
 

Revolutionizing industrial peptide  
production with Numaswitch® 

 

  

Applications for peptides are growing in a wide range of industries, from active phar-

maceutical ingredients (APIs) in pharmaceuticals to their use in agriculture and aqua-

culture. However, most industries lack a reliable production platform for peptides due 

to their inherent characteristics, such as degradation sensitivity and aggregation ten-

dency. With our Numaswitch™ approach, we have managed to circumvent these limi-

tations and created a production platform that is not only reliable, but also more cost-

efficient, scalable and sustainable, even for complex peptides and proteins.  

 

The increasing importance  
of peptides  

Peptides are used in a wide range of indus-
tries, from pharmaceuticals to nutrition and 
agriculture. Their importance as active phar-
maceutical ingredients (APIs) is steadily in-
creasing. In 2018, 5% of all APIs were  
peptides with a market value of 25 billion US 
dollars, with applications predicted to grow  

7.9 % CAGR until 2027. 1,2 However, the  
industrial production of peptides still mainly  
relies on high-cost chemical synthesis, due  
to the lack of an efficient and cost-effective 
alternative. The use of toxic and hazardous 
solvents in chemical synthesis raises con-
cerns regarding sustainability  
and safety. 3–5 Inspired by nature, the 
Numaswitch™ technology was developed, 
making use of the innate nano machineries 
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of E. coli for the biosynthesis of peptides. 
High product yields can be achieved, since 
Numaswitch™ avoids common problems 
such as peptide proteolysis, degradation, ag-
gregation and cytotoxicity effects. The tech-
nology takes advantage of switchable Inclu-
sion Bodies (IB), which are refolded quantita-
tively and make the end product accessible 
at high titres.6,7 

Problem solving inspired  
by nature 

Our technologies rely on the protein hemoly-
sin A (HlyA). HlyA is the substrate that is be-
ing transported through the Gram-negative 
cell wall by the type 1 secretion system 
(T1SS) of E. coli. Looking in more detail into 
HlyA (Fig, 1), three functional domains are 
found: A) the hydrophobic N-terminal domain 
(hND), containing a hydrophobic membrane 
insertion domain, B) a region characterized 
by repetitive Ca2+-binding domains, so 
called GG repeats (these GG repeats are 
part of the consensus sequence 
GGXGXDXUX with X being any amino acid 
and U being any large and hydrophobic 
amino acid), and C) the C-terminal secretion 
signal (SS). HlyA aggregates in the cyto-
plasm of the E. coli cell. In the presence of 
T1SS, the SS domain of HlyA is recognized 
and the secretion of the protein is induced. 
Interestingly, the GG repeats bind to Ca2+ 
ions when the concentration in the HlyA en-
vironment exceeds the KD value for that 
binding event of around 10 µM. The binding 
of Ca2+ causes HlyA to fold properly. While 
the intracellular Ca2+ concentration of 
around 100 nM leads to the aggregation of 
HlyA (so-called inclusion bodies), when HlyA 
is secreted into the extracellular space of E. 
coli where the Ca2+ concentration is about 2 
mM, HlyA proteins fold.8 This mechanism, in  
which Ca2+ ions functioning as ionic 
switches, is used in the Numaswitch™ tech-
nology as the expression platform for pep-
teins® (peptides & small proteins of ~20-500 
aa). 
 

   
 
Figure 1: The HlyA protein contains a hND domain, GG 
repeats and a SS domain. In the context of 
Numaswitch™, the Switchtag™ protein contains GG 
repeats and is linked to the target of interest, making 
the IBs accessible for proper, quantitative folding 
(renaturation) in the presence of C2+ ions. Made with 
Biorender.com 

 
Welcome to Numaswitch® 

For Numaswitch™, we make use of a fine-
tuned version of the HlyA protein containing 
mainly GG repeats, named Switchtag®, 
which is linked to the peptein of interest (Fig 
1).  The production of the target can be di-
vided into simple steps (Fig. 2). At first, we 
insert the genes for both the Switchtag™ and 
the desired target peptide as a fusion gene 
into a plasmid. Competent E. coli cells are 
then transformed with this circular DNA and 
the peptein of interest is biosynthesized, 
linked to the Switchtag®. Due to their nature 
as discussed above, the fusion proteins will 
form IBs. After cell lysis, the pepteins, still 
linked to the Switchtag™, are in their aggre-
gated off state. A sufficient Ca2+ concentra-
tion in the buffer will trigger the ionic switch 
which leads to renaturation of the functional 
pepteins. Following this, the Switchtag™ can 
be cleaved from the peptide of interest and 
purified using different purification ap-
proaches.  Applying this technology, we en-
sure that high yields and purity levels are 
reached, even for pepteins that are normally 
hard to express (for example β-amyloid and 
targets containing multiple cysteine bridges). 
Most importantly, and due to its ease of op-
eration, this technology allows us to produce 
pepteins in a  
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cost and time efficient way, while reaching 
target yields as high as > 2g per fermentation 
liter. Furthermore, high initial purities and 
product quality are achieved with non-com-
plex processes (HPLC-free), reducing long 
term cost of goods by more than 90%. Due to 
the strong Numaswitch™ platform, initial tar-
get samples can be produced within weeks, 
outperforming alternative tailor-made recom-
binant approaches. 
 

Teriparatide production –  
a well-known example 

We have successfully applied the 
Numaswitch™ technology for a range of pep-
teins used in different industrial applications. 
One example is Teriparatide (PTH1-34), a 
peptide used for osteoporosis treatment and 
being commercially sold under the trade 
name Forteo® 9. With our established high 
cell density fermentation protocol, more than 
20g Switchtag® Teriparatide protein per liter 
fermentation broth (as IBs) was produced. 
Remarkably, more than 95% of the IBs were 
recovered by refolding them in the presence 
of Ca2+ ions. Purification by a single chroma-
tographic step (Cation Exchange Chroma-
tography) resulted in over 99% product pu-
rity. Analysis of the  
 
 

 
 
 
 
 
 
 
 
 
product via reversed phase-High Perfor-

mance Liquid Chromatography (RP-HPLC)  
revealed a purity of >99.6% (Fig. 3). The 
identity was proven by mass spectrometry 
and peptide mapping. All specifications for 
active pharmaceutical ingredients for human 
applications were met (Table 1). It is worth 
mentioning that the released products have 
non-detectable endotoxin levels, despite us-
ing E. coli as the expression host. This is pos-
sible since the aggregated proteins can be 
washed before the refolding step, eliminating 
all endotoxins present. 
 
Table 1: Release analytics of Teriparatide produced 
with Numaswitch®. 

Property Specification Measured 

Identity 
(4117.7 Da) 

1030.4 [M + 
4H]+4 

1030.4 [M + 
4H]+4 

Peptide map-
ping (aa) 

23-30, 23-34, 5-
22, 5-19 

Confirmed 

Purity ≥ 95% 99.6% 

Net/gross 
weight 

> 80% > 88.7% 

Acetate > 95% Acetate 96 (mol%) 

 Endotoxins < 5 EU/mg < 0.4 EU/mg 

rHCP < 500 ng/mg < 100 ng/mg 

rHCD < 200 pg/mg < 10 pg/mg  

Functionality 
As WHO stand-
ard  

confirmed 

Figure 2: Schematic overview of the Numaswitch technology. From left to right: The genes for the Switchtag™ and 
the target are inserted into an expression DNA circle called plasmid. Competent E. coli cells are transformed with 
that plasmid. The cells will use the DNA to produce the peptein of interest linked to the Switchtag™, they are 
present as IBs. After the IBs are released from the cells and are present in their off-state, they are renaturated by
Ca2+ ions (on-state) and the Switchtag™ is cleaved from the peptein of interest. The peptein is finally purified, 
and the level of purity is analyzed by EMA and FDA conform methods. Made with Biorender.com 
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The future of industrial peptide 
production 
 
Our Numaswitch™ technology is successful 
in producing pepteins in a time and cost- 
efficient manner, supporting the growing 
market for peptides as APIs and other appli-
cations. Compared to alternative recombi-
nant approaches and chemical synthesis, 
Numaswitch™ can reduce cost of goods by 
more than 90% with a fully scalable process. 
Commercial GMP-grade product can be 
made available within 6 to 9 months. In addi-
tion, the technology supports the trend to-
wards green chemistry by significantly reduc-
ing hazardous raw materials, while the safety 
profile of the overall production process and 
the final product are enhanced. This ground-
breaking, highly efficient technology will play 
an important role in the future for the indus-
trial scale production of peptides, pepteins 
and proteins. 
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Figure 3: Teriparatide produced with Numaswitch. a) SDS-PAGE analysis of products from different process steps.
From left to right: E. coli cells after high cell density fermentation (E), protein marker with marked molecular weights
(M), solubilized Teriparatide linked to Switchtag (S), Teriparatide linked to Switchtag after renaturation (R), Teripar-
atide after cleavage from Switchtag (C1: crude, C2: cleared), Teriparatide after purification via CEX purification and 
TFA/acetate exchange (P). b) Analysis of purified Teriparatide by RP-HPLC/MS.  
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