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£ COLISEPARATOME-BASED PROTEIN EXPRESSION
AND
PURIFICATION PLATFORM

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority of U.S. provisional application Serial
No. 61/878,882, filed September 17, 2013, the contents of which are hercin incorporated by

reference in their entirety.

STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
AND
JOINT RESEARCH AGREEMENT DISQUALIFICATION UNDER THE CREATE ACT
(COOPERATIVE RESEARCH AND TECHNOLOGY ENHANCEMENT ACT OF 2004
(CREATE ACT) (PUB. L, 108-453, 118 STAT. 3596 (2004))

This tnvention was made with government support under grants Nos. 8534836,
(0533949, 1237252, 1142101, and 1048911, awarded by the National Science Foundation.
The U.S. governroent has ceortain rights in the nvention.

The present invention was collaboratively made by scientists from the University
of Arkansas and the University of Pittsburgh under the above-noted joint N3F grants
that were in effect on or before the date the presently claimed invention was made. The
claimed invention was made ag a result of activities undertaken within the scope of the
joint rescarch agreement. The term “joint research agreement” means the joint NSF
research grants awarded to the above-noted parties for the performance of experimental,

developmental, or research work in the field of the claimed invention,

BACKGROUND

Disclosed herein is a proteomics-based protein expression and purification platform,
maore particularly a single cell ine, or set of cell lines, designed by manipulating the
separatomes associated with various separation techniques, in particalar column
chromatography, that can be used in a wide varicty of processes for the expression of
recombinantly produced peptides, polypeptides, and proteins, and to the subsequent rapid,
efficient, and economical recovery thereof in high yield, thereby eliminating the need to
develop mdividualized host cells for each purification process.
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Current society is heavily dependent on mass-mamufactured peptides, polypeptides
and proteins that are used in everything from cancer treatment medications to laundry
detergents, More than 325 milhion people worldwide have been helped by the over 155
recombinantly produced polypeptides and peptides (drugs and vaccines) currently approved
by the United States Food and Drug Administration. In addition, there are more than 370
biotechnology drug products and vaccines (“biologies”) currently in clinical trials targeting
maore than 200 diseases, inchuding various cancers, Alzheimer's disease, heart disease,
diabetes, multiple sclerosis, immunodeficiency, and arthritis. Enzymes used in industrial
processes claim approximately a $2.7 billion dollar market, with an expected growth to a
value of $6 billion dollars by 2016, Of the approximately 3000 industrial enzymes in use
today for applications in biotechnology, food, fuel, and pulp and paper industries, about one-
third of these are produced in recombinant bacteria.

Manufacturing of therapeutically useful peptides, polypeptides, and proteins has been
hampered, in large part, by the limitations of the organisras curvently used to express these
maolecules, and by the often extensive recovery steps necessary as the final product is
isolated. Recombinant protein expression is the preferred, predominant method for the

(19

manufacture of these pharmaccuticals, herein referred to as “biologics” to differentiate them,
in particular, both from chemically synthesized therapeutics (¢.g., antihistarnines or CNS
drugs} and from industrial enzymes such as pectinases or restriction endonucleases, for
example. In general, the purification of a biclogic to within tolerable limits is the most costly
stage of manufacturing and validation, with the burden of regulation placed upon it by the
Food and Drug Administration (FDA) or similar {(inter)national entities. Recombinant DNA
techniques, hybridoma technologies, mammalian cell culturing, metabolic engineering, and
fermentation improvements have permitted large-scale production of biologics.

As large-scale production issues are solved, manufacturing steps that limit
productivity are shifted downstream. In an effort to quicken time-to-chinic and market,
research efforts have focused on cutting roaterial costs, improving productivity at large-scale,
and developing robust, generic separation steps. In the biologics rmanufacturing process, cell
lines are cultivated to produce, or express, the biologic; during this process, the desired
biologic is expressed alongside unwanted host cell proteins. These contaminants then have to
be separated from the biologic through expensive and time-consurming multi-siep purification
processes that ofien inchude centrifugation, uliratiltration, extraction, precipitation, and the
cornerstone of bioseparation, chromatographic separation. Since downstream processes
account for S0% to R0% of total manufacturing costs, efforts to optimize purification ot high-
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value, high-quality products are critical to success in the biopharmaceutical industry. For
example, if there is a modest 5% loss of biologic per purification step, final yields of about
70% are encountered should the processing require § to ® downstream steps. This overall loss
is intolerable as market demands for biologics increase. End-uses for peptides, polypeptides,
and proteins produced recombinantly, other than biologics, inchide, but are not limited to,
diagnostic kits {e.g., glucose dehydrogenase for ghicose sensing), enabling technologies {¢.g,,
tigases for recombinant DNA efforts), consumer products {e.g., proteases for laundry soap),
manufacturing (e.g., isomerases for production of corn syrup), and biofuel generation (e.g.,
cellulases for switchgrass processing). Materials of these product categories also suffer from
the desire for efficient downstream processing, although their product validation 1s less
stringent than for a biclogic.

For the iHustrations above, both recovery from the culture and purification are
paramount. Challenges to the industry standard techmique of column chromatography, a
critical element to most bioseparation scheraes, are dictated by lack of separation etficiency,
the variety of chromatography separation media, and the diverse coraposition of the mobile
phase. Lack of separation efficiency manifests itself predominantly as a reduction in colummn
capacity, defined as the amount of target molecule bound per adsorption eycle, and
selectivity, defined as the aroount of target molecule bound divided by the total amount of
material bound per adsorption cycle. The traditional method of addressing separation
efficiency s empirical, and is driven by past experience because no software design tool,
similar to CHEMCAD (chemical engineering) and SPICE (clectrical engineering), for
bioseparation process design exists in the public domain, if at all. Theretfore, any
immprovements in the recovery of peptides, polypeptides, or proteins in terms of an increase in
separation efficiency, column capacity in particular, have been traditionally gained by
mmprovements in the properties of the chromatographic adsorbent, by artful design of the
gradient used to elicit separation, or in some cases, by the enhancement of binding through
the addition of Hiss, maltose binding protein, Argg, or similarly designed affinity tails or tags.
Although affinity tails or tags are widely used for purification of recombinant proteins, in
particular through the use of His, the continued presence of genomic peptides, polypeptides,
and proteins exhibiting affinity for the resins used in these chromatographic methods remains
problematic. Notably, when host cell genomic peptides, polypeptides, and proteins are
retained 1o the adsorption siep, significant losses in column capacity and coraplications in

gradient elution occur. Selection of companion chromatographic steps in a rational mapner to
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imcrease separation efficiency, i.¢., separation capacity (product recovery), separation
selectivity (product purity), or both, is nearly impossible due to lack of knowledge regarding
the contaminant species, and is therefore developed somewhat arbitrarily, requiring tedious,
fime-consuming, and expensive trial and error experimentation.

As disclosed herein, one route to supplement traditional means to aid in the
purification of peptides, polypeptides, or proteins would be to alter the proteome of the host
cell in order to reduce the burden of host cell contaminant adsorption. This concept is
orthogonal to the series of patents and applications by Blattner et al. that disclose a number of
different strains of £, coli enginecred to contain reduced genomes -- in contrast to the
proteome - to facilitate the production of recombinant proteins (U.S. Patent Nos.: 8,178,339;
8,119,365; 8.043,842; 8,039,243, 7,303,906; 6,989,265; US20120219994A1; and
HP142336781). U.S. 8,119,365 claims E. cofli wherein the genome is between 4.41 Mb and
2.78 Mb. ULS. §,043 842 claims £, cofi wherein the genome is between 4.27 Mb and 4.00
Mb. 1.8, 8,039,243 claims variously between 4.41 and 3.71 Mb, 4.31 Mb and 3.71 Mb, and
4.27 Mb and 3.71 Mb. U.8. 6,989,265 discloses F£. coli wherein the genome is at feast 5% to
at least 14% smaller than the genome of its native parent strain. EP148336781 claims £ coli
having a chromosome that is genetically engineered to be 5% to 40% smaller than the
chromosome of its native parent £, coli strain,

These docoments variously discuss the concepts of reduced genome E. colf for use in
the production of recombinant proteins, improving recombinant protein expression in £, coli
by improving the growth/yield properties and robustness as a recombinant host by
climinating large numbers of non-essential genes and improving £, coff transformation
competence. Expression of endogenous/native proteins in host cells is also presumed to be
reduced. None of these documents either discloses or discusses chromatographic purification
procedures, or the optimization thereof in conjunction with the design of optimized host cells,
to improve separation efficiency leading to a purified or partially purified target peptide,
polypeptide, or protein,

U8, 2009/0075352 discloses the use of in silico comparative metabolic and genctic
engincering analyses to improve the production of useful substances in host strains by
comparing the genomic information of a target strain for producing a useful substance to the
genomic information of a strain that overproduces the useful substance by screcning for, and
by deleting genes unnecessary for the overproduction of the useful substance, thereby
improving product yield. This work illustrates metabolic engineering efforts directed to smali
molecule production (succimc acidy, and as in the case of the patent documents discussed
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above, this application does not disclose or discuss chromatographic purification procedures,
or the optimization thereof to improve separation efficiency leading to a target peptide,
polypeptide, or protein.

Yu et al. 2002) Nature Riotechnol. 20:1018-1023 discloses a method for determining
essential genes in £, cofi and minimizing the bacterial genome by deleting farge genomic
fragments, thereby deleting genes that are nonessential under a given set of growth conditions
and wdentifying a roinimized st of essential &, coli genes and DNA sequences. Neither the
term “chromatography” nor “purification” s mentioned.

U.S. application 2012/(3183995 discloses genetic modification of Bacillus species to
improve the capacity to produce expressed proteins of interest, wherein one or more
chromosomal genes are inactivated or deleted, or wherein one or more indigenous
chromosomal regions are deleted from a corresponding wild-type Baciiius host chromosome.
This inclades removing large regions of chromosomal DNA n 8 Baciflus host strain wherein
the deleted indigenous chromosomal region is not necessary for strain viability. These
maodifications enhance the ability of an altered Bacillus strain to express a higher level of 3
protein of interest over a corresponding non-altered Sacilius host strain. This application does
not discuss improved chromatographic separation of expressed target recombinant peptides,
polypeptides, or proteins from endogenous Bacillus proteins.

Asenjo et al. (2004), “Is there a rational method to purify proteins? From expert
systems to proteomics”, Journal of Molecular Recognition 17:236-247, discusses optimizing
protein purification steps based on knowledge of the physicochemical properties of the target
protein product and the protein contaminants. The paper notes “the rule of thurab that reflects
the logic of first separating tmpuritics present in higher concentrations.” The concept of
reduced genome host cells is not disclosed.

While the sbove-mentioned patents and journal articles do not disclose or discuss
chromatographic purification procedures or the improvement of chromatographic separation
efficiency, other references either outline the general process by which data on host cell
proteins that inferact with chromatography media can be obtained, or focus on the climination
of product-specific impuritics through gene knockout. Cai et al. (2004) Riotechnol. Bioeng.
88:77 and Tiwari et al. (2010) Protein Expression and Purification 70:191-195 disclose the
application of celular extracts of £. cofi to various atfinity and vou-affinity chromatographic
media, and the identification of adsorbed proteins by mass spectroscopy and 2D gel
electrophoresis. While the metabolic characteristics of the proteins encountered were
discussed, these references do not disclose any indications of improvement in separation
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cfficiency. Liu et al, (2009)J. Chromatog, 4 1216:2433-243%, Bartlow ¢t al. (201 1) Profein
Expression and Purification T8:216-224, and Bartlow et al. (2012} American Institute of
Chemical Engineers Biotechnol. Prog. 28:137-145 disclose the potential for improvement in
product quality, purity in particular, should genes that express proteins that co-elute with a
specific protein, i.e., histidine-extended Green Fluorescent Protein, be deleted from the
chromosome of £. coli. The quantitative data i this series of papers do not disclose or
suggoest improvements that lead to an increase n column capacity, nor do they demonstrate or
suggest improvements that point to a universally applicable host strain with improved
properties, useful for producing a variety of different peptides, polypeptides, or proteins, be
they extended with an affinity tail or tag (or not). Indeed, should the genes identified and
decmed important in Liu ot al. (2009}, supra, be deleted, an increase of significantly less than
one percent {1%:) in column capacity would be achieved. A similar argument for the deletion
of genes responsible for product-specific contaminants applies to Caparon et al. (2010)
Biotechnol. Bioeng. 105(2):239 -249. This article discloses four specific gene delctions that
improve the purity of the final biologic, since three of the proteins co-ehute with the targe

and a fourth causes proteolyvtic degradation of the biologic. Lacking in this reference is 3
means of applying quantitative metrics to prioritize efforts that lead to increases in separation
efficiency tudependent of target peptides, polypeptides, and proteins, and a method to
interpret these data to prepare a host cell or set of host cells that provide increases in
separation efficiency for as many different target molecules as possible.

In view of the foregoing, there exists a need for iraproved methods for recovering in
quantity, and purifying, recombinant target peptides, polypeptides, and proteins from £, coli
and other host cells routinely used for recombinant expression of, for example, therapeutic
proteinaceous molecules and industrial enzymes. Development of bioseparation regimens cap
be challenging, requiring somewhat arbitrary trial and error combination of conventional
chromatographic methods. The presence of host cell peptides, polypeptides, and proteins
reduces separation step efficiency (adsorption and elution), and the tradeoff between overall
vield and purity may not be optunal. Alternately, although the use of an affinity tail helps
reduce the chromatographic space explored, it can still be plagued by co-adsorbing /co-
cluting molecules, requiring further purification steps; addition/removal of the affinity tail via
digestion steps; and cost (ligand and endonuclease).

The methods and host celis disclosed herein address these problems and meet these
needs. These methods and host cells provide a novel route to supplement or supplant
conventional methods to aid in the parification of target recombinant peptides, polypeptides,
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and proteins. This is accomplished by providing 2 rational scheme for altering the proteome
of host cells used for expression in order to reduce the burden of adsorption of host celi
peptides, polypeptides, and proteins that may interfere with the recovery and punification of
any target roolecule, This is accomplished by first identifving the separatome, defined as a
sub-proteome associated with a separation technique, column chromatography for example,
by applying a formal method that mathematically prioritizes specific modifications to the
proteome via, for exarople, gene knockout, gene silencing, gene modification, or gene
inhibition, and designing host celis with the desired property of improved chromatographic
separation based on this information. Host cells, or sets of host cells, as disclosed herein
display a reduced separatome, the properties of which lead to an increase in column capacity
as peptides, polypeptides, or proteins with high affinity are eliminated first. Uniquely
focusing on host cel peptides, polypeptides, or proteins with high affinity, rather than those
with affinity stmilar to, or less than a presumed target recombinant molecule, facilitates a set
of modifications that are useful for improving separation efficiency for 2 wide range of
peptides, polypeptides, or proteins. Such high affinity host cell peptides, otc., are problematic
regardless of the nature of the target recombinant molecule because not only can they display
an clution profile that may decrease purity, but they also remain bound to the coluron due to
the stringent conditions nocessary for their desorption.

The separatome-based protein expression and purification platform disclosed herein
provides the beoefits of, but is not be Hmited to, reduction of the chromatography regimen,
colurn capacity loss due to host cell contaminating peptide, polypeptide, and protein
adsorption, and complexity of elution protocols since the nuraber, and nature, of interfering
peptides, polypeptides, and proteins 1o be resolved is less.

The present separatome-based protein expression and purification platform facilitates
the modification of unoptimized host cell lines in order to eliminate the expression of
undesirable, interfering peptides, polypeptides, and proteins during host cell cultivation,
thereby redacing the total amount and cost of purification needed to produce & higher
concentration, and absolute amount, of purified target recombinant product.

The separatome-based invention disclosed herein further provides a proteomies-based
protein expression and purification platform based on a computer database and modeling
system of separatome data for individually customized cell lines that facilitate recovery and
purification of difficult to express, low yield proteios.

The separatome-based expression and purification platform disclosed herein also
provides for modified host cell lines having 8 genome encoding and/or expressing a reduced

7
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number of nuisance or contaminating proteins, thereby decreasing the complexity and costs
of the purification process.

Farthermore, the present invention provides a separatome-based expression and
purification platform that utilizes an engineered series of broadly applicable bacterial and
other host cells to provide facile purification systems for target recombinant peptide,
polypeptide, and protein separation.

Compared to previous approaches jovolving the deletion of large numbers of host cell
genes, the separatome-based method for designing host cells for expression of target peptides,
polypeptides, and proteins provided herein is more “surgical”, 1.¢., targeted and precise, and
does not result in the deletion of large regions of host cell genomes. The present invention
provides a rational framework for optimizing target recombinant peptide, polypeptide, or
protein recovery and purification based on identification of host cell peptide, polypeptide, and
profein contaminants that reduce the separation efficiency, t.¢., separation capacity (product
recovery), separation selectivity (product purity), or both, of target recombinant peptides,
polypeptides, and proteins based on knowledge of the binding characteristics of
contaminating species during chromatographic purification. This permits the coordinated
design of universally useful, optimized host cells for target recombinant peptide, polypeptide,
or protein expression and concomitant purtfication procedures using the sroaliest number of
operations, and eliminates the need for arbitrary, tedious, time-consuming, and expensive
trial and error experimentation. The methods disclosed herein avoid the need to design
ndividualized host cell expression and chrorsatographic systems for specific recorbinant
target proteinacecus products, and provide a rational “separatomic” procedure and materials
to eliminate and separate the main interfering peptide, polypeptide, and protein components
of host cells using the minimuom number of process steps. The present methods and host cells
minimize, or in most cases, completely avoid the problems of eliminating host cell genes and
proteins required for growth, viability, and target molecule expression that would adversely
affect the use of such cells for expression of target recombinant peptides, polypeptides, and
proteins. In soroe cases, the present engineered host cells exhibit improved growth, viability,
and expression compared to the parental cells from which they are derived. This can be
atiributed, at least in part, to avoiding or circumventing the problem of eliminating genes that

are dispensable individually, but not in combination.
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SUMMARY

Accordingly, among its many embodiments, the present invention provides a
separatome-based protein expression and purification platform comprising a system of
separatome data for a host cell, which coraprises data compiled on the genorae and proteome
sequences of the host cell, and a data visualization tool for graphically displaying such
separatome data for identification and/or modification of contiguous or individual regions of
nuisance or cocluting proteins of host cells. The separatome data can coraprise data compiled
on the metalloproteome and metabolome of the host cell. Host cells included in this platform
include, for example, Escherichia coli, yeasis, Bacillus subtilis and other prokaryotes, and
any of the other host cells conventionally used for expression of peptides, polypeptides, and
profeing disclosed herein,

The system of scparatome data 18 based on identified, conserved genomic regions of
host cells that span resin- and gradient-specific chromatographies based on a relationship of
binding propertics of the peptides, polypeptides, and proteins encoded by the identified,
conserved genomic regions for these chromatographies with the characteristics and location
of genes on the chromosome(s) of host cells. The chromatographies include Immobilized-
Metal Aftinity Chromatography (IMAC), cation exchange chromatography (cation TEX),
anton exchange chromatography (anion TEX), Hydrophobic Interaction Chromatography
{(HIC), or combinations thereof,

Among its many embodiments, the present invention also encompasses a separatome-
based protein expression and purification process for manufacturing of a modified cell ine
having a genome encoding a reduced number of contaminating peptides, polypeptides and
proteins, wherein the process comprises the steps of!

(1) graphically displaying a separatore of a target host cell line as a visualization

tool in conjunction with relevant biochemical information;

{2} identifying specific genes, and combinations of genes, coding for
contaminating peptides, polypeptides, and proteins for the target host cell line, and/or
wdentifying specific genes, or combinations of genes, encoding particular nuisance peptides,

polypeptides, and proteins of the target host cell line;

(33 identifying, when possible, large contiguous genomic regions coding for
contaminating peptides, polypeptides, and proteins for the target host cell line, and/or
identitying specific geves encoding particular musance peptides, polypeptides, and proteins
of the target host cell line;

9
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(43 deleting the large contiguous genomic regions coding for contaminating
peptides, polypeptides, and proteins, and/or the specific genes, or combinations of genes,
encoding particular nuisance peptides, polypeptides, and proteins, of the target host cell line

frora the genoroe of the target host cell by large scale or targeted knockout, respectively; and

{5} deleting regions encoding any contaminant peptides, polypeptides, or proteins
remaining in the genome of the target host cell after step (3) by gene specific knockout and/or

PCR point mutation to form the moditfied cell line.

The target host cells specifically exemplified herein are Escherichia coli cells
conventionally used for expression,

in this process, the separatome is a system of chromatographic data of the
puxtaposition of binding properties of peptides, polypeptides, and proteins encoded by
identified, conserved genomic regions for chromatography methods with the characteristics
and focation of genes on the chromosome of the target host cell. The chromatographic
methods of this process comprise Immobilized-Metal Affinity Chromatography (IMAC),
cation exchange chromatography {cation IEX), anion exchange chromatography (anion IEX),
Hydrophobic Interaction Chromatography (HIC), or combinations thereof.

In this process, step (1) further comprises identifving the contaminating proteins as
casential and nonessential peptides, polypeptides, and proteins of the target host cell. Coding
regions (genes) for essential peptides, polypeptides, and proteins can be reintroduced into the
genome of the target host cell. The process can further comprise the step of constructing a
farger fragment homologous to the target host cell. The fragment can be linear and
sequenced with essential genes, and further comprises marker selection and selection
removal.

The present invention also provides optimized strains of Escherichia coli modified by
a separatome-based peptide, polypeptide, and protein expression and purification process,
wherein the strain comprises a genome having (encoding) a reduced number of nuisance or
coecluting peptides, polypeptides, and proteins. The separatome-based peptide, polypeptide,
and protein expression and purification process can be a two-step purification process based
on chromatotomes of combinations of chromatographies of Escherichia coli, and the
nuisance or cochuting proteins can be reduced via large scale knockout, gene specific
knockout, PCR point nuutation, or a combination thercof.

More particularly, 1o a first set of embodiments, the present invention encompasses
the following:

ig
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1. A host cell for cxpression of a target recombinant peptide, polypeptide, or protein,
comprising:

i} areduced genome compared to the genome 1o the parent cell from which it
is derived, or

it} a modified genome compared to the genome in the parent cell from which
it 18 derived, or

iti) in which expression of genes 15 reduced or corapletely inhibited compared
to expression of said genes in the parent cell from which it is derived,

wherein genes that are deleted, modified, or the expression of which is
reduced or completely inhibited in said host cell, code for peptides, polypeptides, or proteins
that impair the chromatographic separation etficiency of said target recombinant peptide,

polypeptide, or protein expressed in said host cell,

2. The host cell of 1, wherein said chromatographic separation etficiency of said target
recombinant peptide, polypeptide, or protein is maproved compared to the chromatographic
separation efficiency of said target recombinant peptide, polypeptide, or protein in the
presence of peptides, polypeptides, or proteins coded for by said genes that are deleted,
modified, or the expression of which 1s reduced or completely inhubited in said host coll upon
affinity or adsorption, non-affinity column chromatography of said target recombinant
peptide, polypeptide, or protein.

3. The host cell of 2, wherein improvement of said chromatographic separation efficiency of
said target recombinant peptide, polypeptide, or protein is in the range of from about 5% to
about 359, or from about 18% to about 20%, compared to chromatographic separation
efficiency of said target recombinant peptide, polypeptide, or protein in the presence of
peptides, polypeptides, or proteins coded for by said genes that are deleted, medified, or the
expression of which is reduced or comnpletely inhibited in said host cell upon affimity or
adsorption, non-affinity colurnn chromatography of said target recombinant peptide,

polypeptide, or protein.
4. The host cell of any one of 1-3, wherein said chromatographic separation efficicncy s
independent of chution conditions under which said target recorabinant peptide, polypeptide,

or protein emerges from an atfinity or adsorption, non-affinity chromatography column as an
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enriched fraction.

5. The host cell of any one of 1-4, wherein deletion of said gene is performed by

hormologous recombination or trarse shift mutation.

6. The host ¢cell of any one of 1-4, wherein modification of said genes is performed by a
method selected from the group consisting of point mutation, isozyme substitution, and

{ransposon Mutagencsis,

7. The host cell of any one of 1-4, wherein expression of said genes is reduced or
completely mhibited by a method selected from the group consisting of RNA silencing,
antisense ohigonucleotide inhibition, and replacement of a native promoter with a weaker

promoter,

3. The host cell of any one of 1-7, which exhibits about 75% to about 100% of the viability,
growth rate, or capacity for expression of said target recombinant peptide, polypeptide, or
protein expressed in said host cell compared to that of said parent cell from which it 18
derived, or which exhibits viability, growth rate, or capacity for expression of said target
recombinant peptide, polypeptide, or protein expressed in said host cell greater than that of

said parent cell from which it is derived,

§. The host cell of any one of 1-8, wherein said target recombinant peptide, polypeptide, or

protein is present in a lysate of said host cell, or is secreted by said host cell.

10, The host cell of any one of 1-9, wherein said target recombinant peptide, polypeptide,

or protein is an endogenous peptide, polypeptide, or protein.

11. The host cell of 10, wherein said endogenous peptide, polypeptide, or protein is selected
from the group consisting of a nuclease, a ligase, a polymerase, an RNA- or DNA-modifying
enzyme, a carbohydrate-modifving enzyme, an isomerase, a proteolytic enzyme, and a

lipolytic enzyme.
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12, The host cell of any one of 1-9, wherein said target recombinant peptide, polypeptide, or

protein is a heterologous peptide, polypeptide, or protein.

13, The host cell 0f 12, wherein said heterologous peptide, polvpeptide, or protein is selected

from the group consisting of an enzyme and a therapeutic peptide, polypeptide, or protein.

14. The hostcell of 13, wherein said enzyme is selected from the group consisting of a
nuclease, a ligase, a polymerase, an RNA- or DNA-modifving enzyme, a carbohydrate-
modifving enzyme, an ispmerase, a proteolytic enzyme, and a lipolytic enzyme, and said
therapeutic peptide, polypeptide, or protein 18 selected from the group consisting of antibody,
an antibody fragment, a vaccine, an enzyrag, a growth factor, a blood clotting factor, a
hormone, a nerve factor, an interferon, an interleukin, tissue plasminogen activator, and
msulin,

15. The host cell of any one of 1-14, which is selected from the group consisting of a

bacterium, a fungus, a mammalian cell, an insect cell, a plant cell, and a protozoal cell.

16. The host cell of 15, wherein said bacterium is £, cofi, B. subtilis, P. fluorescens, or C.

glutamicum; said fungus is a yeast selected from the group consisting of 8. cerevisine and K

pastoris; said mammalian cell is 3 CHO cell or a HEK cell; said insect cell is an 8. frugiperda

cell; said plant cell 15 4 tobacco, alfalfa, rice, tomato, or soybean cell; and said protozoal cell

is a L. tarentolae cell.

17. The host cell of 16, wherein said bacterium is £, ¢ofi.

i8. The £, coli host cell of 17, wherein said parent cell from which said £. cofi host cell s
derived is selected from the group consisting of . ¢oli K-12, E. colil MG, E. coli BL, and £.

coli DH.

19. The host cell of 16, wherein said bacterium 18 8. subtilis.

20. The B. subtilis host cell of 19, wherein said parent cell from which said B. subiifis host

cell 1s derived 1s selected from the group consisting of 8. subiilis 168 and B. subiilis BSnS.
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21, The host cell of 16, wherein said 8. cerevisiae and K. pastoris are selected from the group
consisting of S, cerevisige S288c and AWRITY6, and K. pastoris CBS7435 and GS115,

respectively.
22. The host cell of 16, wherein said CHO cell is CHO-K1 and said HEK cell is HEK 293,

23. The E. cofi parent cell of 18, which is selected from the group consisting of £, coll K-12,

E. coli MG1655, E. coli BL21 (DE3), and £, coli DHI(R.

24, E. coli strain K-12, MG1655, BL21 (DE3), and DHI0B of 23, having a genome
comprising the nucleotide sequence disclosed in the reference of Table Entry Number 1, 2, 3,

and 4, respectively, in Table 1.

25, B. subtiiis strain 168 and B5x5 of 20, having a genome comprising the nucleotide

sequence disclosed in the reference of Table Entry Number | and 2, respectively, in Table 2.

26. 8. cerevisige strain S288¢ and AWRIT796 of 21, having a genome comprising the
nucleotide sequence disclosed in the reference of Table Entry Number | and 2, respectively,

in Table 3.

27. K. pastoris strain CBS7435 and GS11S of 21, having a genome comprising the nucieotide

sequence disclosed in the reference of Table Entry Number | and 2, respectively, in Table 4.

28. CHO cell strain CHO-K1 of 22, having a genome comprising the nucleotide sequence

disclosed 1n the reference of Table Entry Number | 1o Table S.

29, HEK cell strain HEK 293 of 22, having a genome comprising the nucleotide sequence
disclosed in the reference of Table Entry Number 1 in Table 6.

30. The £. coli host cell of any one of 16-18 or 23-24, wherein said reduced genome
compared to the genome in the parent cell from which it is derived is less than 5% smaller,
less than about 4.5% smaller, less than about 4% smaller, less than about 3.5% smaller, less

than about 3% smaller, fess than about 2.5% smaller, less than about 2% smaller, less than
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about 1.5% smaller, or less than about 1% smaller, than the genome of said parent cell from

which it is derived.

31. The £, coli host cell of any one of 16-18 or 23-24, wherein said reduced genome
compared to the genome in the parent cell from which it is derived is between about 4.17 Mb

to about 4.346 Mb.

32. An E. coli host cell for expression of a target recombinant peptide, polypeptide, or
protein, comprising;

i} areduced genome compared to the genome 1o the parent cell from which it
is derived, or

it} a modified genome compared to the genome in the parent cell from which
it is derived, or

iti) in which expression of genes 15 reduced or corapletely inhibited compared
to expression of said genes in the parent cell from which it is derived,

wherein said parent cell is £, coff strain K-12, MG165S, BL21 (DE3), or
DHIOB, having a genome comprising the nucleotide sequence disclosed in the reference of
Table Entry Number 1, 2, 3, and 4, respectively, in Table 1, and

wherein genes that are deleted, modified, or the expression of which is
reduced or completely inhibited in said host cell compared to expression of said genes in said
parcut cell from which it 15 derived, code for proteins that impair the chromatographic
separation efficiency of said target recombinant peptide, polypeptide, or protein expressed in
said host cell in the presence of peptides, polypeptides, or proteins coded for by said genes
that are deleted, modified, or the expression of which is reduced or completely inhibited
said host cell, and that elute from a chromatographic affinity column having a ligand, in a
buffer comprising a compound that dictates adsorption to its respective ligand during
equilibration and clation from said affinity column, v an amount in the range, in a

combination selected from the group consisting of the combinations in the following table:

Compound in Buffer
That Dictates Adsorption
Ligand Concentration or pH Range
to Affinity Column During

Eguilibration and Causes

[
(9]
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Ghitathione S-

Fhution From Cohumn

transferase

Amino acid

Ghitathione from about 0mM to about 10mM

(e.g., lysing)

A comumon salt from about 8mM to ahout 2M

Amino acid pH from about pH 2 to about pH 11
Avidin A chaotropic salt from abowut OM to about 4M
Avidin pH from about pH 2 to about pH 10.5

Carbohydrate Sugar or 1socratic

{e.g., Dextrin)

from about OrmM to about 106mM
{c.g., maltose)
Carbohydrate pH from about pH S 1o about pH &
Organic dye

(e.g., Cibacron Blue)

Organic dye

A coramon salt from about ¢mM to about 1.5M

Heparin

pH from about pH 4 1o about pH &
. Imidazole N
Organic dye from about SroM to about 250 mM
Or a comroon salt
Divalent metal .
' o pH from about pH 4 to about pH 12
{e.g., Ni(ll}}
Dhvalent metal o
o fmidazole
(e.g., Ni{Ih)

from sbout SmM o about 300mM

A comumon salt

from about 0 mM to about 2M
Protein A or Protein G Glycine from about JmM to about 100mM
Protein A or Protein G pH from about pH 3 to about pH 7
igG Glycine from about mM to about 100mM
Coenzyme Competing Protein

from about 1raM to about 12mM

33. Au E. coli host cell for expression of a target recombinant peptide, polypeptide, or

protein, comprising:
U

is derived, or

it is derived, or

a reduced genome compared to the genome n the parent cell from which it

it} a modified genome compared to the genome in the parent cell from which
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iit) in which expression of genes is reduced or completely inhibited compared
to expression of said genes in the parent cell from which it is derived,

wherein said parent cell 1s £, cofi strain K-12, MG165S, BL21 (DE3), or
DHIOB, having a genome comprising the vucleotide sequence disclosed in the reference of
Table Entry Number 1, 2, 3, and 4, respectively, in Table 1,

wherein genes that are deleted, modified, or the expression of which is
reduced or completely mhibited in said host cell, code for host cell peptides, polypeptides, or
proteins that irapair the chromatographic separation efficiency of said target recombinant
peptide, polypeptide, or protein expressed in said host celi, and

wherein genes that are deleted, modified, or the expression of which is
reduced or completely inhibited in said host cell compared to expression of said genes i said
parent celf from which it is derived, code for proteins that irapair the chromatographic
separation efficiency of said target recombinant peptide, polypeptide, or protein expressed in
said host cell in the presence of peptides, polypeptides, or proteins coded for by said genes
that are deleted, modified, or the expression of which is reduced or completely inhibited in
said host cell, and that clute from a chromatographic adsorption, non-affinity column having
a higand, in a buffer comprising a compound that dictates adsorption to its respective ligand
during equilibration and elution frore said adsorption, non-athnity column, in an amount in
the range, in a combination selected from the group consisting of the combinations in the

following table:

Compound in Buffer
That Dictates Adsorption te
Non- Affinity Column
Ligand 7 Ceoncentration or pi Range
During Equilibration and

Causes Elution From

“olumn
{on exchange Common salt from about OM to about 2M
fon exchange pH from about pH 2 to about pH 12
Organic solvent ex.
Reverse phase o from about 0% to about 100%
Acetonttrile
Hydrophobic ~ i
) i Common saht from about 2M to about OM
interaction




[

1

WO 2015/042105 PCT/US2014/056013

34, The £. coli host cell of 32 or 33, wherein said common salt is selected from the group
consisting of 4 chioride salt, & sulfate salt, an acetate salt, a carbonate salt, and a propionate

salt.

35. The £. cofi host cell of 33, wherein said organic solvent is selected from the group
counsisting of acetonitrile, methanol, and 2-propanol.

36. The E. cofi host cell of 33, wherein genes that are deleted, modified, or the expression of
which is inhibited, i the genome of said . cofi host cell are selected from the group

consisting of:

GeneName
rpaC

pol
hidD
metH

sucA
hrpA

grol,

gatz

sped
thil
nusA
tfAd
deg#
cipB
rap4
metl
yefD
nagh

is
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ilvA
Jusd
cyad
gld4
dnak
vgiCC
gyrd
gink&

cars
ppsd
deg?
wsg
ilvB
thrS
rech
entB
dusA
npd

prs

cvsiN

atpD

purd

and combinations thereof

37. The E. coli host cell of 33, wherein said parent cell £, coli strain is MG165S {genotype:
Wild Type: F-, 47, rph-1), and the following combinations of genes are deleted, moditied, or
the expression of which is inhubited: LTS00 (genotype: dithvA); LTSO1+ (genotype: dmeiH);
LTSO1 (genotype: dehyddmetH)y; LTS02+ (genotype: dmetHAdentF )y, LTSO2 (genotype:
ArhvAdmerHidentFy, 1.TS03+ (genotype: dmetHdenmtFdige), LTS03 (genotype:
AdthyAdmetHAentFAigty, UTS04+ (genotype: dmetHAeniFAtgrdrnry, LTS04 (genotype:

AthyAdmetHAeniFAigtdrnry, or LTSOS+ {(genotype: dmetHAeniF AigtArnrdyea ().

38. The host cell of any one of 1-37, wherein increased separation efficiency is manitested as

imcreased separation capacity, increased separation selectivity, or both.

39. The host cell of 38, wherein separation capacity is defined as the amount of target
recombinant peptide, polypeptide, or protein adsorbed to said column per mass lysate in the

case where said target recombinant peptide, polypeptide, or protein is not secreted, or mass
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culture medium in the case where said target recombinant peptide, polypeptide, or protein is
secreted, applied to said column, and separation selectivity is defined as the amount of target
recombinant peptide, polypeptide, or protein adsorbed to said column per total peptide,

polypeptide, or protein adsorbed to said column.

46, The host cell of 38 or 39, wherein said increased separation capacity is in the range of

from about 5% to about 35%,

41. The host cell of any one of 1-40, wherein separation of said target recombinant peptide,
polypeptide, or protein from host cell peptides, polypeptides, or proteins is performed by

column chromatography employving a solid phase chromatography medium.

42, The host cell ot 41, wherein said column chromatography is selected from the group
counsisting of atfinity chroratography croploving au affinity ligand bound 1o said solid phase,

and adsorption-based, non-affinity chromatography.

43, The host cell of 42, wherein said affinity ligand is selected from the group consisting of
an amino acid, a divalent metal ion, a carbohydrate, an organic dye, 2 coenzyme; glutathione

S-transferase, avidin, heparin, protein A, and protein G.

44. The host cell of 43, wherein said divalent metal ion is selecied from the group consisting

of Cu ,Ni ,Co ,and Zn ; said carbohydrate 1s selected from the group consisting of
maltose, arabinose, and glucose; said organic dye 1s a dve comprising 4 triazene moiety; and

said coenzyme is selected from the group consisting of NADH and ATP.

45. The host cell of 42, wherein said adsorption-based, non-affinity chromatography is
selected from the group consisting of ion exchange chromatography, reverse phase

chromatography, and hydrophobic interaction chromatography.
46. The host cell of 45, wherein said adsorption-based, non-affinity chromatography is ion
exchange chromatography.

47. The host cell of 46, wherein said ion exchange chromatography employs a ligand selected

from the group consisting of diethvlaminoethyl cellolose (DEAE), monoQ, and S.
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48. The host cell of any one of 41 10 47, wherein said host cell peptides, polypeptides, or
proteins that impair separation efficiency of said target recombinant peptide, polypeptide, or
protein expressed in said host cell are peptides, polypeptides, or proteins that are strongly

retained during column chromatography.

49, The host cell of 48, wherein said host cell peptides, polypeptides, or proteins that are
strongly retaned during ion exchange chromatography are those that are retained during
elution with a mobile phase comprising a common salt in the range of from about 5 mM 1o

about 2,000 mM.

50. The host cell of 49, wherein said host cell peptides, polypeptides, or proteins that are
strongly retained during ion exchange chromatography are those that are retained during
chution with a mobile phase comprising a common salt in the range of from about 500 mM to

about 1,000 mM.

S1. The host cell of any one of 41 1o 50, wherein said host cell peptides, polypeptides, or
proteins that impair the separation efficiency of said target recombinant peptide, polypeptide,
or protein expressed in said host cell are peptides, polypeptides, or proteins that are weakly

retained during column chromatography.

52. The host cell of 50, wherein said host cell peptides, polypeptides, or proteins that are
weakly retained during chromatography are those that are retained during elution with a

mobtle phase comprising a comumon salt in the range of from about 5 oM 1o about 500 oM.

53. The host cell of 52, wherein said host cell peptides, polypeptides, or proteins that are
weakly retained during chromatography are those that are retained during elution with a

mobile phase comprising a common salt in the range of from about 18 mM to about 350 mM.

34. The host cell of any one of 41 10 53, wherein said host cell peptides, polypeptides, or
proteins that tmpair the separation efficiency of said target recombinant peptide, polypeptide,
or protein expressed in said host cell are peptides, polypeptides, or proteins that are both

strongly retained and weakly retained during coluron chromatography.

S5. A separatome of chromatographically relevant host cell peptides, polypeptides, and
proteins for column affinity chromatography eraploying an atfinity ligand bound to a solid
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phase or column adsorption-based, non-affinity chromatography, comprising host cell
peptides, polypeptides, and proteins based on their capacity recovery potential from said
column,

wherein said capacity recovery potential of said host cell peptides,

A

polypeptides,and proteins is quantitatively determined by:

{(a) scoring a peptide, polypeptide, or protein (i) with the formualae:

. - o
_ ‘ Ve N R, Ry, MW,
importance; = z By ( - H\ - - -
j \Vmax’ total, hj,totai} !‘4’Wrref/ ;

SE

Eqguation 3

16 with valoes for a series of peptides, polypeptides, and proteins written in descending order
{largest value close to unity downwards to the smallest value), followed by
(b} calculating the capacity recovery potential of a relevant peptide,

polypeptide, or protein (7) given by:

. Rivorar /
15 recovery potential; = VPO ,
Rrorat,ms

Equation 1

wherein the following definitions apply: v and yue. = concentration of mobile
phase eluent in fraction (}) and maximurn value, respectively; and hy; and by o = the amount
of protein (1) in fraction (3} and total bound protein (1), respectively; b o = total amount of
protein in fraction (§); Baims = total mass of protein bound to column; b; = scaling parameter;
20 o =steric factor; MW, and MW, = molecular weight of protein (i) or reference protein,

respectively.

S6. The separatome of 55, wherein said affinity ligand in said column affinity
chromatography employing an atfinity ligand bound to a solid phase is selected from the

group consisting of an arpino acid, a divalent metal 1on, a carbohydrate, an organic dye, a

[N
wn

coenzyme, glutathione S-transferase, avidin, heparin, protein A, and protein G.

57. The separatome of 56, wherein peptides, polypeptides, and proteins are eluted from said

atfinity chromatography colurnn using an elution agent y selected from the group consisting
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of a common salt, hydronium ion, imidazole, glutathione, a chaotropic salt, heparin, and
glycine.

58. The separatome of 55, wherein said column adsorption-based, non-affinity
chromatography is sclected from the group consisting of ion exchange chromatography,

reverse phase chromatography, and hydrophobic interaction chromatography.

59. The separatome of 58, whercin peptides, polypeptides, and proteins are eluted from said
adsorption-based, non-affinity chromatography column using an chution agent y selected from

the group consisting of a commeon salt, hydroniom ion, and an organic solvent.

60. The separatome of 57 or 59, wherein said common salt is selected from the group
consisting of a chloride salt, a sulfate salt, an acetate sakt, a carbonate salt, and a propionate

salt.

61. The separatome of 59, wherein said organic solvent is selected from the group consisting

of methanol, 2-propanol, and acctonitrile.

62. The separatome of 57, wherein said chaotropic salt is guanidine hydrochloride.

63. The separatome of any one of 55-62, wherein the maximum value of said elution agent v
is defined by v, in 55.
64. The separatoroe of any one of 535-63, which is in a form selected from the group

consisting of a table, a visual representation such as a figure, and a computer file.

65. The separatome of chromatographically relevant host cell peptides, polypeptides, or
proteins for column affinity chromatography employing an affinity ligand bound to a solid

phase of any one of 55-57, 60, or 62-64,

66. The separatome of chromatographically relevant host cell peptides, polypeptides, or
proteins for column adsorption-based, non-affinity chromatography of any one of 55, 58-61,

or 63-64.
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67. A method for designing a reduced or modified proteome host cell, or a host cell in which
expression of genes is reduced or compietely inhibited compared to expression of said genes
in the parent cell from which said host cell 1s derived, for expression of a target recombinant
peptide, polypeptide, or protein to improve the chromatographic separation efficiency of said
target recombinant peptide, polypeptide, or protein expressed in said host cell, comprising
identifying and ranking proteins of chromatographic relevance that adversely affect said
separation efficiency of said target recombinant peptide, polypeptide, or protein in a parent
cell from which said host cell is derived by:

1} equilibrating an affinity chromatography column employing an affinity
higand bound to a solid phase, or an adsorption-based, non-affinity chromatography coluron,
using a mobile loading or cluting phase, or an operational variable;

ity in the case where said target recombinant peptide, polypeptide, or protein
is not secreted, fractionating 8 tysate of said host cell, or in the case where said target
recombinant peptide, polypeptide, or protein is secreted from said host cell, fractionating the
culture medium in which said host cell is grown, on said column by applying an elution
gradient to elute peptide, polypeptide, or protein fractions from said column;

iit) identitying, quantitving, and scoring peptides, polypeptides, or proteins in
said fractions eluted from said coluray;

v) assessing the metabolic role of said peptides, polypeptides, or proteins
wdentified in step 111} that affect column capacity; and

v) designing a reduced or modified genome host cell, or a host cell in which
expression of genes is reduced or completely inhibited compared 0 expression of said genes
in the parent cell from which said host cell is derived, to modify the proteome of said parent
cell from which said host cell 1s derived in order to increase chromatographic separation

efficiency based on steps i} and iv).

68. The method of 67, further comprising reducing or modifving the genome of said pavent
cell from which said host cell is derived, or reducing or completely inhibiting the expression
of peptides, polypeptides, or proteins in said parent cell, to increase chromatographic
separation efficiency based on step vy, thereby producing a host celi comprising a reduced or
modified genome compared to the genome in said parent cell from which said host cell is
derived, or a host cell in which expression of peptides, polypeptides, or proteins is reduced or

completely imhibited.
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69. The method of 67 or 68, wherein said reduced or modified proteome host celi, or said
host celi host cell in which expression of (n) genes is reduced or completely inhibited
compared to expression of said genes in the parent cell from which said host cell is derived,
facilitates an overall capacity recovery of said target recombinant peptide, polypeptide, or
protein in the range of from about 5%, from about 10%, from about 20%, from about 30%,
from about 40%, from about 50%, from about 60%, from about 70%, from about 809, from
about 90%, or from about 95%, to about 100%, wherein capacity recovery is defined by
summing {n) values of recovery potential for mdividual (3) proteins by the following:

n

capacity recovery = 100%x Z recovery potential;
i=1

HEquation 2
wherein n = total number of proteing that are deleted, inhibited, or modified,
and 7 = an individual protein.

A preferred range for capacity recovery is from about 3% to about 50%, more

preferably from about 5% to about 40%, or from about 59 to about 35%,

70¢. The method of any one of 67-69, wherein step 1) is modified by varying the

characteristics of said mobile loading or eluting phase or operational variable.

71, The method of any one of 67-70, wherein identification of said peptides, polypeptides,

perforroed using spectral counting, or a combination of Bradford protein assay, 2-dimen-

sional electrophoresis, and densitometry.

~d
L3

. The method of any one of 67-72, wherein said scoring in step i) is calculated as in 55

-7
!

N

. The method of any one of 67-73, wherein assessing the metabolic role of identified
o 5

proteins in step iv} is performed by bioinformatics technigques.
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75. A method of enriching the amount of 3 target recombinant peptide, polypeptide, or
protein relative to other peptides, polypeptides, or proteins present in an initial protein
mixture comprising said target recombinant peptide, polypeptide, or protein, comprising:

i) selecting a chromatography medium that binds said target recombinant
peptide, polypeptide, or protein from the group consisting of an affinity chromatography
medium and an adsorption-based, non-affinity chromatography medimm;

t1) in the case where an affinity chromatography mediurn is selected,
expressing said target recombinant peptide, polypeptide, or protein in said host cell of any
one of 1-32, 34, 36, 38-44, 4%, or 51-54;

i1} in the case where an adsorption-based, non-affinity chromatography
medium is selected, expressing said target recombinant peptide, polypeptide, or protein in
said host cell of any one of 1-31, 33-35, 37-42, or 45-54; and

iv) chromatographing said initial protein mixture comprising said target
recombinant peptide, polypeptide, or protein using said chromatography medium of step 1) or
step i}, as appropriate, and collecting elition fractions, thereby obtaining one or more
fractions containing an enriched amount of said target recombinant peptide, polypeptide, or
protein relative to other peptides, polypeptides, or proteins in said fraction compared to the
amount of said target recombinant peptide, polypeptide, or protein relative to other peptides,

polypeptides, or proteins in said initial protein mixture.

76. The method of 73, further comprising chromatographing an enviched fraction of step iv)
to obtain said target recombinant peptide, polypeptide, or protein in a desired degree of
purity.

77. The method of 76, further coraprising recovering said target recombinant peptide,

polypeptide, or protein.

78. A method of preparing a pharmaceutical or veterinary composition comprising a
recombinant therapeutic peptide, polypeptide, or protein, comprising:

i} selecting a chromatography medium that binds said recombinant
therapeutic peptide, polypeptide, or protein from the group consisting of an affimity

chromatography roedium and an adsorption-based, non-atfinity chromatography mediuny
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i1} in the case where an affinity chromatography medium is selected,
expressing said recombinant therapeutic peptide, polypeptide, or protein in said host cell of
any one of 1-32, 34, 36, 38-44, 48, or 51-54;

i1} in the case where an adsorption-based, nov-affinity chwomatography
medium is selected, expressing said recombinant therapeutic peptide, polypeptide, or protein
in said host celt ofany one of 1-31, 33-35, 37-42, or 45-54;

tv) i the case where said recombinant therapeutic peptide, polypeptide, or
protein is not secreted from said host cell, preparing a lysate of said host cell containing said
recombinant therapeutic peptide, polypeptide, or protein, producing an initial recombinant
therapeutic peptide-, polypeptide-, or protein-containing mixture; or

v} in the case where said recombinant therapeutic peptide, polypeptide, or
protein is secreted from said host cell, harvesting culture medium in which said host cell is
grown, containing satd recombinant therapeutic peptide, polypeptide, or protein, thereby
obtaining an initial recombinant therapeutic peptide-, polypeptide-, or protein-containing
mixture;

vi} chromatographing said initial recombinant therapeutic peptide-,
polypeptide-, or protein-containing mixture of step 1v) or step v) using said chromatography
medium of step 1) or step 1), as appropriate, and collecting elution fractions, therchy
obtaining one or more fractions containing an enriched amount of said recombinant
therapeutic peptide, polypeptide, or protein relative to other peptides, polypeptides, or
proteins 1o said fraction compared to the amount of said recombinant therapeutic peptide,
polypeptide, or protein relative to other peptides, polypeptides, or proteins in said initial
protein mixture;

vii) further chromatographing an enriched fraction of step vi) to obtain

said recombinant peptide, polypeptide, or protein in a desired degree of purity;

viif) recovering said recombinant therapeutic peptide, polypeptide, or
protein; and

ix) formulating said recombinant therapeutic peptide, polypeptide, or
protein with a pharmaceutically or veterinarily acceptable carrier, diluent, or excipient to

produce a pharmaccutical or veterinary composition, respectively.

79. A method of purifying a recombinant enzyme, comprising:
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i} selecting a chromatography medium that binds said recombinant
enzyme from the group consisting of an affinity chromatography medium and an adsorption-
based, non-affinity chromatography roedim;

i1} in the case where an affinity chromatography medium is selected,
gxpressing said recombinant enzyme in said host celi ofany one of 1-32, 34, 36, 38-44, 48, or
Si-54;

ti1) in the case where an adsorption-based, non-affinity chromatography
medium is selected, expressing said recombinant cnzyme in said host cell of any one of 1-31,
33-38, 37-42, or 45-54;

iv) in the case where said recombinant enzyme is not secreted from said
host cell, preparing a lysate of said host cell containing said recombinant enzyme, producing
an initial recombinant enzyme-containing mixture; or

v} in the case where said recombinant enzyme is secreted from said host
cell, harvesting culture medium in which said host cell is grown, containing said
recombinant enzyme, thercby obtaining an initial recombinant enzyme-containing mixture;

vi} chromatographing said initial recombinant enzyme-containing mixture
of step 1v) or step v) using said chromatographic medium of step 1) or step i1), as appropriate,
and collecting clution fractions, thereby obtaining one or ruore fractions contairing an
enriched amount of said recombinant enzyme relative to other peptides, polypeptides, or
proteins i said fraction compared to the amount of said recombinant enzyme relative to other
peptides, polypeptides, or proteins in said jnitial protein mixture;

vii) further chromatographing an enriched fraction of step vi) to obtain
said recombinant enzyme in 3 desired degree of purity; and

viil} recovering purified recombinant enzyme.

30 The method of 79, further comprising placing said purified recombinant enzyme in a
butter solation in which said purified recorsbinant enzyme 15 stable and retains enzymatic

activity.

81. The method of 80, wherein said purified recombinant enzyme-containing buffer solution

is reduced to dryness.

32. The method of 81, wherein said dry purified recombinant enzyme-containing buffer
solution is in the form of a powder.

28



WO 2015/042105 PCT/US2014/056013

83. A kit, comprising said host cell of any one of 1-54 or 68-69.

84. The kit of 83, further comprising instructions for expressing a target recombinant

peptide, polypeptide, or protein in said host cell.

85. The kit of 84, wherein said target recombinant peptide, polypeptide, or protein is an

endogenous or heterologous target recombinant peptide, polypeptide, or protein.

10 86. The kit of any one of 83-85, wherein said nstructions further conmprise directions for
purifving said cxpressed target recombinant peptide, polypeptide, or protein by affinity

chromatography or adsorption-based, non-affinity chromatography.

87. The kit of any one of 83-86, further comprising a chromatographic resin for affinity

15 chromatography or adsorption-bascd, non-affinity chromatography.

88. A method of enriching a target peptide, polypeptide, or protein from a mixture obtained
from a host cell, comprising:
a. chromatographing said mixiture via affinity chromatography or adsorption-based,
20 non-affinity chromatography;
b. collecting an clution fraction that contains an enriched amount of said target
peptide, polypeptide, ot protein in said fraction compared to the amount of said peptide,
polypeptide, or protein of interest in said mixture; and

¢. recovering said target peptide, polypeptide, or protein from said elution fraction,

25 wherein said host cell is denved from a parent cell, and has:
i) areduced genome compared to the genome in the parent cell from which it
is derived, or
it} a modified genorse compared to the genome in the parent cell from which
it is derived, or
30 iit) in which expression of genes is reduced or completely inhibited compared

to expression of said genes in the parent cell from which it is derived,
wherein genes that are deleted, modified, or the expression of which is
reduced or coropletely inhibited in said host cell, code for peptides, polypeptides, or proteins

that impair the chromatographic separation efficiency of said target peptide, polypeptide, or
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protein expregsed in said host cell in said affinity chromatography or said adsorption-based,

non-affinity chromatography.

89, The method of 323, wherein said mixture is a lysate of said host cell in the case where said
peptide, polypeptide, or protein accumulates intracellilarly, or is medium in which said host
cell 18 grown in the case where said peptide, polypeptide, or protein is secreted by said host

cell.

90. The method of 88 or 89, further comprising chromatographing said target peptide,
polypeptide, or protein of step ¢. in order to obtain said target peptide, polypeptide, or protein

in a desired degree of purity.

81. The method of 90, further comprising recovering purified target peptide, polypeptide, or
profein,
The methods of 83-91 encompass the use of all of the parent cells, host cells, and

methods, efc., disclosed herein, and described 1 1-87, above.

skokskshakssksk ook

{n a second set of embodiments, the present invention encormpasses the following:

1. An & coli hosteell, derived from a parent £, coli cell, for expression of a target host cell
or target recombinant peptide, polypeptide, or protein, said £. coli host cell comprising:

1} areduced genome compared to the genome in the parent cell from which it
is dertved, and/or

it} a modified genorae corapared to the genome 1o the parent cell from which
it is derived, and/or

iit) in which expression of genes is reduced or completely inhubited compared
1o expression of said genes 1o the parent cell from which i s derived,

wherein genes that are deleted, modified, and/or the expression of which is
reduced or completely inhibited in said host cell code for peptides, polypeptides, or proteins
that impair the chromatographic separation efficiency of said target host cell or target
recombinant peptide, polypeptide, or protein expressed in said host cell,

wherein said genes are selected from the group consisting of!
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the genes listed in Table 8, and combinations thereof]

the genes listed in Table 9, and combinations thereof;

combinations of any of the genes listed 1o Tables 8 and 9 taken together;
the genes listed 1u Table 14, and combinations thereot) and

combinations of any of the genes listed in Tables 8, 9, and 14 taken together.

2. The £ cofi host cell of §, wherein said parent coll is an £, cofi strain selected from the
group consisting of strain K-12, strain B, strain C, strain W, and a derivative of any of the

fOY‘SgOlﬂg strans.

3. The £. cofi host cell of 2, wherein:

said £. coli strain K-12 derivative is selected from the group consisting of
W3110, DHI0B, DH5alpha, DHI, MG1655, and BW2952; and

said &, coli strain B derivative is selected trom the group counsisting of B

REL6G6, BLZ21, and BLZ1-DE3.

4. The E. coli host cell of any one of 1-3, wherein said parent E. coli cell is selected from the
group congisting of:
Alpha-Select Bacteriophage T1-Resistant Geld Efficiency (F- deoR endAl recAl
relAl gyrAS6 hedR 170k, mky) supE44 thi-1 phoA AllacZY A-argEHYUI69
DEOlacZAMIS &),
Alpha-Select Bacteriophage Ti-Resistant Silver Efficiency (F- deoR endAl recAl
relAl gyvrA96 hedR17(vk., mk. ) supE44 thi-1 phoA A{lacZY A-argFyU169
@OROlacZAMI S -,
Alpha-Select Bronze Efficiency (F- deoR endAl recAl relAl gyrAS6 hsdR17(rk-,
mk+} supbE44 thi-1 phoA A{lacZY A-argFHYU 168 ©30lacZAMIS j-),
Alpha-Select (F- deoR endAl recAl relAl gyrA96 hedR17(rk-, mk+) supE44 thi-1
phoA A(lacZY A-argF il 69 ©20lacZAMIS A-),
AG1 (endAl recAl gyrA96 thi-1 relAl glnV44 hsdR17(r mg ),
ABRIST (thr-1, araCl4, leuB6{Am), A(gpt-proA)62, lacY 1, tsx-33, gsr'-0,
ginV44(AS), galK2(0Oc), LAM-, Rac-0, lsG4(Oc), ribC1, mgl-51, rpoS396{Am),
rpsl.3 1R, kdgk ST, xyvlAS, ml-1, argE3(Oc), thi-1),
B215S (thrB1004 pro thi sirA hedsS lacZD MI15 (F'lacZD M15 lacl” raD36
proA proB ') A dapAcierm (Erm’) pirnRP4 [nkan (Km") from SMIO),
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BE34DEI) FompT hsdSu(ty my') gal dem met (DE3) 3,

BIOBIue (recAl endAl gyrA96 thi-1 hsdR17(rk-, mk+) supE44 relAl lac [F7 proAB
facl'ZAMIS Tald(Tet'y1),

BL2Y (£ coli B F- dem ompT hsdS(rs- rop-) gal [malB T 1205,

5 BL2I{AD (F ompT gal dem lon hsdSpirg” mp’) araB o T7RNAP-tetA),
BL2I(DEI(F ompT gal dom lon bsdSp{rs mp ) A(DE3 [Jacl lacUVS-T7 gene |
ind1 sam7 nins1)),

BL21 (DE3) pLysS (F- ompT hsdSB(IB-, mB-} gal dem (DE3) pLysS (CamBR)),
BE2E-TIR (F- ompT hsdSB(rB- mB-) gal dom tonA),

10 BNNG3 (F tonA2] thi-1 thr-1 leuB6 lacY ! glnV4a4 vfbCL thoAl merB eld-(merA)
hsdR{ rK’m{) 20
BNNG7 (BNNO93 (ugthi,
BW26434 (A(araD-araB)567, A(lacA-1acZ)514( kan), lacT-40000acih, ¥,
poS396{ A7, ph-1, AlrhalD-rhaB)S68, hsdRS14),

15 Co08 (F tonA21 thi-1 thr-1 leuB6 lacY 1 ginV44 «fbC1 fhuAl W,
CAGSEST (F lacZtam) phofam) tyrTisupCs) trpfam) rpsLSt™) rpoH(am) 165
zhg:: TulQ malfam)),
CAGH26 (F lacZam) pholam) lon trp(am) norTfsupCis)] rpsL{St) mal(am)),
CAGE28 (F lacHam) pho(am) lon supC{s} irp(am) rpsL rpoH{am)iss

20 zhg::Tnl0 mal{am)),
CH3-Blue (F- AmcrA Alor-hsdRMS-roerBC) DEMlacZAMILS AlacX 74 recAl
endAl ara A139 Adara, leu)7697 galU galrpsL(Str™) mupG 4-),
CKHSS (F A ara A(lac-pro) rpsh thi fimEIS1),
D210 (HB101 lact® lacY"),

25 dam- dem- Bacteriophage T1-Resistant (F- dam-13:ToHCam®)dom-6 ara-
14 hisG4 leuB06 thi-1 lacY 1 gaik2 galT22 ginV44 hsdR2 xyIAS mil-
i i‘psli36(8trR) ribDY wonA3 sx78 merA merBl),
DB3.1 (F- gyrad6? endAl ginV44 Alsrl-recA) merB marr hedS200ry", map) arald
galK?2 facY1 proA2 rpsL20(Sm") xy15 Aleu mill),

30 DHI (endAl recAl gyrA96 thi-1 glnV44 relAl hsdR17(rg mg } 1),
DHSa Turbe (F proA+B+ lacl? A lacZ M15/ fhuA2 Allac-proAB) ginV gal R(zgh-
2100 Tni10YTet® ondAl thi-1 AdhsdS-merB)S),
DHIZS (merA A(mir-hsdRMS-merBC) ¢80d lacZAMIS AlacX74 recAl deoR
Alara, 1eu)7697 araD 139 galll galK ypsL F' [proAB” lacl'ZAMIS)),
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DM (F- dam-13:TnCm") dem- merB hsdR-M+ gall gal? ara- lac- thr- leu- tonR
tsxR SuQ),
E. CLONI® SALPHA (Pud2MargF-lacZ)UI69 phod ginV44 D80 AlacZ)MIs
gvrAS6 recAl reldl end Al thi-1 hsdR17),
] E. CLONI® 190G (F- merd Almre-hsdRMS-merBCY endAl recAl ®80diacZ AMI1S

AlacX 74 aralD139 AMara,lew)7697 gall gall rpsL nupG - fonA (StR)),
E. CLONE® 18GF" (IF pro A+B+ Jacl'ZAMI5:Tal0 (Tet™)] merA Almrr-hsdRMS-
merBCY end Al recAl O80dlacZ AMIS AlacX74 aralD129 Alarg,
leny7697 gall galK rpsL nupG A~ tonA (SUR)),

10 E. coli K12 ER2738 (F proA+B+ lacl? AllacZ)M15 zzf: Tol0(Tet™ ) fhuA2 glnV
Alac-proAB) thi-1 AthsdS-mcrB)S),
ElectroMaxX™ DHI18B (FmorA Almrr-hsdRMS-morBC) ©80lac/AMIS
AlacX 74 recAl endAl araD 139N (ara len)76%7 goll galK LrpsL nupG),
ELECTROMAX™ DHEALPHA-E (F- @80lacZAMI S AlacZY A-argF)y U169

15 recAl endAl hsdR17 {vk-, mk+) galphoA supE44 A-thi-1 gyrA96 relAl),
ElectroSHOX (F- morA Almre-bsdRMS-merBCY DEOIacZAMIS
AlacX 74 recAl end Al ara A139 Mara, lew)7697 galU galKrpsL{SE™) mpG 1),
EP-MAXIIOB B (mcrA Almrr-hsdRMS-merBC) p80dlacZAM IS AlacX 74 deoR
recAl endAl araD139 Afara, lew)7697 galU galK rpsL nupG A/ Fllacl®ZAMIS Tnid

20 (Tet™1),
ERYTO3(F fhiud? AacZiv] ginV44 el4 (MerA') trp-31 his-1 rpsl 104 xpl-7 mtl-2
metBl AmorC-mrril 14::1810),
ERIB2Y (F ginV44d eld (McrA) rfbD17 reldl? endAl spoTI? thi-1 Afmer(-
mrrdl 14::0816),

25 ER2738 (F prod B lacl AflacZ)MI5 zzf-: TnlO(Tet™Y fhud2 gnV Ailac-proAB) thi-
1 AthsdS-merBi5),
ER2267 (F prod B lacl! AdacZ)bls zafo:mini-Tnl0 (Kan™y AfargF-lacZ)UI69
glnV 44 1A Mer A rfb DI 7 recAl veldl? end Al spol1? thi-1 AfmerC-
vl 14: 0810,

30 ERZSG7 (F ara-14 leuB6 fhud2 A(argF-lac)lUi169 lacY i ginV44 galK2 rpsL2{ xyl-5
mel-5 AfmalB) zjc:: Tn5(Kan™u {merC-mrrjugio ),
ER2308 (F ara-14 leuB6 fhud 2 AfargF-lac) U169 lac Y1 lon::mini Tn10(Tet™) ginV44

; T N - S .
gl 2 rpsL20(8t0) xvi-5 mil-5 A(maiB) zic:: TnS{Kan™y A{morC-mrriasion),
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ER2738 (F prod B lacl! AlacZisdls zzf Tnl0(Tet™y fiud2 gin¥ Aflac-proAB) thi-
1 A{hsdS-morBj5),
ERZ92S (ara-14 leuB6 fhuA3l lacVl 1sx78 ginV44 gaiK2 galT22 merd dem-6 hisG4
#hI ] Rizgh210::Tnl0)Ter’ endAl rpsii36 dami3:: Tn9 xyIA-5 mil-I thi-1 mcrBl
S hsdR2),

GCS™ 2 F- @80lacy A MI5 A flacZY 4-argFilU169 endAl recAi veldl gyrA96
hsdRIT vy, m_;g%') phod suplidd thi-1 2-TIR),
GO0 (F- mord Afmrr-bsdRAMSmerBC) @80diacs A MI15 A lacX74 endAl
recAl A (ara, lewj7697 araDi39 gailgalK nupG rpsl A-TIR),

10 GENEHOGS® (Fmord Agmrr-bsdRMS-merBC) o80lacZAMIS AlacX74 vecdl
araldi39 Adaralen) 7697 galll gaiK rpsi. (StrR) endAl nupG fhud: 182 {confers phage
Ti resistance)),
HBI81,
HMS174,

13 HMS174(DES),
HI-CONTROL™ BLZYUDE3) (F" ompT gal dem hsdSpiry myp ) (DE3)/Mini-
Flacl®(Gent'}),
HI-CONTROLM™IBG (F- mord Mmrr-hsdRMS-merBC) end Al recAl
DEOIacZAMIS NlacXT74araD139 AMara, lew)7697 gall galK rpsL aupG -

20 tor A/Mini-F Jac* (Gent™)),
HYG6™ NOVABLUR (end4/ hsdRI7 (txi Wy ) suplidd thi-1 recAl gyrA96
reldl lac ¥iprod B lacFZAMIS: Tl 0] (Tet™),
131826, L1127, INVILG, JMB3,
JVIL8Y (F" 1raD36 prod B lacl? AdacZ)MI5/ Aflac-proAB) ginV ihi),

25 JMEG3, SMEOS, JM186, JMTGT7, JMIES,
IMIESS (F" raD36 prod B lacl! AllacZ)MI5/ Aflac-proAB) ginVd4 el4 gyrd96
recAl reldl enddl thi hsdR17},
JMIOH(DESD), V110, IS8, KS1008 (F' lact! lac pro’/ ara dflac-pro) A(isp)=
Afpre)::Kan® edas 1 Tnl0(Tet™) gyrd(Nal®y rpoB thi-1 argfilamy), LE392,

30 Lemo2 W{(DE3} (ud? flon] ompT gal (4 DE3) fdem] AhsdS/ pLemo{Cam™) A DE3 =
AsBamBIo AEcoRI-B int::(laci::PlacUV5::T7 genel) 121 Anins
plemo =pACYCI84-PriaBAD-lysY),
LIBRARY EFFICIENCY® DHSA™ (FgdllacZAMI S AlaciYA-argF) U169
recAl endAl hsdR17(ri, ny )} phod supE44 thi-1 gyrA96 reldl i-),
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MACHI™MTIR (F- ®30/acZAM 15 AlacX74 hsdR{rK~, mK+)
ArecA1398 endAl tonA),
MAX EFFICIENCY® DHIOB™ (Fomcrd Afmrr-hsd RMS-mcrBC) p80lacZAMIS
AlacX74 recAl endAl aral}i39 Aara, leu)7697 galll galK A-rpsl nupG
5 IpMONI4272 / pMONTI24),

MCi061, MO4108, MDS™ d2MGI65S fliuACDR{del) endAfdel) + deletion of 699
additional genes, including all IS elements and crypric prophages as listed in Posfai
et al. (2006) Science (312):1044-1040), MFDpir,
NEB Express FMiniF locl (Cam™ / A2 [flon] ompT gal sulA11 Rimer-

10 73:miniTnl0--Tet®)2 fdem] Rizgh-210::Tnl0--Tet} end A1 AfmerComrr)114::I810),
NEB Express, dapt\dom,
NEB S-alpha (fiwd? dtargF-lacZjU169 phod giny 44 @804 (lacZiMi5 gyrA96
recAl velAl endAl thi-1 ksdR17),
NEB 10-beta (Afara-lew) 7697 aral}i39 fhud AlacX74 galKi6 galElS5 el4-

15 $80dlacZAMIS recdl reldl endAl nupG rpsk (St") rph spoTl A{mrr-hsd RMS-
merBC)),
NiCoZ W (DE3) {can:: CBD fhuA2 [lon] ompT gal (A DE3) [dem] arnd::CBD
svD::CBD glmS64la AhsdS A DE3 = 1 sBamHlo AFcoRI-B int::{lacl: :PlacUVS::T7
genelj 21 Anins),

20 NMS22 (F prod B lacl AdacZ)MIS/ A(lac-proAB) glnV thi-1 AfksdS-mcrB)5),
NOVABLUE ™ (endAd ! hsdR17 (1xyy” ml‘;;z*‘) supfidd thi-1 recd] gyrd96 reldl
lac FliproA B laclZAMI 5 Tnig] (Tet™)),
NovaF- (FendAl hsdR17 (vgy myny ) supEd4 thi-1 recAl gyrA96 reldl iac),
NOVAXGE ZAPPERS™ (merd A{mer(C

25 mry endA IrecAl ©B80diacZAMIS NacX74arald 139 AMara-
lew)7697 galUgalKrpsLinsp Gl tond Fllacl Tald] (Tet)),
OMNIMAX™2TIY (F {proAB+ luclq lacZAMIS TalO(TetR) AlccdAR)} merA
Almrr-hsdRMS-merBC)Y OR0lacZAMIS AllacZY A-argF)
UL69 endAl recAl supB44 thi-1 gvrA96 relAl tonA panD),

30 ONE SHOT ® BL21 STAR ™((DE3)} (F-ompT hsdSB (rB-, mB-) gaidemrnel 31
(DE3D,

ONESHOT® TOPI8 (F- merd Al mrr-hsdRMS-mcrBC) O80ucZAMIS
A lacXT74 recAY araD 139 A araleuy7697 gall galK rosh (StrR) end Al nupG),
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ORIGAMI ™ (Avara-lew) 7697 AlacX74 Aphod Pyvull phoR araD 139 ahpC galf
galK rpsLETlac lack pro] (DE3)gor522: Tl 0 wrxB (Kan®, Sir™, Tet™)),
ORAGAMI™ 2 (diara-lew) 7697 AlacX74 dphod Pvull phoR aral2139 abpC galf
gulK rpsk, Fllac” lack pro] por322:Tni 0 oxB (S, Tet™)),

5 OVEREXPRESS™ C4UDE3) (F -~ ompT hsdSB (vB- mB-) gal dem (DE3)),
OVEREXPRESS™ C4U{DENPLYSS (F —ompT 2sdSR (vB- mB-) gal dem (DE3)
pLysS (Cm™ ),

OVEREXPRESS™ C43(DE3) (F ~ ompT hsdSB (vB- mB-) gal dem (DE3)),
OVEREXPRESS™ CAXDENPLYSS (F — ompT hisdSB (rB- mB-) gal dem {DE3)
10 pLysS (Cne™)),
POP2I36/pFOSE (F ginV44 hsdRI7 enddl thi-1 aroB mal cI857 lambdaPR),
PRIO3L (F thr: Tl (Tet™) dnad259 leu fhind2 lacZ90(oc) lacY glnV44 thi),
ROSETTA ™ (FompT hsdSe(rs s} gl dem pRARE (Can™)),
ROSETTA™DEIPLYSS (FompT hsdSalrs ms ) gal dem (DE3) pLysSRARE?
15 (Cam™),
ROSETTA-GAMI™ (Alara-leu)7697 AlacX74 Apliod Pvull phoR araDi39 alipC
gulE gaiK rpsL Filac” lack pro) gor$22:Tnlf) rxB pRARE? (Cam®, St%, Tet™),
ROSETTA-GAMI™DEDPLYSS (Alara-lew)7687 AlucX74 Aphod Pvull phoR
araD139 ahpC galE galK rpsi (DE3) F'llac” lacl prolgor522:Tnl{
20 frxB pLysSRAREZ (Cam®, Str", Tet™)),
RRI, RV308, SCARABXPRESS® TTLAC (MDS™Y2 multiple-deletion strain (1)
with a chromosomal copy of the T7 RNA Polymerase gene),
88328 (F'{prodB+laclglacZAMIS Trl( (et 3 hsdR morB araD 139 AfaraABC-
lew)T679 AlacX74 galUgalK rpsl thi),
25 SHUFFLE® (F' lac pro lacl?/ Afara-fen)7697 araD13 thuA2 A(lac)X74
A{phoA)Pvull phoR ahpC* galE (or U) galK Akatt:pNEB3-r1-cDsbC (SpecR, lacl?)
AtrxB rpsLISG{SuR) Agor A{malF)3),
SHUFFLE® T7 (F lac, pro, lacl® | Atara-lew)7697 araD139 fhuA2 lacZ::T7 genel
Afphod)Pvuil phoR ahpC* galF for U gaik JattpNER3-r1-
30 eDsbC (Spec®, lack) AtrxB rpsLIS0{SU™) dgor A(malF)3),
SHUFFLE® T7 EXPRESS (hud?2 lacd::T7 genel Tlon] ompT abpC gal
AatepNEBI-rl-cDshC (Spec®, lacl?y AtrxB suld 11 Rimer-73::miniTni 0--Tet™)2
fdem] Rizgh-210::Tnll) ~Tet™y end Al 4 gor AfmerC-mrr}114: 008103,
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SOLR (e14-(MeorA-)y A(morCB-hsdSMR-mrryi 71 sheC vec recd wvrC umu(C::Tns
(Kan'y lac gyrd96 reldl thi-1 endAl iF [F proAB laclZ AM15T Su-),
SCSIG, STBL2™ (F- endA] ginV44 thi-1 vecAl gyvA96 reld ] Aflac-proAB) merA
AfmerBC-hsd RMS-mrr) 1),
S STBL3™ (F- ginV44 recAi3 merB myr hsdS20(rB-, mB-) ara-14 gaiK2 lacY i proA2

rpsL 20 xvi-5 i
STBLAM (endd ] ginV44 thi-1 recAl gyrA96 reldl Adlac-proAR) merd d(merBC-
hsdRMS-mrv) & gal F'f proAR lacl® lacZAMIS Tnll]),
STELLAR™ (F endd ], supE44, thi-1, recAl, reldl, gyrd96, phod, $80d laci4

10 MIS, 4 {lacZYA - argF) Ul69, A (mrv - hsdRMS - merBC), Amerd, 1-)
SURE (endAl ginl'44 thi-1 gvrAS6 reldl lac vecB recd sbeC umuC::Tnd uvr(C el4-
A{merCB-hsdSMR-mrr) 171 F'f proAB” lack lacZAMIS ThlG]),
SUREZ (endd ! ginV4d thi-1 gyrA96 relAl lac recB recd sbeC umuC::Tnl uvrC ei4-
A(merCB-hsdSMR-mrr} 171 F'f proAB” lacll lacZAMIS Tnl8 Amy Co“]),

N\
mtl-13

2

15 T7 Express Crystal (find2 lacZ::T7 genel flon] ompT gal suldll Rimer-
73:miniTnl ()——TetS)E fdem] Rizgh-210::Tnlil -Tet") endAl metB1 A {mer(C-
mrrdl 14::0816),
T7 Express fps VU (MindF s Y lacl(Cam™) / fhud 2 lucZ:: 17 genel [lon] ompT gal
suldl ] Rimer-73::miniTnl (}——TetS)E fdem] Rizgh-210::Tni(--Tet %) enddl AfmerC-
20 mry) 114:00510),
T7 Express fys¥ (MiniF fys YV (Cam™ / fhud2 lac?:: 77 genel flon] ompT gal suldii
Rimer-73::miniTnl(--Tet %12 fdem] Rizgh-210::Tni 0-~-~'I’et‘°’) endAi AfmerC-
mrrdl 14: 0814,
T7 Espress 1 (MiniF lac{Cam®™y / fhud2 lacZ::T7 genel flon] ompT gul suldil
25 Rimer-73::minilni(--Tet )2 fdem] R{zgh-210::Tni(--Tet *VendAl AfmerC-
mrr)i14::0810),
T7 Express (Phudl locZ::T7 genel flon] ompT gal suldl] Rimor-73::miniTnli--
Tet®)2 fdem] Rizgh-200::Tnl0--Tet>) endAl A(merC-mrr)d14::0810),
TBY (F ara Aflac-prodB) [®©80dlac AflacZ)MI5] rpsL(St™) thi hsdR),
30 TG (F' [#raD36 prodB lacl’ lacZAMI S supE thi-1 Aflac-proAB) AfmeyB-hsdSM) S,
(remg )},
THUNDERBOLT™M GCL0 (F- mord 4 (mrr-hsdRMEmerBC) @80diac? 4 315
DlacX74 endAlrvecAl A (ara, lewj76%97 aralDi39 gall galK nupG rpsL 1 A-TIRY,
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UTS600 (F ara-74 leuB6 secAs lacYl proCi4 tsx-67 AtompT-fepCi266 ent4403
rpE38 rfbDI rpsL109 xyi-5 mi-1 thi-1),
YEGGIE™ BE2ZIDES) FompT AsdSp(rp mp ) gal dom{DE3Y), W3118 (R88787),
W3064,
S XL1-Blue (endAl gyrA96{nal™) thi-1 recAl relAl fac glnV44 FY{ ' Tnld

proAR” Tacl'A(lacZ iaM 157 hadR17(rg g ),
XL3-Blue MRF' (A(merd) 183 MmerCB-hisdSMR-miyi173 endAl supE4d thi-1
recAl gvrd96 reldl lac [F' proAB taclZAMI5 Tnll (Telj]),
XL2-Blue (endAl gurd96inal®) thi-1 recAl reldl lac ginVd4d F'f ::Tnil)

10 proAB” lacEA¢lacZ)M15 Amy Co"] hsdRI7(ry mx }),
XL2-Blue MRF' (endd] gyrd96(nal®) thi-1 recAl reldl lac glnV44 eid- A(merCR-
hsdSMR-mrr) 171 veck rect sbeC umuC::Tns wyrC Ff ::Tnll
prod B lacPAflacZIMIS dmy O,
XL1-Red (F- endAl gyrd96(nal”) thi-1 reld] lac gln V44 hsdRI7(ry mg' ) mutS mut T

15 mutD5 TnlG),
XE30-Gold fendAl ginV44 recAl thi-I gyrd96 reldl iac Hie AlmcrA) 183 d{mcrCR-
hsdSMR-mrr) 173 ter” F'lproAR lacFBZAMIS Tnlt(Tet™ Amy Cm™)j), and
XL30-Gold KanR {endAl glnVdd recAl thi-1 gyvrd98 veldl lac Hie d(mcrA)i83
AimerCB-hsdSMR-mrr) 173 tet® F'fproAB lacPZ4AM15 TnlOiTer™ Amy Tu5(Kan™]).

20
5. The £, coli host cell of any one of 1-4, wherein the number of said combinations of said
genes either for Table 8 alone, Table 9 alone, Tables 8 and 9 together, Table 14, or for Tables
8,9, and 14 together 15 determined by combination Equation 6:
n!
ri{n—ril
25
Equation &
wherein n s the set of genes out of which selection occurs, and
r is the number of genes selected for deletion, modification, and/or inhibition,
30

6. The £, coli host cell of any one of 1-5, wherein said combinations of said genes are

selected from the group consisting of!
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LTSBOL (genotype: 4kldD);
LTSBO2 (genotype: 4hidDAusg);
LTSBO3 (genotype: 4hidDAusgdrraAy,

LTSBO04 (genotype: 4hidDAusgdrradAdcuid);

j@ 2]

LTSBOS (genotype: 4hldDAusgdrvadAdcutAdnagDy;

LTSBO6 (genotype: AhldDAusgdrraAdcutAdnagDAsped),

LTSBO7 (genotype: AhidDAusgArraAdcutAdnagDdspeddgidAy,

LTSROS (genotype: AbldDAusg ArraddcutAdnagDdspedAgidAdginAdy;

LTSRO9 (genotype: AhldDAusg ArraddcutAdnagDdspedAgidAdginAdmetE);

16 LTSBOIO (genotype: 4hldDdusgdrraddcutAdnagDdspeddgidAdginddmetidigey,
LTSBO11 {genotype: AhidDAdusgdrraddcutAdnagDdspeAdgidAdgind AmetEdigidargG);

LTSBO12 {genotype:
AnldDAusgArraddcutAdnagDAspe AAgiddAginAdmetEAtgidargGAtvpA);

LTABO1L3 {genotype:
1§ AdhidDausgdrraddcutAdnagDdspeddgldddginddmetEdigtdargGdivpAdentFy,

LTSR0O4 (genotype:
AhidDAusgArraddcutAdnagDaspeddgldAdginAdmetEAtgidargGAtvpAdentF dveaOy;

LTSBO1S (genotype:
ARldDAusgdrraddewrAdnagDAspeAdgidAdginAdmerEdigidargGAypAdentFdveaOdsivD)y;

20 LTSBOIG (genotype:
AildDAusgdrraddewddnagDdspeAdgldAdginAdmerEdigtdargGAypAdentFdveaOdsivi
gat);

LTSBO17 {genotype:
AhldDAusglrraAdcutddnagDaspe AdgldAdginAdmetEdigidargGAtvpAdentF dyca3dslyDA

25 garZ4ilvBYy;
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LTSBOE (genotype:
AhldDAusgArrad dcutAdnagDAaspe AdgldAAginddmetEAigidargGAnypAdentF AveaOdsivD A
gatZ4ilvBA glgFy;

LTSRBOIY (genotype:
AhldDAusgdrraddcutAdnagDAspeAAgidAdginAdmerEAtgidargGAtypddeniFAycaOdslv A
gatZ4ilvBAglgPAnusd); and

LTSBO20 {genotype:
AhldDAusglrraAdcutddnagDaspe AdgldAdginAdmetEdigidargGAtvpAdentF dyca3dslyDA
gatZAilvRAgle P AnusAAmetH .

In any of the gene combinations in 6 comprising multiple genes, one or more of these
genes can be omitted as long as the resulting £. coli host cells exhibit growth rates and/or
viability and/or capacity for expression of target molecules in the range of from about 60% to
about 100%, or more; or from about 70% to about 100%, or more; or from about 75% to
about 100%, or more, of that of the parent cells from which they are derived, and as long as
chromatographic separation capacity is improved 1u an amounnt in the range of from about 5%
to about 35%, or more; from about 5% to about 40%, or more; from about 3% to about 45%,
or more; from about 5% to about 50%; or more, and so on similarly, compared to that of
parent cells from which they are derived, depending on the number and particular
combination of genes deleted, modified, or inhibited.

In addition to these various gene omissions, these . coli bost cells can also further
comprise {or combine in addition to these omissions) deletion, modification, and/or
inhibition/reduction of expression of one or more cssential genes selected from among rpoB,
rpoC, tufa, vefly, grol, prs, fusA, heml, sivld, infB, mukB, and rut as long as the resulting £
coli host cells exhubit growth rates and/or viability and/or capacity for exprossion of target
molecules in the range of from about 60% to about 100%, or more; or from about 70% to
about 100%, or more; or from about 75% to about 100%, or more, of that of the parent cells
from which they are derived, and as long as chromatographic separation capacity is improved
in an amount in the range of from about 5% to about 35%, or more; from about 5% to about
4%, or more; from about 5% to about 45%, or more; from about 5% to about 50%; or more,
and so on similarly, corapared to that of parent celis from which they are derived, depending
on the number and particular combination of gencs modified or inhibited. Modification of

these essential genes can be performed, for example, by the methods described below n the

40



10

L)

20

N2
2%

30

WO 2015/042105 PCT/US2014/056013

description of this disclosure, and/or could be circumvented by the feeding strategics also
discussed below, depending on which essential gene(s) is(are) deleted, modified, and/or the

expression of which is inhibited or reduced.

7. The £ coli host cell of any one of 1-6, wherein said chromatographic separation
efficiency of said target host cell or target recombinant peptide, polypeptide, or protein is
mproved compared to the chromatographic separation efficiency of said target host cell or
target recombinant peptide, polypeptide, or protein in the presence of peptides, polypeptides,
or proteins coded for by said genes that are deleted, modified, and/or the expression of which
is reduced or completely inhibited in said F. cofi host cell upon affinity or adsorption, non-
affinity column chromatography of said target host cell or target recombinant peptide,

polypeptide, or protein,

8. The F. coli host cell of 7, wherein improvement of said chromatographic separation
efficiency of said target host cell or target recombinant peptide, polypeptide, or protein is in
the range of from about from about 5% to about 35%, or more; from about 5% to about 40%,
or more; from about 5% to about 45%, or more; from about 596 to about 50%; or more, or
frorn about 10% to about 20%, compared to chromatographic separation etficiency of said
target host cell or target recombinant peptide, polypeptide, or protein in the presence of
peptides, polypeptides, or proteins coded for by said genes that are deleted, modified, and/or
the expression of which is reduced or completely inhibited 1n said £, coli host cell upon
affinity or adsorption, non-affinity columu chromatography of said target host cell or target

recombinant peptide, polypeptide, or protein.

9. The £, coli host cell of any one of 1-8, wherein said chromatographic separation
efficiency is independent of elution conditions under which said target host cell or target
recombinant peptide, polypeptide, or protein emerges from an affinity or adsorption, non-

affinity chromatography column as an enriched fraction.

10, The £. coli host cell of any one of 1-9, wherein deletion of said genes is performed by

homologous recombination or frame shitt mutation.
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i1, The &£, coli host cell of any one of 1-9, wherein modification of said gencs is performed
by a method selected from the group consisting of point mutation; isozyme substitution;
transposon mutagenesis; RNA-guided nucleases employing CRISPR-cas technology; and
replacernent by a gene from another organism that performs the same or similar function and
that does not significantly adversely affect chromatographic separation efficiency and
separation capacity, or growth, viability, or capacity for expression of said host cell, selected

from arnong heterologs, homologs, analogs, paralogs, orthologs, and xenologs.

12. The £, coli host cell of any one of 1-9, wherein expression of said genes 18 reduced or
completely inhibited by a method selected from the group consisting of RNA silencing,
antiscnse oligonucieotide inhibition, and replacement of a native promoter with a weaker

promoter.

13. The &, coli host cell of any one of 1-12, which exhibits about 5%, or more, to about
1G6%, or more; or from about 60% to about 100%, or more; or from about 70% to about
100%, or more; or from about 75% to about 100%, or more of the viability, growth rate, or
capacity for expression of said target host cell or target recombinant peptide, polypeptide, or
protein expressed in said £, coff host cell compared to that of said parent cell from which it is
dertved, or which exhibits viability, growth rate, or capacity for expression of said target host
cell or target recombinant peptide, polypeptide, or protein expressed in said £, cofi host cell

greater than that of said parent cell from which 1t is derived.

i4. The £. coli host cell of any one of 1-13, wherein said target host cell or target
recombinant peptide, polypeptide, or protein is present in a lysate of said £, cofi host cell, or

is secreted by said £, coli host cell,

15. The E. coli host cell of any one of 1-14, wherein said target host cell or target
recombinant peptide, polypeptide, or protein is an endogenous peptide, polypeptide, or

protein.

i6. The £. coli host coll of 15, wherein said endogenous peptide, polypeptide, or protein is
selected from the group consisting of a nuclease, a ligase, a polymerase, an RNA- or DNA-
modifving enzyme, a carbohydrate-modifying enzyme, an isomerase, a proteciviic enzyme,

and a Hpolytic enzyme.
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17. The £. coli host cell of any one of 1-14, wherein said target recombinant peptide,

polypeptide, or protein is a heterologous peptide, polypeptide, or protein,

i8. The E. cofi host cell of 17, wherein said heterologous peptide, polypeptide, or protein is
selected from the group consisting of an enzyroe and a therapeutic peptide, polypeptide, or

profein,

i9. The £. coli host cell of 18, wherein said enzyme is selected from the group consisting of
a nuclease, a ligase, a polymerase, an RNA- or DNA-modifying enzyme, a carbohydrate-
modifying enzyme, an isomerase, g proteolvtic enzyme, and a lipolytic enzyme, and said
therapeutic peptide, polypeptide, or protein is selected from the group consisting of antibody,
an antibody fragment, a vaccine, an enzyme, a growth factor, a blood clotiing factor, a
hormone, a nerve factor, an interferon, an intericukin, tissue plasminogen activator, and

insulin.

26, The £, cofi host cell of any one of 1-19, wherein said reduced genome compared to the
genome in the parent cell from which it is derived is less than 5% smaller, less than about
4.5% smaller, less than about 4% smaller, less than about 3.5% smaller, less than about 3%
smaller, less than about 2.5% smaller, less than about 2% smaller, less than about 1.5%
smaller, or fess than about 1% smaller, than the genome of said parent cell from which it is

dertved,

2%, The £, cofi host cell of any one of 1-19, wherein said reduced genome compared to the
genorge i the parent cell from which it is derived 1s between about 4.17 Mb to about 4.346

Mb.

22.The E. coli host cell of any one of 1-21, wherein genes that are deleted, modified, and/or
the expression of which is reduced or completely inhibited in said host cell compared to
expression of said genes in said parent cell from which it is derived code for proteins that
impair the chromatographic separation efficiency of said target recombinant peptide,
polypeptide, or protein expressed 1o said host cell in the presence of peptides, polypeptides,
or proteins coded for by said genes that are deleted, modified, and/or the expression of which
is reduced or completely inhibited in said host cell, and that ehute from a chromatographic
affimity column having a ligand, in a butfer comprising a compound that dictates adsorption
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to its respective ligand during equilibration and elution from said affinity column, in an

amount in the range, in a combination selected from the group consisting of the combinations

in the following table:

Ligand

Compound in Buffer
That Drictates Adsorption
te Affinity Column During
Eguilibration and Causes

Elution From Ceolumn

Ceoncentration or pH Range

Glutathione

S-transferase

Glutathione

from about M to gbout 10mM

Ammno acid

{e.g., lysine)

A conumnon salt

from about OmM to about 2M

Amino acid

pH

from about pH 2 to about pH 11

{(e.g., Dextrin)

{e.g., maltose)

Avidin A chaotropic salt from about OM to about 4M
Avidin pH from about pH 2 to about pH 10.5
Carbohydrate Sugar or isocratic

from about OmM to about 10mM

Carbohydrate

pH

from about pH 5 to about pH R

Organic dye

{e.q., Cibacron Bhie)

A common salt

from about OmbM to about 1.5M

Organic dye

pH

from abowut pH 4 to about pH 8

Organic dye

Imidazole

Or a common salt

from about SmM to about 250 mM

Divalent metal

{e.g., NI}

pH

from about pH 4 to about pH 12

Divalent metal

{e.g., Ni{Il)}

Imidazole

from about 5mM {0 about S00mM

Heparin A common salt from about 0 mM to about 2M
Protein A or Protein G Glycine from about OmM to about 100mM
Protein A or Protein G pH from about pH 3 to about pH 7

Igs Glycine from about JmM to about 100mM
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Coenzyme Competing Protein from about 1mM to about 12mM

23. The E. coli host cell of any one of 1-21, wherein genes that are deleted, modified, and/or
the expression of which is reduced or completely inhibited in said host cell compared to
expression of said genes in said parent cell from which it is derived, code for proteins that
mmpair the chromatographic separation efficiency of said target host cell or target
recombinant peptide, polypeptide, or protein expressed in said host cell in the presence of
peptides, polypeptides, or proteins coded for by said genes that are deleted, modified, and/or
the expression of which is reduced or completely inhibited in said host cell, and that clute
from a chromatographic adsorption, non-affinity column having 2 lgand, in a buffer
comprising a compound that dictates adsorption to its respective ligand during equilibration
and ehition from said adsorption, non-affinity column, in an amount in the range, in a

combination selected from the group consisting of the combinations in the following table:

Compound in Buffer
That Dictates Adsoerption to
Non- Affinity Column
Ligand 7 Ceoncentration or pi Range
During Equilibration and

Causes Elution From

“olumn
{on exchange Common salt from about OM to about 2M
fon exchange pH from about pH 2 to about pH 12
Reverse phase Organic solvent from about (% to about 100%
Hydrophobic i
) ) Common salt from about 2M to about M
interaction

24, The E. coli host eell of 22 or 23, wherein said common salt is selected from the group
consisting of a chloride salt, a sulfate salt, an acetate salt, a carbonate salt, and 3 propionate

salt.

25, The F. coli host cell of 23, wherein said organic solvent is selected from the group

consisting of acetonitrile, methanol, and 2-propanol.
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26, The £. coli host cell of any one of 1-25, wherein increased separation efficiency ig

manifested as increased separation capacity, increased separation selectivity, or both.

27. The E. coli host cell of 26, wherein separation capacity is defined as:

i} the amownt of target host cell or target recombinant peptide, polypeptide,
or protein adsorbed to said colurnn per mass lysate in the case where said target host cell or
target recombinant peptide, polypeptide, or protein is not secreted, or mass culture medium n
the case where said target host cell or target recombinant peptide, polypeptide, or protein s
secreted, applied to said column, and separation selectivity is defined as the amount of target
host cell or target recombinant peptide, polypeptide, or protein adsorbed to said column per
total peptide, polypeptide, or protein adsorbed to said column, or

ii) the amount of host cell peptides, polypeptides, or proteins adsorbed by a
cohirnn per mass ysate fed to the coluron in the absence of expression of a target

recombinant peptide, polypeptide, or protein.

28. The £. coli host cell of 26 or 27, wherein said increased separation capacity is in the
range of from about 5% to about 35%, or more; from about 5% to about 40%, or more; from

about 3% to about 45%, or more; or from about 3% to about 50%, or more,

29. The E. coli host cell of any one of 1-28, wherein separation of satd target host cell or
target recombinant peptide, polypeptide, or protein from host cell peptides, polypeptides, or
proteins is performed by column chromatography cmploying 2 solid phase chromatography

medium.

30. The £, coli host cell of 29, wherein said column chromatography is selected from the
group consisting of affinity chromatography employing an affinity ligand bound to said solid

phase, and-adsorption-based, non-atfinity chromatography.

31. The host cell of 30, wherein said affinity ligand is selected from the group consisting of
an amino acid, a divalent metal ion, a carbohydrate, an organic dye, a coenzyme, glutathione

S-transferase, avidin, heparin, protein A, and protein G.

32. The host cell of 31, wherein said divalent metal ton is selected from the group consisting
o o P e . . - R 0
of Cu' , Nt ', Co', and Zn ' said carbohydrate 1s selected from the group consisting of
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maltose, arabinose, and glucose; said organic dye is a dye comprising a triazene moiety; and

said coenzyme is selected from the group consisting of NADH and ATP.

33, The £. coli host cell of 30, wherein said adsorption-based, non-affinity chromatography is
selected from the group consisting of ion exchange chromatography, reverse phase

chromatography, and hydrophobic interaction chromatography.

34. The £. coli host coll of 33, wherein said adsorption-based, non-affinity chromatography is

ion exchange chromatography.

35. The E. coli host cell of 34, wherein said ton exchange chromatography employs a ligand
selected from the group consisting of diethylaminoethyl] cellulose (DEAE), monoQ or other

Q resin, and S,

36. The £. cofi host cell of any one of 1-35, wherein said host cell peptides, polypeptides, or
proteing that impair separation efficiency of said target host cell or target recombinant
peptide, polypeptide, or protein expressed in said host cell are peptides, polypeptides, or

proteins that are strongly retained during column chromatography.

37. The £. coli host cell of 36, wherein said host cell peptides, polypeptides, or proteins that
are strongly retained during ion exchange chromatography are those that are retained during
chution with a mobile phase comprising a common salt in the range of from about § mM to

about 2,000 mM.

38. The £. coli host coll of 36, wherein said host cell peptides, polypeptides, or proteins that
are strongly retained during ion exchange chromatography are those that are retained during
elution with a mobile phase comprising a common salt in the range of from about 300 mM to

about 1,000 mM.

39, The £. cofi host cell of any one of 1-35, wherein said host cell peptides, polypeptides, or
proteins that impair the separation efficiency of said target host cell or target recombinant
peptide, polypeptide, or protein expressed in said host cell are peptides, polypeptides, or

proteins that are wealdy retained during cohumn chromatography.
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40. The E. coli host cell of 39, wherein said host cell peptides, polypeptides, or proteins that
are weakly retained during chromatography are those that are retained during clution with a

mobile phase comprising a common salt in the range of from about 5 mM to about 500 mM.

41. The E. cofi host cell of 39, wherein said host cell peptides, polypeptides, or proteins that
arc weakly retained during chroraatography are those that are retained during elution with a

mobile phase comprising a common salt in the range of from about 10 mM to about 350 mM.

42, The E. coli bost cell of any one of 1-35, wherein said host cell peptides, polypeptides, or
proteins that irapair the separation efficiency of said target host cell or target recombinant
peptide, polypeptide, or protein expressed in said host celi are peptides, polypeptides, or

proteins that are both strongly retained and weakly retained doring colomn chromatography.

43. A method of enriching the amount of a target host cell or target recombinant peptide,
polypeptide, or protein relative (o other peptides, polypeptides, or proteins present in an
nitial protein mixture comprising said target host cell or target recombinant peptide,
polypeptide, or protein, comprising the steps oft

i) selecting a chromatography medium that binds said target host cell or
target recombinant peptide, polypeptide, or protein from the group consisting of an affinty
chromatography medium and an adsorption-based, non-affinity chromatography medium;

it} in the case where an affinity chromatography medium is selected,
expressing satd target host cell or target recombinant peptide, polypeptide, or protein in said
F. coli host cell of any one of 1-22, 24, 26-32, or 36-42;

ti1) in the case where an adsorption-based, non-affinity chromatography
medium is selected, expressing said target host cell or recombinant peptide, polypeptide, or
protein in said E. coli host cell of any one of 1-21, 23-30, or 33-42; and

iv) chromatographing said initial protein mixture comprising said target
host cell or target recombinant peptide, polypeptide, or protein using said chromatography
medium of step 1) or step 1), as appropriate, and collecting elution fractions, thereby
obtaining one or more fractions containing an coriched amount of said target host cell or
target recombinant peptide, polypeptide, or protein relative to other peptides, polypeptides, or
proteins in said fraction compared to the amount of said target host cell or target recombinant
peptide, polypeptide, or protein relative to other peptides, polypeptides, or proteins 1o said

initial protein mixture.
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44, The method of 43, further comprising chromatographing an enriched fraction of step 1v)
to obtain said target host cell or target recombinant peptide, polypeptide, or protemn in a

desired degree of purity.

45. The method of 44, further comprising recovering said target host cell or target

recombinant peptide, polypeptide, or protein.

46. A method of preparing a pharmaceutical or veterinary composition comprising a
therapeutic peptide, polypeptide, or protein, comprising the steps of:

1) selecting a chromatography medium that binds said therapeutic peptide,
polypeptide, or protein from the group consisting of an affinity chromatography medium and
an adsorption-based, non-affinity chromatography medium;

t1) in the case where an affinity chromatography mediuro is selected,
expressing said therapeutic peptide, polypeptide, or protein in said £. co/i host cell ot any one
of 1-22, 24, 26-32, or 36-42;

i1} in the case where an adsorption-based, non-affinity chromatography
medium is selected, expressing said therapeutic peptide, polypeptide, or protein in said £, coli
host cell of any one of 1-21, 23-30, or 33-42; and

tv) in the case where said therapeutic peptide, polypeptide, or protein is
not secreted from said £. coli host cell, preparing a lysate of said host cell containing said
therapeutic peptide, polypeptide, or protein, producing an initial therapeutic peptide-,
polypeptide-, or protein-containing mixture; or

v} in the case where said therapeutic peptide, polypeptide, or protein is
secreted from said £. coli host cell, harvesting culture medium in which said host cell is
grown, containing said therapeutic peptide, polypeptide, or protein, thereby obtaining an
mitial therapeutic peptide-, polypeptide-, or protein-containming mixture;

vi) chromatographing said initial therapeutic peptide-, polypeptide-, or
protein-containing nuxture of step iv) or step v) using said chromatography medium of step 1)
or step i1}, as appropriate, and coliecting ¢lution fractions, thereby obtaining one or more
fractions containing an enriched amount of said therapeutic peptide, polypeptide, or protein
relative to other peptides, polypeptides, or proteins in said fraction compared to the amount of
said therapeutic peptide, polypeptide, or protein relative to other peptides, polypeptides, or
proteins i said imtial protein mixture;
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vii) optionally, further chromatographing an enriched fraction of step vi) to
obtain said therapeutic peptide, polypeptide, or protein in a desired degree of purity; and

viil} recovering said therapeutic peptide, polypeptide, or protein.

A

Step vii) is optional, depending on the intended use of the therapeutic and regulatory
agency requivements for that use, as not all treatment regimens in which therapeutics are

emploved require high degrees of purity, 1.¢., less pure preparations roay suffice,

47. The method of 46, further comprising fornmulating said therapeutic peptide, polypeptide,
16 orprotein with a pharmaceutically or veterinarily acceptable carrier, diluent, or excipient to

produce a pharmaceutical or veterinary composition, respectively.

48. The method of 46 or 47, wherein said therapeutic peptide, polypeptide, or protein s

produced recornbinantly in said £. enli host cell.

49. A method of purifving an enzyme, comprising the steps of!

iy selecting a chromatography mediur that binds said enzyme from the
group consisting of an affinity chromatography medinm and an adsorption-based, non-
affinity chromatography medium;

20 i1} in the case where an affinity chromatography medium is selected,
expressing said enzyme o said £, coll host cell of any one of 1-22, 24, 26-32, or 36-42;

t11) in the case where an adsorption-based, nov-affinity chromatography

mediun is selected, expressing said enzyme in said £. cofi host cell of any one of 1-21, 23-

30, or 33-42;

N2
(¥4

iv) in the case where said cozyme is not secreted from said £, coli host
cell, preparing a lysate of said host cell containing said enzyme, producing an initial enzyme-
containing mixfure; or

v 1in the case where said enzyme is secreted from said £, ¢oli host cell,

harvesting cultare mediurn in which said host cell is grown, containing said enzyme, thereby
30 obtaiming an initial enzyme-containing mixiure;

vi) chromatographing said initial enzyme-containing mixture of step v} or

step v) using said chromatographic roedium of step 1) or step i), as appropriate, and

collecting clution fractions, thereby obtaining one or more fractions containing an enriched
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amount of said enzyme relative to other peptides, polypeptides, or proteins in said fraction
compared to the amount of said enzyme relative to other peptides, polypeptides, or proteins in
said nitial protein mixtore;

vii) optionally, further chromatographing an enriched fraction of step vi) to
obtain said enzyme in a desired degree of purity; and

Viil} recovering purified enzyme.

Step vii) is optional, depending on the intended use of the enzyme, as not all
processes in which enzymes are employed require high degrees of purity, te., “crude”

enzyme preparations may suffice.

50. The method of 49, further comaprising placing said purified enzyme in a buffer solution

which said purified enzyme is stable and retains enzyratic activity,

51. The method of 50, wherein said purified enzyme-containing buffer solution is reduced to

dryness.

52. The method of 51, wherein said dry purified enzyme-containing buffer sohution s in the

form of a powder.

53. The method of any one of 49-52, wherein said enzyme 18 produced recombinantly in said

E. coli host cell.

54. A kit, comprising said £, coli host cell of any one of 1-42,

55. The kit of 54, further comprising instructions for expressing a target host cell or target

recombinant peptide, polypeptide, or protein in said E. coli host cell.

56. The kit of 55, wherein said target recombinant peptide, polypeptide, or protein is an

endogenous or heterclogous peptide, polypeptide, or protein,

(9]
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57. The kit of any one of 54-56, wherein said instructions further comprise directions for
purifying said expressed target host cell or recombinant peptide, polypeptide, or protein by

affinity chromatography or adsorption-based, non-affinity chromatography.

S8. The kit of any one of 54-37, further comprising a chromatographic resin for affinity

chromatography or adsorption-based, non-attinity chromatography.

59. A method of enriching a target peptide, polypeptide, or protein from a mixture of
peptides, polvpeptides, or proteins obtained from an E. coli host cell of any one of 1-42,
comprising the steps of:

a. chromatographing said mixture via affinity chromatography or adsorption-
based, non-affinity chromatography;

b. collecting an clution fraction that contains an enriched amount of said
target peptide, polypeptide, or protein in said fraction compared to the amount of said target
peptide, polypeptide, or protein in said mixture; and

c. recovering said target peptide, polypeptide, or protein from said ehution
fraction.

Step ¢. can be optional.

60. The method of 59, wherein said mixture is a lysate of said £. co/i host cell in the case
where said target peptide, polypeptide, or protein accumulates intraceliularly, or 1s medinm i
which said £, coii host cell is grown in the case where said target peptide, polypeptide, or

protein is secreted by said host cell.

61. The method of 59 or 60, further comprising chromatographing said target peptide,
polypeptide, or protein of step ¢. in order to obtain said target peptide, polypeptide, or protein

in a desired degree of purity.

62. The method of 61, further comprising recovering purified target peptide, polypeptide, or

protein.

63. The method of any one of 59-62, wherein said target peptide, polypeptide, or protein is an

endogenous host cell peptide, polypeptide, or protein,

(9]
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64. The method of any one of 59-62, wherein said target peptide, polypeptide, or protein is an
endogenous or heterologous peptide, polypeptide, or protein that is recombinantly expressed

in said £. coli host cell.

Further scope of the applicability of the present invention will become apparent from
the detailed description and drawings provided below. However, it should be understood that
the detailed description and specific examples, while indicating preferred erobodunenis of the
imvention, are given by way of illustration only since various changes and modifications
within the spirit and scope of the invention will become apparent to those skilled in the art

from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other aspects, features, and advantages of the present invention will be
better understood from the following detailed descriptions taken in conjunction with the
accompanying drawing(s), all of which are given by way of tlustration only, and are not

Himitative of the present invention, i which:
)

Figure 1 shows a Circos  rendering of mode! data used to describe multiple
separatomes. In the figure, the ring is comprised of segments that represent cither gene
positions or Y%sB. Four different separatomes associated with popular methods of
chromatography (IMAC, immobilized metal athnity chromatography; AEX, anion
exchange chromatography; CEX, cation exchange chromatography; and HIC,
hvdrophobic interaction chromatography) are represented. Connecting Hnes map
mdividual proteins contained within a separatome to their gene (located on the ocuter
ring}, with the concentric {inner gray) ring describing the concentration of the protein
found in the fractions as they ehute from a column as indicated by the length of the black
bar segments. Other data that could be depicted in a Circos\@ rendering include gene
designation, essentiality of gene product, metabolic category, or other parameter, placed
on a series of concentric rings or attached to the connecting lines, for example as shown
by the other concentric ring fragment.

Figure 2 shows a Circos® rendering of model data describing the separatome of
E. coli for ion exchange chromatography. Stmilar to Figure 1 1 the use of connecting
fines that indicate genes associated with proteins found in the separatome of £. coli for a

particalar resin /equilibrating condition. However, this rendering provides detai] as to the

[
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clution fraction by connecting a gene to a particular box on the ring that represents a salt
concentration. The lower black fragment of the circle entitied “Escherichia coli
genome” can contain the location of genes present on the E. coli chromosome. Each box
represents a different cut from a coluron,

Figure 3 shows the distribution of proteins contained within various IMAC
fractions that elate from a Ni{IT) coltumun. In particular, note the low concentration of
host cell proteins within the 120 mM fraction.

Figure 4 shows a Western blot (a) and protein gel (b) that indicate lack of
expression of gene products of yfb G, adihP, and cved. Lack of expression is indicated
by absence of spot or band.

Figure 5 shows removal of #hvd prior to homologous recombination.

Figure 6 shows removal of 8 gene targeted for deletion via a two step process.

Figure 1 relates to the detailed description of the invention.

Figures 2, 5, and 6 relate to Example 2, Construction of the fon Exchange
Separatome of E. coli and fis Use to Design and Build Novel Host Strains for a Common
Chromatography Resin, Figures 3 and 4 refer to Example 1, fdentification of Host Cell
Proteing Associared With a Specific Froduct, Histidine-Tagged Green Fluorescent
Protein, as ¢ Comparative Example.

Figure 7 shows the electrophoresis of the PCR amplification of cach target gene
after deletion as described in Example 2, Section 1L

Figure 8 shows the results of fed-batch growth studies in Example 2, Section 1L

Figure 9 shows the results of a fed-batch growth study and a standard batch
growth study in Example 2, Section 1L

Figure 10 shows 207mM bound fraction for the knockout and control strain as
described in Example 2, Section H. As shown, the bands corresponding to the gene products
of rar, 1g1, and yea(? disappear in the LTS3+ strain. The bands corresponding to metH and
eniF are not visible because they do ot typically bind at this salt concentration. Known key
comtaminants, 2ldD, prsi, usg, and rrad are also labeled on the gel.

Figure 11 shows ECP analysis of LTS0G5+1 as described in Exaraple 2, Section 1L The
top portion of the figure shows the FPLC chromatogram with the Ayge on the left axis and %
buffer B on the right axis. Below the chromatogram is a table showing the % baffer B
converted nto a mM salt concentration followed by the measured protein concendration in the
window. The third row of the table shows a breakdown of how all of the applied proteins

distributed over the elution windows as a percentage calculated as mg protein in ehution

(o]
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window/ total mg of protein applied to the column. The fourth row focuses on the breakdown
of just the bound protein into specific windows and gives a percentage caleuiated as mg
protein in the window / mg protein in all bound fractions (59.5mM to 1000mM). This number
provides the best indication of how the ECP changed in the knockout strain, The bottorn of
the figure shows the SDS-PAGE gel for the sample.

Figure 12 shows ECP analysis of MG1635S as described in Example 2, Section IL
The description of the figure is the same as that for Figure 11,

Figure 13 shows that if the percent of bound protein for both the knockout strain and
MG1655 are added cumulatively, the result 1s a measure of the column loading profile as
described in Example 2, Section T

Figure 14 shows the growth rates of parent £, cofi strain MG1655 and knockout strain
LTSFG6 i Example 3.

Figure 15 shows the amount of proteins in parent £, coli strain MG1655 and knockout
strain LTSFO6 bound to DEAE at SmM NaCl (Example 3).

Figure 16 shows the amount of proteins in parent £, coli strain MG16355 and knockout
strain LTSFO6 bound to DEAE at 100mM NaCl (Example 3).

Figure 17 shows the amount of proteins in parent F. coll strain MG 1655 and knockoat

strain LTSFO6 bound to DEAE at 250mM Na(l (Exarople 3).

DETAILED DESCRIPTION

The following detailed description is provided to aid those skilled in the art in
practicing the various embodiments of the present invention. Even so, the following detailed
description shouild not be construed to undualy limit the present invention, as modifications
and variations in the embodiments herein discussed may be made by those of ordinary skill in
the art without departing from the spirit or scope of the present inventive discovery.

The present disclosure is explained in greater detail below. This disclosure s not
mtended to be a detailed catalog of all the different ways in which embodiments of this
disclosure can be implermented, or all the features that can be added to the instant
embodiments. For cxample, features illustrated with respect to one embodiment may be
imcorporated into other embodiments, and features illustrated with respect to a particular
embodiment roay be deleted frora that erabodiment. n addition, nurnerous variations and
additions to the various crubodiments suggested herein will be apparent to those skilled 1o the
art in light of the instant disclosare, which variations and additions do not depart from the

scope of the instant disclosure. Hence, the following specification 1s intended to iHlustrate
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some particular embodiments of the disclosure, and not to exhaustively specify all
permutations, combinations, and variations thereof encompassed by the present invention.

Any featare, or combination of features, described herein is(are) included within the
scope of the present disclosure, provided that the features included in any such combination
are not mutually inconsistent as will be apparent from the context, this specification, and the
knowledge of one of ordinary skill in the art. Additional advantages and aspects of the
present disclosure are apparent in the following detatled deseription and clairos.

By way of example, and not limitation, calculation and identification of combinations
of genes useful in the £, coli host celis and methods disclosed herein, as mathematically
described in Example 2, are equally applicable to the list of genes disclosed in Table 14 in
Example 3.

The contents of cach of the references cited herein, inchuding journal literature and
trade publications, patent applications, patents, etc., are herein incorporated by reference in
their entivety. In case of contlict, the present specification, including explanations of terms,
will control.

As noted above, Asenjo et al. (2004), “Is there a rational method to purify
proteins? From expert systems to proteomics”, Journal of Molecular Recognifion
17:236-247, points out that, “Until now, it has been virtually impaossible to select
separation and purification operations for proteins either for therapeutic or analytical
application in a rational manner due to lack of fundamental knowledge on the molecular
properties of the materials to be separated and the lack of an efficient system to organize
such information.” The present methods and host celis provide solutions to this problem.

A principal consideration in the production of recombinant products, be they
therapeutic molecules, enzymes for industrial or diagnostic purposes, or for other
commercial applications, is the time and cost involved in purification of the biological.
Diownstream (post cell culture) bottlenecks present as either reduced capacity (mg target
molecule captured / voluroe unit operation), low purification efficiency (mg target
molecule captured / total mg), or combination thereof, and when they are cncountered,
timnit the ability to screen material{s) under development or to manufacture candidate
molecules. As demonstraied herein, the inventors have developed efficient alternatives
1o affinity chromatography via strategic changes 1o the £. cofi host cell genome that
reduce the burden timposed by the presence of host cell proteins.

The embodiments disclosed hergin inclade a separatome-based protein expression and

purification platform based on the juxtaposition of the chromatographic binding properties of
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genomic peptides, polypeptides, and proteins with the characteristic and location of genes on
the target chromosome, such as those of £, cofl, Bacillus subtiiis, yeasts, and other host cells.
The separatome-based protein expression and purnification platform maps the separatome of
target chromosornes based on relationships between the loct of genes associated with
nuisance peptides, polypeptides, and proteins. In addition, the separatome-based protein
expression and purification platform reduces the genome of host cells throagh precisely
targeted roodifications to create custom, robust target host strains with reduced nuisance
peptides, polypeptides, and proteing. Moreover, the present separatome-based protein
expression and purification platform provides a computerized knowledge tool that, given
separatome data regarding a target peptide, polypeptide, or protein, intuitively suggests
strategies leading to efficient purification. The separatome-based protein cxpression and
purification platform is an efficiont bioseparation system that intertwines host cell strain and
chromatography.

As disclosed below in Examples 2 and 3, the inventors have identitied the genes listed
in Tables &, 9, and 14 as preferred, bigh priority candidates for improving the
chromatographic separation efficiency of target host cell or target recombinant peptides,
polypeptides, or proteins expressed in the £, ¢ofi host cells disclosed herein via affimity or
non-affinity, adsorption chromatography.

As exemplified by the genes listed in descending rank order of importance in Tables
8,9, and 14 in Examples 2 and 3, importance score equation 3 identifies highly impactful £
coli parent cell HCPs that adversely affect chromatographic separation capacity. As high
priority candidates for deletion, modification, or inhibition to construct improved £. coli host
cell strains for target peptide, polypeptide, and protein expression and purification, it is highly
likely that most, if not all, cormbinations of these genes will be effective in irmnproving
separation ctficiency, including separation capacity, of target biomolecules from host cells in
which these biomolecules are expressed and in which combinations of these nuisance genes
are deleted, modified, and/or inhibited. Preferred gene combinations for deletion, ete., are
those that improve chromatographic separation capacity in the range of from about 5% to
about 35%, or more; front about 5% 1o about 40%, or more; from about 5% to about 45%, or
more; from about 5% to about 50%, or more, and 50 on similarly depending on the number
and particular combination of genes deleted, ete., and that st permit cells to exhibit growth
rates and/or viability and/or capacity for expression of target molecules in the range of from
about 60% to about 10(%, or more; or from about 70% to about 100%, or more; or from

about 75% to about 180%, or more, compared to that of the parent cells from which they are

(9]
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derived. The presently disclosed methods and highly ranked genes identified out of the
thousands of genes present in the E. cofi genome therefore guide construction of improved £.

coli host cells exhibiting improved separation capacity and satisfactory growth, viability, and
capacity for expression and purification of target peptides, polypeptides, and proteins without
the need for hit or miss undue experimentation within the astronomically large mumbers of
possible gene combinations within the £, ¢oli genome,

The eftectiveness of any of the various possible combinations of high ranking genes
targeted for deletion, modification, or inhibition selected from cither Table 2 alone, Table 9
alone, Table 14 alone, or any combination of these tables, in improving chromatographic
separation efficiency of target host cell or target recombinant peptides, polypeptides, and
profeing can easily be determined by the methods disclosed herein,

As exemplified in Example 3, collecting and interpreting data on the £, col/
proteome facilitates the design and construction of an improved host cell strain that
when lysed and passed over an anion exchange colurmu displays a significant reduction
in adsorption of host cell proteins {ca. 15% depending on conditions). Further
development of this and other strains by the methods disclosed herein will facilitate
athinity chromatography-like efficicncies with common and less expensive
chromatographic matrices.

The data presented in Examples 2 and 3 demonstrate that the present separatome
concept, including wmportance equation 3, facilitates reduction in host cell proteins (HCPs)
encountered during bioprocessing, improving column capacity and overall chromatographic
separation efficiency, without adversely impacting host celi growth, viability, or capacity for
expression, and that this can be achieved in a rational, stepwise predictable manner. Results
obtained with the £. coli knockout strain LTSF06 in example 3 demonsirate that with
strategic deletions, significant improvement in coluran efficiency can occur. Identification
and ordering of several dozen high ranking genes as determined from the tmportance
equation disclosed herein out of the thousands of genes in the £ coli genome facilitates
maximurm improvements 1o £. cofi host cells used for expression of a wide range of
recombinant products without having to engineer individual host cells for specific
recombinant targets. While other investigations have considered knockout or mutation to
mmprove the purity of a single recombinant product, the mathernatical framework disclosec
hercin guides minimal changes that can be made to the E. ¢oli genome that are useful
regardless of target recombinant product. These minimal, but strategic, changes positively
affect the imitial chromatographic capture step, identified as a key bottleneck by
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biotherapeutic and cnzyme manufacturers. laproved separation capacity extends the run time
of the column over an increased volume of the feedstock run through the cohimn, and
improves the binding efficiency/binding selectivity of the target recombinant molecule,

mnproving separation of the target molecule from contaminating host cell proteins.

Definitions

The following definitions are provided to aid the reader in understanding the various
aspects of the present invention, Unless defined otherwise, alf technical and scientific terms
used herein have the same meaning as commonly understood by those of ordinary skill in the
art to which the invention pertains.

As used herein and in the appended claims, the singular forms “a”, “an”, and “the”
mchude plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to “a cell” includes one or more cells and equivalents thereof known to those
skilled in the art. Similarly, the word "or" 1s intended to include "and” unless the context
clearly indicates otherwise. Hence "comprising A or B” means including A, or B, or A and B.
Furthermore, the use of the ferm “including”, as well as other related forms, such as
“includes” and “inchuded”, is not imiting.

The term "about” as used herein is a tlexible word with a meaning similar to
“approximately” or “nearly”. The term “about” indicates that exactitude is not claimed, but
rather a contemplated variation. Thus, as used herein, the term “abount” means within | or 2
standard deviations from the specifically recited value, or £ a range of up 1o 20%, up 1o 15%,
up o 10%, up 1o 5%, or up to 4%, 3%, 2%, or 19 compared to the specifically recited value.

The term “comprising” as used in a claim herein is open-ended, and means that the
claim mast have all the features specifically recited therein, but that there is no bar on
additional features that are not recited being present as well. The term “comprising” leaves
the claim open for the inchusion of unspecified ingredients even in major amounts. The term
“consisting essentially of” in a claim means that the invention necessarily includes the hsted
mgredients, and is open to unlisted jugredients that do not materially affect the basic and
novel propertics of the invention. A “‘consisting essentially of” claim occupies a middle
ground between closed claims that are written in a closed “consisting of” format and fully
open claims that are drafied in a “comprising’ format”. These terms can be used
interchangeably herein if, and when, this may become necessary.,

Regarding disclosed ranges, the endpoints of all ranges directed to the same

component or property are inclusive and independently combinable (e.g., ranges of Mup to
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about 25%, or, more specifically, about 5% to about 20%," is inclusive of the endpoints and
all intermediate values of the ranges of "about § % to about 25%," etc.). Numeric ranges
recited in the specification and claims are imclosive of the mumbers defining the range and
inchude each integer within the defined range, as well as all subranges within the overall
range.

“Ap athinity ligand” for atfinity chromatography refers to a chemical moiety, coupled
to a stationary phase, that serves as a biospecific sorptive group.

“Host cell” refers to a cell used to express an endogenous or heterologous nucleic acid
sequence encoding a target peptide, polypeptide, or protein of interest.

“Parent cell from which it is derived” refers to a cell that 1s modified to then serve as

;:o

host cell of the present invention. As a non-limiting example, an £, coli parentcelicanbe a
conventional £, coli K-12 cell. Futher . coli parent cells are disclosed below,

A host cell of the present invention can be “derived” from a parent cell by reducing
the genome of the host cell corapared 1o the genome of the parcat cell from which the host
cell is derived by: (a) deleting genes of the parent cell, for example by knockout nutation, or
(b} modifying the genome of the host cell compared to the genome of the parent celi from
which the host cell is derived, or {¢) reducing or completely mmhibiting expression of genes of
the host cell compared to expression of these genes in the parent cell from which the host cell
is derived, wherein genes that are deleted, modified, and/or the expression of which is
reduced or completely inhibited in the host cell code for peptides, polypeptides, or proteins
that impair the chromatographic separation efficiency of a target recombinant {or noun-
recombinant) peptide, polypeptide, or protein cxpressed in the host cell. This improves the
chromatographic separation efficiency, including separation capacity, of target recombinant
or non-recombinant molecules expressed in the host cell compared to that when such target
molecules are cxpressed in the parent cell, i.e., wherein genes that are deleted, modified,
and/or the expression of which is reduced or completely inhibited in the host cell are not
deleted, not moditfied, or the expression of which is not reduced or complete}y inhibited in the
host cell. As discussed below, identification of genes 1o be deleted, ete., from parent cells to
produce host cells can be accoraplished by eraploying importance equation 3. Host cells of
the present invention exhibit growth rates and/or viability and/or capacity for expression of
target roolecules in the range of from about 60% to about 100%, or more; or from ahout 70%
1o about 100%, or more; or from about 75% to about 100%, or more, of that of the parent
cells from which they are derived, and improvement in separation efficiency, including
separation capacity, of target molecules in the range of from about 5% to about 35%, or
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more; from about 5% to about 40%, or more; from about 3% to about 45%, or more; or from
about 5% to about 50%, or more compared to that of the parent cells from which they are
dertved. Host cells of the present invention can comprise, consist essentially of, or consist of
the gene deletions, gene modifications, and/or inhibited genes disclosed herein.

The phrase “a target recombinant therapeutic peptide, polypeptide, or protein” and the
tike refers to a peptide, polypeptide, or protein exhibiting human or veterinary medicinal
properties, expressed using recombinant nucleic acid methodology. As used herein,
“medicinal properties” broadly includes not only medical therapeutic applications, but use for
nutritional purposes and personal care as well.

The phrases “target host cell peptide, polypeptide or protein” or “endogenous target
peptide, polypeptide or protein” and the like refer to a peptide, polypeptide, or protein native
to a host cell. In various embodiments disclosed herein, such peptides, polypeptides, and
proteins can be expressed in host cells either naturally, e.g., under the control of endogenous
regulatory eleroents such as naturally occurring promeoters, etc., without genetic
manipulation, or by using recombinant nucleic acid methodology to improve expression
levels, e.g., by replacing natural promoters with stronger ones.

Thas, it should be noted that embodimments of the present invention, inchiding all the
parcnt cells, host cells, methods, ete., disclosed herein, are applicable not only to the
expression and purification of target host cell or endogenous target peptides, polypeptides, or
proteins via recombinant methods, but also to the expression and purification of such
peptides, polypeptides, and proteins that are naturally expressed within host cells, 1.e.,
without the application of recombinant methodology.

The phrase “heterologous target recombinant peptide, polypeptide or protein” and the
like refers to a peptide, polypeptide, or protein not native to a host cell, which is expressed in
such cell using recombinant nucleic acid methodology.

Heterologous nucleic acid fragments encoding such peptides, eic., such as coding
sequences that have been inserted into a host cell, are not normally found in the genetic
complernent of the host cell. As used berein, the term “heterologous” also refers to a nucleie
acid fragment derived from the same host cell, but which is located in a different, e.g., non-
native, location within the genome of this cell. Thus, the ceil can have more than the usual
nurober of copy(ies) of such fragment located 1o its{their) normal position within the
genome. Heterologous nucleic acid fragments encoding recornbinant peptides, polypeptides,
or proteins of interest in plant cells can be expressed within different genomes within such
cells, for example in the nuclear genome and within a plastid or mitochondrial genome. A
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nuckeic acid fragment that is hoterologous with respect to a cell into which it has been

13

inserted or transferred is sometimes referred to as a “transgene.”

“Essential genes” are defined by Gerdes et al. (2003) .7 Bacieriol 185(19%.5673-84
as genes that are needed for cell viability when grown in LB broth. For example the enzymes
in the first half of core metabolism are all considered essential; however, if the growth
medium is fortified with citrate, which can directly enter the Krebs cycle, the genes coding
for the enzymes preceeding the Krebs cycele can be sately deleted without detrimental effects
on cell viability. When gene essentiality is defined as the genes that are needed for cell
viability when grown in minimal M9 + glucose as in Patrick et al. (Bec., 2007) Mo/ Biol
Evol 24(12%.2716-22. Epub 2007 Sept. 19, all of the genes that code for enzymes in amino
acid synthesis are considered essential; however, if the growth medium is fortified with these
amino acids, these genes can also safely be deleted. These feeding strategics can be used in
the preseut host cells and methods to circumvent potentially deleterious effects due to
deletion, modification, and/or reduction/inhibition of expression of essential genes that would
otherwise adversely impact chromatographic separation efficiency if present.

The phrase “a modified genome compared to the genome in the parent cell from
which it 1s derived” refers to modification of genes to abate the undesirable effect(s) of the
gene products on separation efficiency performed by, for example, point mutation, anuno
acid substitution, isozyme substitution, transposon mutagenesis, etc. As indicated,
modification includes gene substitution. One example of gene modification to improve
IMAC chromatography is to delete histidine residues oun the surface of interfering proteins
when possible. In ion exchange chromatography, one could reduce the binding affinity of
nuisance proteins by altering amino acids to change protein surface charges. Modification
also inchudes changes to essential genes that interfere with chromatographic separation
efficiency by, for example, reducing their expression by replacing their naturally occurring
promoters with weaker promoters, introducing strategic point mutations to replace amino
acids involved in resin binding while still maintaining satisfactory levels of gene/protein
activity, or replacing endogenous £, enli genes with genes from other organisms that perform
the same or similar functions and that do not signiticantly adversely atfect chromatographic
separation efficiency and separation capacity, and cell growth, viability, and capacity for
expression, rather than deleting them entirely. Such replacement genes include heterologs,
homologs, analogs, paralogs, orthologs, and xenologs. These strategics facilitate
improvements in chromatographic separation efficiency even when interfering host cel
proteins fnchide essential genes.
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“Proteome” refers to a collection of identifiable proteins expressed by a host cell,

“Chromatotome” refers to a proteome defined by a set of host cell proteins that bind a
chromatographic stationary phase.

“Separatorae” refers 1o a proteome defined by a set of bost cell proteins that are
associated with a separation technique {not limited to packed bed chromatography).

“Metalloproteome” refers to a proteome with the dentifying characteristic of
mteraction with metals or metal ions,

“Metabolome™ refers to a collection of smali-molecule metabolites like glucose-6-
phosphate and other molecules of similar molecular weight.

“Separation efficiency” is manifested as separation capacity, separation selectivity, or
both. In many cases, separation capacity is a more important parameter for the practice of the
present invention.

“Separation capacity” refers to the amount of peptides, polypeptides, and/or proteins
that can be captured during the loading cycle of a chromatographic separation. Separation
capacity is defined ag the amount of target recombinant peptide, polypeptide, or protein
adsorbed by a column per mass fysate fod to the column. The present invention encompasses
imcreases in separation capacity in the range of from about 5% to about 35%, or more, for
example from about 5% 1o about 40%, or more; from about 3% to about 45%, or more; from
about 5% to about 50%; or more, and so on similarly, depending on the number and
particalar combination of genes deleted, etc. Such increases reflect an advantage of the
present separatome invention concept over the separation capacitics achievable using
standard host cells and extraction and purification methods, t.e., compared to
chromatographic separation capacity of standard host cells that retain the presence of ali
nataraily occurring peptides, polypeptides, or proteins coded for by genes that are deleted,
modificd, or the expression of which is reduced or completely inhibited in host cells of the
present disclosure upon affinity or adsorption, non-affinity column chromatography of target
recombinant peptides, polypeptides, or proteins.

While “separation capacity” is discussed above with reference to 4 target recombinant
peptide, polypeptide, or protein, those of ordinary skall in the art will recognize that this term
also more generally refers to potential improvements in chromatographic separation
efficiency, including separation capacity, by the deletion, etc., of host cell peptides,
polypeptides, and proteios that would interfore with the chromatographic purification of
target peptides, etc., in the absence of expression of any particular target. Therefore,
“separation capacity” can also be defined in terms of the amount of host cell peptides,
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polypeptides, or proteins adsorbed by a column per mass tysate fed to the column. Viewed
from this perspective, it is clear that reducing interfering host cell peptides, polypeptides, or
proteins that bind the column results in an increase in separation capacity. In the absence of
expression of a particular target roolecule, the potential iraprovement in chromatographic
separation capacity is in the range of from about 5% to about 35%, or more, for example
from about 5% to abowut 40%, or more; from about 5% to about 45%, or more; from about 5%
to about 50%, or more, and so on similarly, depending on the ruraber and particular
combination of genes deleted, ctc., upon affinity or adsorption, non-affinity column
chromatography of the target molecule. Example 3 below demonstrates this principle by
showing improved separation capacity in a modified £, coli bost cell in the absence of
expression of a target recombinant molecule. This example reflects the universal nature and
applicability of the present host cells and methods in peptide, polypeptide, or protein
purification by affinity or adsorption, non-affinity column chromatography.

<

In both cases, separation efficiency, including “scparation capacity”, is tmproved by
the deletion, ete., of interfering host cell peptides, polypeptides, and proteins having a binding
strength similar to that of the target recombinant or non-recombinant peptide, polypeptide, or
protein and/or that broadly elute as %B increases.

“Separation selectivity” refers 1o the amount of target protein/total protein captured by
a chromatographic adsorbent. Scparation selectivity s defined as the amount of target
recombinant peptide, polypeptide, or protein adsorbed by the cohumn per total protein
adsorbed 1o the column,

“Total Contaminant Pool {(TCPY” refers to proteins that are known to bind to a given
chromatography resin at a given pH. These proteins take up colomn capacity. Elimination or
reduction of such proteins resulis in colurnn capacity improvement.

“Elating Contaminant Pool (ECP)” refers to proteins that are part of the TCP, but
which are farther grouped by their elution conditions. For example, the proteins that would
co-elute with the target protein n it's specific elution window, Elirnination or reduction of
such proteios sumplifies purification and improves farget protein purity.

“HCPs” refers to host cell proteins,

“Percent B” refers to a proportion or amount, expressed as a mumber between 0 and
100%, of a mixture fed to a chromatography columm coraprised of a blend of two fluids of
different compositions, 1.e., composition A and coraposition B. A is the loading buffer, while

B is the chution buffer. Percent B = 1009 - %A, As %B increases, the change in mobile
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phase composition causes proteins to be eluted in a differential fashion, beginning with those
of low affinity.

“Strongly retained” refers to peptides, polypeptides, and proteins that elute from a
chromatography columm upon desorption due to stringent changes in mobtle phase
composition identified by “percent B”.

“Weakly retained” refers to peptides, polypeptides, and proteins that ehite from a
chromatography coluran upon desorption due to small changes in mobile phase composition
identified by “percont B”.

“Common salt” refers to a compound that dissociates in water to form a cation and an
anion, such as a chloride salt, a sulfate sal, an acetate salt, a carbonate salt, a propionate salt,
ete., as would be apparent to one of ordinary skill in the art. Common cations in such salts
are, for example, sodium, potassium, and ammmonium cations.

The phrase “chromatographically relevant host cell peptides, polypeptides, or proteins
for colurun affinity chromatography or columm adsorption-based, non-affinity
chromatography” refers to proteins of a separatome or chromatotonme,

“Importance” or “importance score” refers to the degree to which, should a host cell
peptide, polypeptide, or protein be deleted, modified, or inhibited, capacity recovery is
impacted. Proteins of chromatographic relevance are considered important should large gains
in capacity recovery be achieved through deletion, modification, and/or inhibition.
“Important” proteins are therefore a subset of relevant proteins.

“Reduced” in the context of the level of expression of peptides, polypeptides, or
proteins from host colf genes (HCPs) refers to diminution in the amount of such cxpression
products in the range of from about 5% reduction to about 93% reduction, or more; from
about 109 reduction to about 95% reduction, or more; or from about 25% reduction to about
95% reduction, or more, compared to the level of such products normally present in parent
cells from which such host cells are derived.

“Scoring” or “iroportance scoring” refers to rank ordering mernbers of a separatome
to wentify host cell peptides, polypeptides, or proteins that ropair the chromatographic
separation efficiency of a target recombinant peptide, polypeptide, or protein expressed in the
host celi, and to establish quantitative improvements gained through their elimination.

“Operational variable” refers to a condition or operating parameter that leads 1o

different Dambkohler, Biot, or Peclet numbers used to describe a separation technique.

N
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“Purify, purifying, purified” and the like refer to the process by which a peptide,
polypeptide, or protein in a mixture is enriched so as {0 contain lesser amounts of materials
derived from the host cell in which it 1s expressed, and the enriched product, respectively.

“Plant cells” includes cells of flowering and non-flowering plangs, as well as algal

A

cells, for example Chlamydomonas, Chiorella, cic.
Certain claims have vnique formulae to mathematically define the non-metabolic
aspects of the separatome, with specific regard to the overall apact a peptide, polypeptide,
or protein has on column efficiency. A peptide, polypeptide, or protein clutes or emerges
from a column as a peak of material, first at low concentration increasing to a maximum
16 wvaluoe, then decreasing back to zevo, in the characteristic shape of a bell-like carve. The peak
adopts a shape that may be described as sharp/narrow, with the majority of material of
mterest contained in a few fractions; broad/shallow, with the majority of material present in
multiple fractions; or something in between, The time (retention time) at which the peak
emerges 18 governed by binding strength. Peptides, polypeptides, and proteins with high

15 affinity towards a ligand require more stringent conditions for desorption to occur, whereas
those with low atfinity pass through the column unretained. The ability to capture both
phenomena, namely peak shape and retention tirge, is important to quantitatively establish the
chromatographic relevance of a peptide, polypeptide, or protein. Once the relevance for a set
of peptides, polypeptides, or proteins is established, molecular biclogy techniques are then

20 used to delete, modify, inhibit the expression of, or substitute genes associated with these

mtertering molecules to directly increase column capacity and indirectly enhance purity.

Diefining “recovery potential” for protein (1) first involves determining the fractional

capacity occupied by this particular host cell protein by:

- h-’ + ]
recovery potential; = "”’3‘“‘/
{ total,ms

Equation 1
25 with hygeal g = total amount of host cell proteins bound to column, and h geq) = the bound
amount attributed to {i). The value of recovery potential is bound by zero and one, with a
value of oue indicative of a single host cell protein, it removed from the separatome, would
achieve complete recovery of the cohimn capacity. Extending this argument to the removal

of (n) proteins, the term “capacity recovery” is defined in general as:
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n
.Y

capacity recovery = 100%x Z recovery potential;
i=1

Equation 2

where the sigma operator allows one to sum the individual contributions for the set of (n)
proteins. In the equation, 7 refers to number of proteins, and 7 15 an individual protein,

S These two simple relationships provide the starting point to define how much capacity
can be gained as genes are deleted, modified, inhibited, or substituted. The relationships do
not, however, establish order or priority within the context of peak shape and retention tirge.
The latter is important to the disclosed invention because as mentioned previously, it is
desired to focus efforts on common, problematic host cell proteins rather than those that are

16 specific to a target recombinant product. Strongly retained or high affinity host cell proteins
that are bound and that subsequently reduce coluron capacity would be geoerally problematic
due to their persistont presence. Other qualifiers generally regarded as problematic would
inchude high molecular weight (steric effects at high loading), sensitivity to proteolysis
{multiple peaks or broad peak for a single protein), and propensity for subunit adsorption

1§ {(omultiple peaks or broad peak for a single protein). A criterion has been developed to score
and rank the “importance” of a protein (1) within a scparatome, 1.¢., the “importance score”

{(iS), namely:

o (2 ‘g( i, ) b ) mMw, H
] 1\3"7:'“195/’ hi,totai (hj,totai (‘Mmiref 1;

importance; = g‘
éma}

20 Equation 3

with the following definitions: by = scaling parameter; y; and y .,y = concentration of mobile
phase eluent in fraction (j) and maximum value, respectively; &; ; and ;15,7 = the amount of
protein (1) in fraction (j} and total bound protein (1), respectively; by 11,7 = total amount of

25 protein in fraction (j); MW} = molecular weight of protein (i), MIW,or = molecular weight of
a reference protein within the separatome; o =steric factor; and / = protein. These ratio terms

-~ the v’s and ht’s —adopt values between §§ and 1, yet hold different significances. A protein

that remains bound and requares stringent conditions for elution reflects a y ratio to be close

N
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to, if not equal to, unity. A protein that emerges as a tight peak presents with a ratio for h
close to unity, and finally, should that emerging peak constitute the majority of fraction (j},
the third ratio would be close to unity. Multiplying each ratio, and summing the produoct of

these ratios for each fraction (§) where (1) 15 present provides a quantitative ranking. For

A

example, a protein that is retained at high NaCl concentration and emerges as a sharp peak
would be deemed chromatographically relevant and will be scored as high with this formula.
A second example would be a protein that broadly elutes. It would also receive a high score
or relevancy because its score would be high by virtue of its presence in multiple fractions.
Lastly, there requires a consideration of steric effects. As a chromatography column
160 becomes loaded, larger proteins interact with multiple ligands either directly through
adsorption, or indirectly through hindrance of binding. When steric effects require
consideration, the basic equation contains a molecular weight ratio raised to a power that is
descriptive of these phenomena. A unitless, non-zero alpha in the above equation, with a
preferved vahue between 0 and 1, would indicate some degree of steric effects. Note that the
15 general form of the importance equation also permits scale-parameters (by) to adjust the
weighting of a particular score. For example, by may be used to indicate metabolic necessity
{b; = 0), meaning a zero value will force a low score because it likely will not be deleted from
the genome. by s unitless, and adopis a value between 0 and 1. Upon ranking the proteius ina
separatome, the essentiality of a protein is determined by reference to the £, cofi literature,
20 e.g., Gerdes etal. (2003) J Bacteriol. 185(19):5673-84. Strategies for circamventing deletion
of essential proteins are described herein,

The importance score is defined in this fashion because this empirically derived
equation captures the characteristics of both binding and elution data without solving
numerical models of multi-cornponent hiquid chromatography to define the association and

25 dissociation rate constants. Molecular weight is included in the importance score since it
plays a role when the column is under fully loaded or breakthrough loading conditions. This
ratio is raised to g, where the o term accounts for column saturation, wherein when the
coluran is fully saturated o=1 and when the column is vosaturated a<d. This causes the MW
term to be dropped in cases where the column is not fully saturated, and thus molecular

36 weight, or the approximate size, of the protein do not factor into overall column capacity. In

the equation, the ratios of y’s and h's adopt values between § and 1. A protein that rernains

Fad

bound and requires stringent conditions for elution exhibits a ratio L —

} close to, or equal

Ymax/
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£\ X R
to, unity, whereas a protein that emerges as a tight peak has { 4 ) ratio close to unity.

i total

h; .
Finally, a { 4

i rotal

) ratio is close to unity if it constitutes the majority of fraction ().

Importance score values are between § and 1. “Rank”™ of proteins determined
according to Equation 3 are relative vahies compared to one another,

To surnmarize, the basic form of the equation favors the elimination or deletion of
peptides, polypeptides, or proteins that have high affinity toward the adsorbent and/or broadly
chite as %B increases, with some degree of freedom to permit the tailoring of the
maodifications should the host cell be expresshy used for a single recombivant DNA product

and not a varicty of products.

Commercially Important Pretein Products
Exemplary, non-limiting, commercially important peptide, polypeptide, and protein
producis that can be expressed, recovered, and purified using the host cells, methods, and

separatome information disclosed herein inchude, but are not himited to, the following,

Therapeutic Proteins

Examples of therapeutic human proteins that have been synthesized from genes
cloned in bacteria and/or eukaryotic cells, or by expression in plants or animals, include
antibodies and antigen-binding fragmeuts; vaccines; o;-Antitrypsin (erophysema);
deoxyribonuciease (cystic fibrosis); epidermal growth factor (ulcers); erythropoictin
{nlcers); follicle stimulating hormone (infertility treatment); granulocyte colony stimulating
factor {cancers); insulin (diabetes); insulin-like growth factor 1 (growth disorders);
interforon-o (leukemia and other cancers); interforon-f {cancers, AIDS); interferon-y
(cancers, rheumatoid arthritis); interleukins (cancers, immune disorders); lung surfactant
profein (respiratory distress); relaxin (aid in childbirth); serum albumin {plasma supplement};
somatostatin (growth disorders); somatotrophin {growth disorders); superoxide dismutase
{free radical damage in kidney transplants); tissue plasminogen activator {heart attack); tumor

necrosis factor (cancers).
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Proteins and Enzvmes Used in Analvitical Apolications

n addition to the use of antibodies and enzymes as therapeutic agents, they are also
psed in the diagnosis of discases as the components of some confirmatory tests of certain
diagnostic procedures. Hexokinase and glucose oxidase are used in the quantification of
glacose in the serum and urine. Glucose-oxidase is used in glucose electrodes. Uricase is used
for the estimation of uric acid present in urine. Alkaline phosphatase, horseradish peroxidase,

and antibodies are used in ELISA (Enzyme Linked lromunosorbent Assay).

Industrial Bnevmes and Proteins

Industrially useful enzymes include carbohydrate-hydrolyzing enzymes such as
amylases, cellulase, invertases, etc.; proteolytic enzymes such as papain, trypsin,
chymotrypsin, etc.; and other bacterial and fungal-derived proteolytic enzymes and lipases
that can hydrolyze various types of lipids and fats. All these enzymes are important in the
food and beverage industrics, the textile industry, paper industry, and detergent industry,
Proteases have a special use in the beverage industry, meat and leather industries, cheese
production, detergent industry, bread, and confectionary industry. Various types of lipases are
psed for the modifications of various types of lipids and fats, production of various organic
acids including fatty acids, in detergents, and production of cocoa butter. In addition to all
these, enzymes are used in chemical industries as reagents in organic synthesis for carrying
out stereospecific reactions,

Diepending on the intended use, proteins and enzymes can be employed in varying
degrees of purity, i.c., highly purified preparations approaching nearly 100% purity are not
always required, and therefore extensive “polishing” chromatographic steps may not be
required after initial purification. Such additional steps can therefore be considered optional

for particular applications.

Non-catalviic Functional Proteins

These commercially important proteins are used in the food industry as emulsifiers,
for inducing gelation, water binding, foaming, whipping, etc. These non-catalytic functional
proteins are classified as whey proteins. The proteins that remain in sohution after the rermoval
of casein are by definition called whey proteins.

Commercially available whey protein concentrates contain 35% to 95% protein. If
they are added to food on a solid's basis, there will be large differences in fonctionality due to

the differences in protein content. Most food formulations call for a certain protein content
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and thus whey-protein concentrates are gencrally utilized as a constant protein base. In this
case, the differences due to protein content as such should be eliminated. As the protein
content increases, the composition of other components in the whey-protein concentrate must

also change and these changes in composition have an effect on functionality.

Mutraceutical Proteins

MNutraceutical proteins represent a class of nutritionally-important proteins having
therapeutic activity. The whey-protein concentrates and some of the milk proteins of infant
foods contain certain pharmaceutical proteins having high nutritive quality. Infants get the
required proteins from the mother's milk, which also contains certain therapeutic proteins that
protect the baby from infection and other problems. There are other infant foods, which also
have more or less the same composition as that of mother's milk, made up of cow's and
buttalo’s mitk. All these food proteins provide the infants the raw building materials in the
form of essential amino acids and at the same time protect thern from microbial jnfections

and other diseases.

Large scale Enzvme applications

Dietercents

Racterial proteinases are still the most important detergent enzymes, Lipases
decompose fats into more water-soluble compounds. Amylases are used in detergents to

remove starch based stains.

Starch hvdrolvsis and fruciose production

The use of starch degrading enzymes was the first large scale application of microbial
enzymes in food industry. Mainly two enzymes carry out conversion of starch to glucose:
alpha-amylase and fungal enzymes. Fructose is produced from sucrose as a starting material,
Sucrose is split by invertase into ghicose and fructose, and fructose is separated and

crystatlized.

Beverages
Enzymes have many applications in the beverage mdustry. Lactase splits milk-sugar
lactose into glucose and galactose. This process is used for milk products that are consumed
by lactose intolerant consumers. Addition of pectinase, xylanase, and celhulase improve the

hiberation of the juice frora pulp. Stmilarly, enzymes are widely used in wine production.
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Textiles
The use of enzymes in the textile industry is one of the most rapidly growing fields in
industrial enzymology. The enzymes used in the textile ficld arc amyliases, catalase, and
lactases, which are used to remove starch, degrade excess hydrogen peroxide, bleach textiles,

and degrade hignin.

Animal feed
Addition of xylanase to wheat-based brotler feed has increased the available
metabolizable energy 7-10% in various studies. Enzyme addition reduces viscosity, which
increases absorption of nutrients, liberates nutrients either by hydrolysis of non-degradable

fibers or by hiberating muatrients blocked by these fibers, and reduces the amount of feces.

Bakin
Alpha-amylases have been most widely studied 1n connection with improved bread
quality and increased shelf life. Use of xylanases decreases the water absorption, and thus
reduces the amount of added water needed, in baking. This feads to more stable dough.
Proteinases can be added to improve dough-handling properties; glucose oxidase has been
used to replace chenucal oxidants and lipases to strengthen gluten, which leads to raore stable

dough and better bread quality.

Pulp and Paper

The major application in the pulp and paper industry is the use of xylanases in pulp
bleaching. This considerably reduces the need for chiorine based bleaching chemicals. In
paper making, amylase enzymes are used especially in modification of starch. Pitch is a
sticky substance present mainly in softwoods. Pitch causes probiems in paper machines and

can be removed by lipases.

Leather
The leather industry uses proteolytic and lipolytic enzymes in leather processing.
Enzymes are used to remove unwanted parts. In dehairing and dewoohing phases, bacterial
proteases are used to assist the alkaline chernical process. This results in a more
environmentally friendly process and improves the quality of the leather. Bacterial and fungal

enzymes are used to make leather soft and easier to dye.
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Specialty enzyvmes

There are a large number of specialty applications for enzymes. These include the use
of enzymes in analytical applications, flavor production, protein modification, personal care

products, DNA-technology, and in fine chemical production.

Enzyvmes in analvtics

Enzymes are widely used in clinical analytical methodology. Contrary to bulk
mdustrial cnzymes, these enzymes need to be free from side activities. This means that
elaborate purification processes are needed.

An important development iu analytical chemistry is biosensors. The most widely
used application is a glucose biosensor involving ghucose oxidase catalyzed reaction.
Several commercial instruments are available which apply this principle for measurement of
molecules like glucose, lactate, lactose, sucrose, ethanol, methanol, cholesterol, and some

amino acids,

Enzvmes in personal care products

Personal care products are a relatively new arca for enzymes. Protetnase and hipase
containing enzyme solutions are used for contact lens cleaning. Hydrogen peroxide is used in
disinfections of contact lenses. The residual hydrogen peroxide after disinfections can be
removed by catalase, Some toothpaste contains ghuicoamylase and glucose oxidase. Enzymes

are also being studied for applications in skin and hair care products,

Enzvmes Used in DNA-technology

DNA-technology is an important tool in the enzyme industry. Most traditional
enzymes are produced by organisms that have been genetically modified to overproduce
desired enzymes. Recombinant DNA methodology has been used to engincer overproducing
microorganisms, and employs enzymes sach as nucleases (especially restriction
endomucleases), ligases, polymerases, and DNA-modifying enzymes to modify genes and

construct necessary expression cassettes and vectors.

Enzyvimes in fine chemical production

In spite of some successes, commercial production of chemicals by living cells via

yathway engineering is still in many cases the best alternative to apply biocatalysis. Isolated
yeong g 3 :
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enzymes have, however, been successfully used in fine chemical synthesis. Some of the most

important examples are:

Chirally pure amine acids and aspartame

Natural amino acids are usually produced by microbial fermentation. Novel
enzymatic resohution methods have been developed for the production of L- and D-amino
acids, Aspartarge, the intensive non-calorie sweetener, is synthesized in non-aqueous

conditions by thermolysin, a proteolytic enzyrme.

Rare sugars
ccently, enzymatic methods have been developed to manufacture practically all D-
and L- forms of simple sugars. Glucose isomerase is one of the important industrial enzymes

used 1o fructose manufacturing.

Semisyvnthetic penicilling

Penicillin s produced by genetically modified strains of Penicillium strains, Most of
the penicitiin is converted by romobilized acylases to 6-aminopenicillanic acid, which serves

as a backbone for many semisynthetic penicillins.

Linase-based reactions

In addition to detergent applications, lipases can be used in versatile chemical
reactions since they are active in organic solvents. Lipases are used in transesterification, for
enantiomeric separation of alcohols, and for the separation of racemic mixtures. Lipases have

also been used to form aromatic and aliphatic polymers.

Enzvmatic elicosaccharide synthesis

The chemical synthesis of oligosaccharides s a complicated multi-step effort.
Biocatalytic syntheses with isolated enzymes hke glycosyhtransferases and glycosidases or
engineered whole cells are powerful alternatives to chemical methods. Oligosaccharides have

found applications in cosmetics, medicines and as functional foods.

Overview
Disclosed herein 15 a separatome-based host cell peptide, polypeptide, and protein
expression and purification platform focusing on the proteomes of various chromatographic
methods to provide a single host cell Hine, or set of host cell hines, that can be used for
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expression of a wide variety of recombinant peptides, polypeptides, and proteins, thereby
climinating the need to develop individual host cell lines for cach purification process.

The “separatome” of the present separatome-based protein expression and purification
platform involves the juxtaposition of the binding propertics of host cell peptides,
polypeptides, and proteins in common chromatographic technigues {e.g., IMAC, TEX, and/or
HIC)Y with the characteristics and location of the corresponding encoding genes on the target
host cell chromosome(s). While the examples of the separatome-based protein expression and
purification platform disclosed herein focus on Escherichia coli as the host cell, and its
chromatotome, the invention is not limited thereto as the separatome-based peptide,
polypeptide, and protein expression and purification platform can extend to any suitable host
conventionally used for recombinant expression, such as Lactococcus lactis, Bacillus species
such as B. licheniformis, B. amyvioliguefaciens, and B. subtilis, Corvnebacterium glutamicum,
Psevdomonas fluorescens, or other prokaryotes; fungi, including various yeasts such as
Saccharomyces cerevisiae, Pichia (now K.} pastoris, and Pichia methanolica; insect cells;
mammalian cells; plant cells, including for exaraple, tobacco (e.g., cultivars BY-2 and NT-1},
alfalfa, rice, tomato, sovbean, as well as algal cells; and protozeal cells such as the non-
pathogenic strain of Leishmania tarentolae, etc.

The present separatome-based peptide, polypeptide, and protein expression and
purification platform is an efficiont bioseparation system that intertwines host cell strain and
chromatography. Since the high cost of produact purification often limits the availability of
therapeutic proteins of interest to imynunology, vaccine development, pharraaceutical
production, and diagnostic reagents, as well as the availability of enzymes for various
applications, the present separatome-based peptide, polypeptide, and protein expression and
purification platform provides alternative pathways towards efficient purification based on
the utilization of proteome data. In particular, the separatome-based protein expression and
purification platform provides for: (i) a system of chromatographic data based on identified,
conserved genomic regions that span resin- and gradient-specific chromatographies, or
chroratotomes, for example, a database of £, coli proteins that span the chromatography
total contaminant pool {TCP)/elution contaminant pool (ECP) and bind under various
conditions to a variety of chromatographic resings; (ii) a process o minimize contaminant
pools of nuisance or cocluting proteins associated with specific chromatographies, for
example, gradients that substantially decrease the number of coeluting proteins encounterec
during bioseparation, and the specific, targeted deletion of nuisance host cell peptide-,
polypeptide-, and protein-encoding genes to minimize contaminant pools associated with

7
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affinity adsorption and non-affinity adsorption chromatographics, inchuding IMAC, cation
{IEX, anion IEX, HIC, and combinations thereof.

The separatome-based peptide, polypeptide, and protein expression and purification
platform is constructed based upon a computer system of identified, conserved genormic
regions that span resin- and gradient specific-chromatographies, or chromatotomes. The
computer system inchides a data visualization program/application resident on a standard
computer device, such as a mainframe, desktop, or other computer. For example, the
computer may have a central processor that controls the overall operation of the computer
and a system bus that connects the central processor to one or more conventional
componeuts, such as a network card or modem. The computer may also include a variety of
mterface ports and drives for reading and writing data or files. A user of the separatome-
based protein expression and purification platform can interact with the computer with a
kevboard, pointing device, microphone, pen device, or other jnput device. The computer may
be connected via a suitable network connection, such as a T1 line, 8 common local arca
network (“LANY, via the worldwide web, or via other mechanism for connecting computer
devices.

The separatome-based peptide, polypeptide, and protein expression and purification
platform will utilize large amounts of data compiled on the metalloproteore and metabolome
of the selected host cell, such as £. coli. The data visualization program/application, such as
Circos”, a software package for visualizing data and information in a circular layout
{avatlable from Canada’s Michael Smith Genome Sciences Center), enables the user to
visualize the large amounts of data and information for exploring relationships between
objects or positions. Figures 1 and 2 iflustrates examples of how the data visualization
program/apphication could lustrate the £. coli chromosome mapped with the chromatotome
of multiple chromatographic techniques, thus showing where the different chromatotomes lie
within the greater genome. Each line in Figure 1 represents a single contaminating protein,
and the graph at its base shows the total concentration of the protein as a percent of the TCP
or ECP. f each TCP is subdivided into its respective ECPs, then further corolaries can be
drawn between proteins and genomic location. Further, segments of the ring represent the £.
coli genome or the proteome associated with a particular isolation technique. With respect to
E. coli, inner rings can represent additional information hike essentiality, successful deletion,
metabolic function, ete. For a given chromatographic technique, inner ring data can represent
conditions that trigger adsorption or elution, concentration in the extract, and if this protein is
diffeventially expressed during stress.
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In addition, the separatome-based peptide, polypeptide, and protein expression and
purification platform may utilize and/or incorporate data about the target genome and
proteome sequences, such as from Ecogene”® (Tnstitute for Advanced Biosciences, Keio
University and Integrated Genomics, Chicago, Hlinots). The data visualization
prograny/application of the separatome-based protein expression and purification platform
provides the user a feasible means of utilizing the data by melding it into a productive format,
and in particular, the data visualization program/application provides the ability to visually
summarize large coliections of data covering peptides, polypeptides, and proteins
encountered in the chromatotome and their essentiality.

The mapping and plotting of the IMAC, TEX and HIC data by the separatome-based
peptide, polypeptide, and protein expression and purification platform allows for the
identification of large contiguous regions of contaminants from several chromatography
techniques that may be targeted for modification if necessary.

Since the overall structure of a target recombinant peptide, polypeptide, or protein and
the columun resin are usually fixed constraints, a reduction in contaminant specics has the
ability to improve chromatographic recovery and purification via elimination of undesirable
binding events. Overall reduction of contaminant species, including undesired host cell
peptides, polypeptides, and proteins, can be achieved by removal, modification, or inhibition

of the expression of the genomic regions coding for the contaminants.

General Methods

Practice of the various embodiments of the present invention employs, unless
otherwise indicated, conventional techniques of molecular biology, recombinant DNA
technology, microbiclogy, chemistry, etc., which are well known in the art and within the
capabilities of those of ordinary skill in the art. Such techniques inchude the following non-
limiting examples: preparation of cellular, plasmid, and bacteriophage DNA; manipulation of

purified DNA using nucleases,

ligases, polvmerases, and DNA-modifying enzymes;
mntroduction of DNA ioto ving cells; cloning vectors for various organisms; PCR; gene
deletion, modification, replacement, or inhibition; production of recombinant peptides,
polypeptides, and profeins in host cells; chromatographic methods; ete.

Such methods are well known in the art and are described, for example, in Green and
Sambrook (2012) Molecular Cloning: A Laboratory Manual, Fourth Edition, Cold Spring

Harbor Laboratory Press; Ausubel et al, (2003 and periodic supplements) Current Protocols

-3
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in Molecular Bivlegy, John Wiley & Sons, New York, N.Y.; Amberg et al. (2005) Methods
in Yeast Genetics: 4 Cold Spring Harbor Laboratory Course Manual, 2005 Edition, Cold
Spring Harbor Laboratory Press; Roe et al. (1996) DNA Isolation and Sequencing: Essential
Technigues, John Wiley & Sons; J. M. Polak and James O'D. McGee (1990) fn Situ
Hybridization: Principles and Practice; Oxtord University Press; M. J. Gait (Editor) (1984
{Migonucleotide Synthesis: A Practical Approach, IRL Press; D, M. I, Lilley and 1. E.
Dahiberg (1992) Merhods in Enzvmaology: DNA Structure Part A: Synthesis and Physical
Analvsis of DNA, Academic Press; and Lab Ref: A Handbook of Recipes, Reagents, and
Other Reference Tools for Use at the Bench, Edited by Jane Roskams and Linda Rodgers
{2002y Cold Spring Harbor Laboratory Press; Burgess and Deutscher (2009 Guide to Protein
FPurificarion, Second Edition (Methiods in Enzvmology, Vol. 463), Acaderic Press. Note also
U.S. Patent Nos. 8,178,339; 8,119,365; 8,043,842; 8,039,243; 7,303,906; 6,989,265;
US20120219994A1; and EP 148336781, The entire contents of each of these texts and patent

)

f,

docuroents is herein incorporated by reference.

Dicsignations of £. coli genes change from time to time or are referred to by different
names in different laboratories. For example, 248D 15 also known as #fal}. Any discrepancies
between the . coll gene designations disclosed herein and updated designations can be
ascertained from EcoCye {({EcoCyci3] Keseler et al. (2013) FeoCyc: fusing model organism
databases with systems biology. Nucleic Acids Research 41:D6(5-612 and EcoGene (Zhou et
al. (2013) EcoGene 3.0 Nucleic Acids Research, 41 (D) D613-D624.), which are curated Z.

coli databases well known i the art.

Methods for Deleting, Modifving, and Inhibitine the Exoression of Genes in F, coli

Baba et al. (2006) Mol Syst. Biol. 2:2006.0008, doi:10.1038/msb4 100050, discloses

methods for making precisely defined single gene deletions in £, coli.

Datsenko et al. (2000) Proc. Natl. Acad. Sci. U S 4. 97(12).6640-5 discloses methods
for inactivating chromosomal genes in £, cofi using PCR products.

Stringer ot al. 2012} PLo& ONE 7(9): ¢44841. dot:10.137 Vjournal.pone.0044841
discloses a rapid, efficient, PCR-based recombincering method that can be used to introduce
scar-free point mutations, deletions, epitope tags, and promoters into the genomes of multiple
species of enteric bacteria,

Le Cong et al, (2013) Science 339:819-823; hang et al. (2013) Naswre Biotechnology
3.23

31(3):233-239; Mali et al. (2013} Nature Methods 10(13):857-963; Sander et al. (2014)
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Nature Biotechnology 32{4).347-355; and 1.8, Patent No. 8,697,359 disclose CRISPR-Cas
systems for editing, regulating, and targeting genomes.

Methods for RNA silencing and antisense oligomucleotide inhibition of gene
expression are well known in the art. Note, for example, the reviews in Nanre (2009) 457,
No. 7228, pp. 395-433 and Molecular Cancer Therapeutics (2002) 1:347-355, respectively.

E. ¢oli gene essentiality data can be retrieved from Gerdes et al. (2003) .7 Bacreriol
I85(19):5673-84) which compiles gene esseutiality from their own research as well as the
Profiling of £. coli Chromosome (PEC) database (Hashimoto et al. (20035) Molecular
Microbiology 55(1):137-49; Kato and Hashimoto (2007 Wolecudar Systems Biology
3(132%:132; and Kang Y et al. (2004) J. Bacteriol 186(15):4921-30). Such data can also be

determined empirically.

Freguently Used Exnression Systems for Foreign Genes

Yin et al. (2007} Journal of Biotechnology 127(3%.335-347 reviews the most
frequently used expression systems for foreign genes,

Baneyx (19993 Curr. Opin. Biotechnol. 10(5): 411-21describes protein production in
frequently used host cell systems.

Exaroples of specific . coli parent and host cells useful in the present juvention
inchude the following. These listings should not be construed to be limiting as other £, coli
host cells known in the art are also useful in embodiments of the present methods, and are

encompassed herein.

Table 1.

References Disclosing £, cofi Sirain Genomic Seguences

Table Entry E. coli Strain Reference Genome Size
Number MNumber {Source of Genomic Sequence) {Mb)
Blattner FR, et al. Science 1997
1 E. coli K-12 ; 4.639
. Sep 5:277(5331):1453-62.
Blattner FR, et al. Science 1997
2 £ coli M(GI65S - 4.639
coli MGT6 Sep 5:277(5331):1453-62. ’
3 £. coli BL21 (DE3) Jeong Hm et al. J Mol Biol 2009 456

Dec 11;394(4):644-52

Drurfee et al. J Bacteriol 2008
4 F.ocoli DHIOB 4.69
colf DHIO Apr; 190(73:2597-606
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As indicated in Table 1., &, coli strains useful in various embodiments of the present
imvention inchude K-12 and B strains. C and W strains are also useful. Dertvatives and
substrains of all of these strains, as are known to those of ordinary skill in the art, are also
useful.

Useful K-12 derivatives include, but are not himited to, strains such as W3114,
DHIOR, DHSalpha, DHI, MG1655, BW2952, and their derivatives,

Usetul B strain derivatives include, but are not limited to, B REL606, BLZL, BL21-
DE3, and their derivatives.

Other useful £, coli strains include, but are not limited to, the following, including
their derivatives and substrains:

Alpha-Select Bacteriephage T1-Resistant Geld Efficiency (F- deoR endAl recAl

relAl gyrA96 hedR17(rk, mk.) supE44 thi-| phoA A(lacZY A-argFHYU169

DEllacZAMIS &),

Alpha-Select Bacteriophage T1-Resistant Silver Efficiency (F- deoR endAl recAl

relAl gyrA96 hedR17(vk., mko) supE44 thi-1 phoA AllacZY A-argF U169

@ROlacZAMIS ),

Alpha-Select Bronze Efficiency (F- deoR endAl recAl relAl gyrA96 hsdR17(k-,

mk+) supkE44 thi-1 phoA AllacZY A-argfHYU 169 O80lacZAMIS ),

Alpha-Select (F- deoR endAl recAl relAl gyrA96 hedR17(tk-, mk+) supE44 thi-1

phoA AllacZY A-argFyU169 @ROlacZAMIS A-),

AG1E (endAl rocAl gyrA96 thi-1 relAl ginV44 hedR17(r mg ),

ABIIST (thr-1, araCl4, leuB&{Am), A(gpt-proA)62, lacY 1, tsx-33, gse’-0,

2inV44({AS), gaik2(Gc), LAM-, Rac-0, hisG4(Oc¢), ribC1, mgl-51, rpoS396(Am),

psL31(stuR), kdgk ST, xylAS, mtl-1, argE3{Oc), thi-1),

B215S (thrB1004 pro thi strA hsdsS facZD Mi5 (FlacZD M1S fac? 1raD36

proA proB ') A dapAierm (Erm") pirRP4 [kan (Km") from SMI0]),

BRIYDES (FompT hsdSs(rn mn’) gal dem met (DE3) ),

BIOBiue (recAl endAl gyrA96 thi-| hedR17(k-, mk+) supE4dd relAl lac [F° proAB

lacl¥ZAMIS Told(Teth]),

BL21 (£ coli B F- dem ompT hsdS(ra- mp-) gal [malB J.1,(0%),

BL2ZIATD (F oropT gal dom lon hedSp(rg” mp’) araBrT7TRNAP-tetA),

BL2IDED (F ompT gal dem lon hsdSgirg mp ) MDE3 [lacl lacUV5-T7 gene |

ind1 sam7 nins1}),

BL21 (DE3) pLysS (F— ompT AsdSB{B-, mB-) gal dem {(DE3) pLysS (CamR)),
a0
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BL21-TIR (F- ompT hsdSBIB- mB-) gal dom tonA),
BNNG3 (F tonA21 thi-1 thr-1 leuBo lacYl glnV44 rfbCl thuAl merB eld-(mcrA)
hadR(rgmg Y4,
BNNG7 (BNNO3 (ugth ),
5 BW26434 (A(araD-araB)367, A(lacA-lacZ)514(: kan), lac?’-4000(aci), ¥,

rpoS396{Am)7, rph-1, AlrhaD-rhaB)S63, hadRS14),
C600 (F tonA2] thi-1 thr-1 leuB6 lacYl glnV44 «tbCl fhuAl 1),
CAGSS7 (F lacZiam) photam) tyrElsupCs)] opiam) rpsL{S«™) rpoHfam) 165
zhg::Tull malfam)),

10 CAGH26 (F lacZ{am) photam) lon trp(am) orTsupCiis)] rpsL{St™) mai(am)),
CAGH2S (F lac{am) pho(am) lon supC(is) irp(am) rpsl rpofH{am)iss
zhg:: Tnl0 mal{am)),
CH3-Bhue (F- AmcrA AlQorr-hsdRMS-merBC) B8MacZAMIS AlacX74 recAl
endAl ara A139 Alara, leu)7697 galU galrpsL(Str™) nupG 4-),

15 CSHS0 (F A ara A{lac-pro) rpsh thi fimEIS1),
B1218 (HB101 faci’ lacY"),
dam- dem- Bacteriophage T1-Resistant (F- dam-13:Ta9{Cam™dem-6 ara-
14 hisG4 leuB6 thi-1 lacY 1 galK2 galT22 ginV 44 hisdR2 xylAS mil-
1rpsl136( St™y 11D 1onA31 1x78 merA merBly,

20 DB3.1 (F- gyrAd62 endAl glnV44 A{sri-recA) merB mrr hadS20(m", myp) aral4d
galK2 facY1 proA2 rpsL20(Sm’) xy15 Alen mill),
DH1T (endAl recAl gyrA96 thi-1 glnV44 refAl hsdR17(rg mg Y X)),
DH5a Turbe (F proA+B+ lacl A tacZ M15/ fhuA2 A(lac-proAB) ginV gal R{zgh-
2100 Tnl10)Tet® endAl thi-1 AdhsdS-merB)3),

25 DHI2S (morA A(mrr-bsdRMS-merBC) ¢80d lacZAMI1S5 AlacX74 recAl deoR
Alara, 1eu)7697 araD 139 gall galk rpsL F' {proAB" laclZAMIS)),
DM (F- dam-13:Tn%(Cm™) dom- morB hsdR-M+ gall gal2 ara- lac- thr- leu- tonR

isxR Sul),
E. CLONI® SALPHA (fhuAd2MargF-lacZyUI69 phod giny'44 080 AdlacZ)i5
30 eyrd96 recAl reldl endAl thi-1 isdRI7j,

E. CLONI® 10G (F- mord A(mrr-hsdRMS-mcrBC) endAl recAl OR0lacZAMIS
AlacXT74 araldi39 Alara,leny71697 gall galK rpsl nupG - tonA (StR)),

a1
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E. CLONIY WGE ([F pro ATB+ lacl"ZAMI5:Tnl0 (Tet™)] imerA A(mrr-hsdRMS-
morBCY endAl recAl O80dlacZ AMIS AlacX74 araD139 Alarg,
leayT697 gall galK rpsL nupG h- tonA (SuR)),
E. coli K12 ER2738 (F proA+B+ lact? AllacZ)M15 zzf Tol0(Tet™y fhuAZ ginV
S Alac-proAB) thi-1 AlhsdS-merB)S),

FlectroMax™ DHIOB (FmorA Almre-hsdRMS-morBC)Y BEQaclAMIS
AlacX74 recAl endA L araD39M ara,lew)T697 gall galk Vrpsl nupG),
ELECTROMAX™ DHSALPHA-E (F- 080lacZAMIS A(lacZY A-argF) U169
recAl endAl hedR17 {rk-, mik+) galphoA supE44 A-thi-1 gyrA96 relAl),

10 ElectroSHOX (F- morA Almre-hsdRMS-merBCY BEOlacZAMIS
AlacX74 recAl end Al ara AV39 Mara, lewy7697 gall galKrpsL{St™) nupG W),
EP-MAX™I8B F (mcrA Almrr-hsdRMS-merBC) p80dlacZAM 15 AlacX74 deoR
recAl endAl araD 39 Afara, lew)7697 galU galK rpsL mupG A~/ Flacl"ZAMIS Tl

(Tet™)]),
15 ERITO3(V fhudl AacZivl gin¥'44 el4 (McrAT) trp-31 his-{ rpsl 104 xpl-7 mtl-2

metBl AmerC-mrr}114::0810),

ERIBZY (T ginVdd el {MordA ) vfbDI7 veldl? endd ] spoTi? thi-1 Afmer(-

mrr)i 14::0810),

ER2738 (F prod B lacK AflacZ)MI5 22/ TalO(Tet™Y fhud2 glnV Aflac-proAB) thi-
20 [ AthsdS-mcrB)35),

ER2267 (¥ proA B lacl AdacZiMi5 zofsmini-Tnl0 (Kan™Y dlargF-lacZ)U169

ginVd4 A (Mer ATy rfb DI 7 recAl reldl? endAl spoli? thi-i Afmer(-

mrrdl 14: 0814,

ERZSOT (F ara-14 leuB6 fhud2 AtargF-lac) U169 lacY] glnV44 galK2 rpsl20 xvi-5

N2
2%

mil-5 AtmalB) zic:: TnS(Kand(merC-mranion),

ER2508 (F ara-14 leuB6 fhuA2 AargF-lac)U169 lacY1 lon::miniTni0(Tet™) gin¥Vd4
gulK2 rpsL20(St™) xvl-5 mtl-5 AfmalB) zjc:: TnS{Kan®) d(merC-nrr)umion).

ER2738 (F prod B lacH 4(lacZ)MI5s zzf - Trl O(Tet™Y fhud 2 glnV Aflac-proAB) thi-
{ AthsdS-merB)5),

36 ERZG2S (ara-14 leuB6 fhuA3 ] lacY] tsx78 giny'44 galK2 gall22 mcrA dem-6 hisG4
rfBD] Rizgh210::Tnl0)Tes endAl rpsli36 daml3::Tn9 xylA-5 mil-1 thi-I merB1
hsdR2),

GUS™ ¢ B @8lacsZ A MI5 A (lacZY A-argF)UI169 endAl recAl relAl gyrA96
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hsdBI7 ¢ry, my ) phod supEdd thi-1 A-TIR),

GCI8 (F- mord Aimrer-hisdRMSmcrBC) @80dlacs 4 M1 5 4 lacX74 endAl
recAl 4 fara, lew)7697 araD 39 gallUgalK aupG rpsl A-TIR),

GENEHOGS® (Fmcrd Afmrr-hisdRVMS-merBC) o80lacZAMIS AlacX74 recAl
araD 139 Adaralen) 7697 galll galK rpsh (StrR) endA T nupG fhud: IS2 {confers phage
T1 resistance}),

HB181,

HBMMS174,

HMS174(DE3},

BI-CONTROLU™ BL2ZUDES) (F ompT gal dem hsdSeirg mp ) (DE3)/Mini-
Flacl® (Gent }),

HI-CONTROL™ 18G (F- mord A{mrr-hsdBRMS-mcrBC) end Al recAl
G8Odiac? AM IS AlacXT74araD 139 AMara lei)7697 gall gall rpsL nupG A~

ton AMini-F lacl (Gent),

HT96™ NOVABLUE (endd! hsdR17 (v mmz*) supFdd thi-1 recA] gord96
relAl lac Fliprod B lacFZAMI S Tnl0] (Tet™y),

1126, 131827 INVEES, JMES,

JMIBL (F " 1ral36 prod B lack AdacZ)MI5/ Aflac-proAB) ginV thi),

JME83, JMI0S, IMIb6, JMIGT, JMIGS,

IM189 (F' traD36 prod B lacl® A(lacZiM15/ Aflac-proAB) ginVid el4” gurd96
recAl reldl endAl thi hsdR17),

JMIEB9(DE3), IMI110, IS5, KS1800 (F lacl lac” pro’/ ara ddlac-pro) dtsp)=
Afprej:Kan® edas 1 Tnl{Tet™) gyed(Nal®) rpoR thi-1 argE(am)), LE392,
LemoZ WDED) (A2 flon] ompT gal (A DE3) fdem] AhisdS/ plemo( CamR) ADE3

7

A sBamHlIo AEcoRI-B int::(Jacl: :PlacUV3::T7 genel) i2] Aninl

plemo = pACYCI84-PrivaBAD-lvsY),

LIBRARY EFFICIENCY® DHSA™ (Fo80lacZAMIS AflacZY 4-argFi U169
recAl endAl hsdR17(ry, my )} phoA supE44 thi-1 gvrd 96 reldl J-),
MACHI™TIR (F- ®80/acZAMIS5 AlacX 74 hisdR(GK—, mK+)

ArecA1398 endAl 1onA),

MAX EFFICIERNCY® DHIOB™ (Fomerd Admre-bisdRMS-merBC) o80lacZAMIS
AacX74 recAl endAl araD139 Nara, lew)7697 galU galK A-rpsl nupG

pMONITL272 / pMONTI24),
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MC1661, MC4100, MDS™ Q2(MG 1655 fhuACDB(del) endA{del) + deletion of 699
additional genes, inclhuding all IS elements and cryptic prophages as listed in Posfai
et al. (2006) Science (312}:1044-1046), MFDpir,

NEB Express ff/MiniF lacl” (Cam™) / fliud2 flon] ompT gal suldl] Rimer-

73 miniTnd 0--Tet)2 fdem] Rizgh-210::Tnl0--Tet®) endA ] AimerC-mer)114::3810),
NEB Express, dam \dcm

NEB S-alpha (iud2 AtargF-lacZy U169 phod ginV44 @804 (lacfiMI15 gyrAS6
recAl reldl endAl thi-1 hsdR17),

NEB 10-beta (Afara-few) 7697 araD 139 fhud AacX74 galKi6 gaiEis el4-
D80MacZAMIS recAl reldl endAl nupG rpsL (St rph spoTI Afmrr-hsdRMS-
merBCH),

NICo2 V(B3 {can::CRID fhuA2 llon] ompT gal (A DE3) [dem] arnd::CBD

sty CRD glm86Ala AlsdS 2 DE3 = L sBamHIo AEcoRI-B int::(lack: :PlacUV5::T7
genel) i21 Anins),

NM322 (F prod B lacl AflacZ)M15/ Ailac-proAB) glnl thi-1 A(hsdS-mcrB)S),
NOVABLUE ™ (endA [ hsdR17 (txy Mgy ) SupEdd thi-1 recAl gvrAY6 reid
lac F'iprod” B lacH7ZAMI S Trld] (Tet™)),

MNovaF- (Fendd! hsdR17 {rxin wiay ) suplidd thi-1 recAl gyrA96 reldl lac),
NOVAXGE ZAPPERS™ (merd Almer(C

mriy endAlvecAl oR03lacZAM IS AlacX74araD 39 Aara-

lew)7697 galllgalKrpsLaupGh tond FllaclTul0] (Tet™)),

OMNIMAX™2TIY (F" {proAB+ lacly lacZAMIS Tnl0{TetR) AlccdAR)} merA
A{mrr-fisdRMS-merBC) O88lacZAMIS AllacZY A-argF)

UL6Y endAl recAl supB44d thi-1 gyrAS6 relAl fonA panbd),

ONE SHOT ® BL21 STAR ™ (DE3) (FrompT hsdSB (rB-, mB-} galdcminel3]
(DE3)),

ONESHOT® TOP1H (F- merd A{ mer-hisdRMS-merBC) @3GacZAMIS

AlacX T4 recAl araD 139 Al aralewyT7697gallU galK rpsL (StR} end Al nup(3),
ORIGAMI ™ (A{ara-len) 7697 AlacX74 Aphod Pyvull phoR araD 139 ahpC galF
galK rpsLETiac" lack pro] (DE3)gor522: Tl 6 trxB (Kan®, S, Tet™y),
ORAGAMI™ 2 (diara-lew) 7697 AlacX74 dphod Pvull phoR aral?139 ahpC galE
galK rpsi, Filac” lack proj gor522:Tni0 orxB (81", Tet"™)),

OVEREXPRESS™ C41(DE3) (F - ompT hsdSB (rB- mB-) gal dom (DE3)),
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OVEREXPRESS™ C4UDENFLYSS (F - ompT hsdSE (vB- mB-) gal dem (DE3)
pLysS (Cm™Y),
OVEREXPRESS™ C43(DE3) (F —ompT hsdSB (#B- mB-} gal dem (DE3)Y),
OVEREXPRESS™ C4NDENPLYSS (F — ompT hsdSB (rB- mA-) gal dem (DE3)
S pLysS (Cm ),
POP2I36/pFOSY(F ginV44 hsdRI7 endAl thi-1 aroB mal cI857 lambdaPR),
PRIOIN(F thr: Tl O(Tot™ dnad259 leu fhudl laci90(oc) lacY glnV44 thi),
ROSETTA ™ (Fomp? hsdSu(ry mp)) gal dem pRARE (Cam™)),
ROSETTA™(DE3)PLYSS (FompT hsdSp(rs” my’) gal dem (DE3) pLysSRARE?2
10 (Cam™)),
ROSETTA-GAMP™ (Aara-lewy7697 AlacX74 Aphod Pyull phoR araD139 abpC
galf galK rpsk ¥liac” lack pro) gor522:Tnl el pRARE? (Cam®, Str%, Tet™)),
ROSETTA-GAMI™(DEDPLYSS (Alara-leuy7697 AlacX74 AphoAd Pvull phoR
aral?i39 ahpC galE galK rpsi (DE3Y Fllac” lack prolgor522:Tall
15 B pLysSRARE? (Camt™, Str™, Tet™)),
RRI1, RV388, SCARABXPRESS® TTLAC (MDS™Y 2 multiple-deletion strain (1}
with a chromosomal copy of the T7 RNA Polymerase gene),
88328 (FlprodB+HlaclglacZAMIS Tl (et Y hsdR morB araD 139 AdfaraABC-
lew)7079 AlacX74 gallgalK vpsL thij,
20 SHUFFLE® (F' lac pro lacl?/ Afara-leu)7697 araD 123 fhuA? A(lac)X74
A{phoAPvull phoR ahpC* galF (or U) galK Akatt::pNEB3-r1-¢DsbC (SpecR, lacl®)
AtrxB rps LISO(SER Y Agor A{malF)3),
SHUFFLE® T7 ' lac, pro, lacll | Afara-lew) 7697 aral} 139 fhud2 lacZ:: T7 genel
Aphod)Pvull phoR ahpC* galE (or Ul galK Aatt pNEB3-r-
25 eDshC (Spec”, lacly AtrxB rpsL150(St") Agor A(malF)3),
SHUFFLE® T7 EXPRESS (hud? lacsZ::T7 genel {lon] ompT ahpC gal
AattpNEB3-r1-cDsbC (Spec®, lacly ArxB suld 1] Rimer-73: iminiTnli--Tet®)2
[demn] Rizgh-210::Tnl0 --Tet™y endA i dgor AmerCemre) F14::1810),
SOLR (e14-(McerA-)y A(merCB-hsdSMR-mrry i 71 sbeC recB recd uveC umuC:2Tnd
30 (Kan'y lac gyrd96 reldl thi-1 endAl iF [F proAB laclZ AM15T° Su-),
SCSIG, STBL2™ (F- endA] ginV44 thi-1 vecAl gyvA96 reld] Aflac-proAB) merA
AfmerBC-hsd RMS-mrr) 1),
STBL3™ (F- ginV44 recAi3 merB mrr hsdS20(rB-, mB-) ara-14 galK2 lacY i proA2
rpsL 20 xvi-5 lew mitl-13,

a5
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STBLA™ (endd] giny'44 ihi-1 recAl gyrA96 reldl Aflac-proAB) mord A(mcerBC-
hsdRMS-mrr) & gal F'f prodR lack lacZAMIS Tnld]),
STELLAR™ (F— endAl, supFE44, thi-1, recAl, reldl, gyrA96, phod, D80d luci s
M5, 4 {lacZ¥Y A4 - argF} Ul69, A (mir - hsdRMS - merBC), Amerd, i—).

S SURE (endAl ginV44d thi-1 gyrAS6 reldl lac vecB recd sbeC umuC::Tnl uvr el4-
AfmerCB-hsdSMR-mrr) 171 F'f prodB’ lack lacZAMIS Tnl),
SUREZ (endA ! glnVid thi-1 gyrA%6 reld ] lac vecB recd sbeC umuC:Tns uyr(C el4-
A(merCB-hsdSMR-mrs) 171 F'f proAB” lact? lacZAM15 Tnl0 Amy Cm"}),
T7 Express Crystal (ffid2 lacZ::T7 genel flon] ompT gai suldll Rimcr-

10 73:miniTni0--Tet®)2 fdem] Rizgh-210::Tunl0--Tet) endAl metBI AfmerC-
mrep i 14::0810),

T7 Express lst\}q (MAniF s Y laci(Cam™) / fhud2 lacZ:: 77 genel [lon] omp¥ gal
suldl] Rimer-73::miniTnl0--Tet*)2 [dom] Rizgh-210::Tnl ()MTe‘iS) end Al Aimer(-
mrr) 114::0810),

15 T7 Express eV (MiniF s Y (Cane™) / flid 2 lacZ:: 77 genel flon] omp¥ gal suldl]
Rimer-73::miniTnl 0--Tet®)2 [dem] Rizgh-210::Tnl0--Tet™) endd] A(merC-
mrr)i14::0810),

T7 Express i MIniF Jacl(Ca™y / frud 2 lacZ::T7 genel [lon] ompT gal suldl]
Rimer-73:miniTnd 0--Tet™)2 fdem] Rizgh-210::Tnl0--Tet®) endAl AfmerC-

20 mry)114::0810),

Y7 Express (fhud locZ::T7 genel [lon] ompT gal suldll Rimer-73::miniTni(--

Tet®)2 fdem] Rzgh-210::Tnli--Tet™) endAl A(merC-mrr)d14::3S10),

TR (F ara Aflac-prodB) [®©80dlac AfacZ)MI5] rpsL(Str®) thi hsdR),

TGL (F' [tral336 proAR lacl’ lacZAM15)supE thi-1 Aflac-proAB) A(merB-hsdSAM)S,

(rxmx ),

THUNDERBOLT™M GCL0 (F- mord 4 (mrr-hsdRMEmerBC) @80diacsd 4 315

DlacX74 endAlrecAl A (ara, lew) 7697 araD 139 galU galK nupG rpsl 1 A-TiRY,

UTS600 (F ara-14 leuB6 secA6 lacY1 proCi4 tsx-67 AfompT-fepCi 266 entA403

N2
j@ 2]

trpE38 rfb DI rpsL 109 xvi-5 mil-1 thi-1),
36 VEGGIE™ BLIVDES) (FompT hsdSp(ts” wp’) gal dem(DE3)), W3118 (JB5787),
WH3064,
XLi-Blue (endAl gyrA96(nal™) thi-1 recAl relAl lac glnV44 FT = Tnl0
proAR laclA(lacZ)aM 157 hsdR17(1x mg )},
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XL.3-Blue MRE'(Almerd3 183 AMmerCB-hisdSMR-myryi73 endAl supEdd thi-1

recAl gvrd96 reldl lac [F' proAB lacl®ZAMIS Tull (Teld }]),

XL2-Blue (endA] gurd96(nal®) thi-1 recAl veldl lac glnV44 F'f ::Tnll)

prodB” laclAdlac?)MI5 Amy Co"] hsdR17(ry mx ),

X1L.2-Blue MRF (endd/ gyrAﬁQé(naZR) thi-1 recAl reldl lac ginV44 el4- A{mer(B-

ASASMRB-mrri 171 reeB recd shbeC umuC TS wyrC F{ i Tull

proAR " lacBAflacZ)MIS dmy O]},

XLi-Red (F- endAl gyrA96(nal’) thi-1 reld] lac glnVad hsdR17(ry my ') mutS mutT

mutDS Tnli),

XE30-Gold (endd] ginVid recAl thi-1 gywAV6 reld] lac Hie dtmerd} 183 A(mcr(CB-

hsdSMR-mer) 173 tel® Fi{proAR lacl7AM15 Tnlt(Tet” Amy Cm™)}), and

XL10-Gold KanR (endAl ginV44d recAl thi-1 gyrd96 reldl lac Hie 4(mcrAd)} 83

AfmerCB-hsdSMR-mrr} 173 ter® F'lprodB lacF74M15 TnlO(Ter™ 4my Tu5(Kan™)]).

The following examples are provided to lustrate various aspects of the present
imvention, and should not be construed as Himiting the invention only to these particularly
disclosed embodiments. The materials and methods employed in the examples below are for
iltustrative purposes, and are not intended to himit the practice of the present invention
thereto. Any materials and methods similar or equivalent to those described herecin can be

used in the practice or testing of the present invention.

Example 1

Identification of Host Cell Proteins Associated With a Specific Product,
Histidine-Tagged Green Fluerescent Protein,
as a Comparative Example
This comparative example demonstrates the wdentification of proteins of the 120 mM

imidazole fraction (Ni(1l} IMAC) and subsequent gene deletions. It demonstrates how to
eliminate host cell contaminants for a specific target recombinant product, Green Fluorescent
Protein (GFPuv), extended by a histidine-rich affinity tag (Hise-GFP). Hisg-GFP elutes
similarly to other histidine-tagged proteins found in the literature. While this example
discloses three gene deletions that, 1 principle, would enhance the purity of the desired
product, the knockouts of cyod, adh P, and v/BG and their subsequent lack of expression does
not favorably impact column capacity. These three proteins are insignificant in the

metalloproteome of £, cofi. Thus, no changes to the separatome are disclosed that lead to an
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overall increase in separation cfficiency. The text of this example is an annotated version of

the inventors’ work described in Liv et al, (2009) /. Chromatog. A 1216:2433-2438.

Strains, plasmids, and growth conditivns

Escherichia coli BL21 DE3 expressing GFPuv tagged with HHHHHH (Hisg) (SEQ ID
MNO 1y were constructed using basic molecular biology techmiques, PCR primers F {57~
GCCAAGCTTGTGGCATCATCATCCGCATATCGAGTAAAGGAGAAGAACTTTTC-37)
(SEQ ID NO:2) and R (S -TTGGAATTICATTATTTGTAG AGUT-37) (SEQ ID NO:3)
containing Hind I and FeoRT sites (umderlined correspondingly), were used to ampiify and
extend GFPuv. These enzyracs were used to digest the PCR fragment and the parent plasmid.
T4 DNA ligase was then used to construct a new vector that was built from the PCR-
extended gene and the major part of the pGFPuv plasmid. Transformants were selected in LB
agar containing SO pg/mi ampicillin. £, coli cells were grown in Luria-Bertant (LB) overnight
and inoculated in a 2-liter flask containing 500 ml MY supplemented with 10 g/l ghucose
such that the initial dggo was (L1, To express Hise-GFPuv, 4% inoculations of overnight
cultures were made in SO0 mL LB and induced with | mM of TPTG after 1-2 hours.
Fermeuntations were carried out at 37°C and the agitation speed of the shaker was set at 200
rpm. Cell pellets were collected by centrifuigation at S000 g and frozen at -80 °C before cell

lysis.

Sample preparativn and chromatography

Cell peliets were suspended in 20 ml 1X native purification buffer (50 mM NaH,POy,
pH &.0; 5860 mM NaCl) combined with 100ul Triton X-100, 301 100 mM MgCls, 20ul
phenylmethylsulphonyl fluoride (PMSFE) and 100ul 100 mg/ml bysozyme. The mixture was
sonicated on ice at 4W for 30 min using a Vibra coll ultrasonifier (Fisher Scientific,
Pittsburgh, PA, USA), and centrifuged at 5000 rpm for 20 miun. The supernatants were
collected and passed through a 0.45um filter before colurnn loading.

For experiments identifying natural contaminants or to follow the adsorption and
elution of Hisg-GFP, the cleared lysate was applied to 4 mi ProBond nickel-chelating resin in
an open column followed by equulibration using 1 X native purification buffer (5X native
purification buffer, as supplied with the resin, 15 comprised of 250 mM NaH2PO4, pH 2.0,
2.5 M Na(l). Step elutions were carried out with native purification buffer with the following
tmidazole concentrations: 60mM, 80mM, 100mM, 120mM, and 200mM. This was followed

by a 300mM EDTA clution. The chution volumes for each step were 24 ml, or 6 column
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volumes (CVs), and applied at an approximate flow rate of 0.5 m/min. Fractions were
collected and measured for protein concentration with a BCA Protein Assay Kit (Pierce,
Rocktord, 1L, USA) and/or assayed for GFPuv in triplicate with a Tecan Infinite M200 96-

well plate reader with exeitation/emission spectra set to 395/509 nm.

SDS-PAGE and mass spectrometry

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was
performed for 6 hours at 180 V. Gels were stained with Coomassie Blue. The Genomics and
Proteomics Core Laboratories at the University of Pittsburgh performed the protein
wdentification. To account for the experimental accuracy of the measurement, three spots were
excised from cach band and cach digested with trypsin. Peptides were separated by liquid
chromatography (LC), then identified by tandem mass spectrometry (MS/MS) fragmented by
collision-induced dissociation. MASCOT v2.1 (Matrix Science, Boston MA USA) was used
to match LC/MS data with £, cofi proteins. For positive identification, spectral data from

each of the three spots matched.

Functional prediction of identified proteins in 120 mM elution fraction

Functional classification of all identified proteins was based on the Profiling of
Escherichia coli chromosome (PEC) database (Hashimoto et al. (2005) Molecular

Microbiology 55: 137-149),

Censtruction of knockout mutanty

All the knockout nutants of this Exarople were generated with the same deletion
systen: according to the manual accompanying the Quick and Easy £. coli Gene Deletion Kit
{Gene Bridges, Heidelberg, Germany). This kit uses plasmid pRedET o facilitate
homologous recombination events. During the progression of the work, a triple mutant of
BL21 {dcvoddvfbGAadhf) was constructed through a series operation consisting of
recombination, selection with kanamycin, confirmation, and removal of the selection marker

using flipase recognition site (FRT flanked kanamyein gene).

Southera blot analysis
DINA probes used for Southern hybridization were prepared from PCR-amplified
fragments. Probes were labeled according to the manual of Amersham Gene Inages Random

Prime Labeling Kit (GE Healthcare). Genomic DNA was isolated from knockout mutants
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using standard protocols. DNA samples were digested with Bam HI, separated by
electrophoresis on 1% agarose gels, transferred to Amersham Hybond-N+ membranes (GE
Healthcare), and then baked at R0 °C for 2 hours. The probes were hybridized to these blots
and detected according to the protocol of the Gene Images ECL Detection Kit (GE

Healthcare).

SDS-PAGE evalustion of CyoA, YibBG and AdhP knockout in mutant strains
Cell preparations of BL21, mutants, and chromatography fractions were evaluated by

SDS-PAGE. Approximately 15ug sample/well were loaded into a 12% acrylamide gel.

Fdentification of knockout candidates and confirmation of their deletion

A total extract of E. colf protein was loaded to the ProeBond nickel-chelating column
using 1X native purification buffer (5X native purification buffer, as supplied with the resin,
is comprised of 250 mM NaH2P0O4, pH €.0. 2.5 M NaCl). Step elutions were carried out with
native purification butfer with the following imidazole concentrations: 60mM, Q0mM,
100mM, 120mM, and 200mM. Figure 3 shows the protein concentrations in cach fraction
normalized to the total protein used for column loading. The bar graph indicates order of
magnitude changes in the total protein encountered with cach imidazole challenge. Note that
the elution fraction containing the 120 M iraidazole fraction contained the least amount of
protein. Coincidentally, this fraction that contains low host cell protein is also the fraction
where Hise-GFPuv elutes.

SDS-PAGE and LC-MS/MS were used to identity the cellular proteins present in the
concentrated sample of pooled 120mM inudazole elution fractions. A total of 18 proteins
were identified (Table 2), with cyod, yfbG, and ada P sclected for deletion due to lack of
essentiality. Soothern blot analysis and gel electrophoresis indicated lack of expression of the
three gene products eyvod, y/DG, and adhP. Figure 4 shows this confirmation due to tack of
spots associated with positive hybridization and bands of the molecular weights of these
producis, respectively.

Table 2,
Proteins eluted at 128 mM from a Ni(I}-NTA column

dnak
yihis
adhP
cyoed
vpiB
sivD
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nagh
ahpC
rpsG
wpiC
rpsE
rpldM
Fur
Hypothetical protein
ECs2542
rpl
ipsi
Hus
rpil

These results demonstrate that it is possible to apply a himited set of data and to
produce a knockout strain that might be capable of enhancing the purity of a recombinant
peptide, polypeptide, or protein. [t is used as a comparative example to ilustrate the lack of a
rigorous methodology to identify specific changes to the host cell that lead to an altered
separatome capable of broadly improving separation efficiency, and colamn capacity in
particular, regardless of desired recombinant product. By focusing on the contaminants of g
single specific his-tagged protein in a particular cohumn fraction, Lin et al. (2009) J.
Chromatog. A 1216:2433-2433 fails to even consider the principle of prioritizing host cell
contaminant protemns that, if deleted, modified, or inhibited, would significantly improve
column capacity and/or selectivity (“chromatographic separation ctficiency”) for a wide

variety of different recombinant peptides, polypeptides, and proteins as disclosed and claimed

Example 2
Construction of as Ion Exchange Separatome of &, colf
angd its Use to Design and Build
Movel Host Strains for a Common Chromategraphy Resin

This exanmple describes the process by which a separatome is constructed for g
chromatography resin and subsequently used to guide modifications to £, cofi to
imcrease chromatographic efficiency. 1t begins by describing how data are acquired by
fractionating an extract derived from fed batch growth over a DEAE 1on exchange bed,
and continues by constructing the separatome — a data structure that inchudes
information on the genes responsible for identified proteins coupled to a quantitative

scoring to rank order molecular biology efforts that lead 1o a reduced separatome.
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Finally, construction of example strains is described, concluding with information
regarding high priority strain modifications necessary for significant gains in separation

etficiency through their deletion, modification, or inhibition.

Section £,

Cloning Strains and Vectors

E. coli strain MG165S (K-12 dertvative) was selected as the base strain for cell line
modification because of its widespread use and lack of commercial license. Its genotype is F
lambda rpk’', meaving that it lacks an F pilus, the phage lambda, and bas al5 codon frame-
shift as result of the rph 1bp deletion (Yale University. . cofi Genetic Stock Center
Database. 2013). This frame-shift interrupts the pyr£ gene and reduces pyrimidine fevels
{Jensen et al. (1993) Jouraal of Baciteriology 175(11%:3401-7).

Plasmid pKD46 was used as part of the %-red recombination system. This plasmid
ampicillin resistant and replication is temperature sensitive. For plasmid maintenance, growth
is at 30°C and the plasmid can be removed by growth at 37°C without antibiotic pressure.
The plasmid encodes for lambda Red genes exo, bet, and gam, and includes an arabinose-
inducible promoter for expression (Datsenko et al. (2000) PNAS 97(12):6640--5). The
plasmid was provided in conjunction with MG1655 from the Yale £ Cofi Genetic Stock

Center (New Haven, CT).

Expression Strainy and Vectors

E. coli strain BL21 (DE3) was used for initial cell culture and cell lysate preparation.
Its genotype is F- omp T hsdSB(rB~, mB—} gal dem (DE3). The strain and genotype was
provided by Novagen (EMD-Millipore/Merck). The cell line was transformed with a
recombinant pGEX plasmid provided by Dr. Joshua Sakon (Department of Chemistry,
University of Arkansas). This plasmid, pCHC305, contaius the genetic information for the
recombinant fusion protein, glutathione-S-transferase — parathyroid hormone — collagen

binding domain (GST-PTH-CBD, 383 amino acids).

Storage Strains and Vectors
For storage of DINA constructs, £. colf strain DH3a was selected. Hs genotype is /-,
AfargF-lacy 169 o80dlacZS8IMI15) Aphod ginV44(AS)8 i~ deoR481 rfbC gyrAS6(NalR) I

recAl endAl thiE ] hsdR17. DHS is a non-mutagenized devivative of DH1, which transforms
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maore efficiently due to a deoR mutation. The recA mutation eliminates homologous
recombination and minimizes undesired modification to stored plasmids,

pUCTY was used as a DNA storage vector, It is a high copy number plasmid that carriers
ampicillin resistance. This plasroid was provided in corjunction with DHSa from the Yale £

Coli Genetic Stock Center (New Haven, CT).
4

Liguid Growth Media

M9 medium was used where a minimal defined medium was required. M9 Medium
was made in 3 separate stock solutions: glucose solution (500g/L), trace elements (2.8 g of
FeSod4-TH20, 2g of MuCi2-4 H20, 2.8g off CoCl2-7TH20, 1.5g of CaCl2-2 H20,02 g
CuClZ-2 H20, 0.3 g of ZnS04-7 H20), and 5x M9 (75¢ of KZHPO4, 37.5 g of KH2PO4,
i0g of citric acid, 12.5 g of (NH4)2504, 10g of MgS04-7 H20). Each of these cornponents
must be autoclaved individually to rminimize salt precipitation. To prepare 1L of M9, 20 ml
of the glucose solution is mixed with Iml trace element sohution, 200mli of 5x M9, and
enough water to bring the final volume up to 1L {approximately 780 mi}.

Where rich medium was required, Luria-Burtani (LB} Medium was used. LB powder
was purchased from Difco and was prepared per the manufactarer’s instructions: 20¢ LB

powder per 1L of mili(} water.

Solid Growth Media

Solid MY medium was prepared as previously described for liguid M9 with the
addition of agar to the water and concentrated M9 solution prior to sutoclaving. To prepare
500val of M9 agar, 7.5¢ agar, 100md of 5x M9 solution, and 300ml of water are mixed and
sutoclaved. Added to this is 10 ml sterile glucose solution (300g/L), 500ul trace clements,
and enough sterile water to bring the final volume up to 500ml The other solid medim used
was LB agar, which was prepared the same as the LB hquid medium described carlier plus

the addition of 7.5g agar per liter.

Fed-Batch Cultivation

Fed-batch cultivation was used to prepare the cell lysate for use in downstream
protein purification and identification of patively expressed proteins. The cell line used was
BL2ZKDE3ypCHC305. To begin fermentation, a single colony was isolated froma LB
ampicillin agar plate and transferred to a Swl culture tube containing hiquid LB plus
150ug/mi ampicillin. This culture tube was aliowed to incubate overnight at 37°C. After
overnight growth, the Sl cultare tube is supplemented with 100mi of M9 with ampiciilin
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and allowed to grow at 37°C for six to eight hours. This 100mi culture is then centrifuged at
4750 rpm for 25 minutes (Beckman Coulter Allegra) and re-suspended in 50 mi of fresh M9
medium with 150ug/ml ampiciilin, This culture was used as the wnoculant for the fed-batch
growth. The 3-hiter Applikon bioreactor (Foster City, CA) contained 1 liter of MO plus
150ug/mi ampicillin and Tmi silicone anti-foam.

The Applikon unit was equipped with BioXpert Advisory software from Applikon, an
Applisense pH probe, and a dissolved oxygen probe. To roaintain proper dissolved oxygen,
the reactor was supplemented with pure oxygen provided by a compressed gas cylinder with
a controliable flow rate. To insure effective gas dispersal, the culture was initially stirred at
750 rpm and was later increased to 1000 rpm based on cell density. Adjustments in oxygen
delivery were made as necessary during the process to ensure that the dissolved oxygen
concentration did not drop below 35%. The pH was maintained at approximately 6.8 (with a
range of 6.75 to 7) during the cultivation by adding 7M NH4OH as needed. Temperature was
maintained at 37° C using 4 heating jacket and cooling loop. Optical densities were
monitored using a Bugeye optical density probe (Buglab, Foster City, CA) and a2 DUZ00
Beckman Coulter spectrophotometer (Brea, CA). A linear correlation for the Bugeve
response to the actual optical density {OD) as measured by the spectrophotometer was
determined for cach individual experiment.

The fed-batch fermentation process has two phases, a batch phase and a feeding
phase. In the batch phase, the culture uses only the carbon sources provided in the media at
the start of the caltivation and no nutrients are fed to the reactor. This phase lasted
approximately 7 - & hours, depending on the lag phase of the culture and how rapidly the
culture grew on the initial carbon substrate. The shift from batch phase to feeding phase can
be determined by two indicators, a rise in pH and a sharp dechne in oxygen concentration,
which indicate that the initial carbon substrate has been depleted. In the fed-batch
experiments, these two events occur sinmthtancously and are displayed by the Applikon
software. The feeding profile used for fermentation experniments is based on that of a
collaborator (McKinzie Fruchil) and was origimally proposed by Korz et al. (1995) Journal
of Biotechnology 39(1):59-65 and Lee et al. (1996) Trends in Riotechnology 14(3):98-105. A
feeding profile was programmed into the Applikon software that mimics the exponential feed
based on substrate concentrations.

An exponential fed-batch fermentation method commonly used to pre-determine the
amount of glucose that should be fed into the reactor to achieve a certain growth rate was
proposed by Korz et al. and Lee et al.| supra:
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M) = F(O15:(6) = (5-—- + m) XV = ( Y”

+ m) XtV (tp)exptt=te)
'x/s Ax/5

Eguation 4

where M, is the mass flow rate (g/h) of the substrate, £ 1s the feeding rate (Vh), 8¢ is the
concentration of the substrate in the feed (g/1), u is the specific growth rate (1/h), ¥y /5
represents the biomass on substrate yield coefficient (g/g), m 15 the mamnienance coefficient
{g/g h), and X and ¥ represent the biomass concentration {g/1) and cultivation volume (1),
respectively. The vield coefficient for £, coll on glucose is generally taken to be 0.5 g/g
{(Korz ¢t al, supra; Shiloach et al. (2003) Biorechnology Advances 23(5%.345-57). The
maintenance coefficient is often 0.025 g/g h (Korz DJ et al,, supra). This equation has been
widely adapted for fed-batch fermentation processes, as exponential feeding allows cells to
arow at a constant rate (Kim et al. (2004) 26(3%:147-50).

Druring fed-batch fermentation, the cells were left un-induced to prevent/minimize the
addition of the recombinant protein to the native protein pool. This strategy provided the
stress associated with plasmid maintenance common to all bacterial fermentations where the
gene for the target peptide, polypeptide, or protein s housed on a plasmid. Furthermore, this
strategy permits the derivation of a separatome that is not biased by large amounts of target
peptide, polypeptide, or protein, atiesting o the universal nature of the approach. The
fermentation was allowed to grow for a total of 24 howrs from inoculation to harvest. At the
end of the fermentation process, cells were harvested from the reactor by puraping the reactor
contents into cendrifuge botties, The reactor contents were then centrifuged at 12,000xg for
30 manates at 5°C (Beckman Coulter Avanti, JLA-10.500 fixed angle rotor) to separate the
cell peliet from the media. The pellet was separated into four 50ml conical bottom tubes for
storage at -20°C.

Lysate Preparation

Oune of the 50mi pellets (58.9g) was re-suspended in 150mi of 25mM Tris bufter, pH
7. To enable cell lysis, 2 mg/mi tysozyme were added to the mixture. In addition, 1mM
phenylmethylsulphony! fluoride (PMSF), 20ug/ml aprotinin, and ImM cthylenediamine-
tetraacetic acid (EDTA) was added to minimize protein degradation. The muixture was then

incubated on ice with stirring for 30 minutes to yse the cells. The mixture was then
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centrifuged at 50,000xg (Beckman Coulter Avanti, JA-25 .50 fixed-angle rotor) for 30
minutes at S°C to separate the proteins from the cell debris.

The proteins 1n the supernatant were carcfully pipetted out of the centrifuge tubes, to
miniroize contaminants from the fusoluble fraction, and were clarified by syringe filtration
through 0.45um cellulose acetate. Lastly, the total protein concentration of the cell lysate was
determined by using a Bio-Rad DC Protein Assay which is a detergent compatible
colorimetric assay that is read by spectrophotoraeter at 750nm (Beckman Coulter DU 800
HP}. Bovine serum albumin standards were used to determine the baseline correlation

between protein concentration and absorbance at 750nm.

Fast Protein Liguid Chromatography

Fast protein hiquid chromatography (FPLC) was used to separate the natively
expressed proteins into groups based on the salt concentration at which they elute, which
correlates to their surface charge. The chromatography was performed using an Amersham
AKTA FPLC. The system consists of dual syringe pumps {P-92(), gradient mixer, a monitor
{(UPC-900) for UV (280nm), pH and conductivity, a fraction collector (Frac-900) and

UNICORN® V3.21 data collection and archive software.

Resin

For the initial separatome database development, dicthylaminocthyl cellulose (DEAE)
was sclected as the ion exchange (IEX) resin due to its prevalence of use in industrial
manufacturing, Specifically, the colamn used was a Iml HiTrap DEAE FF from GE
Healthcare. DEAE is a weak anion exchanger, meaning that i is a positively charged matrix
with a narrow working pH of 2-9 (GE Healthcare. Instructions 71-5017-51 AG HiTrap ion

exchange columns, 1-24.).

Bujffer Composition
25mM Tris buffer, pH 7, was selecied for ali of the FPLC purification steps. The
ltoading buffer contained 10mM NaCl to rotnimize non-specitic binding (Bufter A). The

clution butfer contained 1M NaCl, which is sufficient to desorb bound proteins (Buffer B).

Column Loading Conditions

Prior to loading the column, the system was washed with buffer A uotid
equilibrium was achieved (roughly 10mi). At this point, all system monitors were base-lined.
The column was loaded at 10% breakthrough as per industry standard. The amount of total
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tysate to be applied to the column to achieve this breskthrough was determined as follows.
According to GE Healthcare, the dynamic binding capacity (DBC) of HiTrap DEAE FF is
110 mg HSA (human serurn albomin)/ml solvent (resin}. This nurober gives the amount of
protein that can be bound per milliliter of vesin. The next step was to determine what
percentage of the native proteins bound to the DEAFE resin at pH 7. To do this, Smi of lysate
was loaded on the column and washed with 10m] of buffer A. The flow-through was
collected in a single fraction. The coluron was then washed with the buffer B and the
resulting flow-through was collected. Both fractions were then analyzed for their total protein
concentration using the previgusly mentioned Bio-Rad assay. The amount of tysate (mli) to

load onto the columm was determined by the following equation:

G,
/Obc-una‘, * (:I

{ysate (ml) =

Equation 5

where DBC 6 the dynamic binding capacity of the resin {mg/ml), Yonr is the desived percent
breakthrough, V. is the volume of the column (ml), %youna 18 the percent of the total lysate
that binds to the resin, and Cy is the protein concentration of the lysate (mg/mi).

The colurnn was loaded at | ml/min and then washed with 10 column volumes (CV)
of buffer A to remove any unbound proteins. The unbound fraction was collected for later

analysis.

Column Elution Conditions

To identify where the bulk of the bound proteins eluted, the proteins were desorbed
through roughly 100mM salt steps from 10mM to M. This process allows for the
identification of the priority salt fractions that need to be spaced out into smaller steps for

later analysis.

Table 3. 189 Flution Windows

PCT/US2014/056013

Step#| % B MNa{(’l Step
{mVi) Length
{CV)
wash 0% 1¢ 10
i 10% 109 5
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2 20% 208 5

3 30% 347 5

4 40% 4036 5

S 30% 505 5

6 60% 604 5

7 70% 703 S

8 86% 802 5

9 90% 901 5

10 100% 1000 5
clean 1306% 1060 5

PCT/US2014/056013

The flow rate was maintained at 1mi/min and the pressure Hmit was set to 4.5 MPa

for the duration of the experiment. During clution, all fractions were collected and
immediately stored at 2°C to reduce protein degradation. After all of the proteins have been
desorbed in the 1000mM step, the fraction collector is stopped and the cofumn is cleaned
with buffer B to ensure all proteins have been desorbed and washed out of the colurmn. The

column is then washed with sufficient buffer A to re-equilibrate the column.

For tiner focusing on the primary clution windows, smaller 5% steps are used {Table

Tabie 4, 5% Flution Windows

4}, In this instance, the focus was on the 10mM to S00mM window.

Step # % B NaCl Step
{m b} Length

(CY)

wagh % 16 26
i 5% 59.5 5

2 10% 109 15

3 15% 158.5 15

4 20% 208 5

5 25% 257.5 15

6 30% 307 15

7 35% 356.5 5

8 4% 446 15

g 45% 155.5 15

10 50% 505 5
wash 100% 1066 20
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Analvtical Assays

Sumple Processing

Prior to the samples undergoing further analysis, they were concentrated using 2 GE
Lifesciences Vivaspin 20 (5,000 MWCQO). This reduced the 20ml fractions to 2ml total
volame. This was sphit into two 1ml samples, one was sent for LC-MS/MS, and the other was

kept for SDS-PAGE.

Protein Gels — SDE-PAGE

Sodiura dodecyl sulfate-polyacrylamide gol electrophoresis (SDS-PAGE) was used to
observe the approximate number of proteins in each FPLC salt fraction and their molecular
weight. Prior to SDS-PAGE, the samples were desalied by buffer exchange. To do this, the
previcusly mentioned [mi sample of the desired fraction was concentrated in a GE
Lifesciences Vivaspin 2 (5,000 MWCQ) and re-suspended in 25mM Trig buffer, pH 7. The
concentration and re-suspension process was repeated two more times to ensure all salt had
been removed. After the last concentration step, the sample was left in its concentrated form
to be loaded onto the SDS-PAGE.

A Bio-Rad Protean I system was used for the electrophoresis with SDS buffer. The
SDS buffer is made as a 10X stock, where the Ix running buffer 15 25mM Tris, 192mM

glyeine, and 0.1% SDS at a pH of 8.6, For visualization of the chromatography samples, a

[o—y

2.5% gel was used. The samples are mixed 5:1 with a 5x loading dye.

Electrophoresis was carried out at 100V until the sample was through the stacking gel,
then increased to 140V, Average run time was around ! hour, Gels were stained asing a
Coomassie Blue stain (40% methanol, 10% acetic acid and 0.5% Coomassie blue) for 3 hours
‘

and then de-stained with a 10% acetic acid and 40% methanol solution. Gel images were

captured by scanning on a computer flatbed scanner,

Liguid Chromatography Mass Spectrescopy (LC-MS/MS)
Samples of each FPLC salt fraction were sent to Bioproximity (Chantilly, VA) for
protein identification via Hguid chromatography mass spectroscopy (LC-MS/MS). The

protocol for the LC-MS/MS was provided by Bioproximity as follows.
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Protein Denaturation and Digestion

Prior to digestion, proteins were prepared using the filter-assisted sample preparation
{FASP) method (Wisniewsk et al. (2009) 6(5)359-62). Next, the sample was mixed with 8
M urea, 10 mM dithiothreitol (DTT), 56 mM Tris-HCI at pH 7.6 and sovnicated briefly.
Samples were then concentrated in a Millipore Amicon Ultra (30,000 MWCO) device and
centrifuged at 13,000xg for 30 min. The remaining sample was buffer exchanged with 6 M
urca, 100mM Tris-HCl at pH 7.6, then alkylated with 55mM 1odoacetamide. Concentrations
were measured using a (Qubit fluorometer (Invitrogen). The ures conceniration was reduced
to 2 M, trypsin was added at a 1:40 enzyme to substrate ratio, and the sample incubated
overnight on a Thermomixer (Eppendorf) at 37 C. The Amicon was then centrifuged and the

filtrate collected.

Peptide Desalting

Digested peptides were desalted using C1¥ stop-and-go extraction {STAGE) tips
{Rappsilber et al. (2003} dnalytical Chemisiry. American Chemical Society 75(3).663-70).
For each sample, the C18 STAGE tip was briefly activated with methanol, and then
conditioned with 60% acetonitrie and 0.5% acetic acid, followed by 2% acetonitrile and
0.5% acetic acid. Samples were loaded onto the tips and desalted with §.5% acetic acid.
Peptides were ehuted with a 60% acetonitrile, §1.5% acetic acid solution and dried in a vacuum

entrituge (Thermo Savant).

Liguid Chromatography-Tandem Mass Spectrometry

Peptides were analyzed by LC-MS/MS. LC was performed on an Easy-nanolL.C H
HPLC system (Thermo). Mobile phase A was 94.5% Muli{} water, 5% acetonitrile, .5%
acetic acid. Mobile phase B was 809 acetonitrile, 18.5% MilhQ water, (.5% acetic acid. The
120 yoin LC gradient ran from 2% B to 50% B over 90 min, with the remaining time used for
sample loading and coluran regeneration. Samples were loaded to a 2 em x 100 um LD, trap
column positioned on an actuated valve (Rheodyne). The column was 13 cm x 100 um 1LD.
fused silica with a pulled tip emitter. Both trap and aunalytical columns were packed with
3.5um C 18 resin (Magic C 18 -AQ, Michrom). The LC was interfaced to a dual pressure
finear ion trap mass spectrometer (LTQ Velos, Thermo Fisher) via nano-electrospray
tonization. An electrospray voltage of 2.4kV was applied to a pre-column tee. The mass

spectrometer was progranmuyned to acquire, by data-dependent acquisition, tandern mass
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spectra from the top 15 ions in the full scan from 400 - 1400 m/z. Dynamic exclusion was set

10 30 seconds.

Bate Processing and Library Searching

Mass spectrometer RAW data files were converted to MGF (Mascot generic format)
using meconvert (Kessuner et al, (2008} Bioinformatics 24(21:2534-6). Detailed search
paramcters are printed in the search ontput XML (extensible markup language) files. All
searches required strict cryptic cleavage, up to three missed cleavages, fixed modification of
cysteine alloylation, variable modification of methionine oxidation and expectation value
scores of 0.01 or lower, Searches used the sequence libraries: UniProt Hscherichia coli (stramn
B/ BL21-DE3, The UniProt Consortium (2012) Nucleic Acids Research 40(Database
issue ) D71-5), the common Repository of Adventitious Proteins (¢RAP) (The Global
Proteome Machine. Common Repository of Adventitious Profeins, 2012.01.01) and the given
sequence for plasmid product GST-PTH-CBD. MGF files were scarched using XU Tandem
{Craig ct al. (2004) Biovinformatics 20(9):1466-7) using both the native and k-score
(Maclean ct al. (2006 Bioinformarics 22{22):2830-2) scoring algorithms and by the Open
Mass Spectrometry Search Algorithm (OMSSA) (Geer et al. Journal of Proteome Research
3(5):953-64). All scarches were performed on Amazon Web Services-based cluster compute
instances using the Proteome Cluster interface. XML output files were parsed and non-
redundant protein sets determined using MassSieve. Proteins were required to have two or
more unique peptides across the analyzed samples with E-value scores of .01 or less, 0.001

for X Huuter and protein E-value scores of 0.0001 or less,

Pratein Quantitation
Proteins were quantified the spectral counting method (Liu et al. (2004) dnalvrical
Chemistry 76{141.4193--201). This results in a hit count, which is approximate of protein

concentration in the sample.

Darabuase Construction

Compilation of Data

The recetved LC-MS/MS data was tmported into Microsoft Access 2010 for data
management. The EcoGene’s EcoTools Database Table Download (Rudd KE. Database
Table Download | EcoGene 3.0. Department of Biochemistry and Molecular Biology R-629,

University of Miami Miller School of Medicing; 2012) was used to supplement the received
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LC-MS/MS data with additional genomic and proteomic data. The data added were: the
protein length (in amino acids), direction of replication (clockwise or counterclockwise), left
end position of the gene (in base pairs), right end position of the gene (in base pairs),
molecular weight of the protein, coramon gene name, Synonym gene name, protein name,
protein function, description, GenBank GI ID(Benson et al. (2013) GenBank. Nucleic acids
Research 41 (Database 1ssue):D36-42) and UniProtKB/Swiss-Prot 1D (The Uniprot
Consortiurn (2012} Nucleic acids Research 40(Database issueyD71-5). The EcoGene Cross
Reference Mapping and Download tool was used to Brum (Blattner number) (Blattner et al.
(1997 Science 277(53311:1453-62). Microsoft Access was used to build relationships
between the various datasets that allowed for searches across the compiled database.

(Gene essentiality data were retrieved from Gerdes et al. (2003) /. Bacteriol.
185(19):5673-84) which compiles gene essentiality from their own research ag well as the
Profiling of £. coli Chromosome (PEC) database (Hashimoto et al. (2005 Molecular
Microbiology 55(1):137-49; Kato and Hashimoto (2007 Molecular Systems Riology
3(132%132; and Kang Y ot al. (2004 J. Bacieriol 186(15):4921-30).

All of the compiled data represent a portion of the DEAE separatome database and are
the foundation for future work iu this avea. This example describes a DEAE separatome
urique to choice of resin and loading condition (pH and NaCl concentration). Other
combinations of resins and loading conditions can be used to define additional separatomes,

the compilation of which is of comercial sigmificance.

BData Manipulation
Proteins within a separatome can reduce chromatographic efficiency. In order to
determine the priovity of genes to be deleted, cach gene was given a score for cach elution

window {shown in Table 4). This criterion, or importance score, wag defined by

[ RN ¥ Iy / - U
i?npovrtaﬂ(;@; - g‘ |b~. ( 3/!3}' \E< hl'j ) ( h"j ) ( JYVA’VE/’- ) 1
R 1 \Vimax/ \Rirotal hj,totai MW,..r i

Equation 3
with the following definitions: bl = scaling pataeter; yg; and ymax = concentration of
mobile phase eluent in fraction (§) and maxoum value, respectively; and by j and hy g1a1 = the

ammount of protein (1) in fraction (j) and total bound protein (3), respectively; and Iy yora1 = total
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amount of protein in fraction (1) MWi = molecular weight of protein (i1); MWref = molecular
weight of a reference protein within the separatome; o =steric factor; and i = protein.

We chose to define the Importance Score (IS) in this fashion because the empirically
derived equation captures the characteristics of both binding and clution data without solving
numerical models of multi-component liguid chromatography to define the association and
dissociation rate constants,

In the function given, the score can range from 1 (high negative impact on column
capacity} to 0 {low or no impact on column capacity). The summation ranges over the desired
clution windows {}) and can be adjusted to cover all of the windows, or target a select fow.
The first ratio accounts for adsorption strength with y; being the concentration of the elution
solvent (in the case of ion exchange, this is NaCl) and yy,a¢ being the maximum solvent

concentration. The second ratio accounts for adsorption specificity with by ; being the protein

concentration in the window, over the total protein concentration in all windows (b so1a1). For
proteins that clute in only one window, this value will be 1, where proteins that clute in
multiple windows will have a lower ratio. The third ratio describes the relative amount a
protein has in a given fraction, and the forth ratio accounts for the possibility of steric
hindrance,

A protein that reroains bound and requires stringent conditions for elution exhibits g

Ye; . , . .
. ) close to, or equal to, unity, whereas a protein that emerges as a tight peak has a

ratio (

Ymax

by, . . . RN . o ene .
( . } ratio close to unity. Finally, a (h . } ratio is close to unity if it constitutes the

\Rigorat / \litotal

majority of fraction or elution window(}).

Molecular weight is included in the fourth ratio of the IS since it plays a role when
the coluron 1s ander fully loaded or breakthrough loading conditions. This ratio is raised to o,
where the o term accounts for coluron saturation, wherein when the column s fully saturated
o=} and when the column is unsaturated g<1. This causes the MW term to be dropped in
cases where the column is not fully saturated, and thus molecular weight, or the approximate
size, of the protein does not factor into overall cohimn capacity.

The IS equation is then used to analyze a separatome database. When used 1o analyze

the aforementioned DEAFE separatome database for example, gene rpoR is present in all

fractions of the gradient and has a by ) value of 1120, with ratio values of
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1

iy, 3
s . . ] . ~3 - . . .
(h ranging from 8.9¥ x 10 7 t0 0.52. For proteins that ehite in only one or two
Ltotal/

windows, for example gene rsd, this ratio will be close to 1. The protein resulting from gene

skp only elutes in one window, and thus bas a hy 111 value of 17 and a single noun-zero

hi .
(i d ) ratio value of 1. For gene rpod in the [00mM clution window, the ratio of
i roral

hi, . 3
(i . > is 1.8x10 7 indicating that the gene product of rpoB 15 a moinimal contributor to
Litotal
i

contamination in that chition window. The fourth ratio accounts for steric hindrance as a
fonction of molecular weight. Again, the gene product of rpo® has a molecular weight of
150kDa. This molecular weight is divided by the protein with the largest molecular weight,
mukR at 170kDa, 1o vield a ratio of (.88, In this case, the a term is 1 because the column wag
toaded to 109 breakthrough. Finally the b term for spo® is zevo, thus forcing the IS to zero,
because gene rpef 15 considered cssential for cellular growth. The by term for skp 5 1
because the gene product is considered unessential. This demonstrates that while the
importance of HCP contaminants can be ranked via the importance equation, their deletion,
modification, iuhibition, etc., to improve chromatographic separation capacity may not be
feastble due to their essentiality for acceptable cell growth, viability, etc., 1o fermentation. As
discussed earlier in connection with the definition of “essential genes”, however, there are
potential ways to circurovent this problem.

Table 5 presents the calculations for the aforementioned in tabular format, describing
the mathematics associated with rpof and skp for the 100 mM NaCl fraction (j=100); the
math was repeated for all the remaining salt fractions (j = 50, 150, 200, 254, 300, 350, 400,
450, 500, 1000) and sammed to determine the total importance score and thus determine the
ranking in terms of the gene’s negative irapact oo total column capacity. A high tmportance

score indicates a large negative impact on chromatographic separation efficiency.

Table §
Na{ll

Gene raction | b (’ Ve, > ( By, ) [ \) ( MW, 3 S

Traction | by L E o S
Name R \Vmax hi,mml, {hj,totai/ (Mmfref 7 o

{

rpof | 100 O 1 100/1000 ¢ 12/1120 12/20556 | 150632/170230 11 | @
shp 100 T IG/I1000 | 17/17 17/20556 | 17688/170230 (1 | 8.6 E-06
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Ouce the final IS is determined, rpod tied for last place in the ranking due to the by of
zero (due to gene cssentiality, as disclosed by Gerdes et al. (2003) J. Bacteriol.
IRS(19):5673-R4), and skp is ranked 333, From the IS, it can be determined that while rpoB
has a large impact on column capacity, it cannot be deleted due to tis impact on cell viability
and skp has such little impact that it does not merit deletion.

In contrast to literature such as Lin et al. (2009) 7. Chromarog. 4 1216:2433-2438,
Bartlow et al. (201 1) Protein Fxpression and Purification 72:216-224, Bartlow ¢t al. (2012)
American fnstitute of Chemical Engineers Biotechnol Prog. 28:137-145, and Carapbell ¢t al.
U5, Patent No. 8,178,339, which might suggest the removal of sip if 8 target recombinant
protein would co-elote 1 the 100mM fraction, the methodology presented in this example
demonstrates that the potential column capacity improvement from this deletion would result
in 8 negligible column capacity iraproverment of approximately less than 0.01%. This
demounstrates that the present separatome concept employing the importance equation
provides a novel quantitative and rational means of dentifying and ranking host cell proteins
that negatively impact chromatographic scparation capacity, and thercfore chromatographic
selectivity and purity of the final recovered target product. Once identified and ranked in this
way, such host cell chromatography nuisance proteins can be deleted, modified, or iuhibited
1o produce optimized host cells for recombinant expression of a broad spectrum of target
peptides, polypeptides, and proteins, where such cells still maintain good (or possibly even
mproved) fermentation characteristics such as growth rates, viability, protein expression, eic.

The second and third equations define how rouch capacity is recovered when the
protein is removed, and the overall capacity recovery as one modifies, deletes, or inhibits n
genes, respectively

. B soral
recovery potential; = @
' ; ltotal,ms

Equation 1

and
n
capacity recovery = 100%x Z recovery potential;

i=1

Eguation 2
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Homologous Recombination

Flexible Recombineering Using Integration of ¢hiy4 (FRUIT) as described by Stringer
et al, FRUIT, a Scar-Free System for Targeted Chromosomal Mutagenesis, Epitope Tagging,
and Promoter Replacement in Escherichia coli and Salmonella enterica. PloS one. 2012
Fan;7(9):e44R84 1., a modification of the Datsenko A-Red homologous recornbination system,
was used to delete the targeted genes from the genorne of . coli strain MG1655. This B a
new system, which utilizes the gene #iv4 as 3 growth oriented positive and negative selection
marker. The method begins by creating an MG1655 Aty A strain (LTSG0; Table 7) by
swapping the gene for an oligomucleotide designed to have 60bp of homology at the
beginning and the end of the thy4 gene. Figure 5 shows the process by which this deletion is

performed.

To delete thyd

This oligonucleotide was orderad as two linear ssDNA fragments from Integrated
DNA Technologies (Coralville, Iowa). The fragments were hydrated in Giagen EB buffer
{Tris, pH &, 1.4M NaCl) and mixed at a 1:1 ratio. The mixture was then placed 1o an MJ
Research PTC-200 DNA Engine thermocycler that was programed to heat to 98°C and then
drop the temperatare by 2°C every 30 seconds until it reached 25°C.

To delete thyd, MGI655 + pKD46 (described tn Datsenko et al. and Stringer et al,,
supra) was cultured overnight at 30°C in LB plus ampicillin (100ug/mi). The following
morning, the overnight culture was sub-cultured 1:100 into Sml of fresh LB-ampicillin with
0.2% L-arabinose {w/v) and allowed to grow for approximately three hours until the culture
reached an ODggg (determined using a HP DUROG) of 0.6 to (.8, All proper controls were
also taken to validate the recombination event. To prepare the cells for electroporation, the
Smi induced culture was split into four Iml aliquots and moved to 1.5mi microfuge tubes.
The final 1 ml was refrigerated for later analysis or for further sub-culturing. The microfuge
tubes were centrifuged for 60 seconds at 14,000 rpra in a cooled (placed 1 a refrigerator at
2°C) bench-top microfuge centrifuge (Eppendort, MiniSpin). The supernatant was discarded
by gently pouring off the liquid and then the pellet was placed on ice. The pellet was then re-
suspended in Iml of chilled ddH2O0 and then centrifuged again. This process was repeated
once more. After the supernatant is poured off the final tirae, there is roughly 100u of Tiquid

left in the tube. Next, the cells are re-suspended in the remaining fluid and kept on ice. To
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this, the prepared linear fragoent is added, in this case the thy4 deletion template, various
concentrations, usually ranging from 200-1000nmol. This mixture was then pipetted into
chilled sterile electroporation cuvettes (Bio-Rad, 8.1 cm gap). The sample was then
electroporated using a Bio-Rad MicroPulser set to Ecl (£, cofi, 0.1 cm cuvette, LR &V, one
pulse). Next, 1ml of LB containing ampicillin (§0ug/ml), thymine (100ug/mi), and
trimethoprim (20ug/mb) (LB-amp-thy-tri) was gently added directly to the cuvette before
incubating the sample at 30°C with shaking for 3 hours. Since the strain now lacks thyd, itis
necessary to supplement the medium with thymine. Trimethoprim acts as a secondary
selector because if the strain still contains an active thy4 gene, the trimethoprim is toxic.
After that time, the cultures were streaked out onto LB-amp-thy-tri agar plates and allowed to
mcubate at 30°C overnight. In addition, 250! of each culture were sub-cultured into Smi of
LB-ampicillin-thymine-trimethoprim and incubated overnight at 30°C with shaking.

In summary, the gene deletion protocol is a two-step process. The first step uses iy 4
as a selection marker that disrupts the targeted gene. The second step removes thy4 from the
genorae again, following the protocol described above. For the first step, strain LTS00 is
grown overnight in LB-amp-thy-tri and is sub-cultured 1:100 the following morning into Smi
LB-amp-thy-tri plus 8.2% L-arabinose. These cells are allowed to grow for approximately 6
hours (growth is significantly diminished when lacking #hvd) until the ODgqq reaches (1.6 o
0.2. The cells are then prepared for electroporation as described above. Prior o
electroporation, 2ul of the PCR product containing the thyd gene with homology to the gene
to be deleted s added to the sample. Electroporation follows the protocol described above.
Afier electroporation, fod of LB with ampicillin (50ug/ml) was added, and the cells were
allowed to ncubate for 3 hours at 30°C with shaking. After that time, the cultures were
streaked out onto LB-ampicillin (150pg/ml) agar plates and allowed to incubate at 30°C
overnight. In addition, 250ul of cach culture were sub-cultured into Sml of LB-ampicillin
{150ug/ml) and incubated overnight at 30°C with shaking.

Figure 6 shows the process by which the selection marker is used to cause a gene
deletion. Step 1 creates the intermediary thy4+ strain, where the target gene has been deleted
but the selection marker remains. At this point, the cell is able to survive on thymine-depleted
medium. Step 2 removes the #iv4 marker so that it can be used again for future gene
deletions. The protocol is the same as that for the removal of thy4 but the 120bp

oligonucieotide has homology to the new geue target and removes #y4 and s promoter.
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Successful deletion of the gene was confirmed via PCR amplification of the deleted
region and agarose gel electrophoresis, The amplified regions were also sent for genomic
sequencing to further confirm that the homologous recombination event successfully
occurred.

Table 6. Deletion Fragments,

Bejetion Fragments

Name (Gene Target | Sequence

thyadt | 1hvA GCAAAATTTCGGGAAGGCOTCTCGAAGAATITAACGO
AGGGTAAAAAAACCGACGCACACCTGTTIGCTGTGGGE
TGOGACGATATCCCCAGACCATCATGATCACACCOGO
GACAATCAT (SEQ ID NO4)

mettdt | meth TITGTTGAATTITITATTAAATCTGGGTIGAGCGTGTCG

GGAGCAAGTGUTGOGGOTATGACGCGGACTGATTCACA
AATCTGTCACTTTTCCTTACAAC (SEQ ID NG:5)

entfdt | entF GOCGTACTCTGACACCGACGAATTTTACCCAGTTOCA
GOAGGCACACGCGCAACGCTAAACAGGTAAATTAATA
TTATTTATAAACCCATAATTAC (SEQ 1D NO:6)

tgtdt igt CGCTGGTTTAAAACGTTGGACTOGTITTITCTGACGTAGT
GOGAGAAAAACCACCTTTGAACGTTGATTAATATTAAT
AATGAGGGAAATTTAATGAGCT (SEQ ID NO:T)

rardt rar GTGGAGTGACGAAAATCTTCATCAGAGATCGACAACGG
AGGAACCGAGAAGAAAAAAGTGGCAGAGTGATCAAT
ACCCTCTTTAAAAGAAGAGGGTTA (SEQ ID NOK)

yealdt | yeaO TAAAACCCGTATTATTGCGCGCTTTCCGTACGACTAAA
GTCGATTTTCGCAGCATTCTGGGCAAAATAAAATCAAA
TAGCCTACGCAATGTAGGCTTA (SEQ ID NO:Y)

These results demonstrate how the separatome can be defined for a chromatographic
techrnique, ion exchange in particular, and can be used to design and construct novel host
ceils that have certain genes deleted, modified, or inhibited. For example, Table 6 describes
ten separate £, coli MG1655 derivatives that have one or more gene deletions associated with
high affinity host cell proteins. These strains in their current form can be used to express a
target recombinant protein and will have enhanced separation efficiency, columa capacity in

particular, as these proteins are contained in several fractions of high salt concentration.
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Table 7. £, coli Deletion Strains

MName Genotype

MG1655 Wild Type: F-, 4, rph-1
LTS00 AthyA

LTSOL+ AmetH

LTS01 AthyAdmetH

LTSO2+ AmetHAenti”

LTS62 AthyAdmetHAentF

LTSO3+ AmetHAentF At

LTS3 AthyAdmetHAentF g1
LTS04+ AmetHAentEAigidrnry
LTSH4 AthyAdmetHAemtF gt drny
LTSO5+ AmetHAentFAtgidrnrdyveaQ

PCT/US2014/056013

Table 8 lists high priority genes for DEAFE ion exchange media. This tabie was

generated by analyzing the DEAFE separatoroe database with the importance score (Equation

3). In this iteration of analyisis, the IS variables were specifically defined as follows. The

summation included NaCl fractions 60 mM, 109 mM, 159 mM, 208 mM, 258 mM, 307 mM,

357 raM, 406 mM, 456 raM, 505 mM, 1000 mM. bl = 1, yimax = 1000mM; for by, by iotal.

and hj yota, & count of distinct peptides wdentified in the sample was used to indicate amount

of protein; MWret = 170kDa (the molecolar weight of the largest gene product, mukB); o =1,

/

Future strains of the LTS series of Table 7 will have additional genes, alone or in

various combinations, identified in Tables 8 and 9, deleted, modified, and/or inhibited as the

recovery capacity is pushed toward higher values.

Table 8.

High Priority Genes of the DEAFE Separatome, Loading pH 7
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The high priority genes in Table ¥ are listed in descending rank order, from greater
importance to lesser importance, according to their importance score as calculated using
Equation 3.

Table 9,
Further High Priority Genes of the DEAFE Separatome, Loading pH 7
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gat?

The high priority genes in Table 9 are listed in descending rank order, from greater
importance to lesser importance, according to their importance score as calculated using

Equation 3. The summation included NaCl fractions 60 mM, 109 mM, 159 mM, 208 mM,

258 mM, 307 oM, 357 mM, 406 mM, 456 mM, 505 mM, 1000 mM. bl =1, vyp0c =

H00mM. For by j, by wal , and by tota], mass spectroscopy data were used to determine the
amount of protein, which was defined as the number of confident sequencing events that
matched to peptides associated with a given protein (hy). MWref = 170kDa (the molecular
weight of the largest gene product, mukB); o =0. Six genes listed in Table 9 are unique
compared to those histed in Table & cutd, rrad, sivDy, argG, heml, and csrA.

The genes listed in Tables 8 and 9 have been determined by the inveniors to represent
preferred/suitable genes to target for deletion, etc., for improving the chromatographic
separation efficiency of target host cell or target recombinant peptides, polypeptides, or
proteins expressed in the £, coli host cells disclosed herein via DEAE anion exchange
chromatography adsorbed at pH 7 and 60mM NaCl.

As would be apparent to one of ordinary skill in the art, the genes listed in cach of
Tables 8 and 9 can advantageously be used aloune, or together with one another in various
combinations, to improve chromatographic separation efficiency of peptides, polypeptides,
and proteins expressed in £, cofi host cells. In addition, the genes listed in each of these two
tables can further advantageously be used in various combinations with one another as well.

The number of such combinations of genes, either for Table 8 alone, Table 9 alone, or

Tables 8 and 9 together, is determined by the combination equation:
ni
ri{n—1ril

Equation &

where n is the set of genes out of which selection occurs (the unique set of
genes from Table 8 or Table 9 taken alone or in combination, 1.¢., without repetition), and
r is the number of genes selected for deletion, modification, and/or inhibition

together.
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The number of combinations of n genes selected r at a time is equal to 0 factorial

divided by r factorial mudtiplied by n minus ¢ factorial, or

nCr = n!/(ri{(n-r)))

Equation 7

where nCr represents the number of possible unique combinations of gene
selections from a master group with n distinct genes.

The namber of genes (r) selected can be 2 or more, 3 or more, 4 or more, S or more, 6
or more, 7 or more, 8 or more, 9 or more, 10 or more, 11 or more, 12 or more, and 50 on,
encompassing all the genes listed in Tables 8 and 9. By way of example only and not
Hirnitation, the number of genes (v) selected can be in ranges from 1-12 and any range therein,
mcluding the end points; 2-12 and any range therein, including the end poinis; 3-12 and any
range therein, including the end points; 4-12 and any range therein, including the end points;
5-12 and any range therein, inchuding the end points; 6-12 and any range therein, inchuding
the end points; 7-12 and any range therein, including the end points; 8-12 and any range
therein, including the end poinis; 9-12 and any range therein, including the end points; 16-12
and any range therein, including the end points; or 11-12. Twelve is merely an itlustrative
upper limit: upper timits for each table include all the listed genes, inchuding any range of
genes thercin.

As g non-limiting example, selecting S genes for deletion from those listed in Table 8
and using the combination equation, L.e., when n equals 50 and r equals 5, results in
2,118,760 unique combinations, one of which inclodes five genes in the list of nov-essential
genes published by Gerdes er /. {2003), discussed below in Section 1L

As the genes lisied in Tables 8 and 9 have been identified as high priority candidates
for deletion, modification, or inhibition to construct improved £. colf host cell strains for
target peptide, polypeptide, and protein expression and purification, i is highly likely, and
fully expected, that most, if not all, combinations of these genes will be effective in
improving separation efficiency of target biomolecules from host cells in which these
biomolecules are expressed and in which combinations of these genes are deleted, modified,
or inhibited.

Deletion, modification, and/or reduction/total inhibition of expression of various
combinations of genes histed in Tables & and 9 as calculated above includes both sequential

{contiguous) and non-sequential (non-contignous) combinations {(which mvolve “skipping” or
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omitting listed genes), as well as random combinations of high ranking genes listed in these
Tables, 1.2., any combinations predicted by equations 6 and 7. Essential gencs that can be
modified by the methods discussed below can also be included in any of these gene
combinations when necessary.

A consideration in designing such combinations involves gene essentiality. Hssential
genes can be deleted, ete., if the modified host cells exhibit acceptable viability, growth rates,
protein expression levels, ete., for the intended application. Alternatively, essential genes can
be madified, for exanple,by reducing their expression by replacing their naturally occurring
promoters with weaker promoters, introducing strategic point nmtations to replace amino
acids mvolved in resin binding while still maintaining satisfactory levels of gene/protein
activity, or replacing endogenous £. coli genes with genes from other organisms that perform
the same or similar functions and that do not significantly adversely affect chromatographic
separation efficiency and separation capacity, or cell growth, viability, and capacity for
expression, rather than deleting thern cotirely. Such replacement genes include heterologs,
homaologs, analogs, paralogs, orthologs, and xenologs. These strategies facilitate
improvements in chromatographic separation efficiency even when interfering host cell
proteins are expressed from essential genes. Tn addition, as discussed above in the definition
of “cssential genes”, various feeding strategies can be used in the present host cells and
methods to circumvent potentially deleterious effects due to deletion, etc., of essential genes
that would otherwise adversely impact chromatographic separation efficiency if present.

The eftectiveness of any of the various possible combinations of genes targeted for
deletion, selected from cither Table § alone, Table 9 alone, or Tables 8 and 9 together, as
described above in improving chromatographic separation efficiency of target host cell or
target recombinant peptides, polypeptides, and proteins can be determined without undue

experimentation by the methods disclosed herein.

Section I

Cloning Strains and Vectors: E. coli Strain £-12

Construction of knockout sirain K-12 MGI1455
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Parent cell line selection
There are two predominant strain derivatives within £, coli: the B-strains and the K-
12-strains, with the ones used herein to demonstrate separatome principles being B-strain

BL21 (DE3) (note Section L, above) and K-12-strain MG1655, exemplified in this section,
\ IR\ ) I

S While the data generated in Section 1. described above were based on the proteome of
BL21, it was desirable t0 build a knockout stramn in the K-12 derivative MG1655 as well.
However, it should be noted that besides K-12 strain MG165S, many other strains can be
used in embodiments of this invention, including those listed in, and immediately below,
Table 1.

10 Fortunately, the differences between the two strains are minimal. The most apparent

difference between the two strains is that the BLZ1{DE3) strain has the T7 RNA polymerase
mcorporated into its genome under the control of the Jac repressor, allowing for the use of
T7 promoters for tight control of recombinant expression (Studier and Moffatt (1986),
Journal of Molecular Biology 189 (1): 113-30). Other than that modification, the two straios

15 are otherwise highly similar. In fact, the B and K genomes align with greater than 99% base-
pair matching over approximately 92% of their genome (Jeong (2009), Journal of Molecular
BRivlogy 394(4): 644-652). The remaining un-matched segments can be mostly accounted for
as insertion sequences, and the romaining differences are a foew full-gene deletions and single-
nucleotide polymorphisms that cause frame shifts (Studier, (2009) Journal of Molecular

20 Biclogy 394{4). 653-30). While these differences are interesting in the scope of
phylogenetics, they are minimal encugh that they have hittle o no irapact on the proteomics

of the cell lines,

Genes selected for deletion in the K-I12 sirain

25 Five non-cssential genes (from among a list of non-cssential genes published by
Gerdes er al. (2003} J. Bacteriol. 185, (19): 5673-5684) were selected for deletion from the
K-12 genome. These were metH, entF, tgt, rar, and yveaO. Using the upottance score
calculated from 59-1000mM according to importance score Equation 3, the deleted genes
rank: zgic 13, entF: 40, yea(d: 34, metH: 67, and rar: 120, Lower rank numbers are more
30 umportant than higher rank miumbers, i.e., lower rank numbers reflect higher importance

scores. The primers used for gene deletion and the double stranded DNA deletion templates

are shown in Table 10,
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Table 14,

Deletion Templates and Primers

Dieletion
Templates

. Base
Name Segquence

Pairs

GTTGTA AGGAAA AGT GACAGA TTT GTG AAT CAGTCC GCG
metHd3 | 98 | TCATACCCCAGCACTTGU TCC CGA CAC GUT CAA CCCAGATIT
AAT AAA AAT TCA ACA AA (SEQ 1D NO:1O)

TITGTT GAATTT TTATTA AAT CTG GGT TGA GCG TOT CGG GAG
metHdtS | 98 | CAA GTG CTG GGG TAT GAC GCC GACTGA TTC ACA AAT CTG
TCACTTTTIC CTT ACA AC (SEQ ID NO:11)

OTAATTATC GOTTTA TAAATA ATATTAATT TACCTGTTT AGC
cutFdi3 96 | GTT GCG COGT GTG CCT CCT GCA ACT GGG TAA AATTCG TCG GTG
TCA GAG TAC GCC (SEQ ID NO:12)

GGC GTA CTC TGA CAC CGA CGA ATT TTA CCC AGT TGC AGG
entbdts 96 | AGG CACACG CGC AAC GCT AAA CAG GTA AATTAATAT TAT
TTATAA ACC CAT AAT TAC (SEQ 1D NO:13)

AGCTCATTAAAT TTC COT CAT TAT TAA TAT TAATCA ACGTTC
tgtddt3 97 1 AAA GGT GGT TTT TCT CCA CTA CGT CAG AAA AAC AGT CCA
ACG TTT TAA ACC AGC G (SEQ ID NG:14)

CGCTGGTTT AAAACGTTO GAC TGT TTT TCT GAC GTA GTG GAG
tatdts 97 AAA AACCACCTTTCGA ACGTTG ATT AAT ATT AAT AAT GAG
GOA AAT TTA ATG AGC T (SEQ ID NO:15)

TAA CCC TCT TCT TTT AAA GAG GUT ATT GAT CAC TCT GCC ACT
mrdt3 | 97 | TTTTTC TTC TCG GTT CCT CCG TTG TCA TCT CTG ATG AAG ATT
TTC GTC ACT CCA C (SEQ ID NO:16)

OTG GAG TGA CGA AAATCT TCA TCA GAG ATG ACA ACG GAG
mrdts 97 | GAA CCG AGA AGA AAA AAGTGG CAG AGT GAT CAA TAC CCT
CTT TAA AAG AAG AGG GTT A (SEQ ID NG:HT)

TAAGCCTACATT GCGTAGGCTATT TGATTT TAT TTT GCC CAG
veaOdi3 | 97 | AAT GOT GCG AAA ATCACT TTA GTC GTA GG AAA GCG 6L
AAT AAT ACG GGT TTT A (SEQ ID NO: &)

TAAAACCCG TAT TATTGC GCG CTT TCC GTA CGA CTA AAG TGA
yeaOdts | 97 | TTIT TCG CAG CAT TCT GGG CAA AAT AAA ATC AAATAG CCT
ACG CAA TGT AGG CTT A (SEQ 1D NO: 19

Primers

. Base -
Name ‘ Sequence

Pairs
metHF 68 TITOTTGAATTIT TTATTA AAT CTG GGT TGA GCG TGT CGG GAG
© CAA GTG CGC CAC CCATCA CAG CTT TA (SEG 1D NO:20)

OTT GTA AGG AAAAGT GACAGA TIT GTG AAT CAGTCC GCG

metH-R 0 re A TAC 0OC AGG GGA AGG CGT CTC GAA GAA T (SEQ 1D NO:21)

GGC GTA CTC TGA CAC CGA CGA ATT TTA CCC AGT TGC AGG

enfF-F 06 1 A G0 CAC ACG CCA CCC ATC ACA GOT TTA (SEQ 1D NO:22)

GTAATT ATG GGT TTA TAA ATA ATATTAATT TACCTG TTT AGC

entf-R |70 Grr GOG CGG GOA AGG CGT CTC GAA GAA T (SEQ 1D NO:23)
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@t | 67 |COCTGGTIT AMAACGTTG GACTGT TTT TCT GAC GTA GTG GAG
AAA AAC GOC ACC CAT CAC AGC TTT A (SEQ 1D NO:24)
i | 70 | AGCTCATTAAAT TTC CCT CAT TAT TAA TAT TAA TCA ACG TTC
& AAA GOT GGG GGA AGG COT CTC GAA GAA T (SEQ ID NO:25)
b | g7 | GTGGAG TGA CGA AAATCT TCA TCA GAG ATG ACA ACG GAG
GAA CCG AGC GOC ACC CAT CAC AGC TTT A (SEQ 1D NO:26)
CTTTAACCCTCTTCT TTT AAA GAG GGT ATT GAT CAC TCT GOC ACT
R T r T TTO TTG GGA AGG COT CTC GAA GAA T (SEQ 1D NO27)
I TAA AAC CCG TAT TAT TGC OCG CTT TCC GTA CGA CTA AAG TGA
yeaO-F | 67 | ppp 1o GOC ACC CAT CAC AGC TET A (SEQ ID NO2R)
a0k | 70 | TAAGCCTACATT GCGTAG GCT ATT TGA TTT TAT TTT GCC CAG
X AAT GCT GCG GGA AGC CGT CTC GAA GAA T (SEQ ID NO:2%)

The FRUIT method (Flexible Recombineering Using Integration of thy4) as described

by Stringer et al. ({2012) PloS one. 7(9):044841) was selected as the gene deletion method for

this example for several reasons,

The predominant homologous recombination method utilizes antibiotic resistance as

the selectable deletion marker, but maintenance of the pK D46 plasmid requires the presence

of ampicillin. This requirement then necessitates using a different antibiotic resistance as the

selection roarker and growing newly transformed cells o the presence of two different

antibiotics during selection {in the case that it is desirable for the plasmid to be maintained, as

in this instance). Growth in the presence of dual antibiotic selection is very hard on the cells

post electroporation, and additionally can cause severe growth inhibition. The growth

inhibition causes the cloning process 1o be very slow, in addition to raaking it ditficuli 1o

select for the clones that still have favorable growth characteristics.

Secondly, antibiotic selection markers are positive selectors only, meaning that one

can ondy select for the presence of the resistance gene, not for the absence. After the selection

marker is removed, clones must be selected by growth on antibiotic-deficicnt agar overnight,

and then replica plated onto agar contaiming antibiotics and incubated again overnight. After

the second overnight growth, positive clones can be identified on the first plate by the

absence of growth on the second. This process takes two days for clone selection, and there is

room for significant error when replica plating,

The FRUIT method utilizes gene thvd as the selection marker, which can be

positively and negatively identified by the Jack of thymine or the inclusion of trimethoprim,

respectively. The thyvd gene is returned to the genome when gene deletion is finalized, so that

the final knockout host strains contain this gene. Additionally, this method requires a single

plating step for clone selection for both the inclusion and removal of the marker.
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The gene deletions were confirmed by PCR as well as by DNA sequencing.

Figure 7 shows the electrophoresis of the PCR amplification of each target gene after
deletion. As shown, genes metH, ent ¥, 1gt, rav, and vea© all have 120bp bands, which
correspond to the inserted deletion fragment. The lane corresponding to fgt also shows a
farger band that corresponds with the intermediate deletion step where #vd 1s inserted as part
of the knockout process. This indicates that there is a mixture of the two clones present, and
further agar plating on trimethoprim and selection needs to be perforraed to select tor the
completed clone. The smaller 7g7 band, in addition to the other single bands, was isolated and
sent for DNA sequencing. DNA sequencing confirmed the presence of the deletion template,

which confirms that the targeted genes were successfully removed from the chromosome.

Groweh Studics

Fed-batch growth studies of K-12 knockout strain LTS0S+ were conducted to
determine whether growth had not been considerably diminished (i.¢., whether doubling time
had increased by greater than 5%) in comparison to the parent strain MG1655. Both the
LTS0S+t strain and the MG1638 strain contained pKD46 (amp") plasmid and were grown in
the presence of ampicillin to ensure selection of the desired strain, but neither strain was
induced during growth. Figure & shows the results of these two growth studies, where Bug
Units, as defined by the BugEve Biomass monitor, are arbitrary optical density units that
allow the user to monitor the relative growth of cultures. These units are dependent on growth
conditions and linearly correlate to optical density units as measured by a spectrophotometer
{OD600)

As shown in Figure 8, the lag phase of LTS0S+ was roughly half that of MG1655.
Once the growth entered Jog phase, both cultures grew at roughly the same rate as evaluated
by comparing the slope of the curves. From time point 6:00 to 9:00, the slope of growth for
LTS05+t was 0.212, whereas the slope of growth for MG1655 was §.225 from time point
R:00 to 11:00. While exponential growth was maintained in the wild-type for roughly 10
hours and reached a final ODge of 48.8, LTSOS+t grew exponentially for approximately 15
hours, reaching a final ODey of 92, almost double that of the parent strain. This growth
difference could result from the rg7 knockowt, as previously mentioned by Noguchi et al.
{1982y J. Riol Chem. {11} 6544-6550.

The shoriened fag phase of LTS0S+t was confirmed by two separate growth stadies,

the first run being the fed-batch discussed above, and the second ron being 8 standard batch.
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These data are shown in Figure 9, where it is evident that the transition from lag phase
to 1og phase occurs at the same time for both baich and fed-batch fermentation.

These data demonstrate that the gene deletions do not cause a significant reduction in
cellular growth and function. In fact, growth of deletion strain LTSO8+ was actually

improved under fed-batch conditions.

Cofumn Capacity Measurements

The mass spectroscopy data disclosed above in Section L. provide protein quantitation
through the spectral counting method. These data can be utilized to provide a rough
estimation of column capacity improvement (Total Contaminant Pool: TCP) as well as the
reduction of protein bound in each individual Elution Contaminant Pool (ECP) by examining
the changes in theoretical protein concentration as targeted genes are removed. The results of

these calculations are shown in Table 11.

Table 11,
Predicted Improvement for the Five Selected Gene Knockouts

TCP and ECP Improvement

Total Contaminant

Pool 2.7%
&4 mM 0.7%
169 mM 1.2%
159 mM 2.1%
208 mM 3.8%
258 mM 1.0%
367 mM 2.9%
357 mM 4.6%
486 mM 7.2%
456 mM 4.5%
585 mM 3.9%
1668 mM 1.2%

Total Contaminant Poo! Assessment
Modifications to the total contaminant pool (TCP) were measured by determining the
percent of proteins that bound to DEATE under various loading conditions. This was

accomplished by applying 40mg of total protein to the colurnn under binding conditions
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while collecting the flow through. The binding conditions used were 25aM Tris, pH 7, at a
salt concentration of 159mM Na(l, which represents a typical column operating condition as
psed by commercial manafacturers in their parification processes. The bound proteins were
then cluted using M NaCl, and the peak was collected. Two runs were corapleted at cach
salt concentration, per cell line, to verify the data.

A BioRad DC assay was used to determine the total protein in each collected fraction
and thus determine the percent protein bound to the resin, The BioRad DC assay s a
colormetric assay, requiring a standard curve to be utilized to determine protein
concentration. A new BSA standard curve was built using the same Fast Protein Liquid
Chromatography (FPLC) buffers as the solvent. The readable range for the assay is between
(0.1 and 1 for the Ayse, but is most accurate between 0.1 and 0.5 (0.2 to 2 mg protein ). Since
most of the saraples were concentrated, they required dilution for the assay. To improve
accuracy of the assay, samples were assayed at four different dilutions {often between Ix and
20x), and the mocasurements that fell within the readable range were used to calculate the
protein concentration, which was then averaged with themselves. The FPLC runs were
repeated twice. Where the data were averaged, they are presented in and Table 12 as a %avg.
If only one point was used, it was because the other point was well outside the readable range
of (0.1-0.5).

Table 12: Column Capacity at 159mM Salt

Strain Data Average Ervor
Poinis Bound %

LTS05+ 3 20.6% +1.1%

M1655 i 30.7%

Measured Improvement 10.1% +].]

Predicted fraprovenent 1.6%

Under these conditions, 30.7% of the proteins from the control (MG1655) bound to
the resin. In contrast, 20.6% of the proteins from deletion strain LTSG5+t bound the resin,
representing a significant improvement (approximately 10%) in Total Column Capacity.

When compared to the theoretical TCP improvement of 2.7% (as shown in Table 18),
it can be seen that the improvement is 1o the same order of magotiude. The gel images of the
bound proteins for these two experiments show little difference (data not shown). This is
likely because there are roultiple proteius at the same molecular weight as the deleted proteins

in the knockout strain.
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These results demonstrate that the data from Section L can be used to predict
downstream column capacity improvements with relative accuracy, i.e., within the same

order of magnitude.

Eluting Contaminant Pool Assessment

In addition to the measurement of column capacity changes due to Total Contaminant
Pool reduction, it is important to recognize that gene deletions also change the Fluting
Contaminant Pool {ECP). The assessment of the ECPs was measured using the same protocol
and salt windows as described in Section 1. Again, the column was loaded at 10%
breakthrough to simulate coromercial practices. The resulting sarmples were concentrated
using a Vivaspin2 (GE Healthcare, 28-9322-40) with a 5kDa cutoff 1o g final volume of
approximately 200ul The samples were then analyzed by BioRad DC assay to determine
total protein content, and loaded on an SDS-PAGE gel for finther analysis,

The results of the ECP roeasurements for LTS0S+ are shown in Figure 11, and the
rosults of the ECP measurements for wild-type MGI65S are shown in Figure 12. The top
portion of each figure shows the Fast Protein Liquid Chromatography chromatogram, with
the Aogg ont the left axis and 96 buffer B on the right axis. Below each chromatogram is a table
showing the % buffer B converted into a M salt concentration, followed by the measured
protein concentration in the window. As each of these step fractions was 15ml of total
volame, it was necessary to concentrate the samples prior to further analysis. The samples
were concentrated using a SkDa VivaSpin2 concentrator to reduce the final volume to
approximately 200pl. It is iroportant to pote that due to the high absorbance reading of the
Asgo (outside of the Hnear correlation described by Beer's law) and the presence of DNA and
RMA in the sample, it cannot be uased as an accurate measure of protein concentration.
Instead, a BioRad DC assay was used to determine the protein content of each sanple, but the
minimum threshold for this assay s around .2mg/ml. Even after concentration, a few of the
samples had a protein concentration below the readable range for the assay and are noted at §
mg/ml despite the Azge and subsequent SDS-PAGE indicating otherwise. The next row shows
a breakdown of how all of the applied proteins distributed over the ehution windows as a
percentage calculated as mg protein in elution window/ total mg of protein applied to the
colamn. Note that while the percent of protein unbound seerns higher than what was
measured in the TCP binding experiraents, this is due to the 10% overloading of the colurun,
The fourth row focuses on the breakdown of just the bound protein into specific windows,
and gives a percentage calculated as mg protein in the window / mg protein in all bound
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fractions {59.5mM to 1000mM). This number provides the best indication of how the ECP
changed in knockout strain LTS05+1.

Finally, the corresponding lane from the SDS-PAGE gel is shown at the bottom. This
is particularly important for the samples that were below the readable range for the protein
concentration assay. Each lane of the protein gel was loaded with 25ug of proteins, for the
samples where the protein assay worked, or at the maximum volume possible for the samples
that were too dilute to assay. It 15 important to keep in mind that cach band in the protein gel
may consist of nultiple proteins due to the large varicty of proteins being cluted in cach
window (from as many as 300 to as fow as 70

¥ the percent of bound protein for both knockout strain LTS0S+t and parent MG 1653
arc added cumulatively (Figure 13), the result is a measure of the column loading profile. As
shown in Figure 13, the knockout strain LTS05+t has a reduced column binding in the carlier
windows, which matches the predicted ECP reductions due to the gene deletions.

The knockout strain shows decreased percentage of proteins eluting io the 60mM and
109mM windows, and it also appears t0 have a reduced number of proteins in the 307mM
window. Additionally, by comparing the gels, the number of bands in the 456mM window
decreases from four to one (Figures 11 and 12). Further analysis of the chution windows by
LC-MS5/MS would be able to indicate where the energy was shifted metabolically and what
protein concentrations were increased or decreased based upon the oniginal deletions.

The results presented herein demonstrate that selective gene deletions in host celis
that can be used to produce target peptides, polypeptides, and proteins of nterest not only
result in an improvement in overall column capacity, but additionally simplify specific
clution windows. Exploitation of these phenomena by the concepts and methods exemplified
herein will significantly improve overall purification, 1.¢., total recovery as well as level of
purity, of target peptides, polypeptides, and proteins of interest from host cells more quickly
and more economically than is possible using conventional host cells and chromatographic
purification methods.

Example 3

Data-Informed Construction of Escherichia coli For Improved Bioseparation:

Construction of An £, cofi Cell Line Having a Reduced Set of Host Cell Proteins

Assaciated With DEAFE Ton Exchanve Chromatographv

A key step and potential bottleneck associated with the expression and isolation of a

recombinant product is the initial chromatography capture of the protein, for as the mixture
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containing the target or desired protein passes over a chromatography resin, host cell proteins
{(HCPs) and the target compete for binding sites. This competition reduces column efficiency,
and due to the binding / elution of HCPs, requires additional purification steps. This is
especially problematic in the production of a biotherapeutic, for example, because the
exacting requirements of purity and efficacy can require multiple purification steps, and as
these steps become mumerous, reduce the overall efficiency of the process. While work can
be doue to tailor a downstream processing regimen for a particular recombinant product,
maodern technigues like bicinformatics, computational genomics, and proteomics can be
harnessed to improve the basic knowledge and design of the cell line used in recombinant
manufacturing. Anticipated benefits of exploiting these techniques would be the development
of a series of cell hines optimized for a method of purification that does not require the use of
an affinity tail or biospecific interaction to achicve a high degree of efficiency.

This example describes the mapping of the E. coli chromosome to discern
relationships between the loci of genes of key nuisance proteins {¢.g., those in large
concentration and/or of high binding affinity) associated with chromatographic techniques,
for example DEAE ion exchange and Immobilized Metal Affinity Chromatography, to guide
host cell line development with a reduced number of HCPs that are widely applicable to
recombinant peptide, polypeptide, and protein production irrespective of the exact target
molecule, exemplifying the separatome concept. This is an example of improving separation
capacity for a chromatographic resin/buffer combination in the absence of expression of a

recombinant peptide, polypeptide, or protein.

Materials and Metheds

Host Cells

Wild type E. coli MG1655 {parent cell) was obtained from the Yale Coli Genetic
Stock Center (New Haven, UT). The F. coli host cell line derived from this parent cell,
having a reduced set of HCPs associated with DEAFE i1on exchange chromatography via
selective gene deletions of rfaD, usg, rrad, cutd, nagD, and sped, 1s designated LTSFO6. In

this example, LTSFG6 does not express any recombinant peptide, polypeptide, or protein,

Primers

The primers used for gene deletions are based on those developed and described in the
Keio collection {Baba ot al. (20063 Mol Svstems Biol. 2 2006.0008,
do1:10.1038/msb4 180050). Further information concerning the Keio collection is stored in
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their online data repository, Genobase Ver. 8, located online at htip://ecolinaist, jp/GBS-

dev/index.jsp.

Table 13: Primers used {or gene deletion and PCR cenfirmation

Primer
name

Sequence

rfaD-F Fri

GCAAAACCAACATCCGCCATGAAGGCACTAGCTAAAACCCAAACTAG
TTTIGOTGTAGGCTGOAGCTGCTTC (SEQ 1D NO:30)

rfalD-RFrt

CCOGOTGCCATCACATCCGATTATCGCCTGOOGOATAGCGCGCCTGGAG
CGTGATGGCAATTAGCCATGGTCC (SEQ ID NO:3 )

rfal-F2 GUAAAACCAACATCCGCCAT (SEQ 1D NG:32)
rfal-R2 CCGOTGCCATCACATCGATTA (SEQ D NO:33)

vsg-F Frt

COGOGCATCATTGCTGTGTAAACTOGUGTTTTAACGCCGTTCATCATCCG
GCAGTGTAGGCTGGAGCTGCTTC (SEQ 1D NO:34)

usg-RFrt

GAAGACGOGTGATGOOTTCOTTCGCCACCTGGOGAGAGCGCCTTTTCCA
GCTATGGGAATTAGCCATGGTCC (SEQ 1D NO:35)

usg-R2

GCGGCATCATTGCTGTGTAA (SEQ 1D NO:36)

usg-F2

GAAGACGGTGATGOCTTCGT (SEG 1D NO:37)

rraA-F Frt

CGTACTGTCAAGGGAGCGTTACTGACTAACCTGCTOTTTGTITTAGG
GATOGTOGTAGGCTGOAGCTGCTTC (SEQ ID NO:338)

rraa-R_Frt

GAGCTGGAGCOTGAGAACAACCATCTGAAAGAACAGCAGAACGGC
TGGCAATGOCAATTAGCCATGGTCC (SEQ 1D N(O:39)

rral-F2

COGTACTGTCAAGGOAGCGTT (SEQ 1D NO:408)

rrad-R2

AACAGCTGOAGCGTCAGAAC (SEQ ID NG:41

cutA-F Frt

COACTAACATCCTTCCCCCGTCCGTTGTATAGTGACCTCTCTCTTGOG
GTGTGTAGGCTGGAGCTGCTTC (SEQ ID NO4Z)

cutA-R_Frt

AAAGCAAAGGCTTCGATCCGCGGOGGACAAATTGTCGAACGTCCCGGLG
CGTCATGOGAATTAGCCATGGTCC (SEQ ID NO:43)

cutA-F2

CGACTAACATCCTTCCCCCG (SEQ 1D NGid44)

cutA-R2

AAAGCAAAGGCTTGATCCGC (SEQ ID NG:4S)

naghD-F Frt

TTGGAGCGTCAGCATTCACTGUTGGAAAATCCATGTGCTTATGGOGTT
CTTGTCTAGGCTGCGAGCTGCTTC (SEQ 1D NO46)

nagh-R Frt

TATTGCAGGAGCTGCGTAGGCCTGATAAGCGTAGCGCATCAGGCAG
TTTCGATGGCAATTAGCCATCGGTCC (SEQ ID NO:47)

nagD-F2

COTTTCGCACTAATCTGCCG (SEQ 1D NG:48)

nagl-R2

TATTGCAGCGAGCTGCOTAGG (SEQ ID NG:49)

speA-F Frt

TTOGGAGCOGTCAGCATTCACTGCTGGAAAATCCATGTGCTTATGGOTT
GTTGTGTAGGCTGGAGCTGOTTC (SEQ D NO:SG)

speA-R-Frt

COACGAGGAAGGUTTGGATTTGTCACAATAAATTOTGGCGGATTAT
CACCATOGGAATTAGCCATGOTCC (SEQ ID NO:SD

speA-F2

TTGCGAGCGTCAGCATTCACT (SEQ ID NO:ST)

speA-R2

CGACGAGGAAGGOGTTOGATT (SEQ ID NO:5SY)

“Gene”-F-Frt are the forward primers with homology to antibiotic resistant casseties

with FRT sites specific to the gene of interest. “Gene”-R-Frt are the reverse primers with
8 2
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homology to antibiotic resistant cassettes with FRT sites specific to the gene of interest. The
final 20bp portion of the sequence is the part homologous to pKD3 or pKD4, which are
plasmids containing the antibiotic resistance cassette. “Gene”-F2 are the forward primers
with homology to the gene of interest and homology to the gene specitic FRT-antibiotic
resistant cassette, depending on the design. “Gene”-R2 are the reverse primers with
homology to the gene of interest and homology to the gene specific FRT-antibiotic resistant

cassette, depending on the design.

Censtruction of the knockout strain
The DEAE separatome database presented in Example 2 was utilized to provide the
raw protein data needed for the importance score calculation. Six non-cssential genes were

selected for deletion from the genome based on their iraportance score (IS) determined from

/ )( Y }( hi,;’ }( MW, )G}
(:%na;x hk,mmt hj,mml, I‘"ﬂ’q’rr’f 4y

The summation included NaCl fractions 60 mM, 139 mM, 159 mM, 208 mM, 258

Hyportance equation 3:

importance; =

mM, 307 mM, 357 mM, 406 mM, 456 mM, 305 mM, 1000 mM. bl =1, vy = 1000mM.

For i g, By iotal - and by yo1a, the mass spectroscopy data that reported the number of
confident sequencing events that matched to peptides associated with the given protein was
used to indicate amount of protein; MWref = 170kDa (the molecular weight of the largest
gene product, mukB); o =

The genes selected for deletion in this example were rfaD, usg, rrad, cutd, nagh, and
sped.

Kunockouts were performed via homologous recombination according to the protocol
described by Datsenko and Wanner (Datsenko et al. {2000) PNAS 97(12).6640-5), which
utilizes the Lambda Red system in conjunction with FLP-FR'T recombination to remove the

desired genomic regions. Confirmation of gene deletions was determined by PCR.

Fed-Batch Cultivation
To start a fermentation, a 3L Applik(m@ bigreactor (Foster City, CA) was charged
with 1L of M9 salts, 1ml silicone anti-foam, 10 g/1 glucose, and ampicillin (150ug/mi). The

reactor was inoculated with 100 mi of calture grown for eight hours in M9 medium. Prior to
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inoculation, culture broth was centrifuged and resuspended in fresh medium. During growth,
adustments in oxygen delivery and agitation rate were made as necessary to ensure that the
dissolved oxygen concentration did not drop below 35%. The pH was maintained at
approximately 6.8 during the cultivation by adding 7M NH4OH as needed, and the
temperature was maintained at 37° C using a heating jacket and cooling loop. An exponential
feeding profile of glucose (300 /1) was based on that of a collaborator (Mckinzie Fruchtl),
originally proposed by Korz et al. (1995) Jouraal of Riotechnology 39(1):59-65 and Lee ot
al, (1996) Trends in Riotechnology 14(3398-105.

At the end of the fermentation process, cells were harvested via centrifugation at
12,000xg for 30 minutes at 5°C (Beckman Coulter Avanti, JLA-10.500 fixed angle rotor).
Optical densities were monitored using a Bugeye optical density probe {Bugiab, Foster City,
CA}, providing a measurement of arbitrary gowth units, and a DUB0O Beckman Coulter

spectrophotometer (Brea, CA), providing growth measurements as ODgng.

Lysate Preparation

A 50g cell peliet was re-suspended in 130mi of 25mM Tris buffer, pH 7, 1mM
phenylmethyisulphonyl fluoride (PMSF), 20ug/mi aprotinin, and 1mM cthylenediamine-
tetraacetic acid (EDTA), sonicated, and clarified by centrifugation at 50,000xg for 30 nunutes
followed by filtration through a 0.45um SU POR® membrane to produce the lysate applied to

the column.

Cofumn Capacity Measurements
Chromatography was performed using an AKTA FPLC. Diethylaminoethy! cellulose
{DEAFE) was selected as the ion exchange (IEX) resin due to its prevalence of use in

manufacturing; specifically, the cohimn used was a 1wl HiTrap DEAE FF from GE

steps. The loading buffer contained 1{mM NaCl to minimize non-specific binding (Buffer
A). The elution buffer contained 2M NaCl, which is sufficient to desorb bound proteins
{Buffer B). The flowrate for all FPLC experiments was set to Tmd/min. Prior to loading the
columm with lysate, the system was washed with 10 column volumes (CVs) Butfer A, The
column was loaded at 10% breakthrough, and then washed with 10 cohimn volumes (CV) of

Butfer A to remove any unbound proteins,
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Reductions in the amount of HCPg that natively bind were measured by determining
the percent of proteins that bound to DEAE under various loading conditions. This was
accomplished by applying 40mg of total protein to the column under binding conditions
while collecting the flow through. The binding conditions used were 25mM Tris, pH 7, at salt
concentrations of SmM, 100mM, and 250mM NaCl. The bound proteins were then elated
using 2M NaCl and the peak was collected. Three runs were completed at each salt
concentration to verify data. A BioRad DC™ Protein assay was used to determine the total

protein in cach collected fraction and thus determine the percent protein bound and unbound.

Results and Biscussien

To construct an £, coli coll line that bas a reduced set of HCPs associated with DEAE
ion exchange chromatography, we analyzed the DEAT separatome database, developed in

Example 2, using the lroportance Score (IS) equation {Equation 3).

(y ( i )’ hy, )wai )“
L‘ zavc/ ztota: (hj,totai (‘Mmliref i

Equation 3

importance; =

The IS provides the ability to guickly interpret chromatography data and rank HCPs
1o indicate their effect on coluran capacity. Candidate genes for kuockout, cic., can be
selected based on the IS and data on essentiality to avoid lethality. While the IS ranked all
784 proteins identified in the DEAE separatome, the top six genes that are not considered
essential, 1o, vfal), usg, rrad, curd, nagh, and sped, were deleted in the initial prototype
host cell of this example.

The high priority genes in Table 14 are listed in descending rank order, from greater
importance to lesser importance, according to their importance score as calculated using
Equation 3. The summation jncluded NaCl fractions 60 oM, 109 oM, 159 oM, 208 mM,
258 mM, 307 mM, 357 mM, 406 mM, 456 mM, 505 mb, 1000 b by = 1 for all gones

regardless of essentiality, Ymax = 1000mM. For by j, by 1ora1 , and by yoea1, mass spectroscopy

data were used to determine the amount of protein, which was defined as the number of
confident sequencing events that matched to peptides associated with a given protein (hy).
MWref = 170kDa (the molecular weight of the largest gene product, mukl5); o =1,

The top 50 genes in the IS ranking for purposes of this example are shown in Table

14:
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This table lists genes ordered by decreasing importance as determined from the
mnportance equation. While only six genes were removed from the wild type E. coli MG168S
parcut cell in this experiment to produce the improved host coll LTSFO6, continuing to delete,
modify, or inhibit the expression of genes (while skipping or modifying genes considered to
be essential} by moving down the Iist would continge to reduce the total momber of HCPs
present in the modified host cell and thus traprove E. coli host cells for expression of
recombinant peptides, polypeptides, and proteins by improving total column capacity.

Fed-batch culture of LTSF06 demonstrated that growth of this knockout strain was
not compromised, as similar trajectories of growth units versus elapsed fermentation time
were obtained for the parent (MG 1655) and mutant strain (LTSFO6) (Figure 14).

Lysates of LTSF06 and MG165S were prepared and loaded to DEAFE columns to
determing the total amount of HCPs boand in each case. Figures 15, 16, and 17 show

comparisons of the HCPs bound to DEAF that differ in the aroount of NaCl present in the
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binding buffer, i.¢., loading buffer containing 5mM Na(l to minimize non-specific binding.
Adding NaCl to the running buffer used to equilibrate the column and to the injected lysate is
common practice to attemiate the cohurnn behavior of both HCUPs and potential target protein,
50 a range of salt concentrations was exarnined and included in both low and stringent values.
in all cases as shown in Figures 15, 16, and 17, there is a favorable difference in the amount
of HCPs bound to the DEAE between the LTSFO6 knockout strain compared to control
parcut . coli strain MG1655. The reduction in HCPs 10 knockout strain LTSF06 varied
between 14% to 17%.

These data demonstrate that the small number of deletions (six) contained in LTSF(6,
i.e., removal of only 0.119% of the total genome, significantly decreased the total amount of
HCPs that would be encountered during target recombinant protein isolation via ion exchange
chromatography.

These results demonstrate that the present separatome concept employing the
importance equation provides a novel quantitative and rational means of identifying and
ranking host cell proteins that negatively impact chromatographic separation capacity, and
therefore chromatographic selectivity and purity of the final recovered target product. Once
identitied and ranked n this way, such host cell chromatography nuisance proteins can be
deleted, modified, or inhibited to produce optinuzed host cells for recombinant expression of
a broad spectrum of target peptides, polypeptides, and proteins, where such cells stili
maintain good (or possibly even improved) fermentation characteristics such as growth rates,
viability, capacity for expression, etc.

Extrapolating from the results obtained via the six genc deletions in LTSF06, it i
reasonable to predict and fully expected that gene combinations containing increased
numbers of genes, e.g., 7, 8, 9, 10, and so on similarty up to 50, can be selected from Table
14 for deletion, mﬁdiﬁcation, and/or inhibition of expression in order to produce improved £,
coli host cells for expression of recombinant peptides, polypeptides, and proteins. In addition
to deletion, ete., of sequential (contiguous) combinations of high rauking genes listed in
Table 14, deletions, etc., of non-sequential and non-contiguous combinations {(which involve
“skipping” {omitting} listed genes), and random combinations of high ranking genes in this
table are also encompassed herein. Essential gencs that can be modified by the methods
discussed below can also be included i any of these gene combinations when necessary.

A consideration in designing such combinations involves gene essentiality. Essential
genes can be deleted, etc., if the modified host cells exhibit acceptable viability, growth rates
protein expression levels, etc., for the intended application. Alternatively, essential genes can
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be madified, for exanple,by reducing their expression by replacing their naturally occurring
promoters with weaker promoters, introducing strategic point nmitations to replace amino
acids mvolved in resin binding while still maintaining satisfactory levels of gene/protein
activity, ot replacing endogenous F. coli genes with genes from other organisms that perform
the same or similar functions and that do not significantly adversely affect chromatographic
separation efficiency and separation capacity, or cell growth, viability, and capacity for
expression, rather than deleting thern cutirely. Such replacement genes include heterologs,
homaologs, analogs, paralogs, orthologs, and xenologs. These strategics facilitate
improvements in chromatographic separation efficiency even when interfering host cell
proteins inclade essential genes. In addition, as discussed above in the definttion of “essential
genes”, various feeding strategies can be used in the present host cells and methods to
circuravent potentially deleterious effects due to deletion, ete., of essential genes that would
otherwise adversely impact chromatographic separation efficiency if present.

In addition to sequential and non-sequential, and contiguous and non-contiguous,
deletions of genes listed in Table 14, calculation and identification of combinations of genes
usetul in the £ coli host cells and methods disclosed herein as mathematically deseribed in
Example 2 are equally applicable to the list of genes disclosed in Table 14 in this example.
That mathematical description and accornpanying discussion, including equations 6 and 7,
are herein incorporated by reference in their entirety and applied herein.

The eftectiveness of any of the various possible combinations of genes targeted for
deletion, etc., selected from Table 14 in iraproving chromatographic separation efficiency of
target host cell or target recombinant peptides, polypeptides, and proteins as described above
can be determined without undue experimentation by the methods disclosed hergin.

In sumwnary, the data presented in this example demonstrate that the separatome
concept, including importance equation 3, facilitates reduction in HCPs encountered during
bioprocessing, improving column capacity and overall chromatographic separation
efficiency, without adversely impacting host cell growth, viability, or capacity for expression,
and that this can be achieved 1o a rational, stepwise predictable way. Results with LTSF06
show that with strategic deletions, significant improvement in column efficicncy can be
achieved. Identification and ordering of high ranking genes as determined from the
mmportance equation out of the thousands of genes in the £, coli genorme facilitates maximum
mnprovements in £, coli host cells used for expression of a wide range of recombinant
products without having to engineer individual host cells for specific targets. While other
investigations have considered knockout or mutation to improve the purnity of a single
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recombinant product, the mathematical framework disclosed herein guided minimal changes
made to the £, coli genome that are useful regardless of target recombinant product. These
minimal buot strategic changes positively affect the initial chromatographic capture step,
identified as a key bottleneck by polling several biotherapeutic and enzyme manufacturers.

The invention being thus described, it will be obvious that the same may be varied in
many ways, Such variations are not to be regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be obvious to one skilled in the art are

intended to be included within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. An E. coli host cell, derived from a parent £, coli cell, for expression of a target host cell
or target recombinant peptide, polypeptide, or protein, said £. cofi host cell comprising:

1} areduced genome compared to the genome in the parent cell from which it

S is derived, and/or

it} a modified genome compared to the genome in the parent cell from which
it is derived, and/or

iti) in which expression of genes s reduced or corapletely inhibited compared
to expression of said genes in the parent cell from which it is derived,

10 wherein genes that are deleted, modified, or the expression of which is
reduced or coropletely inhibited in said host cell code for peptides, polypeptides, or proteins
that impair the chromatographic separation etficiency of said target host cell or target
recombinant peptide, polypeptide, or protein expressed in said host cell,

wherein said genes are sclecied from the group consisting of:
15 the genes listed in Table §, and combinations thereof;
the genes listed in Table 9, and combinations thereof;
combinations of any of the genes listed 1o Tables 8 and 9 taken together;
the genes listed 1u Table 14, and combinations thereot) and

corbinations of any of the genes listed in Tables 8, 9, and 14 taken together,

20
2. The £ cofi host cell of claim 1, wherein said parent cell is an E. coli strain selected from
the group consisting of strain K-12, strain B, strain C, strain W, and a derivative of any of the
foregoing strains.
25 3. The E. cofi host cell of ¢claim 2, wherein:
said £, cofi strain K-12 derivative is selected from the group consisting of
W3110, DH10B, DH3alpha, DHI, MG1655, and BW2952; and
said £, coli strain B derivative is selected from the group consisting of B
REL6O6, BL21, and BL21-DE3.
36

-

4. The E. coli host cell of any one of claims 1-3, wherein said parent . coli cell is selected

frovn the group consisting of!
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Alpha-Select Bacteriophage T1-Resistant Geold Efficiency (V- deoR cndAl recAl
relAl gyvrA96 hedR17(vk., mk. ) supE44 thi-1 phoA A{lacZY A-argFyU169
@OROlacZAMI S -,
Alpha-Select Bacteriophage T1-Resistant Sihver Efficiency (F- dooR endAl recAl
S relAl gyrA96 hedR17(rk, mk,) supE44 thi-T phoA A(lacZY A-argEYU169
DEllacZAMIS &),
Alpha-Select Bronze Efficiency (F- deoR endAl recAl relAl gyrA96 hsdR17(tk-,
mik+) supE44 thi-1 phoA AllacZY A-argF U169 ©20lacZAMIS A,
Alpha-Select (F- deoR endAl recAl relAT gyrAS6 hsdR17(rk-, mict} supE44 thi-1
10 phoa A(lacZY A-argF 169 BEBlacZAMIS &),
AGI (cndAl recAl gyrA96 thi-1 relAl ginVad hedR17(r 11k )),
ABLIST (thr-1, araCl4, lcuB6(Am), Algpt-proA)62, lacYl, 1ex-33, gsr™-0,
glnV44(AR), galK2(0c), LAM-, Rac-0, hisG4(0c¢), ribCl, mgl-51, rpoS386{Am),
psL3LGuR), kdgKa |, xylAS, mtl-1, argE3(Oc), thi-1),
15 B2155 (thrB1004 pro thi strA hsdsS lacZD M15 (F'lacZD M15 lact traD36
proA proBT) A dapA:erm {Erm') pir:RP4 {sken (Km') from SM10)),
B83DED) (FompT hsdSp{rg mp') gal dem met (DE3)),
BIOBlue (recAl endAl gyrA96 thi-1 hsdR17(rk-, mk+) supE44d relAl lac [F” proAB
lacI'ZAMIS Tnl0{Tet)]),
20 BL2Y (£ coli BF- dom ompT hsdS{rs- mp-) gal [rna]B'*}I;._lz(%Js)),
BL2VAD (F ompT gal dem lon hsdSp(rp” mp ) araB U TTRNAP-etA),
BL21(DE3) (F ompT gal dem lon hedSpiry my ) AM{DE3 [lacl lacUV5-T7 gene §
ind1 sam7 ninSi)),
BL21 (DE3) pLysS (F—ompT hsdSB(B—, mB-) gal dem (DE3) pLysS (CamR)),
25 BL21-TIR (F- ompT hsdSB(rB- mB-} gal dem tonA),
BNNS3 (F tonA21 thi-1 the-1 leuB6 lacY 1 gloV44 viHC thuAl merB el4-{merA’)
hsdR({rg mg YA,
BNNGT (BNNO3 (Agti 1)),
BW26434 (AlaraD-araB)567, AllacA-lacZ)514( kan), lacl®-4000(lact?), ),
30 rpoS396{Am)?, rph-1, A{thaD-rhaB)568, hadR514),
Co08 (F tonAZ21 thi-| thr-1 leoB6 lacY ginV4d4 fbCH fhuoAl A,
CAGSYT (F lacZtam) photam) tvrTTsupCis) srptam) rpsL{Sw™) rpoHiam) 165
zhg::TnlQ maliamy),
CAGE26 (F lacZlam) pholam) lon trplam) e TsupCles)] rpsl{St™) mal{am)),
134
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CAGH2Y (F lac(am) pholam) lon supC{ts) trp(am) rpsl rpoH{am) {65
zhg:: Tnll mal(am)),
CH3-Blae (F- AmcrA A{mrr-hadRMS-merBC) @ROlacZAM S AlacX 74 recAl
endAl ara A139 Alara, leu)7697 galU gabpsL(Str™) nupG 3-),
S CSHSY (F A ara A{lac-pro) rpsh thi iimE 181,
D1210 (HB101 lacT® lacY ),
dam- dem- Bacteriophage T1-Resistant (F- dam-13:TnHCandom-6 ara-
14 4isG4 leuB6 thi-1 lacY 1 gafK2 galV22 oinV A4 hedR2 xylAS mii-
1 rpsL136(St™) reb D1 10nA31 15x78 merA merB1),

10 DB3.E (F- gyrA462 endAl glnV44 Alsrl-recA) morB mur hsdS2Hry", my) aral4

ealk2 lacY1 proA2 rpsL20(Sm') xv15 Aleu mtil),

DHI (endAl recAl gyrA96 thi-1 ginV44 relAl hsdR17(re myg ) A),

DHS¢ Turbo (F proA+B+ lacl? AlacZ M15/ huA2 Alac-proAB) glnV gal Rizgh-
210:Tal0)Tet® endAl thi-1 AlhsdS-merB)5),

15 DBHI2S (merA A(mrr-hsdRMS-merBC) o80d lacZAMIS AlacX74 recAl deoR
Afara, leu)7697 araD139 galU galK rpsL F' [proAB lac'ZAMI5Y),

DM (F- dam-13:Ta9(Cm™) dem- merB hedR-M+ gall gal? ara- lac- thr- leu- tonR
tsxR Suly,
E. CLONI® SALPHA (flud2A{argF-lacZ)U169 phod glnVid O8O0 AflacZiMI5

20 gvrd96 recAl reld] end Al thi-1 hsdR17),

E. CLONE® 189G (F- merA Amrr-hsdRMS-merBC) endAl recAl ©80dlacZAMIS
AlacX74 araldi39 Alara leuy7697gall gal rpsl. nupG - ronA (StrR)),

E. CLONI® VOGF' (iF pro A+B+ laclZAMI5:Tnl0 (Tet™)] /merA A(mrr-hsdRMS-
morBCY end Al recAt OBOdacZ AMIS AlacX 74 aralD 139 Alarg,

25 fewy7697 gadU galk rpsL nupG A~ tonA (SuR)),

E. coli K12 ER2738 (F proA+B+ lacl? AlacZ)M 15 zzf:Tnl0(Tet"Y fhuA2 glnV
Alac-proAB) thi-1 A(hsdS-merB)S),

ElectroMax™ DHIOB (FmorA Amrr-fisdRMS-merBC) OE0lacZAMIS
AdacX74 recAl endAt araD139A{ara,lew)T697 galU gal NipsL nupG),

30 ELECTROMAX™ DHEALPHA-E (F- ¢8MacZAMIS A(facZY A-argF) U169
recAl endAl hadR17 {rk-, mk+) galphoA supE44 A-thi-1 gyrA96 relAl),
FleetroSHOX (F- morA Almrr-hsdRMS-merBCY O8OacZ AMIS
AlacX 74 recAl endAl ara A139 Alara, lew)7697 gall galKrpsL(SU™) nupG W),
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EP-MAX™18B F° (mcrA A(nur-hsdRMS-mcrBC) B80dlacZAMIS AlacX74 deoR
recAl endAT araD 139 Afara, 1leu)7697 galll galK rpsh nupG A~/ Fllacl®ZAMI5 Tunl0
(TetH]),
ERYTOI(F fhmud2 MlacZ)vl ginV44 el4 (McrA™) rp-31 his-1 rpsL 104 xyl-7 mil-2
S metBI AfmerC-mprji14::0510),

ERIS2Y (VW ginVdd 014 (Merd ) vfbD? reld 17 endAl spoTI1? thi-1 Amer(C-
mre) i 14::0810),
ER2738 (F prod B lacl! AlacZisdls zzf Tnl0(Tet™y faud2 gin¥ Aflac-proAB) thi-
1 A{hsdS-merBj5),

10 ER2267 (F" prod B lucl AflacZiMI5 zzf :mini-Tn10 (Kan™y diargF-lacZ) U169
ginVid M4 {(MexATy rfbD 17 recAl reldl? endAl spoli? thi-1 A(mer(-
mrep i 14::0810),
ERZSQT (V ara-14 leuB6 fhud2 AfargF-lac) U169 lacYl ginV44 galK2 rpsl20 xyi-5
mitl-5 AfmalB) zic:: TnS(Kanw ) A(merC-merupion),

15 ER2S08 (F ara-14 leuB6 fhud2 djargF-lac)Ul69 lacYi lon::miniTni0(Tet™) ginv44
galK2 rpsL20(S6™) xyl-5 mil-5 AfmalB) zjc:: TnS(Kan") AlmerC-mrrumo),
ER2738 (F prod B lacl AflacZ)bdls ozfs: TulO(Tet™y fhud2 ginV Adlac-proAB) thi-
{ AthsdS-merB)5),
ER292S8 (ara-14 leuB6 fhud31 lacY] tsx78 giny44 galK2 galT22 mord dem-6 hisG4

20 #fBDI Rizgh210::TnltTel endAl rpsL136 daml3::Tn9 xvid-§ mil-1 thi-1 merB1
hsdR2),

GUS™ ¢ B @8lacsZ A MI5 A (lacZY A-argF)UI169 endAl recAl relAl gyrA96
hsdR17 (v, my ) phod supE44 thi-1 J-TIR),
GCI8 (7 mord Armirr-hsdRMSmorBC) DEGdlacy A MI15 A lacX74 endd]

25 recAl 4 {ara, lewi7697 araldi39 gallUgalK nupG rpsl A-TIR),
GENEHOGS® (Fmcrd Afmrr-hsd RMS-mcrBC) p80lacZAMIS AlacX74 recAl
araD 39 Aaralew) 7697 galll galK rpsl iStvR) endAl nupGG fhud:IS2 {confers phage

T resistance}),

HB161,
30 HMS174,
HMS174(DE3),

HI-CONTROL™ BL2UDEI) (7 ompT gal dem hsdSplry my ) (DE3)/Mini-

Flacl¥(Gent')),
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HI-CONTROL™ 18G (F- mord A{mrr-hsdBRMS-mcrBC) end Al recAl

G8Odiac? AM IS AlacXT74araD 139 AMara lei)7697 gall gall rpsL nupG A~

tonA/Mini-F lacl (Gent)),

HT96™ NOVABLUE (endAdl hsdR17 (vgyy 1oxyz ) supbdd thi-1 recAl gyrd96
5 reld ] lac Fiprod BT lacl ZAMI 5 Tl 0] (Tei™y),

L1126, LJ1127, INVIEG, JMBS,

JMIBL (F " 1ral36 prod B lack AdacZ)MI5/ Aflac-proAB) ginV thi),

JMI03, JMIT0S, JMT86, JMIGT, JMI8S,

IMIO9 (F' traD36 prod B lacl! AflacZ)M15/ Aflac-proAB) ginVé4 el4 gvrd96

10 recAl reldl endAl thi hsdR17),

IMIO9(DE3), IMI10, JSS, KS10866 (F' luct lac pro'/ ara Aflac-pro) Atsp)=
Afpre)::Kan™ edaS 1 Tnl0(Tet™) gyrd(Nal™) rpoB thi-1 argf(am)), LE392,

Lemo2 WDEI) (A2 [lon] ompT gal (L DE3) [dem] AhsdS/ pLemo(Cam™) A DE3 =
A sBamFlo AcoRi-8 int::idlacl: :PlacUVS::T7 genel) i2] Anins

15 plemo = pACYCI84-PrivaBAD-lvsY),

LIBRARY EFFICIENCY® DHSA™ (Fo80lacZAMIS AflacZY 4-argFiU 169
recAl endAl hsdR17(ry, my )} phoA supE44 thi-1 gvrd 96 reldl J-),
MACHPMTIR (F- ®80lacZ AMIS AlacX 74 hisdR{xK—, mK+)

ArecA1398 endAl tonh),

20 MAX EFFICIENCY® DHIOB™ (Fomord Afmre-hisdRMS-merBC) o80lacAMIS
AlacX74 recAl endAl araD 139 Nara, lew)7697 galU galK A-rpsl nupG
/PMONIL272 / pMON7 1 24),

MC1861, MC4108, MBS™ QX MGI635 thudCDB(del} endA(del) + deletion of 699
additiona] genes, including all IS elements and cryptic prophages as listed in Posfii

25 et al. (2006) Science (312}:1044-1046), MEDpir,

NEB Express #MiniF lac? (Cam®™) / flud?2 [lon) ompT gal suldl] Rimor-
73::miniTnl 0--Tet*)2 [dem] Rizgh-210::Trnit--Tet®) end4l AimerComrr)l14::1S10))
MNEB Express, dam \demt,

NEB S-alpha (fiud? dlargF-lacZiU169 phoA ginV44 D8O (lacZjMI5 gyrd96

30 recAl reldl endAl thi-1 hsdRI7),

NEB t1d-beta (Afara-lew) 7697 araD 139 fhud AlacX74 galKi6 galE 1S ei4-
$80dIacZAMIS recAl reldl endAl nupG rpsl (St rph spoTl Afmrr-hsd RMS-
merBC)),
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NICo2 V(B3 {can::CRID fhuA2 llon] ompT gal (A DE3) [dem] arnd::CBRD
iy CRD glmS6Ala AlsdS 2 DE3 = L sBamHlIo AEcoRI-B int::(lack: :PlacUV5::T7
genel) i21 Anins),
NMBE22 (F prod B lacl! A(lacZ)M 15/ dilac-proAB) ginV thi-I 4(hsdS-mcrB)5),
5 NOVABLUE ™ (endd ] hsdRI7 (rxiy tg ) supE44 thi-1 recAl gurd96 reld]

Jac Fiprod B laclZAMIS: Tridg] (Tet™)),
MNova¥- (Fendd! hsdR17 {rxyy twyy ) supEdd thi-1 recAl gyrA96 relAl lac),
NOVAXGE ZAPPERS™ (merd Almer(C
mriy endAlvecAl oR03lacZAM IS AlacX74araD 39 Aara-
10 lew)7697 galUgalKrpsLoupGh tond FllacHTol0] (Tet™)),
OMNIMAX™2TTY (F {proAB+ laclyg lacZAMIS TolO(TetR) A{ccd AR} merA
A{mrr-fisdRMS-merBC) O88lacZAMIS AllacZY A-argF)
UL6Y endAl recAl supB44d thi-1 gyrAS6 relAl fonA panbd),
ONE SHOT ® BL21 STAR™ME3) (F-ompT hsdSE (rB-, mB-) galdeminel 31
15 (DE3)),
ONESHOT® TOP10 {(F- merd Al mer-hsdRMB-morBC) ®8(lacZAMIS
A lacX 74 recAt araD139 Al aralew)7697gall] gall rpsL (SR) end Al nup(),
ORIGAMI ™ (Afara-leu) 7697 AdlacX74 Aphod Pyvull phoR araldi39 ahpC galF
gulK rpsL¥ {lac” lack pro] (DE3)gor322:Tnl0 xR (Kan®, Str°, Tet™y),

20 ORAGAMI™ 2 (Afara-lew) 7697 4lacX74 dphoA Pvull phoR araDI139 ahpC galF
galk rpsi ¥'llac” lack pro] gor522:Toi0 tneB (SH™, Tet™)),

OVEREXPRESS™ C41DE3) (F ~ ompT hisdSB (rB- mB-) gal dem (DE3Y),
OVEREXPRESS™ C41(DE3)PLYSS (F - ompT hsdSB (+B- mB-) gal dem (DE3)

pLysS (Cne™)),
25 OVEREXPRESS™ C43(DE3) (F — ompT hsdSE (rB- mB-} gal dem (DE3)),

OVEREXPRESS™ C43(DEYPLYSS F — ompT hsdSB (rB- mB-) gal dem (DE3)
pLysS (Cm™),

POP2I36/pFOSY (F glnVdd hsdRI7 endAl thi-1 aroB mal ¢l857 lambdaPR),
PRIOIY (F thr: Tl O{Tet™) dnad259 lew flnid2 lac790ioc) lacY ginV44 thi),

30 ROSETTA ™ (FompT hsdSe(rs my) gal dom pRARE (Cam™)),
ROSETTA™DESPLYSS (FompT hsdSei{ry mop") gal dem (DE3) pLysSRARE2
(Cam™)),

ROSETTA-GAMI™ (Alara-lew)7697 NacX74 Aphod Pyull phoR araD139 abpC
galE galK mpsL Filac” lacl pro) gor522:Tnl0 treB pRARE2 (Cam®, Str, Tet™)),
138
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ROSETTA-GAMIT™DENPLYSS (Alara-len)7697 MacX74 Aphod Pvull phol

araD 139 abpC galE gaikK rpsh (DE3) Fllac” lack projgor522:Tall

trxB pLysSRARE? (Cars®™, St Tet™)),

RRE1, RV, SCARABXPRESS® TTLAC (MDS™Y2 multiple-deletion strain (1)

S with a chromosomal copy of the T7 RNA Polvmerase gene),

88328 (F'prodB-+iociglacZAMI S Tnl0 (te)YasdR merB aral? 139 AfaradBC-

lew 1679 AlacX 74 galligalK rpsl thi),

SHUFFLE® (F lac pro lacl!/ Afara-len)7697 araD13 flwAZ A{lac)X74

A{phoAPvull phoR ahpC* galE (or Uy galKl Akatt::pNEB2-ri-cDsh(C (SpecR, lacl?)
10 AtrxB rpsLI1SO(SuR) Agor A(malF)3),

SHUFFLE® T7(F lac, pro, lacl | Afara-lew) 7697 araid 139 fhud2 lac?: . T7 genel

Ai{phod)Pvull phoR ahpC* galE (or U) galK AaitpNEB3-1l1-

eDshC (Spec®, lacl®y AtrxB rpsLISO(SE™) dgor A(malF)3),

SHUFFLE® T7 EXPRESS hud?2 lacZ::T7 genel on] ompT ahpC gal
15 dattpNEB3-11-cDshC (Spec®, lacl?) AtrxB suld i1 Rimer-73: iminiTn10--Tet")2

[dem] Rizgh-210::Tni0 ~~Te‘is} endAl dgor AfmerCeomrr)114::1515),

SOLR (el4-(McrA-) A(merCB-hsdSMR-miryi 71 sbeC rech recd wvrC umuC:Tns

(Kan') Jac gyrd96 reld] thi-1 endAl W} [F’ proAR lacl'7 4MI5T Su-),

SCS110, STBL2™ (F. enddl ginV44 thi-1 recAl gord96 reldl d(lac-proAB) merd
20 AimerBC-hsdRMS-mer) 1),

STBLIM(F. glnV4d recAl3 merB mrr hsdS20(rB-, mB-) ara-14 galK2 lacY! pro42

rpsl 20 xvi-5 lew mil-13,

STBLA™ (endd] ginV44 thi-1 recAl gyrAd 96 reldl Aflac-proAB) merd A(mcrBC-

hsdRMS-nurr) X gal F'f proAB” lacl® lacZAMI5 Tal0]),
25 STELLARY (F endAl, supEd4, thi-i, recAl, reldi, gvrd96, phoA, ®86d lacsd

M3, 4 (lacZVA - argF} UI69, 4 (mry - hsdRMS - merBC), Amerd, A-),

SURE (endA{ ginV44 thi-1 gyrA96 veldl lac recB recd sheC umuC:Tal worC eld-

AfmerCB-hsdSMR-mre) 171 F'f prodB " lacl lacZAMIS Tnldl),

SUREZ (endAl ginl44 thi-1 gvrA96 reldi lac recB vecd sheC umuCo:Tuns uww( el 4-
30 AfmerCB-hsdSMB-mre) 171 Fif proAB” lacl lacZAMIS Tnl0 Amy Cn"}),

T7 Express Crystal (fhud2 lact::T7 genel flon] ompT gal stdd11 Rimcr-

73:miniTnl 0--Tet®)2 fdem] Rizgh-210::Tnl0--Tet™) endAl metR1 A(merC-

mrr)i14::0810),
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T7 Bxpress fps YU (MiniF fsY laci ’q('ifa,nlk‘a [ thiud2 lacr::T7 genel [lon] ompT gal
suldl] Rimer-73::miniTnl0--Tet*)2 [dom] Rizgh-210:: Tl (--Tet® ) end Al Aimer(-
mrr) 114::0810),
T7 Express fps ¥ (MiniF fysY (Cam™) / fhud 2 lacZ:: 77 genel flon] ompT gal suld}]
] Rimer-73: muzzTrlUMTei) fdem] Rizgh-210:. Tnlt--Tet™) endd ] AfmerC-
mrr)i14::0810),
T7 Express 1T (MiniF Jacl(Can™y / fhud2 lacZ:: 17 genel [flon] ompT gal suld} ]
Rmer-73::miniTnl --Tet)2 fdem] Rizgh-210::Tniv--Tet) endAl AfmerC-
mrrdl 14: 0814,
10 T7 Express (fhudl lacs::T7 genel flonf ompT gal suld 11 Rimcr-73::miniTal(--
Tet™)2 fdem] Rizgh-210::Tnl0--Tet®) endAl A(merC-mpr)114::3510),
TB1 (F ara Adlac-proAB) [080diac AllacZ)MI5] rpsL{Str™) thi hsdR),
TG (F' [traD36 proAR lacl laeZ AMI 5 supE thi-1 Aflac-proAB) AfmerB-hsdSM) 5,
(rxmx ),
15 THUNBERBOLT™ GCU8 (F- morA 4 (mrr-hsdRMSmcrBC) D80dlacZ 4 MI5
DlacX74 enddlrecAl 4 {ara, lew7697 araD 139 gallU gaiK nupG rpsL 1 A-TIR),
UTSsH8 (F ara-14 leuB6 secA6 lacY] proCl4 tsx-67 AfompT-fepCi266 entA403
apE38 rfbD I rpsL 109 xyi-5 mil-1 thi-1),
VEGGIE™ BL2I(DES3) (FompT hsdSpirg mp’) gal dem{DE3Y)), W358 (ABS787},
20 WM3i64,
XL1-Blue (endAl gyrA96(nal™) thi-1 recAl relAT tac gloV44 FI[ 2 Tul0
proABR laclA(lacZ 1aM 157 hsdR17(x my ),
XE3-Blue MRE'(A(mcerd} 183 A(mcrCB-hsdSMR-mre)i73 endAl supE44 thi-1
recAl gvrd96 reld 1 loc [F' prodB lactiZAMIS Tull (Ted }]),
25 XL2-Blue {endA] gyrd96¢ /haiki thi-1 recAl reldl lac ginV44 F'[ ::Tnll
prod8 laclAflacZ)MIS Amy Cm'} hsdR1 ek my ),
X1.2-Blue MRF'(endd | gyrA96(nal®) thi-1 recAl reld] lac glnV44 el4- d(merCB-
bsdSMR-mrr} 171 vecB recd sbeC umuC::Tns uvrC F'f ::Tnll
proAB" lacFAdlacZ)MI15 Amy C]})
30 XLi-Red (F- endAl gyrd96(nal®) thi-1 reld] lac ginVi4 hsdRI7(ry my ) mutS mutT
mutDs Tnlih),
XL30-Gold (endd] ginVd4 recAl thi-1 gyrA96 reldl lac Hie d(merd)} 183 A(mer(CB-
hsdSMR-mrr)173 tef” CFfproAB laclZAMI S Tn](}(Tét Amy Cm }]}, and
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X1.10-Gold KanR (endd] ginV44 recAl thi-1 gurA96 reld] lac Hie Aimerd) 153
AfmerCB-hsdSMR-mre) 173 tet” F'iprodR laclZAMIS Tnl0(Tel® dmy TnSiKa™ ).

5. The £. coli host coll of any one of claims 1-4, wherein the mumber of said combinations
of said genes either for Table ¥ alone, Table 9 alone, Tables & and 9 together, Table 14, or for

Tables 8, 9, and 14 together is determined by combination Equation 6

7!

ri{n — it

Equation 6

wherein n is the set of genes out of which selection occurs, and

r is the number of genes selected for deletion, modification, and/or inhibition.

6. The £, coli host cell of any one of claims 1-5, wherein said combinations of said genes
are selected from the group consisting of!

LTSBOI {genotype: 47idD);

LTSBO2 (genotype: 4RIdDAdusgy;

hldDAusgdrrady;

hldDAusgdrraddcuid);

LTSBO3 (genotype:

b I

LTSB04 (genotype:
LTSBOS (genotype: 4hldDAusgdrvadAdcutAdnagDy;

LTSBO6 (genotype: AhidDAusgArraAdcutAdnagDdsped,

LTSBO7 {genotype: AhidDAusgArraAdcutAdnagDAspedAgidAy,

LTSBOS {genotype: AhldDAusgArraddcutddnagDdspedAgidAdgind);

LTSBOY (genotype: dRldDAvusgdrraddcutddnagDAspeAdgldAdginAdmerE),

LTSBO0 (genotype: AdbldDAusgdrraAdcutAdnagDdspeAdgldAdgind dmetEdigry;
LTSBO (genotype: AWldDAusgdrraddcuiddnagDAspe Adgld Adgind AmetEAtgiAarg Gy,
LTSBO12 (genotype:

AnldDAusgArraddcw Adnag DAspeAdgldAdginAdmerEdtgtdargGAtyp4Y;

LTSBO13 {(genotype:
AnldDAusgdrraAdcutAdnagDAspeAdgidAAginAdmetEAtgtAareGAtvp AdentF;
LTSBO4 {genotype:

AhidDAusgArraddcutAdnagDaspe ddgldAdginAdmetEAtgidargGAtvpAdentFdveaOy;
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LTSBO1S (genotype:
AnldDAusgArrad AcuiAdnagDAaspe AdgldAAginddmetEAigidargGAnypAdentF AveaOAsivDy;
LTSBO16 (genotype:
AildDAusgdrraddewddnagDdspeAdgldAdginAdmerEdigtdargGAypAdentFdveaOdsivi
gatZ),
LTABO7 {genotype:
AhidDdusgArrad dcutddnagDaspe ddgldAdglnddmetEdtgidargGltvpAdentF dyveaOdsiyDA
eatZAilvRY;
LTSBO1E (genotype:
ARldDAusgdrraddcurAdnagDAspeAdgidAdginddmerEdigidargGAypAdentFdveaOdsivDA
gatZA4iivB4 giegfy;
LTSBOIY {(genotype:
AhldDAusglArraAdcutddnagDaspe dAgldddginddmetEdigtdargGliypAdentF dycaO4shyDA
garZdilvBAglePdnusA); and
LTSBO20 (genotype:
AhldDAusgArrad dcutAdnagDAaspe AdgldAAginddmetEAigidargGAnypAdentF AveaOdsivD A
gatZA4ilvBAglaPAnus Admett ),

wherein in any of the foregoing gene combinations comprising multiple genes,
one or more of these genes can be omitted as long as the resulting £. colf host cells exhibit
growth rates and/or viability and/or capacity for expression of target molecules in the range
of from about 60% to about 100%, or more; or from about 70% to about 100%, or more; or
from about 75% to about 100%, or more, of that of the parent cells from which they are
dertved, and as long as chromatographic separation capacity is improved in an amount in the
range of from about 5% to about 35%, or more; from about 5% 1o about 40%, or more; from
about 5% to about 45%, or more; or from about 5% to about 50%,; or more, compared to that
of parent cells from which they are derived, depending on the mumber and particular
combination of genes deleted, modified, and/or inhibited, and/or

wherein any of the foregoing gene combinations can also further comprise
deletion, modification, and/or inhibition/reduction of expression of one or more essential
genes selected from among rpo8, rpeC, tufa, vefD, grol, prs, fusd, hemi, siyD, infB, muk8,
and ruf as long as the resulting &, coli host cells exhibit growth rates and/or viability and/or
capacity for expression of target molecules in the range of from about 60% to about 100%, or
more; or from about 70% to about 100%, or more; or from about 75% to about 100%, or
more, of that of the parent cells from which they are derived, and as long as chromatographic
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separation capacity is improved in an amount in the range of from about 5% to about 35%, or
more; from about 5% to about 40%, or more: from about 5% to about 45%, or more; or from
about 5% to about 530%; or more, compared {0 that of parent cells from which they are

derived, depending on the number and particular combination of genes modified or inhibited.

7. The E. coli host cell of any one of claims 1-6, wherein said chromatographic separation
efficiency of said target host cell or target recombinant peptide, polypeptide, or protein is
mmproved compared to the chromatographic separation efficiency of said target host cell or
target recombinant peptide, polypeptide, or protein in the presence of peptides, polypeptides,
or proteins coded for by said genes that are deleted, modified, and/or the expression of which
is reduced or completely inhibited 10 said £, cofi host cell upon affinity or adsorption, non-
affinity column chromatography of said target host cell or target recombinant peptide,

polypeptide, or protein.

8. The £. coli host cell of claimn 7, wherein iraprovement of said chromatographic separation
efficiency of said target host cell or target recombinant peptide, polypeptide, or protein is in
the range of from sbout from about 5% to about 35%, or more; from about 5% to about 40%,
or more; from about 3% to about 45%, or more; from about 5% 1o about 50%:; or more, or
from about 10% to about 20%, compared to chromatographic separation efficiency of said
target host cell or target recombinant peptide, polypeptide, or protein in the presence of
peptides, polvpeptides, or proteins coded for by said genes that are deleted, modified, and/or
the expression of which is reduced or completely inhibtted 10 said £, coli host cell upon
affinity or adsorption, non-affinity column chromatography of said target host cell or target

recombinant peptide, polypeptide, or protein.

9. The & coli host cell of any one of claims 1-8, wherein said chromatographic scparation
efficiency is independent of ehution conditions under which said target host cell or target
recombinant peptide, polypeptide, or protein emerges from an atfinity or adsorption, non-

affinity chromatography column as an enriched fraction.

10. The £. coli host cell of any one of claims 1-9, wherein deletion of said genes is performed

by homologous recombination or frame shift mutation.
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i1, The &, coli host cell of any one of claims 1-9, wherein moditication of said genes is
performed by a method selected from the group consisting of point mutation; isozyme
substitution; transposon muotagenesis; RNA-gnided nucleases employing CRISPR-cas
technology; and replacement by a gene from another organism that performs the same or
similar function and that does not significantly adversely affect chromatographic separation
efficiency and separation capacity, selected from among heterologs, homologs, analogs,

paratogs, orthologs, and xenologs.

12. The £, coli host cell of any one of claims -9, wherein expression of said genes is reduced
or completely inhibited by 2 method sclected from the group consisting of RNA silencing,
antiscnse oligonuciootide inhibition, and replacement of a native promoter with a weaker

promoter.

13, The £, coli host cel of any one of claims 1-12, which exhibits about 5%, or more, to
about 100%, or more; or from about 60% to about 100%, or more; or from about 70% io
about 100%, or more; or from about 75% to about 100%, or more of the viability, growth
rate, or capacity for expression of said target host cell or target recombinant peptide,
polypeptide, or protein expressed in said £, colf host cell compared to that of said parent cell
from which it is derived, or which exhibits viability, growth rate, or capacity for expression
of said target host cell or target recombinant peptide, polypeptide, or protein expressed in said

E. coli host cell greater than that of said parent cell from which it is derived.

i4. The £. coli host cell of any one of claims [-13, wherein said target host cell or target
recombinant peptide, polypeptide, or protein is present in a lysate of said £, cofi host cell, or

is secreted by said £, coli host cell,

15. The E. coli host cell of any one of claims 1-14, wherein said target host cell or target
recombinant peptide, polvpeptide, or protein is an endogenous peptide, polypeptide, or

protein.

16. The £. coli host cell of any one of claims 1-14, wherein said target recombinant peptide,

polypeptide, or protein is a heterologous peptide, polypeptide, or protein.
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17. The £. coli host cell of claim 16, wherein said heterologous peptide, polypeptide, or
protein is selected from the group consisting of an enzyme and a therapeutic peptide,

polypeptide, or protein.

i8. The £ cofi host cell of claim 17, wherein said enzyme is selected from the group
consisting of a nuclease, a ligase, a polymerase, an RNA- or DNA-modifying enzyme, a
carbohvdrate-modifying enzyme, an isomerase, a proteolytic enzyme, and a hipolytic enzyme,
and said therapeutic peptide, polypeptide, or protein is selected from the group consisting of
antibody, an antibody fragment, a vaccine, an enzyme, a growth factor, a blood clotting
factor, a hormone, a nerve factor, an inlerferon, an interieukin, tissue plasminogen activator,

and insulin.

19. A method of preparing a pharmaceutical or veterinary composition comprising a
therapeutic peptide, polypeptide, or protein, comprising the steps of!

1) expressing said therapeutic peptide, polypeptide, or protein in said £,
coli host cell of any one of claims 1-18;

i1} in the case where said therapeutic peptide, polypeptide, or protein is
not secrcted from said &, coli host cell, preparing a lysate of said host cell containing said
therapeutic peptide, polypeptide, or protein, producing an initial therapeutic peptide-,
polypeptide-, or protein-containing mixture; or

i11) n the case where said therapeutic peptide, polypeptide, or protein is
secreted from said £. coli host cell, barvesting culture medium in which said host cell is
grown, containing said therapeutic peptide, polypeptide, or protein, thereby obtaining an
initial therapeutic peptide-, polypeptide-, or protein-containing mixture;

iv) chromatographing said initial therapeutic peptide-, polvpeptide-, or
protein-containing mixture of step ii) or step i) via adsorption-based, non-affinity
chromatography and collecting clution fractions, thereby obtaining one or more fractions
containing an enriched amount of said therapeutic peptide, polypeptide, or protein relative to
other peptides, polypeptides, or proteins n said fraction compared to the amount of said
therapeutic peptide, polypeptide, or protein refative to other peptides, polypeptides, or
proteins in said initial protein mixture;

v} optionally, further chromatographing an enriched fraction of step iv) to

obtain said therapeutic peptide, polypeptide, or protein in g desired degree of purity; and
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vi} recovering said therapeutic peptide, polypeptide, or protein,

28. The method of claim 19, further comprising formulating said therapeutic peptide,
polypeptide, or protein with a pharmaccutically or veterinarily acceptable carrier, diluent, or

excipient to produce a pharmaceutical or veterinary composition, respectively.

21, The method of claim 19 or 20, wherein said adsorption-based, non-aftinity

chromatography is ion exchange chromatography.

22. The method of claira 21, wherein said ion exchange chromatography employs a ligand
selected from the group consisting of diethylaminoethyl cellulose (DEAE), mono(Q or other

Q resin, and S,
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Strain Data Points | Bound % | Unbound % | Error
LTSFO6 6 56.4% 13 6% +1.32%

MG1655 7 19.2% 50.8% +2.12%

Measured Improvement |14.1%
Predicted Improvement | 18%
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