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Abstract

The world consumes over forty thousand tons of indigo annually, primparil /Oﬁ% Vision for Large-Scale Biosynthetic Dyeing of Indigo

Biological Dyeing Process of Indigo

Our biosynthetic pathway begins with indole, a naturally occurring compound in E. coli, an§l USES @utrient

OH
for dyeing denim. Indigo Is currently derived from petroleum using a hig N\ FMO @E\g - < Nutriont
energy process, and commercial dyeing involves the use of reducing agents ' e J T heterologously expressed FMO enzyme to generate indoxyl. A glucosylitransferase (GT) car] theh b ”p‘ig:)’hp Agitator  _ Holding Tank Ta”k. Agitator  _ Holding Tank
solubilize the dye. The development of biosynthetic and bioprocessing fnetijod . , " mdoxy|H ON  indican (soluble) used to make indican just like in plants. Upon generating this solubilized indigo, we can dye glothgs. Fi- Hw”izef ) b“o-mogenizef
ologies for indigo dyeing could have environmental and economic advagtages. g nally, a glucosidase (GLU) can be used to reproduce indigo on the surface of the cloth, gengratiryg a in- Conts Jcir%?ét)l I Puriicatior
By combining the biosynthesis of indigo and the use of the natural indigo pre- @[}:<j© tractable blue color. Jacket acke
cursor indican, we propose a more sustainable dyeing method as an alternagive o Air Filter : . Alr Filter t
to chemically-reduced indigo in the large scale production of indigo textles. We ndigo (insoluble) -_I_- Fermentor | Centrifuge  Vat of Fermentor T~ Centrfige Vatof

(E. coli engineered Indican ~ Compressor

Compressor to produce B-Glu)

achieveadn vivo indigo production In high titers and efficient cleavage of |ndicgg

using a non-native glucosidase. Inspired by natural systems, we isolated an B | Osynth ES|S Of I n d |g O

characterized several plant and bacterial glucosyl transferases hypothegizec
produce indican. Lastly, we compare the cost and environmental impacyof dur Flavin-containing

alternative with the present chemical process. monooxygenase (FMO) is indigo Titer Data MO Kinetics Data Less reliant on petrochemical precursors and hgz

the enzyme responsible ous chemicals.

M .t t for the conversion of Concentration All the Inputs to our system pose less of a threat to people and the enwjrc
OtlivaliOl indole to indoxyl using R ment than their industrial counterparts.
NADPH as its co-factor.

Under the presence of
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Figure 10. We envision a large scale biosynthetic indigo dyeing process. On the left, a fermentor would cultivate indicaselusidgcing
FMO and GT enzymes. The bacteria will be supplied with premixed nutrients, tryfiteptchoxygen, and heat. After the bacteria has begn
fully grown, the culture will be transferred to a holding tank, centrifuged, homogenized, and collected in a vat. On the right, anotherjerr
will cultivateB-glucosidase-produciggcolwith an additional purification step.
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Chemical Dyeing Process

4o Enzyme based, no reduction step necessary.
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035 Since fabric will first be dipped into indican and then into B-glucosidasej t
process avoids the use of leuco-indigo and thus harmful reducing agents
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" iIndigo production with

benzene aniline indoxyl indigo leuco-indigo Figure 3. Indigo production under various conditions. YE equals yeast extract;

phenylglycine o,

our FMO geﬂe through buffered at pH 7. Refreshment refers to media refreshment after 13 hoursfofure 4. Kinetic Data of FMO on the substrate indole. We used Michaelis-Mgnten M O re eXpe nS |Ve, b Ut h a.S n Ot yet bee n O ptl m |Ze U .

growth. kinetics to model the behavior of FMO to determine th¢tk87 mM).

Figure 2. Flask of bio-indigo H P LC
Three billion jeans are dyed yearly and contribute to a sixty-six billion dollar depim ipgdus- |

try worldwide. To dye these jeans, industries first produce indigo from benzene, § peligs
leum derivative. Because indigo is highly insoluble, the dye must be solubilized tp ad
cloth. This is accomplished by generating leuco-indigo, a white soluble indigo. Stibse
exposure to air causes indigo to reform and crystallize into large particles that regnainjen-

With the cost of chemically synthesized indigo at ~ $5.00/kg, our biosymtt
process cannot compete with commercial dyeing. However, cost ean bq r
duced by lowering feedstock costs, optimizing titers, and scaling up thejpt

Dyeing with Indican

anched in the cotton fibers. B-glucosidase is an enzyme that cleaves off a glucose group from indican ~ GLU Kinetics Data CO N CI LIS I on
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NaOH - - - - - - 2> Would hold promise. We looked to the “greenest” soufce We determined the kinetics of B-glucosidageoo:s — R () Made significant progress in finding a GT to
Na,SO, - - = them all to search for our alternative dyeing strategy -olangs! on indican (right), as well as X-Gal and £ oo M — 010 =Y | |
Certain plants like Polygonum tinctorium (left) produce angther ONPG (data found on our wiki). We demong o=~ o . make Indican In E. col
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plant centrations of indican after washing. E. colengineered to produBeglucosidase. igure 7. Kinetic Data of GLU on the substrate indicars K78 I
as seen on the left. cosidase. M, can and B-Glucosidase

() Analyzed the current indigo dyeing process

Goals Biosynthesis of Indican against our hypothesized biological dyeing pf
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1. Characterize Bio-Indigo Production _ Our biosynthetic approach to cDNA Library Screening oleD Characterization
| | NAIgo dyeing utllizes ndican as an e jsolated mRNA from four different  oleD is a bacterial GT known to have a broad substrafe
We want to build and characterize ar alternative to leuco-indigo. Indican jin o nroducing plants to generate cDNA specificity. It is currently being testeditro for indican pro AC kn OWI ed g eme ntS
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Indigo producing part for future IGEM IUibraries. These libraries are being screeneduction.
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We aim to engineer E. coli to dye jeans using Rt ;
indican, which is a naturally-occuring soluble cess of finding a glucosyl transierase 5 's 10 is RN
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Figure 9ln vitro testing of OleD with 1ImM kaempferol and 2.5mM UDP-Glucose. Productiorgof

Fi 8. MSA of B-gl | t f Full MSA tains 122 .
ferent apprOaCheS' gure of B-glucosyl transterases (Fu contains sequences) kaempferol- glucoside confirms the functionality of OleD.



