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Synthesis and Functional Evaluation of Phosphate Prodrug-Type Guanosine
Tetraphosphate(ppGpp) with Cell membrane Permeability ('School of Life Science and

Technology, Institute of Science Tokyo) OXKonatsu Ishikawa,' Yukine Suda,' Yudai Suzuki,'
Eitaro Murakami,' Koji Seio'

ppGpp is a signaling molecule in the bacterial and plant stringent response, yet its metazoan
functions remain largely elusive. We previously established a total chemical synthesis of
ppGpp using photolabile protecting groups, eliminating the need for enzymatic reactions or
tedious purification. However, ppGpp’s high hydrophilicity and multiple negative charges
result in poor membrane permeability, hindering its functional evaluation in living cells. In
this study, we developed phosphate-prodrug-type ppGpp derivatives by masking phosphate
moieties with esterase-cleavable aliphatic chains. Four derivatives with different chain
lengths were successfully synthesized, showing significantly improved lipophilicity over
natural ppGpp. These compounds were rapidly hydrolyzed by porcine liver esterase,
demonstrating high prodrug efficiency. This strategy facilitates the intracellular delivery of
ppGpp, providing a powerful tool for investigating its physiological roles in vivo.
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