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(57) ABSTRACT 

Described herein are methods for the production of mono 
clonal antibodies in ?lamentous fungi host cells. The mono 
clonal antibodies are expressed as full-length fusion proteins 
that retain functional antigen binding and antibody-depen 
dent cellular cytotoxicity capabilities. Improvements in the 
cleavage of the glucoamylase-light chain fusion protein to 
yield a mature antibody are also provided. The antibodies 
produced in ?lamentous fungi shoW equivalent pharmaco 
kinetic disposition to antibodies produced in mammalian 
cells. 
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PRODUCTION OF FUNCTIONAL ANTIBODIES IN 
FILAMENTOUS FUNGI 

RELATED APPLICATIONS 

[0001] The present application claims priority to US. 
Prov. Patent Appln. Ser. No. 60/373,889, entitled “DNA 
Sequences, Vectors, and Fusion Polypeptides for Secretion 
of Antibodies in Filamentous Fungi” (Attorney Docket No. 
GC741P) ?led Apr. 18, 2002, by Ward et al., US. Prov. 
Patent Appln. Ser. No. 60/411,540, entitled “Production of 
Antibodies in Filamentous Fungi” (Attorney Docket No. 
GC776P) ?led Sep. 18, 2002, by Ward et al., to US. Prov. 
Patent Appln. Ser. No. 60/411,537, entitled “Protein Puri? 
cation” ?led Sep. 18, 2002 (Attorney Docket No. GC775P) 
by Fong et al., as Well as US. Prov. Patent Appln. Ser. No. 
60/452,134 ?led Mar. 4, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to increased 
secretion of immunoglobulins from ?lamentous fungi. The 
invention discloses fusion nucleic acids, vectors, fusion 
polypeptides, and processes for obtaining the immunoglo 
bulins. 

BACKGROUND OF THE INVENTION 

[0003] Production of fusion polypeptides has been 
reported in a number of organisms, including E. coli, yeast, 
and ?lamentous fungi. For example, bovine chymosin and 
porcine pancreatic prophospholipase A2 have both been 
produced in Aspergillus niger or Aspergillus niger var. 
awamori (previously knoWn as Aspergillus awamori) as 
fusions to full-length glucoamylase (GAI) (US. Pat. No. 
5,679,543; Ward et al., Bio/technology 8:435-440,1990; 
Roberts et al.,Gene 122:155-161,1992). Human interleukin 
6 (hIL6) has been produced in A. nidulans as a fusion to 
full-length A. niger GAI (Contreras et al., Biotechnology 
9:378-381,1991). Hen egg White lysoZyme (Jeenes et al., 
FEMS Microbiol. Lett. 107:267-272,1993) and human 
lactoferrin (Ward et al., Bio/technology 13:498-503, 1995) 
have been produced in A. niger as fusions to residues 1-498 
of glucoamylase and hIL6 has been produced in A. niger as 
a fusion to glucoamylase residues 1-514 (Broekhuijsen et 
al., J. Biotechnol. 31:135-145, 1993). In some of the above 
experiments (Contreras et al., 1991; Broekhuijsen et al., 
1993; Ward et al., 1995) a KEX2 protease recognition site 
(Lys, Arg) has been inserted betWeen glucoamylase and the 
desired polypeptide to alloW in vivo release of the desired 
polypeptide from the fusion protein as a result of the action 
of a native Aspergillus KEX2-like protease (the Aspergillus 
KEX2-like protease is noW designated KEXB). 

[0004] Additionally, bovine chymosin has been produced 
in A. niger var. awamori as a fusion With full-length native 
alpha-amylase (Korman et al., Curr. Genet. 17:203-212, 
1990) and in A. oryzae as a fusion With truncated forms of 
A. oryzae glucoamylase (either residues 1-603 or 1-511; 
Tsuchiya et al., Biosci. Biotech. Biochem. 58:895-899, 
1994). 
[0005] A small protein (epidermal groWth hormone; 53 
amino acids) has been produced in Aspergillus as a tandem 
fusion of three copies of the protein (US. Pat. No. 5,218, 
093). The trimer of EGF Was secreted as a result of the 
inclusion of an N-terminal secretion signal sequence. HoW 
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ever, the EGF molecules Were not additionally fused to a 
protein efficiently secreted by ?lamentous fungi and no 
method for subsequent separation of monomeric EGF pro 
teins Was provided. 

[0006] The glaA gene encodes glucoamylase Which is 
highly expressed in many strains of Aspergillus niger and 
Aspergillus niger var. awamori. The promoter and secretion 
signal sequence of the gene have been used to express 
heterologous genes in Aspergilli including bovine chymosin 
in Aspergillus nidulans and A. niger var. awamori as pre 
viously described (Cullen, D. et al. (1987) Bio/Technology 
5, 713-719 and EPO Publication No. 0 215 594). In the latter 
experiments, a variety of constructs Were made, incorporat 
ing prochymosin cDNA, either the glucoamylase or the 
chymosin secretion signal and, in one case, the ?rst 11 
codons of mature glucoamylase. Maximum yields of 
secreted chymosin obtained fromA. awamori Were beloW 15 
mg/l in 50 ml shake ?ask cultures and Were obtained using 
the chymosin signal sequence encoded by pGRG3. These 
previous studies indicated that integrated plasmid copy 
number did not correlate With chymosin yields. Abundant 
polyadenylated chymosin mRNA Was produced, and intra 
cellular levels of chymosin Were high in some transformants 
regardless of the source of secretion signal. It Was inferred 
that transcription Was not a limiting factor in chymosin 
production but that secretion may have been inef?cient. It 
Was also evident that the addition of a small amino terminal 
segment (11 amino acids) of glucoamylase to the propeptide 
of prochymosin did not prevent activation to mature chy 
mosin. The amount of extracellular chymosin obtained With 
the ?rst eleven codons of glucoamylase, hoWever, Was 
substantially less than that obtained When the glucoamylase 
signal Was used alone. Subsequently, it Was demonstrated 
that chymosin production could be greatly increased When a 
fusion protein consisting of full-length glucoamylase and 
prochymosin Was produced (U.S. Ser. No. 08/318,494; Ward 
et al. Bio/technology 8:435-440, 1990). 

[0007] Aspergillus niger and Aspergillus niger var. 
awamori (A. awamon) glucoamylases have identical amino 
acid sequences. The glucoamylase is initially synthesiZed as 
preproglucoamylase. The pre and pro regions are removed 
during the secretion process so that mature glucoamylase is 
released to the external medium. TWo forms of mature 
glucoamylase are recogniZed in culture supernatants: GAI is 
the full-length form (amino acid residues 1-616) and GAII 
is a natural proteolytic fragment comprising amino acid 
residues 1-512. GAI is knoWn to fold as tWo separate 
domains joined by an extended linker region. The tWo 
domains are the 471 residue catalytic domain (amino acids 
1-471) and the 108 residue starch binding domain (amino 
acids 509-616), the linker region being 36 residues in length 
(amino acids 472-508). GAII lacks the starch binding 
domain. These details of glucoamylase structure are 
revieWed by Libby et al. (Protein Engineering 711109-1114, 
1994) and are shoWn diagrammatically in FIG. 2. 

[0008] T richoa'erma reesei produces several cellulase 
enZymes, including cellobiohydrolase I (CBHI), Which are 
folded into tWo separate domains (catalytic and binding 
domains) separated by an extended linker region. Foreign 
polypeptides have been secreted in T reesei as fusions With 
the catalytic domain plus linker region of CBHI (Nyyssonen 
et al., Bio/technology 11:591-595, 1993). 
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[0009] Antibody production has been, to date, preferably 
performed in transgenic animals, mammalian cell culture or 
plants. Each of these methods suffers from one or more 
draWbacks. For example, transgenic animals and mamma 
lian cell cultures each have a risk of being contaminated by 
viral or other adventitious agents, e.g., prions. In addition, 
the ability to scale up any one of these production systems 
is limited. Recombinant plants may take approximately ten 
months to produce a recombinant protein, While mammalian 
cells may take about three months. Thus, there remains a 
need for alternative methods for antibody production. 

SUMMARY OF THE INVENTION 

[0010] Provided herein are nucleic acids, cells and meth 
ods for the production of immunoglobulins. 

[0011] In a ?rst embodiment, nucleic acids encoding a 
functional monoclonal immunoglobulin are provided. In one 
aspect, a nucleic acid comprising regulatory sequences 
operatively linked to a ?rst, second, third and fourth nucleic 
acid sequences are provided. Terminator sequences are 
optionally provided folloWing the fourth nucleic acid 
sequence. In a second aspect, the ?rst nucleic acid sequence 
encodes a signal polypeptide functional as a secretory 
sequence in a ?rst ?lamentous fungus, the second nucleic 
acid encodes a secreted polypeptide or functional portion 
thereof normally secreted from said ?rst or a second ?la 
mentous fungus, the third nucleic acid encodes a cleavable 
linker and the fourth nucleic acid encodes an immunoglo 
bulin chain or fragment thereof. 

[0012] In a third aspect, an expression cassette comprising 
nucleic acid sequences encoding an immunoglobulin chain 
is provided. 

[0013] In a second embodiment, methods of expressing a 
functional monoclonal antibody are provided. In one aspect, 
a host cell is transformed With a ?rst expression cassette 
comprising a nucleic acid sequence encoding a ?rst immu 
noglobulin chain, (ii) transformed With a second expression 
cassette comprising a nucleic acid sequence encoding a 
second immunoglobulin chain, and (iii) cultured under 
appropriate conditions to express the immunoglobulin 
chains. Optionally, the immunoglobulin chains may be 
recovered. In one aspect, the immunoglobulin chains are 
expressed as a fusion protein. The expressed fusion immu 
noglobulin chains are subsequently assembled as functional 
antibodies and secreted. 

[0014] In a third embodiment, cells capable of expressing 
an immunoglobulin are provided. Host cells are transformed 
With tWo expression cassettes, a ?rst expression cassette 
encoding a ?rst immunoglobulin chain type (e.g., either a 
heavy or light chain) and a second expression cassette 
encoding a second immunoglobulin chain type (e.g., either 
light or heavy chain, respectively). The heavy chain may be 
of any immunoglobulin class. 

[0015] In a fourth embodiment, a functional monoclonal 
immunoglobulin is provided. In one aspect, the functional 
monoclonal antibody chains are expressed as fusion proteins 
consisting of the glucoamylase signal sequence, prose 
quence, catalytic domain and linker region up to amino acid 
number 502 of mature glucoamylase, folloWed by amino 
acids YKR and then by the mature immunoglobulin chain. 
One chain may be either the heavy or light chain. 
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[0016] In a second aspect, the fully assembled antibodies 
are treated With a protease to liberate an immunoglobulin 
from the fusion protein. In a third aspect, the antibodies may 
be treated With a deglycosylating enZyme. 

[0017] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and speci?c examples, While indi 
cating preferred embodiments of the invention, are given by 
Way of illustration only, since various changes and modi? 
cations Within the scope and spirit of the invention Will 
become apparent to one skilled in the art from this detailed 
description. 

BRIEF DESCRIPTION OF THE FIGURES 

[0018] FIG. 1 shoWs a schematic representation of an 
antibody. Indicated on the draWing are the various regions of 
the antibody and the names of various antibody fragments. 

[0019] FIG. 2 is a diagram depicting the tWo forms of 
glucoamylase from Aspergillus niger or Aspergillus niger 
var. awamori. 

[0020] 
[0021] FIG. 4 is a diagram of plasmid pCLl. 

[0022] FIG. 5 is a diagram of pCL5, a second trastuZumab 
heavy chain expression plasmid. 

[0023] FIG. 6 is a diagram of plasmid pCL2. 

[0024] FIG. 7 is a diagram of plasmid pCL3. 

[0025] FIG. 8 shoWs the results of SDS-PAGE under 
reducing conditions and With Coomassie Brilliant Blue 
staining of samples Which had been puri?ed by protein A 
chromatography. The bands observed for transformant 
1-LC/HC-3 (lane 3) Were identi?ed as the light chain (25 
kDa), non-glycosylated and glycosylated forms of the heavy 
chain (50 and 53 kDa), glucoamylase-light chain fusion 
protein (85 kDa) and glucoamylase-heavy chain fusion (116 
kDa). The bands observed for transformant 1-HCA-4 (lane 
2) Were identi?ed as the light chain (25 kDa), non-glyco 
sylated form of the heavy chain (50 kDa), glucoamylase 
light chain fusion protein (85 kDa) and glucoamylase-heavy 
chain fusion (116 kDa). The bands observed for transfor 
mant 1-Fab-1 (lane 1) Were identi?ed as the light chain and 
Fd‘ chain (both 25 kDa) and the glucoamylase-light chain 
and glucoamylase-Fd‘ fusion proteins (both 85 kDa). 

[0026] FIG. 9 shoWs the results of SDS-PAGE (NuPAGE 
Tris-Acetate Electrophoresis System from Invitrogen Cor 
poration, Carlsbad, Calif.) under non-reducing conditions 
and With Coomassie Brilliant Blue staining of samples 
Which had been puri?ed by protein A chromatography. The 
major bands observed for transformant 1-LC/HC-3 (lane 4) 
Were identi?ed as assembled IgG1 (150 kDa), assembled 
IgG1 With one molecule of glucoamylase attached (~200 
kDa) and assembled IgG1 With tWo molecules of glucoamy 
lase attached (~250 kDa). The major bands observed for 
transformant 1-HCA-4 (lane 3) Were identi?ed as assembled 
IgG1 (150 kDa), assembled IgG1 With one molecule of 
glucoamylase attached (~200 kDa) and assembled IgG1 
With tWo molecules of glucoamylase attached (~250 kDa). 
The major bands observed for transformant 1-Fab-1 (lane 2) 

FIG. 3 is a diagram of plasmid pQ83. 
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Were identi?ed as assembled Fab‘ (50 kDa) and assembled 
Fab‘ With one molecule of glucoamylase attached (~100 
kDa). 
[0027] FIG. 10 shoWs the results of SDS-PAGE under 
reducing and non-reducing conditions of samples of Fab‘ 
and F(ab‘)2 puri?ed from supernatant of transformant 1-Fab 
12 by hydrophobic charge induction chromatography fol 
loWed by siZe exclusion chromatography. A5, B11, B7 and 
B3 represent different fractions collected from the siZe 
exclusion chromatography column. 

[0028] FIG. 11 is a graph shoWing the anti-proliferative 
effect of the HER2 antibodies on human breast adenocarci 
noma cell line, SK-BR-3 (ATCC number: HTB-30). Com 
mercial Herceptin antibodies are indicated by diamonds (Q) 
and triangles Aspergillus transformant 1LC/HC-3 anti 
bodies are indicated by circles (C) and squares Control 
cells Were A-431, a human epidermoid carcinoma that 
expresses high levels of the EGF receptor and loW levels of 
HER2. 

[0029] FIG. 12 is a graph shoWing the binding of Hu1D10 
antibody derived from NSO mouse myeloma cell line 
(squares; I), and tWo Aspergillus produced antibodies (des 
ignated as An-3G-Hu1D10 [circles; .] and An-Hu1D10 
[inverted triangles; A]) to Raji cells. No signi?cant differ 
ence in binding Was observed. 

[0030] FIG. 13 is a graph shoWing the competitive bind 
ing of FITC-labeled antibody With Hu1D10 antibody 
derived from NSO mouse myeloma cell line (squares; I), 
and tWo Aspergillus produced antibodies (An-3G-Hu1D10 
[circles; .] and An-Hu1D10 [inverted triangles; A]) to Raji 
cells. No signi?cant difference in binding Was observed. 

[0031] FIG. 14 is a bar graph indicating the percentage of 
cells in Which apoptosis has been induced by Hu1D10, 
An-3G-Hu1D10 and An-Hu1D10 at 5 hours or 24 hours. No 
signi?cant difference in inducing apoptosis Was observed. 

[0032] FIGS. 15A and B are graphs depicting the levels 
of Antibody-Dependent Cellular Cytotoxicity reached by 
each of the three antibodies tested, i.e., Hu1D10, An-3G 
Hu1D10 and An-Hu1D10, in tWo different donors. Clear 
indication of ADCC activity by Aspergillus-derived anti 
bodies is exhibited. 

[0033] FIG. 16 is a graph of the in vivo pharmacokinetics 
of CHO-derived and Aspergillus-derived trastuZumab. No 
signi?cant difference in pharmacokinetic disposition Was 
observed for the fungal-derived antibody. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The inventors have discovered that desired anti 
bodies can be expressed and secreted in ?lamentous fungi at 
levels higher than that previously obtained using other 
expression systems. 

[0035] The invention Will noW be described in detail by 
Way of reference only using the folloWing de?nitions and 
examples. All patents and publications, including all 
sequences disclosed Within such patents and publications, 
referred to herein are expressly incorporated by reference. 

[0036] Unless de?ned otherWise herein, all technical and 
scienti?c terms used herein have the same meaning as 
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commonly understood by one of ordinary skill in the art to 
Which this invention belongs. Singleton, et al., Dictionary of 
Microbiology and Molecular Biology, 2D Ed., John Wiley 
and Sons, NeW York (1994), and Hale & Marham, The 
Harper Collins Dictionary of Biology, Harper Perennial, NY 
(1991) provide one of skill With a general dictionary of many 
of the terms used in this invention. Although any methods 
and materials similar or equivalent to those described herein 
can be used in the practice or testing of the present invention, 
the preferred methods and materials are described. Numeric 
ranges are inclusive of the numbers de?ning the range. 
Unless otherWise indicated, nucleic acids are Written left to 
right in 5‘ to 3‘ orientation; amino acid sequences are Written 
left to right in amino to carboxy orientation, respectively. 
Practitioners are particularly directed to Sambrook et al., 
1989, and Ausubel F M et al., 1993, for de?nitions and terms 
of the art. It is to be understood that this invention is not 
limited to the particular methodology, protocols, and 
reagents described, as these may vary. 

[0037] The headings provided herein are not limitations of 
the various aspects or embodiments of the invention Which 
can be had by reference to the speci?cation as a Whole. 
Accordingly, the terms de?ned immediately beloW are more 
fully de?ned by reference to the speci?cation as a Whole. 

De?nitions 

[0038] The terms “isolated” or “puri?ed” as used herein 
refer to a nucleic acid or amino acid or polypeptide that is 
removed from at least one component With Which it is 
naturally associated. 

[0039] An “expression cassette” or “expression vector” is 
a nucleic acid construct generated recombinantly or syn 
thetically, With a series of speci?ed nucleic acid elements 
that permit transcription of a particular nucleic acid in a 
target cell. The recombinant expression cassette can be 
incorporated into a plasmid, chromosome, mitochondrial 
DNA, plastid DNA, virus, or nucleic acid fragment. Typi 
cally, the recombinant expression cassette portion of an 
expression vector includes, among other sequences, a 
nucleic acid sequence to be transcribed and a promoter. 
Expression cassette may be used interchangeably With DNA 
construct and its grammatical equivalents. 

[0040] As used herein, the term “vector” refers to a nucleic 
acid construct designed for transfer nucleic acid sequences 
into cells. An “expression vector” refers to a vector that has 
the ability to incorporate and express heterologous DNA 
fragments in a foreign cell. Many prokaryotic and eukaryotic 
expression vectors are commercially available. Selection of 
appropriate expression vectors is Within the knoWledge of 
those having skill in the art. 

[0041] As used herein, the term “plasmid” refers to a 
circular double-stranded (ds) DNA construct used as a 
cloning vector, and Which forms an extrachromosomal self 
replicating genetic element in some eukaryotes. 

[0042] The term “nucleic acid molecule” or “nucleic acid 
sequence” includes RNA, DNA and cDNA molecules. It Will 
be understood that, as a result of the degeneracy of the 
genetic code, a multitude of nucleotide sequences encoding 
a given protein may be produced. 

[0043] As used herein, a “fusion DNA sequence” com 
prises from 5‘ to 3‘ ?rst, second, third and fourth DNA 
sequences. 






















































