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Oligonucleotides and peptides (TIDES): # e Good agreement between simulations and experimental data for an 8-mer
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hard-to-treat diseases | individual cleaved chains with respect to the building blocks
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Unsustainable industrial production
Q‘? - (Solid Phase Synthesis)
15000 kg of waste per kg of product 2!
Solutions?

LIQUID PHASE OLIGONUCLEOTIDES
SYNTHESIS (LPOS) FEASIBLE OPERATING SPACE ANALYSIS

©

I
o
~

—

N
-
N

Chain molar fraction [-] [-]
Total chains molar fraction [-]

| —e— Model output
--a- Experimental data

O
o

O
o

0 5 10 15 20 25 30
Chain length [-] Process step [-]

) ~ Process _ OPN(tI;Q,N) . Desired sequence at the
Membrane-Enhanced Solvent - 1. Yield Y= OS.NB end of the process
Liquid Phase tank P performance
Oligonucleotides /_\ @ etontate variables 2. Purity P OPN(tF2,N) Residual building blocks
Synthesis (LPOS) Nitrogen OT (tga v) before coupling
* High scalability | Membrane " BBi(t-

. Hiah vield and burit o \ module 3.Residue R — max k=1 ( C’”) | .
IgNn yield and purity ne—1 N OT(ta ) Total oligonucleotides
» Easy reaction monitoring %_Q—‘ Q n before coupling
« Long sequences Feed tank Permesta What input combinations lead to good process performance?
vailve . . - = =
— Nested Sampling Algorithm to explore feasible operational regions
Permeate Inputs “Good scenario”
.  Diafiltration times Atg,, Atg, . Yield (Y): 2 90%
LPOS process for a product composed by N building blocks . Coupling and deprotection . Purity (P): > 90%
For each beprotection times Atg, Aty - Residual building blocks (R): < 1%
Step s =1N @ Flrelluz 5 At_D [min] 20 5 At_D [min] 20 5 At_D [min] 20
" 50 n - - —— I - - i
’ ' éﬁl’m - \ e _ 120 e — 120 o I— 120
: Diafiltration 2(OF2) "~~~ Diafiltration 1 (DF1) 2 a0- £ 2 40- )] 2., i £ 2 40 E
Q o - 20—- 4 ) 20—- " 5 ) 20 4
AN;A»A C » ; : N I'8O - ‘. | —-80 \‘ | - 80
) AP,WA._'CD MM F‘M ABC 20 At_%(l) Cmin] 60 80 20 Ati?:l [mm]eo 80 20 4Xt_F1 [mﬁg 80
S Coupling  Buiding block > 5 At_D [min] 20 5 At_D [min] 20 5 At_D [min] 20
. I D a0 | ) E— 50 | s E— 50 i
N A e 1 120
< 0 . g D = 60 Pe - I == — 60 feasible I =60 [
S‘Q.WA._'CD E E g space I g E c
2 N 40 - ® 5 N 40 = N 40 £
& 0 t| | ® ) t| ! © Q O
\ —————— / " 2. % I_Z 20 . 20 | 5
' | | | ' | ? | | ' | o_-80 20 40 60 80 v
At_F1 [min] At_F1 [min] At_F1 [min]
5= At_D [min] -20 5= At_D [min] -20 5= At D [min] -zo
- {‘.\ |- [0 geo I
5 40 - ‘."\ % }%40 I g 540 E
dX 1 pgs ‘& lZ <0+ < 20 4
* DIAFILTRATION 20 40 60 - go o0 20 40 60 go 80 20 40 60 g0
dt At_F1 [min] At_F1 [min] At_F1 [min]
. DEPROTECTION dOD,  dOB; k- OP, - MSA * Feasible operating space - Longer diafiltration durations: > product
dt dt bounded by At and Atg, losses
HOP 10D * Longer At At,: greater « Shorter durations: > building block residues
« COUPLING R+l _ k _ ko - BB, - OD, - DCI - CSO flexibility

dt dt

CONCLUSIONS

We developed the first mathematical model for Liquid Phase
Oligonucleotides Synthesis, validated it with experimental data, and used
it to analyse feasible process operations

Next steps

* Account for additional side reactions

Correct coupling reactionatsteps ABC+D-> ABCD
Sequence errors

Truncation errors Re ed se ces Neglected: Cis quenched
and washed out in two
ABC ABC diafiltration steps
N -/
—

Combinatorial error propagation! In our model

* Account for parameter uncertainty in design space characterisation
* Model-Based Design of Experiments to improve prediction confidence
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* Longest sequence
« Exact composition known
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