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[bookmark: _Toc181376031][bookmark: _Toc227226041]General Information
All the reagents and solvents (HPLC grade) were used as received from chemical vendors without any further purification. Commercial chemicals were ordered from BLD-Pharma, Merck, TCI Europe, ABCR while the solvents were ordered from Chemlab. Synthesized products were stored at −20 ◦C. All reactions involving buffered aqueous solutions are using Carmody buffers of a specific pH, which was prepared according to the literature1.
[bookmark: _Toc227226042]Instrumentation
HPLC-MS of small molecules was performed on an Agilent 1100 series HPLC, equipped with quaternary pump and DAD detector, coupled to an Agilent G1946C single quadrupole MS, equipped with an ESI-ionisation source. A Phenomenex Kinetex C18 column (150 x 4.6 mm, 5 μm at 35 °C) was used with the following solvent system (A) 5 mM NH4OAc in H2O and (B) MeCN and the following gradient (flow rate of 1.5 mL/min): 0.5 min 100%A, then a linear gradient from 100% A to 100% B in 6 min, then flushing with 100%B for 2 min.
HPLC-MS of Peptides/Proteins was performed on an Agilent 1100 series HPLC, equipped with quaternary pump and DAD detector, coupled to an Agilent G1956B single quadrupole MS, equipped with an ESI-ionisation source. A Phenomenex Kinetex C18 column (150 x 4.6 mm, 5 μm at 35 °C) was used with the following solvent system (A) 0.1% HCOOH in H2O and (B) MeCN and the following gradient (flow rate of 1.5 mL/min): 0.5 min 100%A, then a linear gradient from 100% A to 100% B in 6 min, then flushing with 100%B for 2 min.
PREP-HPLC purification of small molecules was performed on a Gilson PLC 2250 Instrument equipped with a Waters Delta Pack C18 column (15 µM, 300 x 50 mm, 100 Å) at a flow rate of 65 mL/min. A gradient from 100% A and 0% B to 75%A and 25% B over 40 min followed by a gradient to 100% B over 5 min and a 10 min washing with 100%B, was mainly employed. Solvent A: mQ. Solvent B: Acetonitrile.
HPLC-UV (DNA Functionalisation and Conjugation) analyses and purifications were performed on either an Agilent 1100 or 1200 series instrument, connected to a DAD on a  Waters X-Bridge BEH C18 XP Column (130 Å, 2.5 μm, 4.6 mm X 50 mm) with a flow rate of 0.8 mL/min from 100 % A and 0 % B to 70 % A and 30 % B over 13 min respectively to 70% B over 13 min. Solvent A: 5 % acetonitrile, 95% Triethylammonium acetate buffer 0.1M. Solvent B: Acetonitrile.

NMR spectra were recorded with a resolution of 300 or 400 MHz. The 300 MHz measurements were performed on a 300 MHz Avance I (Bruker) with a 5 mm dual channel probe head, 1H and Broadband (BBO-type), equiped with an ultrashield type magnet. Measurements with 400 MHz resolution was carried out on a 400 MHz Avance II (Bruker) with a 5 mm dual channel probe head, 1H and Broadband (BBO-type), and an ultrashield type magnet. The chemical shifts are expressed in ppm and the residual solvent peak was used as internal reference. Scalar couplings (J) are reported in Hertz (Hz). The multiplicity of the signals were indicated by the following abbreviations: s, singlet; d, doublet; t, triplet; q, quadruplet; p, quintuplet; sx, sextet; sept, septuplet; m, multiplet; br, broadened; band, several overlapping signals).

HRMS were recorded on an Agilent Accurate Mass Quadrupole Time-of-Flight mass spectrometer (small molecules) or an Orbitrap mass spectrometer (DNA oligomers). Orbitrap settings are as follows: ESI Infusion, Scan range: 150-2000, Resolution: 70000, Sheath gas flow rate: 35, Aux gas flow rate: 10, Sweep gas flow rate: 1, Spray voltage: 3 kV, Capillary temperature: 250°C, S-Lens RF level: 50, Aux gas heater temperature: 200°C.
MALDI-TOF mass spectrometry data of proteins/conjugates were collected on a Sciex/Applied Biosystems 4800plus MALDI-TOF/TOF analyser equipped with a Nd-YAG solid-state laser (355 nm) and a pulse frequency of 200 Hz using 1) 2,5-Dihydroxybenzoic acid matrix (10 g/L in ACN : 0.1 % TFA in mQ, 1:2 v/v) or 2) sinapinic acid (saturated in ACN : 0.1% TFA in mQ, 1:2) or cocktail 3) 3-hydroxypicolinic acid solution (1 mg per 10.5 µL of 1:1 ACN/H₂O) mixed with a picolinic acid solution (1 mg per 20 µL of Milli-Q) in a 4:1 ratio. A 9 µL aliquot of this mixture was then combined with 0.5 µL of 230 mg/mL ammonium citrate and 0.5 µL of 1% HFIP to create the final spotting cocktail 3. Samples were analysed in positive linear mode linear and spotted by allowing 0.7 µL matrix to dry and subsequent addition of 0.7 µL of protein/conjugate sample on the dried matrix spot. Analysis was performed with full laser intensity. 
Light Irradiation for 2-substituted furan activation was performed using Euromex Illuminator EK-1 Lamps, equipped with a 100 W halogen lamp LE.5210 and connected to a Euromex LE.5214 dual arm light conductor. Lamp was used at maximum brightness.
Freeze-drying of DNA samples was achieved using a Heto Drywinner freeze dryer in combination with a Thermoelectron corporation Savat SPD111V Speedvac concentrator. Peptide/Protein samples were freeze-dried in a RVC 2-18 Cdplus (Christ) speedvac concentrator in combination with an Alpha 2-4 Ldplus (Christ) freeze dryer.
UV-vis measurements for oligomer quantification were performed on a Thermo Scientific Nanodrop instrument measuring the absorption at 260nm.
Yield Calculation was performed by integration (Int) of starting material and product signal in HPLC and subsequent calculation using the following formula: Yield (%) = IntPrd / (IntSM + IntPrd). In case of overlapping signals, the peak was split at the local minima. 
Isolated Yield Calculation was performed by quantification of isolated product via UV-vis and subsequent calculation using the following formula: Isolated Yield (%) = n Prd / nSM
PAGE gels were prepared by mixing BioRad 30% Acrylamide/Bis Solution (37.5:1), 1.50 M Tris-HCl, pH 8.8, 10% SDS and water in a Falcon tube until completely dissolved. Tetramethylethylenediamine (TEMED) and ammonium persulfate (APS) were added to induce polymerization. The mixture was poured into SDS PAGE casettes, leaving space at the top of the plate, and isopropanol (1 mL) was added during the polymerisation of the separation gel. Upon polymerisation, the isopropanol is separated, and the stacking gel is added: TEMED and APS were added beforehand to the premixed stacking PAGE gel (BioRad 40% Acrylamide/Bis Solution (37.5:1), 0.50 M Tris-HCl, pH 6.8, 10% SDS, water). A suitable comb was added. After full polymerisation, the comb was removed and the gel rinsed with water. The wells were flushed with 1X SDS-PAGE running buffer (25 mM Tris base, 192 mM Glycine, 3.5 mM SDS) before loading the samples. Nanobodies and Alphabodies were run on a 15% separating gel whereas RTX was analysed on a 8% separating Gel. 2.5 µg of protein (RTX) was loaded by diluting to 10 µL in SDS-PAGE Loading buffer (NuPAGE). Samples were heated to 95°C for 5 minutes to achieve denaturing. The sample was subsequently centrifuged to load the sample in the well. Gels were run at a constant 25 mA (50 mA in case of two gels) until the dye front eluted from the cassette. Gels were stained using Coomassie Brilliant Blue G250 stain for 15 minutes before destaining in water overnight. PageRuler 26616 of ThermoFisher was employed as protein ladder.
8% Separating PAGE gel composition – RTX
	Component
	Amount

	30% Acrylamide/Bis Solution (37.5:1)
	2.60 mL

	1.50 M Tris-HCl pH 8.8
	2.50 mL

	10% SDS
	0.10 mL

	mQ
	4.69 mL

	TEMED
	0.01 mL

	10% APS (fresh)
	0.10 mL



5% Stacking PAGE gel composition
	Component
	Amount

	30% Acrylamide/Bis Solution (37.5:1)
	0.80 mL

	1.00 M Tris-HCl pH 6.8
	1.30 mL

	10% SDS
	0.05 mL

	mQ
	2.80 mL

	TEMED
	0.005 mL

	10% APS (fresh)
	0.05 mL



10X SDS-PAGE Running buffer (pH 8.3)
	Component
	Concentration
	Amount

	Tris-Base
	0.250 M
	30.3 g

	Glycine
	1.9 M
	144.4 g

	SDS
	0.03 M
	10 g

	mQ
	 
	to 1 L
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5HP2O Linker and Conjugate Nomenclature
General Nomenclature of 5HP2O Linkers: 	
5HP2O(SideChain)-Spacer-NHS
· If R1=Me then no specification of side chain: 5HP2O-Spacer-NHS
· 
If no NHS ester formed yet: 5HP2O-Spacer-COOH
· In case other handles used: Mal=Maleimide, DBCO= Dibenzocyclooctyne …
Spacer:
· C# for a carbonyl chain bearing #CH2-units
· EG# for # oxygens in ethylene glycol spacer unit
· Amide/ester bonds are typically not indicated in the name


General Nomenclature of functionalised Oligonucleotides: 

5HP2O(SideChain)-Spacer-Oligomer
Oligomer will be abbreviated referring to its sequence by: D1, M4, M5...
A list of all oligomers, including their sequences, can be found in Table S 1.
D: Oligodeoxynucleotide, M: MALAT1 LNA-Gapmer


General Nomenclature of Oligonucleotide Conjugates:
In accordance with the proposed nomenclature in the literature 2.


R-5HP2O(SideChain)-Spacer-Oligomer
R (Protein or Peptide) will be abbreviated, referring to its sequence by: Ab, RTX
A list of all proteins and peptides can be found in Table S2 and S3.


Special Cases:
In case the oligomer is linked via the side chain (e.g. NBD containing linker 8), the nomenclature changes to:
5HP2O(SideChain-Oligomer)-Spacer


[bookmark: _Toc227226044]DNA Oligomers and their Synthesis
Table S 1: DNA constructs employed in this work. * = Phosphorothioate, mC = methylCytosine, LNA = Locked nucleic acid, PAMBA = para-aminomethylbenzoic acid, NH2-C6H12 = commercial 5AmMC6 IDT Amino Modifier, PO = phosphodiester backbone, PS = Phosphothioate backbone, ex. = exact mass as measured with Orbitrap HRMS.
	DNA
	Source
	Type of AON
	Sequence (5’ to 3’)
	Epsilon /
L/(mole·cm)
	Exact Mass / Da
	Mobs./ Da

	D1
	IDT
	PO
	H2N-C6H12-(CGA)7
	212300
	6638.41
	6638.19

	M4
	RISE
	
PS, LNA Gapmer, cleavable

	NH2-Ribose-TCATCA-G*mC*A*T*T*C*T*A*A*T*A*G*C*A*G*mC

	285700
	7468.89
	7469.94 

	M5
	RISE
	PS, LNA Gapmer, non cleav.

	NH2-Ribose-G*mC*A*T*T*C*T*A*A*T*A*G*C*A*G*mC

	212800
	5656.59 
	5657.63 



IDT Oligonucleotide was ordered and used as received. 

RISE Oligonucleotides were synthesized on an ÄKTA oligopilot 10 DNA/RNA synthesizer, through standard solid-phase phosphoramidite chemistry. All syntheses were carried out at 50 μmol scale. NittoPhase®HL UnyLinkerTM 400 was purchased from Kinovate Life Sciences, Inc.; T, Ac-protected dC, iBu protected dG and Bz-protected dA DMTr 5ʹ hydroxyl protected phosphoramidites were purchased from Thermo Fisher Scientific Inc. and LNA T, LNA Bz-protected me-C, LNA Bz-protected A and LNA dmf-protected G DMTr 5ʹ hydroxyl protected phosphoramidites were purchased from Hongene Biotech Corporation. All solvents and reagents were used without further purification. Anhydrous acetonitrile (< 10ppm H2O), Deblocking (3% DCA in toluene) reagent, Capping A and B and Oxidizer Reagent were obtained from emp BIOTECH GmbH, BTT Activator and 20% DEA in ACN were obtained from Sigma-Aldrich, sulfurisation solution was prepared in house (0.2 M Xanthane Hydride in Pyridine). Stepwise coupling efficiencies were determined by the automated trityl cation UV monitoring of the DNA/RNA synthesizer. All phosphoramidite monomers were dissolved in anhydrous acetonitrile to a concentration of 0.1 M, with exception of LNA Bz-protected me-C phosphoramidite which was dissolved in 3:1 solution of anhydrous acetonitrile and anhydrous THF, to a concentration of 0.1 M; for all phosphoramidite solutions, the head space was purged and left under nitrogen atmosphere with 3Å molecular sieves for 30 minutes to 18h prior to use. Deprotection and cleavage from the solid support was achieved through suspension of the resin in 8 mL of concentrated aqueous ammonia solution, over 30 minutes at room temperature with shaking, followed by overnight heating at 55 °C. The resin was then filtered through ISOLUTE® Single fritted reservoir (AG), 25 mL 10 μm PE with a nitrogen flow, and washed with water, to a known volume. The purity of oligonucleotides (crude and isolated product) was confirmed by Reverse-Phase Liquid Chromatography-Mass Spectrometry (RP-LC-MS) using electrospray ionization (ESI) in negative ion mode, carried out on a RP-LC-MS system equipped with UV detection at 254 nm using an ACQUITYTM PREMIER oligonucleotide BEH C18, 130 Å (1.7 μm, 2.1 × 50 mm) column with 0.2 mL flow rate and a linear gradient from 0-95% of buffer B in buffer A over 15 min at 40 °C. Buffers for RP-HPLC were as follows: (A) 8.6 mM TEA, 100 mM HFIP in H2O, (B) 8.6 mM TEA, 100 mM HFIP in MeOH.  

Purification: Oligonucleotides were purified through reverse phase chromatography, carried out on Biotage Selekt using Biotage Sfär C18 D - duo 100 Å 30 μm or Biotage Sfär C18 D - duo 300 Å 20 μm prepacked columns (acquired from Biotage), with 25 mL/min and 40 mL/min flow rates, respectively, and a linear gradient from 0-30% MeCN (with 1-5% of TEEA) in 0.1 mM of TEEA (both were degassed prior to purifications).  


[image: Ein Bild, das Text, Diagramm, Entwurf, technische Zeichnung enthält.

KI-generierte Inhalte können fehlerhaft sein.]Supplementary Figure 1: Synthesised and purified according to general procedures. (A) Structure of M4. (B) HPLC chromatogram (260 nm, to 75%) of M4. (C) Orbitrap mass spectrum of M4. (D) Deconvoluted mass spectrum of M4.

[image: Ein Bild, das Text, Entwurf, Diagramm, Zeichnung enthält.

KI-generierte Inhalte können fehlerhaft sein.]
Supplementary Figure 2: Synthesised and purified according to general procedures. (A) Structure of M5. (B) HPLC chromatogram (260 nm, to 75%) of M5. (C) Orbitrap mass spectrum of M5. (D) Deconvoluted mass spectrum of M5.

[bookmark: _Toc227226045]Peptides 
Table S 2: Peptides employed in this work. 
	Peptide 
	Source
	Sequence (N to C term.)
	MW calc. / Da

	pTagC(K)
	commercial
	H-FIGITELLKC-OH
	1150

	pTagC(L)
	commercial
	H-FIGITELKKC-OH
	1135



[bookmark: _Toc227226046]Proteins
Table S 3: Proteins employed in this work. 
	Name
	Abbreviation
	Source
	Type of Protein

	Alphabody3
	Ab
	Complix
	De-novo designed triple-helical coiled coil

	Rituximab4
	RTX
	University of Southampton
	Full monoclonal antibody

	Anti-CD40 mAb Fusion to antipTag5
	antiCD40-mAb
(STRIKE2001)
	Strike Pharma
	Fusion protein containing mAb and scFv





[bookmark: _Toc227226047]Organic Synthesis
[bookmark: _Toc227226048]Synthesis of 2-substituted furans
N-2-Propyn-1-yl-2-furanpropanamide (16)

General procedure GP1: 4 mmol furan 6, 83% yield, white solid, purified by silica flash chromatography (gradient from 100% Cyclohexane to 100% Ethyl acetate). 1H NMR (300 MHz, CDCl3) δ 7.31 – 7.25 (m, 1H, H2/5), 6.28 – 6.24 (dd, J = 3.2, 1.8 Hz, 1H, H1), 6.06 – 5.98 (m, 1H, H2/5), 4.03 (dd, J = 5.0, 2.6 Hz, 2H, H11),  2.98 (dd, J = 8.6, 6.7 Hz, 2H, H6/7), 2.53 (dd, J = 8.3, 6.9 Hz, 2H, H6/7) 2.24 – 2.18 (m, 1H, H13).13C NMR (101 MHz, CDCl3) δ 171.67 (C4/8), 154.20 (C4/8), 141.34 (C2/5), 110.37 (C1), 105.66 (C2/5), 79.49 (C12), 71.73 (C13), 34.71 (C6/7), 29.34 (C11), 23.95 (C6/7). LCMS tret = 4.57 min, ESI-MS+ m/z calculated for C15H24N4O5 177.08 [M], found 178.07 [M+H]+. HRMS (ESI+): calculated for C10H11NO2: 177.0790 [M]; found 178.0870 [M+H]+.

N-(2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl)-3-(furan-2-yl)propenamide 
(13)

General procedure GP1: 3.0 mmol furan 6, 89%, preparative reverse phase chromatography. 1H NMR (400 MHz, MeOD) δ 7.32 (dd, J = 1.9, 0.8 Hz, 1H, H2/5), 6.25 (dd, J = 3.2, 1.9 Hz, 1H, H1), 6.02 (dd, J = 3.2, 1.0 Hz, 1H, H2/5), 3.68 – 3.59 (m, 8H, H14-18), 3.59 – 3.53 (m, 2H, H11/12/20/21), 3.48 (t, J = 5.5 Hz, 2H, H11/12/20/21), 3.33 (dt, J = 8.2, 5.3 Hz, 4H, H11/12/20/21), 2.94 – 2.85 (t, J = 7.6 Hz, 2H, H6/7), 2.49 (t, J = 7.6 Hz, 2H, H6/7). 13C NMR (101 MHz, MeOD) δ 174.81 (C4/8), 155.75 (C4/8), 142.39 (C2/5), 111.17 (C1), 106.25 (C2/5), 71.64 (C14/15/17/18), 71.61 (C14/15/17/18), 71.49 (C14/15/17/18), 71.27 (C14/15/17/18), 71.12 (C11/12/20/21), 70.53 (C11/12/20/21), 51.73 (C11/12/20/21), 40.40 (C11/12/20/21), 35.36 (C6/7), 25.06 (C6/7). LCMS tret = 4.97 min, ESI-MS+ m/z calculated for C15H24N4O5 340.17 [M], found 341.15 [M+H]+, 465.03 [2M-H]-  HRMS (ESI+): calculated for C15H24N4O5 340.1747 [M]; found 341.1823 [M+H]+.



3-(2-(2-(3-(furan-2-yl)propanamido)ethoxy)ethoxy)propanoic acid (6)
General procedure GP1 (7 mmol furan 6) was initially followed to couple NH2-EG2-COOtBu to furan 6. The reaction mixture was then concentrated under reduced pressure. The residue was redissolved in THF:MeOH:Water (8:8:1 v/v, 17 mL) and treated with potassium hydroxide (40 equiv.). The solution was stirred overnight and concentrated under reduced pressure. The residue was redissolved in water and pH was adjusted to 4 by HCl (3 M). The solution was subsequently purified by preparative HPLC (addition of 0.1 % TFA to solvent A) leading to an orange oil (1.29 g, 62%).

1H NMR (400 MHz, MeOD) δ 7.35 (dd, J = 1.9, 0.8 Hz, 1H, H2/5), 6.28 (dd, J = 3.2, 1.9 Hz, 1H, H1), 6.08 – 6.03 (m, 1H, H2/5), 3.74 (t, J = 6.2 Hz, 2H, H16), 3.59 (tt, J = 5.4, 2.9 Hz, 4H, H13, 14), 3.50 (t, J = 5.4 Hz, 2H, H10/11), 3.37 – 3.32 (m, 2H, H10/11), 2.96 – 2.84 (m, 2H, H6), 2.59 – 2.48 (m, 4H, H17, 7). 13C NMR (101 MHz, MeOD) δ 175.41 (C4/8/18), 174.85 (C4/8/18), 155.72 (C4/8/18), 142.36 (C2/5), 111.16 (C1), 106.25 (C2/5), 71.33 (C13/14), 71.15 (C13/14), 70.52 (C10/11), 67.80 (C16), 61.54 (EtOAc), 40.37 (C10/11), 35.76 (C7/17), 35.31 (C7/17), 25.03 (C6), 14.46 (EtOAc). LCMS tret= 3.34  min; ESI-MS- m/z calculated for C14H21NO6: 299.1360 [M]; found 298.111 [M-H]-. HRMS (ESI+): calculated for C14H21NO6 299.1369 [M]; found 300.1446 [M+H]+.

[bookmark: _Toc204194043]Synthesis of 4-(2-Furyl)-2-butanone 
4-(2-Furyl)-2-butanone (volatile) was synthesized according to the reported procedure6. 

1H NMR (300 MHz, CDCl3) δ 7.33 – 7.25 (m, 1H), 6.27 (dd, J = 3.1, 2.0 Hz, 1H), 6.04 – 5.96 (m, 1H), 2.98 – 2.86 (m, 2H), 2.79 (ddd, J = 8.2, 6.9, 1.6 Hz, 2H), 2.17 (d, J = 0.6 Hz, 3H). In accordance with literature 6.

[bookmark: _Toc204194044]Synthesis of 2-(2-(furan-2-yl)ethyl)-2-methyl-1,3-dioxolane (11)
To a solution of 4-(2-Furyl)-2-butanone (250 mg, 1.81 mmol) in dry DCM (10 mL, with molecular sieves) was added triethylorthoformate (3.0 equiv., 0.94 mL), ethylene glycol (1.1 equiv., 123 mg) and p-toluenesulfonic acid (0.1 equiv., 34 mg). The reaction mixture was stirred overnight at room temperature before the solution was concentrated under reduced pressure. 2-(2-(furan-2-yl)ethyl)-2-methyl-1,3-dioxolane (38%, 74 mg) was obtained upon silica flash chromatography (0:100 to 100:0 Ether:Pentane v/v).

1H NMR (300 MHz, CDCl3) δ 7.33 – 7.26 (m, 1H, H2/5), 6.31 – 6.23 (m, 1H, H1), 5.98 (m, 1H, H2/5), 4.05 – 3.88 (m, 4H, H11+12), 2.83 – 2.66 (m, 2H, H6/7), 2.07 – 1.95 (m, 2H, H6/7), 1.35 (s, 3H, H10). 13C NMR (101 MHz, CDCl3) δ 140.91 (C2/5), 110.28 (C1), 104.47 (C2/5), 64.81 (2C, C11+12), 37.40 (C6/7), 24.04 (C10), 22.87 (C6/7). LCMS tret=5.83 min; ESI-MS+ m/z calculated for C10H14O3: 182.2190 [M]; found 183.087 [M+H]+. 

[bookmark: _Toc227226049]Synthesis of Heterobifunctional Linkers
6-(2-hydroxy-2-methyl-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)hexanoic acid 
(5HP2O-C5-COOH, 1)

General procedure GP2: 1 mmol 2-methylfuran, preparative reverse phase chromatography partly isolated as triethylamine salt (62% salt, 38% acid), 19% yield. 1H NMR (300 MHz, D2O) δ 7.10 (d, J = 6.0 Hz, 1H), 6.09 (d, J = 6.0 Hz, 1H), 3.50 – 3.22 (m, 2H), 3.24-3.15 (m, 2H, Et3N), 2.33 (t, J = 7.4 Hz, 2H), 1.71 – 1.58 (m, 4H), 1.55 (s, 3H), 1.43-1.31 (m, 2H), 1.28 (t, J = 7.3 Hz, 2H). In accordance with literature7. 

[bookmark: _Toc204194047]2,5-dioxopyrrolidin-1-yl-6-(2-hydroxy-2-methyl-5-oxo-2,5-dihydro-1Hpyrrol-1-yl)hexanoate (5HP2O-C5-NHS, 2)

General procedure GP3: 1 mmol 5HP2O 1, 77% yield, white solid, preparative reverse phase chromatography. 1H  NMR (300 MHz, CD3CN) δ 6.93 (d, J = 5.9 Hz, 1H), 5.94 (d, J = 5.9 Hz, 1H), 3.43 – 3.30 (m, 1H), 3.24 – 3.11 (m, 1H), 2.76 (s, 4H), 2.62 (t, J = 7.4 Hz, 2H), 1.81 – 1.56 (m, 4H), 1.45 (s, 3H), 1.44 – 1.37 (m, 2H). In accordance with the literature7.

[bookmark: _Toc204194046]2,5-Dioxopyrrolidin-1-yl-6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexanoate 
(Mal-C5-NHS)

General procedure GP3: 1 mmol 6-aminohexanoic acid, 94% yield, pale yellow oil, silica flash chromatography (0:100 to 100:0 EtOAc:Cyclohexane v/v). 1H NMR (300 MHz, CDCl3) δ 6.68 (s, 2H), 3.53 (t, J = 7.1 Hz, 2H), 2.82 (s, 4H), 2.60 (t, J = 7.4 Hz, 2H), 1.77 (p, J = 7.4 Hz, 2H), 1.70 – 1.55 (m, 2H), 1.48 – 1.35 (m, 2H). In accordance with the literature8.





3-(2-(2-(2-hydroxy-2-methyl-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoic acid (5HP2O-EG2-COOH, 3)

 General procedure GP2: 1 mmol 2-methylfuran, preparative reverse phase chromatography, 21% yield. 1H NMR (300 MHz, MeOD) δ 7.00 (d, J = 6.0 Hz, 1H, H1/5), 5.96 (d, J = 6.0 Hz, 1H, H1/5), 3.67 (t, J = 6.5 Hz, 2H, Hdeg),  3.58 – 3.56 (m, 8H, Hdeg), 3.19 (q, J = 7.3 Hz, XH, Et3N), 2.45 (t, J = 6.5 Hz, 2H, Hdeg), 1.46 (s, 3H, H8), 1.25 (t, J = 7.3 Hz, XH, Et3N). 13C NMR (75 MHz, MeOD) δ 176.79 (quartC), 171.68 (quartC), 153.43 (C1/5), 125.70 (C1/5), 91.22 (Cquart), 71.24 (Cdeg), 71.16 (Cdeg), 69.66 (Cdeg), 68.41 (Cdeg), 47.51 (Et3N, CH2), 39.01 (Cdeg), 36.99 (Cdeg), 23.48 (C8), 9.11 (Et3N, CH3), LCMS (ESI-): tret = 2.90 min., m/z calculated for C12H19NO6: 273.29 [M]; found 272.08 [M-H]-. 

2,5-dioxopyrrolidin-1-yl-3-(2-(2-(2-hydroxy-2-methyl-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoate (5HP2O-EG2-NHS, 4)

General procedure GP3: 0.29 mmol 5HP2O 3, 70% yield. 1H NMR (400 MHz, MeOD) δ 7.06 (d, J = 6.0 Hz, 1H, H1), 6.02 (d, J = 5.9 Hz, 1H, H2), 3.83 (t, J = 6.1 Hz, 2H, H10), 3.69 – 3.57 (m, 8H, H9,12,13,15), 2.90 (t, J = 6.1 Hz, 2H, H16), 2.84 (s, 4H, H22+23), 1.52 (s, 3H, H8). 13C NMR (101 MHz, MeOD) δ 170.34 (2C, C24,21), 167.19 (C4), 152.05 (C1), 124.39 (C5), 89.87 (C2), 70.10 (C12), 69.89 (C13), 68.33 (C10), 65.45 (C15), 37.66 (C9), 31.52 (C16), 25.15 (2C, C22,23), 22.11 (C8). LCMS (ESI-): tret = 4.51 min., m/z calculated for C16H22N2O8: 370.36 [M]; found 369.00 [M-H]-




[bookmark: _Toc227226050]Synthesis of Trifunctional 5HP2O Linkers
Fluorescent 5HP2O procedure: The reaction was performed as described in general procedure GP1 however the amine-fluorophore was employed as limiting reagent (1.0 equiv, 1.0 mmol) whereas the 2-substituted furan was employed in excess (1.5 equiv). 
3-(2-(2-(3-(2-hydroxy-1-(5-((7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)amino)pentyl)-5-oxo-2,5-dihydro-1H-pyrrol-2-yl)propanamido)ethoxy)ethoxy)propanoic acid 
(5HP2O(C2-EG2-COOH)-C5-NBD, 7)

Fluorescent 5HP2O procedure SI 2.3: 1.0 mmol furan 6, preparative reverse phase chromatography, 14% yield, isolated as triethylamine salt. 1H NMR (400 MHz, MeOD) δ 8.43 (d, J = 8.8 Hz, 1H, H28/29), 6.95 (d, J = 6.0 Hz, 1H, H1/2), 6.29 (d, J = 8.9 Hz, 1H, H28/29), 6.03 (d, J = 6.0 Hz, 1H, H1/2), 3.68 (t, J = 6.2 Hz, 2H, H21), 3.55 (tt, J = 4.9, 2.8 Hz, 4H, H18/19), 3.46 (m, 4H, H39,16), 3.27 (dt, J = 3.3, 1.6 Hz, 2H, H15), 3.41 – 3.09 (m, 2H, H8), 2.50 (t, J = 6.2 Hz, 2H, H22), 2.27 – 1.95 (m, 4H, H6,11), 1.78 (m, 2H, H38), 1.69 (m, 2H, H9), 1.46 (m, 2H, H37). 
13C NMR (101 MHz, MeOD) δ 175.37 (Cq), 174.66 (Cq), 171.94 (Cq), 151.21 (C1/2), 146.42 (Cq), 145.82 (Cq), 145.48 (Cq), 137.83(C28/29), 127.34 (C1/2), 122.85 (Cq) 99.64 (C28/29),  93.63 (Cq), 71.34 (C18/19), 71.12 (C18/19), 70.43 (C39/16), 67.81 (C21/22), 44.60 (C39/16), 40.42 (C15), 39.31 (C8), 35.77 (C22), 32.21 (C11/6), 31.20 (C11/6), 29.47 (C9), 28.74 (C38), 25.56 (C37). LCMS (ESI-): tret = 3.87 min., m/z calculated for C25H34N6O10: 578.58 [M]; found 577.13 [M-H]-.
2,5-dioxopyrrolidin-1-yl-3-(2-(2-(3-(2-hydroxy-1-(5-((7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)amino)pentyl)-5-oxo-2,5-dihydro-1H-pyrrol-2-yl)propanamido)ethoxy)ethoxy)propanoate 
(5HP2O(C2-EG2-NHS)-C5-NBD, 8)
General procedure GP3: 0.33 mmol 5HP2O 7, preparative reverse phase chromatography, 20% yield. 

1H NMR (400 MHz, MeOD) δ 8.48 (d, J = 8.8 Hz, 1H, H28/29), 6.96 (d, J = 6.0 Hz, 1H, H1/2), 6.33 (d, J = 8.9 Hz, 1H, H28/29), 6.05 (d, J = 6.0 Hz, 1H, H1/2), 3.80 (t, J = 6.0 Hz, 2H, H21/22), 3.61 - 3.54 (m, 4H, H18/19), 3.49 (m, 4H, H39/16), 3.32 – 3.27 (m, 2H), 3.43 - 3.12 (m, 2H, H8), 2.87 (t, J = 6.0 Hz, 2H, H22), 2.81 (s, 4H, H42,43), 2.24 – 1.94 (m, 4H, H6,11), 1.85-1.76 (m, 2H, H38), 1.76 - 1.64 (m, 2H, H9), 1.48 - 1.42 (m, 2H, H37). 13C NMR (101 MHz, MeOD) δ 174.64 (Cq), 171.92 (Cq), 171.72 (Cq), 168.60 (Cq) , 151.22 (C1/2), 138.68 (C28/29), 127.36 (C1/2), 99.67 (C28/29), 93.61 (Cq), 71.61 (C18/19), 71.35 (Cq) , 71.17 (C18/19), 70.48 (C39/16), 67.62(Cq), 66.86 (C21/22), 56.03 (Cq), 44.58 (C39/16), 40.45 (C15), 40.41 (Cq), 39.30 (C8), 35.64 (Cq) , 32.90 (C21/22), 32.23 (C11/6), 31.22 (C11/6), 29.49 (C9), 28.76 (C38), 26.51 (C42/43), 26.27 (C42/43), 25.57 (C37). LCMS (ESI-): tret = 4.91 min., m/z calculated for C29H37N7O12: 675.65 [M]; found 674.09 [M-H]-. HRMS (ESI+): calculated for C29H37N7O12: 675.2500 [M]; found 698.2370 [M+Na]+.


3-(2-(2-(2-(1-azido-13-oxo-3,6,9-trioxa-12-azapentadecan-15-yl)-2-hydroxy-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoic acid 
(5HP2O(C2-EG3-N3)-EG2-COOH, 14)

	General procedure GP2: 0.6 mmol furan 13, preparative reverse phase chromatography, 9% yield. 1H NMR (400 MHz, MeOD) δ 7.00 (d, J = 6.0 Hz, 1H, CHCH), 6.07 (d, J = 6.0 Hz, 1H, CHCH), 3.72 (td, J = 5.8, 2.0 Hz, 4H, CONHCH2), 3.70 – 3.63 (m, 12H, OCH2CH2O), 3.63 – 3.58 (m, 8H, CH2O), 3.52 (t, J = 5.5 Hz, 2H, CH2N3 or CH2COOH), 3.41 – 3.32 (m, 2H, CH2N3 or CH2COOH), 2.60 – 2.47 (m, 2H, C2 spacer), 2.20 – 2.05 (m, 2H, C2 spacer). 13C NMR (101 MHz, MeOD) δ 176.08, 174.83, 172.22, 151.68, 127.11, 93.34, 71.64, 71.60, 71.49, 71.24, 71.18, 71.17, 71.13, 70.47, 69.59, 68.13, 51.75, 40.43, 39.27, 36.40, 32.17, 31.14. 
2,5-dioxopyrrolidin-1-yl 3-(2-(2-(2-(1-azido-13-oxo-3,6,9-trioxa-12-azapentadecan-15-yl)-2-hydroxy-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoate 
(5HP2O(C2-EG3-N3)-EG2-NHS, 15)

General procedure GP3: 0.036 mmol 5HP2O 14, preparative reverse phase chromatography, 13% yield. 1H NMR (400 MHz, CD3CN) δ 6.93 (d, J = 6.0 Hz, 1H), 6.00 (d, J = 6.1 Hz, 1H), 3.69 – 3.50 (m, 24H), 3.46 (t, J = 5.6 Hz, 2H), 3.37 (t, J = 5.0 Hz, 2H), 3.28 (q, J = 5.4 Hz, 2H), 2.58 – 1.99 (br m). 13C NMR (101 MHz, CD3CN) δ 206.75, 173.63, 150.81, 126.92, 92.21, 82.88, 71.10 (4C), 70.89, 70.77, 70.62, 70.48, 70.07, 69.83, 69.60, 67.84, 67.42, 51.45, 40.03, 39.01, 35.59, 32.28, 31.07. LCMS (ESI-): tret = 4.37 min., m/z calculated for C26H40N6O12: 628.704 [M]; ESI-found 627.08 [M-H]-. ESI+: 611.159 [M-H2O+H]+. 
3-(2-(2-(2-hydroxy-5-oxo-2-(3-oxo-3-(prop-2-yn-1-ylamino)propyl)-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoic acid (5HP2O(C2-C1-Alkyne)-EG2-COOH, 17)

General procedure GP2: 1.0 mmol furan 16, preparative reverse phase chromatography, isolated as triethylamine salt, 22 % yield. 
1H NMR (300 MHz, MeOD) δ 7.00 (d, J = 6.0 Hz, 1H, CHCH), 6.06 (d, J = 6.0 Hz, 1H, CHCH), 3.92 (dd, J = 2.6, 0.9 Hz, 2H, H15), 3.71 (t, J = 6.7 Hz, 2H, H22), 3.66 – 3.55 (m, 6H, H9,19,20), 3.50 – 3.34 (m, 2H, H8), 3.18 (q, J = 7.3 Hz, Et3N), 2.60 (t, J = 2.5 Hz, 1H, H17), 2.45 (t, J = 6.8 Hz, 2H, H23), 2.50 – 2.18 (m, 2H, H6), 2.20 – 2.03 (m, 2H, H11), 1.30 (t, J = 7.3 Hz, Et3N). LCMS (ESI-): tret = 2.93 min., m/z calculated for C17H24N2O7: 368.16 [M]; ESI-found 547.19 [M+ET3N-H] 






2,5-dioxopyrrolidin-1-yl-3-(2-(2-(2-hydroxy-5-oxo-2-(3-oxo-3-(prop-2-yn-1-ylamino)propyl)-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoate 
(5HP2O(C2-C1-Alkyne)-EG2-NHS, 18)
General procedure GP3: 0.18 mmol 5HP2O 17, preparative reverse phase chromatography, 34% yield. 

 1H NMR (400 MHz, MeOD) δ 6.99 (d, J = 6.0 Hz, 1H, H2), 6.07 (d, J = 6.0 Hz, 1H,H1), 3.92 (t, J = 2.3 Hz, 2H, H15), 3.83 (t, J = 6.1 Hz, 2H, H22), 3.72 - 3.60 (m, 6H, H9+19+20), 3.60 - 3.35 (m, 2H, H8), 2.90 (t, J = 6.1 Hz, 2H, H23), 2.84 (s, 4H, H29+30), 2.68 (s, 1H, H17), 2.33 – 2.13 (m, 2H, H6), 2.13 – 2.01 (m, 2H, H11). 13C NMR (101 MHz, MeOD) δ 174.35 (C12), 172.28 (C5), 171.72 (C28, C31), 168.54 (C24), 151.64 (C2), 127.13 (C1), 93.28 (C3), 72.20 (C16), 71.42 (C9/19/20), 71.20 (C9/19/20), 69.70 (C9/19/20), 66.82 (C22), 39.32 (C8), 32.87 (C23), 31.99 (C6), 30.92 (C11), 29.42 (C15), 26.49 (C29+30), 26.27 (C17). LCMS (ESI+): tret = 4.00 min., calculated for C21H27N 3O9: 465.17 [M]; found 448.08 [M-H2O+H]+. HRMS (ESI+): calculated for C21H27N3O9: 465.1747 [M]; found 488.1634 [M+Na]+. 

3-(2-(2-(2-hydroxy-2-(2-(2-methyl-1,3-dioxolan-2-yl)ethyl)-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoic acid (5HP2O(C2-Acetal)-EG2-COOH, 11b)
General procedure GP2: 1.0 mmol furan 11, 16% yield, preparative reverse phase chromatography.

 1H NMR (400 MHz, MeOD) δ 6.96 (d, J = 6.0 Hz, 1H, H1/2), 6.01 (d, J = 6.0 Hz, 1H, H1/2), 3.90 – 3.83 (m, 4H, H16/17), 3.66 (t, J = 6.8 Hz, 2H, H22), 3.63 – 3.52 (m, 6H, H9,19,20), 3.31 – 3.22 (m, 2H, H8), 2.41 (t, J = 6.8 Hz, 2H, H23), 2.01 – 1.81 (m, 2H, H6/11), 1.52 – 1.29 (m, 2H, H6/11), 1.21 (s, 3H, H14). 13C NMR (101 MHz, MeOD) δ 178.72 (Cq), 172.12 (Cq), 151.99 (C1/2), 126.85 (C1/2), 110.45 (Cq), 93.54 (Cq), 71.26 (C8/9/19/20), 71.05 (C8/9/19/20), 69.48 (C8/9/19/20), 69.23 (C8/9/19/20), 65.78 (C16/17), 65.75 (C16/17), 39.00 (C22), 38.56 (C23), 34.08 (C6/11), 30.94 (C6/11), 24.24 (C14). LCMS (ESI+): tret = 3.20 min., calculated for C17H27NO8: 373.17 [M]; found 372.11[M-H]-. HRMS (ESI-): calculated for C17H27NO8: 373.17367 [M]; found 372.1662 [M-H].



3-(2-(2-(2-hydroxy-5-oxo-2-(3-oxobutyl)-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoic acid (5HP2O(C2-Ketone)-EG2-COOH, 11c)
3-(2-(2-(2-hydroxy-2-(2-(2-methyl-1,3-dioxolan-2-yl)ethyl)-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoic acid (5HP2O(C2-Acetal)-EG2-COOH, 11b, 0.16 mmol) was stirred in THF:Water:HClaq, 3M (2:1:1 v/v, 10 mL) for 2 hours. The crude mixture was purified by reverse phase chromatography yielding 5HP2O 11c (0.08 mmol, 50%).


1H NMR (300 MHz, MeOD) δ 6.98 (d, J = 6.0 Hz, 1H), 6.06 (d, J = 6.0 Hz, 1H), 3.72 (t, J = 6.3 Hz, 2H), 3.67 – 3.51 (m, 6H), 3.56 – 3.33 (m, 2H), 2.54 (t, J = 6.3 Hz, 2H), 2.45 – 2.33 (m, 2H), 2.11 (s, 3H), 2.30 – 1.97 (m, 2H).  LCMS (ESI-): tret = 2.97 min., calculated for C15H23NO7: 329.15 [M]; found 328.09 [M-H]-

2,5-dioxopyrrolidin-1-yl-3-(2-(2-(2-hydroxy-5-oxo-2-(3-oxobutyl)-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanoate (5HP2O(C2-Ketone)-EG2-NHS, 12)
General procedure GP3: 0.08 mmol 5HP2O 11c, preparative reverse phase chromatography, 50% yield. 

1H NMR (300 MHz, MeOD) δ 6.99 (d, J = 6.0 Hz, 1H, H1), 6.08 (d, J = 6.0 Hz, 1H, H2), 3.84 (t, J = 6.1 Hz, 2H, H9), 3.76 – 3.48 (m, 6H, H13, 14, 16), 3.59 – 3.36 (m, 2H, H8),  2.91 (t, J = 6.1 Hz, 2H, H17), 2.85 (s, 4H, H27, 26), 2.41 (dd, J = 8.8, 7.0 Hz, 2H, H11), 2.29 – 2.00 (m, 2H, H6), 2.12 (s, 3H, H19). 13C NMR (101 MHz, MeOD) δ 210.12 (C18), 172.28 (C21), 171.70 (C5), 168.56 (2C, C25,28), 151.84 (C1), 126.89 (C2), 93.31 (C3), 71.46 (C13), 71.26 (C14), 69.77 (C9), 66.84 (C16), 39.29 (C8), 38.52 (C11), 32.90 (C8), 30.25 (C17), 29.99 (C19), 26.50 (C26, 27). LCMS (ESI+): tret = 3.20 min., calculated for C19H26N2O9: 426.17 [M]; found 409.10 [M-H2O+H]+. HRMS (ESI-): calculated for C17H27NO8: 426.16383 [M]; found 449.1534 [M+Na]+.




[bookmark: _Toc227226051]Synthesis of Tetrafunctional 5HP2O Linker
Cleavable Procedure 1 – Carbonate formation: Benzylic alcohol containing ValCit-5HP2O (0.023 mmol) was dissolved in minimal amount of DMF (5 mL). Bis(4-nitrophenyl) carbonate (1.5 equiv.) and DIPEA (2.0 equiv.) were added, and the solution was stirred overnight at room temperature.
Cleavable Procedure 2 – 5HP2O synthesis: The reaction was performed as described in general procedure GP2 however the amine-ValCitPAB-OH was employed as limiting reagent (1.0 equiv, 0.5 mmol) whereas furan 13 was employed in excess (1.5 equiv). Furthermore, amount of methylene blue in the photooxidation (first step of 5HP2O synthesis) was increased four-fold to 0.02 equiv.
(S)-2-((S)-2-(3-(2-(2-aminoethoxy)ethoxy)propanamido)-3-methylbutanamido)-N-(4-(hydroxymethyl)phenyl)-5-ureidopentanamide (NH2-EG2-ValCitPAB-OH) 

Amide coupling following general procedure GP1 (1.0 mmol scale NH2-ValCitPAB-OH) with Fmoc-NH-PEG2-COOH. The Fmoc-intermediate was then treated with piperidine (40% v/v in DMF) at room temperature for one hour before purification via preparative reverse phase chromatography, 75% yield. 
1H NMR (400 MHz, MeOD) δ 7.56 (d, J = 8.5 Hz, 1H), 7.30 (d, J = 8.6 Hz, 2H), 4.56 (s, 2H), 4.51 (dd, J = 9.0, 5.1 Hz, 1H), 4.26 (d, J = 7.0 Hz, 1H), 3.75 (d, J = 5.4 Hz, 1H), 3.67 (t, J = 5.0 Hz, 2H), 3.62 (s, 4H), 3.25 – 3.03 (m, 4H), 2.80 (s, 1H), 2.57 (t, J = 6.0 Hz, 2H), 2.11 (h, J = 6.8 Hz, 1H), 1.98 – 1.84 (m, 1H), 1.83 – 1.69 (m, 1H), 1.68 – 1.51 (m, 3H), 0.97 (t, J = 6.7 Hz, 6H). 13C NMR (101 MHz, MeOD) δ 174.20, 173.90, 172.27, 162.32, 138.73, 138.57, 128.61 (2C), 121.22 (2C), 71.23, 71.18, 68.15, 67.79, 64.76, 60.39, 55.03, 40.58, 38.87, 37.13, 31.86, 30.33, 27.76, 19.76, 18.73. LCMS (ESI+): tret = 3.51 min., calculated for C25H42N6O7: 538.31 [M]; found 539.23 [M+H]+. HRMS (ESI-): calculated for C25H42N6O7: 538.3115 [M]; found 539.3186 [M+H]+.



(2S)-2-((2S)-2-(3-(2-(2-(2-(1-azido-13-oxo-3,6,9-trioxa-12-azapentadecan-15-yl)-2-hydroxy-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)ethoxy)ethoxy)propanamido)-3-methylbutanamido)-N-(4-(hydroxymethyl)phenyl)-5-ureidopentanamide 
(5HP2O(C2-EG3-N3)-EG2-ValCitPAB-OH, 19)

Cleavable Procedure 2: 25% yield, preparative reverse phase chromatography. 1H NMR (400 MHz, MeOD) δ 7.58 (dd, J = 8.5, 1.7 Hz, 2H), 7.30 (d, J = 8.8 Hz, 2H), 7.00 (d, J = 6.0 Hz, 1H), 6.08 (dd, J = 6.0, 2.3 Hz, 1H), 4.56 (s, 2H), 4.54 – 4.50 (m, 1H), 4.24 (dd, J = 7.0, 1.1 Hz, 1H), 3.73 (ddd, J = 6.3, 4.6, 1.7 Hz, 2H), 3.69 – 3.56 (m, 20H), 3.51 (t, J = 5.5 Hz, 2H), 3.38 (dd, J = 4.9, 1.1 Hz, 2H), 3.15 (dtd, J = 25.2, 13.5, 6.7 Hz, 2H), 2.59 – 2.51 (m, 2H), 2.31 – 2.21 (m, 1H), 2.18 – 2.05 (m, 4H), 2.00 – 1.86 (m, 1H), 1.82 – 1.70 (m, 1H), 1.57 (ddt, J = 16.0, 9.4, 6.8 Hz, 2H), 0.98 (ddd, J = 6.8, 5.0, 1.7 Hz, 6H). 13C NMR (101 MHz, MeOD) δ 195.43, 174.75, 174.25, 173.79, 172.17, 172.09, 162.18, 158.25, 151.59, 138.69, 133.46, 128.18 (2C), 127.10, 121.15 (2C), 93.28, 71.59, 71.55, 71.45, 71.20, 71.06, 70.46, 69.66, 68.23, 64.79, 60.50, 54.93, 51.72, 49.85, 40.41, 39.18, 37.38, 32.19, 31.83, 31.14, 30.40, 27.86, 19.80, 18.84. LCMS (ESI-): tret = 4.19 min., calculated for C40H64N10O13: 892.47 [M]; found 891.39 [M-H]-. HRMS (ESI+): calculated for C40H64N10O13: 892.4654 [M]; found 915.4538 [M+Na]+.




1-(4-((2S,5S)-15-(2-(1-azido-13-oxo-3,6,9-trioxa-12-azapentadecan-15-yl)-2-hydroxy-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)-5-isopropyl-4,7-dioxo-2-(3-ureidopropyl)-10,13-dioxa-3,6-diazapentadecanamido)phenyl)-3-oxo-2,7,10-trioxa-4-azatridecan-13-oic acid  (5HP2O(C2-EG3-N3)-EG2-ValCitPAB-EG2-COOH, 19b)
Cleavable Procedure 1 (0.13 mmol) was followed by the addition of NH2-EG2-COOH (3.0 equiv.) and Et3N (6.0 equiv.). The solution was allowed to stir overnight at room temperature. Crude mixture was purified by preparative reverse phase chromatography. p-nitrophenol as impurity. 36% yield. 

1H NMR (400 MHz, MeOD) δ 7.64 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 7.13 (d, J = 6.0 Hz, 1H), 6.21 (d, J = 6.0 Hz, 1H), 5.12 (s, 2H), 4.58 (dd, J = 9.0, 5.3 Hz, 1H), 4.28 (t, J = 6.8 Hz, 1H), 3.73 (tdd, J = 30.8, 19.5, 8.3 Hz, 32H), 3.50 (t, J = 4.9 Hz, 4H), 3.22 (q, J = 6.4 Hz, 2H), 2.66 (t, J = 6.2 Hz, 2H), 2.52 (t, J = 6.8 Hz, 2H), 2.47 – 2.30 (m, 2H), 2.29 – 2.10 (m, 3H), 2.06 – 1.93 (m, 1H), 1.92 – 1.80 (m, 1H), 1.77 – 1.56 (m, 2H), 1.05 (d, J = 6.7 Hz, 6H). 13C NMR (101 MHz, MeOD) δ 180.13, 174.97, 174.63, 174.02, 172.43, 168.42, 162.25, 159.01, 151.41, 144.46, 139.75, 138.70, 134.22, 129.61, 127.47 (2C), 127.19, 126.14, 121.38, 117.49 (2C), 93.36, 71.18, 71.14, 71.10, 70.90, 70.88, 70.72, 70.21, 69.42, 68.01, 67.16, 60.55, 55.06, 51.53, 41.45, 40.22, 39.08, 39.00, 37.09, 34.47, 31.80, 31.59, 31.02, 30.03, 27.41, 19.64, 18.80. LCMS (ESI-): tret = 4.00 min., calculated for C48H77N11O18: 1095.54 [M]; found 1094.35 [M-H]- HRMS (ESI+): calculated for C48H77N11O18: 1095.5448 [M]; found 1118.5368 [M+Na]+.



2,5-dioxopyrrolidin-1-yl 1-(4-((2S,5S)-15-(2-(1-azido-13-oxo-3,6,9-trioxa-12-azapentadecan-15-yl)-2-hydroxy-5-oxo-2,5-dihydro-1H-pyrrol-1-yl)-5-isopropyl-4,7-dioxo-2-(3-ureidopropyl)-10,13-dioxa-3,6-diazapentadecanamido)phenyl)-3-oxo-2,7,10-trioxa-4-azatridecan-13-oate 
(5HP2O(C2-EG3-N3)-EG2-ValCitPAB-EG2-NHS, 20)

General procedure GP3: 0.04 mmol 5HP2O 19b. 5 equiv. of DCC and NHS. Preparative reverse phase chromatography. 49% yield. 
1H NMR (400 MHz, MeOD) δ 7.63 – 7.55 (m, 2H), 7.32 (d, J = 8.2 Hz, 2H), 7.00 (d, J = 6.0 Hz, 1H), 6.68 (d, J = 15.3 Hz, 0H), 6.39 (d, J = 15.3 Hz, 0H), 6.07 (dd, J = 6.0, 2.1 Hz, 1H), 5.03 (s, 2H), 4.51 (dd, J = 9.1, 5.0 Hz, 1H), 4.22 (dd, J = 8.8, 6.7 Hz, 1H), 3.81 (t, J = 6.0 Hz, 2H), 3.74 (dd, J = 6.4, 3.6 Hz, 2H), 3.69 – 3.49 (m, 28H), 3.41 – 3.35 (m, 4H), 3.24 – 3.05 (m, 2H), 2.88 (t, J = 6.0 Hz, 2H), 2.80 (s, 4H), 2.55 (t, J = 6.0 Hz, 2H), 2.50 – 2.19 (m, 2H), 2.11 (tq, J = 10.1, 3.0 Hz, 3H), 1.92 (d, J = 10.7 Hz, 1H), 1.75 (dtd, J = 13.9, 9.3, 5.0 Hz, 1H), 1.57 (dq, J = 15.8, 6.9 Hz, 2H), 1.02 – 0.94 (m, 6H). 13C NMR (101 MHz, MeOD) δ 174.73, 174.35, 173.85, 172.26, 172.16, 171.73, 168.61, 167.63, 162.26, 158.86, 151.61 (neg), 144.71 (neg), 139.40, 134.21, 129.74 (2C, neg), 126.33 (neg), 121.08 (2C, neg), 93.33, 71.64, 71.62, 71.60, 71.50, 71.35, 71.24, 71.11, 70.95, 70.50, 69.71, 69.54, 68.26, 67.11, 66.88, 60.59 (neg), 54.97 (neg), 51.76, 41.79, 40.45, 39.23, 37.37, 32.94, 32.22, 31.79 (neg), 31.17, 30.40, 27.90, 26.50, 26.28, 19.77 (neg), 18.80 (neg). LCMS (ESI-): tret = 4.62 min., calculated for C52H80N12O20: 1192.56 [M]; found 1191.35 [M-H]-. HRMS (ESI+): calculated for C52H80N12O20: 1192.5612 [M]; found 1215.5515 [M+Na]+.


[bookmark: _Toc227226052]Synthesis of Fluorescent Tags
Fluorophore Procedure 1 – Substitution: 4-Chlor-7-nitrobenzo-2-oxa-1,3-diazol (NBD-Cl) was dissolved in DMF (5 mL) in a round bottomed flask. Primary amine (1.4 equiv.) and DIPEA (1.0 equiv.) were added, and the solution was stirred overnight at room temperature before concentration under reduced pressure. 
Fluorophore Procedure 1 – Boc Deprotection: To the Boc-containing fluorophore was added TFA (80 equiv.) in DCM and the solution was stirred at 40°C for 2 hours before concentration under reduced pressure.
[bookmark: _Toc206788694][bookmark: _Toc204194045]N-[2-(2-{2-(2-Azidoethoxy)ethoxy}ethoxy)ethyl]-7-nitro-2,1,3-benzoxadiazol-4-amine 
(NBD-EG3-Azide)

Fluorophore procedure 1: 0.5 mmol NBD-Cl, 1.4 equiv. NH2-(CH2CH2O)3-CH2CH2-N3 (amine-TEG-azide), qt, no purification (mixture containing remainder of ca. 37% free amine-TEG-azide as determined by NMR).  1H NMR (400 MHz, CDCl3): δ = 8.47 (d, J = 8.7 Hz, 1H), 7.68 (br s, 1H), 6.20 (d, J = 8.7 Hz, 1H), 3.86 (dd, J = 5.5, 4.5 Hz, 3H), 3.73–3.67 (m, 12 H), 3.37 (t, J = 5.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 144.44, 144.13, 142.09, 140.25, 136.65, 135.06, 70.84, 70.81, 70.74, 70.65, 70.11, 68.33, 50.80, 42.15). LCMS tret=5.60 min; ESI-MS+ m/z calculated for C14H19N7O6: 381.14 [M]; found 382.12 [M+H]+. In accordance with the literature9.
N1-(7-nitrobenzo [1,2,5]oxadiazol-4-yl)pentane-1,5-diamine (NBD-C5-NH2)

Fluorophore procedure 1 followed by Fluorophore procedure 2: 1 mmol NBD-CL, Preparative reverse phase chromatography, qt. 1H NMR (400 MHz, MeOD) δ 8.47 (d, J = 8.9 Hz, 1H, H4/5), 6.32 (d, J = 8.9 Hz, 1H, H4/5), 3.02 – 2.91 (m, 2H, H12), 1.88 – 1.79 (m, 2H, H14), 1.79 – 1.67 (m, 2H, H13) 1.62 – 1.49 (m, 2H, H15), 1.40 – 1.35 (m, 2H, H16). 13C NMR (101 MHz, MeOD) δ 137.14 (C4/5), 98.20 (C4/5), 39.16 (C12), 26.92 (2C, C13,14), 23.51 (C15), 17.30 (C16). LCMS tret=4.29 min; ESI-MS- m/z calculated for C11H15N5O3: 265.27 [M]; found 266.12 [M+H]+. In accordance with literature10.


[bookmark: _Toc227226053]Functionalisation of Amino-oligonucleotides
[image: Ein Bild, das Text, Diagramm, Schrift, Handschrift enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: ]
[bookmark: _Ref207464306]Supplementary Figure 3: NHS-mediated 5HP2O-, respectively maleimide-, functionalization. See summarized data in Fig. 2a-d (A-D) Reactions were performed at 50 µM AON concentration at room temperature at indicated pH and for indicated time. (A) Scheme of NHS mediated 5HP2O- and Maleimide- functionalization of D1 AON (B) Crude HPLC chromatograms (260nm, to 30% ACN) of NHS-mediated amide coupling at two timepoints (1h and 24h) and at two pH (7 and 9) with 40 equiv. of building block (BB). (C) Crude HPLC chromatograms (260nm, to 30% ACN) of NHS-mediated amide coupling at two timepoints (1h and 24h) at pH 7.4 with 2 and 10 equiv. of building block (D) (C) Crude HPLC chromatograms (260nm, to 30% ACN) of NHS-mediated amide coupling at two timepoints (1h and 24h) at pH 9 with 2 and 10 equiv. of building block.
[bookmark: _Toc227226054]Characterization
[image: Ein Bild, das Text, Diagramm, Screenshot, Reihe enthält.

KI-generierte Inhalte können fehlerhaft sein.]
Supplementary Figure 4: Characterization of functionalised oligonucleotides obtained through NHS-mediated amide coupling with four different linkers (5HP2O-C5-NHS (34% isolated yield), 5HP2O-EG2-NHS, Mal-C5-NHS (12% isolated yield), SMCC). (A) HPLC Chromatograms (260 nm, to 30% ACN) of purified 5HP2O- and maleimide-functionalised D1. Product fractions are slightly impure for both maleimide constructs due to the continuous degradation. (B) Orbitrap ESI- MS Spectrum of 5HP2O-C5-D1 (left) and deconvoluted mass (right), which is in accordance with the calculated mass. (C) Orbitrap ESI- MS Spectrum of 5HP2O-EG2-D1 (left) and deconvoluted mass (right), which is in accordance with the calculated mass. (D) MALDI-TOF MS Spectrum of Mal-Cy-D1 (with cyclohexyl spacer) where the product mass is observed (proper signal). The other two signals (6723.75 Da and a plateau around 6586 Da) cannot be attributed. (E) MALDI-TOF MS Spectrum of Mal-C5-D1, where the desired product mass is observed. 
[bookmark: _Toc227226055]
 Stability against hydrolysis

[image: Ein Bild, das Text, Screenshot, Diagramm, Schrift enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: ]


[image: ]
Supplementary Figure 5: Evaluation of hydrolytic stability of purified 5HP2O-C6-D1 and Mal-C6-D1 (see summarised data in Figure 2). (A,B) Deleted (C-G) C6 means C5 to be in accordance with the rest of the SI and the paper (C) HPLC Chromatograms (260 nm, to 30% ACN) of 5HP2O-C6-D1 incubated for four weeks at different pH. (D) HPLC Chromatograms (260 nm, to 30% ACN) of Mal-C6-D1 incubated at pH 6. (E) HPLC Chromatograms (260 nm, to 30% ACN) of Mal-C6-D1 incubated at pH 6. (F) HPLC Chromatograms (260 nm, to 30% ACN) of Mal-C6-D1 incubated at pH 8. (G) HPLC Chromatograms (260 nm, to 30% ACN) of Mal-C6-D1 incubated at pH 9.


[bookmark: _Toc227226056]Protein-bioconjugation of functionalized oligonucleotides 
[bookmark: _Toc227226057]Alphabody – 5HP2O
[image: ]
Supplementary Figure 6: (A) Reaction scheme of Ab conjugation to 5HP2O-C5-D1 forming Ab-5HP2O-C5-D1. (B) Example HPLC chromatograms (214 and 260 nm, to 100% ACN, 100 Å) of alphabody (10 equiv.) bioconjugation at pH 10. Traces 1 to 3 show the starting material signals, whereas the crude reaction is shown in trace 4. Artefacts highlighted with an asterisk arise from baseline correction with MestreNova. Reoxidation of Ab is observed in the 214 nm chromatogram as seen by formation of double signals at 11.5 min (C) Reaction yields for overnight bioconjugations at pH 9 with varying excess of Alphabody. (D) MALDI-TOF of purified product shows broad signals in the mass region of the free protein and in the mass region of the desired conjugate mass. Conjugate cleavage during ionisation could explain the formation of the two peaks. Matrix 1 was used for MALDI spotting. (E) HPLC Chromatograms (260 nm, to 100%) of purified Alphabody-D1 conjugate Ab-5HP2O-C5-D1 and blank injection.




 [image: ]
Supplementary Figure 7: Complete condition screening as highlighted in diagrams in Figure 3c and Suppl. Fig. 6c including the underlying integral data for yield calculation as described in general methods SI 1.1. 
Epsilon(ON, 260nm) = 212300 L/(mole·cm)
Epsilon(Ab, red, 260nm) = 1602 L/(mole·cm)
Epsilon(Ab, ox, 260nm) = 3324 L/(mole·cm)


[bookmark: _Toc227226058]Alphabody – Maleimide 
[image: ]
[image: ]
Supplementary Figure 8: Maleimide-mediated Alphabody oligonucleotide conjugation. (A) Synthetic Scheme. (B) HPLC Chromatograms (260 nm, to 75% ACN) of conjugation employing aliphatic Mal-C5-NHS linker. (C) HPLC Chromatograms (260 nm, to 75% ACN) of conjugation employing cyclic Mal-Cy-NHS (SMCC) linker. (D-F) Product characterisation via absorbance ratio 260nm/214nm (D) Absorbance ratio of purified Ab-Mal-C5-D1. (E) Absorbance ratio of purified Ab-Mal-Cy-D1. (F) Absorbance ratio of Alphabody protein.




[bookmark: _Toc227226059]Conjugate Stability against thiol-exchange
[image: ]

[image: ]
Supplementary Figure 9: Chromatograms of Glutathione (GSH) exchange experiments (see Figure 3f). (A) HPLC Chromatograms (260 nm, to 75% ACN) of GSH exchange experiment of purified POC bearing the Mal-Cy linker. (B) HPLC Chromatograms (260 nm, to 75% ACN) of GSH exchange experiment of purified POC bearing the Mal-C5 linker. (C) HPLC Chromatograms (260 nm, to 75% ACN) o f GSH exchange experiment of purified POC bearing the 5HP2O-C5 linker. (D) Summarised data of intact POC in table format with additional data (compare Fig. 3f).




[bookmark: _Toc227226060]Rituximab – 5HP2O
[image: ]
Supplementary Figure 10: (A-B) Observed protein fragments: 23 kDa L, 50 kDa H, 75 kDa LH, 125 kDa LHH, 148 kDa RTX (L: Light Chain, H: Heavy Chain). Matrix 2 employed for spotting. (A) MALDI-TOF mass spectra (pos. mode) of intact protein as measured with focus mass 50kDa. (B) MALDI-TOF mass spectra (pos. mode) of intact protein as measured with focus mass 150 kDa. 


[image: ]
Supplementary Figure 11: SDS-PAGE analysis of Bioconjugation reaction between purified 5HP2O-C5-D1 (10 equiv.) and reduced Rituximab (7 uM, 1mg/mL, reduced with 10 equiv. TCEP) in absence/presence of TCEP (RT, overnight at pH 8 Carmody Buffer). SDS-PAGE (8%) was run for 30 minutes at 250 V.





[image: ]
Supplementary Figure 12: SDS-PAGE analysis of Bioconjugation reaction between purified 5HP2O-C5-D1 (10 equiv.) and reduced Rituximab (7 uM, 1mg/mL, reduced with 10 equiv. TCEP) in absence/presence of TCEP (RT, overnight at pH 8 Carmody Buffer). SDS-PAGE (8%) was run for 120 minutes at 250 V.




[image: ]
Supplementary Figure 13: SDS-PAGE analysis of RTX reoxidation behaviour. Major reoxidation is already observed after 2 hours without any impact of storage under argon: Heavy and light chain bands disappear completely at the 2 hours timepoint and the intensity of the HHL band decreases (L: Light Chain, H: Heavy Chain). Intensity of the HH band further diminishes with longer standing time. The lane highlighted with an asterisk contains the conjugation reaction. SDS-PAGE (8%) was run for 45 minutes at 250 V.
Procedure: RTX was reduced with TCEP (10 equiv.) at 5 mg/mL mAb concentration for 30 min at room temperature. TCEP was then removed by means of a SEC spin column and buffer exchanged into SSC buffer (MicroBio Spin 6 BioRad Columns). The reduced protein was either stored under argon or under normal atmosphere and sampled with SDS-PAGE as described in the general procedures at various timepoints (2h, 6h, 24h).



[bookmark: _Toc227226061]Fluorescent Alphabody Conjugate

[image: Ein Bild, das Text, Quittung, Schrift, Handschrift enthält.
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[image: ]
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[bookmark: _Ref207363066]Supplementary Figure 14: Full HPLC traces (to 75% ACN) of fluorescent Alphabody-D1 conjugate synthesis (shown cropped in Figure 5). (A) Chromatograms at 260 nm (DNA absorbance). Signals between 7.0 and 8.0 min in trace 2 might arise from the TCEP side product arising through insufficient TCEP removal. (B) Chromatograms at 475 nm (NBD absorbance). Signals at 8.23 and 8.51 in trace 5 are arising from the multifunctional 5HP2O linker respectively its NHS-hydrolysed version thereof. (C) MALDI-TOF MS spectra of purified Ab-5HP2O(D1)-NBD fluorescent conjugate. Full range spectra (from 5000 to 20000 Da, central) show broad peaks in the range of DNA, protein, and conjugate arising through conjugate cleavage upon laser ionisation. Subsequently, each mass range was remeasured with adapted MALDI focus settings. The observed mass of the MALDI-uncleaved conjugate is around +400 Da to the calculated desired mass. This [M+400 Da] MALDI adduct was also observed for non-fluorescent conjugate Ab-5HP2O-C5-D1 (see Suppl. Fig. 6 D), despite the correct mass being observed in Orbitrap HRMS (Figure 3 d,e). This [M+400 Da] is therefore a MALDI artefact/adduct, eventually arising from mass complexation with matrix 1). (D) MALDI-TOF spectrum of purified 5HP2O(C2-EG2-D1)-C5-NBD indicating the desired product mass (delta 6 Da). Matrix cocktail 3) was employed. (E) 3D-chromatographic plot of crude conjugation showing the Alphabody protein (214 nm) and the conjugated protein (214 nm) with absorbance contributions at 260 nm (D1 DNA) and 475 nm (NBD fluorophore).


[image: Ein Bild, das Screenshot, Quadrat, Rechteck, Mosaik enthält.
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[bookmark: _Ref207363574]Supplementary Figure 15: Confocal microscopy of fluorescent conjugates on HeLa cells. (A) From left to right: overlay of brightfield and WGA-555 stained cells and two different acquisition planes of brightfield overlay with fluorescent channel visualising NBD-constructs. (B) Cells incubated with 5HP2O(C2-EG2-D1)-NBD. (C) Cells transfected with Ab-5HP2O(C2-EG2-D1)-NBD. 


[bookmark: _Toc227226062]Alkyne-5HP2O mediated late-stage functionalisation
[image: Ein Bild, das Text, Diagramm, parallel, Plan enthält.

KI-generierte Inhalte können fehlerhaft sein.]

[bookmark: _Ref207379919]Supplementary Figure 16: Functionalisation of Malat1 ASO using 5HP2O(C2-C1-Alkyne)-EG2-NHS (18). (A) HPLC chromatograms (260 nm, to 75% ACN) of crude NHS-mediated functionalisation and purified products. (B) Orbitrap mass spectrum of purified 5HP2O(C2-C1-Alkyne)-EG2-M5 and the corresponding deconvoluted mass spectrum. (C) Orbitrap mass spectrum of purified 5HP2O(C2-C1-Alkyne)-EG2-M4 and the corresponding deconvoluted mass spectrum. 
[image: ]
[bookmark: _GoBack]

[image: Ein Bild, das Text, Diagramm, Reihe, Screenshot enthält.
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[bookmark: _Ref207380355]Supplementary Figure 17: Conjugation of functionalised Malat1 ASO (with alkyne) to pTagC. (A) HPLC chromatograms (260 nm, to 75% ACN) of crude conjugation after 3h reaction time and the purified products. (B) Orbitrap mass spectrum of purified pTagC(K)-5HP2O(C2-C1-Alkyne)-EG2-M5 and the corresponding deconvoluted mass spectrum. 47% HPLC yield. 17% isolated yield. (C) Orbitrap mass spectrum of purified pTagC(L)-5HP2O(C2-C1-Alkyne)-EG2-M5 and the corresponding deconvoluted mass spectrum. 44% HPLC yield. 21% isolated yield. (D) Orbitrap mass spectrum of purified pTagC(K)-5HP2O(C2-C1-Alkyne)-EG2-M4 and the corresponding deconvoluted mass spectrum. 30% HPLC yield. 20% isolated yield. (E) Orbitrap mass spectrum of purified pTagC(L)-5HP2O(C2-C1-Alkyne)-EG2-M4 and the corresponding deconvoluted mass spectrum. 30% HPLC yield. 20% isolated yield.


[image: Ein Bild, das Text, Diagramm, parallel, Reihe enthält.
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[bookmark: _Ref207380487]Supplementary Figure 18: CuAAC post-modification of conjugates with azide-NBD (A) HPLC chromatograms (260 nm, to 75% ACN) of starting materials, crude modification and the purified products. (B) HPLC chromatograms (475 nm, to 75% ACN) of purified products indicate absorbance at 475 nm. (C) Orbitrap mass spectrum of purified pTagC(K)-5HP2O(NBD)-EG2-M5 and the corresponding deconvoluted mass spectrum. (C) Orbitrap mass spectrum of purified pTagC(K)-5HP2O(NBD)-EG2-M4 and the corresponding deconvoluted mass spectrum.

[image: Ein Bild, das Text, Diagramm, Reihe, parallel enthält.
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[bookmark: _Ref207380408]Supplementary Figure 19: HATU-mediated azide-functionalisation of ASO following literature procedure11. (A) HPLC chromatograms (260 nm, to 75% ACN) of starting material and crude amide coupling. (B) Orbitrap mass spectrum of purified Azide-C4-M5 and the corresponding deconvoluted mass spectrum. 



[image: Ein Bild, das Entwurf, Text, Zeichnung, Diagramm enthält.
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Supplementary Figure 20: CuAAC post-modification of pTagC(K)-5HP2O(C2-C1-Alkyne)-M4 with azide-M4. (A) HPLC chromatograms (260 nm, to 75% ACN) of starting materials and crude CuAAC. (B) HPLC chromatograms (260 nm, to 75% ACN) of purified product. (C) Orbitrap mass spectrum of purified pTagC(K)-5HP2O(M4)-EG2-M4 and the corresponding deconvoluted mass spectrum. Mfound = 17150.95 [M-12H+8Cu+4Na], 17174.94 [M-12H+8Cu+4Na], 17188.91 [M-10H+10Cu], 17211.85 [M-23H+14Na+9K].


[bookmark: _Toc227226063]NMR Spectra
[bookmark: _Toc227226064]2-substituted furans
Compound 16, N-2-Propyn-1-yl-2-furanpropanamide
[image: Ein Bild, das Text, Diagramm, Reihe enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.
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Compound 13, N-(2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl)-3-(furan-2-yl)propenamide
[image: Ein Bild, das Text, Diagramm, Reihe, Screenshot enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.
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Compound 11, 2-(2-(furan-2-yl)ethyl)-2-methyl-1,3-dioxolane
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.
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Compound 6, 3-(2-(2-(3-(furan-2-yl)propanamido)ethoxy)ethoxy)propanoic acid
[image: Ein Bild, das Text, Diagramm, Reihe, Screenshot enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.
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[bookmark: _Toc227226065]Heterobifunctional Linkers
Mal-C5-NHS




Compound 2, 5HP2O-C5-NHS
[image: Ein Bild, das Text, Diagramm, Screenshot, Reihe enthält.

KI-generierte Inhalte können fehlerhaft sein.]




Compound 3, 5HP2O-EG2-COOH
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Diagramm, Zahl, Reihe enthält.
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Compound 4, 5HP2O-EG2-NHS
[image: Ein Bild, das Text, Diagramm, Screenshot, Reihe enthält.
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[image: Ein Bild, das Text, Diagramm, Screenshot, Rechteck enthält.
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[bookmark: _Toc227226066]Trifunctional 5HP2O Linkers
Compound 7, 5HP2O(C2-EG2-COOH)-C5-NBD
[image: Ein Bild, das Text, Reihe, Diagramm, parallel enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Reihe, parallel, Diagramm, Rechteck enthält.
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Compound 8, 5HP2O(C2-EG2-NHS)-C5-NBD
[image: Ein Bild, das Text, Diagramm, Screenshot, Reihe enthält.
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[image: Ein Bild, das Text, Diagramm, Screenshot, Reihe enthält.
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Compound 12, 5HP2O(C2-Ketone)-EG2-NHS
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.
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[image: Ein Bild, das Text, Reihe, Diagramm, Screenshot enthält.
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Compound 14, 5HP2O(C2-EG3-N3)-EG2-COOH
[image: Ein Bild, das Text, Diagramm, Screenshot, Reihe enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Screenshot, Diagramm, Reihe enthält.
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Compound 15, 5HP2O(C2-EG3-N3)-EG2-NHS
[image: Ein Bild, das Text, Reihe, Diagramm, Screenshot enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Screenshot, Diagramm, Reihe enthält.
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Compound 17, 5HP2O(C2-C1-Alkyne)-EG2-COOH
[image: Ein Bild, das Text, Screenshot, Reihe, Diagramm enthält.

KI-generierte Inhalte können fehlerhaft sein.]


Compound 18, 5HP2O(C2-C1-Alkyne)-EG2-NHS
[image: Ein Bild, das Text, Diagramm, Reihe, Screenshot enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Reihe, Diagramm, parallel enthält.
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[bookmark: _Toc227226067]Tetrafunctional 5HP2O Linker
NH2-EG2-ValCitPAB-OH
[image: Ein Bild, das Text, Screenshot, Diagramm, Reihe enthält.
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[image: Ein Bild, das Text, Diagramm, Reihe, Screenshot enthält.
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Phase is inverted in Carbon-NMR.
Compound 19, 5HP2O(C2-EG3-N3)-EG2-ValCitPAB-OH
[image: Ein Bild, das Text, Reihe, Diagramm, Screenshot enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Diagramm, Reihe, parallel enthält.
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Compound 19b, 5HP2O(C2-EG3-N3)-EG2-ValCitPAB-EG2-COOH
[image: Ein Bild, das Text, Screenshot, Reihe, Diagramm enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Diagramm, Reihe, Screenshot enthält.
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Compound 20, 5HP2O(C2-EG3-N3)-EG2-ValCitPAB-EG2-NHS
[image: Ein Bild, das Text, Reihe, Screenshot, parallel enthält.
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[image: Ein Bild, das Text, Diagramm, Reihe, Screenshot enthält.
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[bookmark: _Toc227226068]Fluorescent Tags
NBD-C5-NH2
[image: Ein Bild, das Text, Screenshot, Diagramm, Reihe enthält.
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[image: Ein Bild, das Text, Screenshot, Reihe, Diagramm enthält.

KI-generierte Inhalte können fehlerhaft sein.]

NBD-EG3-azide

[image: Ein Bild, das Text, Diagramm, Screenshot, Reihe enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Diagramm, Reihe, Screenshot enthält.

KI-generierte Inhalte können fehlerhaft sein.]

[bookmark: _Toc227226069]Mass Spectra
[bookmark: _Toc227226070]2-substituted furans
Compound 16, N-2-Propyn-1-yl-2-furanpropanamide
[image: Ein Bild, das Text, Zahl, Reihe, Diagramm enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: ]


Compound 13, N-(2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl)-3-(furan-2-yl)propenamide
[image: ]
[image: ]



Compound 6, 3-(2-(2-(3-(furan-2-yl)propanamido)ethoxy)ethoxy)propanoic acid
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: Ein Bild, das Text, Screenshot, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]


Compound 11, 2-(2-(furan-2-yl)ethyl)-2-methyl-1,3-dioxolane
[image: ]




[bookmark: _Toc227226071]Heterobifunctional Linkers
Compound 3, 5HP2O-EG2-COOH
[image: Ein Bild, das Text, Screenshot, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]



Compound 4, 5HP2O-EG2-NHS

[image: Ein Bild, das Text, Screenshot, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]

[bookmark: _Toc227226072]Trifunctional 5HP2O Linkers
Compound 7, 5HP2O(C2-EG2-COOH)-C5-NBD

[image: Ein Bild, das Text, Screenshot, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]


Compound 8, 5HP2O(C2-EG2-NHS)-C5-NBD

[image: Ein Bild, das Text, Zahl, Diagramm, Reihe enthält.

KI-generierte Inhalte können fehlerhaft sein.]

[image: ]


Compound 15, 5HP2O(C2-EG3-N3)-EG2-NHS
[image: ]
5HP2O dehydration is observed in pos. mode ESI as reported previously12.



Compound 17, 5HP2O(C2-C1-Alkyne)-EG2-COOH
[image: ]


Compound 18, 5HP2O(C2-C1-Alkyne)-EG2-NHS

[image: Ein Bild, das Text, Zahl, Diagramm, Reihe enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: ]
5HP2O dehydration is observed in pos. mode LCMS as reported previously12.


Compound 11b, 5HP2O(C2-Acetal)-EG2-COOH
[image: ]
[image: ]



Compound 11c, 5HP2O(C2-Ketone)-EG2-COOH
[image: ]





Compound 12, 5HP2O(C2-Ketone)-EG2-NHS

[image: ]

[image: ]





[bookmark: _Toc227226073]Tetrafunctional 5HP2O Linker
NH2-EG2-ValCitPAB-OH
[image: ]
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]



Compound 19, 5HP2O(C2-EG3-N3)-EG2-ValCitPAB-OH

[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]

[image: ]


Compound 19b, 5HP2O(C2-EG3-N3)-EG2-ValCitPAB-EG2-COOH
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: ]




Compound 20, 5HP2O(C2-EG3-N3)-EG2-ValCitPAB-EG2-NHS
[image: Ein Bild, das Text, Diagramm, Reihe, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[image: ]


[bookmark: _Toc227226074]Fluorescent tags
NBD-EG3-azide
[image: Ein Bild, das Text, Screenshot, Diagramm, Reihe enthält.

KI-generierte Inhalte können fehlerhaft sein.]



NBD-C5-NH2
[image: ]



[bookmark: _Toc227226075]References
1.	Carmody, W. R. Easily prepared wide range buffer series. J. Chem. Educ. 38, 559; 10.1021/ed038p559 (1961).
2.	Cochran, M. et al. Structure-Activity Relationship of Antibody-Oligonucleotide Conjugates: Evaluating Bioconjugation Strategies for Antibody-siRNA Conjugates for Drug Development. J. Med. Chem. 67, 14852–14867; 10.1021/acs.jmedchem.4c00802 (2024).
3.	Desmet, J. et al. Structural basis of IL-23 antagonism by an Alphabody protein scaffold. Nat. Commun. 5, 5237; 10.1038/ncomms6237 (2014).
4.	Johnson, P. W. & Glennie, M. J. Rituximab: mechanisms and applications. British journal of cancer 85, 1619–1623; 10.1054/bjoc.2001.2127 (2001).
5.	Eltahir, M. et al. An Adaptable Antibody‐Based Platform for Flexible Synthetic Peptide Delivery Built on Agonistic CD40 Antibodies. Advanced Therapeutics 5; 10.1002/adtp.202200008 (2022).
6.	Law, J. A., Callen, D. P., Paola, E. L., Gomes, G. & Frederich, J. H. A Stereoselective Photoinduced Cycloisomerization Inspired by Ophiobolin A. Org. Lett. 24, 6499–6504; 10.1021/acs.orglett.2c02272 (2022).
7.	Geyter, E. de et al. 5-Hydroxy-pyrrolone based building blocks as maleimide alternatives for protein bioconjugation and single-site multi-functionalization. Chem. Sci. 12, 5246–5252; 10.1039/d0sc05881e (2021).
8.	Surnar, B. et al. Orally Administrable Therapeutic Synthetic Nanoparticle for Zika Virus. ACS nano 13, 11034–11048; 10.1021/acsnano.9b02807 (2019).
9.	Berchel, M. et al. Modular Construction of Fluorescent Lipophosphoramidates by Click Chemistry. European J Organic Chem 2011, 6294–6303; 10.1002/ejoc.201100900 (2011).
10.	Li, K. et al. Environmentally sensitive fluorescent probes with improved properties for detecting and imaging PDEδ in live cells and tumor slices. Chinese Chemical Letters 34, 108231; 10.1016/j.cclet.2023.108231 (2023).
11.	Homer, A. & Seitz, O. New Thiazole Orange Derivatives for Improved Fluorescence Signaling of DNA FIT Probes. Synthesis 55, 3251–3262; 10.1055/a-2111-2333 (2023).
12.	Ewout De Geyter. Enlarging the Toolbox for Cysteine Selective Protein Modification. PhD Thesis 2022.



2

image62.png
Same.2310163 10 . 10000
JAME09948 j I
apt._ican_long COCI3 {D:\vd\splammé00) ammjome 19 : ic g s sz
= e E o o000
) [ \
8000
7000
; 6000
5000
Faoo0
‘ 3000
2000
.
1000

-1000

2000

3000

-4000

F-s000

220 210 200 19 180 170 160 150 140 130 120 110 100 S0 8 70 60 S0 4 3 20 10 0
. fL (ppm) o




image63.png
[





image64.png
Pame.2306057.fid
JAME.073-52-prod

12000

11000

10000

9000

8000

7000

6000

5000

F4000

3000

2000

1000

F-1000

2000

3000

F-4000

5000

{6000

‘apt_icon_pgg MeOD {D:\vd\splamm400} agmjame 1 ElE] Y P a s
(33 El ES E] fepe i EH 2 aa = <
N [ 1 11 N \ [ I [
]
-l T T
180 170 160 150 140 130 120 110 10 9% £l 70 60 50 0 30 20

f1 (ppm) _




image65.emf
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0

f1 (ppm)

-100

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

jame.1002.fid

JAME-005-F2 

proton_icon CDCl3 {D:\vd\sp\amm300} ammjame 38

2

.

4

5

2

.

1

9

2

.

2

1

2

.

0

1

3

.

8

6

2

.

0

0

1

.

7

3

A (s)

6.68

B (t)

3.53

C (s)

2.82

D (t)

2.60

E (p)

1.77

F (m)

1.62

G (m)

1.41

1

.

2

9

1

.

2

6

1

.

2

4

1

.

2

2

2

.

3

2

1

.

3

4

1

.

0

0

1

.

3

7

1

.

3

8

1

.

3

8

1

.

3

9

1

.

4

0

1

.

4

1

1

.

4

2

1

.

4

3

1

.

4

3

1

.

4

4

1

.

4

6

1

.

5

8

1

.

6

1

1

.

6

1

1

.

6

2

1

.

6

3

1

.

6

6

1

.

6

8

1

.

7

2

1

.

7

5

1

.

7

6

1

.

7

7

1

.

7

8

1

.

8

0

1

.

8

2

2

.

5

7

2

.

5

9

2

.

6

0

2

.

6

1

2

.

6

2

2

.

8

2

3

.

4

4

3

.

4

5

3

.

4

6

3

.

5

0

3

.

5

3

3

.

5

5

6

.

6

7

6

.

6

8

6

.

6

8

6

.

7

0

6

.

7

0

7

.

2

6

 

C

D

C

l

3


oleObject29.bin

image66.png
1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500
400
300
200
100

r-100

ig-jame. 1000.fid

JAME-E001-F2

809~

<

— o

proton_icon D20 {D:\vd\sp\amm@ 300} ammedg 2

%

L

681
112
00°€
0%

12

€21
s6T

Feso

Foso

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

£1 (npm)




image67.emf
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5

f1 (ppm)

-100

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500 jame.1005.fid

JAME-006-F3-2 

proton_icon CD3CN {D:\vd\sp\amm300} ammjame 46

1

.

8

1

2

.

9

3

4

.

6

5

2

.

0

7

4

.

5

8

1

.

1

3

0

.

9

7

1

.

0

1

0

.

9

6

1

.

0

0

1

.

9

4

 

C

D

3

C

N


oleObject30.bin

image68.png
H H g H g H H g g -
—_—_ i Fere
=oe 4
]
T Fae 1§
ae
we
wt o
&t 3
Ve _
st L s
e
e
aoedd et "
el = iy ANIJ WNM
g
2
o 2
g
E
s . —_ s
H
g
: "
[ 5
2
a
2
MWM — Fror R
o —
B5S
Eh
] i

f1 (ppm)




image69.png
100000

90000

80000

70000

60000

50000

F40000

30000

20000

10000

10000

{20000

30000

{40000

50000

60000

70000

“jome. 1054.fid B

2pt_tc_lcon MeOD {D:\vdsplamm300} OPE300 11 g
B 5 sslys E. L, . L
) | ) N/ ! [N} )

.
0 .0 150 we 10 120 1o 100 s s 7 e s 40 30 20 10

iy 1 (ppm)




image1.emf
N

O

OH

R

1

O

O

N

O

O

5HP2O

functional group 

(NHS, COOH...)

Spacer

Side Chain

Main Chain

5HP2O(R1)-C5-NHS


image70.png
B o s e & & & & & T v B9 9 %9 9 S
1 1 2 1 1 2 1 1 2 1 1 2 2 2 2 9
X X X X % X X X X % X X X X X B
3 ) © < & S ) © < & S 3 3 3 S o ]
LA R LSOO SR B B SR UL SO U SN B, R
@&t
89c
08
¥aT
s8¢
63
06
z6c
QoW oE's
QoW TE'E
Qe 1EE
WTE'S
QoW TE'E
qoswze's
6£'€
obe - Ecoe
ope
hE
443
£be
bhE
bhE
65°€
o9€
19¢€ ~
19¢€
o€ 96T
£9%€
boE
s9¢€ -
oo Rery
o - ro:
102
19°€ - ¥
89¢
8¢
€8¢
[
ssb— -]
OaHT8b— \|L
109~ __
00 Fes0
SOL~, S — 00
90t HADE

0.5

1.0

1.5

T
2.5 2.0

T
3.5 3.0

4.0

T
4.5
f1i(obom)

T T T T T
6.5 6.0 5.5 5.0

7.0

7.5





image71.png
= 260000

170.35
170.33
~167.19
15205
—124.39
89.87
7010
69.89
~68.33
65.50
65.45

—37.66

—3152
—2515

<
A
~

240000
220000
200000
180000
160000
140000
120000
100000
80000

160000

, 40000

| {20000

[~-20000

[-40000

-60000

-80000

{-100000

-120000

[-140000

180 170 160 150 140 130 120 110 100 0 80 70 60 50 40 30 20
f1 (ppm) _




image72.png
Eawo
e

@t
b
sev

rat

T
Tt

Faso

T

75 7.0 65 60 55 50 a5 40 35 20 25 20 15
1 (ppm) _

8.0

85




image73.png
T J "




image74.png
ame.2307251.fd
JAME-087-F1
proton_icon MeOD {D:\vd\sp\amm400} ammjame 45 L5000
4500
(4000
3500
3000
2500
.
2000
1500
1000
J 500
A ro
by T T TPt i e
8 El 5 8 s ®B38% 83 4 8 &
E S 3 3 8 Bava 49 59 A
T T T T T T T T T T T T T y T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

| 1 (ppm)




image75.png
14000
13000

12000

11000

9000

8000

7000

6000

5000

{4000

3000

2000

1000

-2000

-3000

6152
68bz
€152
o
TI8C
baeT
S80E
esTE
9TbE
e61LE
£0°6E
L06E
%

Q08I 86'9b-

QOB 6T Lt

QOB TH LY

QOB Z9'Lb-

QOB E8Lb-

QOB bO'BH-

Q0B 92 Bb-
S9b5—

8r'59
bT mm/
ot mm/

bLE9
61769
1669
€20L

5
g
I

9T~

8RR
\V

apt_icon_long MeOD {D:\vd\sp\amm4003 &riinfjame 45

jame.2307253.fid
JAME-087-F1

T T T T
210 200 190 180

T
220

T T T
120 110 90
f1 (bpom)

T
130

T T
160 150

T
170





image76.png
1000

900

800

700

600

500

Fa00

300

200

100

-100

A

vAm2

Feso

Foot

10

15

20

25

3.0

35

4.0

45

5.0

55

60

65

70

7.5

1 (ppm) _




image77.png
MIssing Data.250905.fid nooaSana f-90000
JAME-5H-ket 22820222
o oo . o 33303233
S @ & @ & PRARBHIFNEBSRBRRAKHRRKGA
g 5RE o 8 2 RRRE38ITTLICPCABRRERRR
N/ N e VP Y i
70000

1-60000

[~50000

40000

[~30000

[~20000

[~10000

[~-10000

[--20000

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
| f1 (ppm) _




image78.png
jame.2310041.fid
JAME-093.1-t17

proton_icon MeOD {D:\vd\gpé?mmwoé w@g

7 G Gmmm

—_— / /
,l ,
el ™ PTG
288 S 2z88y
sa3 3 5aB30
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

5500

~5000

4500

[~4000

3500

[~3000

2500

[-2000

1500

[-1000

500

~-500




image79.png
Jame.2310042.fid
JAME-093.1-t17

aptzigomy short MeOD {D:\vd\spigmm400} ammjame 1 = & ssesanasan ﬁ one o3 5000
BEE q g & RRRRARERES 4 ea®r &d
171 | | TN I Y

4500

[~4000

3500

3000

-2500

2000

1500

1000

500

-500

1--1000

T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
| f1 (ppm)





image80.png
[-5000
[-4000
[~3000
[-2000
~1000

Yovs
RN

002

1
Tt

54 Ha3HR2s8s

2dTod Heila

\ MJ E 180

S o
S
_—

7

-

i
L
ol
R

7.0

JAWEND9B ¢EMEHz CD:CN) § 6.93 (d,7 = 6.0 Hz, TH) 6.00(d,/ = 6.1 Hz 1

-Btbhitichn T

jame.2310101.fid

pre
]

T
5.5 5.0 4.5 4.0 35 3.0 25 2.0
f1 (ppm)

6.0

6.5





image81.png
jame.2310103.fid
JAME-095-13.8

apt_icon_long CQ%CN (D:\vd\sp\amm400§ammjame 1
& 5
| |

— 15081
12553

2ABRYLEHY 3 g 1500
RRRRRRSY 53
Niedd [
1000
500
0

72 71 70 69 68 67
fi (ppm)

30 220 210 200 150 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)




image82.png
-1600

1500
1300
1200
1100
[~1000

900
800
700
600
500
400
300
200
100
-100
200
=300
[-400
-500

Eup'9

627
6LE
00

27550

Fivy

#Qﬁ
bE'9

Borg
P

Fsso

- 2o
S50
=010

556 05 05 05 05 €5 05 65 05 053 05 053 06 53 05 €5 05 05 5 05 5 o5

Pegion. ieon MR AR diplamma 00} ameme iin

Jame.2311091.fid
JAME-105-prd

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0




image83.png
5000
5500
s000

asoo

Fa000
3500
3000
2500
2000
1500
1000
500

500

a0
P

ary
g

Ay

~ -
S Farr
i
— E — Feet
— B Lol
—
g
E
Sio = F
g
£
2
B
2.8
3850 B
Ehse - —_—
589
S
]

18

26 24 22 20

36 34 32 30 28

38

48 46 44 42 40
1 (opm)

50

58 56 54 52

68 66 64 62 6.0

72 7.0





image84.png
180

170

160

150

140

130

120

110

100
1 (ppm) o

%

80

70

60

50

40

30

Fa000

3500

3000

2500

2000

1500

1000

500

-500

-1000

-1500

-2000

-2500





image85.png
[~4500000

4000000
[~3500000
[~3000000
[~2500000
[~2000000
[~1500000
[~1000000
1-500000

JAME-142.3-prd-full.2410151.fid

JAME-141.3-prd

/ //// s

Feos

220

W«i
ST
Feot
7o

Fooz
Foeoz

0.0

0.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (pom)

9.0




image86.png
.JAME-142.3-prd-fu||.2410153.ﬁd

JAME-141.3-prd 100000
885 a ] s 8 [eueRs g R59 8RR LR
B 88 8 8 REB5E8 # SHE =ER @9 90000
N/ % Vel NV N
80000
70000
| 60000
50000
40000
30000
,
\
20000
| 10000

s T T
T £-10000

-20000
~-30000
[--40000
[--50000
60000
[~-70000

[--80000

-90000

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10 0
| f1 (ppm)




image87.png
[~14000000
1~13000000
1~12000000
1~11000000
1~10000000
[~9000000
1-8000000
[~7000000
~6000000
~5000000
[~4000000
1~3000000
[~2000000
1~1000000
[~-1000000

BBBRRRRGGRE
S 550566660

|

1.0

€09

38

oz
oz
ez
e
ik
284

NaTan

Ngw
ST aan

BE
S /////
M e et

10°L

TE'L
s
s
&L
'L

JAME-178.2501091.fid
JAME-178-t56-prd

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5





image88.png
50000

45000

[~40000

35000

[~30000

[~25000

[~20000

15000

[~10000

5000

[--10000

15000

-20000

[--25000

--30000

-35000

[~-40000

[--45000

JAME-178.2501093.fid
JAME-178-t56-prd

Z'e—

ST —

or'zer~
818z~

T —

69'85T —

65751 —

52851 —
81z —

602L1
AR

e~
SThLT .\
bt

£b'S61—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

200

f1 (ppm)




image89.png
JAME-179.25010610.fid

JAME-179-prd

-

2 9 9 9 9 g9 g9 g g g g o
8 8 83 8 8 8 8 8 8 8 8 g9 g @ g g g9 g g g9 S
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 54
S 8§ 83 6 8 6 ¢ 3 & 8 8 8 &8 8 § 8 & & g 9o 54
S &8 83 R 8 B § 8 8§ = 8 8 8 3 &8 8 & 8 & 8 S
.t TR NP Y YT R

0T

s

291

s

97

897

81

81 = Fas

81

az

ST

g

61z

fegd / vaoN

€27

T \ W

(o \ a

%7 £

T / £

mm/ 0z

NmN/ / W

rraY N H\.NNN

0T~

E N

Faz

)

09'7€

E w1

&0
F o

F o

F oo
Foest

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)

8.0

8.5




image2.emf
N

H

O

O

HO

N

5HP2O-C5-Oligomer

Oligomer: D: Oligonucleotide

M: Malat1 ASO

P: Peptide Nucleic Acid


image90.png
[~18000
16000

14000

12000

1~10000

1-8000

~6000

4000

2000

[--4000

--6000

--8000

10000

-12000

[--14000

-16000

e
0L'8€T
SL'6ET S

T0'66T —
sz —

18O
el

Wb\
£9°pLT~:
6%

€rogi—

JAME-179.25010612.fid
JAME-179-prd

40

170 160 150 140 130 120 110 100 90
fi (ppm)

T
180





image91.png
1~2500000

[-2400000
[~2300000
[~2200000
[-2100000
[~2000000
[~1900000
[~1800000
[~1700000
[~1600000

~1500000

[~1400000

[~1300000

[~1200000

1~1100000

1~1000000

1~900000

[~800000

[~700000

1-600000

500000

[-400000
[~300000
1~200000
1~100000

[~-100000
[--200000

160
160

57

/

e S s

/

2

JAME-180.2501131.fid

JAME-180-prd

F oo

%0

E 190

Feaz

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5

.0

f1 (pom)




image92.png
[~26000
[-24000

[~22000

[~20000

[~18000

16000

[~14000

~12000

10000

1-8000

1-6000

4000

1-2000

[--4000

[--6000

~-8000

[~-10000

-12000

--14000

9B~
92291

€919
19'891
€011
o1’z
oz
S8'ELT

SEBIT~:
v

o
&
o
«
4
a
1=}
o
N
o
@
a
w
M

2
Iy
Iy
8
2
w
=
E

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

f1 (ppm) _




image93.png
b8
jame.2306146.fid
A GO0MEz McOD) § 8.48. 8.46. 633, 6.31.3.00, 3.00,2.98,2.97, 2.95.2.93, 1.87, 1.86. 1fs4.

prétSh 1idén M0 10: T isiRahitdots adiniathe £8. 1.55. 1.55,1.54. 1.54. 1.53. 1.53. 1.52. 1 51.
1.50.1.39. 1.38. 1.37. 1.36. an
N4 R Y

7000
& o
% )
6000
5500
[ j /s 000
F4500
4000
3500
. 3000
F2500
2000
+1500

1000

500

S

021
0453

0391

-500

@ 100

T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1(ppm) _




image94.png
Jjame.2306148.fid
JAME-AHCO-23
apt_icon_long MeOD {D:\vd\sp\amm400} ammjame 13

—54.41

42.38
—3.16
—2%92
—2351
—17.30
—1586

1500
1400
1300
1200
1100
1000

T T
140 135 130 125 120 115 110 1205 100 95 9 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
| f1 (ppm)




image95.png
Azide.250701.fid
JAME-nbd-az ) [-5500000
2e ] s LEE
v i) v &
~5000000
DIPEA
[~4500000
/ / / [~4000000
/ Ve / /j
3500000
‘ [~3000000
[~2500000
Ad) B(d)
8.47 6.20
[-2000000
~1500000
~1000000
|
I 500000
l A L Lo
~-500000
i 7 A
8 3 89 R
E‘ e ? 9‘:? )ﬁ ~-1000000
3 8 2 sigen
E 4 3 Ad8an
11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

1 (ppm)




image96.png
Azide.250702.fid

JAME-nbd-az

I 888 sosu-g g n

T ggm SBEBoR 8 Gl

I 288 SREREE 2 g

I/ NN N

DIPEA
DIPEA
|

T T T T T T T T T T T T
50 140 130 120 110 100 90 80 70 60 50 10

f1 (ppm)

11000

[~10000

1~9000

1-8000

7000

6000

5000

14000

~3000

[~2000

1000

--1000

1--2000

--3000

--4000

~-5000

[--6000

[--7000

1--8000

1--9000





image97.png
Sample Name  JAME-101-F1 vial 78 Instrument Name  Instrument 1 User Name Jan Goeman
Tnj Vol 5 InjPosition SampleType ‘Sample Success
Data Filename _ 076-079.d. ACQMethod _ MMP.m Comment Acquired Time. 1/30/2024 4:48:01 M

%10 4 [1Mixed Scan (0.405 min) Frag=215.0V 078-079.d

3 178 0870
2.9
2e

osLivrnoNwo N

200000000
SNwrO DN

o

73 174 175 176 177 178 179 180 181 182 183 184 185
Counts vs. Mass-to-Charge (m/z)




image98.png
40000

30000

20000

10000

-10000

L]

jsers\1an\0...E-101\-101-f1.D Injection 1 PDA - Total Absorbance Chromatogram
4570
032%

03 1255
ogps 1% o

05 10 15 20 25 30 35 40 45 S50 55 60 65 70 75
Retention time (min)

80 85 90 95

4000000

3000000

2000000

1000000

jsers\1an)\0...E-101\-101-FL.D Injection 1 Function 1 (JAME-101-F1) MS + spectrum 4.51..4.68
17807
1000%

sLos (179439 553050
L% 057

100 200 300 400 S00 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
m/z (Da)
-

2400 2300 2600 2700 2800 2900 smi





image99.png
Sample Name

Tnj Vol

Data Filename.

x10 5
115

1.1
1.05
1
0.05
0.9
0.85
o2
0.75
0.7
0.65
0.6
0.55
05
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Vial 70 Instrument Name
SampleType

Comment

Instrument 1
‘Sample

JAME092-prd Position
s InjPosition
0700714 ACQMethod _ MMP.m

User Name
IRM Calibration Status
Acquired Time.

1Mixed Scan (0.510 min) Frag=215.0V 070-071.d

341.1823

342.1846

334 335 336 337 338 339 340 341 342 343 344

345 346
Counis vs. Mass-ta-Charga (m/z)

347 38

349

350

351






image100.png
Z:\Anderes\Bac...92\-092.2-t60.D Injection 1 PDA - Total Absorbance Chromatogram

4.965
40000 98.08%
20000+
4.891 || 5.050
0.99%] |0.93%
o IR
T T T T T T T T
1 2 3 5 6 7 8 9
Retention time (min)
Z:\Anderes\Bac...92\-092.2-t60.D Injection 1 Function 1 (JAME-092.2-t60) MS + spectrum 4.97
341144
3000000 100.00%
166125
2000000 25.88%
342128
1000000 5, 178.103 313.143(17:38%
0.67% 243% 1.80%
o2 B s B -
T T T T T T T T T T T T T T T T T T u
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10

m/z (Da)





image101.png
Sample Name  JAMEO73preGl  Position Vial 92 Instrument Name  Instrument 1 User Name 3an Goeman
ol H Injposition ‘SampleType Sample IRM Calibration Status  Success
Data Filename 0920930 acQMethod  mipm Comment. ‘Acquired Time. 1302024 123930 A1

%10 5 | *Mixad Scan (0.365 min) Frag=215.0V 002-003.d
2.1

300.1446

She by @mon

0.
05
07
06
o5
0.4
03
02
o1

202 253 204 295 296 207 258 299 300 301 302 303 304 305 306 307 308 309 310
E30ms VS, Mass-0-Charga (m/z)




image102.png
C:\Users\Jan\0...S\-073-up-prd.D Tnjection 1 PDA - Total Absorbance Chromatogram

332
s
20000
103 2715
5,
. = W
i 1§
“r
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Retention time (min)
C:\Users\Jan\0...5\-073-up-prd.D Injection 1 Function 1 (JAE-073-up-prd) TIC
1000000 B
500000
8007
1050 751
o = '
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 &5 90 95
Retention time (min)
O C:\Users\Jan\0...5\-073-up-prd.D Injection 1 Function 1 (JAME-073-up-prd) MS - spectrum 3.37
250111
10000%
500000
fass.106
10.02%
o
100 150 200 250 300 350 400 450 SO0 S0 600 650 700 750 800 850 900 950 100

m/z (Da)





image103.png
Z:\Anderes\Bac...E-099\-099-t8.D Injection 1 PDA - Total Absorbance Chromatogram

5.85
40000 100.00%
20000
0-| —
T T T T T T T T
2 3 4 5 6 7 8 9
Retention time (min)
Z:\Anderes\Bac...E-099\-099-t8.D Injection 1 Function 1 (JAME-099-t8) MS + spectrum 5.
4 183.086
400000 100.00%
300000
2000007 490,064 282.078
24.87% 719, 283.125
100000-) 197 Y atoe 497.259
04+ ' ko .h..u 067%
T T T T T T T T T T
100 200 300 400 500 600 700 800 900 100

m/z (Da)




image104.png
30000
20000
10000

C:\Users\Jan\0...QMS\-037.3-F1.D Injedtion 1 PDA - Total Absorbance Chromatogram

o
: &
v =

-

Retention time (min)
QMS\-037.3-F1.D Injection 1 Fundion 1 (JAME-037.3-F1) TIC

2om
900000
2925
2555
. 2637 pr
i D i e—
05 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 &5 90 95
Retention time (min)
@] C:\Users\Jan\0...QMS\-037.3-f1.D Injection 1 Fundtion 1 (JAME-037.3-F1) MS - spectrum 2.93
o
1000000 10n00%
500000 w12 je7.085
DO s bose s 2103
19%% ' s 245%
o g ©
100 150 200 250 300 350 400 450 SO0 S0 600 650 700 750 800 850 900 950 100

m/z (Da)





image105.png
40000~

20000

.2-prod-neg Injection 1 PDA - Total Absorbance Chromatogram
4514
100.00%

1 2 3 4 5 6 7 8 9

Retention time (min)

60000

40000~

20000

C:\Users\jabme...-039.2-prod-neg Injection 1 Function 1 (JAME-039.2-prod) MS - spectrum 4.54
369.037

254060 10000%

69.58%

328,010 351.003(369.421

230,001 2.479% 26:45%|24.4929 370112 o 1

168.004 7 16.46% 88- 588.009 703.105 704.034

168,004 1254% Il g 5009 864 gon, S2007 878127 %9962

L L sl b LT .

T T T T T T T T T T
100 200 300 400 500 600 700 800 900 100

m/z (Da)





image106.png
C:\Users\Jan\0...85\-085.2-t28. Injection 1 PDA - Total Absorbance Chromatogram
o
s,
ose i
0.90% 0.40% 3840
o X i oF 17
Retention time (min)
C:\Users\Jan\0...85\-085.2-t28. Injection 1 Function 1 (JAME-085.2-t28) TIC
2
" 8.061 .
. a7s T4
o e 11 B —
Retention time (min)
7. C:\Users\Jan\0...85\-085.2-t28.D Injection 1 Function 1 (JAME-085.2-t28) MS - spectrum 3.82..3.99
X
zE
5.0x10° 578116
e
o -
e Fes
o M/Z (03) -





image107.png
Sample Name  JAME-087-F1 Position vial 19 InstrumentName  Instrument 1
Tnj Vol 5 InjPosition SampleType ‘Sample
Data Filename _ 015-020.d ACQMethod __ MMP.m Comment

%10 3 [ Mixed Scan (0.376 min) Frag=215.0V 019-020.d
7.75
7.5
7.25
7
6.75
6.5
6.25
6
5.75
5.5
5.25
5
4.75.
45
4.25.
4
3.75
35
3.25
3
275
25
225
2
1.75
15
1.25
1
0.75
0.5
025
o

698.2370

602 693 694 695 606 697 698 609 7060 701 702 703 704 705 706 707 708 709
Counts vs. Mass-to-Charge (m/z)




image108.png
2.0x10° Z:\Anderes\Bac...JAME-087-F1-neg Injection 1 PDA ,Tobal Absorbance Chromatogram
4910
Q 100.00%
5 S
8 1.0x10
g
- I
0.0 A
T T T T T T T T T T
[ 1 2 3 4 5 6 7 8 9
Retention time (min)
Z:\Anderes\Bac...JAME-087-F1-neg Injection 1 Function 1 (JAME-087-F1) MS - spectrum 4.85..4.98
674.087
4.0x10% 100.00%
559.071
6. 6030% Ssglé?%f 675.086
2.0x10 looms  [P2%
221.061 3857'2572 16.09%  [710.036 597%);3
246% N L 5.23% ==
. . o

0.0

T T T T T T T T T
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
m/z (Da)

5





image109.png
H -
1.0x10% Z:\Anderes\Bac...095\-095-15-7.D Injection 1 PDA - Total Absorbance Chromatogram
4.369
9 5.0x10° 100.00%
5
£
S 0.0
3 |
=<
-5.0x10°
T T T T T T T T T T T T T T T T T T T
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Retention time (min)
Z:\Anderes\Bac...095\-095-15-7.D Injection 1 Function 1 (JAME-095-15-7) MS + spectrum 4.38
611.159
1000000- 100.00%
612172
500000 29.49%
528154 = 613,170
107.070 163.142 11.12% 785214

5.97% —

094%  1.26% !

071%

T T T T T T T T T T T T T T T T T T T
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 100
m/z (Da)





image3.emf
N

H

O

O

HO

N

R

1

R-5HP2O(R1)-C5-Oligomer

S

R


image110.png
Z:\Anderes\Bac...-102-t14-19_1.D Injection 1 PDA - Total Absorbance Chromatogram

a 2.923
2.0x10 100.00%
8
g Lox10™]
g
2 0.0
-1.0x10*
T T T T T T T T T
1 2 3 4 5 6 7 8 9
Retention time (min)
O Z:\Anderes\Bac...-102-t14-19_1.D Injection 1 Function 1 (JAME-102-t14-19) MS - spectrum 2.88..2.96
2000000 547194
100.00%
i 434.125
1000000 41.60% D125 546,180
416.131 27.59% g5 503
305.130| g5, [435.007 - -
8.58% T |884% . 1153%
0 1 [ L

TT T T T T T T T T
100 200 300 400 500 600 700 800 900 100

m/z (Da)





image111.png
Sample Name  JAME-108-t43 Position vial 73 InstrumentName  Instrument 1
Tnj Vol 5 InjPosition SampleType ‘Sample
Data Filename _ 073-074.d ACQMethod __ MMP.m Comment

Jan Goeman
1/29/2024 11:22:12 P

%10 4 [1Mixed Scan (0.335 min) Frag=215.0V 073-074.d

1

488.1634

oW r e N

0.0
E:3
0.7
0.6
05
0.4
0.3
0.2

0.1

483 484 485 486 487 488 489 490 491 402 403 ada 495 496 497 498 499 500 501 502
Counts vs. Mass-to-Charge (m/z)




image112.png
-
08\-108-t43.0 Injection 1 PDA - Total Absorbance Chrormatogram

5000 4005
10000%
0
-5000
-10000

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Retention time (min)

08\-108-t43.0 Infection 1 Function 1 (JAME-L08-t43) MS + Spedrum 3.87..4.17

o002
o
: 104
s.ox1d e . @an
Sane
esns 153
w0002 w7110
10067 0300 ZuS 08 R s TE | miew mo1e w2
ool oo 2% g T : (i 1 (e s

00 10 200 2 30 30 400 40 S0 ss 6o 60 700 750 e s0  so | 950 mui





image113.png
C:\Users\Jan\0.

112\-112-126.D Injection 1 PDA - Total Absorbance Chromatogram

3204
9%
10000,
206 || 2252
053 24667 3.80%| [10T7%
241% 235
o 0
975
231%
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Retention time (min)
C:\Users\Jan\0...-112\-112-26.D Injection 1 Function 1 (JAME-112-t26) MS - spectrum 3.22
372106
100.00%
1000000
500000
a7
r.20%
0.085
162%
o :
100 150 200 250 300 350 400 450 500 55 600 650 700 750 800 850 900 950 100!

m/z (Da)





image114.png
Sample Name  JAME-112-26 Position vial 75 InstrumentName  Instrument 1
Tnj Vol 5 InjPosition SampleType ‘Sample
Data Filename _ 075-176.4 ACQMethod __ MMN.m Comment

Jan Goeman
1/30/2024 6:

%10 3 | Mixcd Scan (0.504 min) Frag=75.0V 075 176.d

a
7.75
7.5
7.25 372.1662
7
6.75
6.5
6.25
6
5.75
5.5
5.25
5
4.75.
4.5
4.25.

a
3.75
35
3.25

3
275
25
225

2
1.75
15
128

1
0.75
0.5
0.25

364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 350 381 3862 383 384
Counts vs. Mass-to-Charga (m/z)




image115.png
L1
C:\Users\Jan\0...\-112depr-pur.D Tnjedion 1 PDA- Total Absorbance Chromatogram

2565
sxe%
10000,
5000
o746 180 26
126%
o
-5000
1 2 3 4 5 6 7 8 9
Retention time (min)
C:\Users\Jan\0...\-112depr-pur.D Tnjedion 1 Function 1 (JAME-112depr-pur) MS - spectrum 2.9:
328,006
6.0x10° 100.00%
4.0x10%
2.0%10% 3,081
1652%
186007 256070 eman
0o osmn 20 0s2%

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10
o T/z(03)





image116.png
C:\Users\Jan\0...\LCMS\-116-F3.0 Injection 1 PDA - Total Absorbance Chrormatogram

Jis
20000 i
10000
o
10000
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 S0 o5
Retention time (min)
C:\Users\an\0...\LCMS\-116-F3.D Tnjection 1 Function 1 (JAME-116-F3) MS + spectrum 3.90.4.07
505
it
2.0x10™
X 0es
Lox10 oo -
oo M | B
274% I 252% h
0of . -
100 150 200 250 30 30 400 430 500 50 600 630 700 750 80 8k S0 950 100




image117.png
Sample Name  JAME-115-33 Position Vial 89 Instrument Name  Instrument 1
Tnj Vol 5 InjPosition SampleType ‘Sample
Data Filename _ 083-090.d ACQMethod __ MMP.m Comment

Jan Goeman
1/30/2024 12:27:20 AM

%10 4 [1Mixed Scan (0.382 min) Frag=215.0V 089-090.d
8.5
225
8
7.75
7.5 4491534
7.25
7
6.75
6.5
6.25
6
5.75
5.5
5.25
5
4.75.
4.5
4.25.
4
3.75
3.5
3.25
3
2.75.
25
2.25
2
1.75
15
1.25
1
0.75
0.5
0.25

443 444 445 446 447 4A8 449 450 451 452 453 4ba 455 456 457 458 459 460
Counts vs. Mass-to-Charge (m/z)




image118.png
= S WSEIS AT T 2T AT LTLeT.L ATUERHUT 1 PUTILHON 2 JANERLGemLeq) Mo 7 Spettiliil .09

29219
1000000 100.00%]
500000 oz
s
e
0
00 10 200 2% 300 30 400 450 S0 530 600 60 700 750 s w0 00 50 100
)
C:\Users\Jan\0...-142\142-£24.0 Injection 1 DAD B, Sig=254,20 Ref=off Chromatogram
o
2000 00
1000
0 A

00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Batantion time (i)




image119.png
Sample Name  JAME-142-prd Position Vial 83 Instrument Name  Instrument 1 User Name 3an Goeman
1nj Vol 5 InjPosition SampleType Sample Success
Data Filename _083-084. ACQMethod __MMP.m Comment Acquired Time 4/19/2024 4:01:56 P4
x10 5 [+Mixed Scan (0.499 min) Frag=215.0V 083-084.d
2
1.9
18 539.3186
1.7
16
15
1.4
1.3
1.2
1.1
1
0.9
0.8
0.7
06
o5 540.3212
0.4
0.3
0.2
0.1
535 536 537 538 539 540 541 542 543 544 545 546

Counts vs. Mass-to-Charge (m/z)






image120.png
Sample Name  JAME-178-prd

n Vol

Data Filename

x10 5

1.65
1.6
1.55
15
1.45
1.4
1.35
13
1.25
1.2
1.15
1.1
1.05
1
0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
o

Vial 13 Instrument Name  Instrument 1
SampleType Sample:

Comment

User Name
IRM Calibration Status.
Acquired Time

Jan Goeman
Success

Position
s InjPosition
0130144 ACQMethod _ FEPm

+ESI Scan (0.620 min) Frag=215.0V 013-014.d

915.4538

916.4567

917.4591

915 916 917 918
Counts vs. Mass-to-Charge (m/z)

914

921





image121.png
C:\Users\Jan\0...178\176-60_1.D Injection 1 PDA - Total Absorbance Chrormatogram

4193
100000 e
50000
0350 1311 2784 306
0% 1% 745% -y
0 PA ?’A ¥
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Retention time (min)
C:\Users\Jan\0...178\176-60_1.D Injection 1 Function 1 JAME-178-60) TIC
1000000 azi6
500000
o327
52 =2
'
o "‘A fS—
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Retention time (min)
@) _ Ci\Users\Jan\0...178\-178-60_1.D Injection 1 Function 1 (JAME-178-60) MS - spectrum 4.14..4.31
4.0x10 ss1.3%
10050%
852389
2.0x10" 7%
53,37
sss0m wsam s TR e
0 L% 1% 103% " [

100 150 200 250 300 350 400 450  S00 S50 600 650 700 750 800 850 900 950 100
m/z (Da)





image122.png
Sample Name  JAME-179-prd2 Position Vial 27 Instrument Name  Instrument 1 User Name Jan Goeman
n Vol 5 InjPosition SampleType Sample: IRM Calibration Status. Success
Data Filename _027-028.4 ACQMethod _ FEPm Comment Acquired Time 14232025 5:04:33 PM

%10 5 [+ESI Scan (0.279 min) Frag=215.0V 027-028.d

3.6
34 1118.5368
3.2

3
2.8
26
2.4
22
> 1119.5393
1.8
16
1.4
1.2

1

0.8 1120.5411
0.6

0.4

0.2 k

o - - - - - - - - - - -
1115 1116 1117 1118 1119 1120 1121 1122 1123 1124 1125
Counts vs. Mass-to-Chargé (m/z)




image123.png
Z:\Anderes\Bac...2\JAME-179.2-t7 Injection 1 PDA - Total Absorbance Chromatogram

1.0x10*
] 3
£ 5.0x10%
k]
g
2 0.09

-5.0x10°

In T T T T T T T T T T T T T T T T T T
05 1.0 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9.0 95
Retention time (min)
O Z:\Anderes\Bac...2\JAME-179.2-t7 Injection 1 Function 1 (JAME-179.2-t7) MS - spectrum 3.91..4.04
5| 836217 1094.365

6.0x10 100.00% 82.49%
2 4.0x10° 1095.384
k-] 546.852 837.207 49.90%
8 . 38.38% 38.96%
S 2.0x107 1096377

138.041 417.748 574.453[569.201 %3*;'12[,21 1;33[');'21 14.86% 1097.321
237% 216% 0.58% | 291% = i _ 5.43%
0.0 - . e . -

T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 150
m/z (Da)




image124.png
‘Sample Name  JAME-180-prd Position Vial 15

n Vol

s InjPosition

Data Filename _015-016.4 ACQMethod _ FEPm
+ESI Scan (0.406 min) Frag=215.0V 015-016.d

x105
5.8

5.6
5.4
5.2

5
a8
4.6
4.4
4.2

a
3.8
36
3.4
3.2

3
2.8
26
2.4
22

2
1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

o

Instrument Name  Instrument 1
SampleType Sample:
Comment

IRM Calibration Status.

Acquired Time

Jan Goeman
Success

1232025 4:15:44 PM

12155515

1216.5553

1217.5583

1213 1214 1215

1216 1217 1218
Counts vs. Mass-to-Charge (m/z)

1219

1220

1221





image125.png
O

Z:\Anderes\Bac...180\-180-f1_1.D Injection 1 Function 1 (JAME-180-F1) MS - spectrum 4.62

- 1191.350
3.0x10% 076,361 100.00%
z
2 2.0x10* 1022.345 |1077.413
5 36.55% |39.40% [1094.331
g B 28.51% 1227.323
5 1ox10* 156.06 221 076 722.139768.264 760 152 1006403 15.55%
941% ‘G eq0, 320348 562754 6og% 937% 563 593% | [
| 091% 1.00% S T e 22 l
0.0 i . N Lok -
T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 150
m/z (Da)
Z:\Anderes\Bac...180\-180-f1_1.D Injection 1 DAD B, Sig=254,20 Ref=off Chromatogram
14620
2 300
=
@ 200
8
5
2 100
2 455,
< 0 - =
r T T T T T T T T T T T T T T T T T T T
00 05 10 15 20 25 3.0 35 40 45 50 55 60 65 70 75 80 85 90 95
Retention time (min)





image126.png
jsers\1an\0...E-193\-nbd-azD Tnjection 1 PDA- Total Absorbance Chromatogram

s
sess%
90000,
3458
3%
o
1 2 3 4 5 6 7 8 9
Retention time (min)
jsers\1an\0...E-193\-nbd-az.D Tnjection 1 Function 1 (JAME-NBD-AZ) MS + spedrum 5.62..5.71
s
10000%
%127
40x10° 9127 g s
5.5 Wl B st 5012 61513 w5132
e TR sek | ) 128% 277% o825
[T [N o !
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 100
miz (03)
2000, CAUSErs\Jan\0..£-193\-nb-azD Injection 1 DAD , Sig=360,20 Ref=off Chromatogram
1000 3457
150% o5
Iy o
o s
0 1 2 3 4 5 6 7 8 9

Retention time (min)




image127.png
C:\Users\Jan\0...E-193\nbd-c5.D Injection 1 PDA - Total Absorbance Chromiatogram

60000,
30000,
139 a0 || 4072
2w g | g%
o T
1 2 3 4 5 6 7 8 9
Retention time (min)
C:\Users\Jan\0...E-193\bd-c5.D Injection 1 Function 1 (JAME-NBD-CS) TIC
3546
2000000
1000000
o
1 2 3 4 5 6 7 8 9
Retention time (min)
C:\Users\Jan\0...E-193\nbd-c5.D Injection 1 Function 1 (JAME-NBD-C5) MS + spectrum 3.9
26613
1000000 om0 sute
s8.53%
500000 7.1 216
5157 2084
sss% 3360 |17 e
o]t s

0 20 0 40 st o 70 w0 w0 | 100
mz (09)




image4.png
Relative Abundance

C

1004

90

80

70

60

50

40

30

20

104

NH2-M4

Chemical Formula: C;36H294Ng20125P22S16
Exact Mass: 7468,89286
Molecular Weight: 7473,77976

C:\Users\jabme...bi0425-8-MB3-sm Injection 1 DAD A, Sig=260,16 Ref=off Chromatogram
7.000
100+
80
§ 9.342
19.
E 6o
8
c
3
g 40
o
<
20
ol )
i 2‘ CIS ‘II é é 7‘ §I3 9 1‘0 1‘1 1‘2 1‘3 1‘4 1‘5 1‘6 1‘7 1‘8 1‘9 26 2‘1 2‘2 2‘3 2‘4 2‘5 2‘6
Retention time (min)

+ -
250404-AMM-JAME-08 #6-39 RT: 0.05-0.34 AV: 34 NL: 4.67E7 M+Na-H M+2Na-2H
T: FTMS - p ESI Full ms [150.0000-6000.0000] 100 7491.9162 7513.8795

623.5694 ] M+3Na-3H
625.399 90 M 7535.8480
| 7469.9367
6821436 80
6843428 704
3 4
686/3405 £ 60
-]
2 4
3
< 50
7523.8781 4 J
3 40
x -
30+
8390840 20+
980.1361 1088.6740 104
981.139’5’J 1379.9817 E
/
1273,7842 0 T T T T T T T
1479,9733 7470 7480 7490 7500 7510 7520 7530
Mass

600

800

1000
miz

1200

1400




image5.png
NH2-M5

Chemical Formula: C178H220N62089P16316
Exact Mass: 5656,59283
Molecular Weight: 5660,60319

C:\Users\jabme...bi0425-7-MB2-sm Injection 1 DAD A, Sig=260,16 Ref=off Chromatogram

90- 7.031
80
70
19.3%
5 60
<<
E 504
g
< 40
H 23.99
4 30
<
20
104
25.349
o —A~
-10-
T T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Retention time (min)
250404-AMM-JAME-07 #3-23 RT. 0.03-0.2 AV: 21 NL: 9.05E7 M
T. FTMS - p ESI Full ms [150.0000-6000.0000] 5657 6293
100477
100 — 627.8409
z=p 1
] 90 4
90 706.44%9 i M+Na-H
i z=8
80
80+ | 5679.5997
l 70
70 |
© 1 3 60
g 60| ] 7
© © -
kel 4 c
g 2 50l
g i
2 1 807.5087 2
= : © ,
5 40 77 z
& ] i
304 810.6488 30
20+ 20
104 1379.9887 104
_J 980.1371 1166.0821 1479.9803 4
0 Or—r——T—T1—T——"—r—71 T T T T
600 800 1000 1200 1400 5660 5665 5670 5675 21
m/z Mass




image6.emf
1

2

O

3

4

5

6

7

8

O

9

N

H

10

11

12

13

Chemical Formula: C

10

H

11

NO

2

Exact Mass: 177,0790

Molecular Weight: 177,2030



image7.emf
1

2

O

3

4

5

6

7

8

O

9

N

H

10

11

12

O

13

14

15

O

16

17

18

O

19

20

21

N

3

22

Chemical Formula: 

C

15

H

24

N

4

O

5

Exact Mass: 340,1747

Molecular Weight: 340,3800



image8.emf
1

2

3

4

O

5

6

7

8

N

H

9

O

10

11

O

13

14

O

16

Chemical Formula: C

14

H

21

NO

6

Exact Mass: 299,1369

Molecular Weight: 299,3230

17

COOH

18



image9.emf
O

O

Chemical Formula: 

C

8

H

10

O

2

Exact Mass: 138,0681

Molecular Weight: 138,1660



image10.emf
Chemical Formula: C

10

H

14

O

3

Exact Mass: 182,0943

Molecular Weight: 182,2190



image11.emf
N

O

O

OH

OH

Chemical Formula: C

11

H

17

NO

4

Exact Mass: 227,1158

Molecular Weight: 227,2600



image12.emf
N

O

N

O

O

O

O

OH

Chemical Formula: 

C

15

H

20

N

2

O

6

Exact Mass: 324,13214

Molecular Weight: 324,33300



image13.emf
N

O

N

O

O

O

O

O

Chemical Formula: 

C

14

H

16

N

2

O

6

Exact Mass: 308,10084

Molecular Weight: 308,29000



image14.emf
1

2

N

3

4

5

HO

6

O

7

8

9

10

O

11

12

13

Chemical Formula: C

12

H

19

NO

6

Exact Mass: 273,1212

Molecular Weight: 273,2850

O

14

15

16

COOH

17



image15.emf
1

2

N

3

4

5

HO

6

O

7

8

9

10

O

11

12

13

O

14

Chemical Formula: C

16

H

22

N

2

O

8

Exact Mass: 370,1376

Molecular Weight: 370,3580

15

16

17

O

18

O

19

N

20

21

22

23

24

O

25

O

26



image16.emf
N

O

OH

O

HN

N

H

O

OH

O

2

NO

2

N

O

N

Chemical Formula: C

25

H

34

N

6

O

10

Exact Mass: 578,2336

Molecular Weight: 578,5790



image17.emf
N

O

OH

O

HN

N

H

O

OSu

O

2

NO

2

N

O

N

Chemical Formula: C

29

H

37

N

7

O

12

Exact Mass: 675,2500

Molecular Weight: 675,6520



image18.emf
N

OH

O

O

N

H

O

N

3

O

O

COOH

3

Chemical Formula: C

22

H

37

N

5

O

10

Exact Mass: 531,2540

Molecular Weight: 531,5630



image19.emf
N

OH

O

O

N

H

O

N

3

O

O

COOSu

3

Chemical Formula: C

26

H

40

N

6

O

12

Exact Mass: 628,2704

Molecular Weight: 628,6360



image20.emf
1

2

3

N

4

5

6

HO

7

8

9

O

10

11

12

O

13

NH

14

15

16

17

O

18

19

20

O

21

22

23

COOH

24

Chemical Formula: C

17

H

24

N

2

O

7

Exact Mass: 368,1584

Molecular Weight: 368,3860



image21.emf
1

2

3

N

4

5

6

HO

7

8

9

O

10

11

12

O

13

NH

14

15

16

17

O

18

19

20

O

21

22

23

24

O

25

O

26

N

27

28

29

30

31

O

32

O

33

Chemical Formula: 

C

21

H

27

N

3

O

9

Exact Mass: 465,1747

Molecular Weight: 465,4590



image22.emf
1

2

3

N

4

5

6

HO

7

8

9

O

10

11

O

12

13

14

O

15

16

17

COOH

18

19

20

O

21

O

22

23

24

Chemical Formula: 

C

17

H

27

NO

8

Exact Mass: 373,17367

Molecular Weight: 373,40200



image23.emf
1

2

3

N

4

5

6

HO

7

8

9

O

10

11

O

12

13

14

O

15

16

17

COOH

18

19

20

O

21

Chemical Formula: 

C

15

H

23

NO

7

Exact Mass: 329,14745

Molecular Weight: 329,34900



image24.emf
1

2

3

N

4

5

6

HO

7

8

9

O

10

11

O

12

13

14

O

15

16

17

18

19

O

20

21

O

22

O

23

N

24

25

26

27

28

O

29

O

30

Chemical Formula: 

C

19

H

26

N

2

O

9

Exact Mass: 426,16383

Molecular Weight: 426,42200



image25.emf
HN O

H

N

O

NH

N

H

O

NH

2

OH

H

2

N

O

O

O

Chemical Formula: 

C

25

H

42

N

6

O

7

Exact Mass: 538,3115

Molecular Weight: 538,6460



image26.emf
HN O

H

N

O

NH

N

H

O

NH

2

OH

N

O

O

O

O

OH

N

H

O

O

N

3

3

Chemical Formula: 

C

40

H

64

N

10

O

13

Exact Mass: 892,4654

Molecular Weight: 893,0090



image27.emf
HN O

H

N

O

NH

N

H

O

NH

2

O

N

O

O

O

O

OH

N

H

O

O

N

3

3

HN

O

O

OH

O

2

Chemical Formula: 

C

48

H

77

N

11

O

18

Exact Mass: 1095,5448

Molecular Weight: 1096,2030



image28.emf
HN O

H

N

O

NH

N

H

O

NH

2

O

N

O

O

O

O

OH

N

H

O

O

N

3

3

HN

O

O

O

2

O

N

O

O

Chemical Formula: C

52

H

80

N

12

O

20

Exact Mass: 1192,5612

Molecular Weight: 1193,2760



image29.emf
N

O

N

O

2

N

H

N

O

O

O

N

3

Chemical Formula: 

C

14

H

19

N

7

O

6

Exact Mass: 381,1397

Molecular Weight: 381,3490



image30.emf
Chemical Formula: 

C

11

H

15

N

5

O

3

Exact Mass: 265,1175

Molecular Weight: 265,2730

1

2

3

4

5

6

N

7

O

8

N

9

NO

2

10

HN

11

12

13

14

15

16

NH

2

17



image31.png
1h

24h

NHS Mediated Amine Functionalisation

SRV VAN
D1, (CGA),

A

&/\/\/\E

Mal-C5-NHS

5HP20-C5-NHS

o] 0
0.,

[o]

on . VW

Mal-C6-D1, pH7, 60%

)
T

=

5H-C6-D1, pH7, 70%

)

T
Mal-C6-D1, pH9, 66%

)
T

1
s
1

5H-C6-D1, pHY, 84%

—

¥

Mal-C6-D1, pH7, 65%

)

T

5H-C6-D1, pH7, 90%

—

¥

Mal-C6-D1, pH9, 58%

-

A

T

5H-C6-D1, pH9, 90%

10

1

12 13 14 15
Retention ime (min)

16

17




image32.png
Results - pH7.4

Substrate (DNA) fs

[ 10M VMaIEImlde BB 9% } L
2 equiv. Maleimide BB, 0% L =,

ANE WO BB, 24% \ I

—_—

2 equiv. 5HP20 BB, 6% . I

_‘O ..... ; lvMilelmldeBlHO’f“ ....... q’ .............. =
g [ eaulvMatelmide BB, 6% T kT T T T
R 10 equiv. SHP20 BB, 21% | , g

2 equiv. 5SHP20 BB, 8% i - ;

D

Results - pH 9

1

10 equiv. Maleimide BB, 24% '

'Zeguiv.MaleimideBB,S% I_I ,
: 10 equiv. SHP20 BB; 31%

: 2 equiv. SHP20 BB, 7% - .

: 2 equiv MalelmldeBB 8%

10 gun Malelmlde BB 23%

A

10 equiv. SHP20 BB, 28%

" 2 equiv. SHP20 BB, 8%

05 10 15 20 25 30 35 40 45 S0 S5 60 65 20 75 80 85 90 95 100




image33.png
Figure 2.3

A
A

NH,-D1

5HP20-C5-D1

5HP20-EG2-D1

Mal-Cy-D1
(1
Mal-C5-D1 »L_
T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Retention time (min)
Bo o
1007 — 6844.3849 c
683.73 1M 100 [ .
100 38 | ssz4=.981 11420;:1 o0 ] | 6:12.135 | 100‘68,;0 3203
o0] 75081 | 97718 1| SHP20-C5-D1 0] 62565 | 76491 o)
] z=9 2=7 807 | M= 684432 Da ol |[Z1 | =2 || SHP20-EG2-D1
807 _
] 701 1 80] [ M,,=6890.32 Da
3 707 ] 0] 707
£ 601 1
T 601 1 607 601
=] T 50 4
< 507 1 507 507
g 1 401 1
-% 4071 i 407 40
o i |
€ 30] 30 301 301
207 207 201 201
107 1 107 10 101
T T T 07T ™ 1 l A h" O TT T T T T
600 800 1000 1200 6845 0 00 300 1000 6890 6895
miz Mass miz Mass
D Eo
1004 6723.7515 100+ rC 6827.8105
6855.2612 Mal-C5-D1
Mal-Cy-D1 e M= 6828.28 Da
*1 M,=685430Da 1 M“" 6827'81 "
=6827.81Da
w| M,,=6855.26 Da 6.11p2 wf
704 704
[
% 60 § 60 67}{0.7476
T 3
= f=)
a QA 2
f, < 7212.8242
2w 2w
s £
&) 30 E 304
204 204
104 104 ‘
N (. ‘hl | L LT, i“hlll I\ll | \M.Mi
5647.0 6076.2 6505.4 6934.6 7363.8 5521 5993 6465 6937 7409
m/z m/z




image34.png
Figure 2.4

A 5y s 150

o
H
m"‘m — %> noreaction
o

H
5HP20-C6-D1

H  5uMPBS(pH69) H
N Nopy  wesks /25 °C N 1
$ /\/\/\g, o I

Mal-C6-D1 hydrolysed unreactive.

B maleimide

pH 6/7/8/9 - 5HP20
pH 6 - Maleimide
pH 7 - Maleimide
pH 8 - Maleimide
pH 9 - Maleimide

YRR

0 5 10 15 20 25 30
time / days

intact funct. oligonucleotide / %

5HP20-C6-D1

28 days at pH 6

28 daysatpH8

l 28daysatpH7
l 28 days atpH 9

1723 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26
Retention time (min)





image35.png
1dayatpH®6

\
A Mal-C6-D1 / .
N A

- s

3 days at pH 6
_ e

.

7 days at pH 6 M 2
b
m 14daysatpH6N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Retention time (min)

" Mal-C6-D1 /
J ~

-

1dayatpH7 N

14 days at pH 7

LJL 3daysatpH7
7 days at pH 7 M

) st
L ST

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Retention time (min)




image36.png
JL‘ Mal-C6-D1 / VL_

—-

LL 1dayatpH38

7 days at pH 8

mays atphn e M
Joe T

h 14 days atpH 8
. ST

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Retention time (min)

Mal-C6-D1 / VL_
S

—_

M 1dayatpH9 N

L 3 daysatpH9 M

14 days atpH 9

A 7 days atpH9 M

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Retention time (min)





image37.png
A sH

MW: 11470.97 Da
Mass: 11463.59 Da
Obs: 11468.65 Da

0 AbO
% '] NP
R
o~ NN s 0
HO H Carmody Buffer N N-
HO H

5HP20-C5-D1 [0 1 h to overnight,
MW: 6847.65 Da sree Ab-5HP20-C5-D1 o
Mass: 6844.32 Da MW: 18316.3 Da
Mass: 18307.91 Da
o 214 nm o 260 nm
A 5HP20-C5-D1 &
*

20 Z
Ab ox.
(0)
Ab red.
N A 5 /9\
pH 10,
«—/\——/\/\*/_mL overnight | N

5.5 6.5 7.5 8.5 9.5 10.5 115 125 55 6.5 7.5 8.5 9.5 10.5 115 125
Retention time (min) Retention time (min)
at pH 9, overnight D
80 ©-18600 Da
] 100
] 90
60 8 w
N H
S ] 3 10 '
3 404 5 @] 0-1200002 m
I g W |
> 1 2w ( ] )
EWL
] o ‘\
| £ g
0] 10.

n
2 5 10 14020.6 18045.2 22069.8

Equivalents of Ab

Purified Ab-5HP20-C5-D1

Blank
— . N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Retention time (min)





image38.png
Conditions Integrals 260 nm  Integral / Epsilon Yield
pH Time/h ON/equiv. Protequiv. Temp/°C Conc/puM ON @ 6.4) Prod @ ON @ 6.4) Prod @ ON
~ ~ 5 5 ~ ~| min 1L1mir| min ;11.1 mir
9 overnight 1 10 37 25 9332,214  20527,243 0,0440 0,0960 68,6
10 overnight 1 10 37 25 4996,057  24444,612 0,0235 0,143 82,9
10 overnight 1 10 37 25 4771,803 64618,921 0,0225 0,3021 93,1
8 overnight 1 10 37 25 9252,855 20736,077 0,0436 0,0969 69,0
9 overnight 1 5 37 25 11002,309  17019,603 0,0518 0,079 60,6
9 overnight 1 2 37 25 21378,316  6141,665 0,1007 0,0287 22,2
7 overnight 1 10 37 25 11004,106  17116,145 0,0518 0,0800 60,7
9 1 1 10 37 25 23292,778  5363,739 0,1097 0,0251 18,6
9 2 1 10 37 25 20853,377  9030,15 0,0982 0,0422 30,1
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7 3 1 10 37 25 20223,278 396,883 0,0953 0,0019 1,9
7 4 1 10 37 25 21974,253 632,094 0,1035 0,0030 2,8
7 5 1 10 37 25 17305,3 578,279 0,0815 0,0027 3,2
8 1 1 10 37 25 17421,423 410,314 0,0821 0,0019 2,3
8 2 1 10 37 25 17675,832 960,788 0,0833 0,0045 51
8 3 1 10 37 25 18489,986  1629,457 0,0871 0,0076 8,0
8 4 1 10 37 25 19529,442  2083,582 0,0920 0,0097 9,6
8 5 1 10 37 25 11995,659  1560,787 0,0565 0,0073 11,4
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