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METHODS AND MOLECULES FOR YIELD
IMPROVEMENT INVOLVING METABOLIC
ENGINEERING

RELATED APPLICATIONS

This application 1s a National Phase application of Inter-
national Application No. PCT/US2010/036902 filed Jun. 1,

2010, which claims priority to and the benefit of U.S.
Provisional Application No. 61/182,839, filed Jun. 1, 2009.

The entire teachings of the above applications are icorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

In general, the invention relates to metabolic engineering
of cells for the enhanced production of a cellular product.

Metabolic engineering involves the industrial production
of chemicals from biological sources. Typically, a microbe
such as a bacterium or a single-celled eukaryote 1s engi-
neered to produce a compound in large amounts that 1s
normally produced in small amounts or not at all. Examples
of compounds produced by metabolic engineering include
ethanol, butanol, lactic acid, various vitamins and amino
acids, and artemisinin. Metabolic engineering generally
ivolves genetic modification of a host organism, such as
expression of foreign genes to make enzymes that synthesize
compounds that may not be native to the host organism,
overexpression of genes using strong promoters, 1mtroduc-
tion of mutations that alter allosteric regulation, and intro-
duction of mutations that limit the production of alternative
products.

It 1s generally desirable to produce compounds as cheaply
and efliciently as possible. One major cost 1n metabolic
engineering 1s the ‘feedstock’—the mixture of nutrients used
in the medium 1n which the microbe grows. The feedstock
typically includes a carbohydrate source, a source of fixed
nitrogen, sources of sulfur, phosphorus, and so on, as well as
any specific nutritional requirements. One significant prob-
lem 1n metabolic engineering 1s that even under conditions
of product production, much of the feedstock 1s channeled
into other metabolic pathways that contribute to growth of
the organism and production of its biomass. A second
problem 1s the cost of the feedstock itself, especially when
the feedstock includes, in addition to a carbohydrate, mol-
ecules that fulfill auxotrophic requirements. Therefore, there
1s a need 1n the art to limit production of biomass during
metabolic engineering and also to reduce the cost of the
feedstock.

SUMMARY OF THE INVENTION

The mvention generally provides improved cells, mol-
ecules, and methods for synthesis of products by metabolic
engineering. In a general embodiment, the invention pro-
vides an engineered cell that synthesizes a product more
cost-ellectively than current methods by making use of a cell
with the following characteristics. The cell contains one or
more proteins that include an enzymatic function with an
engineered connection to a sequence that can promote
degradation of the protein. The cell also includes a regula-
tory system such that upon addition or withdrawal of a
regulatory factor, which may be a chemical, a protein,
photons, temperature, or any other factor, the degradation of
the protein 1s enhanced. As a result, the metabolism of the
cell 1s altered so that the synthesis and/or secretion of a
desired product 1s enhanced. In a further embodiment, the
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desired product 1s obtained from the cell or the medium. The
enzymatic function may promote growth of the cell during
an expansion phase or may allow the culturing and expan-
sion of the cell with less or none of an expensive feedstock
component.

In a preferred embodiment, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, synthesis and/or secretion of
a desired product 1s consequently enhanced, and wherein the
enzyme 1s a catabolic enzyme.

In a preferred embodiment, the mvention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, synthesis and/or secretion of
a desired product is consequently enhanced, and wherein the
enzyme 1s an anabolic enzyme.

In a preferred embodiment, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, synthesis and/or secretion of
a desired product 1s consequently enhanced, and wherein the
enzyme 1s an anabolic enzyme.

In a preferred embodiment, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, synthesis and/or secretion of
a desired product is consequently enhanced, and wherein the
cell 1s a bactenal cell.

In a preferred embodiment, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, synthesis and/or secretion of
a desired product 1s consequently enhanced, and wherein the
cell 1s a fungal cell.

In a preferred embodiment, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, synthesis and/or secretion of
a desired product i1s consequently enhanced, and wherein the
cell 1s an 1nsect cell, a plant cell, a protozoan cell, or a
mammalian cell.

In a preferred embodiment, the mvention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, synthesis and/or secretion of
a desired product is consequently enhanced, and wherein the
regulatory system controls synthesis of the protein.

In a preferred embodiment, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
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tion of the protein 1s enhanced, synthesis and/or secretion of
a desired product 1s consequently enhanced, and wherein the
regulatory system controls synthesis of a second factor that
controls the degradation of the protein.

In a preferred embodiment, the mmvention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, synthesis and/or secretion of
a desired product is consequently enhanced, and wherein the
sequence that can promote degradation of the protein
includes an amino acid sequence that differs from the
sequence Ala-Ala-Asn-Asp-Glu-Asn-Tyr-Ala-Leu-Ala-Ala
(SEQ ID NO: 1) by at most four amino acid substitutions or
deletions.

In a distinct class of embodiments, the invention provides
an engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, wherein the enzymatic
function 1 an amino acid biosynthetic function.

In a preferred embodiment, the mmvention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, wherein the enzymatic
function 1s part of aromatic amino acid synthesis.

In a distinct set of embodiments, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, wherein the enzymatic
function 1s part of the tricarboxylic acid cycle.

In a distinct set of embodiments, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, wherein the enzymatic function 1s
part of fatty acid synthesis, the oxidative pentose phosphate
pathway, or glycolysis.

In a distinct set of embodiments, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, wherein the enzymatic function 1s a
kinase, an acetyl-CoA-producing enzyme, an enzyme that
jo1ns two carbon-containing reactant molecules 1nto a single,
carbon-containing product molecule, and an allosterically
regulated enzyme

In a distinct set of embodiments, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, wherein enzymatic function is pyru-
vate kinase, shikimate kinase, pyruvate dehydrogenase, cit-
rate synthase, and DAHP synthase.

In a distinct set of embodiments, the invention provides an
engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, wherein the enzymatic function 1s
hexokinase, glucokinase, glucose-6 phosphatase, glucose-6-
phosphate dehydrogenase, glucose phosphate 1somerase,
phosphoiructokinase, fructose bisphosphate aldolase, glyc-
craldehyde phosphate dehydrogenase, triose phosphate
isomerase, phosphoglyceromutase, enolase, phospho-
enolpyruvate carboxykinase, pyruvate Kkinase, pyruvate
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dehydrogenase, pyruvate decarboxylase, pyruvate-formate
lyase, lactate dehydrogenase, pyruvate carboxylase, citrate
synthase, aconitate hydratase, isocitrate dehydrogenase,
2-oxoglutarate dehydrogenase, dihydrolipoamide succinyl-
transierase, succinyl-CoA ligase, succinyl-CoA hydrolase,
succinate dehydrogenase, fumarase, malate dehydrogenase,
malate synthase, 1socitrate lyase, 2-oxoglutarate synthase,
glutamate synthase, glutamate dehydrogenase, acetate CoA-
ligase, acetyl-CoA carboxylase, malonyl-CoA transferase,
acyl-carrier protein acetyltransierase, glutamine synthase,
pyrroline-5-carboxylase reductase, glutamate ammonia
ligase, aspartate transaminase, ornithine carbamoyl-trans-
ferase, arginino-succinate synthetase, aspartate-carbamoyl-
transferase, arginino-succinate lyase, arginase, a tRNA
charging enzyme, tyrosine transaminase, anthranilate syn-
thase, prephenate dehydratase, prephenate dehydrogenase,
chorismate mutase, chorismate synthase, 3-phosphoshiki-
mate carboxyvinyltransierase, shikimate kinase, shikimate
dehydrogenase, 3-dehydroquinate dehydratase, 3-dehydro-
quinate synthase, DAHP synthase, D-phosphoglycerate
dehydrogenase, phosphoserine transaminase, phosphoserine
phosphatase, glycerol kinase, PRPP synthase, histidinol
dehydrogenase, glucosamine acetyltransierase, glycogen
synthase, 6-phosphoglucose lactonase, phosphogluconate
dehydrogenase, ribose-5-phosphate isomerase, carbamoyl
phosphate synthase, i1sopentenyl-diphosphate 1somerase,
dimethylallyl transferase, mevalonate kinase, HMG-CoA
reductase, NADP/NAD oxidoreductase, formate dehydro-
genase, hydrogenase, mitrate reductase, nitrite reductase,
farnesyl-trans-transierase, geranyl-trans-transierase, AITP
phosphoribosyl transferase, amido-P-ribosyl {transierase,
and arginine decarboxylase.

In a related embodiment, the invention also features
nucleic acids encoding proteins, in which the nucleic acid
comprises a sequence encoding a protein having any of the
above enzymatic activities.

In a distinct class of embodiments, the invention provides
an engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, wherein the regulatory
system 1nvolves expression ol an anti-sense RNA.

In a distinct class of embodiments, the invention provides
an engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, wherein the regulatory
system controls the expression of a protein that promotes
degradation of the artificial protein.

In a distinct class of embodiments, the invention provides
an engineered cell that contains a protein that includes an
enzymatic function and a sequence that can promote deg-
radation of the protein, a regulatory system such that upon
addition or withdrawal of a regulatory factor, the degrada-
tion of the protein 1s enhanced, wherein the regulatory
system controls replication or segregation of a plasmad.

The mmvention also provides nucleic acids encoding pro-
teins, wherein the nucleic acid comprises a sequence encod-
ing an enzyme fused to a sequence that can promote deg-
radation of the protein, wherein the enzyme 1s an amino acid
biosynthetic protein, a protein 1n the tricarboxylic acid cycle,
a glycolytic enzyme, a fatty acid biosynthetic enzyme, or an
enzyme of the oxidative pentose phosphate pathway, and
wherein the nucleic acid further comprises an engineered
operable linkage to a regulatory element.
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The 1invention also provides nucleic acids encoding pro-
teins, wherein the nucleic acid comprises a sequence encod-

ing a shikimate kinase enzymatic activity fused to a
sequence that can promote degradation of the protein, and
wherein the nucleic acid optionally comprises an engineered
operable linkage to a regulatory element.

The invention also provides methods of production, in
which a cell containing a protein that includes an enzymatic
function with an engineered connection to a sequence that
can promote degradation of the protein 1s induced to undergo
a regulatory switch that promotes degradation of the protein,
enhanced synthesis of a desired product results, and the
product 1s obtained from the culture of the cell.

In a preferred embodiment, the mvention also provides
methods of production, in which a cell contaiming a protein
that includes an enzymatic function with an engineered
connection to a sequence that can promote degradation of
the protein 1s 1induced to undergo a regulatory switch that
promotes degradation of the protein, enhanced synthesis of
a desired product results, the product 1s obtained from the
culture of the cell, and the product 1s purified.

In a more preferred embodiment, the imvention provides
methods of production of shikimic acid, in which a cell
containing a protein that includes an shikimate kinase enzy-
matic activity with an engineered connection to a sequence
that can promote degradation of the protein 1s induced to
undergo a regulatory switch that promotes degradation of
the protein, enhanced synthesis of a desired product results,
the product 1s obtained from the culture of the cell, and the
product 1s purified.

By “amino acid biosynthetic function” 1s meant an enzy-
matic activity corresponding to a point in metabolism at or
after a point of feedback inhibition by an amino acid.

By “essential gene” of a cell (e.g., microbe) 1s meant a
gene that 1s required for growth of the cell for the production
ol a given product.

Other features and advantages of the invention will be
apparent from the detailed description and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are schematic drawings showing the use
of regulated degradation to enhance production by metabolic
engineering. FIG. 1A shows a genetic construction (1) that
includes a transcriptional regulatory element (2), a transla-
tional element (3), a coding sequence for a protein of interest
such as an enzyme (4), fused in-frame to a coding sequence
for a peptide or protein element that promotes degradation
(5), the fusion protein product (6) that includes an enzymatic
clement (large oval) and a degradation tag that can be
recognized by a protein degradation system (small oval), a
schematic metabolic pathway in which reactions are repre-
sented by arrows (7), with a particular reaction (8) catalyzed
by the enzymatic element of the fusion protein, leading to
production of an undesired product (diamond, 9), as well as
an alternative pathway leading to production of a desired
product (triangle, 10). FIG. 1B shows the behavior of the
system 1n response to a regulatory change, in which the
levels of the protein (6) are reduced or eliminated; the
reaction leading to the undesired product 1s also reduced or
climinated, leading to enhanced production of the desired
product.

FIG. 2 1s a schematic drawing showing an alternative
metabolic pathway 1n which a desired product (triangle) 1s
an intermediate 1n the production of an undesired product. In
this configuration, the protein that 1s reduced upon a regu-
latory switch catalyzes a reaction that converts the desired
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product into another molecule. When the regulatory switch
1s activated, the protein 1s degraded and the desired product

accumulates.

FIGS. 3A-3E are schematic drawings showing genetic
constructions for regulating the degradation of a protein.
FIG. 3A shows a DNA element (1) that includes a regulated
promoter (2), a coding sequence for an enzyme of interest
(3), and an in-frame coding sequence for a degradation tag
(4). FIG. 3B shows a DNA element similar to that in FIG.
3A, except that 1t encodes an mRNA whose translation 1s
regulated by a regulatory site within the mRNA (§). FIG. 3C
shows a cellular configuration that includes a gene encoding
a protein with a degradation tag, wherein the gene 1is
transcribed, and also includes a second element 1n which the
transcription of an antisense RNA 1s controlled by a regu-
lated promoter (6). When the promoter 1s induced, the
antisense RINA 1s expressed and binds to the mRNA encod-
ing the protein with the degradation tag, blocking 1ts trans-
lation and/or inducing its degradation, for example, by
nucleases recognizing double-stranded RNA. FIG. 3D
shows a cellular configuration that includes a gene encoding,
a protein with a degradation tag, wherein the gene 1is
transcribed, and also includes a second element 1n which the
transcription of a degradation factor 1s controlled by a
regulated promoter (7). FIG. 3E shows a plasmid containing
a gene encoding a protein with a degradation tag, and also
containing an origin of replication that functions 1n a con-
ditional manner (8).

FIG. 4 1s a schematic drawing showing a bacterial cell for
production of L-Valine. The cell contains a plasmid encod-
ing constitutive promoters (1, 3) dniving transcription of 1lvE
(3) and panB (6) fused to ssrA degradation tags variants (4,
7). The protein product from each gene is translated using
the encoded ribosome binding site (2). This plasmid contains
a conditionally-replicated origin (8), allowing for facile
curing of the plasmid (by a temperature shift, for example).
The bacterial chromosome (9) contains mutations rendering
the endogenous copies of 1lvE (10) and panB (11) mactive.

FIGS. 5A and 5B are schematic drawings showing a
bactenial cell for production of L-Valine. Under permissive
conditions (FIG. 5A), a conditionally-replicated plasmid (3)
1s maintained by a cell bearing loss-of-function chromo-
somal mutations (4) 1 specific metabolic enzymes. The
plasmid encodes for the production of ssrA-tagged meta-
bolic enzymes (1, 2) which complement the chromosomal
mutants. Under the permissive conditions, production of
these enzymes outpaces degradation resulting in a steady
state pool of the protein products. Upon shifting to the
restrictive conditions (FI1G. 5B), the plasmid 1s lost from the
cell, essentially terminating synthesis. Under these condi-
tions, an energy-dependent protease (5) degrades the
remaining ssrA-tagged protein products.

DETAILED DESCRIPTION

A central aspect of the mnvention 1s the insight that 1t 1s
useful and {feasible to essentially harness the power of
directed proteolysis to eliminate essential proteins during the
production phase of metabolic engineering. To illustrate this
insight, the generalized principles are described and exem-
plary schemes provided.

Broadly speaking, the methods of the mvention control
either the production, using regulated promoters, or degra-
dation, using fused peptide segments which promote pro-
teolysis (termed ‘degradation tags’), of one or more 1mpor-
tant or essential proteins. When a microbe carrying such a
construction 1s to be grown to a large scale, conditions are
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created 1n which the rate of production of the protein of
interest exceeds the combined rates of degradation and
dilution (via cell growth and division) of said protein. Such
‘erowth conditions’ produce suflicient steady-state concen-
trations of the protein of interest to allow for growth and
replication of the microbe. When synthesis of a particular
product 1s desired, the fermentation conditions are perturbed
such that production 1s slowed and/or degradation is has-
tened resulting in depletion of the protein of interest. In
general, the protein of mterest 1s an enzyme that controls a
major competing metabolic flux that does not contribute to
the particular product. Depletion of such an enzyme results
in 1ncreased flux through the desired metabolic pathway
thereby enhancing the production etliciency of the product
ol 1nterest.

In one 1instantiation of this techmique, the protein of
interest 1s fused to a degradation tag and its production 1s
placed under the control of a regulated promoter. Under
‘erowth conditions’, the promoter 1s induced such that
production outpaces the basal levels of degradation. Upon
switching to ‘production conditions’, the regulated promoter
1s repressed, thereby largely or completely terminating syn-
thesis. Targeted protein degradation continues unabated until
the protein of interest i1s essentially completely removed
from the cell.

In an alternative configuration, the gene of interest may
reside on a conditionally-replicated plasmid vector (bearing,
a temperature-sensitive origin, for example). Under the
permissive conditions, the plasmid 1s maintained by the cell,
allowing for robust synthesis of the protein of interest. Upon
moving to non-permissive conditions, the plasmid is lost
from the cell, essentially terminating synthesis of the protein
of interest and, through the aforementioned degradation
pathways, resulting in removal of this protein from the cell.

Those skilled 1n the art of genetic engineering will rec-
ognize that the specific features of this approach can be
varted and yet produce the same general results. For
example, many microbial protein degradation systems, or
components thereof (e.g., adaptors, unfoldases, or pro-
teases), are not essential, so an alternative configuration 1s to
express a component of a protein degradation system from
a regulated promoter and to express the protein of interest,
fused to a degradation tag, from its native promoter or a
weak, foreign promoter. In this configuration, the production
of the protease component 1s repressed during the growth
phase and induced during the production phase. Thus, pro-
tein degradation of the protein of iterest 1s minimal during,
the ‘growth phase’ but can be induced during the ‘production
phase.” This configuration has the advantage of allowing for
the use of a native promoter to drive production of the
targeted essential protein. Such an approach need not be
limited to the endogenous degradation machinery. Foreign
degradation components derived from other organisms may
be introduced into the strain of interest and utilized as
described above. Such approaches obviate the need to per-
turb the endogenous degradation system, extending the
generality of the system to microbes such as S. cerevisiae 1n
which such a degradation system (1.e., the 26S proteasome)
1s essential. Indeed, Grilly et. al. have demonstrated the
ellicacy of E. coli-derived degradation machinery expressed
in Saccharomyces cerevisiae and generated a strain that
allows {for targeted, controlled degradation of suitably
tagged proteins 1n S. cerevisiae (Grilly et al. Mol Syst Biol
3:127 [2007]). Additionally, degradation tags have been
identified for multiple energy-dependent proteases including
ClpAP, ClpXP, HslUV, and Lon (Gur et al. PNAS 106:44
18503-183508 [2008], Gur et al. PNAS 105:42 16113-16118
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[2008], Burton et al. Nat Struct Mol Bio 12(3):245-251
[2005], Flynn et al. Mol Cell 11(3):671-683). As such,
addition of the appropriate tag to the protein ol interest
allows for targeted degradation via each of these proteases
in a variety ol organisms.

When a cell 1s configured to express an inducible degra-
dation factor with a protein of interest fused to a degradation
tag and expressed from a distinctly regulated promoter,
under some circumstances the degradation of the protein of
interest 1s 1nadequate due to continued expression. In such
circumstances, 1t 1s often useful to express an anti-sense
RINA that can inhibit translation of the protein of interest, for
example from the same inducible promoter that regulates the
degradation factor.

Finally, the production of proteolysis inhibitors or acti-
vators may be regulated, either using inducible promoters or
conditionally-replicated plasmids, such that targeted degra-
dation 1s inhibited during the ‘growth phase’ and permaitted
during the ‘production phase’. These alternative configura-
tions 1llustrate that the general strategy of causing the
disappearance of a protein during a ‘production phase” may
be implemented 1n various ways.

To allow for facile induction and repression of the genetic
components (e.g., the degradation tagged gene of interest or
a component ol the degradation system), growth-phase-
dependent promoters may be utilized. The E. coli promoter,
osmY, 1s known to be strongly induced during stationary
phase. The use of this, or a similarly regulated promoter, to
drive production of a degradation component would allow
for minimal degradation during culture growth (exponential
phase) and etlicient degradation once the culture had been
saturated (stationary phase). As such, the gene of interest
could be present during growth of the culture and later
depleted allowing for eflicient production of the small
molecule of interest.

Alternatively, an exponential-phase promoter may be
used to drive production of the protein of interest. During
growth, production would outpace degradation, allowing for
suflicient steady-state levels of this protein to support
growth. Upon entering stationary phase, this promoter
would be down-regulated, slowing production and allowing
for degradation to remove the protein from the cell, thereby
terminating growth and improving the production efliciency
of the molecule of interest. The principles of the invention
may also be applied 1n a eukaryotic system.

For example, yeasts are often used in the production of
cthanol from a carbohydrate. In general, ethanol formation
1s promoted by pyruvate decarboxylase, while use of carbon
for biomass production 1s promoted by the pyruvate dehy-
drogenase complex. Accordingly, to enhance the efliciency
of ethanol production 1n yeast, pyruvate dehydrogenase 1s
mampulated as follows. A chromosome gene encoding a
subunit of the pyruvate dehydrogenase complex (PDH) 1s
knocked out according to standard procedures. The corre-
sponding gene 1s placed under control of a regulated pro-
moter, such as a GAL1 promoter, GAL7 promoter or GAL10
promoter, which are inducible by galactose, or the CUPI
promoter, which 1s inducible by copper, zinc and other metal
ions. The coding sequence for the subunit of the pyruvate
dehydrogenase complex 1s also fused to a sequence encod-
ing a protein segment that promotes ubiquitination. For
example, an F box protein segment 1s used as a fusion
partner to promote degradation of the subunit of the PDH.
Zhou et al. (Molecular Cell [2000] 6:751-756, the entirety of
which 1s incorporated by reference) describe how to con-
struct an F box fusion to a second protein and express the
protein 1n yeast and also in mammalian cells. In a specific
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illustration, a CUPI1(promoter)-Fbox-PDH subunit genetic
construction 1s placed 1n a yeast cell with a knockout of the
corresponding chromosomal gene encoding the PDH sub-
unit, the yeast cell 1s grown 1n the presence of an inducing
metal 1on, the inducing metal 10on 1s withdrawn, and

enhanced ethanol production results.
Production of Lactic Acid

In scaled-up conditions for production of chemicals, 1t 1s
typical to use low-cost carbohydrate sources such as glu-
cose, sucrose, molasses, high-fructose corn syrup, depo-
lymerized cellulosic biomass, or glycerol as a carbon source.
To produce cellular constituents such as amino acids and
fatty acids, much of the carbon flux from such carbon
sources goes through pyruvate and acetyl-CoA. The latter
molecule 1s the starting point for both the citric acid cycle
(also known as the TCA cycle or the Krebs cycle), as well
as Tatty acid synthesis. Thus, when glucose or an equivalent
molecule 1s used as a carbon source, the process for con-
verting pyruvate to acetyl-CoA 1s an essential process for
growth of typical organisms used 1n metabolic engineering
such as yeast or E. coli.

According to the invention, for example, when the goal 1s
to produce a lactic acid, 1t 1s useful to eliminate the com-
peting reaction of the conversion of pyruvate to acetyl-CoA.
It 1s generally not useful to simply mutate the gene or genes
involved 1n this process, as they are often important or
essential during the organism’s growth phase. In the specific
case of E. coli, two major systems exist for converting
pyruvate to acetyl-CoA: pyruvate dehydrogenase and pyru-
vate-formate lyase. Mutational mactivation of both of these
systems prevents growth on glucose as a sole carbon source.
According to the invention, one of these systems, such as
pyruvate-formate lyase (which functions under anaerobic
conditions) 1s mutated, and pyruvate dehydrogenase 1s engi-
neered to be active under conditions of growth, but is then
post-translationally inactivated. Two specific methods of
inactivation are provided by the invention, degradation by
proteolysis and enzyme-mediated chemical modification
such as phosphorylation. These forms of post-translational
modification are optionally inducible and are preferably
induced when switching from growth conditions to produc-
tion conditions. It 1s also generally useful to turn off tran-
scription of the relevant genes upon switching to production
conditions.

In a specific embodiment of the invention, the proteolysis

method may be employed as follows. Many bacteria, includ-
ing E. coli, possess compartmentalized, energy-dependent
proteases that recogmze their substrates via short, fused
peptide tags. Experiments 1n vitro and 1n vivo have shown
that incorporation of such tags into foreign proteins 1s
suilicient to direct eflicient proteolysis of the targeted pro-
tein. The best characterized tag, ssrA, 1s derived from a
system for degrading incorrectly translated proteins. Said
system 1nvolves the ssrA tag sequence (Ala-Ala-Asn-Asp-
Glu-Asn-Tyr-Ala-Leu-Ala-Ala 1n £. coli; SEQ ID NO: 1),
an adaptor protein encoded by sspB that recognizes the
ssrA-encoded peptide, and a series of downstream-function-
ing proteins (ClpX, ClpA, and ClpP) that unfold and degrade
the tagged protein (Sauer et al., Cell 119:9-18 [2004]; Flynn

et al., PNAS 98:10584-10589 [2001]). Normally, this ssrA

tag sequence 1s incorporated into partially translated proteins
where the ribosome has stalled due to a truncated or other-
wise defective mRNA. According to the invention, this
sequence or a variation thereof 1s incorporated into a protein
of 1nterest such as pyruvate dehydrogenase at the C-termi-
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nus. In one vanation of the invention, the DNA sequence
encoding the pyruvate dehydrogenase-ssrA fusion protein 1s
expressed from an inducible/repressible promoter, and 1s
repressed upon switching engineered bacteria from growth
conditions to production conditions. Without wishing to be
bound by theory, the pyruvate dehydrogenase-ssrA fusion

protein 1s degraded at a constant rate, and when the tran-
scription of the gene 1s halted, the mRINA naturally decays
and the protein also decays due to the ssrA tag. According
to the invention, the user may choose from a wild-type tag

or various mutant tags, depending on the desired eflicacy of
binding between the protease and the substrate. Since the
degradation rate of a protein-ssrA fusion will vary somewhat
as a Tunction of the protein sequence and the intracellular
substrate concentration, some routine experimentation 1s
required to identify an optimal ssrA degradation tag.

Interestingly, experiments have demonstrated that the
adaptor protein, SspB 1s strictly required for eflicient deg-

radation of proteins bearing some mutant ssrA tags (for
example, AANDENYADAS; SEQ ID NO: 2) (McGinness et

al., Mol. Cell 22(5):701-707 [2006]). According to the
invention, an alternative configuration 1s the regulated
expression of SspB i1n a strain 1n which the chromosomal
copy ol pyruvate dehydrogenase has been fused to the
mutated ssrA tag. In this way, the native control elements of
pyruvate dehydrogenase remain unperturbed.

Extending this 1dea, adaptors from other bactenia (C.
crescentus CC_2101, for example) have been identified
which bind their cognate ssrA tags (AANDNFAEEFAVAA
in C. crescentus; SEQ ID NO: 3) and are capable of
delivering bound substrates to £. coli ClpXP for degradation
(Chien et al., Structure 15(10):1296-1305; Griflith et al., Mol
Microbiol 70(4):1012-1025; Chowdhury et al., Protein Sci-
ence 19(2):242-254). Cntically, vanants of these foreign
tags are not bound by the £. coli SspB variant allowing for
control of suitably tagged substrates via the foreign adaptor.
According to the invention, the chromosomal copy of pyru-
vate dehydrogenase 1s fused to such a degradation tag. The
cognate adaptor 1s then introduced on a plasmid vector under
the control of a regulated promoter. Pyruvate dehydrogenase
1s targeted for degradation only under conditions 1n which
the foreign adaptor 1s produced. In this manner, both the
endogenous protease system and control elements of pyru-
vate dehydrogenase remain unperturbed.

The aforementioned methods require fusion of the deg-
radation tag to the C-terminus of the protein of interest.
Experiments have shown that proteins can also be targeted
for degradation by ClpXP via N-terminal degradation tags
(Flynn et. al., Mol Cell 11(3):671-683). Thus, according to

the invention, one may alternatively fuse N-terminal degra-
dation tags to the protein of interest (for a representative
example, see AO tag, below). Additionally, ClpAP 1s known
to degrade proteins bearing an N-end rule residue (1.e., Leu,
Tyr, Trp, or Phe) at their N-terminus. Fusion of endoprotease
recognition sites which, when cleaved give rise to one of
these N-end rule residues, may also be used to target proteins
for degradation via the N-terminus (Wang et al., Genes Dev
21(4):403-408). For simplicity, the following discussion will
focus on a single implementation in which the protein of
interest 1s targeted for degradation via fusion to an unmodi-
fied E. coli ssrA tag. Any other tag or degradation system
may also be utilized.
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Sample degradation tags include those listed 1n Table 1.
TABLE 1
Wild-type E. coli ssrli tag: AANDENYALARZ
(SEQ ID NO: 1)
Mutant 1: AANDENYADAA
(SEQ ID NO: 4)
Mutant 2: AANDENYAAAA
(SEQ ID NO: 5)
Mutant 3: AANDENYAVAL
(SEQ ID NO: 6)
Mutant 4: AANDENYALDA
(SEQ ID NO: 7)
Mutant b: AANDENYALVA
(SEQ ID NO: 8)
Mutant 6: AANDENYALAG
(SEQ ID NO: 9)
Mutant 7: AANDENYALGG
(SEQ ID NO: 10)
Adaptor-dependent tag AANDENYADAS
(SEQ ID NO: 2)
Wild-type C. crescentus AANDNFAEEFAVAA
ssrhd tag: (SEQ ID NO: 3)
ccSgra Specificity ADNDNFAEEFADAS
Mutant 1: (SEQ ID NO: 11)
MO tag (N-terminal tag) MTNTAKILNFGRAS
(SEQ ID NO: 12)

At low substrate concentrations, the mutant tags allow for
a reduced rate of intracellular degradation relative to the
wild-type tag.

For the case of lactic acid production, the result is that
after switching to a medium that represses synthesis of the
this

degraded over a period of 2-60 minutes depending on the

pyruvate dehydrogenase-ssrA protein, protein 1s
needs of the user, and metabolic flux of carbon 1nto acetyl-
CoA from pyruvate essentially ceases. As a result, flux
through lactate dehydrogenase 1s increased. The method of
the mvention may be employed in combination with other
engineering steps that enhance production of lactic acid,
such as overproduction of lactate dehydrogenase, mutation

of the zwi gene, growth 1n anaerobic conditions, and so on.

Metabolic engineering techniques to improve the biologi-
cal production of amino acids have been applied with great
success to the microbes B. subtilis, C. glutamicum, and E.

coli. Using directed approaches, genes encoding enzymes

that catalyze ofl-pathway reactions have been removed from

the production strain allowing for increased metabolic flux

through the pathway of interest. Additionally, random muta-

genesis and selected breeding approaches have resulted 1n

strains that overproduce the amino acid of interest (Park et
al. PNAS [2007] 104(19):7797-7802). Mapping of said

mutant strains often reveals that genes catalyzing ofl-target

reactions have been inactivated confirming the eflicacy of
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this approach. Oftentimes, the ofl-target pathways catalyze

the production of alternative amino acids and thus inactiva-
tion of these genes results 1n strains auxotrophic for a variety

of amino acids.

According to the invention, 1t 1s both useful and feasible
to control the degradation of essential enzymes which cata-

lyze these off-target reactions. Such controlled degradation
approaches allow for growth of the strain under conditions
in which these targeted enzymes are present and active,
relieving the requirement for amino acid supplemented
media. Upon changing to conditions of robust degradation
or limited production, the targeted enzyme 1s depleted from
the cell, resulting 1n increased metabolic flux through the
pathway of interest and eflicient production of the amino

acid of interest.

In E. coli and the industrially relevant microbe C. gluta-
micum, production of the branched amino acids, L-Leucine,
[.-Valine and the coenzyme A precursor, pantothenate all
utilize the metabolic intermediate, 2-ketoisovalerate. This
intermediate 1s channeled to L-Leucine through the enzyme
leuA, to L-Valine through 1lvE and to panthonate through
panB. According to the mvention, when overproduction of
L-Leucine 1s desired, 1lvE and panB are targeted for degra-
dation as follows. A plasmid bearing a temperature-sensitive
origin as well as ssrA-tagged variants of 1lvE and panB

driven by a constitutive promoter 1s transformed 1nto a host

strain 1n which 1lvE and panB have been knocked out of the
chromosome. Under growth conditions, the plasmid 1s main-
tained and production outpaces degradation. Upon conver-
s10n to production conditions, the plasmid 1s cured from the
cell, thereby eflectively terminating synthesis and allowing
for degradation to remove these enzymes from the cell. As

such, metabolic flux 1s diverted toward the production of

L-Leucine. Alternatively, when L-Valine production 1is

desired, leuA and panB are targeted for degradation as

described above. Critically, such approaches obwviate the

need to supplement the growth media with expensive amino

acids (for example, 1lvE-strains are auxotrophic for L-Valine
and L-Isoleucine) while maintaining the ability to overpro-
duce the small molecule of interest. A variety of other
loss-of-function mutations are known to increase production
of said amino acids (reviewed in Park, Lee Appl. Micribiol.
Biotechnol. [2010] 85:491-596). According to the invention,
such genes are targeted for degradation using the aforemen-
tioned approaches, allowing for eflicient production of the
desired amino acid under degradative conditions and robust

cell growth on non-supplemented media under non-degra-
dative conditions.

Shikimic Acid Production

Another example further illustrates the mmvention. Shi-
kimic acid 1s an intermediate 1n aromatic amino acid syn-
thesis, and 1s also used 1n the chemical synthesis of the drug
Tamitlu® as well as 1n combinatorial chemical libraries. The
pathway for aromatic amino acid synthesis 1s illustrated
below.
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In brief, phosphoenolpyruvate and erythrose-4-phos-
phate, both from central metabolism, are condensed to a
single 7-carbon intermediate that 1s processed through a
series of intermediates that ultimately diverge into separate

pathways for phenylalanine, tryptophan, and tyrosine. Shi-
kimic acid 1s produced by the aroE gene product, and 1s then
converted to shikimate phosphate by shikimate kinase,
which 1n £. coli 1s produced independently by two genes,
aroL and aroK. Current methods for producing shikimic acid
involve the null mutation of both arolL and aroK, blocking
shikimate phosphate production and leading to accumula-
tion of shikimic acid. The aroK arol. double mutant 1s
auxotrophic for tryptophan, tyrosine, and phenylalanine,
cach of which 1s an expensive molecule that must be added
to the feedstock when shikimic acid 1s produced by meta-
bolic engineering.

According to the mvention, a shikimic acid-producing
strain may be engineered as follows. One of the shikimate
kinase genes, e.g., aroL, 1s knocked out by standard proce-
dures. The other, e.g., aroK, 1s expressed with an ssrA
peptide fused to i1ts C-terminus. This fusion protein 1s
expressed from a regulated promoter, such as the lac pro-
moter, a quorum-sensing promoter, a promoter that 1s
repressed 1n low-fixed nitrogen, a promoter that 1s mnduced
by growth on glucose and repressed by growth on glycerol,
or any other promoter that works well 1n the chosen condi-
tions for switching from a growth mode to a production
mode. In thus way, the use of tyrosine, tryptophan, and
phenylalanine can be avoided.

This control of shikimate kinase levels can be coupled to
other strategies to enhance shikimic acid production, some
of which are known 1n the art of metabolic engineering. For
example, 1 E. coli, transport of glucose or most other
carbohydrates normally involves transfer of a phosphate
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from phosphoenolpyruvate onto glucose. It 1s often usetul to
employ an alternative system using a protein that mediates
facilitated diffusion of glucose and related carbohydrates,
instead of the PEP-dependent system; a gene such as the glf

gene from Zymomonas mobilis 1s often used. One common
method 1s to knock out the endogenous ptsl gene and mnstead
express the gltf gene. According to the invention, an alter-
native method 1s to express a ptsl-ssrA fusion protein from
a regulated promoter, and to also constitutively express the
glf gene.

It 1s also useful to mutate genes encoding proteins that
produce alternative products such as quinic acid. Further, 1t
1s useful to 1nactivate the shikimate transporter gene shiA by
mutation, thus preventing re-uptake of shikimate that has
been secreted. These approaches are based on Kraemer et al.
(Metabolic Engineering 5:277-283 [2003], incorporated by
reference herein), which reviews these established tech-
niques and strategies.

According to the invention, 1n addition to blocking func-
tion of shikimate kinase, 1t 1s often useful to block conver-
sion of PEP to pyruvate, which 1s normally catalyzed by the
enzyme pyruvate kinase. Accordingly, a pyruvate kinase-
ssrA fusion protein 1s expressed from a regulated promoter
and the wild-type pyruvate kinase gene 1s 1nactivated. The
result 1s accumulation of PEP, which i1s then used by the
engineered bacteria to produce shikimic acid.

More specifically, to produce shikimic acid in an eco-
nomical manner, an £. coli strain that 1s otherwise wild-type,
for example, MG1635 or W3110, may be engineered to have
the following alterations:

1. The chromosomal copies of aroK and arol. genes are

deleted or otherwise mutated.

2. The chromosomal copy of the ptsl gene 1s optionally

deleted or otherwise mutated.
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3. The glf gene of Zymomonas mobilis 1s constitutively
expressed.

4. The chromosomal copy of the pyruvate kinase gene 1s
optionally deleted.

5. The following gene fusions are constituted into an 5
operon and expressed from a regulated promoter: aroK-
ssrA, and optionally ptsl-ssrA, pyruvate kinase-ssrA.
The operon 1s generated by total gene synthesis from a
commercial supplier, such as DNA 2.0, Mr. Gene, Blue
Heron Biotechnologies, or Genscript. The operon 1s 10
integrated into the £. coli chromosome.

6. The following regulated promoter systems may be
utilized:

a. The bacteriophage lambda P, promoter, in the pres-
ence ol a single copy of the c1857 temperature- 15
sensitive allele of the lambda repressor transcribed
from a constitutive promoter.

b. The lactose operon promoter, 1n the presence of a
single copy of the lacl repressor gene transcribed
from a constitutive promoter. 20

c. A luxR-responsive promoter, in the presence of a
gene encoding the LuxR protein.

7. The strain 1s optionally engineered to express a sucrose
transport system and an invertase.

During the growth phase, the strain 1s grown in a minimal 25
medium such as M9 medium with glucose, sucrose, or
molasses as a carbon source, and 1n the absence of trypto-
phan, tyrosine, or phenylalanine. When the lambda P,
system 1s used, the strain 1s grown at 42° C. Upon switching
to the production phase, the temperature 1s lowered to 30° 30
C., whereupon shikimic acid i1s produced. Without wishing
to be bound by theory, upon the shift to 30° C., the genes
encoding shikimate kinase, pyruvate kinase, and the phos-
photransierase 1 protein are repressed, and the correspond-
ing proteins are degraded and not replaced, since mRNAs 1n 35
E. coli are generally unstable and have a half-life of only a
few minutes. The cessation of aromatic amino acid synthesis
leads to an up-regulation of the 1nitial steps of this pathway,
such as the genes aroF, aroG, and aroH, which encode
DAHP synthases. The loss of pyruvate kinase activity leads 40
to an accumulation of phosphoenolpyruvate (PEP), one of
the substrates of DAHP synthase. The loss of the phospho-
transierase I protein leads to a cessation of glucose transport
by the phosphotransierase system, further assisting in PEP
accumulation. The loss of shikimate kinase activity results in 45
accumulation of shikimic acid, which 1s collected by stan-
dard procedures.

The E. coli strain described above optionally includes
other modifications described by Kraemer et al. (op. cit.),
including but not limited to deletion of the shikimate trans- 50
porter shiA, and use of an AroD/E-homologous protein from
N. tabacum to reduce production of quinic acid.

It should be noted that the extent of repression of the
various genes 1s determined by routine experimentation. For
example, 1t 1s sometimes useful to separately regulate pyru- 55
vate kinase so that 1ts activity 1s reduced but not completely
abolished, so that the citric acid cycle may operate and some
ATP may be produced by oxidative phosphorylation. Alter-
natively, pyruvate kinase may be left unmutated.

Production of Fatty Acids and Alcohols 60

Biofuels often derive from fatty acids that are derivatized
into esters or reduced to fatty alcohols. The starting point for
tatty acid synthesis 1s acetyl-CoA, which 1s also the starting
point for the tricarboxylic acid cycle. According to the
invention, it 1s usetul to construct a gene encoding a fusion 65
protein that includes citrate synthase and ssrA, expressed

l

from a regulated promoter. Such a construction has the effect

16

of preventing entry into the TCA cycle, with the result that
acetyl-CoA 1s preferentially directed into fatty acid synthe-
s1s. Depending on which other metabolic engineering has
been performed, production of ethanol may be enhanced.

As an alternative strategy to producing fatty acids, instead
of amino acids, 1t 1s sometimes useful to block the synthesis
of aromatic amino acids by blocking DAHP synthase. This
has the eflect of preventing new protein synthesis, leading to
some accumulation of other amino acids and feedback
inhibition of the enzymes that initiate pathways for their
synthesis. Accordingly, a DAHP synthase-ssrA fusion pro-
tein 1s expressed from a regulated promoter, and the pro-
moter 1s turned ofl when production of a fatty acid product
or related product 1s desired. In the specific case of E. coli,
three 1sotypes of DAHP synthase are encoded by the genes
aroF, aroG, and aroH. To apply this method of the invention
to L. coli, 1t 1s generally useful to iactivate the chromo-
somal copies of these genes by mutation, then construct a
fusion of one of genes to DNA encoding the ssrA peptide,
which 1s then placed under the control of a regulated
promoter.

As a first illustration, consider the synthesis of dodecanoic
acid (lauric acid; C12 fatty acid; CH,(CH,),,COOH).
Voelker and Davies (J. Bact. [1994] 176[23]7320-7327)
described an engineered E. coli that expressed a plant C12
thioesterase and also carried a knockout of the fadD. The
C12 thioesterase has the eflect of releasing lauric acid from
acyl carrier protein during fatty acid synthesis, and the fadD
encodes a fatty acid degradation enzyme that recycles the
carbon 1n fatty acids that cannot be incorporated mnto mem-
branes. The C12 thioesterase-expressing fadD knockout
strain synthesizes lauric acid at a high level. However, it 1s
noteworthy that this strain grows and divides (FIG. 5 of
Voelker and Davies), evidently converting much of the input
carbon into biomass even though the C12 thioesterase is
expressed constitutively at a high level. According to the
invention, when a C12 thioesterase-expressing fadD knock-
out strain 1s also engineered to express a DAHP synthase-
ssrA fusion protein from a regulated promoter, and the
promoter 1s turned ofl, the DAHP synthase-ssrA fusion
protein 1s degraded and not replaced, protein synthesis
essentially ceases, and production of lauric acid 1s enhanced
relative to the C12 thioesterase-expressing fadD knockout
strain.

As a second 1illustration, consider the synthesis of 1sobu-
tanol ((CH,),CHCH,OH). Atsumi et al. (Nature [3 Jan.
2008] 451:86-90) described an engineered E. coli that
expressed an artificial operon that expressed high levels of
isobutanol by a combination of valine biosynthesis genes,
2-ketoacid decarboxylase, and alcohol dehydrogenase.
According to the mvention, when a strain expressing valine
synthesis genes, 2-ketoacid decarboxylase, and alcohol
dehydrogenase 1s also engineered to express a DAHP syn-
thase-ssrA fusion protein from a regulated promoter, and the
promoter 1s turned ofl, the DAHP synthase-ssrA fusion
protein 1s degraded and not replaced, protein synthesis
essentially ceases, and production of 1sobutanol 1s enhanced
relative to the parental 1sobutanol-secreting strain.

More broadly, Atsumi et al. described the production of a
variety of alpha-keto carboxylic acids such as 2-ketobu-
tyrate, 2-ketoisovalerate, 2-ketovalerate, 2-keto-3-methyl-
valerate, 2-keto-4-methyl-valerate, and phenylpyruvate,
which can be decarboxylated to create an aldehyde and then
reduced by the serial actions of 2-ketoacid decarboxylase,
and alcohol dehydrogenase, to create a series of useful
alcohols. According to the invention, when such strains are
also engineered to express a DAHP synthase-ssrA fusion
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protein from a regulated promoter, and the promoter 1s
turned off, the DAHP synthase-ssrA fusion protein 1s

degraded and not replaced, protein synthesis essentially
ceases, and production of the desired alcohols 1s enhanced

relative to the parental alcohol-producing strains.
Sequences Provided by the Invention

The following protein and DNA sequences further illus-
trate the invention.

Shikimate kinase (AroK) -ssri
(SEQ ID HNO:

MAEKRNIFLVGPMGAGKSTIGROLAQOLNMEFYDSDOQEIEKRTGADVG

14)

WVEFDLEGEEGFRDREEKVINELTEKOGIVLATGGGSVKSRETRENRLSA
RGVVVYLETTIEKQLARTQRDKKRPLLHVETPPREVLEALANERNPLY
EEITADVTIRTDDOQSAKVVANQI ITHMLESNAANDENYALAA
Shikimate kinase-linker-ssrai

(SEQ ID NO:
MAEKRNIFLVGPMGAGKSTIGROLAQOLNMEFYDSDOEIEKRTGADVG

15)

WVFDLEGEEGFRDREEKVINELTEKQGIVLATGGGSVKSRETRNRLSA
RGVVVYLETTIEKQLARTOQRDKKRPLLHVETPPREVLEALANERNPLY
EEIADVTIRTDDOQSAKVVANQI ITHMLESNGGS GGAANDENYALAA
AMO-Shikimate kinase

(SEQ ID NO:
MTNTAKILNFGRASMAEKRNIFLVGPMGAGKS TIGROQLAQOQLNMEEYD

16)

SDOQEIEKRTGADVGWVEFDLEGEEGFRDREEKVINELTEKQGIVLATGG
GSVKSRETRNRLSARGVVVYLETTIEKQLARTQRDKKRPLLHVETPPR
EVLEALANERNPLYEEIADVTIRTDDOSAKVVANQI IHMLESN
AMO-1linker-Shikimate kinasge

(SEQ ID NO:
MTNTAKILNFGRASGGSGGMAEKRN IFLVGPMGAGKST IGROQLAQQOLN

17)

MEFYDSDQEIEKRTGADVGWVFDLEGEEGFRDREEKVINELTEKQGIV
LATGGGSVKSRETRNRLSARGVVVYLETTIEKQLARTQRDKKRPLLHV
ETPPREVLEALANERNPLYEEIADVTIRTDDQSAKVVANQITHMLESN
Ptgl-ssra

(SEQ ID NO:
MISGILASPGIAFGKALLLKEDEIVIDRKKISADOQVDQEVERFLSGRA

18)

KASAQLET IKTKAGETFGEEKEATIFEGHIMLLEDEELEQEITALITKDK

HMTADAAAHEVIEGOQASALEELDDEYLKERAADVRDIGKRLLRNI LGL

KIIDLSATIQDEVILVAADLTPSETAQLNLKKVLGFITDAGGRTSHTSI

MARSLELPAIVGTGSVTSQVKNDDYLILDAVNNOQVYVNPTNEYV IDKMR

AVOEQVASEKAELAKLKDLPATITLDGHOQVEVCANIGTVRDVEGAERNG

AEGVGLYRTEFLEMDRDALPTEEEQFAAYKAVAEACGSQAVIVRTMDI

GGDKELPYMNFPKEENPFLGWRAIRIAMDRREILRDOQLRAILRASAFG

KLRIMFPMIISVEEVRALRKEIEIYKQELRDEGKAFDESIEIGVMVET

PAAATIARHLAKEVDFEFSIGTNDLTQY TLAVDRGNDMISHLYQPMSPS

VLNLIKOVIDASHAEGKWTGMCGELAGDERATLLLLGMGLDEFSMSAL

SIPRIKKIIRNTNFEDAKVLAE

QALAQPTTDELMTLVNKFIEEKTICAANDENYALAA
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-continued
Pyruvate kinase I-ssrA (pykF as opposed to pvka)

(SEQ ID NO:
MKKTKIVCTIGPKTESEEMLAKMLDAGMNVMRLNFSHGDYAEHGORIOQ
NLERNVMSKTGKTAAILLDTKGPEIRTMKLEGGNDVS LKAGQTETETTD
KSVIGNSEMVAVTYEGEFTTDLSVGNTVLVDDGLIGMEVTAIEGNKVIC
KVLNNGDLGENKGVNLPGVSIALPALAEKDKODLIFGCEQGVDEVAAS
FIRKRSDVIEIREHLKAHGGENIHIISKIENQEGLNNFDEILEASDGI
MVARGDLGVEIPVEEVIFAQKMMIEKCIRARKVV ITATOMLDSMIEKNP
RPTRAEAGDVANAILDGTDAVMLSGESAKGKYPLEAVSIMATICERTD
RVMNSRLEFNNDNRKLRITEAVCRGAVETAEKLDAPLIVVATOGGKSA
RAVRKYFPDATILALTTNEKTAHQOLVLSKGVVPOLVKEITSTDDEYRL
GKELALOQSGLAHKGDVVVMVSGALVPSGTTNTASVHVLAANDENYALA
A
Citrate synthase-gssrA (glta)

(SEQ ID NO:
MADTKAKLTLNGDTAVELDVLKGTLGODVIDIRTLGSKGVETEFDPGET
STASCESKITFIDGDEGILLHRGFPIDQLATDSNYLEVCYILLNGEKP
TOQEQYDEFKTTVTRHTMIHEQITRLFHAFRRDSHPMAVMCGITGALAA
FYHDSLDVNNPRHREIAAFRLLSKMPTMAAMCYKYS IGOPEVYPRNDL
SYAGNFLNMMEFSTPCEPYEVNPILERAMDRILILHADHEQNASTSTVR
TAGSSGANPFACIAAGIAS LWGPAHGGANEAALKMLEEISSVKHIPEFR
VRRAKDKNDSFRLMGEFGHRVY KNYDPRATVMRETCHEVLKELGTKDDL
LEVAMELENIALNDPYFIEKKLYPNVDEYSGI ILKAMGIPSSMEFTVIE
AMARTVGWIAHWS EMHSDGMKIARPROLYTGY EKRDEKSDI KRAANDE
NYALAA
DAHP-gsrA (tyrosine-repressible)

(SEQ ID NO:
MOKDALNNVHITDEQVLMTPEQLKAAFPLSLOOEAQIADSRKSISDII
AGRDPRLLVVCGPCS IHDPETALEYARRFKALAAEVSDSLYLVMRVYFE
EKPRTTVGWKGLINDPHMDGS FDVEAGLOIARKLLLELVNMGLPLATE
ALDPNSPOQYLGDLEFSWSATIGART TESQTHREMASGLSMPVGEFKNGTDG
SLATAINAMRAAAQPHREVGINQAGOVALLOTOGNPDGHV I LRGGKAP
NYSPADVAQCEKEMEQAGLRPSLMVDCSHGNSNKDYRROPAVAESVVA

QIKDGNRSIIGLMIESNIHEGNOSSEQPRSEMKYGVSVTDACISWEMT

DALLREIHODLNGQLTARVAAANDENYALAA

ClpX {(unfoldase from E. coli}

(SEQ ID NO:
MTDKRKDGSGKLLYCSEFCGKSQOHEVRKLIAGPSVYICDECVDLCNDIT
REEIKEVAPHRERSALPTPHEIRNHLDDYVIGQEQAKKVLAVAVYNHY
KRLRNGDTSNGVELGKSNILLIGPTGSGKTLLAETLARLLDVPETMAD
ATTLTEAGYVGEDVENI IQKLLOKCDYDVOQKAQRGIVYIDEIDKISRK
SDNPSITRDVSGEGVOQOQALLKLIEGTVAAVPPOGGRKHPOOEFLOVDT

SKILFICGGAFAGLDKVISHRVETGSGIGFGATVKAKSDKASEGELLA

OQVEPEDLIKFGLIPEFIGRLPVVATLNELSEEALIQILKEPKNALTKO

19)

20)

21)

22 )
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-continued
YOALFNLEGVDLEFRDEALDAIAKKAMARKTGARGLRS IVEAALLDTM

YDLPSMEDVEKVVIDESVIDGQSKPLLIYGKPEAQQASGE
ClpA

(unfoldage from E. coli)

(SEQ ID NO:
MLNOELELSLNMAFARAREHRHEFMTVEHLLLALLSNPSAREALEACS
VDLVALRQELEAFIEQTTPVLPASEEERDTQPTLSFOQRVLOQRAVEHVQ
SSGRNEVTGANVLVAIFSEQESQAAYLLRKHEVSRLDVVNEFISHGTRK
DEPTQSSDPGSQPNSEEQAGGEERMENFTTNLNQLARVGGIDPLIGRE
KELERATIQVLCRRRKNNPLLVGESGVGKTAIAEGLAWRIVOGDVPEVM
ADCTIYSLDIGSLLAGTKYRGDFEKRFKALLKOLEQDTNSILEFIDEIH
TIIGAGAASGGOVDAANLIKPLLSSGKIRVIGSTTYQEFSNIFEKDRA
LARRFQKIDITEPSIEETVQI INGLKPKYEAHHDVRYTAKAVRAAVEL
AVKYINDRHLPDKAIDVIDEAGARARLMPVSKRKKTVNVADIESVVAR

IARIPEKSVSQSDRDTLKNLGDRLKMLVEFGODKATIEALTEATIKMARAG

LGHEHKPVGSFLFAGPTGVGKTEVTVQLSKALGIELLRFDMSEYMERH
TVSRLIGAPPGYVGFDQGGLLTDAVIKHPHAVLLLDEIEKAHPDVFENTI
LLOVMDNGTLTDNNGRKADFRNVVLVMTTNAGVRETERKSIGLIHQDN
STDAMEEIKKIFTPEFRNRLDNI IWFDHLSTDVIHQVVDKFIVELQVQ
LDQKGVSLEVSQEARNWLAEKGYDRAMGARPMARVIQDNLKKPLANEL
LEGSLVDGGOVTVALDKEKNELTYGFQSAQKHKAEAAH

ClpP

(protease from E. coli}

(SEQ ID NO:
MSYSGERDNFAPHMALVPMVIEQTSRGERSFDIYSRLLKERVIFLTGOQ
VEDHMANLIVAQOMLFLEAENPEKDIYLYINSPGGVITAGMSIYDTMQF
TKPDVSTICMGOAASMGAFLLTAGAKGKRFCLPNSRVMIHQPLGGYQG
QATDIETHAREI LKVKGRMNELMALHTGQSLEQI ERDTERDRFLSAPE
AVEYGLVDSILTHRN
SspB

(adaptor from E. coli)

(SEQ ID NO:
MDLSQLTPRRPYLLRAFYEWLLDNQLTPHLVVDVTLPGVOQVPMEYARD

GOIVLNIAPRAVGNLELANDEVREFNARFGGIPROVSVPLAAVLAIYAR
ENGAGTMFEPEAAYDEDTS IMNDEEASADNETVMSYVIDGDKPDHDDDT
HPDDEPPQPPRGGRPALRVVK

ClpS coli)

(SEQ ID NO:
MGKTNDWLDEFDQLAEEKVRDALKPPSMYKVILVNDDYTPMEFVIDVLO

(N-end rule adaptor from E.

KFEFSYDVERATOLMLAVHYOGKAICGVEFTAEVAETKVAMVNKYARENE
HPLLCTLEKA
crescentus)

ccSspB {(adaptor from C.

(SEQ ID NO:
MSQTEPPEDLMOYEAMAQDALRGVVKAALKKAAAPGGLPEPHHLYITE
KTKAAGVSGPODLLSKYPDEMTIVLOHQYWDLAPGETEFEFSVTLEKEGGO

PKRLSVPYAALTREFYDPSVQFALQFSAPEI IEDEPEPDPEPEDKANQG

ASGDEGPKIVSLDQFRKK

23)

24)

25)

26)

27}
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-continued

GBW1l68-aroK locusg (ingertion shown in lower-cage

font)

(SEQ ID NO:
GAAGTTCTGGAAGCGTTGGCCAATGAACGCAATCCGCTGTATGAAGAG
ATTGCCGACGTGACCATTCGTACTGATGATCAAAGCGCTAAAGTGGTT
GCAAACCAGATTATTCACATGCTGGAAAGCAACgcagctaacgatgaa
aactacagcgaaaactatgctgacgctagctaatactagagctgatcc
ttcaactcagcaaaagttcgatttattcaacaaagccacgttgtgtct
caaaatctctgatgttacattgcacaagataaaaatatatcatcatga
acaataaaactgtctgcttacataaacagtaatacaaggggtgttatyg
agccatattcaacgggaaacgtcttgcecteccgtecgegcettaaactec
aacatggacgctgatttatatgggtataaatgggctcecgcgataatgtc
gggcaatcaggtgcgacaatctatcegettgtatgggaageccgatgeg
ccagagttgtttcectgaaacatggcaaaggtagcegttgecaatgatgtt
acagatgagatggtccgtctcaactggctgacggagtttatgectacc
cgaccatcaagcattttatcecgtactectgatgatgegtggttactca
ccaccgcgattcecctgggaaaacagcecctteccaggtattagaagaatatc
ctgattcaggtgaaaatattgttgatgcgctggceccgtgttectgegcec
ggttacattcgattecctgtttgtaattgteccttttaacagcgategtyg
tatttcgtcttgctcaggcegcaatcacgcatgaataacggtttggttyg
atgcgagtgattttgatgacgagcgtaatggctggectgttgaacaag
tctggaaagaaatgcacaagctcttgeccattcectcacecggattcagteyg
tcactcatggtgatttctcacttgataaccttatttttgacgagggga
aattaataggttgtattgatgttggacgggtcggaatcgcagaccgtt
accaggaccttgccattcectttggaactgectecggtgagttttetectt
cattacagaaacggattttcaaaaatatggtattgataatcctgatat
gaataaattgcagtttcatttgatgctcgatgagtttttctaataaTT
CTGGCTTTATATACACTCGTCTGCGGGTACAGTAATTAAGGTGGATGT
CGCGTTATGGAGAGGATTGTCGTTACTCTCGGGGAACGTAGTTACCCA
AT
Xba-B0032-TACTAG-AroKfwd

(SEQ ID NO:

ggccgcecttctagagtcacacaggaaagtactagatggcagagaaacgce

aatatctttc
AroK-LAA-gpe-pstrev

(SEQ ID NO:
ggccctgcageggecgctactagtattaagcagceccagagecataatttt
catcgttagagecgttgectttccagecatgtgaataatc
pSB3Ch

(SEQ ID NO:
tactagtagcggceccgctgcaggagtcactaagggttagttagttagat
tagcagaaagtcaaaagcctecgacceggaggcettttgactaaaacttce

ccttggggttatcattggggctcactcaaaggceggtaatcagataaaa

aaaatccttagctttcgcectaaggatgatttctgectagagatggaatag

actggatggaggcggataaagttgcaggaccacttcectgegecteggecc

28)

29)

30)

31)
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-continued
ttccggcectggetggtttattgetgataaatcectggagecggtgagoegtyg

ggtctcecgecggtatcattgcagcactggggccagatggtaagecctecece
gtatcgtagttatctacacgacggggagtcaggcaactatggatgaac
gaaatagacagatcgctgagataggtgcctcactgattaagcattggt
aactgtcagaccaagtttactcatatatactttagattgatttaaaac
ttcatttttaatttaaaaggatctaggtgaagatcctttttgataatc
tcatgaccaaaatcccttaacgtgagttttegtteccactgagegtcayg
accecttaataagatgatcecttettgagategttttggtetgegegtaa
tctettgectetgaaaacgaaaaaaccgecttgecagggeggtttttega
aggttctctgagctaccaactctttgaaccgaggtaactggecttggag
gagcgcagtcaccaaaacttgtectttcagtttagecttaaccggege
atgacttcaagactaactcctctaaatcaattaccagtggetgcectgec
agtggtgcttttgcatgtctttcecgggttggactcaagacgatagtta
ccggataaggoegcagceggteggactgaacggggggttegtgecatacag
tccagcecttggagcecgaactgectaccecocggaactgagtgtcaggegtgga
atgagacaaacgcggccataacagcggaatgacaccggtaaaccgaaa
ggcaggaacaggagagcgcacgagggagcoccgceccaggggaaacgectgg
tatctttatagtcctgtegggtttegecaccactgatttgagegtcayg
atttcgtgatgcettgtcaggggggcggagectatggaaaaacggettt
gcegeggecctcectcacttecctgttaagtatettectggecatetteca
ggaaatctccgceccccecgttegtaagecatttecgetegeegecagtcecgaa
cgaccgagcgtagcgagtcagtgagcgaggaagcecggaatatatcecctgt
atcacatattctgctgacgcaccggtgcagecttttttetectgecac
atgaagcacttcactgacaccctcatcagtgccaacatagtaagccag
tatacactccgctagegcectgaggtectgoctegtgaagaaggtgttget
gactcataccaggcctgaatcgeccecccatcatceccageccagaaagtgagg
gagccacggttgatgagagcectttgttgtaggtggaccagttggtgatt
ttgaacttttgctttgccacggaacggtcectgegttgtegggaagatygce
gtgatctgatccttcaactcagcaaaagttcgatttattcaacaaagce
cacgttgtgtctcaaaatctctgatgttacattgcacaagataaaaat
atatcatcatgaacaataaaactgtctgcttacataaacagtaataca
aggggtgtttactagaggttgatcgggcacgtaagaggttccaacttt
caccataatgaaataagatcactaccgggcgtattttttgagttatcyg
agattttcaggagctaaggaagctaaaatggagaaaaaaatcacggga
tataccaccgttgatatatcccaatggcatcgtaaagaacattttgag
gcatttcagtcagttgctcaatgtacctataaccagaccgttcagetg
gatattacggcctttttaaagaccgtaaagaaaaataagcacaagttt
tatccggcectttattcacattecttgeccecgectgatgaacgcetcaccecey
gagtttcgtatggccatgaaagacggtgagctggtgatcectgggatagt
gttcacccttgttacaccgtttteccatgagcaaactgaaacgtttteg

tcectetggagtgaataccacgacgatttecggcagtttetecacata
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-continued

tattcgcaagatgtggcecgtgttacggtgaaaacctggectatttecct
aaagggtttattgagaatatgttttttgtctcagccaatecctgggty
agtttcaccagttttgatttaaacgtggccaatatggacaacttette
gcceccecccegttttcacgatgggcaaatattatacgcaaggecgacaaggtyg
ctgatgccgcetggcecgatccaggttcatcatgecgtttgtgatggatcc
atgtcggccecgcatgcecttaatgaattacaacagtactgtgatgagtgge
agggcggggcgtaataatactagctceccggcaaaaaaacgggcaaggtyg
tcaccaccctgecectttttetttaaaaccgaaaagattacttegegtt
tgccacctgacgtctaagaaaaggaatattcagcaatttgeccegtgec
gaagaaaggcccacccgtgaaggtgagceccagtgagttgattgetacgt
aattagttagttagcccttagtgactcecgaattegeggecgettcetaga

9
Bba F2620

(SEQ ID NO:
tccectatcagtgatagagattgacatcecectatcagtgatagagatact
gagcactactagagaaagaggagaaatactagatgaaaaacataaatg
ccgacgacacatacagaataattaataaaattaaagcttgtagaagca
ataatgatattaatcaatgcttatctgatatgactaaaatggtacatt
gtgaatattatttactcgcgatcatttatcecctcattctatggttaaat
ctgatatttcaatcctagataattaccctaaaaaatggaggcaatatt
atgatgacgctaatttaataaaatatgatcctatagtagattattcta
actccaatcattcaccaattaattggaatatatttgaaaacaatgctyg
taaataaaaaatctccaaatgtaattaaagaagcgaaaacatcaggtc
ttatcactgggtttagtttccecctattcatacggctaacaatggettcy
gaatgcttagttttgcacattcagaaaaagacaactatatagatagtt
tatttttacatgcgtgtatgaacataccattaattgttecttetcectag
ttgataattatcgaaaaataaatatagcaaataataaatcaaacaacyg
atttaaccaaaagagaaaaagaatgtttagcgtgggcatgcgaaggaa
aaagctcttgggatatttcaaaaatattaggttgcagtgagcgtactyg
tcactttccatttaaccaatgcecgcaaatgaaactcaatacaacaaacc
gctgccaaagtatttctaaagcaattttaacaggagcaattgattgec
catactttaaaaattaataacactgatagtgctagtgtagatcactac
tagagccaggcatcaaataaaacgaaaggctcagtcgaaagactgggc
ctttecgttttatctgttgtttgtecggtgaacgectctcectactagagtca
cactggctcaccttegggtgggectttetgegtttatatactagagac
ctgtaggatcgtacaggtttacgcaagaaaatggtttgttatagtcga
ataaa
Bba R0O010

(SEQ ID NO:
caatacgcaaaccgcctcectececccgegegttggecgattcattaatgea
gctggcacgacaggtttcecccgactggaaagecgggcagtgagegcaacyg

caattaatgtgagttagctcactcattaggcaccccaggctttacact

32)

33)
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-continued
ttatgcttcececggcectegtatgttgtgtggaattgtgageggataacaat

ttcacaca
Ribosome binding site (Bba B0032)
(SEQ ID NO:
tcacacaggaaag
aroK {(open reading frame)
(SEQ ID NO:

atggcagagaaacgcaatatctttectggttgggcectatgggtgecgga
aaaagcactattgggcgccagttagctcaacaactcaatatggaattt
tacgattccgatcaagagattgagaaacgaaccggagctgatgtgggce
tgggttttcgatttagaaggcgaagaaggcttceccgegatcegecgaagaa
aaggtcatcaatgagttgaccgagaaacagggtattgtgctggctact
ggcggcggctcectgtgaaatCceccecgtgaaacgecgtaaccgtCTLtecget
cgtggegttgtoegtttatcttgaaacgaccatcgaaaagcaacttgceca
cgcacgcagcgtgataaaaaacgcccegttgcetgcacgttgaaacaccy
ccgegtgaagttcetggaagegttggceccaatgaacgcaatecegetgtat
gaagagattgccgacgtgaccattcgtactgatgatcaaagcegctaaa
gtggttgcaaaccagattattcacatgctggaaagcaac

sapB {(open reading frame)

(SEQ ID NO:
atggatttgtcacagctaacaccacgtcecgtceccctatectgetgegtgea
ttctatgagtggttgctggataaccagcectcacgecgecacctggtggty
gatgtgacgctccectggegtgcaggttectatggaatatgegegtgac
gggcaaatcgtactcaacattgcgeccgegtgcetgteggecaatctggaa
ctggcgaatgatgaggtgcgcectttaacgcecgegetttggtggecattcecyg
cgtcaggtttctgtgceccgetggcectgececgtgetggetatcectacgeccegt
gaaaatggcgcaggcacgatgtttgagcecctgaagcectgectacgatgaa
gataccagcatcatgaatgatgaagaggcatcggcagacaacgaaacce
gttatgtcggttattgatggcgacaagccagatcacgatgatgacact
catcctgacgatgaacctceccgcagcecaccacgeggtggtegacecggcea
ttacgcgttgtgaagtaa

Nucleic acid sequence for AANDENYALAA

(SEQ ID NO:
gcagctaacgatgaaaattatgctcectggcetgettaa
Nucleic acid sequence for AANDENYALVA

(SEQ ID NO:
gcagctaacgatgaaaattatgctcetggttgettaa
Nucleic acid sequence for AANDENYADAS

(SEQ ID NO:
gcagctaacgatgaaaattatgctgacgctagctaa
Nucleic acid sequence for AANDENYALDD

(SEQ ID NO:
gcagctaacgatgaaaattatgactggacgactaa
Representative agssembled construct
F2620-B0032-AroK-LVA-pSB3C5 (c¢circular)

(SEQ ID NO:

gaattcgcggccgcettcectagtecectatcagtgatagagattgacatcece

ctatcagtgatagagatactgagcactactagagaaagaggagaaata

ctagatgaaaaacataaatgccgacgacacatacagaataattaataa

34 )

35)

36)

37)

38)

39)

40)

41)
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-continued
aattaaagcttgtagaagcaataatgatattaatcaatgcttatctga

tatgactaaaatggtacattgtgaatattatttactcgcgatcattta
tcctcattcectatggttaaatcetgatatttcaatcecctagataattaccce
taaaaaatggaggcaatattatgatgacgctaatttaataaaatatga
tcctatagtagattattctaactccaatcattcaccaattaattggaa
tatatttgaaaacaatgctgtaaataaaaaatctccaaatgtaattaa
agaagcgaaaacatcaggtcttatcactgggtttagtttcecctattca
tacggctaacaatggcttceggaatgettagttttgcacattcagaaaa
agacaactatatagatagtttatttttacatgcgtgtatgaacatacc
attaattgttccttctctagttgataattatcgaaaaataaatatage
aaataataaatcaaacaacgatttaaccaaaagagaaaaagaatgttt
agcgtgggcatgcgaaggaaaaagctcecttgggatatttcaaaaatatt
aggttgcagtgagcgtactgtcactttccatttaaccaatgcecgcaaat
gaaactcaatacaacaaaccgctgccaaagtatttctaaagcaatttt
aacaggagcaattgattgcccatactttaaaaattaataacactgata
gtgctagtgtagatcactactagagccaggcatcaaataaaacgaaag
gctcagtcgaaagactgggectttegttttatectgttgtttgteggtyg
aacgctctctactagagtcacactggctcaccttegggtgggecttte
tgcgtttatatactagagacctgtaggatcgtacaggtttacgcaaga
aaatggtttgttatagtcgaataaatactagagtcacacaggaaagta
ctagatggcagagaaacgcaatatctttcectggttgggcectatgggtgce
cggaaaaagcactattgggcgccagttagctcaacaactcaatatgga
attttacgattccgatcaagagattgagaaacgaaccggagctgatgt
gggctgggttttcgatttagaaggcgaagaaggcttcoccecgegatcgega
agaaaaggtcatcaatgagttgaccgagaaacagggtattgtgctggce
tactggcggcggctcectgtgaaatcceccgtgaaacgegtaaccgtettte
cgctecgtggegttgtegtttatecttgaaacgaccatcgaaaagcaact
tgcacgcacgcagcgtgataaaaaacgcecceccgttgetgcacgttgaaac
accgccgcegtgaagttetggaagegttggcecaatgaacgcaatceceget
gtatgaagagattgccgacgtgaccattcecgtactgatgatcaaagcgce
taaagtggttgcaaaccagattattcacatgctggaaagcaacgcagc
taacgatgaaaattatgactggttgcttaatactagtageggecgcetyg
caggagtcactaagggttagttagttagattagcagaaagtcaaaagc
ctccgaccggaggcettttgactaaaacttececcttggggttatcattgyg
ggctcactcaaaggcggtaatcagataaaaaaaatccttagetttcege
taaggatgatttctgctagagatggaatagactggatggaggcggata
aagttgcaggaccacttctgegcecteggeccttecggetggetggttta
ttgctgataaatctggagccecggtgagegtgggtectegeggtatcattyg
cagcactggggccagatggtaagccctececgtatcgtagttatctaca

cgacggggagtcaggcaactatggatgaacgaaatagacagatcgctyg

agataggtgcctcactgattaagcattggtaactgtcagaccaagttt
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actcatatatactttagattgatttaaaacttcatttttaatttaaaa
ggatctaggtgaagatcctttttgataatctcatgaccaaaatcectt
aacgtgagttttcgttccactgagegtcagaccecttaataagatgat
cttcttgagatcgttttggtcectgegegtaatctettgetectgaaaacy
aaaaaaccgccttgcagggecggtttttcegaaggttetectgagetacca
actctttgaaccgaggtaactggcecttggaggagcecgcagtcaccaaaac
ttgtcctttcagtttagecttaaccggegecatgacttcaagactaact
cctctaaatcaattaccagtggctgcectgeccagtggtgettttgecatgt
ctttecegggttggactcaagacgatagttaccggataaggcegcagegy
teggactgaacggggggttcecgtgcatacagtccagettggagegaact
gcctaccecggaactgagtgtcaggegtggaatgagacaaacgeggceca
taacagcggaatgacaccggtaaaccgaaaggcaggaacaggagagcy
cacgagggagccgccaggggaaacgcectggtatectttatagtectgte
gggtttcgceccaccactgatttgagegtcagatttegtgatgettgtea
ggggggcggagcctatggaaaaacggctttgecgeggeccectetcactt
ccetgttaagtatcecttectggecatcettocaggaaatctecgecceegtt
cgtaagccatttceccecgetcegecgcagtcecgaacgaccgagegtagegagt
cagtgagcgaggaagcggaatatatcctgtatcacatattcectgetgac
gcaccggtgcagecttttttetectgecacatgaagcacttcecactgac
accctcatcagtgceccaacatagtaagccagtatacactcecgetagege
tgaggtctgcctecgtgaagaaggtgttgcetgactcataccaggectga
atcgccccatcatceccagcecagaaagtgagggagceccacggttgatgaga
gctttgttgtaggtggaccagttggtgattttgaacttttgetttgece
acggaacggtctgegttgtcecgggaagatgegtgatctgatcecttcaac
tcagcaaaagttcgatttattcaacaaagccacgttgtgtcectcaaaat
ctctgatgttacattgcacaagataaaaatatatcatcatgaacaata
aaactgtctgcttacataaacagtaatacaaggggtgtttactagagyg
ttgatcgggcacgtaagaggttccaactttcaccataatgaaataaga
tcactaccgggcgtatttttgagttatcgagattttcaggagctaagy
aagctaaaatggagaaaaaaatcacgggatataccaccgttgatatat
cccaatggcatcgtaaagaacattttgaggcatttcagtcagttgetce
aatgtacctataaccagaccgttcagctggatattacggcectttttaa
agaccgtaaagaaaaataagcacaagttttatccggectttattcaca
ttcttgccecgectgatgaacgcetcaccecggagtttegtatggecatga
aagacggtgagctggtgatctgggatagtgttcacccttgttacaccy
ttttccatgagcaaactgaaacgttttegtcecectetggagtgaatacce
acgacgatttccggcagtttcectceccacatatattecgcaagatgtggegt
gttacggtgaaaacctggcctatttceccecctaaagggtttattgagaata

tgttttttgtctcagccaatcectgggtgagtttcaccagttttgatt

taaacgtggccaatatggacaacttatcgceccceccgttttcacgatggg
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-continued
caaatattatacgcaaggcgacaaggtgctgatgcecgetggcegatcoca

ggttcatcatgccgtttgtgatggcttceccatgtecggecgecatgcecttaa
tgaattacaacagtactgtgatgagtggcagggcggggcgtaataata
ctagctccggcaaaaaaacgggcaaggtgtcaccacccectgececttttt
ctttaaaaccgaaaagattacttcecgegtttgeccacctgacgtctaaga
aaaggaatattcagcaatttgcccegtgecgaagaaaggccoccaccecoegty
aaggtgagccagtgagttgattgctacgtaattagttagttagceccectt
agtgactc

Branched amino acid production
cg-11vE-AANDENYALVA

(C. glutamicum)

(SEQ ID NO:
atgacgtcattagagttcacagtaacccgtaccgaaaatcecgacgtca

cccgategtcetgaaggaaattettgecgcaccgaagtteggtaagttc
ttcaccgaccacatggtgaccattgactggaacgagteggaaggctygyg
cacaacgcccaattagtgccatacgcecgecgattectatggatectgec
accaccgtattccactacggacaggcaatttttgagggaattaaggcc
taccgccattcggacgaaaccatcaagactttceccgtectgatgaaaac
gccgagcecgtatgcagegttcagecagcectcecgaatggcaatgeccacagttyg
ccaaccgaggactttattaaagcacttgaactgcectggtagacgecggat
caggattgggttcctgagtacggcggagaagcttceectcectacectgegce
ccattcatgatctccaccgaaattggecttgggtgtcageccagetgat
gcctacaagttcectggtcatcecgecatcceccagteggegettacttecacce
ggtggaatcaagcctgtttecgtetggctgagecgaagattacgtecge
gctgcaccecggcggaactggtgacgccaaatttgetggcaactacgeg
gcttetttgettgecccagtoccaggectgeggaaaagggectgtgaccag
gtcgtatggttggatgccatcgagcacaagtacatcgaagaaatgggt
ggcatgaacttgggttcatctaccgcaacggcgaccaagtcaagetag
tcaccecectgaactttecggcetcactacttecaggcatcacecgcaagt
cacttctacaagtagcacgcgacttgggatacgaagtagaagagcgaa
agatcaccaccaccgagtgggaagaagacgcaaagtctggcgeccatga
ccgaggcatttgettgcggtactgcagetgttatcaceccectgttggea
ccgtgaaatcagctcacggcaccttecgaagtgaacaacaatgaagtcyg
gagaaatcacgatgaagcttcgtgaaaccctcaccggaattcagcaag
gaaacgttgaagaccaaaacggatggctttacccactggttggceGCAG
CTAACGATGAAAATTATGCTCTGGTGGCTt aa

Branched amino acid production
cg-panB-AANDENYALGG

(C. glutamicum)

(SEQ ID NO:
atgtcaggcattgatgcaaagaaaatccgcacccecgtcatttecgegaa

gctaaagtaaacggccagaaagtttcecggttctcaccagetatgatgeg
ctttcggcgegecatttttgatgaggectggegtecgatatgetecttgtt
ggtgattccgctgecaacgttgtgetgggtegegataccaccttgteg
atcaccttggatgagatgattgtgectggccaaggeggtgacgatceget

acgaagcgtgcegcettgtggtggttgatcectgecgtttggtacctatgag

42 )

43 )
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gtgagcccaaatcaggcggtggagtccgegatececgggtcatgegtgaa
acgggtgcggctgceggtgaagatcgagggtggcegtggagatcegegeag
acgattcgacgcattgttgatgctggaattccecggttgtceggceccacatce
gggtacaccccgcagtcecgagcattcecttgggeggcecacgtggttcecag
ggtcgtggcgcgagttctggaaagcectcategecgatgeccgegegttyg
gagcaggcgggtgcgtttgeggttgtgttggagatggttceccagcagag
gcagcgcgcgaggttaccgaggatctttceccatcaccactateggaatc
ggtgccggcaatggcacagatgggcaggttttggtgtggcaggatgec
ttcggcectcaaccgeggcaagaagecacgcttegtecgegagtacgec
accttgggcgattcecttgcacgacgcecgegcaggcectacategecgat
atccacgcgggtacctteccaggcgaageggagtectt tGCAGCTAAC

GATGAAAATTATGCTCTGGECEGECt aa

Branched amino acid production
cg-leuA-AANDENYALAG

(C. glutamicum)

(SEQ ID NO:
atgcttcaccacatgacttcecgegtgecgaatctacttettettegecyge

ggcgggtcccagaggtctatgtcectectaacgatgcattcecatetceccgea
cctgccaagatcgaaaccccagttgggectecgcaacgaaggecageca
gcatggaataagcagcgtggctcectcaatgeccagttaaccgctacatg
cctttegaggttgaggtagaagatatttetetgecggacegecacttgyg
ccagataaaaaaatcaccgttgcacctcagtggtgtgetgttgacctyg
cgtgacggcaaccaggctctgattgatccgatgtctectgagegtaag
cgccgcatgtttgagectgectggttcagatgggecttcaaagaaatcgag
gtcggtttcecceccttcagettceccagactgattttgatttegttegtgag
atcatcgaaaagggcatgatccctgacgatgtcaccattcaggttcetyg
gttcaggctcecgtgagcacctgattegecgtacttttgaagecttgegaa
ggcgcaaaaaacgttatcgtgcacttctacaactccacctcecatectg
cagcgcaacgtggtgttcocecgecatggacaaggtgcaggtgaagaagctyg
gctaccgatgccgcectgaactaatcaagaccatcecgectcaggattaccecea
gacaccaactggcgctggcagtactccececctgagtecttcacecggcact
gaggttgagtacgccaaggaagttgtggacgcagttgttgaggtcatg
gatccaactcctgagaaccaatgatcatcaacctgecttecacegttyg
agatgatcacccecctaacgtttacgcagactceccattgaatggatgcacce
gcaatctaaaccgtcgtgattccattatcctgtcececctgecacccgcaca
atgaccgtggcaccggcgttggecgcagctgagetgggctacatggetyg
gcgctgaccgcatcgaaggctgectgttecggcaacggecgagegcaccyg
gcaacgtctgcecctggtcaccctggecactgaacatgectgacccagggeg
ttgaccctcagectggacttcaccgatatacgccagateccgcagcaccy
ttgaatactgcaaccagctgcegegttectgagegecacccatacggey
gtgacctggtcttcaccgcectttectecggtteccaccaggacgetgtga

acaagggtctggacgccatggctgccaaggttcagecaggtgetaget

ccactgaagtttcttgggagcagctgcecgecgacaccgaatgggaggttc

44 )
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-continued

cttacctgcectatgatccaaaggatgteggtegegactacgaggetgt
tatccgegtgaactcoccagtoecggcaagggeggegttgettacatceat
gaagaccgatcacggtctgcagatceccectegetecatgcaggttgagtt
ctccaccgttgtceccagaacgtcaccgacgctgagggeggcegaggtcaa
ctccaaggcaatgtgggatatcttegecaccgagtacctggagegcac
cgcaccagttgagcagatcgegetgegegtecgagaacgcetcagaccecga
aaacgaggatgcatccatcaccgccecgagcetcatccacaacggcaagga
cgtcaccgtcgatggcecgeggcaacggeccactggoecgettacgcecaa
cgcgctggagaagctgggcatcgacgttgagatccaggaatacaacca
gcacgcccocgcacctegggcgacgatgcagaagcagecgectacgtget
ggctgaggtcaacggccgcaaggtectggggegteggecategetggetce
catcacctacgcttoegectgaaggcagtgacctecgecgtaaaccgagc
gectggacgtcaaccacgaggcagtcecctggetggeggegt tGCAGCTAA
CGATGAAAATTATGCTCTGGCTGGCL aa

Branched amino acid production
cg-p-11vE-AANDENYALVA

(C. glutamicum)

(SEQ ID NO:
mtsleftvtrtenptespdrlkeilaapkfgkfftdhmvtidwnesegw

hnaglvpyapipmdpattvihyggaifegikayrhsdetiktfrpden
aermgrsaarmampglptedfikalellvdadgdwypeyggeaslylr
pfmisteiglgvepadavkilviaspvgayftggikpvevwlsedyvr
aapggtgdakfagnyaasllagsqaaekgcdgvvvvidaiehkyieem
ggmnlgfiyrngdgvklvtpelsgsllpgitrksllgvardlgyevee
rkittteweedaksgamteafacgtaavitpvgtvksahgt fevnnne
vgeltmklretltgiqggnvedgngwlyplvgAANDENYALVA

Branched amino acid production
cg-p-panB-AANDENYALGG

(C. glutamicum)

(SEQ ID NO:
mesgidakkirtrhfreakvnggkvevlteydalsarifdcagvdmllv

gdsaanvvlgrdttlsitldemivlakavtiatkralvvvdlpfgtye
vepngavesalrvmretgaaavkieggvelagtirrivdagipvvghi
gytpgsehslgghvvqgrgassgkliadaraleqgagafavvlemvpae
aarevtedlsittigigagngtdggvlvwgdafglnrgkkprivreyva
tlgdslhdaagayiadihagt fpgeaesfAANDENYALGG

Branched amino acid production
cg-p-leuA-AANDENYALAG

(C. glutamicum)

(SEQ ID NO:
mlhhmtsranllllrrggsgrsmespndafisapakietpvgprnegdp

awnkgrgssmpvnrympfevevediglpdrtwpdkkitvapgwcavdl
rdgngalidpmsperkrrmfellvgmgfkeievgfpsasqgtdfdfvre
liekgmipddvtigvlvgarehlirrtfeacegaknvivhfynstesil
grnvvirmdkvgvkklatdaaeliktiaqgdypdtnwrwgyspesftgt
eveyakevvdavvevmdptpenpmilnlpstvemitpnvyadsiewmh

rnlnrrdsiilslhphndrgtgvgaaelgymagadriegclfgngert

gnvclvtlalnmltggvdpgldftdirgirstveyenglrvperhpyg

45 )

46 )

47 )
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gdlvftafsgshgdavnkgldamaakvgpgasstevsweqglrdtewev
pylpidpkdvgrdyeavirvnsgasgkggvayimktdhglgipresmgve
fstvvgnvtdaeggevnskamwdifateylertapvegialrvenadqt
enedasitaelihngkdvtvdgrgngplaayanaleklgidveigeyn
ghartsgddaeaaayvlaevngrkvwgvgliagsityaslkavtsavnr
aldvnheavlaggvAANDENYALAG

(E.

Branched amino acid production coli)

ec-11vE-AANDENYALVA

(SEQ ID NO:
atgaccacgaagaaagctgattacatttggttcaatggggagatggtt
cgctgggaagacgcgaaggtgcatgtgatgtcgcacgegcectgecactat
ggcacttcggtttttgaaggcatccecgttgectacgactcgcacaaagga
ccggttgtatteccgecategtgagecatatgcagegtcectgecatgactcec
gccaaaatctatcgcectteccggtttegcagagcattgatgagetgatg
gaagcttgtcecgtgacgtgatccgcaaaaacaatctcaccagegectat
atccgtceccgetgatcettegteggtgatgttggecatgggagtaaacccy
ccagcgggatactcaaccgacgtgattatcgectgetttececgtgggga
gcgtatctgggcgcagaagcegcectggagcaggggatecgatgegatggtt
tcctectggaaccgegcagcaccaaacaccateccgacggeggcaaaa
gceggtggtaactacctetetteccectgetggtgggtagegaagegegce
cgccacggttatcaggaaggtatcegegetggatgtgaacggttatatce
tctgaaggcgcaggcgaaaacctgtttgaagtgaaagatggtgtgetyg
ttcaccccaccgttcacctectecgegetgecgggtattaccegtgat
gccatcatcaaactggcgaaagagctgggaattgaagtacgtgagceag
gtgctgtcgcecgcgaatceccecctgtacctggeggatgaagtgtttatgtec
ggtacggcggcagaaatcacgccagtgcecgcagegtagacggtattcag
gttggcgaaggccgttgtggecccggttaccaaacgcattcagcaagec

ttctteggectettcactggegaaaccgaagataaatggggetggtta

gatcaagttaatcaaGCAGCTAACGATGAAAATTATGCTCTGGETGGCT

taa
Branched amino acid production (E. coli)
ec-panB-AANDENYALGG

(SEQ ID NO:

atgaaaccgaccaccatctcecttactgcagaagtacaaacaggaaaaa

aaacgtttcgcgaccatcaccgcttatgactatagettegecaaactce

tttgctgatgaagggcttaacgtcatgetggtgggcegattegetggygce

atgacggttcaggggcacgactccacccectgceccagttacegttgecgat

atcgcctaccacactgeccegecegtacgtegeggegcaccaaactgectyg

ctgctggctgacctgecgtttatggegtatgccacgecggaacaagec

ttcgaaaacgccgcaacggttatgegtgecggtgctaacatggtcaaa

attgaaggcggtgagtggctggtagaaaccgtacaaatgctgaccgaa

cgtgccgttectgtatgtggtcacttaggtttaacaccacagtcagtyg

aatattttcggtggctacaaagttcaggggcgcggcegatgaageggygc

48)
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-continued
gatcaactgctcagcecgatgcattagecttagaagagetggggcacagc

tgctggtgctggaatgcgtgecggttgaactggcaaaacgtattaccyg
aagcactggcgatcccggttattggcattggecgcaggcaacgtcactyg
acgggcagatcctegtgatgcacgacgectttggtattaccggeggtce
acattcctaaattcgctaaaaatttectegecgaaacgggecgacatcec
gcgeggctgtgeggcagtatatggetgaagtggagtocggegtttate

cgggcgaagaacacagtttccatGCAGCTAACGATGAAAATTATGCTC

TGGEGECGEGECtaa
Branched amino acid production (E. coli)
ec-leuA-AANDENYALAG

(SEQ ID NO:

atgagccagcaagtcattattttcgataccacattgecgecgacggtgaa

caggcgttacaggcaagcttgagtgtgaaagaaaaactgcaaattgeyg

ctggccecttgagegtatgggtgttgacgtgatggaagteggttteccce

gtctecttegecgggegattttgaateggtgcaaaccategeccgecayg

gttaaaaacagccgcegtatgtgcegttagetegetgegtggaaaaagat

atcgacgtggcggccgaatccectgaaagtcecgecgaagecttecgtatt

catacctttattgccacttcgccaatgcacatcgceccaccaagetgegce

agcacgctggacgaggtgatcgaacgcgcetatctatatggtgaaacgce

gcceccgtaattacaccgatgatgttgaattttettgegaagatgecggyg

cgtacacccattgccgatcectggegegagtggtcgaageggegattaat

gccecggtgccaccaccatcaacattecggacaccecgtgggcetacaccatg

ccgtttgagttcecgecggaatcatcageggectgtatgaacgegtgect

aacatcgacaaagccattataccgtacatacccacgacgatttgggcec

tggcggtcggaaactcactggeggeggtacatgeccggtgecacgecagy

tggaaggcgcaatgaacgggatcggcgagecgtgececggaaactgttecc

tggaagaagtcatcatggcgatcaaagttcecgtaaggatattctcaacy

tccacaccgcecattaatcaccaggagatatggegcaccagecagttag

ttagccagatttgtaatatgccgatcceccggcaaacaaagcecattgttyg

gcagcggcgcattcgcacactcecctecggtatacaccaggatggegtge

tgaaaaaccgcgaaaactacgaaatcatgacaccagaatctattggtc

tgaaccaaatccagctgaatctgacctetegtteggggegtgeggegy

tgaaacatcgcatggatgagatggggtataaagaaagtgaatataatt

tagacaatttgtacgatgcttcecctgaagctggeggacaaaaaaggtca

ggtgtttgattacgatctggaggcgectggecttcatecggtaagcagea

agaagagccggagcatttceccecgtcetggattacttcagegtgcagtetgy

ctctaacgatatcgceccaccgecgecgtcaaactggectgtggegaaga

agtcaaagcagaagccgccaacggtaacggtecggtegatgecgtceta

tcaggcaattaaccgcatcactgaatataacgtcgaactggtgaaata

cagcctgaccgccaaaggccacggtaaagatgegectgggtcaggtgga

tatcgtcgctaactacaacggtcgecgettceccacggegteggectgge

taccgatattgtcgagtcatctgccaaageccatggtgcacgttcectgaa

50}
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caatatctggcgtgccgcagaagtcgaaaaagagttgcaacgcaaagc

tcaacacaacgaaaacaacaaggaaaccgtgGCAGCTAACGATGAALA

TTATGCTCTGGCTGGCEga
Branched amino acid production (E. coli)
ec-p-11lvE-AANDENYALVA

(SEQ ID NO: 51)

mttkkadyiwfngemvrwedakvhvmshalhygtesvfegircydshkg
pvvirhrehmgrlhdsakivripvegsidelmeacrdvirknnltsay
1rplifvgdygmgvnppagystdviiaafpwgaylgaealeggidamv
sawnraapntiptaakaggnylssllvgsearrhgygegialdvngyil
segagenlfevkdgvlftppftesalpgitrdaiiklakelgievreq
vlsreslyladevimsgtaaeitpvrevdgigvgegrcgpvtkrigga
ffglftgetedkwgwldgvngAANDENYALVA

(E.

Branched amino acid production coli)

eCc-p-panB-AANDENYALGG
(SEQ ID NO:
mkpttisllgkyvkgekkrfatitaydysfaklfadeglnvmlvgdslg

52}

mtvgghdstlpvtvadiayhtaavrrgapncllladlpfmayatpega
fenaatvmraganrnvkieggewlvetvgmlteravpvceghlgltpgs
vnifggykvggrgdeagdgllsdalaleaagagllvlecvpvelakri
tealaipvigigagnvtdggilvmhdafgitgghipkfaknflaetgd
lraavrgymaevesgvypgeehs fhAANDENYALGG

Branched amino acid production (E. coli)
ec-p-leuA-AANDENYALAG
(SEQ ID NO:

meqqgviifdttlidgeqalgaslesvkeklgialalermgvdvmevgip

53}

vegpgdfesvgtiargvknsrvcalarcvekdidvaaeslkvaeafri
htfiatspmhiatklrstldevieraiymvkrarnytddvefascedag
rtpiadlarvveaalnagattinipdtvgytmpfefagiisglyervp
nidkaiisvhthddlglavgnslaavhagargvegamngligeragncs
leevimaikvrkdilnyhtainhgeiwrtsglvsgicnmpipankaiv
gsgafahssgihgdgvlknrenyeimtpesiglngiglnltsrsgraa
vkhrmdemgykeseynldnlydaflkladkkggvidydlealafigkqg
geepehfrldyfsvgsgesndiataavklacgeevkaeaangngpvdav
yvgainriteynvelvkysltakghgkdalggvdivanyngrrfhgvgl
atdivegssakamvhvlinniwraaevekelgrkaghnennketvAANDE

NYALAG

EXAMPLES

The present mmvention 1s illustrated by the following
examples, which are in no way intended to be limiting of the
invention.

Example 1. Synthesis of Shikimic Acid from a

Microbe Containing an Engineered Shikimate
Kinase Gene
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An E. coli strain capable of being grown 1n the absence of 65

aromatic amino acids and producing shikimic acid was
engineered as follows. The strain was engineered to express

32

a shikimate kinase 1soform, the product of the aroK gene,
from a plasmid, while the chromosomal genes encoding
shikimate kinase were non-functional. The plasmid-bome
shikimate kinase 1soform was engineered to have a degra-
dation tag at its C-terminus. In this case and throughout the
invention, 1t was and 1s useful to mspect the three-dimen-
sional structure of a protein to verity that a chosen terminus
1s compatible with addition of a degradation tag. The solved
structure of the aroK product, PDB file 1KAG, was
inspected and the steric availability of the C-terminus was
verified.

Plasmid vectors were generated which allow for condi-
tional expression of F. coli shikimate kinase I, aroK. Using
standard plasmid construction techniques, the coding

sequence for aroK was fused to each of the four degradation
tags, AANDENYALAA (SEQID NO: 1), AANDENYALVA

(SEQ ID NO: 8), AANDENYADAS (SEQ ID NO: 2), and
AANDENYALDD (SEQ ID NO: 13). This fusion construct
was 1nserted downstream of either the IPTG-1nducible lac
promoter (SEQ ID NO: 33) or the HSL-inducible LuxR-
derived promoter, F2620 (SEQ 1D NO: 32). Each construct
contained the ribosome binding site (SEQ ID NO: 34) and
resided on the plasmid backbone, pSB3C5 (SEQ ID NO:
31), a chloramphenicol-resistant low-copy plasmid bearing
a pl3a origin of replication. Nucleotide sequences for each
component are listed below, as well as a sample assembled
sequence for the construct F2620-B0032-AroK-LVA (SEQ
ID NO: 41) as present in pSB3C5.

The complete cloning process for the generation of plas-
mid F2620-B0032-AroK-LAA (pSB3C5) 1s described here
and the general principles were applied to the generation of

the other plasmids. The open reading frame of aroK was
PCR amplified from £. coli DH5¢. chromosomal DNA using
primers Xba-B0032-TACTAG-AroKiwd (SEQ ID NO: 29)
and AroK-LAA-spe-pstrev (SEQ ID NO: 30) resulting 1n
product PCR1-LAA. F2620 (SEQ ID NO: 32) was gener-
ated by PCR resulting 1n product PCR2-F2620. PCR1-LAA
was then incubated with restriction enzymes Xbal and Pstl
in NEB Bufler #2 supplemented with BSA for 2 hours at 37°
C.; PCR2-F2620 was incubated with restriction enzymes
ECORI and Spel under 1dentical conditions. Successiul PCR
amplification and restriction digestion was analyzed by gel
clectrophoresis. After removing heat-denatured restriction
enzymes using a Qiagen PCR purification kit, digested
PCRI1-LAA and PCR2-F2620 were mixed 1n a stoichiomet-
ric ratio with plasmid backbone pSB3C35 which had been
treated with EcoRI and Pstl. The 3-component mixture was
incubated with T4 DNA ligase for 2 hours at room tempera-
ture. Chemically competent £. coli NEB 10p cells were then
transformed with this ligation product and plated on
LB/chloramphenicol. Individual colonies were picked and
grown 1n liquid culture overnight.

Strains of E. coli termed GBWI181, GBWI182, and
GBWI183 were engineered as follows. The relevant features
were that GBW181, GWBI182, and GWBI183 contained a
version of aroK with a C-terminal “AANDENYADAS”
(SEQ ID NO: 2), “AANDENYALVA” (SEQ ID NO: 8), and
“AANDENYALDD” (SEQ ID NO: 13), variants of the
AANDENYALAA (SEQ ID NO: 1) degradation tag (see
table above). Of these, the AANDENYALVA (SEQ ID NO:
8) tag triggered the greatest degradation, while the AAN-
DENYALDD (SEQ ID NO: 13) did not cause degradation
and served as a negative control.

In these constructions, the aroK-tag genes were regulated
by a strong promoter that was induced by homoserine
lactone. Specifically, the aroK gene was expressed from the

clement F2620 (SEQ ID NO: 32), which encodes a luxR
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transcriptional regulatory protein that 1s activated by homo-
serine lactone (HSL), a LuxR-regulated promoter directing
transcription of the £. coli aroK gene fused to a DNA
segment encoding AANDENYALVA (SEQ ID NO: 8), and
a pl5a origin of replication. The chromosomal copies of
aroK and arolL. were mutated by conventional procedures.

In the following experiments, cells were grown 1n M9
medium that included 0.4% glucose, 1 ug/ml thiamin, and
“tryptophan dropout medium” (Sigma-Aldrich, St. Louis,
Mo.), which contains most amino acids but lacks the expen-
stve amino acid tryptophan. This assay system had the
advantage that cells would grow more quickly than 1n a
mimmal medium without amino acids, while faithiully
representing the behavior of cells grown 1 a minimal
medium supplemented only with a carbohydrate source.

The relative degradation-promoting activities of the three
different tags were confirmed in a preliminary experiment.
Strains 181 and 183 were found to grow 1n selective medium
in the absence of the inducer HSL, while strain 182 only
grew 1n the presence of about 10 nM HSL. These results
indicated that low-level expression of the non-induced pro-
moter produced suflicient aroK protein 1n strains 181 and
183 for tryptophan production, while the aroK protein from
strain 182 was too rapidly degraded to allow suflicient
tryptophan synthesis for growth.

Cells were inoculated from a single colony and grown
with aeration at 37° C. for about 16 hours with 10 nM
homoserine lactone to induce the aroK-AANDENYALVA
(SEQ ID NO: 8) protein. The culture reached an OD-,, of
about 0.5. At this point, the culture was spun down, resus-
pended 1n twice the prior volume, washed in M9 medium
without additions, and split into cultures with 10 nM homo-
serine lactone or with no homoserine lactone, 1n M9
medium, glucose, thiamin, and tryptophan dropout medium.
After about 4 hours, the cultures were spun down and the
supernatants were filter-sterilized.

The supernatants were tested for levels of shikimic acid
by a bioassay as follows, based on the ability of shikimic
acid to support growth of an aroE mutant of £. coli. Each
supernatant was diluted 2-1fold into fresh medium containing
about 10* of an aroK mutant strain of £. coli, JW3242-1
(Coli Genetic Stock Center, New Haven, Conn.). In addi-
tion, serial dilutions of shikimic acid were added to similar
cultures. The cultures were grown for 24 hours and optical
densities compared. Based on this analysis, the shikimic acid
level 1n the culture lacking homoserine lactone was about 10
ug/ml. The culture with 10 nM homoserine lactone produced
no detectable shikimic acid.

These results indicated that shikimic acid can be produced
from a culture grown in the absence of an aromatic amino
acid.

Production of shikimic acid was also observed in a culture
of strain 182 grown 1n the absence of amino acid supple-
ments. A culture 1s grown 1n the presence of homoserine
lactone 1n, for example, M9 medium contaiming glucose,
sucrose, glycerol, molasses, or treated cellulosic biomass, 1s
grown to a late logarithmic stage, the homoserine lactone 1s
removed, and shikimic acid 1s produced by the cells as the
aroK product 1s degraded and not replaced. The resulting
shukimic acid 1s purified from the supernatant. To further
improve shikimic acid yields, straimn 182 1s engineered to
express the glf gene from Zymomonas mobilis.

Example 2. Production of Shikimic Acid from a
Microbial Strain 1n Which Shikimate Kinase 1s
Fused to a Degradation Tag and Expressed from an

Episome with Conditional Replication

In an alternative method of the invention, an E. coli strain
that could be grown 1n the absence of aromatic amino acids
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and produce shikimic acid was engineered as follows. Four
variants were constructed from a plasmid denivative of the
low-copy vector pSC101, 1n which the origin of the plasmid
was temperature-sensitive for replication. The plasmid
encoded the E. coli aroK gene expressed from its endog-

enous promoter. The four plasmid variant coding sequences

for the degradation tags AANDENYALAA (SEQ ID NO: 1),
AANDENYAILVA (SEQ ID NO: 8), AANDENYADAS
(SEQ ID NO: 2) and the non-degrading control variant
AANDENYALDD (SEQ ID NO: 13) were fused to the 3'
end of the aroK coding sequence. These vectors also

encoded a chloramphenicol-resistance marker. Expression
of shikimate kinase from the E. coli chromosome was

defective.

The four strains were inoculated into the M9 glucose
thiamin tryptophan-dropout medium described in Example 1
and incubated with aeration at 30° C. for 16 hours. The
strains encoding shikimate kinase with the AANDENYA-
DAS (SEQ ID NO: 2) and AANDENYALDD (SEQ ID NO:
13) tags reached near-saturation while the strains encoding
shikimate kinase with the AANDENYALAA (SEQ ID NO:
1) and AANDENYALVA (SEQ ID NO: 8) tags showed no
detectable growth. The strain encoding the shikimate kinase-
AANDENYADAS (SEQ ID NO: 2) fusion protein was
pelleted 1n a centrifuge and resuspended in fresh medium for
a net 2-fold dilution, and then incubated at 37° C. {for about
5.5 hours with aeration. The cells were pelleted 1n a centri-
fuge, and the supernatant was withdrawn, filter-sterilized,

and tested for shikimic acid levels 1n the bioassay essentially

as described in Example 1. Based on the results of this

bioassay, the shikimic acid 1n the filter-sterilized supernatant
of the culture was about 0.05 micrograms/ml.

Without wishing to be bound by theory, shikimic acid was

produced by the following mechanism. When the culture
bearing plasmid with the shikimate kinase-AANDENYA-

DAS (SEQ ID NO: 2) expression construction and the
temperature-sensitive origin of replication was transferred to
37° C., replication of the plasmid largely or completely
stopped, and the plasmid was lost from many cells during
cell division. Once the plasmid was lost from a given cell,
the remaining shikimate kinase-AANDENYADAS (SEQ ID
NO: 2) protein was degraded and not replaced, leaving the
cell without shikimate kinase enzyme activity. Such cells
produced shikimic acid and secreted this molecule into the
medium.

OTHER

EMBODIMENTS

From the foregoing description, 1t 1s apparent that varia-
tions and modifications may be made to the nvention
described herein to adopt 1t to various usages and conditions.
Such embodiments are also within the scope of the follow-
ing claims.

All publications, patent applications, and patents men-
tioned 1n this specification are herein incorporated by ref-

erence to the same extent as 1f each independent publication,
patent application, or patent was specifically and individu-
ally indicated to be incorporated by reference.
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<lo0> NUMBER OF SEQ 1D NOS:

<210> SEQ ID NO 1

<211l> LENGTH: 11

«212> TYPE: PRT

«213> ORGANISM: Escherichia

<400> SEQUENCE: 1
Ala Ala Asn Asp Glu Asn Tyr

1 5

<210> SEQ ID NO Z
<211> LENGTH: 11
«212> TYPE: PRT

US 10,385,367 B2

SEQUENCE LISTING

53

colil

2la Leu Ala 2Ala
10

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 2

Ala Ala Asn Asp Glu Asn Tyr
1 5

<210> SEQ ID NO 3

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Caulobacter

<400> SEQUENCE: 3

Ala Ala Asn Asp Asn Phe Ala
1 5

«210> SEQ ID NO 4

<«211> LENGTH: 11

«212> TYPE: PRT

«213> ORGANISM: Escherichia

<400> SEQUENCE: 4

Ala Ala Asn Asp Glu Asn Tyr
1 5

«210> SEQ ID NO b5

<«211> LENGTH: 11

«212> TYPE: PRT

«213> ORGANISM: Escherichia

<400> SEQUENCE: 5

Ala Ala Asn Asp Glu Asn Tyr
1 5

«210> SEQ ID NO 6

<«211> LENGTH: 11

«212> TYPE: PRT

«213> ORGANISM: Escherichia

<400> SEQUENCE: 6
Ala Ala Asn Asp Glu Asn Tyr

1 5

«210> SEQ ID NO 7

<«211> LENGTH: 11

«212> TYPE: PRT

«213> ORGANISM: Escherichia

<400> SEQUENCE: 7

Ala Asp Ala Ser
10

Cregcentus

Glu Glu Phe 2Ala Val 2&Ala 2Ala
10

colil

Ala Asp Ala Ala
10

colil

2la Ala Ala Ala
10

colil

2la Val Ala Ala
10

colil

Synthetic

36
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Ala Ala Asn Asp Glu Asn Tyr
1 5

«210> SEQ ID NO 8

<211> LENGTH: 11

«212> TYPE: PRT

«213> ORGANISM: Escherichia

<400> SEQUENCE: 8

Ala Ala Asn Asp Glu Asn Tyr
1 5

«210> SEQ ID NO 9

<211> LENGTH: 11

«212> TYPE: PRT

<213> ORGANISM: Escherichia

<400> SEQUENCE: 9

Ala Ala Asn Asp Glu Asn Tyr
1 5

«210> SEQ ID NO 10

<211> LENGTH: 11

«212> TYPE: PRT

<213> ORGANISM: Escherichia

<400> SEQUENCE: 10

Ala Ala Asn Asp Glu Asn Tyr
1 5

<210> SEQ ID NO 11

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Caulobacter

<400> SEQUENCE: 11
Ala Asp Asn Asp Asn Phe Ala

1 5

«<210> SEQ ID NO 12
<211> LENGTH: 14

«212> TYPE: PRT

US 10,385,367 B2

-continued

Ala Leu Asp Ala
10

colil

2la Leu Val Ala
10

colil

Ala Leu Ala Gly
10

colil

Ala Leu Gly Gly
10

Cregcentus

Glu Glu Phe Ala Asp Ala Ser
10

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 12

Met Thr Asn Thr Ala Lys Ile
1 5

<210> SEQ ID NO 13
«211> LENGTH: 11
<212> TYPE: PRT

<213> ORGANISM: Escherichia
<400> SEQUENCE: 13
Ala Ala Asn Asp Glu Asn Tyr

1 5

<210> SEQ ID NO 14

«<211> LENGTH: 184

«212> TYPE: PRT

<213> ORGANISM: Escherichia

<400> SEQUENCE: 14

Leu Asn Phe Gly Arg Ala Ser
10

coli

Ala Leu Asp Asp
10

colil

Synthetic

38



Trp

Lys

65

Gly

Arg

ATrg

Pro

Glu

145

Val

ASpP

<210>
<211>
<212 >
<213>
220>
<223 >

ala

Ser

ASpP

Val

50

Val

Gly

Gly

Thr

Arg

130

Glu

Val

Glu

Glu

Thr

Ser

35

Phe

Tle

Gly

Val

Gln

115

Glu

Tle

2la

AgSh

Tle

20

ASP

ASP

Agn

Ser

Val

100

ATg

Val

Ala

Agn

Tyr

180

PRT

Arg

Gly

Gln

Leu

Glu

Val

85

Vval

Asp

Leu

AsSp

Gln

165

Ala

SEQ ID NO 15
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

189

polypeptide

<400> SEQUENCE:

Met Ala Glu Lys

1

Trp

Lvs

65

Gly

ATrg

ATrg

Pro

Glu
145

Val

Ser

ASp

Val
50

Val

Gly

Gly

Thr

Arg
130

Glu

Val

Thr
Ser
35

Phe

Tle

Gly

Val

Gln

115

Glu

Tle

Ala

Ile

20

ASDP

ASP

Agnh

Ser

Val

100

ATrg

Val

Ala

Agn

15

Arg

5

Gly

Gln

Leu

Glu

Vval
a5

Val

AsSp

Leu

AsSp

Gln

AsSn

ATrg

Glu

Glu

Leu
70

Glu
Val
150

ITle

Leu

Agn

ATg

Glu

Glu

Leu
70

Glu

Val
150

Tle

39

ITle
Gln
Ile
Gly
55

Thr

Ser

Leu

Ala
135
Thr

Ile

Ala

Ile
Gln
Ile
Gly
55

Thr

Ser

Leu

Ala
135

Thr

Tle

Phe

Leu

Glu

40

Glu

Glu

ATrg

Glu

ATy

120

Leu

Tle

His

Ala

Phe

Leu

Glu

40

Glu

Glu

ATrg

Glu

ATrg
120

Leu

Tle

His

Leu

Ala
25

Glu

Glu

Thr

105

Pro

Ala

ATrg

Met

Leu

Ala
25

Glu

Glu

Thr
105

Pro

Ala

Arg

Met

Val

10

Gln

Arg

Gly

Gln

Thr

50

Thr

Leu

Agn

Thr

Leu
170

Val
10

Gln

Gly

Gln

Thr
90

Thr

Leu

Agn

Thr

Leu

US 10,385,367 B2

Gly

Gln

Thr

Phe

Gly

75

ATYg

Tle

Leu

Glu

ASpP

155

Glu

Artificial Sequence:

Gly

Gln

Thr

Phe

Gly

75

ATrg

Ile

Leu

Glu

ASpP
155

Glu

-continued

Pro

Leu

Gly

ATrg

60

Tle

Asn

Glu

Hig

ATYg

140

ASpP

Ser

Pro

Leu

Gly

ATYg

60

Tle

ASn

Glu

Hig

AYg

140

ASDP

Ser

Met

AsSn

Ala

45

Asp

Val

Arg

Val
125
Asn

Gln

Asn

Met

Asn

Ala

45

Asp

Val

Arg

Vval
125

Asn

Gln

ASn

Gly

Met

30

ASP

Arg

Leu

Leu

Gln

110

Glu

Pro

Ser

2la

Gly

Met

30

ASP

ATrg

Leu

Leu

Gln

110

Glu

Pro

Ser

Gly

ala

15

Glu

Val

Glu

2la

Ser

55

Leu

Thr

Leu

2la

2la
175

2la

15

Glu

Val

Glu

Ala

Ser
o5

Leu

Thr

Leu

Ala

Gly

Gly

Phe

Gly

Glu

Thr

80

2la

Ala

Pro

Lys
160

Agn

Synthetic

Gly

Phe

Gly

Glu

Thr

80

Ala

Ala

Pro

Lys
160

Ser

40



165

41

Gly Gly Ala Ala Asn Asp Glu

<210>
<211>
<«212>
<213>

<400>

180

PRT

ORGANISM :

SEQUENCE :

Met Thr Z2sn Thr

1

Glu

Thr

Ser

Phe

65

Tle

Gly

Val

Gln

Glu

145

Tle

Ala

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Lys

Tle

ASpP

50

ASpP

Agn

Ser

Val

Arg

130

Val

2la

Agn

ATrg

Gly

35

Gln

Leu

Glu

Val

Val

115

ASP

Leu

ASP

Gln

Agn

20

ATrg

Glu

Glu

Leu

Lys
100

Glu

Val

Tle
180

PRT

SEQ ID NO 16
LENGTH:
TYPE :

187

Escherichia

16

2la

5

Ile

Gln

Ile

Gly

Thr

85

Ser

Leu

Ala

Thr
165

Tle

SEQ ID NO 17
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

192

polypeptide

SEQUENCE :

Met Thr Asn Thr

1

Ser

Gly

Met

ASP

65

ATrg

Leu

Gly

Ala

Glu

50

Val

Glu

2la

Gly

Gly

35

Phe

Gly

Glu

Thr

Met
20

Gly

17

Ala
5

Ala

Ser

AsSp

Val

Val

85

Gly

Phe

Leu

Glu

Glu

70

Glu

ATrg

Glu

ATrg

Leu

150

Tle

Hisg

Glu

Thr

Ser

Phe

70

Tle

Gly

Tle

Leu

bAla

Lys

55

Glu

Glu

Thr

Pro
135

Ala

Arg

Met

Tle

Tle

AsSp

55

Asp

Agnh

Ser

170

US 10,385,367 B2

-continued

Asn Tyr Ala Leu Ala Ala

colil

Leu

Val

Gln

40

ATy

Gly

Gln

Thr

Thr

120

Leu

Agn

Thr

Leu

Leu

ATrg

Gly

40

Gln

Leu

Glu

Val

185

Agn

Gly

25

Gln

Thr

Phe

Gly

ATrg

105

Tle

Leu

Glu

ASDP

Glu
185

AgSh

ASn
25

Arg

Glu

Glu

Leu

Phe
10
Pro

Leu

Gly

Tle

50

Agn

Glu

His

Arg

ASp

170

Ser

Phe
10

Tle

Gln

Tle

Gly

Thr

50

Ser

Gly

Met

Asnh

Ala

ASpP

75

Val

ATrg

Val
Agnh
155

Gln

Agn

Artificial Sequence:

Gly

Phe

Leu

Glu

Glu

75

Glu

ATrg

ATYg

Gly

Met

ASDP

60

ATYg

Leu

Leu

Gln

Glu

140

Pro

Ser

ATrg

Leu

Ala

Lys
60

Glu

Glu

Ala

Ala

Glu

45

Val

Glu

Ala

Ser

Leu

125

Thr

Leu

Ala

Ala

Vval

Gln

45

Arg

Gly

Gln

Thr

Ser

Gly

30

Phe

Gly

Glu

Thr

2la

110

Ala

Pro

Ser

Gly

30

Gln

Thr

Phe

Gly

ATrg

175

Met
15

Gly

o5

ATrg

Arg

Pro

Glu

Val
175

Gly
15

Pro

Leu

Gly

Arg

Tle
o5

Agn

b2la

Ser

ASp

Val

Val

80

Gly

Gly

Thr

Glu
160

Val

Synthetic

Gly

Met

Agh

Ala

ASpP

80

Val

Arg



Leu

Gln

Glu

145

Pro

Ser

Ser

Leu

130

Thr

Leu

ala

Ala
115

Ala

Pro

100

ATrg

ATg

Pro

Glu

Val
180

Gly

Thr

Glu
165

Val

<210> SEQ ID NO 18

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ile Ser Gly

1

Leu

Ala

Phe

65

Glu

Hig

Ser

ASpP

Lys

145

Ala

Leu

Met

Thr

Agn
225

Ala

Ala

Leu

ASpP

Ala

50

Gly

ASpP

Met

2la

Val

130

Tle

ASpP

Gly

2la

Ser

210

Gln

Val

ASpP

Agn

Leu
Gln

35

Ser

Glu

Glu

Thr

Leu
115

Tle

Leu

Phe

ATrg
195

Gln

Val

Gln

Leu

Tle
275

Lys

20

Val

Ala

Glu

Glu

Ala

100

Glu

ASP

ASDP

Thr

Tle

180

Ser

Val

Glu

Pro
260

Gly

586

Val

Gln

Glu

150

Tle

Ala

43

Val
Arg
135
Val

Ala

Asn

Egscherichia

18
Ile
5
Glu

Asp

Gln

Leu

85

Asp

Glu

ITle

Leu

Pro

165

Thr

Leu

Vval

Gln

245

Ala

Thr

Leu

ASpP

Gln

Leu

Glu

70

Glu

Ala

Leu

Gly

Ser

150

Ser

ASP

Glu

AsSn

Agn

230

Val

ITle

Vval

Ala

Glu

Glu

Glu

55

Ala

Gln

bAla

AsSp

Lys

135

Ala

Glu

Ala

Leu

Asp

215

Pro

Ala

Thr

Arg

Val

120

ASP

Leu

ASP

Gln

colil

Ser

Tle

Val

40

Thr

Tle

Glu

Ala

ASP

120

Arg

Tle

Thr

Gly

Pro

200

ASP

Thr

Ser

Leu

ASDP
280

105

Glu

Val

Ile
185

Pro

Val

25

Glu

Tle

Phe

Ile

His

105

Glu

Leu

Gln

Ala

Gly

185

Ala

Agn

Glu

ASP
265

Val

Leu

Ala
Thr
170

Ile

Gly
10

Tle

Glu
Ile
90

Glu

Leu

ASp

Gln

170

Arg

Tle

Leu

Glu

Lys

250

Gly

Glu

US 10,385,367 B2

Glu

ATg

Leu

155

ITle

His

Ile

ASpP

Phe

Thr

Gly

75

Ala

Val

Leu

Arg

Glu

155

Leu

Thr

Val

Ile

Val

235

Ala

His

Gly

-continued

Thr

Pro

140

Ala

ATYg

Met

Ala

AYg

Leu

Lys

60

Hig

Leu

Tle

Agnh

140

Val

Asn

Ser

Gly

Leu

220

Tle

Glu

Gln

Ala

Thr

125

Leu

Agh

Thr

Leu

Phe

Ser

45

Ala

Tle

Ile

Glu

Glu

125

ITle

Tle

Leu

His

Thr

205

Asp

Asp

Leu

Val

Glu
285

110

Tle

Leu

Glu

ASP

Glu
190

Gly

Lys

30

Gly

Gly

Met

Gly
110
ATrg

Leu

Leu

Thr
120

Gly

Ala

Ala

Glu
270

ATrg

Glu

His

Arg

ASpP

175

Ser

Lys

15

Tle

ATrg

Glu

Leu

ASP

55

Gln

2la

Gly

Val

Lys

175

Ser

Ser

Val

Met

Lys

255

Val

Agn

Val
ASn
160

Gln

Agn

Ala

Ser

2la

Thr

Leu

80

Ala

b2la

Leu

Ala

160

Val

ITle

Val

Asn
Arg
240

Leu

Gly

44



Ala

ASpP

305

Ala

Gly

Pro

Tle

Lys

385

Ala

Gly

Pro

Phe

ATrg

465

Val

Leu

Ser

Ala
545

Leu

Ala

<210>
<211>
<«212>
<213>

<400>

Glu

290

2la

Glu

Gly

Phe

Leu

370

Leu

Leu

2la

Ser

450

Gly

Leu

Trp

Leu

Tle
520

Met

Agn

Gly

Leu

Ala

ASP

Leu

355

ATrg

ATrg

Ala

Ala

435

Tle

Agn

AgSh

Thr

Leu

515

Pro

Val

Thr

ASP

Val

Pro

Lys
340
Gly

ASDP

Ile

Phe

420

Ala

Gly

ASP

Leu

Gly

500

Leu

ATrg

Leu

Leu

Glu

580

PRT

ORGANISM:

SEQUENCE :

Met Lys Lys Thr

1

Glu

Leu

AsSn

Leu
65

Glu

Agn

Leu

50

ASp

Met

Phe
35

ATg

Thr

Leu
20

Ser

Agn

Gly

Thr

Gly

325

Glu

Trp

Gln

Met

Glu

405

AsSp

Thr

Thr

Met

ITle

485

Met

Gly

Tle

2la

Val

565

Asn

SEQ ID NO 19
LENGTH:
TYPE :

481

Leu

Glu

310

Ser

Leu

ATy

Leu

Phe

390

Tle

Glu

ITle

Agn

ITle
470

Met

Glu
550

AsSn

45

Tvr

295

Glu

Gln

Pro

Ala

Arg

375

Pro

Glu

Ser

Ala

Asp

455

Ser

Gln

Gly

Gly

Lys

535

Gln

bAla

Egscherichia

19

His

Val

Gly

ITle

Gly

Met

Pro
70

Val

Met

AsSp

Ser

55

Glu

ATrg

Glu

2la

Ile

360

2la

Met

Tle

Tle

ATrg

440

Leu

His

Val

Glu

Leu

520

Tle

Ala

Phe

Leu

colil

Leu

Tyr
40

Tle

Thr

Gln

Val

Met

345

Tle

Ile

Glu

425

Hig

Thr

Leu

Tle

Leu

505

ASP

Tle

Leu

Ile

Ala
585

Thr

ASDP

25

Ala

Thr

Glu

Phe

Tle

330

Agn

Ile

Leu

Ile

Lys

410

Tle

Leu

Gln

ASp

490

2la

Glu

Arg

2la

Glu

570

2la

Ile

10

2la

Glu

Gly

Thr

US 10,385,367 B2

Phe

Ala

315

Val

Phe

Ala

ATrg

Ser

395

Gln

Gly

Ala

Gln

475

Ala

Gly

Phe

Asnh

Gln

555

Glu

Gly

Gly

His

Met
75

-continued

Leu Phe Met Asp

300

Ala

ATYg

Pro

Met

Ala

380

Val

Glu

Val

Thr

460

Pro

Ser

ASpP

Ser

Thr
540

Pro

Pro

Met

Gly

Thr
60

Tvr

Thr

Asp

365

Ser

Glu

Leu

Met

Glu

445

Leu

Met

His

Glu

Met

525

AsSn

Thr

Thr

AsSn

Gln
45

Ala

Leu

Lys

Met

Glu

350

ATy

Ala

Glu

ATrg

Val

430

Val

Ala

Ser

Ala

ATrg

510

Ser

Phe

Thr

Ile

Thr

Val

30

ATrg

Ala

Glu

2la

ASpP

335

Glu

ATy

Phe

Val

ASpP

415

Glu

ASP

Val

Pro

Glu

495

2la

2la

Glu

ASpP

Cys
575

Glu

15

Met

Tle

Ile

Gly

Arg

Val

320

Tle

Agn

Glu

Gly

ATrg

400

Glu

Thr

Phe

ASp

Ser

480

Gly

Thr

Ile

ASp

Glu

560

Ala

Ser

Arg

Gln

Leu

Gly
80

46



AsSn

Phe

Leu

Lys

145

Pro

ASp

Phe

Ala

Glu

225

Met

Tle

Val

ATg

Gly

305

Pro

ATrg

ATrg

Leu

ATrg

385

Thr

Pro

Gly

Val

Ala

465

Ala

ASpP

Ser

Thr

Tle

130

Val

Gly

Leu

Ile

Hig

210

Gly

Val

Phe

Val

Pro

290

Thr

Leu

Val

Tle

ASpP

370

Ala

Agn

Gln

Val
450

Ser

Val

Val

Thr

115

Gly

Leu

Val

Tle

ATrg

125

Gly

Leu

2la

Ala

Tle

275

Thr

ASP

Glu

Met

Thr

355

Ala

Val

Glu

Leu

Glu
435

Met

Val

Ser

Tle

100

ASP

Met

Agn

Ser

Phe

180

Gly

Agn

ATg

Gln

260

Thr

ATJg

Ala

Ala

Agnh

340

Glu

Pro

ATy

Val
420

Leu

Val

Hig

Leu

85

Gly

Leu

Glu

AsSn

Ile

165

Gly

Glu

AsSn

Gly

245

2la

Ala

Vval

Val
325

Ser

Ala

Leu

Thr
405

2la

Ser

Val

Agn

Ser

Val

Gly

150

Ala

Ser

AsSn

Phe

230

ASP

Met

Thr

Glu

Met

310

Ser

ATrg

Val

ITle

Tyr

390

Ala

Glu

Leu

Gly

Leu
4770

47

Ala

Ser

Val

Thr

135

AsSp

Leu

Glu

Asp

Ile

215

AsSp

Leu

Met

Gln

Ala

295

Leu

Tle

Leu

Val
375

Phe

Hig

ITle

Gln

Ala
455

Ala

Gly

Glu

Gly

120

Ala

Leu

Pro

Gln

Val

200

Hig

Glu

Gly

Tle

Met

280

Gly

Ser

Met

Glu

ATrg

360

Val

Pro

Gln

Thr

Ser
440

Leu

Ala

Gln
Met
105

Agn

Tle

Gly

Ala

Gly

185

Ile

Ile

Tle

Val

Glu

265

Leu

ASP

Gly

Ala

Phe

345

Gly

Ala

ASP

Leu

Ser
425
Gly

Val

Agn

Thr

50

Val

Thr

Glu

Glu

Leu

170

Val

Glu

Ile

Leu

Glu

250

ASp

Val

Glu

Thr

330

AgSh

2la

Thr

Ala

Val

410

Thr

Leu

Pro

ASpP

US 10,385,367 B2

Phe

A2la

Val

Gly

Agn

155

Ala

ASp

Ile

Ser

Glu

235

Ile

Ser

Ala

Ser

315

ITle

AgSn

Val

Gln

Thr

395

Leu

ASDP

Ala

Ser

Glu
475

-continued

Thr

Val

Leu

Agnh

140

Glu

Phe

AYg

Lys

220

Ala

Pro

Tle

Met

AsSn

300

Ala

ASDP

Glu

Gly

380

Tle

Ser

ASP

Hig

Gly
460

AsSn

Phe

Thr

Val
125

val

Glu

205

Ile

Ser

Val

Arg

Tle

285

Ala

Glu

Agh

Thr

365

Gly

Leu

Phe

Lys
445

Thr

Thr

Tyr

110

ASP

Val

Val

ASP

Ala

120

His

Glu

ASP

Glu

Ala

270

Ile

Gly

ATrg

Arg

350

Ala

Ala

Gly

Tyr

430

Gly

Thr

Ala

Thr

55

Glu

ASP

Tle

Agn

Lys

175

2la

Leu

Agn

Gly

Glu

255

Arg

Agn

Leu

Thr
335

Glu

Ser

Leu

Val
415

ATrg

ASpP

Agn

Leu

ASpP

Gly

Gly

Leu
160
Gln

Ser

Gln
Tle
240

Val

Pro

ASpP

Tyr

320

ASp

Leu

2la
Thr
400

Val

Leu

Val

Thr

Ala
480

48



<210> SEQ ID NO 20

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Asp Thr

1

Glu

ATrg

Ser

Gly

65

Ser

Thr

Met

Ser

Phe

145

Ala

Ser

Pro

Tle

225

Thr

Ile

Leu

Val

Gly

305

Glu

Leu

Phe

Tle

Leu

Thr

Thr

50

Tle

Agn

Gln

Tle

His

130

2la

Tyr
210
Leu

2la

2la

ATrg
290

Hig

Thr

Glu

Ile

Leu
2370

ASP
Leu
35

Ala

Leu

Glu

His

115

Pro

His

Phe

Ala

195

Glu

His

Gly

Ser

Met

275

ATrg

ATg

Val

Glu
355

Val

20

Gly

Ser

Leu

Leu

Gln

100

Glu

Met

ASP

ATg

Ser

180

Gly

Val

Ala

Ser

Leu

260

Leu

Ala

Val

His

Ala
240

Ala

438

49

Egscherichia

20

Ser

His

Glu

85

Gln

Ala

Ser

Leu

165

Ile

Asn

AsSn

AsSp

Ser

245

Trp

Glu

Glu
325

Met

Met

Ala

Glu

ATrg

70

Val

ASP

Tle

Val

Leu

150

Leu

Gly

Phe

Pro

His

230

Gly

Gly

Glu

ASpP

Lys

310

Vval

Glu

Leu

Gly

Gly

Gly

Ser

55

Gly

Glu

Thr

Met

135

Asp

Ser

Gln

Leu

Tle

215

Glu

Ala

Pro

Tle

Lys

295

Asn

Leu

Leu

Tle
375

colil

Leu

Thr

Val

40

Phe

Phe
ATrg

120

Val

Pro

Agn
200

Leu

Gln

Agn

2la

Ser

280

Agn

Glu

Pro
360

Pro

Thr

Leu

25

Phe

Ile

Pro

Ile

Lys

105

Leu

Gly

AgSh

Met

Phe

185

Met

Glu

AgSh

Pro

His

265

Ser

ASDP

ASP

Glu

Agn

345

Agn

Ser

Leu

10

Gly

Thr

Thr

Tle

Leu

90

Thr

Phe

Ile

AgSh

Pro

170

Val

Met

Ala

Phe

250

Gly

Val

Ser

Pro

Leu

330

Tle

Val

Ser

US 10,385,367 B2

Agnhn

Gln

Phe

Phe

ASp

75

Leu

Thr

His

Thr

Pro

155

Thr

Phe

Ala

Ser
235

Ala

Gly

Phe

AYg

315

Gly

Ala

ASDP

Met

-continued

Gly

ASDP

ASpP

ITle

60

Gln

Asn

Val

Ala

Gly

140

ATrg

Met

Pro

Ser

Met

220

Thr

Ala

His

AYg

300

Ala

Thr

Leu

Phe

Phe
380

Asp

Val

Pro
45

Asp

Leu

Gly

Thr

Phe

125

Ala

His

Ala

Arg

Thr

205

Asp

Ser

Tle

Asn

ITle

285

Leu

Thr

AsSn

365

Thr

Thr

Tle

30

Gly

Gly

Ala

Glu

ATy

110

ATrg

Leu

Arg

Ala

Agn

120

Pro

ATrg

Thr

Ala

Glu

270

Pro

Met

Val

ASP

ASP

350

Ser

Val

2la

15

ASpP

Phe

ASP

Thr

Lys

o5

Hisg

Arg

2la

Glu

Met

175

ASP

Tle

Val

2la

255

2la

Glu

Gly

Met

ASpP

335

Pro

Gly

Tle

Val

ITle

Thr

Glu

ASp

80

Pro

Thr

ASDP

2la

ITle

160

Leu

Glu

Leu

Arg

240

Gly

2la

Phe

Phe

ATrg
320

Leu

Ile

Phe



Ala
385

Ser

Glu

Asn

Met

ASpP

Lys

Tyr

Ala

ATg

Thr

Gly Met Lys

Arg

Ala
435

ASDP
420

Leu

405

Phe

Ala

«<210> SEQ ID NO 21

<211> LENGTH:

«212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Gln Lys Asp

1

Leu

Gln

Ala

Hig

65

Ala

Glu

Hig

Ala

145

Ser

Ala

Ser

ATrg

Gln
225

AsSn

Ala

Asn

Gln

Agn
305

Met

Glu

Gly
50

ASp

2la

Met

Leu
130

Leu

2la

Ser

Leu

Phe
210

Gly

Ile
290

Tle

Thr

Ala

35

ATrg

Pro

Glu

Pro

ASP

115

Leu

ASP

Tle

Gly

Ala

195

Val

Agn

Ser

Leu

ASP

275

His

Pro

20

Gln

ASP

Glu

Val

ATJg

100

Gly

Leu

Pro

Gly

Leu

180

Thr

Gly

Pro

Pro

ATrg

260

ASP

Glu

367

Val
390

ITle

Lys

Ala

51

Gly Trp Ile

Ala Arg Pro

Ser Asp Ile

Egscherichia

21

Ala

5

Glu

Tle

Pro

Thr

Ser

85

Thr

Ser

Glu

Agh

Ala

165

Ser

2la

Tle

Asp

Ala

245

Pro

Arg

Gly

Gly

Leu

Gln

Ala

ATg

Ala

70

ASpP

Thr

Phe

Leu

Ser

150

ATrg

Met

Tle

Agn

Gly

230

ASP

Ser

ATrg

AsSn

Agn
3210

Asn

Leu

AsSp

Leu

55

Leu

Ser

Val

AsSp

Val

135

Pro

Thr

Pro

Asn

Gln

215

Hig

Val

Leu

Gln

Arg
295

Gln

colil

Agn

Ser

40

Leu

Glu

Leu

Gly

Val

120

Agn

Gln

Thr

Val

Ala

200

Ala

Val

Ala

Met

Pro

280

Ser

Ser

425

Val

Ala
25

Val

Trp
105
Glu

Met

Glu

Gly

185

Met

Gly

Ile

Gln

Val

265

Ala

Ile

Ser

2la

Arg
410

His
10

Ala

Val

2la

Leu
S0

2la

Gly

Leu

Ser

170

Phe

Arg

Gln

Leu

Cys

250

ASp

Val

Ile

Glu

US 10,385,367 B2

His
395
Gln

Arg

Ile

Phe

Ser

Arg

75

Val

Gly

Gly

Leu

Gly

155

Gln

Ala

Val

AYg
235

Glu

Ala

Gly

Gln
315

-continued

Trp Ser Glu Met

Leu Tyvr Thr Gly

415

Ala Ala Asn Asp

Thr

Pro

Tle

Gly

60

ATYg

Met

Leu

Leu

Pro

140

ASDP

Thr

Asn

Ala

Ala

220

Gly

Ser

Glu

Leu
200

Pro

Asp

Leu

Ser

45

Pro

Phe

Arg

Ile

Gln

125

Leu

Leu

His

Gly

Ala

205

Leu

Gly

Glu

His

Ser
285

Met

Arg

430

Glu
Ser
30

ASP

Val

Agn

110

Tle

Ala

Phe

ATrg

Thr

120

Gln

Leu

Met

Gly

270

Val

Ile

Ser

Gln

15

Leu

Tle

Ser

2la

Tyr

S5

ASP

2la

Thr

Ser

Glu

175

ASP

Pro

Gln

ala

Glu

255

Agn

Val

Glu

Glu

His
400

Glu

Val

Gln

Tle

Ile

Leu

80

Phe

Pro

Arg

Glu

Trp

160

Met

Gly

His

Thr

Pro
240

Gln

Ser

b2la

Ser

Met
320

52



53

Lys Tyr Gly Val Ser Val Thr

325

Asp Ala Leu Leu Arg Glu Ile

340

Ala Arg Val Ala Ala Ala Asn

355

«<210> SEQ ID NO 22

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Thr Asp Lys

1

Phe

Ser

ATg

Pro

65

Gln

Ser

Ala

Ala

145

Tle

Gln

Ser

Gln

Gln

225

Ser

Val

Thr

Gln

Tle

305

Ala

Cys

Val

Glu

50

Thr

Glu

Arg

Agn

Glu

130

Thr

Tle

ATy

ASp

2la

210

Gly

Tle

Val

Val

290

Gly

Leu

Gly

Tyr

35

Glu

Pro

Gln

Leu

Tle

115

Thr

Thr

Gln

Gly

Agn

195

Leu

Gly

Tle

Ser

Lys

275

Glu

Arg

Tle

Lys

20

Tle

Ile

His

Ala

ATy

100

Leu

Leu

Leu

Ile

180

Pro

Leu

ATy

Leu

His

260

Ala

Pro

Leu

Gln

424

Egcherichia

22

Arg
5

Ser

Glu

Lys

85

Agh

Leu

Ala

Thr

Leu

165

Val

Ser

Phe
245

Glu

Pro

Tle

Gln

ASpP

Glu

Tle

70

Gly

Tle

ATg

Glu

150

Leu

Tle

Leu

His
230
Tle

Val

Ser

ASpP

Val

310

Leu

Asp

Hisg

Glu

Val

55

Arg

Val

Asp

Gly

Leu

135

bAla

Gln

ITle

Thr

Tle

215

Pro

Glu

AsSp

Leu

295

Val

ASP

His

ASP
360

coli

Gly

Glu

Cys

40

2la

Agn

Leu

Thr

Pro

120

Leu

Gly

ASP
Arg
200

Glu

Gln

Gly

Thr

Lys
280
Ile

Ala

Glu

Ala
Gln
245

Glu

Ser

Val

25

Val

Pro

His

Ala

Ser

105

Thr

ASP

Glu

185

ASDP

Gly

Gln

Gly

Gly
265

Ala

Thr

Pro

Cys
330
ASp

Agn

Gly

10

ASp

Hig

Leu

Val

S0

AgSh

Gly

Val

Val

ASp

170

Ile

Val

Thr

Glu

2la
250

Sexr

Ser

Phe

Leu

US 10,385,367 B2

Ile

Leu

Tyr

Leu

ATrg

ASp

75

Ala

Gly

Ser

Pro

Gly

155

ASDP

Ser

Val

Phe

235

Phe

Gly

Glu

Gly

AgSn

315

Agnh

-continued

Ser

AsSn

Ala

Leu

Leu

Glu

60

ASD

Val

Val

Gly

Phe

140

Glu

ASpP

Gly
Ala
220

Leu

Ala

Tle

Gly

Leu

300

Glu

Ala

Trp

Gly

Leu
265

Leu

Tle

AsSn

45

Arg

Glu

Lys

125

Thr

Asp

Val

Ile

Glu

205

Ala

Gln

Gly

Gly

Glu
285
Ile

Leu

Leu

Glu
Gln
350

2la

Ala

30

ASP

Ser

Val

Agn

Leu

110

Thr

Met

Val

Gln

Ser

120

Gly

Val

Val

Leu

Phe

270

Leu

Pro

Ser

Thr

Met
335

Leu

2la

Cys

15

Gly

Tle

2la

Tle

His

S5

Gly

Leu

2la

Glu

Lys

175

ATrg

Val

Pro

ASpP

ASP

255

Gly

Leu

Glu

Glu

Thr

Thr

Ser

Pro

Tle

Leu

Gly
80

Leu

ASpP

Agn

160

b2la

Gln

Pro

Thr
240

Ala

Ala

Phe

Glu

320

Gln

54



Glu

Ala

Tyr

385

Ser

Glu

Gln

ala

Arg

370

ASpP

Val

2la

Ala

Leu

355

Gly

Leu

Ile

Gln

Leu

340

ASP

Leu

Pro

ASP

Gln
420

325

Phe

Ala

Ser

Gly
405

Ala

<210> SEQ ID NO 23

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Egcherichia

PRT

<400> SEQUENCE:

Met Leu Zsn Gln

1

Ala

Ala

Val

Thr

65

Thr

Ser

Phe

Val

ASP

145

Glu

Agn

Agn

Glu
225

Ala

Thr

Arg

Leu

ASpP

50

Thr

Leu

Ser

Sexr

Ser

130

Glu

Gln

Gln

Glu
Pro
210

Gly

ASpP

Glu

Leu

35

Leu

Pro

Ser

Gly

Glu

115

Pro

Ala

Leu

Leu
195

Leu

Leu

His
20

Ser

Val

Val

Phe

ATg

100

Gln

Leu

Thr

Gly

Ala

180

Glu

Leu

Ala

Thr

ATrg
260

758

23

Glu

5

Arg

Agh

2la

Leu

Gln

85

AsSn

Glu

AsSp

Gln

Gly

165

Arg

ATy

Vval

Trp

Ile
245

Gly

Agn

ITle

Ser

Met

390

Gln

Ser

Leu

His

Pro

Leu

Pro

70

ATrg

Glu

Ser

Val

Ser

150

Glu

Val

Ala

Gly

ATrg

230

Tvyr

ASpP

3

Leu
Ala
Tle
375
Glu

Ser

Gly

Glu
Glu
Ser
Arg
55

Ala
Val
Val
Gln
Val
135
Ser
Glu

Gly

ITle
Glu
215
Tle

Ser

Phe

Glu

Lys
360

Val

ASP

Glu

colil

Leu

Phe

Ala

40

Gln

Ser

Leu

Thr

Ala

120

Agn

ASP

Arg

Gly

Gln
200

Ser

Val

Leu

Glu

Gly

345

Lys

Glu

Val

Pro

Ser

Met

25

Arg

Glu

Glu

Gln

Gly

105

Ala

Phe

Pro

Met

Tle

185

Val

Gly

Gln

ASP

Lys
265

330

Val

ala

Ala

Glu

Leu
4710

Leu

10

Thr

Glu

Leu

Glu

Tle

Gly

Glu

170

ASp

Leu

Val

Gly

Ile
250

US 10,385,367 B2

ASpP

Met

Ala

Lys

395

Leu

Agnh

Val

Ala

Glu

Glu

75

Ala

Agn

Leu

Ser

Ser

155

AgSn

Pro

Gly
ASpP
235

Gly

Phe

-continued

Leu

Ala

Leu

380

Val

ITle

Met

Glu

Leu

Ala

60

ATYJ

Val

Val

Leu

Hig

140

Gln

Phe

Leu

ATYJ

Lys

220

Val

Ser

Glu
Arg
365

Leu

Val

Ala

His

Glu

45

Phe

Asp

Phe

Leu

Arg

125

Gly

Pro

Thr

Tle

Arg

205

Thr

Pro

Leu

Ala

Phe

350

ASP

Tle

Gly

Phe

Leu

30

Ala

Tle

Thr

His

Val

110

Thr

Agn

Thr

Gly

120

ATg

Ala

Glu

Leu

Leu
270

335

ATrg

Thr

Thr

ASpP

Lys
415

2la
15

Leu

Glu

Gln

Val

o5

2la

His

Arg

Ser

AgSh

175

Arg

Tle

Val

ala

255

Leu

ASDP

Gly

Met

Glu

400

Pro

Arg

Leu

Ser

Gln

Pro

80

Gln

Tle

Glu

Glu
160

Leu

Glu

Agn

Ala

Met
240

Gly

56



Gln

Thr

Agn

305

Ser

Leu

Glu

Hisg

Ala

385

Val

ATg

Tle

Leu

Lvs

465

Leu

Thr

Gly

Thr

Gln

545

Leu

Leu

Val

Ser

625

ATrg

Val

Leu

Trp

Leu

Ile

290

Leu

Thr

ala

Thr

ASpP

370

Val

Tle

2la

Lys

450

Ala

Gly

Gly

Tle

Val

530

Gly

Leu

Leu

Ala

ATrg

610

Thr

Agn

Ile

ASp

Leu

Glu
275

Ile

Tle

Thr

Val
355

Val

Arg
435

Agn

Tle

His

Val

Glu

515

Ser

Gly

Leu

Gln

ASP

595

Glu

ASP

His

Gln
675

Ala

Gln

Gly

ATy
340
Gln

ATg

Glu

Thr

420

Tle

Leu

Glu

Glu

Gly

500

Leu

ATg

Leu

ASDP

Val

580

Phe

Thr

Ala

Leu

Gln
660

Glu

AsSp

Ala

Pro

Gln

325

Phe

Tle

Tle

2la

405

Val

Pro

Gly

Ala

His

485

Leu

Leu

Leu

Glu

565

Met

Arg

Glu

Met
AsSp
645

Val

Gly

Thr

Gly

Leu

310

Glu

Gln

Tle

Thr

Agn

390

Gly

Asn

Glu

ASpP

Leu

470

Thr

ATrg

Tle

Thr

550

Tle

ASpP

ASh

ATrg

Glu

630

Agn

Val

Val

Gly

S7

AsSn
Ala
295

Leu

Phe

ASn

Ala

375

Asp

Ala

Val

Arg

455

Thr

Pro

Glu

Phe

Gly

535

Asp

Glu

Asn

Val

Lys

615

Glu

Tle

Asp

Ser

Ser

280

2la

Ser

Ser

Ile

Gly

360

Arg

ATrg

2la

Ser

440

Leu

Glu

Val

Val

ASDP

520

Ala

Ala

Gly
Val
600

Ser

Tle

Tle

Leu
680

ASP

Tle

Ser

Ser

Agn

ASP

345

Leu

Ala

His

Ala

ASP

425

Val

Ala

Gly

Thr

505

Met

Pro

Val

Ala

Thr

585

Leu

Tle

Trp

Phe
665

Glu

ATrg

Leu

Gly

Gly

Ile

330

Ile

Val

Leu

Arg

410

Ile

Ser

Met

Tle

Ser

490

Val

Ser

Pro

Ile

His

570

Leu

Val

Gly

Phe
650
Ile

Val

2la

US 10,385,367 B2

Phe

Gly

Liys

315

Phe

Thr

Pro

ATg

Pro

395

Leu

Glu

Gln

Leu

Liys

475

Phe

Gln

Glu

Gly

Lys

555

Pro

Thr

Met

Leu

Ile
635

ASpP

Val

Ser

Met

-continued

Tle

Gln

300

Tle

Glu

Glu

Ala

380

ASD

Met

Ser

Ser

Val
460
Met

Leu

Leu

Tyr

540

His

ASD

ASpP

Thr

Tle
620

Phe

Hig

Glu

Gln

Gly

Asp
285
Val

Arg

Pro
Tyr
365

Ala

Pro

Val

Asp

445

Phe

Ala

Phe

Ser

Met

525

Val

Pro

val

AsSn

Thr

605

His

Thr

Leu

Leu

Glu
685

Ala

Glu

ASP

Val

ASP

Ser

350

Glu

Val

Ala

Val

Val

430

ATrg

Gly

Arg

Ala

Lys

510

Glu

Gly

Hig

Phe

Agn

590

AgSh

Gln

Pro

Ser

Gln

670

Ala

ATrg

Tle

2la

Tle

Arg

335

Ile

2la

Glu

Tle

Ser

415

2la

ASpP

Gln

Ala

Gly

495

2la

Arg

Phe

ala

Agn

575

Gly

Ala

ASP

Glu

Thr
655
Val

Arg

Pro

His

2la

Gly

320

2la

Glu

His

Leu

ASp

400

ATrg

Thr

ASpP

Gly

480

Pro

Leu

His

ASp

Val

560

Tle

Gly

Agn

Phe
640

ASDP

Gln

Agh

Met

58



Ala
705

Leu

690

ATy

Phe

Val

Gly

Lys Glu Lys

Lys

<210>
<211>
<212 >
<213>

<400>

2la

Glu
755

Tle

Ser

Gln

Leu
725

ASpP
710

Val

Agsn Glu Leu

740

Ala

PRT

ORGANISM:

SEQUENCE :

Met Ser Tvyr Serxr

1

Val

Tle

Val

Glu

65

Gly

ITle

Gly

Pro

Gln
145
Gly

Gln

Ala

Pro

Glu
50
Ala

Gly

2la

Agn

130

Ala

ATrg

Ile

Val

Met

Ser

35

ASP

Glu

Val

Pro

Phe

115

Ser

Thr

Met

Glu

Glu
195

Val

20

ATrg

His

Agnh

Tle

ASP

100

Leu

ATg

ASP

Agn

ATg
180

2la

SEQ ID NO 24
LENGTH:
TYPE :

207

Hisg

59

695

Asn
Asp

Thr

Egcherichia

24

Gly
5

Ile

Leu

Met

Pro

Thr

85

Val

Leu

Val

ITle

Glu

165

Asp

Gly

<210> SEQ ID NO 25

<«211> LENGTH:

<212> TYPE:
<213> ORGANISM: Escherichia

PRT

<400> SEQUENCE:

Met Asp Leu Ser

1

Phe Tyr Glu Trp

20

Asp Val Thr Leu

35

Gly Gln Ile Val

165

25

Gln

5

Leu

Pro

Leu

Glu

Glu

Leu

Ala

Glu

70

Ala

Ser

Thr

Met

Glu

150

Leu

Thr

Leu

Leu

Leu

Gly

Agn

Arg

Gln

Gly

Thr

bAla

Tle
135

Tle

Met

Glu

Val

Thr

Asp

Val

Tle

Leu

Gly

Tyr

colil

ASP

Thr

Glu

40

Leu

ASpP

Met

Ile

Gly

120

His

His

2la

ATy

ASpP
200

coli

Pro

Agn

Gln
40

2la

Lys

Gly

Gly
745

Agn

Ser

25

Ile

Tle

Ser

Cys

105

Ala

Gln

Ala

Leu

ASP

185

Ser

ATrg

Gln
25

Val

Pro

Gln
7320

Phe

Phe
10

Val

Val

Tle
90

Met

Pro

His
170

Tle

10

Leu

Pro

Arg

US 10,385,367 B2

Pro
715
Val

Gln

Ala

Gly

ITle

Ala

Leu

75

Gly

Gly

Leu

Glu
155

Thr

Phe

Leu

Pro

Thr

Met

Ala

-continued

700

Leu

Thr

Ser

Pro

Glu

Phe

Gln
60

ASpP

Gln

Gly

140

Tle

Gly

Leu

Thr

Pro

Glu

Val

Ala

Val

Ala

His

Arg

Leu

45

Met

ITle

Thr

Ala

Arg

125

Gly

Leu

Gln

Ser

His
205

Leu

His

Tyr

45

Gly

Agn

Ala

Gln
750

Met

Ser

30

Thr

Leu

AgSh

Met

Ala

110

Phe

Ser

Ala
190

Arg

Leu

Leu

30

Ala

Agn

Glu

Leu
735

2la

15

Phe

Gly

Phe

Ser

Gln

o5

Ser

Gln

Val

Leu

175

Pro

AgSh

Arg
15
Val

Arg

Leu

Leu
720
ASpP

His

Leu

ASpP

Gln

Leu

Pro

80

Phe

Met

Leu

Gly

Lys

160

Glu

Glu

Ala

Val

ASp

Glu

60



Leu
6b

ATg

Glu

ASpP

Val

Hig

145

Leu

<210>
<211>
<212 >
<213>

<400>

50

2la

Gln

AgSh

Thr

Met

130

Pro

Arg

Agn

Val

Gly

Ser

115

Ser

ASP

Val

ASDP

Ser

Ala

100

Tle

Val

ASDP

Val

PRT

ORGANISM :

SEQUENCE :

Met Gly Lys Thr

1

Lvs

Val

Val
65

Ala

His

<210>
<211>
<212 >
<213>

<400>

Val

Agn

Phe

50

His

Glu

Pro

Arg
ASP
35

Phe

Thr

Leu

ASP
20
ASP

Ser

Gln

Leu
100

PRT

SEQUENCE :

Met Ser Gln Thr

1

Ala

Ala

Tyr
65

Ala

Pro

Gln

Ala

Thr

50

Pro

Pro

ASP

Pro

35

ASP

Gly

ATrg

Ala
20

Gly

Ala

Glu

Glu

Leu

Glu

Val

85

Gly

Met

Ile

Glu

Lys
165

SEQ ID NO 26
LENGTH:
TYPE :

106

Val

70

Pro

Thr

Agn

ASP

Pro
150

61

55

Arg
Leu
Met
AsSp
Gly

135

Pro

Egcherichia

26

Asn
5

Ala

Gly

Val
85

SEQ ID NO 27
LENGTH :
TYPE :
ORGANISM: Caulobacter

162

277

Glu
5

Leu

Gly

Ala

Met

Thr

85

Ser

ASP

Leu

Thr

ASP

Lys

70

Ala

Thr

Pro

ATrg

Leu

Gly

Thr
70

Phe

Val

Trp

Pro

Val
55

bAla

Met

Leu

Pro

Gly

Pro

Val

55

Ile

Phe

Pro

Phe

Ala

Phe

Glu

120

ASP

Gln

coli

Leu

Pro

Met

40

Glu

Tle

Val

Glu

Agn

Ala

Glu

105

Glu

Pro

ASP
Pro
25

Glu

ATg

Agn

Lys
105

2la

Val

50

Pro

2la

Pro

Pro

Phe
10

Sexr

Phe

ala

Gly

Lys

S0

Ala

Cregcentus

Glu

Val

Glu
40

Ser

Val

Ser

ASP

Val
25

Pro

Gly

Leu

Val

Ala

Leu
10

His

Pro

Gln

Thr

50

2la

US 10,385,367 B2

Arg

75

Leu

Glu

Ser

ASD

ATrg
155

ASD

Met

Val

Thr

Val
75

Met

Ala

His

Gln

His

75

Leu

Leu

-continued

60

Phe

Ala

Ala

Ala

His

140

Gly

Gln

Tle
Gln
60

Phe

Ala

Gln

Ala

Leu
ASpP
60

Gln

Thr

Gly

Ile

Ala

Asp

125

Asp

Gly

Leu

Asp
45

Leu

Thr

Arg

Leu
Tyr
45

Leu

Phe

Arg

Gly

Tyr
110
Agsn

ASP

ATrg

2la

Val

30

Val

Met

Ala

Glu

Glu

Lys

30

Tle

Leu

Trp

Gly

Phe

Tle

ala

55

ASpP

Glu

ASP

Pro

Glu

15

Tle

Leu

Leu

Glu

Agn
o5

Ala
15

Thr

Ser

ASP

Gly
o5

Pro

80

ATrg

Glu

Thr

Thr

Ala
160

Glu

Leu

Gln

Ala

Val

80

Glu

Met

Ala

Phe

Leu
80

Gln

ASDP

62



Pro Ser Val Gln Phe 2Zla Leu
115

Asp Glu Pro Glu Pro Asp Pro

130

Ala Ser Gly Asp Glu Gly Pro

145

Lys

100

63

120

135

150

<210> SEQ ID NO 28

<«211> LENGTH:
<212> TYPE:

1252
DNA

US 10,385,367 B2

105

Gln Phe Sexr 2Ala

155

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 28

gaagttctgg

accattcgta

gaaagcaacg

tagagctgat

caaaatctct

tctgcttaca

tgctcecceegtc

cgcgataatyg

ccagagttgt

gtccgtctca

actcctgatyg

ttagaagaat

cggttacatt

gctcaggcgc

cgtaatggcet

ccggattcag

aaattaatag

gccattettt

aaatatggta

CCLLCtctaat

gtcgcegttat

aagcgttggc
ctgatgatca
cagctaacga
ccttcaactc
gatgttacat
taaacagtaa
cgcgcttaaa
tcgggcaatc
ttctgaaaca
actggctgac
atgcgtggtt
atcctgattc
cgattcctgt
aatcacgcat
ggcctgttga
tcgtcactcea
gttgtattga
ggaactgcct
ttgataatcc

aattctggcet

ggagaggatt

<210> SEQ ID NO 29
<211> LENGTH: 58

«212> TYPERE:

DNA

caatgaacgc

aagcgctaaa

tgaaaactac

agcaaaagtt

tgcacaagat

tacaaggggt

ctccaacatg

aggtgcgaca

tggcaaaggt

ggagtttatg

actcaccacc

aggtgaaaat

ttgtaattgt

gaataacggt

acaagtctgyg

tggtgatttc

tgttggacgg

cggtgagttt

tgatatgaat

ttatatacac

gtcgttactc

aatccgctgt

gtggttgcaa

agcgaaaact

cgatttattc

aaaaatatat

gttatgagcc

gacgctgatt

atctatcgcet

agcgttygceca

cctctcccga

gcgattcoctg

attgttgatg

ccttttaaca

ttggttgatyg

aaagaaatgc

tcacttgata

gtcggaatcg

tctcececttecat

aaattgcagt

tcgtetgegy

tcggggaacg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 29

-continued

110

Pro Glu Ile

125

Glu Pro Glu Asp Lys Ala Asn

140

Lys Ile Val Ser Leu Asp Gln

atgaagagat

accagattat

atgctgacgc

dacaaagcca

catcatgaac

atattcaacg

tatatgggta

tgtatgggaa

atgatgttac

ccatcaagca

ggaaaacagc

cgctggecgt

gcgatcgtgt

cgagtgattt

acaagctctt

accttatttt

cagaccgtta

tacagaaacg

ttcatttgat

gtacagtaat

tagttaccca

Tle Glu

Gln Gly

Phe Arg
160

Synthetic
tgccgacgtyg 60
tcacatgctyg 120
tagctaatac 180
cgttgtgtct 240
aataaaactyg 300
ggaaacgtct 360
taaatgggct 420
gccecegatgeg 480
agatgagatyg 540
ttttatccgt 600
cttccaggta 660
gttcctgegc 720
atttcgtctt 780
tgatgacgayg 840
gccattctceca 900
tgacgagggy 960
ccaggacctt 1020
gctttttcaa 1080
gctcgatgayg 1140
taaggtggat 1200
at 1252

Synthetic

ggccgcettcet agagtcacac aggaaagtac tagatggcag agaaacgcaa tatctttc

58

64



<210> SEQ ID NO 30
<«211> LENGTH: 86

<212> TYPE:

DNA

65

US 10,385,367 B2

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 30

-continued

ggccctgcag cggccgctac tagtattaag cagccagagce ataattttca tcecgttagcetg

cgttgctttce cagcatgtga ataatc

<210> SEQ ID NO 31

<«211> LENGTH:
<212> TYPE:

2738
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 31

tactagtagc

aaaagcctcc

ctcaaaggcy

gagatggaat

ttccggetygy

tcattgcagc

ggagtcaggc

ttaagcattyg

Ctcattttta

tcccttaacg

gagatcgttt

goggttttte

gagcgcagtc

ctaactcctc

gggttggact

tcgtgcatac

atgagacaaa

agagcgcacyg

cgcecaccact

aaaaacggct

ggaaatctcc

gcgagtcagt

gtgcagcctt

atagtaagcc

gactcatacc

atgagagctt

cggtctgegt

ggccgctgca

gaccygygaygdyc

gtaatcagat

agactggatyg

ctggtttatt

actggggcca

aactatggat

gtaactgtca

atttaaaagyg

tgagttttcg

tggtctgcgc

gaaggttctc

accaaaactt

taaatcaatt

caagacgata

agtccagctt

cgcggcecata

adggagCcCcgcC

gatttgagcg

ttgccgegygce
gcccecegtteyg

gagcgagygaa

ttttcetecty

agtatacact

aggcctgaat

tgttgtaggt

tgtcgggaag

ggagtcacta

ttttgactaa

aaaaaaaatc

gaggcggata

gctgataaat

gatggtaagc

gaacgaaata

gaccaagttt

atctaggtga

ttccactgag

gtaatctctt

tgagctacca

gtcctttecag

accagtggcet

gttaccggat

ggagcgaact

acagcggaat

caggggaaac

tcagatttcy

cctctcactt

taagccattt

gcggaatata

ccacatgaag

ccgctagegc

cgcecccatca

ggaccagttyg

atgcgtgatc

agggttagtt

aacttccctt

cttagctttc

aagttgcagyg

ctggagccgg

cctceocecgtat

gacagatcgc

actcatatat

agatcctttt

cgtcagaccc

gctctgaaaa

actctttgaa

tttagcctta

gctgccagty

aaggcgcagc

gcctaccogyg

gacaccggta

gcctggtatce

tgatgcttgt

ccetgttaag

ccgctagecy

tcctgtatcea

cacttcactg

tgaggtctgc

tccagccaga

gtgattttga

tgatccttca

agttagatta

ggggttatca

gctaaggatyg

accacttctg

tgagcgtggyg

cgtagttatc

tgagataggt

actttagatt

tgataatctc

cttaataaga

cdaaadaadcc

ccgaggtaac

accggcegcat

gtgcttttgce

ggtcggactg

aactgagtgt

aaccgaaagg

tttatagtcc

cagygygyggcd

tatcttectg

cagtcgaacg

catattctgce

acaccctcat

ctcgtgaaga

aagtgaggga

acttttgcett

actcagcaaa

Synthetic

60
86
Synthetic

gcagaaagtc 60
ttggggctca 120
atttctgcta 180
cgcteggcecc 240
tctcgecggta 300
tacacgacgg 360
gcctcactga 420
gatttaaaac 480
atgaccaaaa 540
tgatcttctt 600
gcecttgcagyg 660
tggcttggayg 720
gacttcaaga 780
atgtectttcc 840
aacggggggt 500
caggcgtgga 960
caggaacagg 1020
tgtcgggttt 1080
gagcctatgg 1140
gcatcttcca 1200
accgagcgta 1260
tgacgcaccy 1320
cagtgccaac 1380
aggtgttgct 1440
gccacggttyg 1500
tgccacggaa 1560
agttcgattt 1620

06



attcaacaaa

atatcatcat

tagaggttga

ccgggegtat

aaaatcacgyg

gcatttcagt

tttttaaaga

gcccocgectga

atctgggata

tcecectetgga

gtggcgtgtt

tttgtctcag

gacaacttct

ctgatgccgc

atgcttaatyg

ctccggcaaa

attacttcgc

cgaagaaagg

tagcccttag

gccacgttgt

gaacaataaa

tcgggcacgt

tttttgagtt

gatataccac

cagttgctca

ccgtaaagaa

tgaacgctca

gtgttcaccc

gtgaatacca

acggtgaaaa

ccaatccctg

tcgcceccecgt

tggcgatcca

aattacaaca

aaaacgggca

gtttgccacc

cccaccegtyg

tgactcgaat

<210> SEQ ID NO 32

<«211> LENGTH:
«212> TYPE:

1061
DNA

67

gtctcaaaat
actgtctgcet
aagaggttcc
atcgagattt
cgttgatata
atgtacctat
aaataagcac
ccocggagttt
ttgttacacc
cgacgatttc
cctggcectat
ggtgagtttc
tttcacgatyg
ggttcatcat
gtactgtgat
aggtgtcacc
tgacgtctaa
aaggtgagcc

tcgcggecgc
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ctctgatgtt

tacataaaca

aactttcacc

tcaggagcta

tcccaatggc

aaccagaccyg

aagttttatc

cgtatggcca

gttttccatg

cggcagtttc

ttcccectaaag

accagttttyg

ggcaaatatt

gcecgtttgty

gagtggcagg

accctgccct

gaaaaggaat

agtgagttga

ttctagag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 32

tccctatcag

agaaagagga
ataaaattaa
aaatggtaca
ctgatatttc

atttaataaa

ggaatatatt

aaacatcagyg

gaatgcttag

cgtgtatgaa

tagcaaataa

catgcgaagy

tcactttcca

tttctaaagc

gatagtgcta

tgatagagat

gaaatactag

agcttgtaga

ttgtgaatat

aatcctagat

atatgatcct

tgaaaacaat

tcttatcact

ttttgcacat

cataccatta

taaatcaaac

aaaaagctct

tttaaccaat

aattttaaca

gtgtagatca

tgacatccct

atgaaaaaca

agcaataatyg

tatttactcg

aattacccta

atagtagatt

gctgtaaata

gggtttagtt

tcagaaaaag

attgttectt

aacgatttaa

tgggatattt

gcgcaaatga

ggagcaattg

ctactagagc

atcagtgata

taaatgccga

atattaatca

cgatcattta

aaaaatggag

attctaactc

aaaaatctcc

tcccectattcea

acaactatat

ctctagttga

ccaaaagaga

caaaaatatt

aactcaatac

attgcccata

caggcatcaa

-contilnued

acattgcaca agataaaaat 1680
gtaatacaag gggtgtttac 1740
ataatgaaat aagatcacta 1800
aggaagctaa aatggagaaa 1860
atcgtaaaga acattttgag 1920
ttcagctgga tattacggcc 1980
cggcecctttat tcacattctt 2040
tgaaagacgg tgagctggtg 2100
agcaaactga aacgttttcg 2160
tccacatata ttcgcaagat 2220
ggtttattga gaatatgttt 2280
atttaaacgt ggccaatatg 2340
atacgcaagg cgacaaggtyg 2400
atggcttcca tgtcggcecgc 2460
gcggggcegta ataatactag 2520
ttttctttaa aaccgaaaayg 2580
attcagcaat ttgcccgtgc 2640
ttgctacgta attagttagt 2700

2738

Synthetic

gagatactga gcactactag 60
cgacacatac agaataatta 120
atgcttatct gatatgacta 180
tcctecattet atggttaaat 240
gcaatattat gatgacgcta 300
caatcattca ccaattaatt 360
aaatgtaatt aaagaagcga 420
tacggctaac aatggcttcyg 480
agatagttta tttttacatyg 540
taattatcga aaaataaata 600
aaaagaatgt ttagcgtggyg 660
aggttgcagt gagcgtactyg 720
aacaaaccgce tgccaaadta 780
ctttaaaaat taataacact 840
ataaaacgaa aggctcagtc 900

08
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-continued

gaaagactgg gcctttegtt ttatctgttg tttgtcecggtg aacgctctcet actagagtca

cactggctca ccttecgggtg ggcectttectg cgtttatata ctagagacct gtaggatcgt

acaggtttac gcaagaaaat ggtttgttat agtcgaataa a

<210> SEQ ID NO 33

<211> LENGTH:
<212> TYPE:

200
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 33

caatacgcaa

ggtttcccga

attaggcacc

gcggataaca

accgcctctc

ctggaaagcy

ccaggcttta

atttcacaca

<210> SEQ ID NO 34
<«211> LENGTH: 13

<212> TYPE:

DNA

ccegegegtt ggceccgattca ttaatgcagce tggcacgaca

ggcagtgagc gcaacgcaat taatgtgagt tagctcactc

cactttatgc ttccggcectcg tatgttgtgt ggaattgtga

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 34

tcacacagga

aag

<210> SEQ ID NO 35

<«211> LENGTH:
«212> TYPE:

519
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 35

atggcagaga
gggcgccagt
aaacgaaccg
gatcgcgaag
ggcggceggcet
gtttatcttg
ccgttgetge
aatccgcetgt

gtggttgcaa

aacgcaatat
tagctcaaca
gagctgatgt
aaaaggtcat
ctgtgaaatc
aaacgaccat
acgttgaaac
atgaagagat

accagattatc

<210> SEQ ID NO 36

<211> LENGTH:
«212> TYPE:

498
DNA

cttteotggtt

actcaatatg

gggctgggtt

caatgagttyg

ccgtgaaacy

cgaaaagcaa

accgcecgegt

tgccgacgty

tcacatgcty

gggcctatgg

gaattttacyg
ttcgatttag
accgagaaac
cgtaaccgtc
cttgcacgca
gaagttctgy

accattcgta

gaaagcaac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 36

gtgccggaaa

attccgatca

aaggcgaaga

agggtattgt

tttcecgeteg

cgcagcgtga

aagcgttggce

ctgatgatca

560
1020
1061

Synthetic
60
120
180
200

Synthetic
13

Synthetic
aagcactatt 60
agagattgayg 120
aggcttccgce 180
gctggctact 240
tggcgttgtc 300
taaaaaacgc 360
caatgaacgc 420
aagcgctaaa 480
519

Synthetic

70



atggatttgt
ttgctggata
gttcctatgy
ggcaatctgy
cgtcaggttt
ggcacgatgt
gaggcatcgg
gatgatgaca

ttacgcgttyg

cacagctaac

accagctcac

aatatgcgcyg

aactggcgaa

ctgtgccgcet

ttgagcctga

cagacaacga

ctcatcctga

tgaagtaa

<210> SEQ ID NO 37
<211> LENGTH: 36

<212> TYPERE:

DNA

71

accacgtcgt

gccgcacctyg

tgacgggcaa
tgatgaggtg
ggctgccgty
agctgcctac
aaccgttatg

cgatgaacct
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ccctatctgc

gtggtggatyg

atcgtactca

cgctttaacy

ctggctatct

gatgaagata

tcggttattyg

ccgcagecac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 37

gcagctaacg atgaaaatta tgctctggct gcttaa

<210> SEQ ID NO 38
<211> LENGTH: 36

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 38

gcagctaacg atgaaaatta tgctctggtt gcttaa

<210> SEQ ID NO 39
«<211> LENGTH: 36

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

<400> SEQUENCE: 39

gcagctaacg atgaaaatta tgctgacgct agctaa

<210> SEQ ID NO 40
<211l> LENGTH: 36
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

<400> SEQUENCE: 40

gcagctaacg atgaaaatta tgctctggac gactaa

«<210> SEQ ID NO 41

<211> LENGTH:

43779

<212> TYPE: DHNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

-continued

tgcgtgcatt ctatgagtgg 60
tgacgctccece tggcecgtgcag 120
acattgcgecce gcecgtgetgtce 180
cgcgetttgg tggcattecy 240
acgcccgtga aaatggcgca 300
ccagcatcat gaatgatgaa 360
atggcgacaa gccagatcac 420
cacgcggtgg tcgaccggca 480
498

Synthetic
36

Synthetic
36

Synthetic
36

Synthetic
36

Synthetic

72



<400> SEQUENCE:

gaattcgcgyg

gagatactga

cgacacatac

atgcttatcet

tcctcecatccet

gcaatattat

caatcattca

aaatgtaatt

tacggctaac

agatagttta

taattatcga

aaaagaatgt

aggttgcagt

AaCadadaCcCdcC

cCtttaaaaat

ataaaacgaa

aacgctctct

ctagagacct

atactagagt

gcctatgggt

attttacgat

cgatttagaa

cgagaaacag

taaccgtctt

tgcacgcacy

agttctggaa

cattcgtact

aagcaacgca

gcaggagtca

ggcttttgac

gataaaaaaa

atggaggcgy

attgctgata

ccagatggta

gatgaacgaa

tcagaccaag

aggatctagy

tcgttecact

cgcgtaatcet

41

ccgcettetag

gcactactag

agaataatta

gatatgacta

atggttaaat

gatgacgcta

ccaattaatt

aaagaagcga

aatggcttcyg

tttttacatg

aaaataaata

ttagcgtggg

gagcgtactyg

tgccaaagta

taataacact

aggctcagtc

actagagtca

gtaggatcgt

cacacaggaa

gccggaaaaa

tccgatcaag

gdcdaagaay

ggtattgtgc

tcecgectegty

cagcgtgata

gcgttggcca

gatgatcaaa

gctaacgatg

ctaagggtta

taaaacttcc

atccttaget

ataaagttgc

aatctggagc

agccctececy

atagacagat

Cttactcata

tgaagatcct

gagcgtcaga

cttgctctga

73

tcecctatcag
agaaagagga
ataaaattaa
aaatggtaca
ctgatatttc
atttaataaa
ggaatatatt
aaacatcagg
gaatgcttag
cgtgtatgaa
tagcaaataa
catgcgaagy
tcactttcca
tttctaaagc
gatagtgcta
gaaagactgg
cactggctca
acaggtttac
agtactagat
gcactattgyg
agattgagaa
gcttccgega
tggctactgy
gcgttgtcegt
aaaaacgccc
atgaacgcaa
gcgctaaagt
aaaattatgc
gttagttaga
cttggggtta
ttcgctaagy

aggaccactt
cggtgagcgt
tatcgtagtt
cgctgagata
tatactttag

ttttgataat

ccecttaata

dddcddaddd
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tgatagagat

gaaatactag

agcttgtaga

ttgtgaatat

aatcctagat

atatgatcct

tgaaaacaat

tCcttatcact

ttttgcacat

cataccatta

taaatcaaac

aaaaagctct

tttaaccaat

aattttaaca

gtgtagatca

gcetttegtt

ccttegggty

gcaagaaaat

ggcagagaaa

gcgcocagtta

acgaaccgga

tcgcgaagaa

cggcggctcet

ttatcttgaa

gttgctgcac

tccgetgtat

ggttgcaaac

tctggttget

ttagcagaaa

tcattggggc

atgatttctyg

ctgcgetegy

gggtctcgcg

atctacacga

ggtgcctcac

attgatttaa

ctcatgacca

agatgatctt

accgccttgc

-continued

tgacatccct

atgaaaaaca

agcaataatg

tatttactcg

aattacccta

atagtagatt

gctgtaaata

gggtttagtt

tcagaaaaag

attgttcctt

aacgatttaa

tgggatattt

gcgcaaatga

ggagcaattyg

ctactagagc

ttatctgttyg

ggcctttety

ggtttgttat

cgcaatatct

gctcaacaac

gctgatgtgg

aaggtcatca

gtgaaatccc

acgaccatcg

gttgaaacac

gaagagattyg

cagattattc

taatactagt

gtcaaaagcc

tcactcaaag

ctagagatgyg

ccettecgyge

gtatcattgc

cggggagtca

tgattaagca

aacttcattt

aaatccctta

cttgagatcg

agggcggttt

atcagtgata

taaatgccga

atattaatca

cgatcattta

aaaaatggag

attctaactc

aaaaatctcc

tcccectattca

acaactatat

ctctagttga

ccaaaagaga

caaaaatatt

aactcaatac

attgcccata

caggcatcaa

tttgtceggty

cgtttatata

agtcgaataa

ttetggttyg

tcaatatgga

gctgggtttt

atgagttgac

gtgaaacgcyg

aaaagcaact

cgccgegtga

ccgacgtgac

acatgctgga

agcggcocgcet

tccgaccgga

gcggtaatca

aatagactgg

tggctggttt

agcactgggg

ggcaactatyg

ttggtaactg

Ctaatttaaa

acgtgagttt

ttttggtctyg

ttcgaaggtt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340



ctctgagcta

cttgtcettt

attaccagtyg

atagttaccyg

cttggagcga

ataacagcgyg

cgccagyydya

gcgtcagatt

ggccctcetcea

tcgtaagcca

gaagcggaat

ctgccacatyg

actccgctag

aatcgcecceccca

ggtggaccag

aagatgcgtyg

tgtgtctcaa

aaaactgtct

cgtaagaggt

gttatcgaga

caccgttgat

tcaatgtacc

gaaaaataag

tcacccecggay

ccettgttac

ccacgacgat

aaacctggcc

ctgggtgagt

cgttttcacy

ccaggttcat

acagtactgt

gcaaggtgtc

acctgacgtce

gtgaaggtga

ccaactcttt

cagtttagcc

gctgctgcca

gataaggcgc

actgcctacc

aatgacaccyg

aacgcctggt

tcgtgatgcet

cttccctgtt

tttccgeteyg

atatcctgta

aagcacttca

cgctgaggtc

tcatccagcce

ttggtgattt

atctgatcct

aatctctgat

gcttacataa

tccaactttc

ttttcaggag

atatcccaat

tataaccaga

cacaagtttt

tttcegtatgg

accgttttcec

ttceggcagt

tatttcceccta

ttcaccagtt

atgggcaaat

catgccgttt

gatgagtggce

accaccctgc

taagaaaagyg

gccagtgagt

«<210> SEQ ID NO 42

<211> LENGTH:
«212> TYPE:

1137
DNA

7S

gaaccgaggt
ttaaccggcg
gtggtgettt
agcggtcgga
cggaactgag
gtaaaccgaa
atctttatag
tgtcaggggy
aagtatcttc
ccgcagtcga
tcacatattc
ctgacaccct
tgcctegtyga
agaaagtgag
tgaacttttyg
tcaactcagc
gttacattgc
acagtaatac
accataatga
ctaaggaagc
ggcatcgtaa
ccgttcagcet
atccggectt
ccatgaaaga
atgagcaaac
ttctceccacat
aagggtttat
ttgatttaaa
attatacgca
gtgatggctt
aggyggycygyggyc

CCCLTLCttctt
aatattcagc

tgattgctac
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aactggcttyg

catgacttca

tgcatgtett

ctgaacgggg

tgtcaggcgt

aggcaggaac

tcectgteggy

gcggagcocta

ctggcatctt

acgaccgagc

tgctgacgca

catcagtgcc

agaaggtgtt

ggagccacdy

ctttgccacy

aaaagttcga

acaagataaa

aaggggtgtt

aataagatca

taaaatggag

agaacatttt

ggatattacg

tattcacatt

cggtgagctg

tgaaacgttt

atattcgcaa

tgagaatatyg

cgtggccaat

aggcgacaag

ccatgtcggc

gtaataatac

taaaaccgaa

aatttgcccy

gtaattagtt

<213> ORGANISM: Corynebacterium glutamicum

<400> SEQUENCE: 42

-continued

gaggagcgea

agactaactc

tCnggttgg

ggttcgtgca

ggaatgagac

addagagcycCc

tttcgccacc

tggaaaaacg

ccaggaaatc

gtagcgagtc

ccggtgcagce

aacatagtaa

gctgactcat

ttgatgagag

gaacggtctyg

Cttattcaac

aatatatcat

tactagaggt

ctaccgggcyg

aaaaaaatca

gaggcatttc

gcctttttaa

cttgcceccgec

gtgatctggg

tcgtcectet

gatgtggcegt

CCCLCCCtgtct

atggacaact

gtgctgatgc

cgcatgctta

tagctcoccggce

aagattactt

tgccgaagaa

agttagccct

gtcaccaaaa

ctctaaatca

actcaagacg

tacagtccag

aaacgcggcc

acdagyygayc

actgatttga

gctttgocgc

tccgcecoccgt

agtgagcgag

CECCLCCCLECEC

gccagtatac

accaggcctyg

ctttgttgta

Cgttgtﬂggg

aaagccacgt

catgaacaat

tgatcgggca

cattttttga

cgggatatac

agtcagttgc

agaccgtaaa

tgatgaacgc

atagtgttca

ggagtgaata

gttacggtga

cagccaatcc

tCttGgCCCC

cgctggcegat

atgaattaca

aaaaaaacgyg

cgcegtttgec

aggcccacec

tagtgactc

atgacgtcat tagagttcac agtaacccgt accgaaaatc cgacgtcacce cgatcgtctyg

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4379

60

76



aaggaaattc
gactggaacg
atggatcctyg
taccgccatt
cagcgttcag
cttgaactgc
ctctacctgc
gcctacaagt
cctgtttecyg
gccaaatttg
ggctgtgacc
ggcatgaacc
ctttceggcet
ttgggatacy
tctggcegceca
accgtgaaat
atgaagcttc

tggctttacc

ttgccgcacc

agtcggaagg

ccaccaccgt

cggacgaaac

cagctcgaat

tggtagacgc

gcccattcat

tcctggtcecat

tctggctgag

ctggcaacta

aggtcgtatyg

ttgggttcat

cactacttcc

aagtagaaga

tgaccgaggc

cagctcacgyg

gtgaaaccct

cactggttygy

<210> SEQ ID NO 43

<211> LENGTH:
«212> TYPERE:

843
DNA

77

gaagttcggt
ctggcacaac
attccactac
catcaagact
ggcaatgcca
ggatcaggat
gatctccacc
cgcatcccca
cgaagattac
cgcggcettcet
gttggatgcc
ctaccgcaac
aggcatcacc
gcgaaagatc
atttgcttgce
caccttcgaa
caccggaatt

cgcagctaac
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aagttcttca

gcccaattag

ggacaggcaa

ttccgtectyg

cagttgccaa

tgggttccty

gaaattggct

gtcggcegcett

gtccgcegcety

ttgcttgcecc

atcgagcaca

ggcgaccaag

cgcaagtcac

accaccaccd

ggtactgcag

gtgaacaaca

cagcaaggaa

gatgaaaatt

<213> ORGANISM: Corynebacterium glutamicum

<400> SEQUENCE: 43

atgtcaggca

ggccagaaag

gCtggCgth

accaccttgt

acgaagcgtyg

caggcggtgg

gagggtggceg

gtcggccaca

ggtcgtggceyg

gegtttgegyg

Ctttccatca

tggcaggatg

accttgggcey

accttcccag

taa

ttgatgcaaa

ttteggttet

atatgctcct

cgatcacctt

cgcttgtggt

agtccgcgat

tggagatcgc

tcgggtacac

cgagttctgy

ttgtgttgga

ccactatcgy

cctteggect

attccttgcea

gcegaagcedgda

<210> SEQ ID NO 44

<211> LENGTH:
<212> TYPERE:

1950
DNA

gaaaatccgc

caccagctat

tgttggtgat

ggatgagatg

ggttgatctyg

ccgggtcecatyg

gcagacgatt

ccocgcagtcec

aaagctcatc

gatggttcca

aatcggtgcc

caaccgcggc

cgacgacgcy

gtcctttgca

acccgtcatt

gatgcgcttt

tccgetgceca

attgtgctgy

ccgtttggta

cgtgaaacgyg

cgacgcattyg

gagcattcct

gccgatgecce

gceagagdgeay

ggcaatggca

aagaagccac

caggcctaca

gctaacgatg

<213> ORGANISM: Corynebacterium glutamicum

-continued

ccgaccacat

tgccatacgce

tttttgaggg

atgaaaacgc

ccgaggactt

agtacggcgg

tgggtgtcag

acttcaccgy

cacccggcegyg

agtcccaggce

agtacatcga

tcaagctagt

ttctacaagt

agtgggaaga

ctgttatcac

atgaagtcgg

acgttgaaga

atgctctggt

tccgcgaagce

cggcgagceat

acgttgtgct

ccaaggcggt

cctatgaggt

gtgcggcetge

ttgatgctgg

tgggcggcca

gcgegttgga

cgegegaggt

cagatgggca

gcttegtecy

tcgccgatat

aaaattatgc

ggtgaccatt
gccgattcect
aattaaggcc
cgagcgtatg
tattaaagca
agaagcttcce
cccagcetgat
tggaatcaag
aactggtgac
tgcggaaaag
agaaatgggt
cacccctgaa
agcacgcgac
agacgcaaag
ccetgttgge
agaaatcacg
ccaaaacgga

ggcttaa

taaagtaaac
ttttgatgag
gggtcgcegat
gacgatcgct
gagcccaaat
ggtgaagatc
aattccggtt
cgtggttcag
gcaggcegggt
taccgaggat

ggttttggtg

cgagtacgcc

ccacgaegggt

tﬂtgggﬂggﬂ

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1137

60

120

180

240

300

360

420

480

540

600

660

720

780

840

843

78



<400> SEQUENCE: 44

atgcttcacc

aggtctatgt

gggcctcogca

aaccgctaca

ccagataaaa

caggctctga

cagatgggct

ttegttegtyg

gttcaggctc

gttatcgtgce

gacaaggtgc

caggattacc

gaggttgagt

gagaacccaa

gcagactcca

ctgcacccgc

ggcgctgacc

ctggtcaccc

gatatacgcc

cacccatacg

aacaagggtc

tcttgggagc
gatgtcggtce
gttgcttaca
ttctecacey
atgtgggata
ctgcgcegtcey
cacaacggca
aacgcgcetgy
acctcgggcy
gtctggggcey

gccgtaaacce

aacgatgaaa

acatgacttc

ctcctaacga

acgaaggcca

tgcctttcecga

aaatcaccgt

ttgatccgat

tcaaagaaat

agatcatcga

gtgagcacct

acttctacaa

aggtgaagaa

cagacaccada

acgccaagga

tgatcatcaa

ttgaatggat

acaatgaccyg

gcatcgaagyg

tggcactgaa

agatccgcag

gcggtgacct

tggacgccat

agctgcgcga

gcgactacga

tcatgaagac

ttgtccagaa

tcttcgccac

agaacgctca

aggacgtcac

agaagctggg

acgatgcaga

tcggcatcgc

gegegetgga

attatgctcet

«210> SEQ ID NO 45

<211> LENGTH:
«212> TYPE:

378
PRT

79

gcgtgcgaat
tgcattcatc
gccagcatgyg
ggttgaggta
tgcacctcag
gtctcctgag
cgaggtcggt
aaagggcatyg
gattcgccgt
ctccacctcec
gctggctacce
ctggcegetgg
agttgtggac
cctgecettec
gcaccgcaat
tggcaccggc
ctgcctgttc
catgctgacc
caccgttgaa
ggtcttcacc
ggctgccaag
caccgaatgyg
ggctgttatc
cgatcacggt
cgtcaccgac
cgagtacctyg
gaccgaaaac
cgtcgatggc
catcgacgtt
agcagaccgcec
tggctccatc

cgtcaaccac

ggctggctaa

US 10,385,367 B2

cCtacttcttc

tccgcacctyg

aataagcagc

gaagatattt

tggtgtgﬂtg

cgtaagcgcc

ttcccttcecag

atccctgacy

acttttgaag

atcctgcagc

gatgccgctg

cagtactccc

gcagttgttyg

accgttgaga

ctaaaccgtc

gttggcgcag

ggcaacydycy

cagggcgttg

tactgcaacc

gctttctecy

gttcagccag

gaggttcctt

cgcgtgaact

ctgcagatcc

gctgagggceg

gagcgcaccy

gaggatgcat

cgcggcaacyg

gagatccagyg

tacgtgctgy

acctacgctt

gaggcagtcc

<213> ORGANISM: Corynebacterium glutamicum

<400> SEQUENCE: 45

-continued

ttcgccgegy

ccaagatcga

gtggctcctc

ctctgceccgga

ttgacctgcg

gcatgtttga

cttcccagac

atgtcaccat

cttgcgaagyg

gcaacgtggt

aactaatcaa

ctgagtcctt

aggtcatgga

tgatcacccc

gtgattccat

ctgagctggg

agcgcaccygyg

accctcagct

agctgoegegt

gttcccacca

gtgctagctc

acctgcctat

cccagtcecgyg

ctcgctccat

gcgaggtcaa

caccagttga

ccatcaccgc

gcccactggc

aatacaacca

ctgaggtcaa

cgctgaaggce

tggctggcegy

cgggtcccag

aaccccagtt

aatgccagtt

ccgcacttygyg

tgacggcaac

gctgctggtt

tgattttgat

tcaggttctyg

cgcaadadaaac

gttccgcatyg

gaccatcgct

caccggcact

Cccaactcct

taacgtttac

tatcctgtcce

ctacatggct

caacgtctgce

ggacttcacc

tcctgagegce

ggacgctgtg

cactgaagtt

cgatccaaag

caagggcggc
gcaggttgayg
ctccaaggca
gcagatcgcy
cgagctcatc
cgcttacgcec
gcacgcacgc
cggccgcaag
agtgacctcc

cgttgcaget

Met Thr Ser Leu Glu Phe Thr Val Thr Arg Thr Glu Asn Pro Thr Ser

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1950

80



Pro

Phe

Hig

Thr

65

Ala

Pro

Gln

Pro

145

Ala

Gly

Ala

Ala

Val

225

Gly

Val

Ser

Thr
305
Thr

Gly

Gly

Ala

ASpP

Thr

Agn

50

Thr

Arg

Glu

Thr

ASpP

130

Phe

Gly

Ala

Ser

210

Val

Met

Thr

Leu

Tle

290

Glu

Val

Glu

Agn

Agn
2370

ATy

ASP

35

2la

Val

His

ATrg

Glu

115

Trp

Met

Ile

Pro

195

Leu

Trp

Agn

Pro

Leu

275

Thr

Ala

Tle

Val
355

ASP

Leu

20

His

Gln

Phe

Ser

Met

100

ASDP

Val

Ile

Phe

Lys

180

Gly

Leu

Leu

Leu

Glu

260

Gln

Thr

Phe

Ser

Thr

340

Glu

Glu

Met

Leu

His

AsSp

85

Gln

Phe

Pro

Ser

Leu

165

Pro

Gly

2la

Asp

Gly

245

Leu

Val

Thr

Ala

Ala

325

Met

Asp

Asn

«<210> SEQ ID NO 46

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Corynebacterium

PRT

<400> SEQUENCE:

280

16

Glu

Vval

Val

Tyr

70

Glu

ATg

Tle

Glu

Thr

150

Val

Val

Thr

Gln

Ala

230

Phe

Ser

Ala

Glu

Cvys

310

His

Gln

81

ITle
Thr
Pro
55

Gly

Thr

Ser

Tvyr
135
Glu
Ile
Ser
Gly
Ser
215
Ile
Ile
Gly
Arg
Trp
295
Gly
Gly

Leu

Asn

bAla
375

Leu

Tle

40

Gln

Tle

2la

Ala

120

Gly

Ile

2la

Val

ASpP

200

Gln

Glu

Ser

ASpP

280

Glu

Thr

Thr

ATrg

Gly
360

Leu

Met Ser Gly Ile Asp Ala Lys Lys

Ala
25
ASDP

Ala

Ala

Ala

105

Leu

Gly

Gly

Ser

Trp

185

Ala

Ala

Hig

Arg

Leu

265

Leu

Glu

Ala

Phe

Glu

345

Trp

Val

ala

Trp

Pro

Tle

Thr

90

Arg

Glu

Glu

Leu

Pro

170

Leu

2la

Agn

250

Leu

Gly

ASp

2la

Glu

330

Thr

Leu

2la

US 10,385,367 B2

Pro

Asnh

Ile

Phe

75

Phe

Met

Leu

Ala

Gly

155

Val

Ser

Phe

Glu

Tyr

235

Gly

Pro

Ala

Val

315

Val

Leu

Tyr

glutamicum

-continued

Lys

Glu

Pro

60

Glu

ATYg

Ala

Leu

Ser

140

Val

Gly

Glu

Ala

Lys

220

ITle

ASD

Gly

Glu

Lys

300

Ile

Agnh

Thr

Pro

Phe

Ser

45

Met

Gly

Pro

Met

val

125

Leu

Ser

Ala

Asp

Gly

205

Gly

Glu

Gln

Tle

Val

285

Ser

Thr

Agh

Gly

Leu
365

Gly

30

Glu

ASP

Tle

ASP

Pro

110

ASP

Pro

Tyr
150

AgSh

Glu

Val

Thr

270

Glu

Gly

Pro

AgSh

Tle

350

Val

Lys

Gly

Pro

Glu

o5

Gln

2la

Leu

Ala

Phe

175

Val

ASpP

Met

Lys

255

Arg

Glu

2la

Val

Glu

335

Gln

Gly

Phe

Trp

2la

Ala

80

Agn

Leu

ASp

ASpP

160

Thr

ATrg

Ala

Gln

Gly

240

Leu

Met

Gly

320

Val

Gln

Ala

Ile Arg Thr Arg His Phe Arg Glu

32



Ala

Leu

Gly

Tle

65

Thr

Val

Thr

Thr

Gly

145

Gly

Glu

Ala

Gly

Phe

225

Thr

Tle

ASp

ser
ASp
50

Thr

Ser

Gly

Ile

130

Arg

Gln

2la

ala

210

Gly

Leu

His

Glu

Val

Ala

35

Ser

Leu

ATy

Pro

Ala

115

ATrg

Thr

Gly

Ala

ATrg

195

Gly

Leu

Gly

Ala

Agn
275

Agn

20

ATg

Ala

ASP

Ala

Agn

100

Ala

ATg

Pro

Ala

Gly

180

Glu

Agn

Agn

ASP

Gly
260

Gly

Ile

Ala

Glu

Leu

85

Gln

Ala

Ile

Gln

Ser

165

2la

Val

Gly

Arg

Ser

245

Thr

Ala

<210> SEQ ID NO 47

<211> LENGTH:

<212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Leu His His

1

Gly

Pro

Ala

Pro

65

Pro

Gly

2la

Trp

50

Phe

ASp

Ser

Lys
35

Agn

Glu

Gln
20

Tle

Val

649

Gln

Phe

ASh

Met

70

Val

Ala

Val

Val

Ser

150

Ser

Phe

Thr

Thr

Gly

230

Leu

Phe

Leu

83

Asp
Val
55

Ile

Val

Val

Asp
135
Glu
Gly
bAla
Glu
Asp
215
His
Pro

Gly

Val

Glu

40

Val

Val

Val

Glu

Ile

120

Ala

His

Val
ASP
200

Gly

ASP

Gly

Gly
280

Corynebacterium

477

Met
5

ATy

Glu

Gln

Glu

Tle
g5

Thr

Ser

Thr

ATrg

Val
70

Thr

Ser

Met

Pro

Gly

55

Glu

Val

ATrg

Ser

Val
40

Ser

ASP

Ala

Ser

25

Ala

Leu

Leu

ASP

Ser

105

Glu

Gly

Ser

Leu

Val

185

Leu

Gln

Pro

Ala

Glu
265

10

Val

Gly

Gly

2la

Leu

50

2la

Gly

Ile

Leu

Ile
170

Leu

Ser

Val

Arg

2la

250

Ala
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Leu

Val

Arg

Lys

75

Pro

ITle

Gly

Pro

Gly

155

Ala

Glu

ITle

Leu

Phe
235

Gln

Glu

glutamicum

Ala

Pro

25

Gly

Ser

Ile

Pro

Agn
10

Agn

Pro

Met

Ser

Gln
Q0

Leu

ASDP

Arg

Pro

Leu

75

Trp

-continued

Thr

ASP

ASDP

60

Ala

Phe

AYg

Val

Val

140

Gly

ASpP

Met

Thr

Val

220

Val

Ala

Ser

Leu

Ala

AsSn

Val
60

Pro

Ser

Met

45

Thr

Val

Gly

Vval

Glu

125

Val

His

Ala

val

Thr

205

Trp

Arg

Phe

Leu

Phe

Glu

45

AsSn

Asp

Ala

Tyr

30

Leu

Thr

Thr

Thr

Met

110

Ile

Gly

Val

ATg

Pro

120

Tle

Gln

Glu

Ile

Ala
270

Leu

Ile

30

Gly

ATrg

ATg

Val

15

ASP

Leu

Leu

Tle

Tyzr

55

Arg

2la

Hisg

Val

2la

175

2la

Gly

ASP

2la
255

Ala

Arg
15

Ser

Gln

Thr

ASpP
55

Ala

Val

Ser

b2la

80

Glu

Glu

Gln

Ile

Gln

160

Leu

Glu

Tle

Ala

Ala

240

ASpP

Agh

Arg

Ala

Pro

Met

Trp

80

Leu

34



ATrg

ATrg

Val

Ile

145

Val

Gly

Gln

Ala

ASpP

225

Glu

ASp

Glu

ATrg

Agn

305

Gly

Gly

Val

Val

Gly

385

Asn

Ser

Pro

Val

Met

465

Phe

ASh

Thr

ASpP

Arg

Gly

130

Ile

Gln

2la

ATrg

Thr

210

Thr

Val

Pro

Met

AgSh

290

ASpP

2la

Agn

ASpP

Glu

370

ASp

Thr

Tle

450

Ser

Sexr

2la

Gly

Met

115

Phe

Glu

Ala

Agn

195

ASP

Agn

Glu

Thr

Ile

275

Leu

ASP

Val

Pro
355

Leu

Gly

Glu

Leu
435

Thr

Thr

Pro

Agn
100
Phe

Pro

ATy

Agn

180

Val

Ala

Trp

Pro

260

Thr

Agnh

Gly

ATg

Cys

340

Gln

Val

Leu

Val
420

Pro

Val

ASDP

Val

Ala

500

Val

Gln

Glu

Ser

Gly

Glu

165

Vval

Val

2la

Ala
245
Glu

Pro

Thr

Ile

325

Leu

Leu

Asn

Phe

AsSp

405

Ser

Tle

Agh

His

Val

485

Met

Glu

Ala

Leu

Ala

Met

150

Hig

Tle

Phe

Glu

Trp

230

Agn

Asn

ATrg

Gly

310

Glu

Vval

ASpP

Gln

Thr

390

Ala

Trp

ASpP

Ser

Gly
470

Gln

Trp

Gln

85

Leu

Leu

Ser

135

Ile

Leu

Val

Arg

Leu

215

Gln

Glu

Pro

Val

Asp

295

Val

Gly

Thr

Phe

Leu

375

bAla

Met

Glu

Pro

Gln

455

Leu

Asn

Asp

Tle

Tle

Val

120

Gln

Pro

Ile

His

Met

200

Tle

Val

Met

Tyr

280

Ser

Gly

Leu

Thr

360

ATy

Phe

Ala

Gln

Lys

440

Ser

Gln

Val

Tle

2la

ASDP
105
Gln

Thr

ASP

Phe
185

ASP

Ser

Val

Tle

265

Ala

Tle

Ala

Leu

Ala

345

ASP

Val

Ser

Ala

Leu

425

ASDP

Gly

Tle

Thr

Phe

505

Leu

Pro

Met

ASp

ASpP

ATrg
170

Thr

Pro

ASp

250

Tle

ASpP

Tle

2la

Phe

330

Leu

Tle

Pro

Gly

Lys

410

Arg

Val

Pro
ASpP
490

Ala

Arg

US 10,385,367 B2

Met

Gly

Phe

Val

155

Thr

Agnh

Val

Tle

Glu

235

Ala

Asnh

Ser

Leu

Glu

315

Gly

Asnh

ATrg

Glu

Ser

395

Val

ASpP

Gly

Gly

ATrg
475
Ala

Thr

Val

-continued

Ser

Phe

ASD

140

Thr

Phe

Ser

Gln

Ala

220

Ser

Val

Leu

Ile

Ser

300

Leu

Asn

Met

Gln

ATYJ

380

Hig

Gln

Thr

AYg

Gly

460

Ser

Glu

Glu

Glu

Pro

Lys

125

Phe

Ile

Glu

Thr

Val

205

Gln

Phe

Val

Pro

Glu

285

Leu

Gly

Gly

Leu

Tle

365

Hig

Gln

Pro

Glu

Asp
445
Val

Met

Gly

ASn

Glu

110

Glu

Val

Gln

Ala

Ser

120

ASP

Thr

Glu

Ser

270

Trp

His

Glu

Thr

350

ATrg

Pro

ASP

Gly

Trp

430

Ala

Gln

Gly

Leu

510

Ala

Arg

Ile

Arg

Val

Cys

175

Tle

Gly

Val

255

Thr

Met

Pro

Met

Arg

335

Gln

Ser

2la
2la
415

Glu

Glu

Val
Glu
495

Glu

Gln

Glu

Glu

Leu

160

Glu

Leu

Leu

Pro

Thr

240

Met

Val

His

His

Ala

320

Thr

Gly

Thr

Gly

Val

400

Ser

Val

Ala

ITle

Glu

480

Val

Arg

Thr

86



Glu

ASpP
545

ASh

Gln

Leu

Ser

Ala

625

AsSn

Agn

530

Val

Ala

His

ala

Tle

610

Leu

ASpP

515

Glu

Thr

Leu

Ala

Glu

595

Thr

ASP

Glu

ASDP

Val

Glu

ATg

580

Val

Val

ASn

Ala

Asp

Lys

565

Thr

Asn

Ala

Asn

Tvr

Ser

Gly
550

Leu

Ser

Gly

Ser

His

630

Ala

87

Ile
535
Arg
Gly
Gly
Arg
Leu
615

Glu

Leu

520

Thr

Gly

Tle

ASP

Lys

600

2la

Ala

Ala

Agn

ASP

ASP

585

Val

Ala

Val

Gly

Glu

Gly

Val

570

2la

Trp

Val

Leu
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Leu

Pro

555

Glu

Glu

Gly

Thr

Ala
635

-continued

Tle
540

Leu

Tle

Ala

Val

Ser

620

Gly

525

His

Ala

Gln

Ala

Gly

605

Ala

Gly

Agn

Ala

Glu

Ala

590

Ile

Val

Val

Gly

Tyr
575

ala

Agn

2la

Ala
560

Agh

Val

Gly

2la
640

645

<210> SEQ ID NO 48

<211l> LENGTH:
<212> TYPRE:
<2123> ORGANISM: Egcherichia

9623
DNA

<400> SEQUENCE: 48

atgaccacga

gcgaaggtgce

cgttgctacy

ctgcatgact

gaagcttgtc

atcttcecgtceyg

attatcgctyg

gatgcgatgg

gccggtggta

caggaaggta

tttgaagtga

attacccgtyg

gtgctgtcgce

gaaatcacgc

gttaccaaac

tggggctggt

taa

<210>
<211>
<212 >
<213>

<400>

agaaagctga

atgtgatgtc

actcgcacaa

ccgccaaaat

gtgacgtgat

gtgatgttgg

ctttcecegty

tttcctecty

actacctctc

tcgegetgga

aagatggtgt

atgccatcat

gcgaatccct

cagtgcgcag

gcattcagca

tagatcaagt

SEQ ID NO 49
LENGTH :
TYPE :
ORGANISM: Escherichia coli

828
DNA

SEQUENCE: 49

colil

ttacatttgg
gcacgcgctyg
aggaccggtt
ctatcgcettce

ccgcaaaaac

catgggagta
gggagcgtat
gaaccgcogca
ttccctgetyg
tgtgaacggt
gctgttcacc

caaactggcyg

gtacctggcy
cgtagacggt
agccettette

taatcaagca

ttcaatgggy

cactatggca

gtattccgcece

ccggtttege

aatctcacca

aacccgccag

ctgggcgcag

gcaccaaaca

gtgggtagcyg

tatatctctg

ccaccgttca

aaagagctgyg

gatgaagtgt

attcaggtty

ggcctcttea

gctaacgatg

agatggttcg

cttcoggtttt

atcgtgagca

agagcattga

gcgcectatat

cgggatactc

aagcgctgga

ccatcccgac

aagcgcgcecyg

dadycygcadgdy

cctcetceccgc

gaattgaagt

ttatgtccgyg

gcgaaggcecd

ctggcgaaac

aaaattatgc

ctgggaagac

tgaaggcatc

tatgcagcgt

tgagctgatyg

ccgtecgetyg

aaccgacgtyg

gcaggggatc

ggcggcaaaa

ccacggttat

cgaaaacctyg

gctgccgggrt

acgtgagcag

tacggcggca

ttgtggcccyg

cgaagataaa

tctggtgget

atgaaaccga ccaccatctce cttactgcag aagtacaaac aggaaaaaaa acgtttcogcg

accatcaccg cttatgacta tagcttcecgcec aaactcetttg ctgatgaagg gcttaacgtc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

963

60

120

88



atgctggtygg

accgttgecyg

ctgctggctyg

gcaacggtta

gaaaccgtac

ccacagtcag

gatcaactgc

gaatgcgtgce

ggcattggcg

attaccggcyg

cgegeggcetg

cacagtttcc

gcgatteget

atatcgccta

acctgccecgtt

tgcgtgecgy

aaatgctgac

tgaatatttt

tcagcgatgc

cggttgaact

caggcaacgt

gtcacattcc

tgcggcagta

atgcagctaa

<«210> SEQ ID NO 50

<211> LENGTH:
«212> TYPERE:

1605
DNA

89

gggcatgacg

ccacactgcc
tatggcgtat
tgctaacatyg
cgaacgtgcc
cggtggctac
attagcctta
ggcaaaacgt
cactgacggy
taaattcgct
tatggctgaa

cgatgaaaat

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 50

atgagccagc

gcaagcttga

gacgtgatgg

atcgcccecgec

atcgacgtgy

gccacttcgce

cgcgctatcet

gaagatgccg

gccggtgceca

gccggaatca

gtacataccc

ggtgcacgcc

ctggaagaag

attaatcacc

atcccggcaa

caggatggcg

ctgaaccaaa

atggatgaga

ctgaagctgy

atcggtaagc

ggctctaacy

gaagccgcca

gaatataacg

aagtcattat

gtgtgaaaga

aagtcggttt

aggttaaaaa

cggccgaatc

caatgcacat

atatggtgaa

ggcgtacacc

ccaccatcaa

tcagcggect

acgacgattt

aggtggaagyg

tcatcatggc

aggagatatyg

acaaagccat

tgctgaaaaa

tccagcectgaa

tggggtataa

cggacaaaaa

agcaagaaga

atatcgccac

acggtaacgyg

tcgaactggt

tttcgatacc

aaaactgcaa

CGCCgtCtCt

cagccgcgta

cctgaaagtc

cgccaccaag

acgcgcoccgt

cattgccgat

cattccggac

gtatgaacgc

gggcctggceg

cgcaatgaac

gatcaaagtt

gcgcaccagc

tgttggcagc

ccgcogaaaac

tctgacctcet

agaaagtgaa

aggtcaggtg

gccggagcat

cgccgecgtce

tccggtegat

gaaatacagc

US 10,385,367 B2

gttcaggggc
gccgtacgte

gccacgcocgg

gtcaaaattg

gttcctgtat

aaagttcagyg

gaagctgctyg

attaccgaag

cagatcctceg

aaaaatttcc

gtggagtcceg

tatgctctgy

acattgcgcy

attgcgctgy

tﬂgﬂﬂgggﬂg

tgtgcgttag

gccgaagcect

ctgcgcagca

aattacaccg

ctggcgcgag

accgtgggcet

gtgcctaaca

gtcggaaact

gggatcggcg

cgtaaggata

cagttagtta

ggcgcattcyg

tacgaaatca

cgttcggggce

tataatttag

tttgattacg

ttccgtetgy

aaactggcct

gccgtcetatce

ctgaccgcca

-continued

acgactccac

gcggcegcacc
aacaagcctt
aaggcggtga
gtggtcactt
ggcgcggcga
gggcacagct
cactggcgat
tgatgcacga
tcgccgaaac

gcgtttatcc

gcggctaa

acggtgaaca

ccecttgagceg

attttgaatc

ctcgectgegt

tccgtattcea

cgctggacga

atgatgttga

tggtcgaagc

acaccatgcc

tcgacaaagc

cactggcggc
agcgtgccgyg
ttctcaacgt
gccagatttyg
cacactcctce

tgacaccaga

gtgcggeggt

acaatttgta

atctggaggc

attacttcag

gtggcgaaga

aggcaattaa

aaggccacgyg

cctgcecagtt
aaactgcctyg
cgaaaacgcc
gtggctggta
aggtttaaca
tgaagcgggc
gctggtgctyg
cccggttatt

cgcectttggt

gggcgacatc

gggcgaadada

ggcgttacag

tatgggtgtt
ggtgcaaacc
ggaaaaagat

tacctttatt

ggtgatcgaa

attttcttge

ggcgattaat

gtttgagttc

cattatctcc

ggtacatgcc

aaactgttcc

CCaACaCCycCcC

taatatgccg

cggtatacac

atctattggt

gaaacatcgc

cgatgctttce

gctggccottc

cgtgcagtct

agtcaaagca

ccgcatcact

taaagatgcg

180

240

300

360

420

480

540

600

660

720

780

828

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

90
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91

-continued

tggatatcegt cgctaactac aacggtcgcce gcecttceccacgg cgteggectyg 1440

ctgggtcagg

gctaccgata ttgtcgagtc atctgccaaa acgttctgaa caatatctgg 1500

gccatggtgce

aagtcgaaaa agagttgcaa cgcaaagctc 1560

cgtgccgcag aacacaacga aaacaacaag

cagctaacga tgaaaattat 1605

gaaaccgtgg gctctggetg gctga

<210> SEQ ID NO 51
<211> LENGTH: 320

«212> TYPE: PRT
<213> ORGANISM:

Egcherichia coli

<400> SEQUENCE: 51

Met Thr Thr Lys

1

Arg

Gly

Pro

Ala

65

Glu

Tle

Pro

Ala

Ser

145

Ala

ATrg

Ser

Phe

Ala

225

Val

Gly

Val

Phe

ASP
305

Trp

Thr

Val
50

2la

Arg

2la

Tvyr

130

Ser

Gly

His

Glu

Thr

210

Tle

Leu

Thr

Gly

Phe

290

Gln

Glu
Ser
35

Val

Tle

Pro

Gly

115

Leu

Trp

Gly

Gly

Gly

195

Pro

Tle

Ser

Ala
Glu
275

Gly

Val

ASDP
20
Val

Phe

ATg

Leu

100

Gly

Agn

Agn

Tyr

180

Ala

Pro

ATrg

Ala
260
Gly

Leu

Agn

Phe

Arg

Asp

85

ITle

Ser

Ala

Arg

Tyr

165

Gln

Gly

Phe

Leu

Glu

245

Glu

Arg

Phe

Gln

<210> SEQ ID NO 52

<«211> LENGTH:

275

Ala

Glu

Hig

Phe

70

Val

Phe

Thr

Glu

Ala

150

Leu

Glu

Glu

Thr

Ala

230

Ser

ITle

Thr

Ala
310

Asp

Val

Gly

Arg

55

Pro

Ile

Val

AsSp

Ala

135

bAla

Ser

Gly

ASn

Ser

215

Leu

Thr

Gly

Gly

295

Ala

His

Ile

40

Glu

Val

ATrg

Gly

Val

120

Leu

Pro

Ser

Tle

Leu

200

Ser

Glu

Pro
Pro
280

Glu

Agn

Ile

Val

25

Hisg

Ser

ASP

105

Tle

Glu

Agn

Leu

Ala

185

Phe

Ala

Leu

Leu

Val

265

Val

Thr

ASP

Trp
10

Met

Met

Gln

Agn

50

Val

Tle

Gln

Thr

Leu

170

Leu

Glu

Leu

Gly

2la

250

Arg

Thr

Glu

Glu

Phe

Ser

Gln

Ser

75

Agnhn

Gly

Ala

Gly

Tle

155

Val

ASpP

Val

Pro

Ile

235

ASpP

Ser

ASpP

Agnh
315

Asn

Hig

ASDP

ATYg

60

Tle

Leu

Met

Ala

ITle

140

Pro

Gly

Val

Gly
220
Glu

Glu

Val

ATYg

Lys
300

Gly

Ala

Ser

45

Leu

Asp

Thr

Gly

Phe

125

Asp

Thr

Ser

Agh

Asp

205

Ile

Val

Vval

Asp

Tle
285

Trp

Ala

Glu

Leu

30

His

Hig

Glu

Ser

Val

110

Pro

Ala

Ala

Glu

Gly

120

Gly

Thr

Arg

Phe

Gly
270
Gln

Gly

Leu

Met
15

His

ASP

Leu

2la

55

AgSh

Trp

Met

2la

2la

175

Val

Arg

Glu

Met

255

Ile

Gln

Trp

Val

Val

Gly

Ser

Met

80

Pro

Gly

Val

Lys

160

ATrg

ITle

Leu

ASpP

Gln

240

Ser

Gln

Ala

Leu

Ala
320



«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Lys Pro Thr

1

Lvs

Phe

Met

Tle

65

Leu

Phe

Tle

ATrg

Agn

145

ASpP

Leu

Glu

ASP

His

225

ATrg

Pro

Leu

<210>
<211>
<212>
<213>

<400>

Arg

2la

Thr

50

2la

Leu

Glu

Glu

2la

130

Tle

Gln

Leu

2la

Gly

210

Tle

2la

Gly

Gly

Phe
ASP
35

Val

Ala

Agn

Gly

115

Val

Phe

Leu

Val

Leu

195

Gln

Pro

Ala

Glu

Gly
275

Ala

20

Glu

Gln

His

ASP

Ala

100

Gly

Pro

Gly

Leu

Leu

180

Ala

Ile

Val

Glu
260

PRT

SEQUENCE :

Met Ser Gln Gln

1

Gln Ala Leu Gln

20

Leu Ala Leu Glu

35

Val Ser Ser Pro

50

93

Egcherichia

52

Thr

Thr

Gly

Gly

Thr

Leu

85

Ala

Glu

Val

Gly

Ser

165

Glu

Tle

Leu

Phe

Arg

245

His

SEQ ID NO b3
LENGTH:
TYPE :
ORGANISM: Escherichia

534

53

Vval
5

2la

ATy

Gly

ITle

Tle

Leu

Hig

Ala

70

Pro

Thr

Trp

Tyr
150

ASpP

Pro

Val

Ala
230

Gln

Ser

Tle

Ser

Met

ASpP

Ser

Thr

Asn

Asp

55

Ala

Phe

Val

Leu

Gly
135

Ala

Val

Val

Met
215

Phe

Tle

Leu

Gly

Phe
55

coli

Leu

Ala

Val

40

Ser

Val

Met

Met

Val

120

Hig

Val

Leu

Pro

Tle

200

His

Agh

Met

His

colil

Phe

Ser

Val
40

Glu

Leu

Tyr

25

Met

Thr

ATrg

Ala

ATrg

105

Glu

Leu

Gln

Ala

Val

185

Gly

ASP

Phe

Ala

Ala
265

ASDP

Val
25

ASP

Ser

Gln

10

ASp

Leu

Leu

Arg

Tyr

50

Ala

Thr

Gly

Gly

Leu

170

Glu

Tle

2la

Leu

Glu

250

2la

Thr
10

Val

Val

US 10,385,367 B2

Val

Pro

Gly

75

Ala

Gly

Val

Leu

Arg

155

Glu

Leu

Gly

Phe

Ala

235

Val

Agnh

Thr

Glu

Met

Gln

-continued

Ser

Gly

Val

60

Ala

Thr

Ala

Gln

Thr

140

Gly

Ala

Ala

Ala

Gly

220

Glu

Glu

ASDP

Leu

Glu

Thr
60

Lys

Phe

Asp

45

Thr

Pro

Pro

AsSn

Met

125

Pro

Asp

Ala

Gly

205

Ile

Thr

Ser

Glu

Arg

Leu

Val
45

Tle

Gln
Ala
20

Ser

Val

Agn

Glu

Met

110

Leu

Gln

Glu

Gly

ATg

120

Agn

Thr

Gly

Gly

Agn
270

ASP

Gln
20

Gly

Ala

Glu

15

Leu

ala

Gln

55

Val

Thr

Ser

2la

2la

175

Ile

Val

Gly

ASpP

Val
255

Gly
15
Ile

Phe

Arg

Leu

Gly

ASpP

Leu

80

2la

Glu

Val

Gly

160

Gln

Thr

Thr

Gly

ITle
240

2la

Glu

b2la

Pro

Gln

94



Val

65

ITle

Hig

Ser

Ala

ATrg

145

Ala

Pro

Asn

Leu

Val

225

Leu

Val

Val

Gly

Leu

305

Leu

Val

Leu

Gln

Gln

385

Gly

Glu

ASpP
465

Ala

ASpP

Thr

Thr

ATy

130

Thr

Gly

Phe

Tle

2la

210

Glu

Glu

His

Ser

Ser

290

Agn

ASp

Val
370

Glu

Ser

Val

Gln

Ser

450

Tle

Thr

Agn

Val

Phe

Leu

115

Agn

Pro

Ala

Glu

ASP

195

Val

Gly

Glu

Thr

Gln

275

Gly

Agn

Gln

Hig

Agn

355

Phe

Glu

Agn

Ala
435

Leu

Val

ASP

Ser

Ala

Tle

100

ASP

Tle

Thr

Phe

180

Gly

Ala

Val

Ala

260

Tle

Ala

ATrg

Tle

ATJg

340

Leu

ASP

Pro

ASDP

Ala

420

Tle

Thr

Ala

Tle

Arg

Ala

85

2la

Glu

Thr

Ala

Thr

165

2la

2la

Asn

Met

Ile

245

ITle

Phe

Glu

Gln

325

Met

Glu

Tle
405

Glu

AsSn

Ala

Agh

Vval

Val

70

Glu

Thr

Val

ASP

ASpP

150

ITle

Gly

Tle

Ser

Agn

230

Met

ASh

Agn

Ala

Agn

310

Leu

ASP

ASpP

ASpP

His

390

Ala

Ala

ATrg

Tyr
4°70

Glu

95

Ser

Ser

Ile

Asp

135

Leu

Asn

Tle

Tle

Leu

215

Gly

Ala

His

Met

His

295

Asn

Glu

bAla

Leu

375

Phe

Thr

Ala

Tle

Gly

455

Agnh

Ser

2la

Leu

Pro

Glu

120

Val

2la

Ile

Tle

Ser

200

2la

Tle

Ile

Gln

Pro

280

Ser

Glu

Leu

Met

Phe

360

Glu

Arg

2la

Agh

Thr
440

His

Gly

Ser

Leu

Met

105

Glu

ATrg

Pro

Ser

185

Val

Ala

Gly

Glu

265

Tle

Ser

Tle

Thr

Gly

345

Leu

Ala

Leu

Ala

Gly

425

Glu

Gly

Arg

Ala

2la

Val

50

His

2la

Phe

Val

ASpP

170

Gly

His

Val

Glu

Val

250

Tle

Pro

Gly

Met

Ser
330

Leu

ASp

Val
410

AgSh

US 10,385,367 B2

Arg

75

Ala

ITle

Ile

Ser

Val

155

Thr

Leu

Thr

His

Arg

235

ATYg

Trp

Ala

Ile

Thr

315

ATrg

Leu

Ala

Tyr
395

Gly

Agnh

ASDP

Phe

475

Ala

-continued

Cys Val Glu Lys

Glu

Ala

Cvys
140
Glu

Val

Hig
Ala
220

Ala

ATrg

ASn

Hig

300

Pro

Ser

Glu

Ala

Phe

380

Phe

Leu

Pro

Val

Ala
460

His

Met

Ala

Thr

Met

125

Glu

Ala

Gly

Glu

Asp

205

Gly

Gly

Asp

Thr

Lys

285

Gln

Glu

Gly

Ser

Asp

365

Tle

Ser

Ala

Val

Glu

445

Leu

Gly

Vval

Phe

Lys

110

Val

ASP

Ala

ATrg

120

ASP

Ala

Agn

Ile

Ser

270

Ala

ASP

Ser

ATrg

Glu

350

Gly

Val

ASP

430

Leu

Gly

Val

His

Arg
55

Leu

ala

Tle

Thr

175

Val

Leu

ATy

Leu

255

Gln

Tle

Gly

Tle

2la
335

Gln

Gly

415

Ala

Val

Gln

Gly

Val

ASDP
80

Ile

Gly

Agn

160

Met

Pro

Gly

Gln

Ser

240

Agn

Leu

Val

Val

Gly

320

b2la

Agn

Gly

Gln

Ser

400

Glu

Val

Val

Leu
480

Leu

96
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97

98

-continued

485 490

495

Asn Asn Ile Trp Arg Ala Ala Glu Val Glu Lys Glu Leu Gln Arg Lys

500 505

510

Ala Gln His Asn Glu Asn Asn Lys Glu Thr Val Ala Ala Asn Asp Glu

515 520 525

Asn Tyr Ala Leu Ala Gly
530

What 1s claimed 1s:

1. A cell comprising:

(a) an engineered protein expressed from a plasmad,
wherein the protein comprises a first moiety having a
metabolic enzymatic activity engineered to fuse with a

second moiety having a degradation tag,
wherein the cell does not contain a functional chromo-

somal copy of the first moiety,
wherein the cell comprises a mutation or deletion in the
chromosomal copy of the first moiety,

wherein expression of the engineered protein 1s under the

control of a regulatory system comprising a regulated
promoter, and

(b) a non-native degradation protein selected from an

adaptor, unfoldase, or protease.

2. The cell of claim 1, wherein said second moiety differs
from the amino acid sequence of SEQ ID NO: 1 by at most
four amino acid substitutions or deletions.

3. The cell of claam 2, wherein said second moiety

comprises the amino acid sequence of any one of SEQ ID

NOs: 1-2 and 4-10.

4. The cell of claim 1, wherein said regulated promoter 1s
selected from the group consisting of a lac operon promoter,
a nitrogen-regulated promoter, a quorum sensing promoter,
and a temperature-sensitive promoter.

5. The cell of claim 1, wherein said cell 1s a microbial cell.

6. The cell of claim 5, wherein said cell 1s a bactenal cell.

7. The cell of claim 5, wherein said cell 1s a fungal cell.

8. A method for producing a desired product, said method
comprising:

(a) culturing 1n a suitable medium the cell of claim 1
under conditions that allow expression of the engi-
neered protein; and

(b) recovering said desired product from said cell or said
medium.

9. The cell of claim 1, wherein said degradation protein
includes one or more of: SspB adaptor protein, ClpX unfol-
dase, ClpA unfoldase, ClpP protease, and ClpS adaptor.

10. The cell of claim 9, wherein

the SspB adaptor protemn comprises the amino acid
sequence of SEQ ID NO: 25 or 27; or

the ClpX unfoldase comprises the amino acid sequence of
SEQ ID NO: 22; or the ClpA unfoldase comprises the
amino acid sequence of SED ID NO: 23; or the ClpP
protease comprises the amino acid sequence of SEQ ID
NO: 24; or the ClpS adaptor comprises the amino acid
sequence of SEQ 1D NO: 26.

11. The cell of claim 1, wherein said second moiety

comprises the sequence of SEQ ID NO: 3 or 11.

12. The cell of claim 1, wherein expression of the engi-
neered protein under the control of the regulatory system 1s
increased by a regulatory factor added to medium.

13. The cell of claim 1, wherein expression of the engi-
neered protein under the control of a regulatory system 1s

reduced by reduction of a regulatory factor in medium.

15

20

25

30

35

40

45

50

55

60

65

14. The cell of claim 13, wherein reduced expression of
the engineered protein results 1n a reduction 1n the amount
of the engineered protein 1n the cell.

15. The cell of claim 1, wherein expression of the engi-
neered protein 1s under the control of a regulatory system
comprising a conditionally-replicated plasmad.

16. A cell comprising:

an engineered protein expressed from a plasmid, wherein

the protein comprises a first moiety having a metabolic

enzymatic activity engineered to fuse with a second

moiety having a degradation tag,

wherein the cell does not contain a functional chromo-
somal copy of the first moiety,

wherein the cell comprises a mutation or deletion 1n the
chromosomal copy of the first moiety,

wherein expression of the engineered protein 1s under
the control of a regulatory system comprising a
regulated promoter,

wherein said regulated promoter 1s selected from the

group consisting of a lac operon promoter, a nitrogen-

regulated promoter, a quorum sensing promoter, and a

temperature-sensitive promoter, and

a heterologous nucleic acid encoding a degradation
protein.

17. The cell of claim 16, wherein said second moiety
differs from the amino acid sequence of SEQ ID NO: 1 by
at most four amino acid substitutions or deletions.

18. The cell of claam 17, wherein said second moiety

comprises the amino acid sequence of any one of SEQ ID

NOs: 1-2 and 4-10.

19. The cell of claim 16, wherein said cell 1s a microbial
cell.

20. The cell of claim 19, wherein said cell 1s a bacterial
cell.

21. The cell of claim 19, wherein said cell 1s a fungal cell.

22. The cell of claiam 16, wherein said wherein said
degradation protein includes one or more of: SspB adaptor
protein, ClpX unioldase, ClpP protease, and ClpS adaptor.

23. The cell of claim 22, wherein

the SspB adaptor protein comprises the amino acid

sequence of SEQ ID NO: 25 or 27;

or the ClpX unioldase comprises the amino acid sequence

of SEQ ID NO: 22; or
the ClpA unfoldase comprises the amino acid sequence of
SED 1D NO: 23; or

the ClpP protease comprises the amino acid sequence of
SEQ ID NO: 24; or

the ClpS adaptor comprises the amino acid sequence of
SEQ ID NO: 26.

24. The cell of claim 16, wherein expression of the
engineered protein under control of the regulated promoter
1s 1ncreased by a regulatory factor added to medium.

25. The cell of claim 16, wherein expression of the
engineered protein under control of the regulated promoter
1s reduced by reduction of a regulatory factor in medium.
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26. The cell of claim 25, wherein reduced expression of
the engineered protein results 1n a reduction in the amount
of the engineered protein 1n the cell.

27. The cell of claim 16, wherein expression of the
engineered protein 1s under the control of a regulatory 5
system comprising a conditionally-replicated plasmid.
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