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Abstract:

Two molecules of ribulose 5-phosphate and one molecule of GTP are needed as substrates for the
production of one riboflavin molecule. GTP's imidazole ring is hydrolytically opened to produce a 4,5-
diaminopyrimidine, which is then followed by deamination, side chain reduction, and dephosphorylation
to produce 5-amino-6-ribitylamino-2,4(1H,3H)-pyrimidinedione. 6,7-dimethyl-8-ribityllumazine is
produced by condensing 5-amino-6-ribitylamino2,4(1H,3H)-pyrimidinedione with 3,4-dihydroxy-2-
butanone 4-phosphate, which is derived from ribulose 5-phosphate. Riboflavin and 5-amino-6-
ribitylamino-2,4(1H,3H)-pyrimidinedione are produced upon dismutation of the lumazine derivative and
are then recycled throughout the biosynthetic process. Many studies have been conducted on the structure
of the biosynthetic enzyme 6,7-dimethyl-8-ribityllumazine synthase. Under the direction of the inducible
Pxyl promoter in B. subtilis PY, overexpression of glucose-6-phosphate dehydrogenase (G6PDH) altered
carbon flow in Bacillus subtilis through the pentose phosphate (PP) pathway. The yield of riboflavin and
the availability of ribulose-5-phosphate (Ru5P) will change if the carbon input into the PP pathway is
altered. The specific growth rate remained constant, but the glucose consumption rate significantly
increased as a result of overexpression of GGPDH. A 25%z=2 increase in riboflavin synthesis was achieved.
Lower acid production (acetate andpyruvate) and higher acetoin formation were noted in comparison to
by-product formation in flask culture. The results of metabolic studies and carbon flux redistribution
showed that overexpression of GEBPDH increases the fluxes in the PP pathway.
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Introduction:

Many microorganisms and plants both biosynthesize riboflavin, or vitamin B2. The two main food sources
of vitamin A for humans are vegetables and milk. The daily recommendation of vitamin B2 is 1.8mg.
Riboflavin, also known as vitamin B2, is an essential micronutrient required for various cellular processes
in humans and animals. While it can be obtained from dietary sources, riboflavin fermentation has
emerged as a cost-effective and sustainable method for large-scale production. This article delves into the
intricate process of riboflavin fermentation, the key enzymes involved, and the diverse applications of this
vitamin. summarizes the pathway involved in biosynthesis. GTP cyclohydrolase Il catalyzes the hydrolytic
opening of the imidazole ring of GTP under the release of formate and pyrophosphate In two reaction
steps, the hydrolytic cleavage of the position 2 amino group of the heterocyclic ring and the reduction of
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the ribosyl side chain, which yields the ribityl side chain of the vitamin, transform the enzyme product
2,5-diamino-6-ribosylamino-4(3H)-pyrimidinone 50-phosphate into 5-amino-6-ribitylamino-2,4(1H,3H)-
pyrimidinedione 50-phosphate . Different species go through these chemical steps in different orders. In
eubacteria, side chain reduction comes before deamination.

The dismutation of 6,7-dimethyl8-ribityllumazine , which is mediated by riboflavin synthase, is the last
step in the biosynthetic route.

5-amino-6-ribitylamino-2,4(1H,3H)-pyrimidinedione is the second result of the dismutation. This
substance is recycled in the biosynthesis pathway and is a substrate of lumazine synthase. According to
stoichiometry, two equivalents of ribulose 5-phosphate and one equivalent of GTP are needed to form one
riboflavin. Therefore, all but four of the riboflavin molecule's 17 carbon atoms come from the pentose
phosphate pool.
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Riboflavin Fermentation Process:

Riboflavin fermentation involves the microbial synthesis of riboflavin from simple substrates such as
glucose or other carbohydrates. The process typically employs microorganisms such as Ashbya gossypii,
Bacillus subtilis, or genetically modified strains of Escherichia coli.

The fermentation process consists of several stages:

1. Substrate Preparation: Carbohydrate sources like glucose, sucrose, or molasses are prepared as the
primary substrates for microbial growth and riboflavin production.

2. Inoculum Development: A starter culture of the selected microorganism is grown under controlled
conditions to achieve optimal cell density and metabolic activity.

3. Fermentation: The inoculum is introduced into a larger fermentation vessel containing the substrate
medium. Conditions such as pH, temperature, oxygen levels, and nutrient concentrations are carefully
controlled to promote microbial growth and riboflavin synthesis.

4. Harvesting: After the fermentation process is complete, the broth containing riboflavin is harvested
from the fermentation vessel.

5. Purification: The harvested broth undergoes purification steps to isolate and concentrate riboflavin
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from other fermentation by-products and impurities.

Biosynthesis of Riboflavin:

A technical bulk product used in animal and human nutrition is riboflavin. The vitamin was mostly made
by chemical synthesis until recently. Currently, the synthetic synthesis approach is gradually being
replaced by fermentation processes employing B. subtilis, Ashbya gossypii, or Candida yeasts. The
synthesis of vitamin B2 using recombinant B. subtilis strains has been extensively documented in other
sources.

Actinobacillus pleuropneumoniae mutants lacking in riboflavin have been suggested as a potential
vaccination for pigs. Enterobacteriaceae lack a riboflavin absorption mechanism. As a result, whereas
riboflavin-deficient mutants can be grown in vitro in the presence of high riboflavin concentrations, they
are unable to thrive in a mammalian host.

Key Enzymes Involved:

Several enzymes play crucial roles in riboflavin biosynthesis during fermentation. Some of the key

enzymes include:

1. GTP Cyclohydrolase Il (RibA): Catalyzes the conversion of GTP (guanosine triphosphate) to 2,5-
diamino-6-ribosylamino-4(3H)-pyrimidinone 5'-phosphate (DARPP), an early intermediate in the
riboflavin biosynthetic pathway.

2. Riboflavin Synthase (RibC): Mediates the final step in riboflavin biosynthesis by condensing two
molecules of 6,7-dimethyl-8-ribityllumazine to form riboflavin.

3. Lumazine Synthase (RibH): Catalyzes the formation of 6,7-dimethyl-8-ribityllumazine, an
intermediate in the riboflavin biosynthetic pathway.

Applications of Riboflavin:

Riboflavin finds wide-ranging applications across various industries, including:

e Food and Beverage: Riboflavin is used as a food additive and nutritional supplement in products such
as breakfast cereals, energy drinks, and fortified dairy products.

e Pharmaceuticals: Riboflavin supplements are prescribed to treat deficiencies and certain medical
conditions. It is also used as an ingredient in skincare products and cosmetics.

e Animal Feed: Riboflavin is added to animal feed formulations to improve livestock health and
productivity.

e Biotechnology: Riboflavin serves as a precursor for the synthesis of flavin cofactors, which are
essential for numerous enzymatic reactions in biotechnological processes.

In conclusion, riboflavin fermentation represents a sustainable and economically viable approach for the

large-scale production of this essential vitamin. Understanding the microbial synthesis process, key

enzymes involved, and diverse applications of riboflavin underscores its significance in various industries

and human health.
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