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Becoming a Champion Go Player

Let’s look at an analogy: Go, believed to be the oldest board 
game in be world, is described as having elegant and simple rules. 
It is, however, also known for its complexity and the requirement 
for long-term planning and multiple layers of strategic thinking to 
win. Beginners often start playing Go on a 9 x 9 board and even 
at this level, there are around 1038 possible board configurations, 
and much can be learnt about some winning tactics. Up until now, 
we’ve been playing on this beginner’s board, learning the basic 
rules of the game with the routine production of monoclonal 
antibodies. Now with NGBs we are progressing to play on the 
full-sized board: 19 x 19; ~2 x 10170 possible board configurations. 
The game has now become more complex. More strategic 
thinking is required. So, for an opening move, let’s consider two 
potential strategies to help us towards winning this game of 
bio-Go: (i) use of multigene vectors, beneficial when the NGB 
requires more than the two genes associated with mAbs and (ii) 
use of transposon technology to potentially boost titers, a benefit 
of particular importance for NGBs which are often difficult to 
express.

Multigene Vectors
NGBs, of which there are many diverse types, can encompass 
multiple genes. They can, for example, be fusion proteins or 
bispecific antibodies. They can also be proteins that require 
“helper” molecules for their expression, for example certain 
blood clotting factors. When using traditional mammalian 
expression platforms, DNA vectors are used to transfer the genes 
which encode for the desired recombinant proteins into the host 
cells' genome. Typically, such DNA vectors have only enabled 
expression of one or two product genes, so alternative solutions 
are required when expression of a product requires three or more 
genes.  

Although antibodies, at the time of writing, still 
dominate the clinic, there is a definite shift in the drug 
development pipeline towards more “complex”, next- 
generation molecules. These next generation biologics 
(NGBs) include bispecifics and other novel format mAbs, 
novel glycoproteins and other complex molecules. They 
often combine domains from various molecules with 
engineered elements to create something that may 
not have been seen before in nature, with the result 
that they do not express well in current expression 
platforms. So the potential need for a different 
expression platform needs to be considered. But for 
what? The array of new formats for the NGB sector is 
bewildering. Any expression platform developed must 
therefore address general needs arising from such 
engineered proteins rather than the needs of a specific 
molecule type. It is likely that such an expression 
platform will actually comprise a toolbox of solutions 
for scientists to get the best chance of translating their 
idea into reality.

So what approaches have been used for the production of 
multigene products? Let’s take the expression of a bispecific 
antibody as an example. Some groups use a “mix and match” 
approach where they create two recombinant cell lines or two 
different microbial strains, with each making a portion of the 
product. This is done using standard technologies and fully 
purified antibody from each of them is then recombined in a 
chemical step to form a mix of products including the desired 
one. This mix of products then requires further purification work 
to clean it up. A perfectly acceptable approach and one that 
works. However, the major disadvantage of this route is the time 
and cost of having to make two cell lines or bacterial strains. 
Another approach for expression of multigene products, and 
one often discussed and used, is co-transfection. Here, two or 
more vectors encoding all the required genes are co-transfected 
into the host cell line. An advantage in comparison to the mix 
and match approach is that only one cell line is required, and the 
ratios of each gene can potentially be biased. Again, a perfectly 
acceptable approach and one used by many. There are still, 
however, a number of disadvantages. For example, additional 
selection markers may be needed, vectors may integrate into 
different locations, resulting in unbalanced expression levels, 
and increased effort is often required during the cell line 
construction phase to identify those cell lines that have taken 
up all vectors and are expressing all required genes. Linked 
with this is the need for high throughput analytics for detecting 
the desired product. There is also a risk of losing individual 
vectors from the cell line, leading to an increased risk of cell 
line instability.

So what can be done to overcome the disadvantages from 
these two approaches? One solution is a vector system which 
allows expression of three or more genes on a single vector. Such 
an approach would: require creation of only a single cell line; 
allow gene insertion into a single locus, thereby removing the 
risk of having very unbalanced expression levels due to inherent 
transcriptional activity of integration at multiple loci; enable 
standard cell line construction workflows to be used; and remove 
the risk of gene loss associated with the use of multiple vectors. 
Previously, creation of a vector comprising of three genes, using 
Lonza’s GS vectors, was challenging, and creation of a vector for 
four genes was simply not possible. Creation of such vectors is 
now possible using Lonza’s multigene vector technology, and data 
from production of a complex antibody, constituting a common 
light chain and two different heavy chains (identical except one 
of them had an adjunct), is shown in Figure 1. Construction of this 
vector was achieved using a streamlined, efficient, one-vessel 
assembly method.

Transposon Technology
Another common challenge with NGBs is that they often don’t 
express well in current expression platforms. One solution 
making headlines that has potential to help improve productivity 
is transposon-based technology. So what are transposons (see 
Glossary of Terms below)?
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Figure 1: To demonstrate the efficacy of a "multigene vector" (MGV) system in constructing an expression vector for a relevant triple chain protein, a triple gene vector (TGV) 
was assembled and transfected into CHOK1SV GS-KO® cells. (a) As calculated from a miniprep screen of ampicillin +ve bacterial colonies, a success rate of 89% to 100% for 
this product using these vectors was achieved. (b) It was observed from LC-ESI-MS analysis of purified cell culture supernatant that the correctly assembled heterodimer was 

the predominant species with a low level of mispaired homodimer (work led by Peter O’Callaghan).

Transposable elements (TEs), or "jumping genes", are DNA 
sequences that move from one location on the genome to 
another. The geneticist Barbara McClintock of Cold Spring 
Harbor Laboratory in New York first identified these TEs more 
than 70 years ago (Pray LA and Zhaurova K. Barbara McClintock 
and the Discovery of Jumping Genes (Transposons). 2008. 
Nature Education. 1 (1): 169; Pray LA. Transposons: The jumping 
genes. 2008. Nature Education. 1 (1): 204.). Barbara McClintock 
discovered the first TEs in maize when she was experimenting 
with maize plants that had broken chromosomes. As the 
maize plants grew, she noted unusual leaf colour patterns and 
hypothesised that some cells had lost genetic material, while 
others gained what they had lost during cell division. However, 
when she then compared the chromosomes of the current 
generation of plants with the parent generation, she found 
certain parts of the chromosome had changed position. This 
was contrary to the popular genetic theory of the time that 
genes were fixed in their position on a chromosome. McClintock 
found that as well as being able to move, genes could also be 
turned on or off due to certain environmental conditions or 
during different cell development stages. Other scientists were 
initially doubtful of McClintock's discovery. Over the ensuing 
years, however, it became apparent that not only do TEs "jump", 
but they are also present in large numbers in almost all organisms 
(both prokaryotes and eukaryotes). For example, TEs have been 
reported to make up almost half of the human genome (Lander ES 
et al. Initial sequencing and analysis of the human genome. Nature. 
2001; 409:860–921) and up to 90% of the maize genome. TEs 
may well have a role in disease development, and in a similar 
vein, there are reports in the literature of their involvement in 
the development of antibiotic resistance in microbes (Iyer A et al. 
Transposable elements in Escherichia coli antimicrobial resistance. 
Advances in Bioscience and Biotechnology, 2013; 4:415–423.). 
They also have an ability to increase genetic diversity (although 
it should be noted that the genome apparently has the ability to 
inhibit most TE activity). Overall, TEs seem to play an important 
part of evolution and gene regulation in all organisms that 
carry these sequences. Transposable elements can be divided 
into two major classes based on their method of transposition: 
retrotransposons, which function via reverse transcription (copy 
and paste) and transposons, which move throughout the genome 
through a cut and paste mechanism. It is the transposons that are 
of interest in the bioprocessing arena. 

Glossary of terms 
Transposon = a mobile DNA element
Transposase = the enzyme that mediates this mobility

Typically in nature, the transposon and the transposase are 
the same; that is, the transposon encodes the transposase which 
moves the DNA around. For use in the bioprocessing context, the 
transposon is typically separated from the transposase. If we 
take GS piggyBac™, a gene integration technology from Lonza, as 
an example, this was first derived from the cabbage looper moth 
(reviewed in: Yusa K. Piggybac transposon. 2015. microbiolspec 
3(2): doi:10.1128/microbiolspec.MDNA3-0028-2014). The 
system was subsequently reconstituted for use in other cell 
types by separating the transposon from the transposase. 

Mechanistically, how does GS piggyBac™ work when 
utilised in the bioprocessing context (Figure 2)?: The genes in 
an expression vector are flanked by inverted terminal repeat 
sequences (ITRs). A specific transposase enzyme will bind to 
these ITRs, cut out that piece of DNA and facilitate the integration 
of the resulting transposase/DNA complex at sites in the genome 
with specific sequences (in the case of GS piggyBac™, these are 
"TTAA" sequences). It preferentially integrates into areas of open 
chromatin and stable regions of the genome that are associated 
with highly expressed genes – the system is highly effective at 
inserting genes into the genome. Integration can be described as 
pseudorandom, as it occurs only at sites with a specific sequence, 
and which are found throughout the genome. That is, it is not 
fully random integration as is traditionally used, nor is it targeted 
integration where genes of interest are placed into a single, 
defined site in the genome. Rather, it falls between these two 
concepts, as there are multiple locations it can go into but this is 
limited in that they must have the specific sequence.

In practical terms, how does this work? The cargo DNA that 
is flanked by the ITRs (for example, the genes of interest for 
a recombinant protein) can be very large. The vector, with the 
cargo and ITRs, can be co-transfected into cells along with 
the transposase. The transposase can be delivered either 
as a mRNA or as a pDNA. mRNA is preferable as it will have a 
short half-life, and once the transposase activity has therefore 
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Figure 2: Transposable element mechanism of action.

Figure 3: Comparing productivity with and without the activation of the GS piggyBac 
technology (work led by Peter O’Callaghan).

finished, the recombinant genes should be stably incorporated 
into the genome. With pDNA, retransposition is always possible 
in the future, which would be undesirable from a consistency 
viewpoint. Typically, multiple integrations can occur, and 
both re-transposition and the number of integrations can be 
controlled via the cargo to transposase ratio.

Due to all this, GS piggyBac™ has great potential to be 
of benefit when trying to express more complex, difficult to 
express proteins. It may also be beneficial from a cell line 
stability viewpoint and has potential to accelerate speed 
to tox and first-in-human studies. The original piggyBac 
technology has been available for a while, and reports in the 
literature attest to its potential benefits in the bioprocessing 
arena: Rajendra and others were expressing recombinant 
proteins in GS CHO cells and looked to combine this with 
the piggyBac technology (Rajendra Y et al. Generation of 
stable Chinese hamster ovary pools yielding antibody titers 
of up to 7.6 g/L using the piggyBac transposon system. 2016. 
Biotechnol Progress, 32: 1301-1307). They cloned expression 
cassettes for GS and for the genes of interest into an original 
piggyBac vector (repeated for three different antibodies 
and one bispecific antibody). Then, stable CHO pools were 
generated for each molecule and assessed in a fed-batch 
model. Product concentration results ranged from 2.3 to 7.6 
g/L and they reported that this represented a 4 to 12-fold 
increase relative to controls where piggyBac was not utilised. 
The top result of a 12-fold increase was with the bispecific 
antibody. The group reported that this increase in product 
concentration was predominantly due to an increase in specific 
production rate, as the fold increase was similar for product 
concentration and specific productivity. Faster pool recovery 
times were also observed. This group then moved on to clone 
cells from these pools and observed a product concentration 
increase of between 2 and 3-fold for the clonal cell lines when 
piggyBac was utilised. They suggested from their work that 
piggyBac could be used to significantly improve pool and 
clone generation. From a cell line stability viewpoint, there is 
limited data, but what there is suggests stability improvements 
are possible. For example, a group at EPFL (Matasci M et al. The 
PiggyBac transposon enhances the frequency of CHO stable 
cell line generation and yields recombinant lines with superior 
productivity and stability. 2011. Biotechnol. Bioeng., 108: 
2141-2150) report that volumetric productivity remained 
stable for both CHO pools and clonal cell lines for up to three 
months with piggyBac utilised.

Latest results have also shown GS piggyBac™ to result in a 
substantial increase in product concentration when used to aid 
expression of a difficult to express monoclonal antibody. A panel 
of engineered model antibodies, with different expression levels 
had been developed and a low expressing variant (<1g/L) was 
selected for investigation in a study with GS piggyBac™. Stable 
transfectant pools were generated using the GS Gene Expression 
System® with and without GS piggyBac™. With GS piggyBac™, 

an increase in product concentration in excess of 200% was 
observed and the specific production rate was also increased 
(see Figure 3).
Conclusion

Further work is needed to build on a winning strategy for this 
game of bio-Go. However, new tools to address general issues 
arising from the expression of NGBs are being developed. Two 
such tools, which look to overcome very different challenges, 
have been described and discussed here: (i) multigene vectors; 
a tool for introducing three or more genes on a single vector 
and (ii) GS piggyBac™; a transposon-based technology with 
significant potential to improve productivity with difficult to 
express proteins. Next move.


