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Abstract 

Melatonin is a hormone that regulates the 

human’s body sleep cycle and it is 

prescribed as insomnia relief medication. 

This application note demonstrates how 

melatonin can be synthesised under very 

mild conditions in decagram scale via an 

enzymatic process. 

By packing an immobilized enzyme 

acetyltransferase from Mycobacterium 

smegmatis (MsAcT), melatonin was 

synthesised with a throughput of 37 g/day. 
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Background 

Melatonin (N-acetyl-5-methoxytryptamine) 

is a natural mammalian hormone that plays a 

crucial role in regulating the human body’s 

circadian sleep-wake cycle [1].  

Clinically, it exhibits positive effects as a sleep 

aid [2]. It is often sold as an over-the-counter 

dietary supplement, with a market value of 

$2.3 billion in 2024 and expected to reach $3 

billion by 2027. 

Extracting melatonin from animals is not a 

feasible route as it is contaminated with 

animal tissue; this makes chemical routes a 

preferred option to synthesise this 

compound. The last reaction is an acetylation, 

which requires toxic reagents and anhydrous 

conditions [4]. Low selectivity is often 

observed in the acetylation of amines bearing 

other reacting functional groups, reducing 

the appeal of these protocols.  

Enzymatic processes are catalysed reactions 

driven by enzymes, which can perform 

complex reaction very selectively under mild 

conditions. 

These processes have been used for centuries 

to produce beer, wine or cheese, and more 

recently to synthesise natural products such 

as L-carnitine. melatonin. 
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Using enzymes as catalyst offers many 

benefits when we compare to “traditional” 

chemical routes. Biocatalysis offers two key 

benefits: 

• Specificity - Biocatalysts are highly 

stereoselective, regioselective, and 

chemoselective [5].  

• High catalytic efficiency under mild 

operating conditions 

Unfortunately, enzymes also possess a 

limited range of “action”, can suffer from 

product/substrate inhibition and recovery 

can be expensive. One way to overcome 

these problems is to immobilise the enzyme 

in a solid support [6], overcoming low 

productivity and opening the scope for 

industrial applications. 

Paradisi Research reported a unique, rapid, 

and robust enzymatic method to prepare 

melatonin and other amide analogues using 

an immobilized enzyme acetyltransferase 

from Mycobacterium smegmatis (MsAcT) in 

a continuous biotransformation in flow on a 

multi-gram scale [7]. 

The first obstacle Paradisi’s team had to solve 

was the immobilisation of octameric MsAcT 

without losing activity, key to achieve a 

robust and durable catalyst. For more 

information about the immobilisation of 

MsAcT, please click here. 

 

 

Setup 

The bioreactor was set up using a Vapourtec 

RS-200. Two pumps were used to flow 

reagents through the bioreactor as shown 

in Figure 1. 

 

 

Figure 1 - Schematic of the R-Series and bioreactor used for this 
application 

The bioreactor was assembled by packing 

1.6 g of imm-MsAcT in a 6.6 mm glass 

column. The temperature of the bioreactor 

was controlled by the R4 reactor heater 

module.  

Two separate solutions, amine and acetyl 

donor were mixed in a T-piece and the 

resulting segmented flow stream, 90:10 was 

directed into the column packed with the 

biocatalyst. 

The acetyl donor was delivered as neat ethyl 

acetate (flow rate: 0.19 ml/ min) pumped into 

the exiting reaction flow stream using a T-

junction. A Zaiput phase separator was used 

to separate and recover aqueous and 

organic solutions. 

 

 

 

 

 

https://www.paradisiresearch.com/
https://pubs.rsc.org/en/content/articlelanding/2019/gc/c9gc01374a#!divAbstract
https://www.vapourtec.com/products/r-series-flow-chemistry-system/single-reaction-automated-rs-200-features/
https://www.vapourtec.com/products/r-series-flow-chemistry-pump-modules/
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Reagents 

All reagents and solvents were purchased from 

commercial suppliers and were used without 

further purification. 

 

System Parameters 

System solvent: 

Solution A: 0.5 M of derivate tryptamine 

solution in phosphate buffer (0.1 M, pH=8) 

containing 5-10 % DMSO 

Solution B: Neat ethyl acetate (EtOAc) or 

vinyl acetate (VinylOAc) 

Reactor volume: A column reactor of 6.6 mm 

of internal diameter was loaded with 1.6 g of 

immobilised MsAcT (1.0 mg/g), giving a 

reactor volume of 1.2 ml 

Residence time: 5 minutes 

Reactor temperature: 25 °C 

System pressure: atmospheric pressure 

 

Procedure 

Results and Discussion 

2-phenethylamine was used as substrate to 

optimise the reaction. Keeping constant the 

residence time of 5 min, concentration of the 

amine in the feed was varied. The best 

conversions were achieved with 0.5 M amine 

solutions and using 10 % v/v of acetyl donor. 

These reaction conditions were then applied 

for the synthesis of high value tryptamine 

derivatives: N-Acetyl tryptamine, N-Acetyl 

serotonin and melatonin as Figure 2 shows. 

N
H

NH2

R
1

N
H

NH

R
1

O

MsAcT, EtOAc/VinylOAc
Buffer pH 8.0

R1=H: Tryptamine

    =OH: Serotonin

    =CH
3
O: 5-Methoxytryptamine

 

Figure 2- Reaction pathways for the conversion of the 
tryptamines into the desired products 

 

Table 1 compiles the results of the enzymatic 

acetylation of different tryptamines using 

two different acetyl donors, EtOAc and 

VinylOAc.  

When using an activated ester as acetyl 

donor, conversion was increased by at least 25 

% in all cases. 

Substrate 
Acetyl 

donor 

Molar 

Conversion* 

 
Tryptamine 

EtOAc 70 % 

VinylOAc 95 % 

 
Serotonin 

EtOAc 60 % 

VinylOAc 89 % 

 
5-Methoxytryptamine 

EtOAc 62 % 

VinylOAc 96 % 

Table 1 - Conversion of enzymatic acetylation with different 
donors 
*Determined by HPLC 

 

The biphasic mixture exiting the bioreactor 

was continuously separated using a Zaiput 

liquid/liquid separator. The desired amide 

was recovered in the organic phase, which 

was directly evaporated. This drastically 

reduced any work-up procedure. Continuous 

product removal also eliminated hydrolysis of 
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the melatonin, improving the overall process 

yield. 

Table 2 compiles the production yields and 

conversion of melatonin over 24 h of 

synthesis. Using EtOAc as acetyl donor 

yielded over 23 g/day with a molar conversion 

of 62 %. Further increasing the residence time 

did not give any significant improvement. 

Acetyl 

donor 

Molar 

Conversion* 
Yield (g/d) 

Catalyst 

productivity 

(mol/g) 

EtOAc 62 23.2 62 

VinylOAc 96 36.9 99 

Table 2 - Continuous preparation (24 h) of melatonin in flow 
*Determined by HPLC 

 

When VinylOAc was used, melatonin was 

produced with a better conversion and 

greater yield of 36.9 g/day.  

Conclusion  

The remarkable operational stability of the 

immobilized enzyme shown in this work 

highlights the benefits of efficient melatonin 

biosynthesis over conventional chemical 

strategies. 

The designed process can be considered an 

ultra-efficient, closed-loop strategy, as all the 

materials involved can be reused. The 

recovered wastewater containing the 

unreacted amine can be easily re-circulated 

in the system, while evaporation of the 

organic phase allows for the recovery of the 

acetyl donor.  
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