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W
ith a multitude of thera-

peutic antibodies cur-

rently in the develop-

ment pipeline, a number

of important issues that relate to the

manufacture of these complex proteins

have become evident (see GEN, April 1,

2002). Current manufacturing methods

for full-length antibodies rely on their

production in mammalian cell culture.

Relatively high levels of therapeutic anti-

body doses have resulted in increased

production demands for their manufac-

ture, tying up large amounts of bioreac-

tor capacity.

Thus various options for producing

antibodies are being considered that will

not only reduce the cost of goods but also

minimize the capital expenditure

involved in building or expanding manu-

facturing facilities. Consequently, there is

growing interest in alternative expression

hosts such as transgenic plants, trans-

genic animals, and microbes as well as in

improving the efficiency of existing

mammalian cell culture systems.

An approach taken by Genencor Inter-

national (Palo Alto, CA) is the develop-

ment and continued improvement of a

variety of microbial expression systems.

Over the years, the company has devel-

oped a number of host species such as E.

coli, Bacillus subtilis, and Streptomyces livi-

dans for the production of heterologous

proteins. Along with these microbial

expression systems, filamentous fungi

(Aspergillus niger and Trichoderma reesei)

have also been developed as hosts for the

production of secreted proteins.

Production using these fungi is

extremely efficient as they are prolific

secretors of proteins. They have been uti-

lized as production hosts in the low cost

manufacture of fungal enzymes such as

glucoamylases, xylanases, and cellulases

for use in starch processing, textiles,

cleaning, and in paper industries.

The company’s extensive manufac-

turing experience with large-scale fer-

mentation technology, product recov-

ery, and product formulation in pro-
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Expression of Antibodies in Aspergillus niger
Bioprocessing

The structure of glucoamylase naturally secreted by A. niger (top) and the two glucoamylase-antibody
chain fusion proteins, which are co-expressed to produce a full-length antibody.



ducing proteins for industrial use is

being applied to the production of ther-

apeutic proteins.

First Use

Genencor developed A. niger as a host

for mammalian protein production

many years ago. The first example of

commercial production of a mam-

malian protein in a filamentous fungus

was the use of Aspergillus as a host for

the production of bovine chymosin.

FDA approval for its use in the food

industry for cheese making has since

resulted in chymosin being manufac-

tured in Aspergillus.

Improved strains of Aspergillus with

properties such as the reduced produc-

tion of native proteases and increased

capacity to secrete foreign proteins have

been developed. Efforts to improve pro-

tein production also revealed that high-

er titers could be obtained if the heterol-

ogous protein was produced fused to the

end of the native, secreted Aspergillus

glucoamylase. This has since become a

standard method for the production of

mammalian proteins in Aspergillus.

Since 2000, Genencor has been apply-

ing its technology developed for indus-

trial proteins to address needs of the

biopharmaceutical industry. Aspergillus

offers a good candidate expression sys-

tem for the production of monoclonal

antibodies for several reasons. There

will be cost advantages over the current

use of mammalian cell culture systems;

these fungi are able to secrete large

amounts of protein in inexpensive,

robust, large-scale fermentations allow-

ing capital cost savings and reduced

running costs.

Production cell lines can be quickly

generated and culture volumes can be

rapidly scaled from micro-titer plates to

tens of thousands of liters. In addition,

media requirements are simple, com-

prising only salts and a carbon source

such as maltose or glucose. The length

of a typical fed-batch fermentation

process is around five days.

The risk associated with mammalian

virus or other adventitious agent conta-

mination is not an issue since animal

products, serum, or growth factors are

not used during the fermentation

process. In addition, since fungi are

eukaryotes, they have many aspects of

protein secretion, folding, and glycosyla-

tion in common with mammalian cells.

At the recent BIOPHEX meeting (see

p. 72), Genencor reported on the pro-

duction and assembly of full-length

humanized IgG1 in A. niger. Integrative

expression vectors were used and the

promoter from the Aspergillus glu-

coamylase gene (glaA) was utilized to

control antibody expression. Separate

vectors for the light and heavy antibody

chains were constructed and introduced

by co-transformation.

The antibody chains were each pro-

duced as fusion proteins coupled to

Aspergillus glucoamylase. During secre-

tion the two antibody chains are expect-

ed to assemble within the endoplasmic

reticulum while glucoamylase is still

attached. Due to the engineering of a

cleavage site between the glucoamylase

and the antibody chain, glucoamylase is

clipped off during the secretion process

in the Golgi apparatus by an Aspergillus

protease (KEXB, a homolog of mam-

malian kexins). Efficient cleavage of the

fusion protein is essential for optimal

use of this system.

Alteration of amino acid sequences

around the cleavage site can consider-

ably improve the amount of cleaved

secreted product. To address the needs

of downstream processing, a purifica-

tion strategy based on hydrophobic

charge induction chromatography

(HCIC) was also devised.

HCIC was originally developed as

part of an academic collaboration

involving Genencor. Like protein A

affinity chromatography, it can be used

to capture antibody from culture super-

natant. However, HCIC can additionally

separate free antibody from any glu-

coamylase-attached antibody.

Assembly and Processing of Antibody in Aspergillus

Glucoamylase-antibody
Fusion assembles in ER

Cleavage to release antibody
occurs in Golgi

The predicted assembly of glucoamylase-antibody fusion proteins in the endoplasmic reticulum (left)
and subsequent release of authentic antibody (right) by cleavage at the KEXB sites as the protein pass-
es through the Golgi apparatus during secretion.



Competitive System

The secreted level of full-length IgG1

produced by Aspergillus is competitive

with that in mammalian cell systems and

much higher than previously reported in

microbial systems. The antibody is cor-

rectly assembled and binds antigen. A

single asparagine residue within the Fc

portion of the antibody becomes glyco-

sylated during secretion in Aspergillus as

it does in mammalian cells. The struc-

ture of the glycan added to the antibody

by Aspergillus is of the high-mannose

type as expected in fungi and yeasts.

In addition to producing full-length

antibody, Genencor has also expressed

antibody fragments (a Fab´ version of

an IgG1) in A. niger with secreted titers

competitive with those publicly stated

for E. coli and yeast. The potential of

some of the Fab´ fragments to assemble

as F(ab´)2 further increases the utility of

their production.

One issue which must be addressed

regarding antibody production in fungi

is centered on the structure of the glycan

produced by fungal expression. The

fungal glycan structure of the heterolo-

gous protein is different from the com-

plex glycan added by mammalian cells.

The effect of the differing glycan on

antibody function and pharmacokinet-

ics is currently being tested.

Alteration of the glycosylation pat-

tern either by strain manipulation or by

post-production modification with gly-

cosidases and glycosyltransferases offers

ways to increase the utility of this sys-

tem. Alternatively, production of nong-

lycosylated antibody in Aspergillus by

expression of a mutant form of IgG1 or

by enzymatic removal of the glycan after

production is another approach.

Although several alternate expression

host systems exist, these preliminary

findings demonstrate that filamentous

fungi provide an attractive alternative to

mammalian cell culture for production

of some monoclonal antibodies and an

alternative to other microbial systems for

production of antibody fragments.
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Production of Antibody Fragments

Fab‘ F(ab‘)2

The production of a Fab´ antibody fragment by expression and assembly of glucoamylase-light chain
and glucoamylase-Fd’ (truncated heavy chain) fusion proteins (left). Subsequent cleavage releases Fab’,
which can dimerize by disulphide formation between the heavy chain linker regions to form F(ab’)2.


