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INDIE aim: to produce natural flavors in  microbial cell 
factories

Current indole production
30 million €/year
Synthetic indole is currently produced from coal tar
Natural indole is produced by a soft chemistry conversion 
from tryptophan (6000 €/kg)

INDIE aims to produce natural indole
De novo production of indole via fermentation
Sustainable feedstocks: lignocellulose components 
(arabinose, xylose, glucose), glucosamine
Safe host microorganism: GRAS bacterium Corynebacterium 
glutamicum
Development of fermentation protocols to obtain food-grade
indole

Introduction



Technical overview

INDIE CONCEPT

WP1: production of indole precursors
WP2: conversion of L-trp to indole
WP3: use of regulatory switches
WP4: systems biology analysis
WP5: DSP and optimisation of the 
fermentation process

Host microorganism: Corynebacterium glutamicum



Reduced metabolic model of C. glutamicum C1* 
strain established and curated with INDIE generated 
data.
iCory_glut_C1*  a general purpose model enhancing 
the  potential of of C. glutamicum C1*  as a microbial 
cell factory. 
C1*_Pro1 and C1*Pro2 are specific for Indole 
production

Project outcomes

iCW773

iSB775

iSB970 iCory_Glut_C1*

C1*_Pro2C1*_Pro1

iCW773 iSB775 iCory_glut_C1* C1*_Pro1 C1*_Pro2

Strain ATCC13032 ATCC13032 C1* C1* C1*

# genes 773 775 753 753+4 753+4

# reactions 1203 1207 1199 1199 1199

# metabolites 945 950 950 951 951

Overview of generated models

Summary caracteristics of the models



Production routes for indole modelled and 
evaluated:

Maps of metabolism of C. glutamicum show clear 
differences between growth and production 
conditions. 
Comparisons of fluxes to evaluate strategies to 
increase production (knock out, over expression)

Project outcomes

MDH 0.452

 

 

 

MALt3pp 0.00000132

 

PPC 0.175

 

MALS 0.0000413

 

 

 

FUMt2_2pp 0.00001172
2

 

 

 

 

CS 0.527

 

 

 

PGK 1.62

FUMtex -0.0000202

 

 

 

 

 

GLYK 0.0000285

AKGt2rpp -3.67e-7

 

 

 

ACKr 0.0146

 

 

 

 

L_LACD2 0.00000797

PYK 0.284

 

 

GLYCDx 0.00

DHAPT 0.00

 

 

PPCK 0.00000992

PDH 0.946

ME2 0.0000270

 

 

 

FRD3 2.63

 

 

 

 

ACONTb 0.527

CITtex 0.0000262

 

FUM 0.452

 

 

 

 

PGM 1.51

 

FRD2 0.655

 

 

 

 

 

 

SUCCt2_2pp 0.0000324
2

2

SUCCt2_3pp 0.000009603
3

 

 

TPI 0.763

ICL 0.0000413
ICDHyr 0.527

MDH3 0.00000692

ENO 1.51

 

G3PT 0.0000116

 

PTAr -0.0146

GAPD 1.62

CITt3pp 0.0000522

SUCOAS 0.390

ACONTa 0.527

 

 

 

CITt7pp 0.0000253

MDH2 0.0000191

 

 

 

SUCCt3pp 0.0000174

ALCD2x -5.31e-7

ALDD2x 0.0000153
2

G3PD2 -0.00617

 

 

CITL 0.0000110

 

 

SUCDi 3.68

TALA 0.109

 

AKGDH 0.395

AKGtex (nd)

 

 

 

ME1 0.00000582

 

 

 

 

 

FUMt2_3pp 0.00000776
3

3

FBA 0.769

 
 

ACALD -0.0000170

 

FHL 0.00

 

 

OAADC 0.00000554

 

 

GLCptspp 0.997

L_LACD3 0.0000158

DRPA 0.00

DDPA 0.0240 DHQS 0.0240 DHQTi 0.0240

SHK3Dr 0.0240

SHKK 0.0240

PSCVT 0.0240

CHORS 0.0240

ANS 0.00283 ANPRT 0.00283 PRAIi 0.00283 IGPS 0.00192

TRPS1 0.00240

TRPS3 0.000134 IGL 0.000298

TRPS2 0.000432
INDOLEt2rpp 5.00

EX_indole 5.47e-7

HSST_2 0.00560

SHSL1 0.00560 ACHMSC 0.00220

mal__L_c

nad_c

nadh_c

h_c

oaa_c

h_p

h_c

mal__L_p

acon_C_c

pep_c

h2o_cco2_c

h_c

pi_c h2o_c

accoa_c

glx_c

h_c
coa_c

dhap_c

etoh_c

h_p

fum_p

h_c

fum_c

accoa_c
h2o_c

cit_c

h_c

coa_c

glyc_c

atp_c

3pg_c

adp_c

13dpg_c

fum_e

ac_c

atp_c

h_c

glyc3p_c

adp_c

h_p

akg_p

h_c

akg_c

atp_c

adp_c

actp_c

lac__L_c

q8_c q8h2_c

adp_c

h_c

atp_c

nad_c

dha_c

nadh_c

h_c

pep_c

pyr_c

atp_c

co2_c

adp_c

nad_c

coa_c

nadh_c
co2_c

nadp_c

co2_c

nadph_c

acald_c

2dmmql8_c

succ_c

2dmmq8_c

h_c

h2o_c icit_c

cit_ecit_p

h_c

h2o_c

g3p_c

for_c

h_c

2pg_c

mql8_c mqn8_c

atp_c

h2o_c

pi_c
h_c

succ_p
h_ph_c

h_ph_c

fdp_c

h2o_c

nadp_c

co2_c

nadph_c

mqn8_c

mql8_c

h2o_c

h2o_c

pi_c

pi_c

coa_c

pi_c

nad_c

h_c

nadh_c

h_p

h_c

coa_c

atp_c pi_c

succoa_c

adp_c

adp_c

h_c

s7p_c

succ_c

succ_p

q8_c

q8h2_c

h_c

h_p

h_c

nad_c

h2o_c

nadh_c

h_c

nadp_c

h_c
nadph_c

ac_c

h_c

q8_cq8h2_c

nad_c

coa_c

nadh_c

co2_c

o2_c

h2o2_c

nad_c

nadh_c

co2_c

h_ph_c

nad_c

coa_c

h_c

nadh_c

h_c

co2_c

h_c
co2_c

glc__D_p

g6p_c

mqn8_c

pyr_c

mql8_c

2dr5p_c

2dda7p_c

e4p_c

h2o_c pi_c

3dhq_c

pi_c

3dhsk_c

h2o_c

h_c

nadp_c

nadph_c

skm_c

adp_c

atp_c

h_c

skm5p_c

3psme_c

pep_c

pi_c

chor_c

pi_c
anth_c

gln_L_c

glu_L_c

h_c

pyr_c

ppi_c

pran_c

prpp_c

2cpr5p_c 3ig3p_c

co2_c

h2o_ch_c

g3p_c

h2o_c

ser_L_c

trp_L_c

3ig3p_c

indole_c

g3p_c

indole_c

h2o_c
ser_L_c

trp_L_c

h_c

h_e

indole_e

coa_c

hom_L_c suchms_c

cys_L_c

cyst_L_c

h_c

succ_c

ac_c

achms_c

cys_L_ch_c

 

 

 

Simulations of fluxes through central 
metabolism for indole production

Distribution of flux through the reaction in conditions of 
maximal growth (red) 0.18 mmol gDW-1 h-1 and maximal 
production (blue) 0.0 mmol gDW-1 h-1 suggest this 
reaction as an excellent candidate for knock out.

Growth 
Indole



Bioconversion
Strains for bioconversion of L-tryptophan to 
indole
Bioprospecting for most efficient enzymes and 
pathways for indole production from plants 
and bacteria 

De novo production of indole
(i) enhancing the carbon flux to tryptophan via the 
shikimate and tryptophan pathway by overexpressing 
endogenous and heterologous genes, feedback 
deregulation of key enzymes
(ii) preventing by-product formation, especially of 
other aromatic compounds
(iii) enhancing precursor supply by overexpressing 
genes from the pentose phosphate pathway
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INDOLE precursor: SAM-dependent N-alkylation

C. glutamicum engineered for
overproduction of L-
anthranilate

SAM-dependent anthranilate N-methyltransferase
from Ruta graveolens
(acridone alkaloid synthesizing plant herb-of-grace)

endogenous
adenosylhomocysteinase

Walter, Al Medani, Burgardt, Cankar, Ferrer, Kerbs, Lee, Mindt, Risse, Wendisch (2020) Microorganisms 8: 866

0.5 g/L



INDOLE tolerance: Adaptive Laboratory Evolution

 IVO20 & IVO38 tolerated indole better
Genome sequencing identified candidate mutations
 Reverse genetics revelaed that 3 mutations

(dtxR, whcB and cg1388) caused increased tolerance

 Cg1388 identified as regulator of aromatic degradation
 Regulatory mechanism characterized

Walter, Veldmann, Götker, Busche, Rückert, Kashkooli, Paulus, Cankar, Wendisch (2020) Microorganisms 8: 1945



Systems biology analysis of indole 
production

Best bioconversion and de novo production strains 
tested
Indole production in 1L parallel bioreactors
Metabolomics and transcriptomics for systems 
biology evaluation
Identification of pathway bottlenecks

Regulation of the indole biosynthesis
Prevention of indole toxicity
Design of regulatory switches for 2nd generation of 
indole producing strains

Downstream processing & TEA (Axxence)
Series of high-quality joint scientific 
publications on various aspects of the project

Project outcomes



FAIR data management workshops organised
Project established on FAIRDOM-Hub
Systems biology and biotechnology data 
managed locally using pISA-tree tool
Synthetic biology parts managed in a common
cloud spreadsheet
Publication of the data management approach 
by partner NIB

Data management 



Communication activities

Teaching activities: TeutoLab Academy (Bielefeld)

9th International CeBiTec Research Conference at 
Bielefeld University

INDIE movie @ Global Bioeconomy Summit 2020

INDIE website, Twitter, LinkedIn



Moving on in the times of 
pandemic…

Online videos for students

Experiment book for childrenOnline conferences



RRI aspects

How to improve interactions between research and society?
Visualisation of science (videos, social media, book for children)
Dialogue (with students, organizing panel discussion with industrial participants, 
organizing a scientific conference)

How to consider gender/diversity/culture dimension in a project?
Not a part of research questions
Gender balance in consortium (10F, 5M)

How to manage data within the consortium?
All  the project data managed using the same tools (pISA-tree and a cloud 
spreadsheet – linked to FAIRDOM hub) easier sharing and integration



Technology Transfer and market 
potential

Production of indole:
Achieved both via biotransformation and de novo production
DSP protocols and medium optimizations ongoing in collaboration 
with industrial partner Axxence Aromatics
TEA ongoing by industrial partner

Application to other aromatic compounds:
Models and systems biology tools developed for production of 
aromatic compounds in Corynebacteria
Corynebacteria as a synthetic biology chassis for à la carte 
production of aromatic compounds
Production and regulatory modules available for future use



Summary

Industrial microbiology and Systems and synthetic biology applied for 
aromatic production in Corynebacteria
Sustainable biobased production of indole was successfully 
established
Focus on output in communication and dissemination



General Evaluation 

Benefits of the international collaboration
Complementary expertise
Exchange of materials, strains and data [whole is more than the sum of the parts]
Large common experiments possible
Academic and industrial partners working together along the value chain
Insight into different scientific cultures (by country, academia vs company)

Comments, feedback to ERA CoBioTech
Establish a follow-up of this successful program for the sustainable production of 
fragrances and flavors



Contact details

Follow us:
https://www.linkedin.com/company/indieproject/
https://twitter.com/INDIEbiotech
https://indie.cebitec.uni-bielefeld.de/

Coordinator: dr. Katarina Cankar
katarina.cankar@wur.nl

Wageningen Plant Research
Wageningen University & Research
BU Bioscience
Droevendaalsesteeg 1
PO box 16, 6700AA, WAGENINGEN
The Netherlands

https://www.linkedin.com/company/indieproject/
https://twitter.com/INDIEbiotech
https://indie.cebitec.uni-bielefeld.de/
mailto:katarina.cankar@wur.nl
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