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Abstract: Under the accelerating wave of global technological revolution and industrial transformation, synthetic
biology has emerged as a cutting-edge interdisciplinary field integrating life sciences, engineering, and information
sciences. Its "creative destruction" potential is reshaping the landscape of life and health industries. Foods for Special
Medical Purposes (FSMPs) are specially processed and formulated to meet the unique nutritional needs of individuals
with restricted eating, digestive or absorption disorders, metabolic disturbances, or other specific disease conditions.
Beyond serving as a critical vehicle for clinical nutrition support, proactive health intervention, and the silver economy,
FSMPs represent a systemic solution to improve clinical outcomes, reduce healthcare costs, and enhance quality of life.

This study takes synthetic biology-empowered FSMPs as a typical case to systematically explore the opportunities,
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challenges, and development pathways. Through literature review, case studies, and research interviews, the paper
analyzes how synthetic biology can fundamentally reshape FSMP industry in terms of raw material production, formula
design, manufacturing models, industrial logic, and business models. The findings show that synthetic biology,
following the “Design-Build-Test-Learn (DBTL)” paradigm, has enabled efficient biosynthesis of human milk
oligosaccharides (HMOs), functional proteins, novel lipids, vitamins, and other high-value ingredients via enzymatic
conversion, whole-cell catalysis, and microbial fermentation. Despite these advances, the transition from laboratory
feasibility to industrial-scale application faces three major gaps: engineering scale-up instability, market cost and
acceptance barriers, and regulatory approval uncertainties. To systematically address these challenges, the study
proposes a coordinated governance model integrating technology, regulation, market, and ecosystem. The study
concludes that synthetic biology holds transformative potential to drive the FSMP industry toward a new phase of
precision, accessibility, and sustainability. However, breakthroughs in single dimensions are insufficient; multi-
stakeholder coordination is essential to move from “technologically feasible” to “industrially viable, clinically
accessible, and market-trusted.” The findings provide strategic pathways for leveraging synthetic biology to support

high-quality development of the FSMP industry under China's 15th Five-Year Plan and the Healthy China initiative.

Systematic Solutions

“Technology breakthrough
‘Regulation innovation

‘Market cultivation
Ecosystem construction

Synthetic Biology &
Foods for Special Medical
Purposes (FSMP)

Key Challenges

‘Technical (stability, scale-up)
‘Regulatory (safety, approval)
‘Market (cost, acceptance)
Ecosystem (talent, pilot

platforms)

Final Goal

‘DBTL, Cell Factory —
-HMOs

‘Precision, Accessibility,
‘Functional Proteins

Sustainability — -High-quality FSMP

Development

Novel Lipids

Keywords: Synthetic biology; Foods for Special Medical Purposes (FSMPs); Biomanufacturing; Regulation;

Industrial transformation

“o T I TR P 4 v AR e R
BE PR B A 05 BARAE Pl A R Y 5%
SR B FEE R AR E X R 2 IR AL TR
PRG35 L B A R R 0 IR A T 4 B
B IR A 110 ) T R T Y, R
BENMIM RS FRSCFE . BT 1. AL
PSR ZHR, HRKEIRKE R FERET

A RTHEMREMRFEM IR TR, FEE
B R W W BRI G
RBIE G E 2026 4E3 A A7 R L
F1. HAXRH, SREHFEGMIEEMLL,
fifi Y 23 5 BF 0 406 46 21%, 43 B 9% P P4 22% 7
WFE “THA” MRXTEWHIE. G RAEDH
R RS I 5 M RT T AREHE, L& AR



%74 www.synbioj.com

003

R ORFEEMOTEZRR. F R FTRBUR. 475
Table 1 Main categories,typical product, research status, and production methods of FSMPs
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