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Abstract. This article describes the technology of producing recombinant 

inulinase from Jerusalem artichokes, a root vegetable that is rich in inulin, a natural 

polysaccharide that can be hydrolyzed into fructose. Inulinase is an important enzyme 

used in the extraction of crystalline fructose from Jerusalem artichoke. The 

production of recombinant inulinase from Jerusalem artichokes involves the 

amplification and cloning of the inulinase gene, transformation into a suitable host 

organism, expression and purification of the recombinant inulinase, and 

characterization of the purified enzyme. The use of recombinant inulinase can 

provide a more cost-effective and efficient method of producing the enzyme 

compared to traditional methods that rely on natural sources. This technology offers a 

sustainable and renewable source of inulinase enzyme and can be optimized to 

increase the yield and purity of the recombinant inulinase, making it more 

commercially viable for large-scale production. The resulting purified recombinant 

inulinase can be used in the hydrolysis of inulin extracted from Jerusalem artichoke 

tubers into fructose, which has a variety of applications in the food and beverage 

industry and offers a low glycemic index, making it a suitable ingredient for low-

calorie and diabetic-friendly products. 

Keywords: recombinant inulinase, Jerusalem artichokes, inulin, fructose, 

hydrolysis, gene cloning, expression, purification, 

Introduction. Inulin is a natural polysaccharide that can be found in many 

plants, including Jerusalem artichoke. Inulin can be hydrolyzed into fructose, a 

sweetener that has a variety of applications in the food and beverage industry due to 

its high sweetness level and low glycemic index. Inulinase is an important enzyme 

used in the hydrolysis of inulin into fructose. The production of recombinant 

inulinase from Jerusalem artichokes offers a sustainable and renewable source of this 

valuable enzyme. In this article, we will explore the technology of producing 

recombinant inulinase from Jerusalem artichokes, including the amplification and 

cloning of the inulinase gene, transformation into a suitable host organism, 

expression and purification of the recombinant inulinase, and characterization of the 
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purified enzyme. We will also discuss the advantages of using recombinant inulinase 

compared to traditional methods that rely on natural sources of the enzyme, and the 

applications of fructose in the food and beverage industry 1-5. 
Scientific references are provided to support the information presented in the 

article, including studies on the production and characterization of recombinant 

inulinase from Jerusalem artichokes, as well as the use of inulin and fructose in 

various food and beverage applications. The use of recombinant inulinase offers a 

promising alternative to traditional methods of producing the enzyme, and has the 

potential to meet the growing demand for sustainable and low glycemic index 

ingredients in the food and beverage industry. Additionally, the use of Jerusalem 

artichoke as a source of inulin and fructose offers a sustainable and renewable 

alternative to other sources of sweeteners, such as corn syrup or cane sugar 6- 7. 
In our study, we investigated the recombinant method of obtaining the Ht1-

FEH I gene. The Ht1-FEH I enzyme is a fructan exohydrolase that plays a key role in 

the metabolism of fructans in Jerusalem artichoke plants. Specifically, it catalyzes the 

hydrolysis of fructans, which are complex sugars that are stored in the plant's tubers, 

into smaller fructan molecules and fructose. This enzyme is important for the 

regulation of fructan metabolism in Jerusalem artichoke and other related plants, and 

it has potential applications in the food and biofuel industries. Several studies have 

investigated the use of Ht1-FEH I and related enzymes for the production of fructose 

from fructans in Jerusalem artichoke and other plants 8-9. 

Materials and methods 

Materials: Jerusalem artichoke tubers, Genomic DNA extraction kit, PCR 

primers specific for inulinase gene, Expression vector, E. coli or other suitable host 

organism, LB medium. 

Methods: 

Genomic DNA extraction: This involves isolating the genomic DNA from the 

Jerusalem artichoke tubers using a DNA extraction kit. The extracted DNA will be 

used as a template for PCR amplification of the inulinase gene. 

PCR amplification: PCR (polymerase chain reaction) is a technique used to 

amplify a specific DNA sequence. In this case, specific primers are designed to 

amplify the inulinase gene from the genomic DNA extracted from Jerusalem 

artichoke tubers. 

Cloning: The amplified inulinase gene is cloned into an expression vector, 

which is a plasmid that can replicate in a suitable host organism and allow for the 

expression of the recombinant protein. 

Transformation: The expression vector containing the cloned inulinase gene is 

introduced into a suitable host organism, such as E. coli, through a process called 

transformation. Culture the host organism in LB medium supplemented with 

appropriate antibiotics at 37°C and shake at 200 rpm. 
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Expression: The transformed host organism is grown in a suitable medium, and 

expression of the recombinant inulinase is induced by adding IPTG (isopropyl β-D-1-

thiogalactopyranoside) to the culture medium. 

The materials and methods section outlines the various steps involved in the 

production of recombinant inulinase from Jerusalem artichokes, including the 

extraction of genomic DNA, amplification and cloning of the inulinase gene, 

transformation into a suitable host organism, expression and purification of the 

recombinant inulinase.   The resulting purified recombinant inulinase can then be 

used in the hydrolysis of inulin extracted from Jerusalem artichoke tubers into 

fructose, which has a variety of applications in the food and beverage industry and 

offers a low glycemic index, making it a suitable ingredient for low-calorie and 

diabetic-friendly products. 

Results and discussion 

For the expression of the Ht1-FEH I enzyme gene in Pichia pastoris, the 

transfer vector pPICZ(alpha)A was chosen, which can integrate into the Pichia 

pastoris genome and allow for the synthesis of the target protein under the control of 

the AOX1 promoter. To amplify the Ht1-FEH I gene based on its DNA sequence 

(retrieved from the NCBI database) and insert it into the transfer vector using the 

restriction enzymes EcoRI and XbaI, specific primers were synthesized. 

1) Forward EcoRI 5’- CTGAATTCATGGTAAAGGAGATGGCTG -3’  

2) Reverse XbaI 5’- TTTCTAGATCAATCCATAGGAACTATTTGAGC 3’  

 

 
The Ht1-FEH I gene was amplified (Fig. 1) from genomic DNA isolated from the 

“eye” of Jerusalem artichoke tubers using the above primers. 



Har. Edu.a.sci.rev. 0362-8027   28 

Vol.3. Issue 1.  

  

Figure 1. Gel electrophoresis of the Ht1-FEH I PCR amplicon. Here: A. Ht1-

FEH I gene fragment with EcoRI and XbaI restriction sites. B. DNA marker. 

Thus, the 1683 bp gene encoding the enzyme Ht1-FEH I, which matched the 

expected theoretical size obtained from the NCBI database, was amplified from 

genomic DNA isolated from the "eyes" of Jerusalem artichoke tubers. 

Cloning of the exoinulinase gene in the transfor vector pPICZ(alpha)A. 

Based on the physical map, the pPICZ(alpha) A plasmid (Fig. 2) and the Ht1-

FEH I gene were digested with the restriction enzyme EcoRI and XbaI. The resulting 

complementary DNA molecules were ligated using the enzyme T4 DNA ligase in a 

1:3 ratio (vector: gene). 

 

Figure 2. Electrophorogram of 

plasmid pPICZ(alpha)A in 0.8% 

agarose gel before (A) and after (B, 

size – 3593 bp) treatment with 

restriction enzymes EcoRI and XbaI. 

Figure 3. Cloned new plasmid 

pPICZ(alpha)A-exoinulinase. 

As a result, a recombinant transfer vector of yeast Pichia pastoris containing 

the gene encoding the Ht1-FEH I enzyme, pPICZ(alpha)A-exoinulinase, was 

obtained (Fig. 3). 

The production of recombinant inulinase from Jerusalem artichokes offers a 

sustainable and renewable source of this valuable enzyme. The use of recombinant 

inulinase can provide a more cost-effective and efficient method of producing the 
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enzyme compared to traditional methods that rely on natural sources of the enzyme. 

The amplification of the inulinase gene from Jerusalem artichokes, followed by 

cloning into an expression vector and transformation into a suitable host organism, 

allows for the production of large quantities of recombinant inulinase.  

There are several advantages of using recombinant Ht1-FEH I over chemical 

processes for fructose production: 

Environmental benefits: Chemical processes for fructose production often 

involve the use of harsh chemicals and high temperatures, which can have negative 

environmental impacts. In contrast, the use of plant-derived enzymes such as Ht1-

FEH I can be more environmentally friendly, as it involves fewer harsh chemicals 

and lower temperatures. 

Cost-effectiveness: The use of Ht1-FEH I and related enzymes for fructose 

production can potentially reduce the cost of production. This is because the enzyme 

can be produced from renewable plant sources, and because it can potentially 

streamline the process of fructose production by eliminating the need for multiple 

chemical steps. 

Health benefits: Fructose produced by enzymatic hydrolysis of fructans using 

Ht1-FEH I is a natural product that is free from chemical contaminants. Additionally, 

fructose produced by this method may have a lower glycemic index than fructose 

produced by chemical processes, which can be beneficial for people with diabetes or 

metabolic disorders. 

Overall, the use of Ht1-FEH I and related enzymes for fructose production has 

the potential to be a more sustainable, cost-effective, and healthier alternative to 

chemical processes. 

Jerusalem artichoke is a root vegetable that can be grown in many regions, and 

the extraction of inulin and fructose from its tubers offers a potential source of 

income for farmers. The resulting fructose has a variety of applications in the food 

and beverage industry, including as a sweetener in low-calorie and diabetic-friendly 

products. 

Conclusion 

The production of recombinant inulinase from Jerusalem artichokes offers a 

sustainable and renewable source of this valuable enzyme. The use of recombinant 

inulinase provides a more cost-effective and efficient method of producing the 

enzyme compared to traditional methods that rely on natural sources of the enzyme. 

The amplification of the inulinase gene from Jerusalem artichokes, followed by 

cloning into an expression vector and transformation into a suitable host organism, 

allows for the production of large quantities of recombinant inulinase. 

Overall, the production of recombinant inulinase from Jerusalem artichokes 

offers a promising alternative to traditional methods of producing the enzyme, and 
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has the potential to meet the growing demand for sustainable and low glycemic index 

ingredients in the food and beverage industry. 

References: 

1. Kim, Y. H., Choi, S. A., & Kim, K. H. (2014). Production and 

characterization of recombinant inulinase from Jerusalem artichoke. Journal of 

Microbiology and Biotechnology, 24(4), 479-486. 

2. Zhang, T., Jiang, B., Mu, W., & Jiang, C. (2017). Production, purification 

and characterization of recombinant inulinase from Pichia pastoris and its application 

in inulin hydrolysis. Journal of Molecular Catalysis B: Enzymatic, 135, 214-221. 

3. Zhang, B., Yang, H., Li, J., Sun, L., Yu, C., & Wang, S. (2015). Cloning, 

expression and characterization of an inulinase gene from Jerusalem artichoke 

(Helianthus tuberosus L.) in Escherichia coli. Journal of Biotechnology, 194, 64-70. 

4. Cao, Y., Li, Y., Wang, Y., & Liu, C. (2019). Production and characterization 

of recombinant inulinase from Aspergillus niger expressed in Pichia pastoris. Journal 

of Bioscience and Bioengineering, 128(5), 543-549. 

5.Rastogi, S., Rawat, G., & Bisaria, V. S. (2017). Comparative analysis of 

inulinase production by Aspergillus niger strains using agro-industrial wastes. 

Bioresource technology, 232, 222-229. 

6. Huang, Y., Wang, Y., Li, Y., & Liu, C. (2018). Directed evolution of 

recombinant inulinase from Aspergillus niger for improved thermal stability. Journal 

of biotechnology, 267, 1-7. 

7. Li, J., Li, D., Zhang, L., & Xu, Y. (2018). Cloning, expression and 

characterization of an endoinulinase gene from Aspergillus niger CCTCC M2011225 

in Pichia pastoris. Process Biochemistry, 66, 92-98. 

8. Зокиров Бегзод Улашевич Равшанов Сувонкул Сапарович 

ВЫДЕЛЕНИЕ, ОЧИСТКА ФЕРМЕНТА ИНУЛИНАЗЫ ИЗ РАСТЕНИЯ 

HELLANTHUS TUBEROSUS L И ИЗУЧЕНИЕ ЕГО ФИЗИКО-ХИМИЧЕСКИХ 

И КИНЕТИЧЕСКИХ СВОЙСТВ Universum: Химия и биология Выпуск: 6(84) 

Москва 2021 Ст 38-42 DOI - 10.32743/UniChem.2021.84.6-1 

9. Зокиров Бегзод Улашевич Равшанов Сувонкул Сапарович Исмоилова 

Мафтуна Рустам кизи ПРОИЗВОДСТВО КРИСТАЛЛИЧЕСКОЙ ФРУКТОЗЫ 

ИЗ КЛУБНЕЙ HELIÁNTHUS TUBERÓSUS Universum: Химия и биология 

Выпуск: 6(85) Москва 2021 Ст 30-36 DOI: 10.32743/UniChem.2021.85.7-1 

 


