
Oligonucleotide 
therapeutics

-
Pioneering a new era of 
precision and efficacy



Oligonucleotides:  
the future of targeted therapies
Oligonucleotide therapeutics are a groundbreaking class of 
drugs with the potential to transform how we treat many 
diseases. These short, DNA or RNA molecules bind to 
specific targets within cells, modulating gene expression 
and cellular pathways through several mechanisms (for 
example, by targeting pre-mRNA, mRNA, non-coding RNA, 
modulating splicing events, interfering with protein 
translation). 

Therapeutic oligonucleotides offer a distinct advantage 
over traditional small molecule drugs by expanding the 
druggable genome. While small molecules primarily target 
proteins, oligonucleotides can target non-coding RNA and 
other previously inaccessible therapeutic targets, allowing 
drug developers to impact many cellular processes.1 
As such, oligonucleotides not only offer highly targeted 
therapies for previously unmet medical needs, their 
applications continue to expand beyond rare diseases 
into broader patient populations, such as cardiovascular 
diseases and central nervous system disorders.2,3

Synthetic oligonucleotides approved by regulatory authorities have increased significantly over the past decade, with 
first and second approvals in 1998 and 2004, respectively. This upward trend is expected to continue.

The global oligonucleotide 
pipeline keeps growing
The oligonucleotide market is 
rapidly expanding, with increasing 
regulatory approvals and a growing 
pipeline of promising candidates, of 
which there are currently more than 
700. In phases 1 - 3, small interfering 
RNA (siRNA) and antisense oligo-
nucleotides (ASO) account for more 
than 80% of the modalities, while 
almost 40% of the current oligo-
nucleotide development programs have 
rare disease indication.4 
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Bachem: your trusted partner 
for oligonucleotide products
Oligonucleotide platforms
To help achieve your therapeutic goals, Bachem offers oligonucleotide platforms that include:

• Small interfering RNA (siRNA)

• Antisense oligonucleotides (ASO)

• Aptamers

• Anti-microRNA (anti-miR)

• Phosphorodiamidate Morpholino Oligomers (PMO)

• Peptide Nucleic Acid (PNA)

• DNA adjuvants (CpG sequences)

• RNA editing platforms (including PN backbone
modified sequences)

• Conjugates

ASO or DNA adjuvant  
(single stranded)

siRNA (double 
stranded)

Aptamer (folded)

Complementary 
nucleobase pairs

Peptide Nucleic 
Acid (PNA)

Phosphorodiamidate 
Morpholino Oligomer 

(PMO)
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Chemical modifications
Bachem offers a suite of chemical modifications to optimize your oligonucleotide therapeutics, enhancing stability, 
improving delivery and reducing immunogenicity:

Base modifications 

Sugar modifications 

Backbone modifications

Sugar modifications 3’ and 5’ modifications Backbone modifications

• 2’-F, -OMe, -O-MOE, -OH, -other

• Locked building blocks
(LNA, cET, etc.)

• Inverse & abasic building blocks

• GalNAc

• Fatty acids

• Phosphates

• Linkers

• Phosphorothioate (PS)

• Phosphoramidate (PN)

• Vinyl & Methyl phosphonates

Backbone modifications
Nuclease stability 
Pharmacokinetics 

Phosphorothioate 
(PS)

Mesyl phosphoramidate Phosphoryl guanidine Methyl phosphonate

Vinyl phosphonate

X
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Process development and manufacturing of 
these oligonucleotide modalities is well-
established at Bachem, with multiple 
commercial products and extensive experience in 
commercial-scale API production. Incorporation 
of various base, sugar and backbone 
modifications has been demonstrated on 
numerous projects from non-GMP to multi-
kilogram GMP production. Alongside experience 
for manufacture of well-known PS, vinyl and 
methyl phosphonate containing oligo-
nucleotides, Bachem has conducted thorough 
risk assessments for more recently introduced 
PN chemistries, including handling of azides and 
formation of nitrogen during synthesis of 
phosphoramidate backbones. A reliable raw 
material supply chain and robust safety 
measures have been put in place to guarantee 
safe operations from small R&D to large 
production scale.



SMCC-NHS
Sulfo-SMCC-NHS

BCN-NHS

DBCO-NHS

DPDS-NHS

Potential ligation sites 
of oligonucleotides

Common linkers for
peptide/protein conjugation

SMCC-NHS
Sulfo-SMCC-NHS

BCN-NHS

DBCO-NHS

DPDS-NHS

Potential ligation sites 
of oligonucleotides

Common linkers for 
peptide/protein conjugation

Oligonucleotide conjugates and 
related chemistries
Bachem has extensive experience in conjugation 
chemistries, linkers and modifications, e.g.:

• Conjugates: Fatty acids, phosphates,
linker-conjugates, PEG, GalNAc

• Linkers: SMCC-NHS, sulfo-SMCC-NHS,
BCN-NHS, DBCO-NHS, DPDS-NHS

• Conjugation chemistries: Thiol-maleimide,
click chemistry and disulfide formation

• Peptide/protein modification: Thiol, e.g.
cysteine or azide on the peptide/protein
(e.g. CPPs)5 and amine functionality, which
can be easily further modified with one
of the linkers depending on the type of
conjugation reaction on the oligonucleotide.

Potential ligation sites 
of oligonucleotides

Common linkers for peptide/
protein conjugation

SMCC-NHS
Sulfo-SMCC-

NHS

BCN-NHS

DBCO-NHS

DPDS-NHS

MMOODDIIFF.. -- 22

Base modifications
Hybridization affinity 
Specificity 

5-Methyl cytidine
(MeC)

Sugar modifications
Hybridization affinity 
Nuclease stability

Pseudo uridine 

(YY)

Inosine 
(I)

Locked Nucleic 
Acids (LNA)

2’-Fluoro 
arabinose (FANA)

cEt locked nucleic 
acids (cEt)

Morpholino nucleic 
acids (PMO)

2’-Deoxy ribose (DNA)
Ribose (RNA)
2’-Methoxy ribose (OMe)
2’-Fluoro ribose (F)
2’-Methoxy ethyl ribose (MOE)

R = H
OH

OMe
F

OMOE

Further modifications
Hybridization affinity 
Specificity
Targeted delivery
Cellular uptake

GalNAc 
modification PEGylation

Lipidation

Antibody-conjugation

Peptide-conjugation
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Strong capabilities for all scales of 
oligonucleotide process R&D,  
scale-up and production
At Bachem, we offer comprehensive capabilities across the 
entire oligonucleotide production process, from synthesis 
to purification and final product isolation (bulk drug 
substance / API). Leveraging decades of expertise and 
state-of-the-art technologies, we ensure high-quality, 

scalable, and innovative solutions for oligonucleotide 
manufacturing at every stage. Our synthesis platforms 
combine advanced solid-phase and liquid-phase methods, 
enabling efficient, flexible, and sustainable production of a 
wide range of oligonucleotide modalities.

Research and 
development
0.5 – 10 mmol

• Cytiva OP100

• ÄKTA Oligosynt

• Synthesis columns
1.5-6 cm i.d.

Small-mid scale 
GMP production
15 - 200 mmol

• Cytiva OP400

• Asahi Kasei Synth200

• Synthesis columns
10-30 cm i.d.

Large-scale GMP 
production
0.2 – 2 mol

• Asahi Kasei Synth2000

• Cytiva OligoProcess

• Synthesis columns
30-80 cm i.d.

Oligonucleotide therapeutics6  



Following synthesis, our optimized cleavage and 
deprotection processes ensure the integrity and purity of 
the synthesized oligonucleotide, using state-of-the-art 
equipment, such as Asahi Kasei C&D and Cytiva PPSM. 
Whenever necessary, we utilize ultrafiltration and 
diafiltration (Sartorius Sartoflow, and Merck Millipore 
equipment) for effective concentration, buffer exchange, 
and removal of impurities, supporting both process 
efficiency and product quality. Our purification technologies, 
including advanced chromatography systems, deliver high-

purity oligonucleotides tailored to customer specifications. 
For large-scale GMP purification and especially for high 
volume products, Multicolumn Countercurrent Solvent 
Gradient Purification (MCSGP) is a well-established, 
innovative technology at Bachem, that reduces solvent 
consumption and increases purification efficiency. 
Meanwhile, purification at smaller scales can be performed 
on state-of-the-art equipment, on a batch-to-batch 
approach to allow fast delivery of API for toxicological and 
early clinical phases.

Medium-scale 
purification 

Novasep Hipersep XS 
ÄKTA pilot 600

Small-scale 
purification 

Batch mode 
purification 

ÄKTA Avant 25 & 150

Continuous 
purification (MCSGP)
Chromacon Cube 30 

& 100

Large-scale 
purification

Novasep Hipersep L 

YMC Contichrom TWIN

Annealing steps, where required, are precisely controlled in our state-of-the-art equipment to achieve the desired 
duplex formation or structural configuration. Apart from our robust lyophilization capabilities, ensuring reliable final 
isolation and delivery of lyophilized oligonucleotide APIs, we offer the option of delivering  the API in frozen solution, where 
concentration is achieved through thin film evaporation or nanofiltration, for further formulation and clinical use.

Making a difference with our analytical capabilities
When it comes to our analytical capabilities, we have established a respectable portfolio to support our customers’ pro-
jects during development and life cycle. Example methods include:

Chromatography Ultra / High Performance Liquid Chromatography (UHPLC / HPLC), Two-Dimensional Ultra High 
Performance Liquid Chromatography (2D-UHPLC), Gas, Ion & Thin Layer Chromatography (GC & IC)

Mass 
Spectrometry

Peptide and Oligonucleotide Sequencing (ESI- & MALDI-MS/MS)/ Ultra High Resolution Mass 
Spectrometry ESI-Orbitrap, ESI-Q-ToF/ Matrix Assisted Laser Desorption Ionization Mass 
Spectrometry (MALDI-ToF), Multiple MS/MS Techniques: Collision Induced Dissociation 
(CID), Electron Transfer Dissociation (ETD)/ Two-Dimensional Ultra High Performance 
Liquid Chromatography coupled with Mass Spectrometry (2D-UHPLC-MS/MS), Gas 
Chromatography coupled with Mass Spectrometry (GC-MS/MS Triple Quadrupole; GC-MS/MS Orbitrap)

Spectroscopy Nuclear Magnetic Resonance Spectroscopy 600 MHz (1H, 13C, 31P, 19F NMR)/ Infrared Spectroscopy 
(IR), Ultraviolet / Visible Spectroscopy (UV/VIS) & Raman Spectrometry/ Circular Dichroism 
Spectroscopy (CD)

Others Endotoxins (LAL test) & Total Viable Aerobic Counts (TVC)/ Elemental Analysis (CHN)/ 
Amino Acid Analysis (AAA)/ Dynamic & Static Light Scattering (DLS & SLS)/ Gel Electrophoresis 
(Native & SDS-Page)
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https://www.bachem.com/knowledge-center/greener-purification-at-large-scale-an-oligonucleotide-case-study/
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Innovative technologies for a  
sustainable and efficient future

represents either a solid
phase resin or a soluble
support used in LPOS
enabling product isolation
by precipitation/filtration
or extraction

CCYYCCLLEE

One reaction 
cycle

(2) Coupling of
building block

(3) Oxidation or 
sulfurization or

amidation

(4) Capping

(1) Detritylation

Isolation & Global 
deprotection

X = O, S, NR1 (R1 e.g.: mesyl, guanidyl) 
R = H, OTBDMS, OMe, F, MOERepresents either a solid phase 

resin or a soluble support used in 
TOP LPOS
X = O, S, NR’ (R’e.g.: mesyl, guanidyl)
R = H, OTBDMS, OMe, F, MOE

represents either a solid
phase resin or a soluble
support used in LPOS
enabling product isolation
by precipitation/filtration
or extraction

CCYYCCLLEE

One Reaction 
Cycle

(2) Coupling of
building block

(3) Oxidation or
Sulfurization or

Amidation

(4) Capping

(1) Detritylation

Isolation & Global
Deprotection

X = O, S, NR1 (R1 e.g.: mesyl, guanidyl) 
R = H, OTBDMS, OMe, F, MOE

At Bachem, we go beyond the conventional continuous-flow 
Solid Phase Oligonucleotide Synthesis (SPOS), recognizing 
scalability- and sustainability-related limitations.6 We are 
driving innovation in oligonucleotide manufacturing by 
developing and implementing cutting-edge technologies that 
enhance sustainability, cost-efficiency and scalability, aiming 
production of APIs up to multi-ton scale:

• Stirred-Bed Technology SPOS (SBT SPOS):
Enables efficient oligonucleotide synthesis
with reduced waste generation and
improved environmental impact.

• Tag-assisted One-Pot Liquid Phase
Oligonucleotide Synthesis (TOP LPOS):
A favorable technology for
large-scale production,
offering a promising 
alternative to traditional 
solid-phase synthesis and 
the potential for further 
reductions in environmental impact. 

Webinar Whitepaper 

Webinar
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https://www.bachem.com/webinar/oligos-nce/tag-assisted-one-pot-liquid-phase-oligonucleotide-synthesis/
https://www.bachem.com/knowledge-center/scalable-oligonucleotide-manufacture-with-stirred-bed-technology/
https://www.bachem.com/knowledge-center/improving-oligonucleotde-manufacture-with-stirred-bed/
https://www.bachem.com/knowledge-center/tag-assisted-one-pot-liquid-phase-oligonucleotide-synthesis/


Speed to market
Our advanced platform technologies, expertise across modalities, and capacity planning have the capability to 
deliver your first GMP batch at kilogram scale within 8–9 months. Our streamlined processes, 
cross- functional collaboration, and efficient project management ensure your product is delivered on time, in 
quality, and at scale.
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SBT SPOS LPOS / TOP LPOS

3’ 5’

5’ 3’

3’ 5’

5’ 3’

Final productLigase

Oligonucleotide 
fragments

Continuous-flow
SPOS

3’5’

Using the synthesis methods most suitable to your 
oligonucleotide fragments
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Webinar Whitepaper

1stQuarter 2nd Quarter 

Process
development and
confirmation

KICKOFF

Analytic al 
Developmen t (AD)

Release

Stability study

kg sca le G MP campaign

Validation 
Microbial/Endotoxins

CMC compilation

Clinical
supply

Tox study
supply

Batch documentation 
compilation

ADMicrobial/
Endotoxins

Innovation in the drug discovery and development phase is fast for oligonucleotide 
therapeutics. Get your high-quality GMP material within 8-9 months.

Fragment synthesis and enzymatic ligation approach:

Short oligonucleotide fragments produced via continuous-
flow SPOS, SBT SPOS or TOP LPOS can be used in enzymatic 
ligation to form the final product. This approach offers several 
advantages including higher overall yields, cost efficiency and 
more sustainable manufacturing.

4th Quarter 3rd Quarter 

https://www.bachem.com/knowledge-center/webinar-efficient-large-scale-sirna-manufacturing-enzymatic-ligation-of-short-rna-fragments/
https://www.bachem.com/knowledge-center/enzymatic-ligation-and-other-innovative-technologies-shaping-the-future-of-large-scale-oligonucleotide-manufacturing/


Your project, our priority
Our comprehensive suite of services and capabilities empowers us to support you achieve your 
oligonucleotide development and manufacturing goals.

Success starts with the right team for the job

Reliable partner with chemical expertise
We accompany you from preclinical development to  
commercialization, producing your high-quality API

An unmatched technology toolbox
From state-of-the-art synthesis to cutting-edge 
and sustainable manufacturing of the future, 
we’ve got your needs covered

From lab to commercial scale
Scale your manufacturing process with predictable 
yields and quality; from non-GMP lab scale (grams) 
via multi-kg GMP up to commercial ton scale

Analytical expertise enabling API quality
Robust and versatile  analytical capabilities and 
rigorous quality control ensure the delivery of your 
APIs in high quality

Fast drug substance supply
We can deliver high quality material even under 
very aggressive CMC timelines

Your project can start today
We are currently doubling our capacity and 
maximum output to accelerate your project

Six sites on two continents

We manufacture reliable and high-quality  
oligonucleotide APIs to make your mission a reality
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From pre-clinical to commercial API 

Bachem offers a full range of CMC services, from early-stage process  
development to commercial API production. Services include:

• Process R&D, scale-up and GMP production

• Supporting documentation and life cycle
management

• Analytical development, stability and
degradation studies

• Microbiology and endotoxin method validation
and testing, including ultra-low specifications

• Batch comparison and reference standards

• Risk analysis (FMEA), process characterization
and Process Performance Qualification (PPQ)

Bachem accelerates your advancement from pre-clinical to commercial API.

Success starts now
Our streamlined processes, rapid API supply and expanding capacity ensure that your 
project stays on track and reaches the market rapidly.

Drug innovators rely on Bachem’s expertise, speed and efficient, 
sustainable manufacturing practices to get therapies to patients  
faster. Partner with Bachem to start your project today. bachem.com/contact

The future of oligonucleotide APIs starts here
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Established full range of CMC services  
for oligonucleotide customers and partners

Analytical transfer / development / validation work

Microbiology / endotoxin method development & validation

R&D scale process 
transfer  / 
development

R&D scale 
confirmation 
Batch production

Scale-up 
preparation

Non-GMP 
production

GMP 
preparation 
work

GMP production, 
release & 
dispositioning
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www.bachem.com

VIONNAZ 
(CH)

ST. HELENS 
(UK)

BUBENDORF 
(CH)

TORRANCE 
(CA) VISTA 

(CA)

About Bachem:

Bachem is a leading, innovation-driven company specializing in the development and 
manufacture of peptides and oligonucleotides. The company, which has over 50 years 
of experience and expertise, provides products for research, clinical development, and 
commercial application to pharmaceutical and biotechnology companies worldwide 
and offers a comprehensive range of services. Bachem operates internationally 
with headquarters in Switzerland and locations in Europe and in the US. The 
company is listed on the SIX Swiss Exchange. For further information, see 
www.bachem.com.

Global
business
Bachem facilities are located in Switzerland, the UK 
and the US. All cGMP manufacturing sites are 
inspected by the US-FDA and national authorities.

Visit our website www.bachem.com 
or shop online shop.bachem.com

Americas

Bachem Americas, Inc.
Tel.  +1 888 422 2436  
(toll free in USA & Canada)
+1 310 539 4171
us.sales@bachem.com

All information is compiled to the best of our knowledge. We cannot be made liable for 
any possible errors or misprints. Some products may be restricted in certain countries.

EMEA and India

Bachem AG		
Tel.  +41 58 595 2020	
sales.ch@bachem.com 

Marketing & Sales contact
myclimate.org/01-21-545022

http://www.bachem.com
mailto:sales.us%40bachem.com%0D?subject=
mailto:sales.ch%40bachem.com%0D?subject=

