type” MBP includes the MBP protein produced by
expression from a derivative of one of the pMAL-2 plasmids that has

a stop codon in the polylinker, for example pKO1483.

“Enhanced solubility of a protein fused to a mutant MBP” is an
increase in the amount of soluble protein when compared to that
same protein in the absence of MBP. Solubility can be expressed as
the ratio of soluble protein to the total amount of that protein
present before insoluble material is removed, for example by

centrifugation.

“Increased affinity of a mutant MBP” or “mutant MBP fusion
protein” includes an increase in the amount of protein that binds to
a solid substrate such as a maltodextrin under a defined set of
conditions. The efficacy of the affinity purification can be expressed
as the ratio of protein that binds to maltodextrin under the specified
conditions and is then eluted with a specified buffer to the total

amount of that protein applied to the column.

The present embodiments of the invention provide MBP
mutants which when fused to a target protein maintain or enhance
the solubility of the fusion protein during expression in vivo and can

also improve the affinity of the fusion protein during purification.

In embodiments of the invention, mutant MBPs show
increased binding to a polysaccharide, such as a maltodextrin
attached to a matrix, compared to wild type MBPs. The modified
MBPs can then eluted from the matrix using a solution of, for
example, a soluble maltodextrin, yielding at least 1.3 to 10-fold

more protein when compared to wild-type MBP.

PCT/US2009/039111
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In order to discover these improved mutants of MBP, technical
hurdles had to be overcome which include developing techniques
which enable a large number of samples to be handled. This
required improved methods for breaking up host cells to release
solubilized fusion protein where sonication is not practical for large
scale purification and lysis buffers could interfere with affinity
binding of MBP. It was discovered that by titrating the detergent
and the lysozyme, it was possible to identify the appropriate
concentration and ratio of these lysis reagents to effectively break

up host cells without negatively impacting binding affinity.

In an embodiment of the invention, screening for mutants
with desired binding affinity properties was performed using 96 well
microplates where each well contained a micro matrix for binding
fusion protein and a filter apparatus removed contaminating
materials in the filtrate. This made possible rapid screening of large
numbers of samples. Such screening methods for obtaining and
testing modified mutant MBP proteins as improved tags for purifying
proteins are described in the examples. Modified MBPs that have
increased affinity for a matrix solve the problem associated with
wild-type MBP of MBP fusions proteins that bind poorly to a matrix
or where binding is disrupted by the presence of non-ionic

detergent.

In the examples, seven mutations (F68L, S146T, A313V,
1318V, Q326R, V344M, and a modified spacer at the C-terminus of
MBP) are described with the desired properties of enhanced
solubility and improved binding affinity to a polysaccharide matrix.
The A313V and I318V mutations described herein are located in and
near the third hinge that crosses between the two domains,
specifically, in the loop between helices XI and XII. The F68L
mutation is in B-sheet C in domain I, adjacent to the maltose-
binding site. The V244M mutation is in helix XIII in domain II, and
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is adjacent to the maltose-binding site on the opposing side. Q326R
is in helix XII in domain II, on a surface that contacts domain I in
the open conformation. These mutations enhance both the solubility
and increase the affinity of fusion proteins. When expressing foreign
proteins in E. coli, the recombinant protein may be partially or
completely expressed in the form of insoluble aggregates. This
problem is resolved using mutant MBPs described here. In particular
examples, solubility may be increased by 1.05 or greater upwards

with an upper limit of total solubility.

In an embodiment of the invention, a micromatrix formed
from maltodextrin chemically linked to agarose beads was used in a
96 well plate. However, any suitably shaped matrix may be formed
from any matrix material known in the art that can be chemically
linked to maltodextrin or any other substrate suitable for binding
wild type MBP and MBP mutants (see for example Uy and Wold,
Anal. Biochem. 81:98-107 (1977)).

All references cited herein, as well as U.S. provisional
application number 60/792,133 filed April 14, 2006 and WO
2007/120809 are incorporated by reference.

EXAMPLES
Materials

Restriction enzymes, B-agarase, DNA polymerases, T4 ligase,
Antarctic phosphatase, Litmus 38, the pMAL Protein Fusion and
Purification System including pMAL-c2X and pMAL-c2G, amylose
resin (#E8021), anti-MBP monoclonal antibody linked to horse
radish peroxidase (#E8038), the USER Friendly Cloning kit, the
K. lactis Protein Expression Kit including the vector pKLAC1, host
strains TB1, ER1992, ER2502, ER2984, NEB 5-alpha, and NEB
Turbo, and synthetic oligonucleotides were obtained from New
England Biolabs, Inc. (NEB), Ipswich, MA. Unifilter 800 microtiter
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microplates with filter bottoms were purchased from Whatman,
Brentford, England. The Minelute DNA Extraction and Qiaprep Spin
kits were purchased from Qiagen, Valencia, CA. Mega 10 was
purchased from Dojindo, Gaithersburg, MD. Hen egg white
lysozyme, Coomassie brilliant blue R and acid washed glass beads
(425-600 micron) were purchased from Sigma-Aldrich, St. Louis,
MO. Sea Plaque GTG low melting temperature agarose was
purchased from Cambrex, E. Rutherford, NJ. Disposable
polypropylene columns (#732-6008) were purchased from BioRad,
Hercules, CA. 10-20% gradient gels were purchased from either
Daiichi, Tokyo, Japan or InVitrogen/Novex, Carlsbad, CA. The
Complete™ protease inhibitor cocktail was purchased from Roche,
Basel, Switzerland. SimplyBlue Safestain was purchased from
Invitrogen, Carlsbad, CA. The human dihydrofolate reductase
(DHFR) cDNA clone pOTB7-DHFR was purchased from Invitrogen
(MGC:857). The GAPDH gene was obtained from pJF931 (Fox et al.
FEBS Lett. 537:53-57 (2003)).

Techniques

The Serracia marscesens nuclease was obtained as described
in WO06/020868. Minipreps of plasmid DNA were prepared using
the Qiaprep Spin kit. Random PCR mutagenesis was carried out as
described in Fromant et al. (Analytical Biochemistry 224, 347-353
(1995)). PCR was carried out using Vent® DNA polymerase except
as noted. DNA fragments were gel-purified by electrophoresis on
1% Sea Plaque GTG low melting temperature agarose, cutting out
the band, and either purifying the DNA using the Minelute DNA
Extraction kit, or melting it at 75°C for 5 minutes, cooling to 37°C,
and digesting with p-agarase for 1-2 h. DNA sequencing was
performed on Applied Biosystemss (ABIs) automated DNA
Sequencer model 3100 ABI, using Big Dye labeled dye-terminator
chemistry (ABI, Foster City, CA). SDS-PAGE was carried out
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according to the instructions of the acrylamide gel provider, and
proteins were visualized by staining with Coomassie brilliant blue R

except where noted otherwise.

MBP was expressed from either pMal-c2X or pMal-c2G or a
derivative of pMal-c2G. The numbering of bases to identify
mutations in malE refers to the base number in the pMAL-c2X
sequence (Figures 2A-1, 2A-2, 2B-1, 2B-2, 2C-1, 2C-2, 2D-1, 2D-2,
2E-1, 2E-2, 2F-1, 2F-2, 2G-1, 2G-2, 2H-1, 2H-2 (SEQ ID NOS:1-
16). The pMAL-c2G derivative pSN1578 was created by cleaving
the plasmid with BsmI and BsiWI, treating the product with DNA
polymerase Klenow fragment plus all four dNTPs, followed by

ligation to create a deletion within the malE gene.

Site-directed mutagenesis was carried out using a four primer
PCR mutagenesis as described in Guan et al. (Nucleic Acid
Research, 33:6225-6234 (2005)). MBP and MBP fusion proteins
were purified as described in the instructions for the pMAL Protein
Fusion and Purification System, except that in some cases, cells

were lysed with a lysozyme/detergent solution instead of sonication.

Large-scale purifications were carried out with crude cell
extract prepared from 500 to 1000 mL of culture, and loaded on a
2.5 ¢cm diameter column containing 15 ml of amylose resin (NEB
#E8021, Ipswich, MA). Small-scale purifications were carried out
with crude extract prepared from 67 ml of culture, and loaded on a
disposable polypropylene column containing 1 ml of amylose resin.
SDS-polyacrylamide gel electrophoresis was carried out using 10-
20% gradient gels. For quantitation of gel bands, gels were dried
between cellophane sheets and scanned using a Microtek III
scanner Microtek, Carson, CA, and densitometry carried out using
Image J (NIH).
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Example I: Isolation of Mutants in MBP with Improved
Properties

Screening for improved vield after purification

Random mutagenesis of the malE gene from pMAL-c2x was
achieved by error-prone PCR using the primers:
oligo 1: 5" GGAGACAUGAATTCAATGAAAATCGAAGAA
(SEQ ID NO:19), and oligo 2:
5" GGGAAAGUAAGCTTAATCCTTCCCTCGATC (SEQ ID NO:20).
PCR fragments were cloned into linearized pNEB208A using the
USER Friendly Cloning Kit, following the manufacturer’s instructions.
Transformants were grown overnight in 1 mL LB + 1 mM IPTG and
100 pg/ml ampicillin, then lysed by adding 0.3 mg/mL lysozyme
and 20 units of the S. marscens nuclease, incubating for 10 min,
then adding 0.1 ml of 2% Tween 20.

The crude extracts were applied to a 50 uL amylose resin
column (NEB #E8021, Ipswich, MA) in a Unifilter 800 microplate,
and each well was washed with 0.7 ml of 20 mM Tris-Cl, 0.2 M
NaCl, 1 mM EDTA, pH 7.4 (column buffer), then with 0.7 mL of 10
mM sodium phosphate, 0.2 M NaCl, 1 mM EDTA, pH 7.2. The
protein bound to the amylose resin was then eluted with 0.2 mL of
10 mM maltose, 10 mM sodium phosphate, 0.2 M NaCl, 1 mM
EDTA, pH 7.2. The eluate was transferred to an Immulon 2HB
microtiter plate (ThermoFisher Scientific, Waltham, MA) and
incubated overnight at 4°C. The microtiter wells were then emptied,
washed twice with 20 mM Tris-Cl, 150 mM NaCl, pH 7.5 (TBST),
then blocked with 0.36 ml TBST + 3% bovine serum albumin for 1 h
at 37°C.

The wells were washed twice with TBST, then 0.1 ml of a
1:2000 dilution of anti-MBP monoclonal antibody linked to horse

radish peroxidase in TBST + 3% bovine serum albumin was added

PCT/US2009/039111
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to each well and the plate incubated at 37°C for 1 h. The wells were
emptied, then washed twice with TBST. The wells were developed
with 0.01% o-phenylenediamine, 0.003% hydrogen peroxide in
water. The detection reaction was stopped by adding 0.025 mL 4 M
H.S04, and wells were assayed spectrophotometrically at 490 nm.
Cells were recovered from lysates corresponding to samples that
showed higher binding and elution as compared to wild-type MBP.
These candidates were grown and retested to confirm the higher

binding and elution.

Characterization and separation of mutations obtained after random

mutagenesis

Two isolates from a library in USER having increased binding
and elution profiles were sequenced (Figure 2). One isolate, G8-1,
was found to have a single mis-sense mutation, G1964C, along with
a silent mutation.The G1964C mutation corresponds to the amino
acid change S146T in MBP. The other isolate, A9, was found to have
three mis-sense mutations, A1583G, A2419G and C2465T, along
with a silent mutation. The A1583G, A2419G and C2465T mutations
correspond to the amino acid changes N19S, K298E and A313V,

respectively.

Subcloning into pMal-C2X or pSN1578

Each isolate was amplified by PCR with the following primers:
oligo 3:
5/
GACTCATATGAAAATCGAAGAAGGTAAACTGGTAATCTGGATTAACGGC
(SEQ ID NO:21) and oligo 4:
5" ATATAAGCTTTCACCTTCCCTCGATCCCGAGGT (SEQ ID NO:22).
The amplified DNA was ethanol precipitated, cut with Ndel and
HindIII in NEBuffer 4 (NEB, Ipswich, MA), and gel purified.
pSN1578 was cleaved with Ndel and HindIII and the vector
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backbone was gel purified. The G8-1 and A9 fragments were mixed
with the pSN1578 fragment and ligated, and the ligation was used
to transform TB1. A plasmid preparation from each transformant
was sequenced and named pIH1596 for G8-1 and pIH1593 for A9.
The 3’ primer in this experiment had a stop codon in the correct
reading frame to prevent malE translation from proceeding into the
lacZa fragment of pMAL. Thus, these subclones produced a modified
MBP that ended after the amino acid sequence IEGR encoded by the
polylinker. A control plasmid containing a wild-type malE gene
followed by a stop codon was constructed by cleaving pMAL-¢c2X in
the polylinker between malE and lacZa with Xbal. The Xbal
overhang was filled in using DNA polymerase I, large fragment
(Klenow) and all four dNTPs, then the plasmid was recircularized by
treatment with T4 ligase. This introduces a stop codon in the same
reading frame as malE, and this derivative produced an MBP
comparable to that produced by G8-1 and A9, except for an 8
residue extension encoded by the polylinker. This control plasmid
was named pKO1483. E. coli TB1 containing pKO1483, pIH1596 and
pIH1593 were grown in a 500 mL culture of LB + 0.1% glucose and
100 pg/ml ampicillin to 2 x 108 cells/ml, induced with 0.3 mM IPTG,
grown for 2h at 37°C, then harvested. The cells were resuspended
in 25 ml column buffer (0.2 mL of 10 mM maltose, 10 mM sodium
phosphate, 0.2 M NaCl, 1 mM EDTA, pH 7.2)+ 10 mM B-
mercaptoethanol, then lysed by sonication. The extract was clarified
by centrifuging at 9000 x g for 30 min, then diluted 1:4 with column
buffer and loaded onto a 15 ml column of amylose resin. The
column was washed with about 125 mL column buffer, and eluted
with column buffer + 10 mM maltose. The yields of MBP were
compared among the three strains (Table 1). The results confirm
that the modified MBPs showed an increased binding to amylose

and elution in appropriate buffers.
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In order to ascertain which of the three mutation(s) were
necessary for increased binding of the A9 variant, the three
mutations were subcloned separately into pSN1578, a pMAL-c2G
derivative with a deletion internal to the mal/E gene (which allows
easy identification of clones that received an insert). The A1583G
and A2419G mutations either had no effect or reduced the yield of
MBP in the affinity purification, and were discarded. The C2465T
mutation was recreated in isolation by 4 primer site-directed PCR
mutagenesis using pMAL-c2X as the first template, with the primers
oligo 5 : 5' CTTCAAGGGTCAACCATCCAAACC (SEQ ID NO:23) and
oligo 6: 5" AATACGCGGATCTTTCACCAACTCTTC (SEQ ID NO:24)
to create the N-terminal PCR fragment, and with primers
oligo 7: 5" GAAGAGTTGGTGAAAGATCCGCGTATT (SEQ ID NO:25)
and oligo 8: 5" CTGAGAATTCTGAAATCCTTCCCTCGAT
(SEQ ID NO:26) to create the C-terminal PCR fragment. The
assembly step was carried out with the gel-purified N- and C-
terminal fragments as the template and the primers oligo 5 and
oligo 8. The final PCR fragment was cut with BIpI and Aval, gel
purified, and ligated to pMAL-c2X that had been cut with BlpI and
Aval and gel purified. The ligation was used to transform TB1, and
plasmid was purified from the transformants and sequenced to
confirm the C2465T mutation. An isolate was chosen for further
study and named pIH1606.

In the construction of pIH1606, the stop codon at the end of
MBP was not conserved. This construct expressedMBP fused to the
LacZa fragment. In order to compare the effect of the C2465T
mutation to its parent, A9, a stop codon was introduced after the
malE gene in pIH1606. The plasmid was cleaved with Xbal, filled in
with Klenow plus dNTPs, and religated as described above for
pK0O1483. The C2465T derivative with a stop codon was called
pPR1610. Large scale MBP purifications of TB1 bearing this plasmid,
in parallel with pKO1483 and A9, showed that all of the increase in
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yield of MBP found in A9 could be accounted for by the C2465T
mutation. This mutation changed alanine 313 of MBP to a valine
(A313V).

In order to be able to compare MBP (5146T) to wild-type MBP
and MBP (A313V) in derivatives that have exactly parallel
construction, a version of MBP (S146T) was constructed that had
the same stop codon as pK0O1483 was constructed. An Ndel, Blpl
fragment from pIH1596 was purified and subcloned into pKO1493
cut with Ndel and BlplI, creating pIH1619.

Example II: Additional MBP Mutants with Improved Binding

Additional mutants of MBP were generated by the method in
Example I, with a few modifications. To avoid the step of subcloning
the malE insert from the USER plasmid pNEB208A to pMal-C2X or
pSN1578, a pMAL vector with an Mfel site between the tac
promoter and the malE ribosome-binding site was constructed to be
the recipient of the PCR fragments, named pIH1684 (Figure3; SEQ
ID NO:17). Error-prone PCR was carried out as described above
with the primers oligo 9: 5" CACGAGCAATTGACCAACAAGGAC (SEQ
ID NO:27) and oligo 10: 5" GATCGAGAGCTCGAATTAGTCTGC (SEQ
ID NO:28). Both the PCR product and pIH1684 were cut with Mfel
and Sacl and gel purified. The two fragments were ligated together
and the ligation was used to transform ER2523, and the
transformants were pooled and stored at -80°C. For each round of
screening, the pool was diluted and plated to give single colonies on
LB amp Single colonies were used to inoculate 1 ml cultures, and
the cultures were lysed and screened for increased yield in the
amylose resin affinity purification as described in Example 1. Five
additional isolates were recovered: 2E8, 3F9, 15F5, 24G7, and
33D12. 2E8 contained the mutations C1894A (encoding L123M),
C2333T (encoding A269V), and a deletion of T2628 that altered the

reading frame from codon 368 to the end of the gene. The isolates

PCT/US2009/039111
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3F9, 15F5 and 24G7 each contained a single mutation, A2504G
(encoding Q326R), T1729C (encoding F68L), and A2479G (encoding
[318V), respectively. The plasmids carrying these mutations were
called pIH1732 for Q326R, pIH1733 for F68L and pIH1743 for
I318V. The isolate 33D12 contained the mutations C1907T
(encoding P127V), C2018T (encoding A164V), A2351G (encoding
E275G), G2482A (encoding A319T) and G2557A (encoding V344M).
The mutations in 2E8 and 33D12 were separated as follows, in a
process similar to that described for A9 in Example 1, and
mutations that did not improve the purification properties of MBP

were discarded.

The V344M mutation from 33D12 was recreated in isolation
by 4 primer site-directed PCR mutagenesis using pIH1684 as the
first template, with the primers
oligo 11 : 5' CCGACCTTCAAGGGTCAACCATCC (SEQ ID NO:29) and
oligo 13: 5" CCGCAGTACGCATGGCATACCAGA (SEQ ID NO:30)
to create the N-terminal PCR fragment, and with primers
oligo 13: 5’ TCTGGTATGCCATGCGTACTGCGG (SEQ ID NO:31) and
oligo 14: 5' CGCCAGGGTTTTCCCAGTCACGAC (SEQ ID NO:32) to
create the C-terminal PCR fragment. The assembly step was carried
out with the gel-purified N- and C-terminal fragments as the
template and the primers oligo 11 and oligo 14. The final PCR
fragment was cut with BlpI and HindIII, gel purified, and ligated to
pIH1684 that had been cut with BlpI and HindIII and gel purified.
The ligation was used to transform ER2523, and miniprep DNA was
prepared from several transformants. An isolate was sequenced to
confirm the G2557A mutation and saved as pIH1822.

The deletion of T2628 changed the reading frame of the
spacer present downstream of the MBP in the pMAL vectors The
original sequence read NSSS(N)10LGIEGR, while the frame-shifted
sequence read IRAR(T)4ITI(T); SGSREG. These changes were
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arbitrarily divided into two categories, the changes from (N)o to
(T)4ITI(T)s and the changes before and after this sequence. Testing
determined that changing just the (N)i0 region to the T/I sequence,
i.e. to NSSS(T)4ITI(T)sLGIEGR, most improved the purification
properties of MBP. The T/I spacer was inserted into pIH1684 by
cleaving pIH1684 with Sacl and Aval and adding an annealed
mixture of oligo 15: 5" CAACTACTACCACCATAACTATAACCACTACCC
(SEQ ID NO:33) and oligo 16: 5’
CCGAGGGTAGTGGTTATAGTTATGGTGGTAGTAGTTGAGCT (SEQ ID
NO:34). The mixture was ligated and used to transform ER2523,
and plasmid was isolated from one transformant and the sequence
confirmed. The plasmid was named pIH1794, and the MBP encoded
by this construct was called MBP T/I.

Each of the mutant MBP plasmids was used to make a
derivative expressing the MBP-CBD fusion protein as follows.
Plasmids pIH1732, pIH1733 and pIH1743 were cut with Sacl and
HindIII, and the backbone fragment was gel purified. Plasmid
pMB50 (see published patent W0O2007/120809) was cut with Sacl
and HindIII, and the CBD fragment was gel purified. The fragment
for each pMAL mutant plasmid was mixed with the CBD fragment,
ligated, and the ligation mixture was used to transform ER2523.
Plasmid DNA was isolated from several transformants, and the
correct structure confirmed by sequencing. The pIH1732 (Q326R)
derivative was named pIH1759, the pIH1733 (F68L) derivative was
named pIH1767, and the pIH1743 (I318V) derivative was named
pIH1769. For the remaining two mutations, the CBD insert was
prepared by PCR using oligo 17: 5’
ACTACCCTCGGGATCGAGGGAAGGGGTACGCTTGAAGGTTCTCAGCATG
CAC (SEQ ID NO:35) and oligo 14, with pMB50 as the template.
The PCR fragment was ethanol precipitated, resuspended and cut
with Aval and HindIII. The pIH1794 and pIH1822 plasmids were cut

with Aval and HindlIII, the backbone fragments were gel purified,
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then mixed with the CBD fragment and ligated. The ligation mixture
was used to transform ER2523. Plasmid DNA was isolated from
several transformants, and the correct structure confirmed by
sequencing. The pIH1794 (T/I) derivative was named pIH1845,

and the pIH1822 (V344M) derivative was named pIH1855.

Each of the mutant MBP plasmids was used to make a
derivative expressing the MBP-DHFR fusion protein as follows.
Plasmids pIH1732, pIH1733 and pIH1743 were cut with Aval and
SbfI, and the backbone fragment was gel purified. Plasmid pIH1616
(see published patent W02007/120809) was cut with Aval and
Sbfl, and the DHFR fragment was gel purified. The fragment for
each pMAL mutant plasmid was mixed with the DHFR fragment,
ligated, and the ligation mixture was used to transform ER2523.
Plasmid DNA was isolated from several transformants, and the
correct structure confirmed by sequencing. The pIH1732 (Q326R)
derivative was named pIH1772, the pIH1733 (F68L) derivative was
named pIH1773, and the pIH1743 (I318V) derivative was named
pIH1765. For the remaining two mutations, the DHFR insert was
prepared by PCR using oligo 18: 5’
GGTCGTCAGACTGTCGATGAAGCC (SEQ ID NO: 36) and oligo 14,
with pIH1616 as the template. The PCR fragment was ethanol
precipitated, resuspended and cut with Aval and HindIII. The
pIH1794 and pIH1822 plasmids were cut with Aval and HindIII, the
backbone fragments were gel purified, then mixed with the CBD
fragment and ligated. The ligation mixture was used to transform
ER2523. Plasmid DNA was isolated from several transformants, and
the correct structure confirmed by sequencing. The pIH1794 (T/I)
derivative was named pIH1816, and the pIH1822 (V344M)

derivative was named pIH1856.

Small scale purifications were carried out using strains

bearing the constructs described above. The results were
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normalized to yield per liter of culture, and are presented in Table
2. The additional mutants gave yields of between 1.3-fold and 8.0-
fold higher than wild-type for unfused MBP, and between 1.5-fold
and 7.9-fold higher for MBP-CBD. In order to test the effect of the
mutations on the ability of MBP to enhance the solubility of DHFR,
cells bearing the plasmids that encoded the corresponding MBP-
DHFR fusions were grown, induced, sonicated, and the extracts
separated into soluble and insoluble fractions. The fractions were
run on SDS-PAGE, the gels scanned, and the amount of MBP-DHFR
was quantitated using Imagel. The results are presented in Table 3.
All of the additional mutants except MBP T/I maintained or
increased the ability of MBP to enhance the solubility of DHFR. MBP

T/I maintained nearly all of MBPs solubility enhancement.

In order to test whether the mutations could be combined to
give even higher yields, a plasmid with the A313V mutation was
constructed with convenient restriction sites so that a synthetic
cassette containing a second downstream mutation could be added.
The plasmid was named pIH1873, and its sequence is shown in
Figure 4 (SEQ ID NO:18). This plasmid had a Sacll site following the
A313V mutation, and a BstBI site 94 bases downstream of the
A313V mutation. The double mutant A313V, 1318V was constructed
by first creating a cassette with the 1318V mutation. The oligo 19: 5’
AGATCCGCGGGTTGCCGCCACTATG (SEQ ID NO:37) and oligo 20: 5’
GCAGTTCGAACGGCATACCAGAAAGCGGACATCTGCGGGATGTTCGGCA
TGATTTCACCTTTCTGGGCGTTTTCCATAGTGGCGGCAACCCGCGGATCT
(SEQ ID NO:38) were annealed, then filled in with Phusion
polymerase plus all four dNTPs. The resulting DNA product was
cleaved with Sacll and BstBI, mixed with pIH1873 that had been

cleaved with Sacll and BstBI, and the mixture was ligated. The

ligation was used to transform ER2523, and DNA was prepared from

an isolate and sequenced to confirm the expected structure. The
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plasmid with the two mutations A313V and 1318V was named
pIH1877.

In order to see if other substitutions for I318 would also
improve the affinity tag properties of MBP, a second plasmid was
constructed with the mutations A313V and I318A. The oligo 21: 5’
AGATCCGCGGGCAGCCGCCACTATG (SEQ ID NO:39) and oligo 22: 5’
GCAGTTCGAACGGCATACCAGAAAGCGGACATCTGCGGGATGTTCGGCA
TGATTTCACCTTTCTGGGCGTTTTCCATAGTGGCGGCTGCCCGCGGATCT
(SEQ ID NO:40) were annealed, then filled in with Phusion

polymerase plus all four dNTPs. The resulting DNA product was
cleaved with Sacll and BstBI, mixed with pIH1873 that had been
cleaved with Sacll and BstBI, and the mixture was ligated. The
ligation was used to transform ER2523, and DNA was prepared from
an isolate and sequenced to confirm the expected structure. The
plasmid with the two mutations A313V and I318A was named
pIH1878.

In order to test whether the double mutant MBPs could
improve the yield of MBP-CBD fusion protein, the CBD gene was
inserted into pIH1877 and pIH1878 as follows. The CBD insert was
prepared by performing a PCR on the gene using oligos 18 and 14
and the template pIH1875, the PCR product was cut with Aval and
HindIII and then gel purified. The plasmids pIH1877 and pIH1878
were cleaved with Aval and HindIII, and the backbone fragments gel
purified. The plasmid fragments were mixed with the insert and
ligated, and the ligation was used to transform ER2523. DNA was
prepared from transformants and the correct structure was
confirmed by sequencing. The plasmid encoding MBP(A313V,
[318V)-CBD was named pIH1901 and the plasmid encoding
MBP(A313V ,I318A)-CBD was named pIH1902.

ER2523 bearing pIH1877, pIH1878, pIH1901 and pIH1902

were grown, induced, crude extracts were prepared, and protein was
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purified on 1 ml amylose columns. The results are presented in
Table 4. For MBP, the double mutant MBPs increased the yield in the
affinity purification 11-fold for MBP(A313V, 1318V) and 6-fold for
MBP(A313V I318A). For MBP-CBD, the double mutants increased the
yield 12-fold for MBP(A313V I318V)-CBD and 6-fold for MBP(A313V
[318A)-CBD. Unexpectedly, the cells bearing the double mutants
expressed MBP as a higher fraction of the total protein when
compared to wild-type MBP (Figure 5). In order to test whether the
increase in yield was due to an increase in binding affinity or simply
an increase in the amount of MBP loaded on the column, gel lanes of
wild-type and double mutant crude extract were scanned and
guantitated, and a second set of affinity purifications was carried out
where the amount of crude extract from the double mutants was
normalized so that the total amount of MBP loaded on the column
was the same as for wild type. The results are shown in the last two
lines of Table 4. Normalizing the amount of MBP loaded did not
decrease the yield, indicating that the increased yield relative to
wild-type was due to increased affinity of the MBP double mutant. In
fact, these purifications yielded even more protein, probably due to
the increased dilution of the crude extract, which reduced the
interference from other components in the extract which bind non-

specifically.

In order to test whether the double mutant MBPs maintained
the ability of MBP to enhance the solubility of aggregation-prone
proteins, derivatives expressing MBP-DHFR were constructed. The
DHFR insert was prepared by PCR using oligos 18 and 14 as primers
and pIH1616 as a template. The PCR fragment was cleaved with
Aval and HindIII and gel purified. The plasmids pIH1877 and
pIH1878 were cleaved with Aval and HindIII, and the backbone
fragment was gel purified. The plasmid fragments were mixed with
the DHFR insert and ligated, and the ligations were used to

transform ER2523. DNA was prepared from the transformants, and
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the correct structure was confirmed by sequencing. The plasmid
encoding MBP(A313V I318V)-DHFR was named pIH1891, and the
plasmid encoding MBP(A313V I318A)-DHFR was named pIH1892.
Cells bearing these plasmids were grown, induced, sonicated, and
the extracts separated into soluble and insoluble fractions. The
fractions were run on SDS-PAGE, the gels scanned, and the amount
of MBP-DHFR was quantitated using Imagel. The results are
presented in Table 5. The double mutants showed an increased
ability to enhance the solubility of DHFR as compared to wild-type
MBP.

Table 1. Yield of MBP-Klenow for wild-type and modified MBPs*

MBP-Klenow MBP-CBD MBP-DHFR
Solubility
Derivative Yield (mg/L) | Yield (mg/L) Soluble
sol. + insol.
WT 0.7 mgs 13.2 36%
S146T 2 mgs ND 67%
A313V 0.7 mgs 21.8 67%

*data from published patent W02007/120809; yields and solubility
are given for experiments carried out in parallel for MBP wild-type

and each derivative; ND not determined.
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Table 2. Relative yield of MBP and MBP-CBD for additional mutants*

MBP MBP-CBD
Derivative Plasmid Yield (mg/L) | Plasmid Yield (mg/L)
WT pIH1684 2.3 pIH1560 3.5
F68L pIH1733 4.2 pIH1767 8.3
1318V pIH1743 5.5 pIH1765 27.8
Q326R pIH1732 2.9 pIH1772 7.5
V344M pIH1822 4.3 pIH1855 5.1
T/I pIH1794 18.5 pIH1845 5.1

*yields are given for experiments carried out in parallel for MBP

wild-type and each derivative.

Table 3. Solubility of MBP-DHFR for additional mutants*
Derivative Plasmid % Soluble

WT pIH1616 59%

F68L pIH1773 62%

1318V pIH1765 62%

Q326R pIH1772 81%

V344M pIH1856 67%

T/1 pIH1816 48%

* solubility is given for experiments carried out in parallel for MBP

wild-type and each derivative.
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Table 4. Relative yield of MBP and MBP-CBD for double mutants;
"-N" indicates amount of crude extract used was normalized to load

equal amounts of MBP to the wild-type sample

MBP MBP-CBD
Derivative Plasmid Yield (mg/L) | Plasmid Yield (mg/L)
WT pIH1684 2.3 pIH1560 3.5
A313Vv 1318V pIH1877 22.8 pIH1901 43.9
A313V I318A pIH1878 12.7 pIH1902 21.6
A313V I318V-N pIH1877 35.8
A313V I318A-N pIH1878 17.3

Table 5. Solubility of MBP-DHFR for double mutants

Derivative Plasmid % Soluble
WT pIH1616 59%
A313V I318V pIH1891 61%

A313V I318A pIH1892 71%
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What is claimed is:

1. A composition, comprising: a modified maltose-binding protein
(MBP) which when fused to a protein results in an increase in
binding affinity for maltodextrin compared with the wildtype MBP
fused to the protein, the modified MBP maintaining enhanced
solubility, wherein the modification comprises a mutation selected
from the group consisting of: F68L, 1318V, Q326R, V344M, and
T372TTTITITTTLGIEGR3g7; or two or more mutations selected from
the group consisting of: F68L, S146T, A313V, 1318V, I318A,
Q326R, V344M and T372TTTITITTTLGIEGR3s7.

2. A composition according to claim 1, wherein the modification
comprises A313V and I318V.

3. A composition according to claim 1, wherein the modification
comprises A313V and I318A.

4. A composition according to claim 1, fused to a target protein to

form a fusion protein.

5. A composition according to claim 1, comprising: SEQ ID NO:8,
SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14 or SEQ ID NO:16.

6. An isolated DNA encoding a modified MBP according to claim 1,
comprising: SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID
NO:13 or SEQ ID NO:15.

7. A vector comprising a DNA according to claim 6.

8. A host cell transformed with a vector according to claim 6.

9. A method of purifying a protein comprising:
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expressing in a host cell, a fusion protein comprising a
modified MBP according to claim 1 and a target protein;

permitting the modified MBP fusion protein to bind to a
matrix; and

eluting the fusion protein from the matrix in a selected buffer

to obtain the purified protein.

10. A method according to claim 9, wherein the matrix is a

polysaccharide.

11. A method according to claim 10, wherein the polysaccharide is a

maltodextrin.

12. A method according to claim 9, wherein the modified MBP
comprises: SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID
NO:14 or SEQ ID NO:16.

13. A method according to claim 9, wherein the modified MBP is
encoded by: SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID
NO:13 or NO:5, SEQ ID NO:15.

14. A method for solubilizing a target protein, comprising:
expressing a modified MBP according to claim 1 fused to a target
protein so that in vivo the fusion protein is solubilized to an extent

greater than can be observed for the target protein alone.
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FIG. 2A-1
wild type MBP {SEQ ID NOS:1 and 2)
1501 : ; - ; ' ¢ 1560

GCACTTCACCAACAAGGACCATAGCATATGAAAATCGAAGAAGGTAAACTGGTAATCIGG
' MKIEEGELVIH

1561 ' + ¢ 4 4 + + 1620
ATTAACGGCGATARAGGCTATAACGGTCTCGCTGAAGTCGGTARGRAATTCGAGARAGAT
I NGDEKGYNGLAEVGEIEKTFETIKT?D

1621 : t + + : + 1680
ACCGGAATTARAGTCACCGTTGAGCATCCGGATAARCTGGAAGAGARRTTCCCACAGGTT

~ TG6IEKVTVEHPDKLEEERKTFEPDQ

1681 -----——--4 e el s + 1740
GCGGCAACTGGCGATGGCCCTGACATTATCTTCTGGECACACGACCGCTTTGGTGECTAC
AATGDGPDIIFPWAHBDREGGY

1741 4 + -t $: -———4 + 1800
GCTCARTCTGECCTGTTGGCTGARATCACCCCGEACARAGCGTTCCAGGACAAGCTGTAT
AQSGLLAEITPDEKAFQDEILY

1801 } } i + } + 1860
CCGTTTACCTGGGATGCCGTACGTTACAACGGCARGCTGATTGCTTACCCGATCGCTGTT
PFTWDAVRYNGELTIRAZAYPTIA A

1861 $mes + ¢ -4 ¥ + 1920
GAAGCGTTATCGCTGATTTATAACARAGATCTGCTGCCGAACCCGCCARAAACCTGGGAA
EALSLIYNEKDLLEPNPPEKTTWE

1921 -t : -1 4 + + 1980
GAGATCCCGGCGCTGRATAARGARCTGARAGCGARAGGTARGAGCGCGCTGATGTTCAAC
EIPALDRKELKAKGEKSALMEHN

1981 -+ + : — : + 2040
CTGCAAGAACCGTACTTCACCTGGCCGCTGATIGCTGCTGACGEGEETTATGCGTTCARG
LOQOEPYFTWPLIAADGGT YR RTFHRK

2041 + t $ + + + 2100
TATGAAAACGGCAAGTACGACATTRAAGACGTGGGCGTGGATAACGCTGGCGCGARAGCG
YENGEKYDIKDVGVDNAGARKEA

SUBSTITUTE SHEET (RULE 26)
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FIG. 2A-2
wild type MBP

2101 \ ; t t t + 2160
GGTCTGACCTTCCTGGTTGACCTGATTAAAARCAARCACATGAATGCAGACACCGATTAC
6 LTFLVDLIEKNEKHEMEADTTIDY

2161 ¢ t 4 ¢ + + 2220
TCCATCGCAGAAGCTGCCTTTAATAAAGGCGAAACAGCGATGACCATCAACGGCCCGTGG
STAEAAFNEKGETANTTINGEPHW

2221 ' } + t + ; + 2280
GCATGGTCCAACATCGACACCAGCAARGTGAATTATGGTGTAACGGTACTGCCGACCTTC
AWSNIDTSEVYNYGVTVLEPTTF

2281 ¢ ¢ ¢ + t + 2340
AAGGGTCAACCATCCAAACCGTTCGTTGECGTGCTGAGCGCAGGTATTAACGCCGCCAGT
KGQPSKPFVGEVLSAGIDNARAS

2341 + + $ } } + 2400
CCGAACAAAGAGCTGGCRAAAGAGTTCCTCGARAACTATCTGCTGACTGATGAAGGTCIG
PNEKEELAEKEPFPLENTYLILTDESGIL

2401 + + $-- + t + 2460
GARGCGGTTAATAAAGACAAACCGCTGGGTGCCGTAGCGCTGAAGTCTTACGAGGAAGAG
EAVNEDEPLGAVALIEKSTYETEE

2461 4 } $ $ $ + 2520
TTGGCGARAGATCCACGTATTGCCGCCACTATGGAAAACGCCCAGARAGGTGAARTCATG
LAKDPRIAATMNERBNAQEKGERTINM

2521 % t + $ + + 2580
CCGAACATCCCGCAGATGTCCGCTTTCTGGTATGCCGTGCGTACTGCGETGATCAACGCC
PNIPQMSAFWYAVRTAVIUNA A

2581 $ $ + + $ + 2640
GCCAGCGGTCGTCAGACTGTCGATGAAGCCCTGARAGACGCGCAGACTAATTCGAGCTCG
ASG6GRQTVDEALEKDAQTUNG S

2641 t ; t t 2688
ARCAACAACAACAATAACAATAACARCAACCTCGGGATCGAGGGAAGG
NNNNNNUNNNNLGTIEGHTR R

SUBSTITUTE SHEET (RULE 26)
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FIG. 2B-1
A313V Mutant (SEQ ID N0S:3 and 4)

1501 + } ¢ t + + 1560
GCACTTCACCAACAAGGACCATAGCATATGAAAATCGAAGAAGGTAAACTGGTARTCIGG
MKIEEGRLVIHW

1561 + e } $ + + 1620
ATTAACGGCGATAAAGGCTATAACGGTCTCGCTGAAGTCGGTAAGAAATTCGAGAAAGAT
I NGDEKGYNGLAEVGEKT XTP FETE KT ?D

1621 $ t } 4 4 + 1680
ACCGGAATTAAAGTCACCGTTGAGCATCCGGATAARCTGGAAGAGAARTTCCCACAGGTT
T 6 I RKVT VEGHRPDEKILETETEKTEEPGQYV

1681 t t + t } + 1740
GCGGCARCTGGCGATGGCCCTGACATTATCTTCTGGGCACACGACCGCTTTGGTGGCTAC
AATGDGPDIIFWNAHBDRTPGG G/

1741 | t t t + + 1800
GCTCAATCTGGCCTGITGGCTGAAATCACCCCGGACAARGCGTTCCAGGACAAGCTGTAT
AQSGLLAEITPDEREAPQDIEKILY

1801 4 4 4 $ 4 + 1860
CCGTTTACCTGGGATGCCGTACGTTACAACGGCAAGCTGATTGCTTACCCGATCGCTGTT
PFTWDAVRYNGEKELIAYPTI RZAYVY

1861 + $ 4 $ + $ 1920
GAAGCGTTATCGCTGATTTATAACAAAGATCTGCTGCCGAACCCGCCAAAAACCTGGGAA
EAL SLIVYNEKDILLTPNZPPI EKTHWE

1921 - t + + } 4 + 1980
GAGATCCCGGCGCTGGATAAAGAACTGARRGCGARAGGTAAGAGCGCGCTGATGTTCAAC
EI PALDI EKETLZERKARKGTE K SALMMEN

1981 4 + + $ 4 + 2040
CTGCAAGAACCGTACTICACCTGGCCGCTGATTGCTGCTGACGGGGGTTATGCGTTCAAG
LQEPYFPTWPLIAADGGY ATFHTEK

2041 } $ $ + + + 2100
TATGAAAACGGCAAGTACGACATTAAAGACGTGGGCGTGGATARCGCTGGCGCGARAGCG
YENGEYDIEKDVGVDHNAGATEKHAEA

SUBSTITUTE SHEET (RULE 26)
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FIG. 2B-2
A313V Mutant

2101 ; t t + + + 2160
GGTCTGACCTTCCTGGTTGACCTGATTAARARCAAACACATGARTGCAGACACCGATTAC
6 LTFLVYDLIKNEKUHEMNADTIDY

2161 - t t ¢ ¢ + + 2220
TCCATCGCAGAAGCTGCCTTTAATARAGGCGAAACAGCGATGACCATCARCGGCCCGTEG
S IAEAAFNEKGETAMTINGEPHW

2221 + + + + + + 2280
GCATGGTCCAACATCGACACCAGCAAAGTGAATTATGGTGTAACGGTACTGCCGACCTTC
AWSHNIDT SEVEYGVYTVLPTTF

2281 t } } + + + 2340
AAGGGTCAACCATCCAAACCGTTCGTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGT
KGQPSEKPFPVGVILSAGINARS

2341 } ¢ + } } + 2400
CCGRACAAAGAGCTGGCAAAAGAGTTCCTCGAAAACTATCTGCTGACTGATGAAGGTCTG
PNEKEBELAKEPLENVYLLTDEGL

2401 + $ $ $ 4 + 2460
GAAGCGGTTAATAAAGACAAACCGCTGGGTGCCGTAGCGCTGARGTCTTACGAGGAAGAG
EAVNEKDEKPLGAVALEKS STYTETESE

2461 + + + + + + 2520
TTGGTGARAGATCCACGTATTGCCGCCACTATGGAARACGCCCAGARAGGTGAAATCATG
LVEDPRIARAMTMEU NA AQEKGETIHM

2521 } : { } } + 2580
CCGRACATCCCGCAGATGTCCGCTTTCTGGTATGCCGTGCGTACTGCGGTGATCAACGCC
P NIPQXKSAFPWYAVRTAVIHN

2581 t t t t t + 2640
GCCAGCGRTCGTCAGACTGTCGATGAAGCCCTGRAAGACGCGCAGACTAATTCGAGCTCG
ASGRQTVDERLEDAQTNGSSS

2641 t { t t 2688
RACAACRACAACAATAACAATAACAACAACCTCGGGATCGAGGGAAGG
HNNNNNNDNUNNNLGTIEGHR
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FIG. 2C-1
S146T Mutant (SEQ ID NOS:5 and 6)

1501 } fue 4 $ $ + 1560
GCACTTCACCAACAAGGACCATAGCATATGAAAATCGAAGAAGGTARACTGGTAATCTGG
M KI EEGEKILVIW

1561 + $ $ t + + 1620
ATTAACGGCGATAAAGGCTATAACGGTCTCGCTGAAGTCGGTAAGARATTCGAGARAGAT
I1 NGDEKEGYNGLAEVGETERKTPETEKT?D

1621 t + + t + + 1680
ACCGGAATTARAGTCACCGTTGAGCATCCGGATAAACTGGAAGAGAAATTCCCACAGGTT
T6IRKVTVEHRPDELEEERKTETPQYV

1681 $ : $ $ + + 1740
GCGGCAACTGGCGATGGCCCTGACATTATCTTCTGOGCACACGACCGCTTTGGTGGCTAC
AATGDGPUDITIV FPWAHUDREGGY

1741 t + 4 + + + 1800
GCTCAARTCTGGCCTGTTGGCTGAAATCACCCCGGACAAAGCGTTCCAGGACAAGCTGTAT
AQ0SGLLAEITPDEKEAFQDIEKTLY

1801 + } 4 + + + 1860
CCGTTTACCTGGGATGCCGTACGTTACAACGGCAAGCTGATTGCTTACCCGATCGCTGTT
PFTWDAVRYNGEKETLTIAYZPTIA AY

1861 ommt 4 } + + + 1920
GAAGCGTTATCGCTGATTTATAACAAAGATCTGCTGCCGAACCCGCCAARAAACCTGGGAR
EALSLIVYNTEKTDILLZPU NZPPIEKTHWE

1921 t t t t t + 1980
GAGATCCCGGCGCTGGATAARGAACTGAAAGCGARAGGTARGACCGCGCTGATGTTCAAC
EIPALDEKEELEAKGEKTALMTEN

1981 + + t + t + 2040
CTGCAAGAACCGTACTTCACCTGGCCGCTGATTGCTGCTGACGGGGGCTATGCGTTCARG
LQEPYFTWPLIARADGGYATFTK

2041 t t ¢ ¢ ¢ + 2100
TATGAARACGGCAAGTACGACATTARAGACGTGGGCGTGGATAACGCTGGCGCGARRGLG
YENGERKYDIXKDVGVDNAGRATEKHA
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FIG. 2C-2
S146T Mutant

2101 ; t 1 t t + 2160
GGTCTGACCTTCCTGGTTGACCTGATTAAAAACAAACACATGAATGCAGACACCGATTAC
GLTFLVDLIEKNEKHENNADTIDY

2161 —— ' ' ; + + 2220
TCCATCGCAGARGCTGCCTTTAATARAGGCGAARCAGCGATGACCATCAACGGCCCGTGG
ST AEARAPFPNEKGETA ADMNTTINGT P?HNW

2221 + $ + + + + 2280
GCATGGTCCAACATCGACACCAGCAAAGTGAATTATGGTGTARCGGTACTGCCGACCTTC
AWSNIDT SEVNYGVTVLPTTE

2281 } 4 $ t + + 2340
AAGGGTCAACCATCCAAACCGTTCGTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGT

| KGQP5KPFVGVLSAGTINRAILS

2341 } + + } + ¥ 2400
CCGRACAAAGAGCTGGCABAAGAGTTCCTCGBBAACTATCTGCTGACTGBTGAAGGTCTG
PNEELAKETPFILENYILLTTDZERGIL

2401 t } + $ $- + 2460
GAAGCGGTTAATAAAGACAAACCGCTGGGTGCCGTAGCGCTGAAGTCTTACGAGGAAGAG
EAVNEKDEKPLGAVALEKSTYTETEE

2461 + t t + + + 2520
TTGGCGARAGATCCACGTATTGCCGCCACTATGGAARACGCCCAGARAGGTGARATCATG
LAKDPRIARATMENARAQEKGETINM

2521 ¥ : t =t : + 2580
CCGAACATCCCGCAGATGTCCGCTTTCTGGTATGCCGTGCGTACTGCGGTGATCAACGCC
PNIPQMSAEWYAVRTAVIENAR

2581 : : : : t + 2640
GCCAGCCOTCOTCAGACTCTCGATGAAGCCCTGARAGACCCGCAGACTARTTCGAGCTCE
ASGRQTVDEALRDAQTNSSS

2641 ¢ t t ¢ 2688
| AACAACAACAACAATAACAATAACARCAACCTCGGGATCGAGGGARGG
NNNNNNNNNNLGIEGHR
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FIG. 2D-1
MBP F68L (SEQ ID NOS:7 and 8)

1501 + 4 $ 4 + + 1560
GCACTTCACCAACAAGGACCATAGCATATGAAAATCGAAGAAGGTAAACTGGTAATCTGS
M XKIEEGERKLVIW

1561 4 } $ + $ + 1620
ATTAACGGCGATARAGGCTATAACGETCTCGCTCARGTCOOTAAGARATTCGAGARAGAT
I NGDKGYNGLAEBVGEERKTFERTEKTD

1621 ¢ + } 4 $ + 1680
ACCGGAATTAAAGTCACCGTTGAGCATCCGGATAAACTGGAAGAGAAATTCCCACAGGTT
T6I KVTVEHRHPD KILETEBIEKTFTPOQYQ

1681 } $ + ; t + 1740
GCGGCAACTGGCGATGGCCCTGACATTATCITCTGGGCACACGACCGCCTTGETGGCTAC
AATGDEPDIIFWAEDRLGGY

17141 t - + ¢ + + 1800
GCTCAATCTGGCCTGTTGGCTGAAATCACCCCGGACAAAGCGTTCCAGGACAAGCTGTAT
AQSGLLAEITPDEKAFQDEKI

1801 t t t + + + 1860
CCGITTACCTGGGATGCCGTACGTTACAACGGCAAGCTGATTGCTTACCCGATCGCTGTT
PFTWDAVRYNGELIAYPIAV

1861 } $ $ 4 + + 1920
GARGCGTTATCGCTGATTTATAACARAGATCTGCTGCCGAACCCGCCAAAARCCTGGGAR
EALSLIYNEKDLTLPHNPEPEKTTU WE

1921 + + ¥ + + + 1980
GAGATCCCGGCGCTGGATARAGAACTGARAGCGAAAGGTAAGAGCGCGCTGATGTTCAAC
EITPALDEKEELERKAERKGE K SALNSTE

1981 t + } + + + 2040
CTGCAAGAACCGTACTTCACCTGGCCGCTGATTGCTGCTGACGGGGGTTATGCGTTCAAG
LOEBEPYFTWPLIAADGGY YA ATFHEK

2041 + + 4 ¢ + + 2100
TATGAAAACGGCAAGTACGACATTAARGACGTGGGCGTGGATAACGCTGGCGCGARAGCE
YENGEYDIEKDVGVDN2AGRHAEKAE
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FIG. 2D-2
MBP F68L

2101 + } } + t + 2160
GGICTGACCTTCCTGGTTGACCTGATTAAAAACARACACATGAATGCAGACACCGATTAC
GLTFPFLVDLIEKENEKBMNADTIDY

2161 --4 t $ $ + + 2220
TCCATCGCAGAAGCTGCCTTTAATAAAGGCGAAACAGCGATGACCATCAACGGCCCGTGE
SIAEAAFNEKGETAMTTIUNGEPHW

2221 U t t + + + 2280
GCATGGTCCAACATCGACACCAGCARAGTGAATTATGGTGTAACGGTACTGCCGACCTTC
AWSNIDTSEKEVNYGVTVLPTEF

2281 + + + $= + + 2340
AAGGGTCAACCATCCAAACCGTTCOTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGT
KGQPSEKPFVGVL SAGTIUNA AAIRAS

2341 + + + + + + 2400
CCGAACARAGAGCTGGCAARAGAGTTCCTCGAAAACTATCTGCTGACTGATGAAGGTCTG
P NEKELAEKETFLENYILLTTUDESGIL

2401 + } : 4 t + 2460
GAAGCGGTTAATAAAGACARACCGCTGGGTGCCGTAGCGCTGAAGTCTTACGAGGAAGAG
EAVNEDEKPLGAVALEKSTYETERE

2461 + { ¢ $ + + 2520
TTGGCGAAAGATCCACGTATTGCCGCCACTATGGARAACGCCCAGARAGGTGARATCATG
L AKDPRTIAATMEVNAQEGETINWM

2521 + + + + + + 2580
CCGAACATCCCGCAGATGTCCGCTTTCTGGTATGCCGTGCGTACTGCGGTGATCAACGCC
P NI PQMSAPFPRYAVRTAVINA

2581 } } } + $ + 2640
GCCAGCGGTCGTCAGACTGTCGATGARGCCCTGARAGACGCGCAGACTAATTCGAGCTCG
ASGRQTVDERARALEDAQTUNS SS S

2641 t ; t t 2688
AACAACAACAACRATARCAATAACRACAACCTCGGGATCGAGGGAAGG
NNNNNNNNNNLGIEGHR

SUBSTITUTE SHEET (RULE 26)



WO 2010/114532 PCT/US2009/039111

10/26

FIG. 2E-1
MBP 1318V (SEQ ID NOS:9 and 10)

1501 + $ $ + + + 1560
GCACTTCACCAACAAGGACCATAGCATATGAARATCGAAGAAGGTARACTGGTAATCTGG
M EIEBEEGELVIHW

1561 } + t $ + + 1620
ATTAACGGCGATARAGGCTATAACGGTCTCGCTGAAGTCGGTAAGARATTCGAGARAGAT
I NGDEKGYNGLAEVGEKEKTEFETKT?D

1621 } $ + + t + 1680
ACCGGAATTARAGTCACCGTTGAGCATCCGGATARACTGGAAGAGAAATTCCCACAGGTT
TG6GIKVTITVEHPDEKLEEEKTF?PQYV

1681 t + ¢ + ¢ + 1740
GCGGCAACTGGCGATGGCCCTGACATTATCTTCTGGGCACACGACCGCTTTGGTGGCTAC
AATGDGPDIIPFWARDRPEFGGY

1741 S -+ + . t + 1800
GCTCAATCTGGCCTGTTGGCTGAAATCACCCCGGACAAAGCGTTCCAGGACAAGCTGTAT
AQSGLLAEREITPDERAPFPQDI KLY

1801 + + + t t + 1860
CCGITTACCTGGGATGCCGTACGTTACAACGGCAAGCTGATTGCTTACCCGATCGCTGTT
PFTHWDAVRYNGEKLIAYPTIAV

1861 $ 4 $ $ + + 1920
GAAGCGTTATCGCTGATTTATAACAAAGATCTGCTGCCGARCCCGCCAAAAACCTGGGAA
EALSLIVYNTEKDILTLTPNZPEPIEKTTU WE

1921 + + ¢ $ + + 1980
GAGATCCCGGCGCTGGATAAAGAACTGAAAGCGARAGGTARGAGCGCGCTGATGITCAAC
EITPALDEELEKAKGEKSALUMNTEHK

1981 + $ 4 $ + + 2040
CTGCAAGAACCGTACTTCACCTGGCCGCTGATTGCTGCTGACGGGGGTTATGCGTTCAAG
L QEPYFPFTWPLIAADGGYA ATPFTEK

2041 + $ + + t + 2100
TATGARAACGGCAAGTACGACATTARAGACGTGGGCGTGGATAACGCTGGCGCGAAAGCE
YENGEKEYDIZ KDV GVDUNAGR RATIKA
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FIG. 2E-2
MBP I318V

2101 $ $ + + 4 + 2160
GGTCTGACCTTCCTGGTTGACCTGATTAAAAACAARCACATGAATGCAGACACCGATTAC
6 LTFLVDILIIEKNTEKEBMUNADTTIDY

2161 4 + ¢ } : $ 2220
TCCATCGCAGAAGCTGCCTTTAATARAGGCGRAACAGCGATGACCATCAACGGCCCGTGG
S ITAEAAFNEKGETAMTINGTE?PW

2221 - + + } $ + + 2280
GCATGGTCCAACATCGACACCAGCAAAGTGAATTATGGTGTAACGGTACTGCCGACCTTC
AW SHNIDTSEKVYVNYGVTVYLPTTE

2281 + + t $ + + 2340
AAGGGTCAACCATCCAAACCGTTCGTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGT
KG6QPSKPFVGVIL SAGTINARBRKS

2341 + 4 $ + + + 2400
CCGAACAAAGAGCTGGCAAAAGAGTTCCTCGAAAACTATCTGCTGACTGATGAAGGICTG
PNEERLAERKTERPLENYLTILTTDESGIL

2401 } } } + { + 2460
GAAGCGGTTAATAAAGACAAACCGCTGGGTGCCGTAGCGCTGARGTCTTACGAGGAAGAG
EAVNEDEKPILGAVALTEKT STYTETESTE

2461 } 4 } } } + 2520
TTGGCGARAGATCCACGTGTTGCCGCCACTATGGAARACGCCCAGAAAGGTGAAATCATG
L AKDPRVAATHMKENAMAQEGETIUMN

2521 % f $ + + + 2580
CCGAACATCCCGCAGATGTCCGCTTTCTGGTATGCCGTGCGTACTGCGGTGATCAACGCT
PNIPQHSAFHYAVRTAVI’NA

2581 + 4 + + + + 2640
GCCAGCGGTCGTCAGACTGTCGATGAAGCCCTGAAAGACGCGCAGACTAATTCGAGCTCG
A SGRQTVDEALEKTDAGQTNS S SS

2641 + } + + 2688
AACAACAACARCAATAACAATAACAACARCCTCGGGATCGAGGGAAGG
N NNNNNNNNNLGIEGRT R
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FIG. 2F-1
MBP Q326R (SEQ ID NOS:11 and 12)

1501 + $ $ $ t + 1560
GCACTTCACCAACAAGGACCATAGCATATGAAAATCGARGARGGTAAACTGGTAATCTGS
MEIEEGEKEILVIVW

1561 + } + + 4 + 1620
ATTAACGGCGATARAGGCTATAACGGTCTCGCTGAAGTCGGTAAGAAATTCGAGAAAGAT
I NGDEGYNGLAERVGEKEERKTFETEKT D

1621 + 4 $ t + + 1680
ACCGGAATTAAAGTCACCGTTGAGCATCCGGATAAACTGGAAGAGAAATTCCCACAGGTT
T6IKVTVEHEPDEKLEEREKTPFP?PQV

1661 $ f ¢ f + -+ 1740
GCGGCAACTGGCGATGGCCCTGACATTATCTTCTGGGCACACGACCGCTTTGGTGGCTAC
AATGDGPDIIPFPWARBRBDRTEGG]/VY

1141 + ¢ ¢ t + + 1800
GCTCAATCTGGCCTGTTGGCTGAARTCACCCCGGACARAGCGTTCCAGGRCAAGCTGTAT
AQSGLLAEITPDERKAFQDELTY

1801 } } $ $ + + 1860
CCGITTACCTGGGATGCCGTACGTTACAACGGCAAGCTGATTGCTTACCCGATCGCTGTT
PFTWDAVRYNGEKELIAYPTIA A

1861 + } } + t + 1920
GAAGCGTTATCGCTGATTTATAACAAAGATCTGCTGCCGAACCCGCCAAAAACCTGGGAA
EALSLIYNEDLLPHNTPPETTW

1921 $ }- $ + + + 1980
GAGATCCCGGCGCTGRATARAGAACTGAAAGCGAAAGGTAAGAGCGCGCTGATGTTCAAC
EIPALDEKEELEAEKGE S SALMTE

1981 4 ¢ ¢ ¢ t t 2040
CIGCAAGAACCGTACTTCACCTGGCCGCTGATTGCTGCTGACGGGGGTTATGCGTICAAG
LQEPYFTWPLIAADGGYA ATF

2041 + ¢ ¢ $ + + 2100
TATGAAAACGGCAAGTACGACATTAAAGACGTGGGCGTGGATAACGCTGGCGCGAAAGCG
YENGEYDIEKDVGYVYDNAGE ATEKA
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FIG. 2F-2
MBP (326R

2101 + } ; : + + 2160
GGTCTGACCTTCCTGGTTGACCTGATTAAAAACARACACATGARTGCAGACACCGATTAC
6 LTFLVDLIEKNEKEBRMENADTTDY

2161 t + : : - + 2220
TCCATCGCAGAAGCTGCCTTTAATAAAGGCGAAACAGCGATGACCATCAACGGCCCGTGS
S ITABAAFNEKEGETAMTINGT PHGW

2221 : t t : + + 2280
GCATGGTCCAACATCGACACCAGCAAAGTGAATTATGGTGTAACGGTACTGCCGACCTTC
AWNSNIDTSEKEVENYGVTVLPTTE

2281 } 4 + + t- + 2340
ARGGGTCAACCATCCAARCCGTTCOTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGT
KGQPSEKEPFVGVLSAGINR RZZ LS

2341 -+ ¢ ¢ ¢ pomememmamt 2400
CCGAACARAGAGCTGGCAAAAGAGTTCCTCGARAACTATCTGCTGACTGATGAAGGTCTG
PNEKELAEKETFLENTYILLTDESGIEL

2401 fe t t + + + 2460
GAAGCGGTTARTAAAGACAAACCGCTGGGTGCCGTAGCGCTGAAGTCTTACGAGGAAGAG
EAVNEDEKPLGRAVALEKSTYETEETE

2461 --—-% t t + + + 2520
TTGGCGAAAGATCCACGTATTGCCGCCACTATGGRRRACGCCCGGAARGGTGRAATCATG
LAKDPRIAATMENRAREKEGETIM

2521 } + ¢ : : + 2580
CCGAACATCCCGCAGATGTCCGCTTTCTGETATGCCGTGCGTACTGCGGTGATCAACGCC
P NI PQMSAFWYAVRTAVIN

2581 } } t T $ + 2640
GCCAGCGGTCGTCAGACTGTCGATGAAGCCCTGAAAGACGCGCAGACTAATTCGAGCTCG
A S G6GRQTVDEALEKDAQTNS SS S S

2641 | ' ' ' 2688

AACAACAACAACAATAACAATAACAACAACCTCGGGATCGAGGGAAGG
NNNNNNNNNNLGTIEGHR
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FIG. 26-1
MBP V344N (SEQ ID N0S:13 and 14)

1501 -t : t t } + 1560
GCACTTCACCAACAAGGACCATAGCATATGAAAATCGAAGAAGGTAAACTGGTAATCTGG
MKEKIEEGEKLVIUH

1561 t } + } t + 1620
ATTAACGGCGATAAAGGCTATAACGGTCTCGCTGAAGTCGGTAAGARATTCGAGAARGAT
I NGDKGYNGLAEVGEETFETEKD

1621 } + 4 ; + + 1680
ACCGGAATTAAAGTCACCGTTGAGCATCCGGATAAACTGGARGAGAAATTCCCACAGGTT
T 6 I KVTVEHEHPDERLEEBEKFEPQYV

1681 -- + } + ¢ - + 1740
GCGGCAACTGGCGATGGCCCTGACATTATCTTCTGGGCACACGACCGCTTTGGTGGCTAC
AARARTGDGPDIIPFPWAHHDREGGY

1741 = + + + t + 1800
GCTCAATCTGGCCTGTTGGCTGAAATCACCCCGGACAAAGCGTTCCAGGACAAGCTGTAT
AQSGLLAEITTPDI KA APFPQDI KTILY

1801 } ¢ $ + + + 1860
CCOTTTACCTGGGATGCCGTACGTTACARCGGCAAGCTGATTGCTTACCCGATCGCTGTT
PFTWDAVRYNGELTIAY?PIO AV

1861 + $ } f + + 1920
GAAGCGTTATCGCTGATTTATAACAAAGATCTGCTGCCGAACCCGCCAAAAACCTGOGAA
EALSLIVYVNEDILLTPNTPPETUWRE

1921 - + + : 4 prsmmemeaat 1980
GAGATCCCGGCGCTGGATAARGAACTGAAAGCGAAAGGTAAGAGCGCGCTGATGTTCARC
EIPALDEKEBLEAKGEK S SALMTEFN

1981 $mene $ o= : + + 2040
CTGCAAGAACCGTACTTCACCTGGCCGCTGATTGCTGCTGACGGGGGTTATGCGTTCARG

. LQEPYPFPTWPLIAADGGTYA ATFTEK

2041 + t t t + + 2100
TATGAAAACGGCAAGTACGACATTAAAGACGTGGGCGTGGATAACGCTGGCGCGARAGCG
YENGEKYDIZ KDV GVDNAGAEKNA
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FIG. 26-2
MBP V344N

2101 $ $ $ 4 } + 2160
GGTCTGACCTTCCTGGTTGACCTGATTAAAAACAAACACATGAATGCAGACACCGATTAC
6 LTFLVDLIZEKNEI BRMNMUNADTT DY

2161 4 + $ + + + 2220
TCCATCGCAGAAGCTGCCTTTAATAAAGGCGAAACAGCGATGACCATCAACGGCCCGTGR
S I AEARAFNEGETA AMTTIUNGTEPHW

2221 } t t + t t 2200
GCATGGTCCAACATCGACACCAGCAAAGTGAATTATGGTGTARCGGTACTGCCGACCTTC
AWSNIDITSEKVNYGVTVLPTTPE

2281 + ¢ ¢ 4 + t 2340
AAGGGTCRACCATCCAAACCGITCGTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGT
KGQPSKPEVGVLSAGINA MRS

2341 ¢ } } t + + 2400
CCGAACAAAGAGCTGGCAAAAGAGTTCCTCGAAAACTATCTGCTGACTGATGAAGGTCTG
P NEKELAEKEPFLENYLILTDESGTL

2401 t i t t \ + 2460
GAAGCGGTTAATARAGACAAACCGCTGGGTGCCGTAGCGCTGARGTCT TACGAGGARGAG
EAVNEKEDEKEPLGAVALEKSTYETESTE

2461 4 } } } 4 + 2520
TTGGCGAAAGATCCACGTATTGCCGCCACTATGGAAAACGCCCAGAAAGGTGAAATCATG
LAKDPRIAATMNE RNAQERKGETIWM

2521 4 } } $ + + 2580
CCGAACATCCCGCAGATGTCCGCTTTCTGGTATGCCATGCGTACTGCGGTGATCAACGCC
PNIPQMSAFWYANMRTAVIUNAZ A

2581 t + 1 } t + 2640
GCCAGCGGTCGTCAGACTGTCGATGRAGCCCTGRARGACGCGCAGACTAATTCGAGCTCG
ASGRQTVDEALEKEDAQTUNGS S S

2641 + } + + 2688
AACAACAACAACAATAACAATAACRACAACCTCGGGATCGAGGGAAGS
NNNNNUNDNNUNNLGIEGHR R
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FIG. 2H-1
MBP T/I (SEQ ID N0S:15 and 16)

1501 ¢ } } } + + 1560
GCACTTCACCAACAAGGACCATAGCATATGAARATCGAAGAAGGTAAACTGGTAATCTGG
MEIEBEEGELVIHW

1561 $ 4 : ¢ + + 1620
ATTAACGGCGATARAGGCTATAACGGTCTCGCTGAAGTCGGTAAGAAATTCGAGARAGAT
I NGDERKGYNGLAERBYVGEKEETPFPETEKTHD

1621 } % $ t } + 1680
ACCGGAATTARAGTCACCGTTGAGCATCCGGATARACTGGAAGAGAAATTCCCACAGGTT
T 61 XVTVEHRBRPDERKLEERERKFPOQYV

1681 + $ } ¢ + + 1740
GCGGCARCTGGCGATGGCCCTGACATTATCTTC TGGGCACACGACCGCTTIGGTGGCTAC
AATGDGPDIIFWAHDREGGY

1741 4 } } } + + 1800
GCTCAATCTGGCCTGTTGGCTGARATCACCCCGGACAAAGCGTTCCAGGACAAGCTGTAT
A QS 6LLAEITPDEKAFOQDIEKTLY

1801 $ + + + + + 1860

' CCGTTTACCTGGGATGCCGTACGTTACAACGGCAAGCTGATTGCTTACCCGATCGCTGTT
PFTWDAVRYNGEKLIAYPTIAVW

1861 $ $ + 4 } ¢ 1920
GAAGCGTTATCGCTGATTTATAACAAAGATCTGCTGCCGAACCCGCCAAAAACCTGGGAR
BALSLIYNEKEDLLPHNPPETU WE

1921 + 3 } + + + 1980
GAGATCCCGGCGCTGGATAAAGAACTGAAAGCGAARGGTAAGAGCGCGCTGATGTTCAAC
EIPALDEKEEILV KAEKEGEKS S ALMNTEN

1981 t 4 t t + + 2040
CTGCAAGAACCGTACTICACCTGGCCGCTGATTGCTGCTGACGGGGGTTATGCGTTCAAG
LOQEPYFPFTWPLIARADGGYATPFHK

2041 t + } + + + 2100
TATGAAAACGGCAAGTACGACATTAAAGACGTGGGCGTGGATAACGCTGGCGCGARAGCG
YENGEKYDIEDVGVDNAGATR KA
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FIG. 2H-2
MBP 1/1

2101 4 } $ } + ¢+ 2160
GGTCTGACCTTCCTGGTTGACCTGATTAARAACAAACACATGAATGCAGACRCCGATTAC
6 LTFPFLVYVDLIEKNIEKIHMDNADTODY

2161 + + $ $ + + 2220
TCCATCGCAGAAGCTGCCTTTAATAAAGGCGAARCAGCGATGACCATCAACGGCCCGTGG
S IABRARAFNKGETAMTINGTPHW

2221 4 $ 4 + + + 2280
GCATGGTCCAACATCGACACCAGCAARGTGAATTATGGTGTAACGGTACTGCCGACCTIC
AWSNIDTSEKEVYVNYGVTVILPTTE

2281 --- + $ t t t + 2340
RAGGGTCAACCATCCARACCGTTCGTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGT
RKRGQPSEKEPPFPVGEVLSAGINRBMAS

2341 ¢ $ t t t + 2400
CCGAACAAAGAGCTGGCAAAAGAGTTCCTCGAARACTATCTGCTGACTGATGARGGTCTG
PNEKELAEKEPLENYLLTDEGHIE

2401 4 } + } $ + 2460
GAAGCGGTTAATARAGACAAACCGCTGGGTGCCGTAGCGCTGAAGTCTTACGAGGAAGAG
BEAVNEDEKEPLGAVALIEKSYETETE

2461 $ $ } f { + 2520
TTGGCGAAAGATCCACGTATTGCCGCCACTATGGAARACGCCCAGAAAGGTGARATCATG
LAEKDPRIAATMENRAZAQIEKGETINM

2521 $ } } } } + 2580
CCGAACATCCCGCAGATGTCCGCTTTCTGGTATGCCGTGCGTACTGCGETGATCAACGCC

| PNIPQMNMNSAPFPRYAVRTAVIUNRZR

2581 } ¢ $ + } + 2640
GCCAGCGGTCGTCAGACTGTCGATGAAGCCCTGAAAGACGCGCAGACTAATTCGAGCTCA
ASGRQTVDEALEKDAQTNSS SS

2641 + 4 + + 2688
ACTACTACCACCATAACTATAACCACTACCCTCGGGATCGAGGGAAGG
TT?TITITTTLGTIEGHR
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FIG. 3-1
pIEL684 (SEQ ID NO:17)

1 CCGACACCAT CGAATGGTGC ARAACCITTC GCGGTATGGC ATGATAGCGC CCGGAAGAGA

61 GTCAATTCAG GGTGGTGAAT GTGAAACCAG TAACGTTATA CGATGICGCA GAGTATGCCG
121 GTGICTCTTA TCAGACCGTT ICCCGCGTGG TGAACCAGGC CAGCCACGIT TCTGCGAAAA
181 CGCGGGAARA AGTGGAAGCG GCGATGGCGG AGCTGAATTA CATTCCCAAC CGCGTGGCAC
241 ARCAACTGGC GGGCAAACAG TCGITGCTGA TIGGCGITGC CACCTCCAGT CTGGCCCIGC
301 ACGCGCCGTC GCAAATTGTC GCGGCGATIA AATCTCGCGC CGATCAACTG GGTGCCAGCG
361 TGETGGIGTC GATGGTAGAA CGAAGCGGCG TCGAAGCCTG TAAAGCGGCG GTGCACARTC
421 TTCTCGCGCA ACGCGTCAGT GGGCTGATCA TTAACTATCC GCTGGATGAC CAGGATGCCA
481 TTGCTGTGGA AGCTGCCTGC ACTAATGITC CGGCGTTATT ICTTGATGIC TCTGACCAGA
541 CACCCATCAA CAGTATTAIT TTCTCCCATG AAGACGGTAC GCGACTGGGC GTGGAGCATC
601 TGGICGCATT GGGTCACCAG CAAATCGCGC TGTTAGCGGG CCCATTAAGT TCTGICICGG
661 CGCGTCTGCG TCTGGCTGEC TGGCATAAAT ATCTCACTCG CAATCAAATT CAGCCGATAG
721 CGGAACGGGA AGGCGACTGG AGTGCCATGT CCGGTTTTCA ACAAACCATG CAAATGCTGA
781 ATGAGGGCAT CGITCCCACT GCGATGCIGE TTGCCAACGA TCAGATGGCG CTGGGCGCAA
841 TGCGCGCCAT TACCGAGICC GGGCTGCGCG TTGGTGCGGA CATCTCGGTA GTGGGATACG
901 ACGATACCGA AGACAGCTCA TGTTATATCC CGCCGTTAAC CACCATCAAA CAGGATTTTC
961 GCCTGCTGGG GCARACCAGC GTGGACCGCT IGCTGCAACT CTCTCAGGGC CAGGCGGTGA
1021 AGGGCAATCA GCTGTTGCCC GTCTCACTGG TGAAAAGAAA AACCACCCIG GCGCCCARTA
1081 CGCAAACCGC CTCTCCCCGC GCGTTGGCCG ATTCATTAAT GCAGCTGGCA CGACAGGTTT
1141 CCCGACTGGA ARGCGGGCAG TGAGCGCAAC GCAATTAATG TAAGTTAGCT CACICATTAG
1201 GCACAATTCT CATGTTTGAC AGCTTATCAT CGACTGCACG GTGCACCAAT GCTICTGGCG
1261 TCAGGCAGCC ATCGGAAGCT GTGGTATGGC TGIGCAGGTC GTAAATCACT GCATAATICG
1321 TGTCGCTCAA GGCGCACTCC CGTTCTGGAT AATGTITTTT GCGCCGACAT CATAACGGTT
1381 CTGGCARATA TICTGARATG AGCTGTTGAC AATTAATCAT CGGCTCGTAT AATGTGIGGA
1441 ATTGTGAGCG GATAACAATT TCACACAGGA AACAGCCAGT CCGTTTAGGT GTTTTCACGA
1501 GCAATTGACC AACAAGGACC ATAGATTATG AAAATCGAAG AAGGTAAACT GGTAATCTGG
1561 ATTAACGGCG ATAAAGGCTA TAACGGICTC GCTGAAGTCG GTAAGAAATT CGAGAAAGAT
1621 ACCGGAATTA AAGTCACCGT TGAGCATCCG GATAAACTGG AAGAGAARTT CCCACAGGTT
1681 GCGGCAACTG GCGATGGCCC TGACATTATC TTCTGGGCAC ACGACCGCTT TGGTGGCTAC
1741 GCTCAATCTG GCCTGTTGGC TGAAATCACC CCGGACAAAG CGTTCCAGGA CAAGCTGTAT
1801 CCGTTTACCT GGGATGCCGT ACGTTACAAC GGCAAGCTGA TTGCTTACCC GATCGCTGIT
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FIG. 3-2
pIA1684

1861 GAAGCGTTAT CGCTGATTTA TAACAAAGAT CTGCTGCCGA ACCCGCCAAR AACCTGGGAA
1921 GAGATCCCGG CGCTGGATAA AGAACTGAAA GCGAAAGGTA AGAGCGCGCT GATGITCAAC
1981 CTGCAAGRAC CGTACTTCAC CTGGCCGCTG ATTGCIGCTG ACGGGGGTTA TGCGTTICAAG
2041 TATGARAACG GCAAGTACGA CATTAAAGAC GTGGGCGTGG ATAACGCIGG CGCGAAAGCG
2101 GGTCTGACCT TCCTGGTTGA CCTGATTAAR RACAAACACA TGAATGCAGA CACCGATTAC
2161 TCCATCGCAG AAGCTGCCTT TAATAAAGGC GAAACAGCGA TGACCATCAA CGGCCCGTGG
2221 GCATGGICCA ACATCGACAC CAGCARAGTG AATTATGGTG TAACGGTACT GCCGACCTTC
2281 AAGGGTCAAC CATCCARACC GTTCGITGGC GTGCTGAGCG CAGGTATTAA CGCCGCCAGT
2341 CCGAACARAG AGCTGGCAAR AGAGTTCCIC GARAACTATC TGCTGACTGA TGAAGGICTG
2401 GAAGCGGTTA ATARAGACAA ACCGCTGGGT GCCGTAGCGC TGAAGICTTA CGAGGAAGAG
2461 TTGGCGARAG ATCCACGTAT TGCCGCCACT ATGGAARACG CCCAGAARGG TGAAATCATG
2521 CCGARCATCC CGCAGATGIC CGCTTTCTGG TATGCCGTGC GTACTGCGGT GATCAACGCC
2581 GCCAGCGGTC GTCAGACTGT CGATGAAGCC CTGAAAGACG CGCAGACTAA TTCGAGCTCG
2641 ARCAACAACA ACAATAACAA TAACAACAAC CTCGGGATCG AGGGAAGGAT TTCACATATG
2101 TCCATGGGCG GCCGCGATAT CGTCGACGGA TCCGAATICC CTGCAGGTAR TTARATAAGC
2761 TTGGCACTGG CCGTCGTTIT ACAACGICGT GACTGGGAAA ACCCTGGCGT TACCCAACTT
2821 AATCGCCTTG CAGCACATCC CCCTITTCGCC AGCTGGCGTA ATAGCGAAGA GGCCCGCACC
2881 GATCGCCCTT CCCAACAGIT GCGCAGCCIG ARTGGCGART GGCAGCITGG CTGTTITGGC
2941 GGATGAGATA AGATTTTCAG CCIGATACAG ATTAAATCAG AACGCAGRAG CGGICTGATA
3001 ARACAGAATT TGCCTGGCGG CAGIAGCGCG GTGGTCCCAC CTGACCCCAT GCCGAACTCA
3061 GAAGTGRARC GCCGTAGCGC CGATGGTAGT GTGGGGTCTC CCCATGCGAG AGTAGGGAAC
3121 TGCCAGGCAT CAAATARARC GAARGGCTCA GTCGAARGAC TGGGCCITIC GTTITATCIG
3181 TIGITIGICG GTGARCGCTC TCCTGAGTAG GACAAATCCG CCGGGAGCGG ATTTGAACGT
3241 TGCGAAGCAR CGGCCCGGAG GGTGGCGGGC AGGACGCCCG CCATAAACTG CCAGGCATCA
3301 AATTAAGCAG AAGGCCATCC TGACGGATGG CCITITTGCG TTICTACAAA CTCITTTIGT
3361 TTATTTITCT AAATACATTC AAATATGTAT CCGCTCATGA GACAATAACC CTGATAAATG
3421 CITCAATAAT ATTGAAAAAG GAAGAGTATG AGTATTCAAC ATTICCGTGT CGCCCTTATT
3481 CCCTTITITG CGGCATITEG CCITCCTGIT TTTGCICACC CAGAAACGCT GGTGAAAGTA
3541 AAAGATGCTG AAGATCAGIT GGGTGCACGA GTGGGITACA TCGAACTGGA TCTCAACAGC
3601 GGTAAGATCC TTGAGAGITT TCGCCCCGAA GAACGTTCTC CAATGATGAG CACITITAAA
3661 GITCTGCTAT GPGGCGCGGT ATTATCCCGT GTIGACGCCG GGCAAGAGCA ACTCGGTCGC
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FIG. 3-3
pIA1684

3721 CGCATACACT ATTCICAGAA TGACTTGGTT GAGTACTCAC CAGTCACAGA AAAGCATCTT
3781 ACGGATGGCA TGACAGTAAG AGRATTATGC AGTGCTGCCA TAACCATGAG TGATAACACT
3841 GCGGCCARCT TACTTCTGAC AACGATCGGA GGACCGAAGG AGCTAACCGC TITTTTCCAC
3901 RACATGGGGG ATCATGTARC TCGCCTTGAT CGTTGGGAAC CGGAGCTGAA TGAAGCCATA
3961 CCARACGACG AGCGTGACAC CACGATGCCT GTAGCAATGG CAACAACGTT GCGCAARCTA
4021 TTAACTGGCG AACTACTTAC TCTAGCTTCC CGGCAACAAT TAATAGACTG GATGGAGGCS
4081 GATAAAGTTG CAGGACCACT TCTGCGCTCG GCCCTTCCGG CTGGCTGGTT TATTGCTGAT
4141 ARATCTGGAG CCGGTGAGCG TGGGICTCGC GGTATCATTG CAGCACTGGC GCCAGATGGT
4201 AAGCCCTCCC GTATCGTAGT TATCTACACG ACGGGGAGTC AGGCAACTAT GGATGAACGA
4261 AATAGACAGA TCGCTGAGAT AGGTGCCTCA CTGATTAAGC ATTGGTAACT GTCAGACCAA
4321 GITTACTCAT ATATACTTTA GATTGATITA CCCCGGTTGA TAATCAGAAA AGCCCCAARA
4381 ACAGGAAGAT TGTATAAGCA ARTATTTAAA TTGTARACGT TAATATTTIG TTAAAATTCG
{441 CGTTAAATT? TTGTTAAATC AGCTCATTTT TTAACCAATA GGCCGAAATC GGCARAATCC
4501 CTTATAAATC ARAAGAATAG ACCGAGATAG GGTTGAGTGT TGTTCCAGIT TGGAACAAGA
4561 GICCACTATT ARAGAACGTG GACTCCAACG TCAAAGGGCG AAARACCGTC TATCAGGGCG
4621 ATGGCCCACT ACGTGAACCA TCACCCMAAT CAAGTTITTT GGGGTCGAGG TGCCGTARAG
4681 CACTARATCG GAACCCTAAR GGGAGCCCCC GATTTAGAGC TTGACGGGGA AAGCCGGCGA
4741 ACGTGGCGAG ARAGGAAGGG AAGAAAGCGA AAGGAGCGGG CGCTAGGGCG CTGGCAAGYG
4801 TAGCGGTCAC GCTGCGCGTA ACCACCACAC CCGCCGCGCT TAATGCGCCG CTACAGGGCG
4861 CGTAAAAGGA TCTAGGTGAA GATCCTTTTT GATAATCTCA TGACCAAAAT CCCTTAACGT
4921 GAGTTTTCGT TCCACTGAGC GTCAGACCCC GTAGAARAGA TCAARGGATC TTCTTGAGAT
4981 CCTTTTITIC TGCGCGTAAT CTGCTGCTIG CARACARAAR AACCACCGCT ACCAGCGGIG
5041 GTTTGTTTGC CGGATCAAGA GCTACCAACT CTTTTTCCGA AGGTAACTGG CTTCAGCAGA
5101 GCGCAGATAC CAAATACTGT CCTTCTAGTG TAGCCGTAGT TAGGCCACCA CTTCAAGRAC
5161 TCTGTAGCAC CGCCTACATA CCTCGCICTG CTAATCCIGT TACCAGTGGC TGCTGCCAGT
5221 GGCGATAAGT CGTGTCTTAC CGGGTTGGAC TCAAGACGAT AGTTACCGGA TAAGGCGCAG
5281 CGGTCGGGCT GAACGGGGGS TTCGTGCACA CAGCCCAGCT TGGAGCGAAC GACCTACACC
5341 GAACTGAGAT ACCTACAGCG TGAGCTATGA GAAAGCGCCA CGCTTCCCGA AGGGAGAAAG
5401 GCGGACAGGT ATCCGGTAAG CGGCAGGGTC GGAACAGGAG AGCGCACGAG GGAGCTTCCA
5461 GGGGGARACG CCTGGTATCT TTATAGICCT GTCGGGTTTC GCCACCTCIG ACTTGAGCGT
§521 CGATITTTGT GATGCTCGIC AGGGGGGCGG AGCCTATGGA AAAACGCCAG CAACGCGGCC
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FIG. 3-4
pIH1684

5561 TTTITACGGT TCCTGGCCIT TTGCTGGCCT TTTGCTCACA TGTTCTTTCC TGCGTTATCC
5641 CCTGATTCTG TGGATAACCG TATTACCGCC TTTGAGTGAG CTGATACCGC TCGCCGCAGC
5701 CGRACGACCG AGCGCAGCGA GTCAGTGAGC GAGGAAGCGG AAGAGCGCCT GATGCGGTAT
5761 TITCTCCTTA CGCATCTGTG CGGTATTICA CACCGCATAT ATGGTGCACT CTCAGTACAA
5821 TCTGCTCTGA TGCCGCATAG TTAAGCCAGT ATACACTCCG CTATCGCTAC GTGACTGGGT
5881 CATGGCTGCG CCCCGACACC CGCCARCACC CGCTGACGCG CCCTGACGGG CTTGTCTGCT
5941 CCCGGCATCC GCTTACAGAC AAGCTGTGAC CGTCTCCGGG AGCTGCATGT GTCAGAGGIT
6001 TTCACCGTCR TCACCGAAAC GCGCGAGGCA GCTGCGGIAA AGCTCATCAG CGTGGTCGIG
6061 CAGCGATTCA CAGATGICIG CCIGTTCATC CGCGICCAGC TCGTTGAGTT TCTCCAGAAG
6121 CGTTARTGIC TGGCTTCTGA TAAAGCGGGC CATGTTAAGG GCGGTTTTIT CCTGTTIGGT
6181 CACTGATGCC TCCGTGTAAG GGGGATTTCT GTTCATGGGG GTAATGATAC CGATGAAACG
6241 AGAGAGGATG CTCACGATAC GGGTTACTGA TGATGAACAT GCCCGGTTAC TGGAACGITG
6301 TGAGGGTAAA CAACTGGCGG TATGGATGCG GCGGGACCAG AGAAAMATCA CTCAGGGTCA
6361 ATGCCAGCGC TTCGTTAATA CAGATGIAGG TGITCCACAG GGTAGCCAGC AGCATCCTGC
6421 GATGCAGATC CGGAACATAA TGGTGCAGGG CGCTGACTTC CGCGITICCA GACTTTACGA
6481 AACACGGAAA CCGAAGACCA TTCATGITGT TGCTCAGGIC GCAGACGTTT TGCAGCAGCA
6541 GTCGCTTCAC GTTCGCTCGC GTATCGGIGA TTCATTCTGC TAACCAGTAA GGCAACCCCG
6601 CCAGCCTAGC CGGGTCCTCA ACGACAGGAG CACGATCATG CGCACCCGTG GCCAGGACCC
6661 AACGCTGCCC GAAATT
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FIG. 4-1
pIHIST3 (SEQ ID NO:18)

1 CCGACACCAT CGARTGGTGC AARACCTTTC GCGGTATGGC ATGATAGCGC CCGGAAGAGA
61 GICAATICAG GGTGGIGAAT GTGAAACCAG TAACGITATA CGATGTCGCA GAGTATGCCG
121 GIGTCTCTTA TCAGACCGIT TCCCGCGTGE TGAACCAGGC CAGCCACGTT TCTGCGAAAA
181 CGCGGGAARA AGTGGAAGCG GCGATGGCGG AGCTGAATTA CATTCCCAAC CGCGTGGCAC
241 AACAACTGGC GGGCARACAG TCGTTGCTGA TTGGCGTTGC CACCICCAGT CTGGCCCTGE
301 ACGCGCCGTC GCAMATTGTC GCGGCGATTA AATCTCGCGC CGATCAACTG GGTGCCAGCG
361 TGGTGGTGTC GATGGTAGAA CGAAGCGGCG TCGAAGCCTG TAAAGCGGCG GTGCACAATC
421 TICTCGCGCA ACGCGTCAGT GGGCTGATCA TTAACTATCC GCTGGATGAC CAGGATGCCA
481 TTGCTGTGGA AGCTGCCTGC ACTAATGITC CGGCGTTATT TCTTGATGIC YCTGACCAGA
541 CACCCATCAR CRGTATTATT TTCTCCCATG AAGACGGTAC GCGACTGGGC GTGGAGCATC
601 TGGTCGCATT GGGICACCAG CAAATCGCGC TGTTAGCGGG CCCATTAAGT TCTGICTCGS
661 CGCGTCTGCG TCTGGCTGGC TGGCATARAT ATCTCACTCG CAATCAMATT CAGCCGATAG
721 CGGARCGGGA AGGCGACTGS AGTGCCATGT CCGGTTTTCA ACAAACCATG CAARTGCTGA
781 ATGAGGGCAT CGITCCCACT GCGATGCTGG TTGCCAACGA TCAGATGGCG CTGGGCGCAA
. 841 TGCGCGCCAT TACCGAGTCC GGGCTGCGCG TTGGTGCGGA TATTICGGTA GTGGGATACG
901 ACGATACCGA AGACAGCTCA TGTTATATCC CGCCGTTAAC CACCATCAAA CAGGATTTTC
961 GCCTGCTGGG GCAAACCAGC GIGGACCGCT TGCIGCAACT CTCTCAGGGC CAGGCGGTGA
1021 AGGGCAATCA GCTGTTGCCC GTCTCACTGG TGAAAAGAAR AACCACCCTG GCGCCCAATA
1081 CGCAARCCGC CICTCCCCGC GCGTTGGCCG ATTCATTAAT GCAGCTGGCA CGACAGGTTT
1141 CCCGACTGGA AAGCGGGCAG TGAGCGCAAC GCAATTAATG TAAGITAGCT CACTCATTAG
1201 GCACAATTCT CATGTTTGAC AGCTTATCAT CGACTGCACG GIGCACCAAT GCTTCTGGCG
1261 TCAGGCAGCC ATCGGAAGCT GTGGTATGGC TGTGCAGGTC GTAAATCACT GCATAATTCG
1321 TGTCGCTCAA GGCGCACICC CGITCIGGAT AATGTTTTTT GCGCCGACAT CATAACGGTT
1381 CTGGCARATA TTCTGAAATG AGCTGTTGAC AATTAATCAT CGGCICGTAT AATGTGTGGA
1441 ATTGTGAGCG GATAACAATT TCACACAGGA AACAGCCAGT CCGTTTAGGT GTTTTCACGA
1501 GCAATTGACC AACAAGGACC ATAGATTATG AAAATCGAAG AAGGTAAACT GGTAATCTGG
1561 ATTAACGGCG ATAAAGGCTA TAACGGICTC GCTGAAGTCG GTAAGAAATT CGAGARAGAT
1621 ACCGGRATTA ARGICACCGT TGAGCATCCG GATAAACTGG AAGAGAAATT CCCACAGGIT
1681 GCGGCAACTG GCGATGGCCC TGACATTATC TTCTGGGCAC ACGACCGCTT TGGTGGCTAC
1741 GCICAATCTS GCCTGTTO60 TGAAATCACC CCGGACAARG CGTTCCAGGA CAAGCTGTAT
1801 CCGTTTACCT GGGATGCCGT ACGITACAAC GGCAAGCTGA TIGCTTACCC GATCGCTGIT
1861 GAAGCGTTAT CGCIGATTTA TAACAAAGAT CTGCTGCCGA ACCCGCCAAA ARCCTGGGAA
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FIG. 4-2
pIE1673

1921 GAGATCCCGG CGCTGGATAA AGAACTGAAR GCGAARGGTA AGAGCGCGCT GATGTTCAAC
1961 CTGCARGAAC CGTACTTCAC CTGGCCGCTG ATTGCIGCTG ACGRGGGITA TGCGTICAAG
2041 TATGARAACG GCAAGTACGA CATTARAGAC GTGGGCGTGG ATAACGCTGG CGCGAAAGCG
2101 GGICTGACCT TCCTGGITGA CCTGATTAAA ARCARACACA TGAATGCAGA CACCGATTAC
2161 TCCATCGCAG AAGCTGCCTT TAATAAAGGC GARACAGCGA TGACCATCAA CGGCCCGTGG
2221 GCATGGTCCA ACATCGACAC CAGCAARGTG ARTTATGGTG TAACGGTACT GCCGRCCTIC
2281 AMGGGTCAAC CATCCAAACC GTTCGITGGC GTGCTGAGCG CAGGTATTAA CGCCGCCAGT
2341 CCGAACRAAG AGCTGGCAAA AGAGTTCCIC GARAACTATC TGCTGACTGA TGAAGGICTG
2401 GAAGCGGTTA ATARAGACAR ACCGCTGGGT GCCGTAGCGC TGAAGTCTTA CGAGGARGAG
2461 TTGGTGARAG ATCCGCGGAT TGCCGCCACT ATGGAARACG CCCAGARAGG TGAAATCATG
2521 CCGAACATCC CGCAGATGIC CGCTTTCIGG TATGCCGITC GAACTGCGGT GATCAACGCC
2581 GCCAGCGGIC GICAGACTGT CGATGAAGCC CTGARAGACG CGCAGACTAA TTCGAGCTCG
2641 AACAACAACA ACAATAACAA TAACAACAAC CTCGGGATCG AGGGAAGGAT TTCACATATG
2101 TCCATGGGECG GCCGCGATAT CGICGACGGA TCCGAATTCC CTGCAGGTAR TTAAATAAGC
2761 TICAAATAAR ACGAAAGGCT CAGICGAAAG ACTGGGCCTT TCGITITATC TGTTGITIGI
2821 CGGTGAACGC TCTCCTGAGT AGGACAAATC CGCCGGGAGC GGATTTGAAC GTTGCGAAGC
2881 AACGGCCCGG AGGGTGACGG GCAGGACGCC CGCCATAAC TGCCAGGCAT CARATTAAGC
2941 AGRAGGCCAT CCTGACGGAT GGCCTITITG CGTTTCTACA AACICTTICG GICCGTIGIT
3001 TATTTTTCTA AATACATTCA AATATGTATC CGCTCATGAG ACAATAACCC TGATAARTGC
3061 TTCAATAATA TTGAARARGG ARGAGTATGA GTATTCAACA TTICCGTGIC GCCCTTATIC
3121 CCTTTITTGC GGCATTTIGC CTICCIGITY TTGCTCACCC AGAAACGCTG GIGAAAGTAA
3181 ARGATGCTGA AGATCAGTTG GGIGCACGAG TGGGTTACAT CGAACTGGAT CTCAACAGCG
3241 GTAAGATCCT TGAGAGTTTT CGCCCCGAAG AACGITTCCC AATGATGAGC ACTITTAAAG
3301 TTCTGCTATG TGGCGCGGIA TTATCCCATG TTGACGCCGG GCAAGAGCAA CTCGGTCGCC
3361 ACATACACTA TTCTCAGAAT GACTTGGITG AGTACICACC AGTCACAGAA ARGCATCTTA
3421 CGGATGGCAT GACAGTAAGA GAATTATGCA GTGCTGCCAT AACCATGAGT GATAACACTG
3481 CGGCCAACTT ACTTCTGACA ACGATCGGAG GACCGAAGGA GCTARCCGCT TTTTTGCACA
3541 ACATGGGGGA TCATGTAACT CGCCTTGATC GITGGGAACC GGAGCTGAAT GAAGCCATAC
3601 CAAACGACGA GCGTGACACC ACGATGCCTG TAGCAATGGC AACAACGTIG CGCAAACTAT
3661 TAACTGGCGA ACTACTTACT CTAGCTTCCC GGCAACAATT AATAGACTGG ATGGAGGCGG
3721 ATARAGTEGCEAGEACTACTY CRGCOCTCGERCOCTICHREC TGGCIGGTTT ATTGCTGATA
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FIG. 4-3
pIB1873

3781 ARTCTGGAGC CGGTGAGCGT GGGTCTCGCG GIATCATTGC AGCACTGGGG CCAGATGGTA
3841 AGCCCTCCCG TATCGTAGIT ATCTACACGA CGGGGAGTCA GGCAACTATG GATGAACGAA
3901 ATAGACAGAT CGCTGAGATA GGTGCCICAC TGATTAAGCA TTGGTAACTG TCAGACCAAG
3961 TTTACTCATA TATACTTTAG ATTGATTTCC TTAGGACTGA GCGTCAACCC CGTAGAAAAG
4021 ATCAAAGGAT CTTCTTGAGA TCCTTTTTTT CTGCGCGTAA PCIGCTGCTT GCAAACAARA
4081 AAACCACCGC TACCAGCGGT GGTTTGTTTG CCGGATCAAG AGCTACCAAC TCTTTTTCCG
4141 AAGGTAACTG GCTTCAGCAG AGCGCAGATA CCAAATACTG TCCTTCTAGT GTAGCCGTAG
4201 TTAGGCCACC ACTTCAAGAA CTCTGTAGCA CCGCCTACAT ACCTCGCTCT GCTAATCCTG
4261 TTACCAGTGG CTGCTGCCAG TGGCGATAAG TCGTGICTTA CCGGGTTGGA CTCAAGACGA
4321 TAGITACCGG ATAAGGCGCA GCGGTCGGGC TGAACGGGGG GITCGIGCAC ACAGCCCAGC
4381 TTGGAGCGAA CGACCTACAC CGAACTGAGA TACCTACAGC GTGAGCTATG AGAAAGCGCC
4441 ACGCTTCCCG AAGGGAGAAA GGCGGACAGG TATCCGGTAA GCGGCAGGGT CGGAACAGGA
4501 GAGCGCACGA GGGAGCTTCC AGGGGGAAAC GCCTGGTATC TTTATAGTCC TGTCGGGTTT
4561 CGCCACCTCT GACTTIGAGCG TCGATTTTTG TGATGCTCGT CAGGGGGGCG GAGCCTATGG
4621 AAARACGCCA GCAACGCGGC CTTTTTACGG TTCCTGGCCT TTTGCTGGCC TTTTGCTCAC
4681 ATGTTCTTTC CTGCGTITATC CCCTGATTCT GIGGATAACC GTATTACCGC CTTTGAGTGA
4741 GCTGATACCG CTCGCCGCAG CCGAACGACC GAGCGCAGCG AGTCAGTGAG CGAGGAAGCG
4801 GAAGAGCGCC TGATGCGGTA TTTTCTCCIT ACGCATCTGT GCGGTATTTC ACACCGCATA
4861 TAAGGTGCAC TGTGACTGGG TCATGGCTGC GCCCCGACAC CCGCCAACAC CCGCTGACGC
4921 GCCCTGACGG GCTTGTCTGC TCCCGGCATC CGCTTACAGA CAAGCTGTGA CCGTCTCCGS
4981 GAGCTGCATG TGICAGAGGT TTTCACCGIC ATCACCGAAR CGCGCGAGGC AGCTGCGGTA
5041 ARGCTCATCA GCGTGGTCGT GCAGCGATIC ACAGATGTCT GCCTGITCAT CCGCGTCCAG
5101 CTCGTTGAGT TTCTCCAGAR GCGITAATGT CTGGCTTCTG ATAAAGCGGG CCATGTTAAG
5161 GGCGGITTIT TCCTGITTGG TCACTGATGC CTCCGTGTAA GGGGGATTTC TGTTCATGGG
5221 GGTAATGATA CCGATGAAAC GAGAGAGGAT GCTCACGATA CGGGTTACTG ATGATGAACA
5281 TGCCCGGTTA CTGGAACGTT GTGAGGGTAA ACAACTGGCG GTATGGATGC GGCGGGACCA
5341 GAGAAARATC ACTCAGGGTC AATGCCAGCG CITCGTTAAT ACAGATGTAG GTGTTCCACA
5401 GGGTAGCCAG CAGCATCCTG CGATGCAGAT CCGGAACATA ATGGTGCAGG GCGCTGACTT
3461 CCGCGTTTCC AGACTTIACG AAACACGGAA ACCGAAGACC ATTCATGITG TTGCTCAGGT
5521 CGCAGACGTT TTGCAGCAGC AGICGCTTCA CGITCGCTCG CGTATCGGTG ATTCATTCTG
5581 CTAACCAGTA AGGCAACCCC GCCAGCCTAG CCGGGTCCTC AACGACAGGA GCACGATCAT
5641 GCGCACCCGT GGCCAGGACC CAACGCTGCC CGAAATT
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