
Research-scale oligonucleotide workflow 

Objective 
To produce the correct oligo at the correct length 
for the application 

Single stranded 
• Usually 10-mer to 150-mer
• Short interfering (21-mer RNA duplex)
• Micro RNA (average 22-mer RNA)
• Aptamers (11-mer to 60-mer)
• Antisense DNA (18-mer to 30-mer)
• Longer oligo trend e.g., guide oligos 

(47-mer to 130-mer RNA)

Considerations 
• Length of oligo
• Dimethoxytrityl (DMT) protection group on or off
• The whole workflow: synthesis system, 

purification system, and filtration system. 
Consumables such as solid support, filters, and 
resin type (see future-proofing section)

• Delivery system – lipid nano particle formulation

Strategies 
• Long oligos can have yield issues
• DMT on is recommended when you want to 

achieve high purity
• DMT off purification is considered an easier and 

more cost-effective technique

Diversification and consideration of molecules

Objective 
High-fidelity synthesis of single-stranded oligonucleotides 

Considerations 
• Optimization of coupling conditions
• Future regulatory requirements
• Range of products available to support flexibility and scaling
• Special packing versus chromatography resins

Strategies 
• Stay the same
• A strong technology supplier for your solid 

support - Cytiva is on 5th generation solid support

The repetitive, cyclic oligonucleotide synthesis process 
can be fully automated.
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Solid-phase synthesis

Objective 
Cleavage from solid support and optional 
removal of protection groups
 
Considerations 
• Cleavage and optional removal of DMTr 

group depend on the 
chemistry and overall downstream process 

• Treatment in 25–28% ammonia at 
elevated temperature

• RNA requires additional cleavage step 
• RNA needs resistant bottles

Cleavage and deprotection

Primer support
with full-length 
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including DMTr
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* Dimethoxytrityl (DMTr) is a hydrophobic protecting group on the 5'-end of the oligonucleotide. 
The DMTr group is cleaved from the oligo under acidic conditions.

Deprotection of nucleotide
protection groups

Deprotection of nucleotide
protection groups

Strategies 
• Choose appropriate linker for the solid 

support
• Select appropriate cleavage protocols 

for DNA or RNA
• Decide if the DMTr ‘handle’ should be 

used to purify full-length oligos
• Develop process to treat column 

content with ammonia solution and 
elevated temperature

Objective 
Obtain full length oligonucleotides
 
Considerations 
• Different purification route for DMT-ON or DMT-OFF
• DMT on is recommended when you want to achieve 

high purity
• DMT off is much easier overall, cheaper, and usually 

sufficient up to 40-mers

Strategies 
• DMT on and use hydrophobic interaction 

chromatography (HIC)
• DMT off and use ion exchange 

chromatography (IEX)

DMT-ON or DMT-OFF? 

Synthesis

Oligo-DMTr Oligo (DMTr Off)

Oligo (DMTr Off)

Solid support

Desalting and
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Cleavage and
deprotection

Ammonium hydroxide and 
elevated temperature
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PurificationOptional TFF 
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Formulation
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Alternatives for downstream processing

Objective 
Nanofiltration (NF) to remove solid support 
and/or an optional tangential flow filtration (TFF) 
as an initial purification
 
Considerations 
• Which filtration system to choose?
• Carry out nanofiltration or tangential flow 

filtration?
• Optional TFF step removes shortmers and 

residual solvents prior to purification
• If you are only doing DNA or only doing 

aqueous ammonium hydroxide deprotection, 
this step is not required

• Membranes resistant to strong chemicals 
used in synthesis

• Premade or homemade buffers?
• A sterile storage bag supplier

Strategies 
• Use a scalable filtration system with 

easy-to-use software
• HyClone™ buffers: standard and custom 

options available
• Polyvinylidene fluoride (PVDF) membranes 

resistant to the chemicals e.g., 
Fluorodyne™ II DFL membrane

Suggested NF step

Objective 
Separation of full-length oligonucleotides from 
modified oligonucleotides and short-mers with 
DMTr off

Considerations 
• Future demand for your consumables (see 

future-proofing section)
• A sterile storage bag supplier
• Premade or homemade buffers?

Strategies 
• Future proof with favorable scalability 

characteristics with resins like Capto™ Q ImpRes 
for large scale downstream processing of 
oligonucleotides utilizing standard bioprocessing 
equipment, (e.g., AxiChrom™ columns and 
prepacked ReadyToProcess™ columns) at low 
pressure (< 3 bar) conditions, SOURCE 15Q can 
be explored for high-resolution challenges

• Use a scalable filtration system with easy to use 
software

• HyClone buffers: standard and custom options 
available

• PVDF Membranes resistant to the chemicals 
e.g., Fluorodyne II DFL membrane

OPTION 1 OPTION 2

Objective 
Capture of full-length oligonucleotides with 
a hydrophobic DMTr group on 5’-end

Considerations 
• Capture of full-length oligonucleotide and 

cleavage of DMTr* group
• Reversed phase chromatography with 

flammable buffers
• Removal of all impurities 
• Membranes resistant to strong chemicals 

used in synthesis
• Premade or homemade buffers?
• A sterile storage bag supplier

Strategies 
• HIC chromatography using aqueous buffers
• HyClone buffers: standard and custom 

options available
• PVDF membranes resistant to the 

chemicals e.g., Fluorodyne II DFL membrane

OPTION 2Oligonucleotide purification with DMTr OFF Oligonucleotide purification with DMTr ON

Objective
Product concentration and diafiltration 

Considerations 
• Select a strong technology provider whose filtration 

equipment can scale with you
• Premade or homemade buffers?
• A sterile storage bag supplier

Strategies 
• Flat sheet cassettes for 3 kDa filtration e.g., 

Omega™ PES filters
• HyClone buffers: standard and custom options available
• PVDF membranes resistant to the chemicals e.g., 

Fluorodyne II DFL membrane
• 2D Allegro™ sterile storage bags 
• Explore larger cut-off for long oligos (>50mer) or 

smaller cut-off for short oligos (<20mer) 

Buffer exchange

Objective
Measure purity, recovery, and identity
 
Considerations 
• Robust and advanced analytical  testing capabilities 
• Quantitation of percentage full-length 

oligonucleotide
• Qualitative determination of oligonucleotide 

identity and product-related impurities

Strategies 
• Use analytical IEX-HPLC, ion-pairing RPC-HPLC 

and LC-MS 
• Tailor analytics for final formulation

(e.g., nanoparticle characterization)

Analysis

Objective 
Creation of a stable lipid nanoparticle (LNP) delivery system

Considerations 
• High encapsulation efficiency
• Effective cellular uptake and endosomal escape
• Optimizing LNP characteristics, process parameters, 

and chemistry to maximize performance
• In vivo evaluation and proof-of-concept data generation
• Protection from nuclease degradation
• Reproducibility 
• Long-term stability in solution
• Small-scale modeling of manufacturing process
• Identify necessary analytical methods

Strategies 
• Ignite™ and/or Ignite+™ 

platforms to fine-tune 
reproducible nanoparticles

• Leverage NxGen™ 
technology platform 
for scalability 

• Drug product 
cryopreservation 
for stability and 
buffer exchange

Formulation

Objective 
• Downstream processing of LNPs, by 

removing excess ethanol 
• Maximize product recovery 
• Minimize process time (not always!)
 
Considerations 
• Formulation: shear sensitivity and stability 

of LNPs
• Filter selection: type, pore size, geometry
• Type of membrane: cassette or cartridge?
• Optimum key operating parameters: 

Trans-membrane pressure and 
crossflow rate

• Sequence of process: concentration and 
diafiltration

• Ideal number of diavolumes

Strategies 
• Check critical quality attributes (CQAs) at 

every stage of the process
• Optimize the operating parameters to 

avoid gel layer formation, fouling of the 
membrane, and yield reduction 

• Optimize diafiltration time to select the 
best combination of concentration and 
diafiltration steps

Suggested additional TFF Step

Future proofing

DNA Decoy
CRISPR

mRNA

Protein

Disease

Antisense  
siRNA
miRNA

Aptamer

Transcription

Translation

Bioactivity

Objective 
Seamless scale-up (essential for patient safety and 
maximizing the potential of a new drug when it goes 
to market)
 
Considerations 
• Calculate the manufacturing scenario early in 

process development to make cost- and 
time-efficient decisions (for example, equipment 
set up, batch cost)

• Insource or outsource
• Explore future aseptic fill finish of oligonucleotide 

therapeutic, a robotic filling workcell, and whether 
to use vials or filled syringes

• Security of supply: can your current supplier expand 
to increased consumption at manufacturing levels? 

• Regulatory complexities and regional differences

Strategies 
• Work with strong technology companies who can 

support scalability
• At large scales, solutions may include modular 

facilities, workflow configuration, and staff training
• Make sure your process has user-friendly software: 

ensure simplicity, flexibility, ease of use, and data 
security
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