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Where molecules come together

Synthesis of modified RNA with a
2,2,7-trimethylguanosine 5’-cap
structures (TMG-cap)

Introduction

RNA Caps

RNA capping in humans is essential for mRNA splicing, 5-5' ppp bridg
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ability to synthesize highly modified and structurally of
diverse RNA molecules is crucial for advancing gene [1] Solid phase synthesis of PRE-oligonucleotides 0 \—/
editing tec?hnologles and nucleic acid-based [2] Purification by HPLC . S—
therapeutics.
[3] Quality Control ESI-MS
Here, we utilize an integrated strategy that combines [4] Addition of functional groups using enzymes | '
solid-phase synthesis with enzymatic methods to L ﬂﬂ
[5] Purification by HPLC | _ |

achieve high-yield production of functional RNA
constructs, including 5'-capped RNA (TMG- and m’G).

[6] Final Quality Control
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ESI-MS

Synthesis of modified RNA with a Guanosine 5’-
cap structure (Gppp-cap)

The 2,2,7-trimethylguanosine (TMG) cap and
capped synthetic U7 snRNA.

In eukaryotes, capping is executed by a series of
highly coordinated enzymatic steps, typically

Sequence (5’ - 3’) Calculate MW

recruited by the phosphorylated C-terminal domain
[Gppp][MA]rC rCrCrC rCrCrC rCrC[3-Biotin] 3970.51

(CTD) of RNA Polymerase lI:
1.RNA Triphosphatase:

Conclusion

We show that an integrated synthesis
strategy combining solid-phase synthesis with
enzymatic modifications enables the
production of high-quality, structurally diverse
nucleic acids. Our optimized workflow enables
the efficient generation of highly modified RNA
molecules, including 5'-capped (TMG- and
m’G-) RNAs, ensure enhanced stability and
functionality.

By integrating chemical synthesis precision
with enzymatic efficiency, our approach
overcomes the limitations of traditional
methods such as in vitro transcription. This
scalable, reproducible, and high-yield
synthesis platform facilitates advancements in
gene-editing technologies, RNA therapeutics,
and molecular diagnostics.
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Removes the y-phosphate from the 5’-triphosphate

end of the nascent pre-mRNA, leaving a 5’-
diphosphate end (5').

2.RNA Guanylyltransferase:

Transfers a GMP moiety from a GTP molecule to the
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5’-diphosphate, forming the unique 5’5 —

triphosphate bridge. This results in an
unmethylated G (5 )ppp(5')N structure.

3.RNA (Guanine-N7)-Methyltransferase:

ESI-MS Result (A) and HPLC profile (B) of RNA_oligo1 synthesized
using a combined chemical and enzymatic approach.

Synthesis of a highly modified RNA with
7-methylguanosine 5’ cap structures (m’G-cap)

Methylates the guanine base at the N7 position,
using S-adenosylmethionine (SAM) as the methyl

donor to yield the definitive m’G cap. Large-scale synthesis of m’G-capped RNA with high purity for the

Depending on subsequent methylations of the production of high-quality capped RNAs for diverse downstream

adjacent transcribed nucleotides, caps are

applications.

classified into different variations:
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