ACS NE—
Engineering nitrogen-fixing SyntheUCBlO\Ogy

org/acssynthbio

microbial communities
associated with maize and
sorghum roots

Jean-Michel Ané
Department of Bacteriology
Department of Plant and Agroecosystem Sciences

University of Wisconsin - Madison

PAG31
The Uniqueness and Commonalities Between

WISCONSIN Plant, Animal and Soil Microbiomes

ACS Pu bl |cat|ons
UNIVERSITY OF WISCONSIN-MADISON January 16, 2024 W Mos




The nitrogen cycle and biological nitrogen fixation

ATMOSPHERIC
NITROGEN

DENITRIFICATION
_VOLATILIZATION
PLANT,UPTAKE

~3AND/HARVEST INDUSTRIAL
{ ¢ FIXATION

(commercial fertilizer)

Source: The International
Plant Nutrition Institute



Current approaches to improve
biological nitrogen-fixation in cereals

Engineering
" nitrogen-fixing
plants

Engineering
root nodules

Exploring plant
natural diversity

Engineering
diazotrophs




Current approaches to improve
biological nitrogen-fixation in cereals

Engineering
diazotrophs




Bacterial engineering / remodeling 4 PIVOT BIO
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Bacterial engineering / remodeling
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Looking for the best
diazotroph chassis for
synthetic biology

Best chassis so far:
* Klebsiella sp.
e Pseudomonas sp.

Biosensors currently optimized for:
Arabinose

Cuminic acid

Flavonoids: naringenin and luteolin
* p-Coumaric acid
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Inducible nitrogen fixation
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Inducible nitrogen fixation and ammonium excretion
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Effect of community composition on nitrogen fixation
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Sub-communities provide insight into how non-fixers
may both improve and hinder nitrogenase activity

Full 12-member Community: PComm1

Azotobacter vinelandii (AV)

«—— All Diazotrophs Community
2.5 Size: 7-member community from Niu et al. (2017)
1 + 5 tractable diazotrophs
-
S ¢ 2
320 6 —
& E X
g - 11
Vel 12
£
w PComm1
E 1.0 4 '
[
o
= CP KV R
2 0.5 s o°
= 3 O o o
0.0 1 @b o $'Pm WP a0 o ® o

0.00

005 010 015  0.20

Mean Diazotroph Abundance



Fithess decrease in engineered diazotrophs

Nitrogen fixation

and ammonium release Synthet|c b|0|0gy

’,‘\

Bacterial synthetic communities
(SynComs)

Optimum / environment

Benefits

Bacterial co-isolation

Strains



Can we isolate more
diazotroph “helpers” ?

Diazotrophs
+

Non-diazotrophs

(possible helpers) Dr. Paulo Ivan Fernandes Janior
(EMBRAPA)

Nitrogen-free semi-solid medium




ldentification of helper and competitor strains
for Klebsiella variicola A3

6 Kruskal-Wallis, p = 0.00021
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Transfer of fixed nitrogen to corn mediated by
arbuscular mycorrhizal fungi

5N dilution experiment (nitrogen-fixation evaluated by a decrease in '°N content)
AnifL:km : Ammonium-excreting Azotobacter vinelandii published in Mus et al. (2022)

AnifD: non-fixing mutant of Azotobacter vinelandii
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Are we there yet?

(Pankievicz et al., BMC Biology 2019)

50 years?

30 years?

Now-10 years 5-15 years
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