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Spacers Introduction

Spacer modifcations C3, 9, C12 and 18 are used to insert a spacer arm in an oligonucleotide. These modifications can be
added in multiple additions when a longer spacer is required. 3’-Spacer C3 CPG may also act as a blocker of exonuclease
and polymerase activity at the 3’-terminus. dSpacer is used to introduce a stable abasic site within an oligonucleotide. See
"Photo-Cleavable" modification category for photo-cleavable Spacer.
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Spacers Design Protocols

Hydrophobic vs Hydrophilic Spacers—Design Considerations

Spacer 9 and Spacer 18 are polyethylene glycol (PEG)-based, and thus hydrophilic, while Spacers C3, C12, PC Linker, and
PC Spacer are aliphatic, and thus hydrophobic. Thus, when designing oligos that require one or more Spacer modifications, it
is important to consider possible effects of Spacer hydrophobicity/hydrophilicity on the properties of the oligo. For example,
post-synthetic labeling of an amino or thiol-modified oligo at the 5’-end with a dye, hapten or enzyme is commonly performed
in aqueous solution. The active amino or thiol group typically is attached to the oligo via a hydrophobic linker, and when
incorporated into long oligos or those with significant secondary structure, poor coupling of the label to the oligos is often
observed. Consequently, optimization of the coupling reaction may require incorporation of a hydrophilic spacer (such as
Spacer 18 or Spacer 9) next to the amino/thiol linker.
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Spacers Applications

Some common usages of Spacer phosphoramidites are to position various tags/labels at a desired length from an
oligonucleotide, to immobilize oligonucleotides to a solid phase (like a microsphere or microarray slide), or to form
non-nucleoside folds and hairpin loops within an oligonucleotide (1-3). Spacers can be placed anywhere within an oligo, and
multiple incorporations of a Spacer can be performed to effectively generate spacers of virtually any desired length. For
example, six successive incorporations of dSpacer were used to create the optimal separation for FRET between the donor
and acceptor fluorophores in energy transfer fluorescent sequencing primers (4).

In addition to being used as a spacer arm, the Spacer C3 modification also can be placed at the 3’-end of an oligonucleotide
to effectively block that end from enzymatic reactions (e.g., extension by PCR) (5). dSpacer and rSpacer also can be used to
mimic abasic sites in oligonucleotides slated for use in DNA damage/repair studies (6). Photocleavable linkers and spacers
can be used to introduce photocleavable tags/labels onto the ends of an oligo, or link two separate oligonucleotides through a
short, photocleavable spacer arm for use in photo-triggered hybridization applications (7).
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Modificaton Code List

Modification Code
Abasic Site (dSpacer abasic furan-THF) [dABS]
PC Linker (photocleavable) [PCL]

PC Spacer C3 (photocleavable) [PC-Sp-C3]
rAbasic Site (rSpacer abasic furan) [rABS]
Spacer 18 (hexaethyleneglycol, PEG6) [Sp18]
Spacer 9 [Sp9]
Spacer C12 [SpC12]
Spacer C2 [SpC2]
Spacer C3 3' [SpC3-3]
Spacer C3 Internal [SpC3-Int]
Spacer C3-5' [SpC3-5]
Spacer C4 [SpC4]
Spacer C6 [SpCé]
Spacer C9 [SpC9]

Catalog Number

26-6435

26-6888

26-6889

26-6442

26-6447

26-6440

26-6441

26-6637

26-6439T

26-6439I

26-6439F

26-6638

26-6945

26-6639

1 Westchester Plaza, Suite 126, EImsford, NY 10523 | Tel: 914-769-1192 | Email : support@genelink.com | www.genelink.com |

Spacers

Print Date Version : March 2, 2026

Page 5


http://www.genelink.com/newsite/products/mod_detail.asp?modid=28
http://www.genelink.com/newsite/products/mod_detail.asp?modid=133
http://www.genelink.com/newsite/products/mod_detail.asp?modid=134
http://www.genelink.com/newsite/products/mod_detail.asp?modid=20
http://www.genelink.com/newsite/products/mod_detail.asp?modid=19
http://www.genelink.com/newsite/products/mod_detail.asp?modid=18
http://www.genelink.com/newsite/products/mod_detail.asp?modid=85
http://www.genelink.com/newsite/products/mod_detail.asp?modid=670
http://www.genelink.com/newsite/products/mod_detail.asp?modid=674
http://www.genelink.com/newsite/products/mod_detail.asp?modid=673
http://www.genelink.com/newsite/products/mod_detail.asp?modid=17
http://www.genelink.com/newsite/products/mod_detail.asp?modid=671
http://www.genelink.com/newsite/products/mod_detail.asp?modid=299
http://www.genelink.com/newsite/products/mod_detail.asp?modid=660

Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.

Abasic Site (dSpacer tetrahydrofuran-THF)
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PC Linker (photocleavable)

Category Photo Cleavable

Modification Code PCL Photo cleavage sites

Reference Catalog Number  26-6888 o / \

5 Prime Y ’ -O“g&m@\ ' /®“WD“9°-3I

3 Prime Y ' ‘/‘402
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PC Spacer (photocleavable)

Category Photo Cleavable
Modification Code PC-Sp-C3 hoto cleavage site
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9 . NO,
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Spacer 18 also known as PEG6 is a hexaethylene glycol chain that is 18 atoms long (12 carbons + 6 oxygen's), and is used
to incorporate a long spacer arm into an oligonucleotide. Spacer 18 can be incorporated in consecutive additions whenever a
longer spacer is required. Spacer 18 had been used to form bold folds and hairpin loops in oligonucleotides (1,2), and for
solid-phase immobilization of hybridization probes (3). Spacer 18 has also been used to modify random primers used in
whole genome amplification (WGA)-based applications, as a way to eliminate self-priming events that form spurious DNA
products (that is, false-positive amplification) in the PCR reactions (4).

Gene Link offers spacers of various length, examples C2, C3, C6, C12 and Spacer 9 and 18. These can be inserted multiple
times to yield a total much longer spacer length. References

1. Salunkhe, M., Wu, T.F., Letsinger, R.L. Control of folding and binding of oligonucleotides by use of non-nucleotide linker. J.
Am. Chem. Soc. (1992), 114: 8768-8772.

2. Durand, M., Chevrie, K., Chassignol, M., Thuong, N.T., Maurizot, J. Circular dichroism studies of an
oligodeoxyribonucleotide containing a hairpin loop made of a hexaethylene glycol chain: conformation and stability.Nucleic
Acids Res. (1990), 18: 6353-6359.

3. Zhang, Y., Coyne, M.Y., Will, S.G., Levenson, C.H., Kawasaki, E.S. Single-base mutational analysis of cancer and genetic
diseases using membrane bound modified oligonucleotides. Nucleic Acids Res. (1991), 19: 3929-3933.

4. Brukner, I., Paquin, B., Belouchi, M., Labuda, D., Krajinovic, M. Self-priming arrest by modified random oligonucleotides
facilitates the quality control of whole genome amplification.Anal. Biochem. (2005), 339: 345-347.

Oligonucleotide PEGylation : Spacers vs. PEGylation Gene Link offers short PEG3 and PEG6 as direct coupling using
automated chemistry. The PEG3 is termed as Spacer 9 and PEG6 as spacer 18. These are also used to introduce space
between adjacent sequence and modifications. These can be inserted multiple times to increase the PEG units.

Larger 2, 5, 10 and 20 kDa PEGylation of oligonucleotides is inserted at any site of an oligonucleotide using a post synthesis
amino group on the oligo with PEG-NHS.

PEGylation is the covalent attachment of polyethylene glycol (PEG) to oligonucleotides such as DNA, RNA, antisense, siRNA
and aptamers.
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It improves pharmacokinetics, reduces renal clearance, increases nuclease stability, and decreases immunogenicity. (1) The
way PEG shields its conjugated payload offers new challenges and opportunities for oligonucleotide PEGylation. Other than
aptamers, the target of most oligonucleotides is a complementary sequence.

Messenger RNA (mRNA) delivery strategies are required to protect biologically fragile mRNA from ribonuclease (RNase)
attacks to achieve efficient therapeutic protein expression. To tackle this issue, most MRNA delivery systems have used
cationic components.

A cation-free delivery strategy by hybridization of PEGylated RNA oligonucleotides with mRNA. The PEG strands on the
mRNA sterically and electrostatically shields the mRNA, improving mRNA nuclease stability 15-fold and the PEGylated
mRNA induced nearly 20-fold higher efficiency of reporter protein expression than unhybridized mRNA in cultured cells (2).
PEGylation has been used to improve the biopharmaceutical properties of protein drugs since the 1990s, and over a dozen
PEGylated pharmaceuticals are currently on the market (2). PEG creates a large hydration shell, which sterically blocks other
biomacromolecules from penetrating through the polymer layer and binding with the interior substrate (3, 4). Binding requires
displacing the PEG by the incoming molecule, generally making such binding less thermodynamically favorable. These
properties usually result in weaker interactions between the receptor and the conjugated molecule, but increased drug
solubility, prolonged blood circulation, and increased drug stability often offset by the reduced binding affinity. PEGylated
oligonucleotides can be an exception to this generalization, with increased binding to a complementary sequence compared
to unmodified ONs. The effect is attributed to macromolecular volume exclusion (6).

PEGylation References

1. Li WJ; Zhan P; De Clercq E; Lou HX; Liu XY Current drug research on PEGylation with small molecular agents. Prog.
Polym. Sci 2013, 38, 421-444.

2. Yoshinaga, N; Naito, M; Tachihara, Y; Boonstra, E; Osada, K; Cabral, H and Uchida, S. PEGylation of mMRNA by
Hybridization of Complementary PEG-RNA Oligonucleotides Stabilizes mRNA without Using Cationic Materials.
Pharmaceutics 2021, 13, 800.

3. Harris JM; Chess RB Effect of pegylation on pharmaceuticals. Nat. Rev. Drug Discov 2003, 2, 214-221. [PubMed:
12612647]

4. Harris JM; Martin NE; Modi M Pegylation. Clin. Pharmacokinet 2001, 40, 539-551. [PubMed: 11510630]

5. Plesner B; Fee CJ; Westh P; Nielsen AD Effects of PEG size on structure, function and stability of PEGylated BSA. Eur. J.
Pharm. Biopharm 2011, 79, 399-405. [PubMed: 21620970]

6. Nakano S-I; Karimata H; Ohmichi T; Kawakami J; Sugimoto N The effect of molecular crowding with nucleotide length and
cosolute structure on DNA duplex stability. J. Am. Chem. Soc 2004, 126, 14330-14331. [PubMed: 15521733]
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Spacer 9
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Spacer 9 [26-6440-XX]

Spacer 9 is a triethylene glycol (PEG30 chain that is 9 atoms long (6 carbons + 3 oxygens), and is used to incorporate a
spacer arm into an oligonucleotide. Spacer 9 can be incorporated in consecutive additions whenever a longer spacer is
required. Spacer 9 has been used to form non-nucleotide bridges in hairpin loops in oligonucleotides (1), for linking
oligonucleotides to epitopes for drug development (2), and for solid-phase immobilization of hybridization probes (3). Multiple
incorporation of Spacer 9 has been used to form long, flexible linker arms between the two domains (double-helix forming
and triple-helix forming, respectively) of a bifunctional DNA oligonucleotide, in order to maximize the binding flexibility of the
two domains for their respective targets (4). This oligo was used to form a peptide nucleic acid (PNA)-DNA conjugate for use
in site-directed recombination applications.

Gene Link offers spacers of various length, examples C2, C3, C6, C12 and Spacer 9 and 18. These can be inserted multiple
times to yield a total much longer spacer length. References

1. Nelson, J.S., Giver, L., Ellington, A.D., Letsinger, R.L. Incorporation of Non-Nucleotide Bridge into Hairpin Oligonucleotides
Capable of High-Affinity Binding to the Rev Protein of HIV-1. Biochemistry. (1996), 35: 5339-5344.

2. Palma, E., Klapper, D.G., Cho, M.J. Antibodies as Drug Carriers lll: Design of Oligonucleotides with Enhanced Binding
Affinity for Immunoglobulin G. Pharm. Res. (2005), 22: 122-127.

3. Beattie, W.G., Meng, L., Turner, S.L., Varma, R.S., Dao, D.D., Beattie, K.L. Hybridization of DNA targets to glass-tethered
oligonucleotide probes. Mol. Biotechnol. (1995), 4: 213-225.

4. Rogers, F.A., Vasquez, K.M., Egholm, M., Glazer, P.M. Site-directed recombination via bifunctional PNA-DNA conjugates.
Proc. Natl. Acad. Sci. USA (2002), 99: 16695-16700.

Oligonucleotide PEGylation : Spacers vs. PEGylation Gene Link offers short PEG3 and PEG6 as direct coupling using
automated chemistry. The PEG3 is termed as Spacer 9 and PEG6 as spacer 18. These are also used to introduce space
between adjacent sequence and modifications. These can be inserted multiple times to increase the PEG units.

Larger 2, 5, 10 and 20 kDa PEGylation of oligonucleotides is inserted at any site of an oligonucleotide using a post synthesis
amino group on the oligo with PEG-NHS.
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PEGylation is the covalent attachment of polyethylene glycol (PEG) to oligonucleotides such as DNA, RNA, antisense, siRNA
and aptamers. It improves pharmacokinetics, reduces renal clearance, increases nuclease stability, and decreases
immunogenicity. (1) The way PEG shields its conjugated payload offers new challenges and opportunities for oligonucleotide
PEGylation. Other than aptamers, the target of most oligonucleotides is a complementary sequence.

Messenger RNA (mRNA) delivery strategies are required to protect biologically fragile mRNA from ribonuclease (RNase)
attacks to achieve efficient therapeutic protein expression. To tackle this issue, most mMRNA delivery systems have used
cationic components.

A cation-free delivery strategy by hybridization of PEGylated RNA oligonucleotides with mRNA. The PEG strands on the
mRNA sterically and electrostatically shields the mRNA, improving mRNA nuclease stability 15-fold and the PEGylated
mRNA induced nearly 20-fold higher efficiency of reporter protein expression than unhybridized mRNA in cultured cells (2).
PEGylation has been used to improve the biopharmaceutical properties of protein drugs since the 1990s, and over a dozen
PEGylated pharmaceuticals are currently on the market (2). PEG creates a large hydration shell, which sterically blocks other
biomacromolecules from penetrating through the polymer layer and binding with the interior substrate (3, 4). Binding requires
displacing the PEG by the incoming molecule, generally making such binding less thermodynamically favorable. These
properties usually result in weaker interactions between the receptor and the conjugated molecule, but increased drug
solubility, prolonged blood circulation, and increased drug stability often offset by the reduced binding affinity. PEGylated
oligonucleotides can be an exception to this generalization, with increased binding to a complementary sequence compared
to unmodified ONs. The effect is attributed to macromolecular volume exclusion (6).

PEGylation References

1. Li WJ; Zhan P; De Clercq E; Lou HX; Liu XY Current drug research on PEGylation with small molecular agents. Prog.
Polym. Sci 2013, 38, 421-444.

2. Yoshinaga, N; Naito, M; Tachihara, Y; Boonstra, E; Osada, K; Cabral, H and Uchida, S. PEGylation of mRNA by
Hybridization of Complementary PEG-RNA Oligonucleotides Stabilizes mRNA without Using Cationic Materials.
Pharmaceutics 2021, 13, 800.

3. Harris JM; Chess RB Effect of pegylation on pharmaceuticals. Nat. Rev. Drug Discov 2003, 2, 214-221. [PubMed:
12612647]

4. Harris JM; Martin NE; Modi M Pegylation. Clin. Pharmacokinet 2001, 40, 539-551. [PubMed: 11510630]

5. Plesner B; Fee CJ; Westh P; Nielsen AD Effects of PEG size on structure, function and stability of PEGylated BSA. Eur. J.
Pharm. Biopharm 2011, 79, 399-405. [PubMed: 21620970]

6. Nakano S-I; Karimata H; Ohmichi T; Kawakami J; Sugimoto N The effect of molecular crowding with nucleotide length and
cosolute structure on DNA duplex stability. J. Am. Chem. Soc 2004, 126, 14330-14331. [PubMed: 15521733]
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

Gf '-\‘J
‘90 Synne® — . —
For research use only. Mot for use in diagnostic procedures for clinical purposes.

Spacer C3 3'

Category Spacers .
Modification Code SpC3-3 Ho/\/‘o’IC-:H_WO”““'S'
Reference Catalog Number  26-6439T v Spacercs .

5 Prime N s-.o“gomo_l?__ﬂwo,E'H_wm.go.a-
3 Prime Y " Internal Spacer C3

Internal N 5'-0Iigovmo_?_‘__o\/\/OH

Molecular Weight(mw) 138.06 s

SpacerC3  [26-6439-XX]
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

Gf '-\‘J
‘90 Synne® — . —
For research use only. Mot for use in diagnostic procedures for clinical purposes.

Spacer C3 Internal

Category Spacers .
Modification Code SpC3-Int Ho/\/‘o’IC-:H_WO”g“'S'
Reference Catalog Number  26-6439I v Spacercs .

5 Prime Y s-.o“gomo_l?__ﬂwo,E'H_wm.go.a-
3 Prime Y " Internal Spacer C3

Internal Y 5'-0Iigovmo_?_‘__o\/\/OH

Molecular Weight(mw) 138.06 s

SpacerC3  [26-6439-XX]
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.

Oy S
“igo 5'1,r|‘ﬁ."[""-""c“'\l

Spacer C3-5'
Category Spacers 5
I .
Modification Code SpC3-5 T
OH
5' Spacer C3
Reference Catalog Number  26-6439F o
o ! o
5 Prime Y 5"0"9"““‘“"0—?“0\/\/0’E:wmlgo'é
HO
3 Prime N Internal Spacer C3
Q
5-Oligo o_' '___
Internal N e H; 0.~
Molecular Weight(mw) 138.06 3' Spacer 3

SpacerC3  [26-6439-XX]
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

Gf '-\‘J
‘90 Synne® — . —
For research use only. Mot for use in diagnostic procedures for clinical purposes.

Spacer C4
Category Spacers
Modification Code SpC4 o
1 )
Reference Catalog Number  26-6638 HO oy oot
5 Spacer C4
5 Prime Y

o] Q
[}

S-OligovanerQ _.IFJ_O lg‘—‘O\mMOhgo-T
J NN

3 Prime Y HO o
Intemal Spacer C4

Internal Y N
5-Oligonant0—p__
. wd T ow
Molecular Weight(mw) 153.09 3 Spacer 4
Spacer C4 [26-6638-XX]
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

G:H '-\‘J
‘90 Synne® — . —
For research use only. Mot for use in diagnostic procedures for clinical purposes.

Spacer C6
O
HOWU,!IIJ—WQHQD-E'
Category Spacers o Spacer 6 OH
Modification Code SpC6 a o
. 1 | .
Reference Catalog Number  26-6945 Y OlGomAn O I R N ,J,: — wnrClige-3
HO OH
5 Prime Y Internal Spacer C6
3 Prime Y o
S-0ligopnns i) P —0
Internal Y ud S O
¥5 i
Molecular Weight(mw) 180.06 pacers

Spacer C6  [26-6945-XX]
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

&, &
'{rs"ﬂ S",rni'l‘-e'c"k
For research use only. Mot for use in diagnostic procedures for clinical purposes.

Spacer C9
0

Category Spacers _,Ir;— Cvanae Oligo-3

HO™ ™ e
Modification Code SpC9 5' Spacer 0%
Reference Catalog Number  26-6639 'ﬁ T

50 g-o-.-w‘u*l:l_p\ Cl__,l?— Dt Oligo-3

5 Prime Y Hd D s OH
3 Prime v Internal Spacer C9

2
Internal Y =-al g“"'“""':'—!:!‘-ho N N s
Molecular Weight(mw) 222.3 e ¥ Spacer 8

Spacer C9  [26-8639-XX]

Spacer modifications C2, C3, C4, C6, C9, C12 and triethylene glycol Spacer 9 (PEG30 and 18 (PEG6)are used to insert a
spacer arm in an oligonucleotide. These modifications can be added in multiple additions when a longer spacer is required.
3'-Spacer C3 CPG may also act as a blocker of exonuclease and polymerase activity at the 3'-terminus. dSpacer is used to
introduce a stable abasic site within an oligonucleotide. See "Photo-Cleavable" modification category for photo-cleavable
Spacer.

Spacer C9 is a 9-carbon spacer that is used to incorporate a long spacer arm into an oligonucleotide. Spacer C12 can be
incorporated in consecutive additions if a longer spacer is required. Spacers are frequently used for solid-phase
immobilization of DNA probes or aptamers for microarray applications (1,2), but can be used for any oligonucleotide-based
application requiring a long spacer arm. References

1. Reese, M.O., van Dam, R.M., Scherer, A., Quake, S.R. Microfabricated Fountain Pens for High-Density DNA Arrays.
Genome Res. (2003), 13: 2348-2352.

2. Lao, Y-H., Peck, K., Chen, L-C. Enhancement of Aptamer Microarray Sensitivity through Spacer Optimization and Avidity
Effect. Anal. Chem. (2006), 81: 1747-1754.

Oligonucleotide PEGylation : Spacers vs. PEGylation Gene Link offers short PEG3 and PEG6 as direct coupling
using automated chemistry. The PEG3 is termed as Spacer 9 and PEG6 as spacer 18. These are also used to
introduce space between adjacent sequence and modifications. These can be inserted multiple times to increase the
PEG units.

Larger 2, 5, 10 and 20 kDa PEGylation of oligonucleotides is inserted at any site of an oligonucleotide using a post
synthesis amino group on the oligo with PEG-NHS.

PEGylation is the covalent attachment of polyethylene glycol (PEG) to oligonucleotides such as DNA, RNA,
antisense, siRNA and aptamers. It improves pharmacokinetics, reduces renal clearance, increases nuclease
stability, and decreases immunogenicity. (1) The way PEG shields its conjugated payload offers new challenges and
opportunities for oligonucleotide PEGylation. Other than aptamers, the target of most oligonucleotides is a
complementary sequence.

Messenger RNA (mRNA) delivery strategies are required to protect biologically fragile mRNA from ribonuclease
(RNase) attacks to achieve efficient therapeutic protein expression. To tackle this issue, most mRNA delivery
systems have used cationic components.
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A cation-free delivery strategy by hybridization of PEGylated RNA oligonucleotides with mRNA. The PEG strands on the
mRNA sterically and electrostatically shields the mRNA, improving mRNA nuclease stability 15-fold and the PEGylated
mRNA induced nearly 20-fold higher efficiency of reporter protein expression than unhybridized mRNA in cultured cells (2).
PEGylation has been used to improve the biopharmaceutical properties of protein drugs since the 1990s, and over a dozen
PEGylated pharmaceuticals are currently on the market (2). PEG creates a large hydration shell, which sterically blocks other
biomacromolecules from penetrating through the polymer layer and binding with the interior substrate (3, 4). Binding requires
displacing the PEG by the incoming molecule, generally making such binding less thermodynamically favorable. These
properties usually result in weaker interactions between the receptor and the conjugated molecule, but increased drug
solubility, prolonged blood circulation, and increased drug stability often offset by the reduced binding affinity. PEGylated
oligonucleotides can be an exception to this generalization, with increased binding to a complementary sequence compared
to unmodified ONs. The effect is attributed to macromolecular volume exclusion (6).

PEGylation References

1. Li WJ; Zhan P; De Clercq E; Lou HX; Liu XY Current drug research on PEGylation with small molecular agents. Prog.
Polym. Sci 2013, 38, 421-444.

2. Yoshinaga, N; Naito, M; Tachihara, Y; Boonstra, E; Osada, K; Cabral, H and Uchida, S. PEGylation of mMRNA by
Hybridization of Complementary PEG-RNA Oligonucleotides Stabilizes mRNA without Using Cationic Materials.
Pharmaceutics 2021, 13, 800.

3. Harris JM; Chess RB Effect of pegylation on pharmaceuticals. Nat. Rev. Drug Discov 2003, 2, 214-221. [PubMed:
12612647]

4. Harris JM; Martin NE; Modi M Pegylation. Clin. Pharmacokinet 2001, 40, 539-551. [PubMed: 11510630]

5. Plesner B; Fee CJ; Westh P; Nielsen AD Effects of PEG size on structure, function and stability of PEGylated BSA. Eur. J.
Pharm. Biopharm 2011, 79, 399-405. [PubMed: 21620970]

6. Nakano S-I; Karimata H; Ohmichi T; Kawakami J; Sugimoto N The effect of molecular crowding with nucleotide length and
cosolute structure on DNA duplex stability. J. Am. Chem. Soc 2004, 126, 14330-14331. [PubMed: 15521733]
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