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Abstract 

Aleuritic acid (9,10,16-trihydroxyhexadecanoic acid) is the major acid constituent of the 

lac resin secreted by Indian lac insect Kerria lacca. Use of aleuritic acid as the starting 

material in perfumery industry as well as in pharmaceutical industries, makes it a high value 

compound. The current method of alkaline hydrolysis of the lac resin for purification of 

aleuritic acid to the desired level is very time- consuming. The present study has attempted 

to decipher the biosynthetic route of aleuritic acid in the lac insect and to reconstitute its 

pathway in vitro by using heterologous genes, with a view to enable its enzymatic 

production. 

 

The route of aleuritic acid biosynthesis in Indian lac insect Kerria lacca has been proposed 

based on the evidences from five different approaches. (a) fatty acid methy ester (FAME) 

analysis of the resin secreting (adult) and resin non-secreting life stages (crawler) of the lac 

insect using GC-MS, (b) use of broad spectrum inhibitors for epoxide hydrolase (EH) and 

epoxygenase (EPOX) coupled with the trans-supply of probable intermediates, (c) 

enzymatic activity of fatty acid desaturase (FAD), epoxide hydrolase and 

monooxygenase(MONO) in extracts of the adult lac insect compared to that in the crawler 

(d) Western blotting for epoxygenase (EPOX), fatty acid desaturase and epoxide hydrolase 

for checking the presence of these enzymes in adult lac insect, and  (e) quantitative PCR 

for FAD, EH, EPOX and MONO genes for the transcript detection in the adult lac insect. 

To isolate the genes responsible for the biosynthesis of aleuritic acid in Indian lac insect, 

cDNA library of the adult lac insect was constructed using pGEMT vector system, wherein 

8,057 clones were isolated, and was used for screening of the four categories of genes viz. 

EH, FAD, EPOX and MONO. Three distinct categories of probes viz. degenerate probes, 

full-length heterologous genes, and the probes designed based on transcriptome data were 
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used for cDNA library screening.  Also, the use of degenerate primers for direct 

amplification from cDNA of the adult lac insect was attempted. Approaches like colony 

blotting and dot blotting followed by secondary and tertiary screening using typical 

southern blotting procedures were applied for gene isolation. A full-length gene sequence 

of EH was isolated which showed novel sequence characteristics and similarity to EH 

sequences of existing database. 

To provide a proof of concept for the deciphered pathway of aleuritic acid, in vitro 

reconstitution of the aleuritic acid pathway was explored using five heterologous genes viz. 

fatty acid desaturase from Saccharomyces cerevisiae, CYP81B1 from Helianthus 

tuberosus, CYP86A4 from Arabidopsis thaliana, epoxide hydrolase from Caenorhabditis 

elegance and epoxygenase gene from Stokasia laevis. These five genes were cloned, 

expressed and induced for their use in cell conversion of the probable intermediates of 

aleuritic acid biosynthesis, viz. 9-hexadecenoic acid and 16-hydroxyhexadecanoic acid. 

The induced cell lysates of these five genes were used singly, sequentially and in 

combination along with the trans-supply of intermediates. GC-MS profiling of the products 

formed was carried out. Synthesis of 9,10-dihydroxyhexadecanoic acid was achieved when 

the combination of induced cell lysates were incubated with 9-hexadecenoic acid.  

This is the first in-depth investigation on the probable route for aleuritic acid biosynthesis 

in Indian lac insect. The in vitro reconstitution of 9,10-dihydroxyhexadecanoic acid 

synthesis was successfully achieved in the present study. 
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