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High Cell Density Fermentation of
Recombinant Escherichia coli with
Computer-Controlled Optimal
Growth Rate

W. A. KNORRE,? W.-D. DECKWER,? D. KORZ?
H.-D. POHL D. RIESENBERG,? A. ROSS,> E. SANDERS,?
AND V. SCHULZ?

@ Zentralinstitut fiir Mikrobiologie und experimentelle Therapie (ZIMET)
0 6900 Jena, Thiiringen, Germany

bGesellschaft fiir Biotechnologische Forschung mbH (GBF)
W 3300 Braunschweig Niedersachsen. Germany

In recent years interest in the production of recombinant DNA products, such as
enzymes and pharmaceuticals, has been growing. High cell density cultivation has
been one of the most effective ways to increase cell as well as product yield. Basic
work in this field was carried out by Baucr and coworkers (1974-1981) with
nonrecombinant strains of Escherichia coli.'?

A varnety of process strategies have been developed in fed-batch fermentation of
E. coli.* Common goals are to control the oxygen demand within the oxygen transfer
capabilities of the fermentor and to avoid the accumulation of acetate and ethanol.*
These goals can be met by feeding the carbon source to achieve C-limited growth,
reducing temperature to decrease the growth rate, or increasing the oxygen transfer
capability of the fermentor using oxygen as the sparging gas. Cell densities of about
110 g/L have been reported for a process-controlled fed-batch plus oxygen mode for
cultivating nonrecombinant E. coli in a 2.5-L fermentor.’ An impressive application
of rDNA products is the production of alpha-consensus interferon by recombinant
E. coli. Fieschko and Ritch® reported product concentrations of 5.5 g/L from 65 g/L
cell diy mass.

ADVANTAGES OF HIGH CELL DENSITY FERMENTATION

In general, the main advantages of high-density cultivation are: reduced fermen-
tor and closed system volume, improved space time yield (volumetric productivity),
reduced medium costs, reduced volume in primary downstream processing, frequent
omission of concentration steps, and reduced plant and operating costs.

HOST STRAIN E. COLI

For decades, E. coli has played an important role in molecular biological work,
which explains its use as the host strain for the majority of protein productions from
rDNA. For example, insulin, hGH, alpha,-interferon, alpha,,-interferon, and rennin
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are available from cultivations of recombinant E. coli. For none of them has a high
cell density process been used.

Of great interest is the control of growth rate because it strongly influences the
formation of both products and inhibitory metabolites. Acetate formation is re-
ported to increase drastically when the growth rate exceeds 0.35 h™' (defined
medium) and 0.2 h™! (complex medium).’

Seo and Bailey® showed the existence of an optimum dilution rate (growth rate)
for B-lactamase production in continuous cultivation. This finding was not confirmed
in batch experiments when growth rate control was changed by altering growth
medium. Despite this, Riesenberg et al.’ reported an optimum growth rate in batch
production of alpha,-interferon.’
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FIGURE 1. Scheme of the ZIMET HDF 30/450: t, = end of lag-phase; t, = start of pO,-control
via stirrer speed; t; = exhaustion of glycerol; t, = start of glucose feeding; t; = start of
exponential shift in stirrer speed; and t, = end of exponential shift in stirrer speed.

ZIMET HIGH CELL DENSITY FERMENTATION 30/450

In the ZIMET a high cell density fermentation (HDF) process for a glucose/
mineral salt medium aliows growth of a recombinant E. coli strain (TG 1, pBB 210)
up to a cell density of 60 g/L in a 30- and 450-L Chemap fermentor.’ Except for the
feeding of glucose as a carbon source and of aqueous ammonia for pH control, there
was no need for the feeding of other nutrients and for the supply of oxygen-enriched
air. FIGURE 1 schematically illustrates this process with a batch phase with glucose
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consumption and a feed-batch phase with glucose feeding. In the fed-batch phase the
pO, was kept at 20% of saturation via closed-loop controls with two variables,
namely, stirrer speed and feeding rate of glucose. The fed-batch mode prevented
significant accumulation of acetate and other metabolic byproducts. The recombi-
nant E. coli expressed alpha,-interferon constitutively with a higher efficiency at a
lower specific growth rate (p,,, = 0.17 h™") than at the maximal specific growth rate
(e = 0.45 ™) (FIG. 2). Tilerefore, after reaching a suitable cell density with
growth at p.,, the culture was forced to grow at the optimal specific growth rate, .,
by open-loop control for agitation directing the input of oxygen and hence the su pgﬁy
of glucose. The stirrer speed was increased according to an e-function profile.

ZIMET/GBF-HIGH CELL DENSITY FERMENTATION 70/1500

To avercome the well-known disadvantages of high density processes, GBF and
ZIMET in 1989 developed a special HDF process for E. coli that produces more than
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FIGURE 2. ZIMET HDF 30 process: Kinetics of glucose, biomass, and alpha,-interferon.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




