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Claims 

1. A method for producing an apocarotenoid comprising the step of expressing in a host cell 

an expression module comprising an expression vector having a coding region encoding 

optimised apocarotenoid generating enzymes, the coding region being operably linked to 

a promoter,  5 

wherein said apocarotenoid is α-ionone,  

wherein said optimised apocarotenoid generating enzymes are LcyE and CCD1 that form 

an operon having the structure: LcyE-CCD1,  

wherein said LcyE is Lactuca sativa LcyE (LsLcyE) and is N-terminal truncated; and 

wherein the LcyE is ΔN50-LsLcyE. 10 

2. The method as claimed in claim 1, wherein said CCD1 is expressed as a fusion protein 

selected from TrxA-CCD1, SUMO-CCD1 or MBP-CCD1. 

3. The method as claimed in claim 2, wherein the fusion protein is TrxA-CCD1. 

4. The method as claimed in claim 3, wherein fusion protein is selected from TrxA-

Osmanthus fragrans CCD1 or TrxA-Petunia hybrid CCD1.  15 

5. The method as claimed in claim 4, wherein the CCD1 is Osmanthus fragrans (OfCCD1) 

and comprises one or more of the following mutations:  N154Y, M152T, L151F.  

6. The method as claimed in any one of claims 1 to 5, comprising screening for an 

expression level of α-ionone in an amount of up to 100-1000 mg/L in a 24 hour period. 

7. The method of any one of claims 1 to 6, further comprising expressing in said host cell: a 20 

first expression module comprising an expression vector having a first coding region 

encoding one or more optimised first gene products selected from atoB, hmgS and thmgR, 

the first coding region being operably linked to a promoter; a second expression module 

comprising an expression vector having second coding region encoding one or more 

optimised second gene products selected from mevK, pmk, pmd or idi, the second coding 25 

region being operably linked to a promoter; a third expression module comprising an 

expression vector having a third coding region encoding one or more optimised third gene 

products selected from ispA, crtE, crtB or crtI, the third coding region being operably 

linked to a promoter. 

8. The method as claimed in claim 7, wherein said one or more first gene products form an 30 

operon having the structure: atoB-hmgS-thmgR. 
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9. The method as claimed in claim 7, wherein said one or more second gene products form 

an operon having the structure: mevK-pmk-pmd-idi. 

10. The method as claimed in claim 7, wherein said one or more third gene products form an 

operon having the structure: crtE-crtB-crtI-ispA. 

11. The method of any of claims 1 to 10, wherein the host cell is Escherichia coli selected 5 

from BL21 DE3 or MG1655 DE3. 

12. The method as claimed in any one of claims 1 to 11, wherein the promoter is selected 

from one or more of TM1, TM2 or TM3, T7 RNA polymerase promoter, a T5 RNA 

polymerase promoter, a T3 RNA polymerase promoter, an SP6 RNA polymerase 

promoter or an inducible promoter.  10 

13. The method as claimed in any one of claims 1 to 12, wherein the optimisation of the 

apocarotenoid generating enzymes and optimised gene products is achieved by codon 

optimisation or site-directed mutagenesis. 

14. A host cell comprising an expression module comprising expression vector having a 

coding region encoding optimised apocarotenoid generating enzymes CCD1 and LcyE, 15 

the coding region being operably linked to a promoter, wherein the optimised gene 

products are ΔN50-LsLcyE and TrxA-Osmanthus fragrans CCD1.  

15. The host cell as claimed in claim 14, wherein the Osmanthus fragrans CCD1 comprises 

one or more of the following mutations:  N154Y, M152T, L151F.  

16. The host cell as claimed in any one of claims 7 to 15, further comprising: 20 

a first expression module comprising an expression vector having a first coding region 

encoding one or more optimised first gene products selected from atoB, hmgS and 

thmgR, the first coding region being operably linked to a promoter; 

a second expression module comprising an expression vector having a second coding 

region encoding one or more optimised second gene products selected from mevK, 25 

pmk, pmd or idi, the second coding region being operably linked to a promoter;  

a third expression module comprising an expression vector having a third coding 

region encoding one or more optimised third gene products selected from ispA, crtE, 

crtB or crtI, the third coding region being operably linked to a promoter. 

17. The host cell as claimed in any one of claims 7 to 16, wherein the host cell is Escherichia 30 

coli selected from BL21 DE3 or MG1655 DE3. 
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18. A vector encoding optimised gene products CCD1 and LcyE operably linked to a 

promoter, wherein the optimised gene products are ΔN50-LsLcyE and TrxA-Osmanthus 

fragrans CCD1.  

19. The vector as claimed in claim 18, wherein the Osmanthus fragrans CCD1 comprises one 

or more of the following mutations:  N154Y, M152T, L151F.  5 

20. A system for producing an apocarotenoid comprising an expression module comprising 

an expression vector having a coding region encoding optimised apocarotenoid 

generating enzymes, the coding region being operably linked to a promoter, wherein said 

optimised apocarotenoid generating enzymes are ΔN50-LsLcyE and TrxA-Osmanthus 

fragrans CCD1 for the production of α-ionone. 10 

21.  The system as claimed in claim 20, further comprising: 

a first expression module comprising an expression vector having a first coding region 

encoding one or more optimised first gene products selected from atoB, hmgS and 

thmgR, the first coding region being operably linked to a promoter;  

a second expression module comprising an expression vector having second coding 15 

region encoding one or more optimised second gene products selected from mevK, 

pmk, pmd or idi, the second coding region being operably linked to a promoter;  

a third expression module comprising an expression vector having a third coding 

region encoding one or more optimised third gene products selected from ispA, crtE, 

crtB or crtI, the third coding region being operably linked to a promoter. 20 

22. A kit when used in the method of any of claims 1 to 13, for the production of an 

apocarotenoid comprising one or more of: 

a first vector encoding one or more optimised first gene products selected from atoB, 

hmgS and thmgR operably linked to a promoter; 

a second vector encoding one or more optimised second gene products selected from 25 

mevK, pmk, pmd or idi operably linked to a promoter;  

a third vector encoding one or more optimised third gene products selected from ispA, 

crtE, crtB or crtI operably linked to a promoter; and  

a fourth vector encoding optimised gene products ΔN50-LsLcyE and TrxA-Osmanthus 

fragrans CCD1 operably linked to a promoter for the production of α-ionone.  30 

23. A method for producing an apocarotenoid comprising the steps of: 
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a. contacting a host cell as claimed in any one of claims 14 to 17 in a chemically 

defined media with a substrate for apocarotenoid production; 

b. incubating the host cell in said chemically defined media to produce one or 

more preselected apocarotenoids, and 

c. extracting the one or more preselected apocarotenoids from the chemically defined 5 

media using an organic layer, wherein the organic layer is coconut oil or soybean oil. 

24. The method as claimed in claim 23, wherein the apocarotenoid is α-ionone. 


