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Figure 4. Kinetic Data of  FMO on the substrate indole. We used Michaelis-Menten 
kinetics to model the behavior of  FMO to determine the Km  (0.87 mM). 

Figure 3. Indigo production under various conditions. YE equals yeast extract; 
buffered at  pH 7. Refreshment refers to media refreshment after 13 hours of  
growth.

    Flavin-containing 
monooxygenase (FMO) is 
the enzyme responsible 
for the conversion of  
indole to indoxyl using 
NADPH as its co-factor. 
Under the presence of  
oxygen, indoxyl sponta-
neously dimerizes to 
indigo. We have confirmed 
indigo production with 
our FMO gene through 
HPLC.Figure 2. Flask of  bio-indigo

    The world consumes over forty thousand tons of  indigo annually, primarily 
for dyeing denim. Indigo is currently derived from petroleum using a high 
energy process, and commercial dyeing involves the use of  reducing agents to 
solubilize the dye. The development of  biosynthetic and bioprocessing method-
ologies for indigo dyeing could have environmental and economic advantages. 
By combining the biosynthesis of  indigo and the use of  the natural indigo pre-
cursor indican, we propose a more sustainable dyeing method as an alternative 
to chemically-reduced indigo in the large scale production of  indigo textiles. We 
achieved in vivo indigo production in high titers and efficient cleavage of  indican 
using a non-native glucosidase. Inspired by natural systems, we isolated and 
characterized several plant and bacterial glucosyl transferases hypothesized to 
produce indican. Lastly, we compare the cost and environmental impact of  our 
alternative with the present chemical process.

oleD HPLC Data

Figure 5. Two bear shaped pieces of  cloth 
dyed with B-glucosidase and different con-
centrations of  indican after washing. 

    Our biosynthetic approach to 
indigo dyeing utilizes indican as an 
alternative to leuco-indigo. Indican 
is produced in indigo plants by glu-
cosyl transferases (GTs) acting on 
indoxyl. Unfortunately, indican-pro-
ducing GTs have not been fully 
characterized, and their DNA has 
not been found. We are in the pro-
cess of  finding a glucosyl transferase 
that acts on indoxyl, using two dif-
ferent approaches. Figure 8. MSA of  B-glucosyl transferases (Full MSA contains 122 sequences).

    We isolated mRNA from four different 
indigo producing plants to generate cDNA 
libraries. These libraries are being screened 
for indican producing GTs.

cDNA Library Screening oleD Characterization
    oleD is a bacterial GT known to have a broad substrate 
specificity. It is currently being tested in vitro for indican pro-
duction. 

Figure 9. In vitro testing of  OleD with 1mM kaempferol and 2.5mM UDP-Glucose. Production of  
kaempferol- glucoside confirms the functionality of  OleD. 
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Figure 10. We envision a large scale biosynthetic indigo dyeing process. On the left, a fermentor would cultivate indican-producing E. coli using 
FMO and GT enzymes. The bacteria will be supplied with premixed nutrients, tryptophan, filtered oxygen, and heat. After the bacteria has been 
fully grown, the culture will be transferred to a holding tank, centrifuged, homogenized, and collected in a vat. On the right, another fermentor 
will cultivate B-glucosidase-producing E. coli with an additional purification step.  

Vision for Large-Scale Biosynthetic Dyeing of Indigo

Less reliant on petrochemical precursors and hazard-
ous chemicals.
All the inputs to our system pose less of  a threat to people and the environ-
ment than their industrial counterparts.

Enzyme based, no reduction step necessary.
Since fabric will first be dipped into indican and then into B-glucosidase, this 
process avoids the use of  leuco-indigo and thus harmful reducing agents. 

More expensive, but has not yet been optimized.
With the cost of  chemically synthesized indigo at ~ $5.00/kg, our biosynthetic 
process cannot compete with commercial dyeing. However, cost can be re-
duced by lowering feedstock costs, optimizing titers, and scaling up the process.

Analyzed the current indigo dyeing process 
against our hypothesized biological dyeing pro-
cess

Made significant progress in finding a GT to 
make indican in E. coli

Improved the indigo producing part FMO by 
providing characterization and titration data

Demonstrated that fabric can be dyed using indi-
can and B-Glucosidase

    B-glucosidase is an enzyme that cleaves off  a glucose group from indican 
to form indoxyl, which can spontaneously dimerize to indigo in the pres-
ence of  oxygen. H2SO4
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1. Characterize Bio-Indigo Production

    We observed indigo production upon 
mixing B-glucosidase with commercial indi-
can, confirming B-glucosidase functionality. 
We determined the kinetics of  B-glucosidase 
on indican (right), as well as X-Gal and 
ONPG (data found on our wiki). We demon-
strated that we can dye cotton cloth with 
commerical indican and our very own B-glu-
cosidase.

Figure 6. Time-lapse images of  a mixed solu-
tion of  50 mM indican from Sigma and lysed 
E. coli engineered to produce B-glucosidase.
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2. Dye jeans using synthetic biology
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    Three billion jeans are dyed yearly and contribute to a sixty-six billion dollar denim indus-
try worldwide. To dye these jeans, industries first produce indigo from benzene, a petro-
leum derivative. Because indigo is highly insoluble, the dye must be solubilized to adhere to 
cloth. This is accomplished by generating leuco-indigo, a white soluble indigo. Subsequent 
exposure to air causes indigo to reform and crystallize into large particles that remain en-
trenched in the cotton fibers.

    This process of making and dyeing with indigo uses 
strong acids, strong bases, and reducing agents as depicted. 
Given the scale of the industry, and the health hazards of 
the chemicals used, a greener alternative to industrial dyeing 
would hold promise. We looked to the “greenest” source of 
them all to search for our alternative dyeing strategy - plants! 
Certain plants like Polygonum tinctorium (left) produce another 
version of souble indigo called indican. When plants are 
stressed, indican is converted to indigo, turning the leaf blue 
as seen on the left.

Chemical Dyeing Process 

Figure 1. 
Polygonum tinctorium 
indigo-producing 
plant Figure 7. Kinetic Data of  GLU on the substrate indican.  Km = 1.78 

mM.

    We want to build and characterize an 
indigo producing part for future iGEM 
teams to use reliably. 

    We aim to engineer E. coli to dye jeans using 
indican, which is a naturally-occuring soluble 
version of indigo analogous to leuco-indigo. 
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FMO     Our biosynthetic pathway begins with indole, a naturally occurring compound in E. coli, and uses a 
heterologously expressed FMO enzyme to generate indoxyl. A glucosyltransferase (GT) can then be 
used to make indican just like in plants. Upon generating this solubilized indigo, we can dye clothes. Fi-
nally, a glucosidase (GLU) can be used to reproduce indigo on the surface of the cloth, generating a in-
tractable blue color. 


