SAND2017-8187C

Assimilation of lignin-breakdown
products by lignolytic and non-
lignholytic bacteria and fungi

Meghan Dailey, Dulce C. Hayes, Dongmei Ye, Danae Maes, Troy
Simoes, Leah Appelhans, Michael S. Kent and Jerilyn A. Timlin

Al L LY U YA L~y

@ ENERGY NISA

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC, a wholly
owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.




Motivation ==

» Engineered system capable of tailored transport of lignin
fragments

= Transport of lignin fragments across cell membrane is
virtually unknown

* |mportant step with potential to limit efficiency

= Needs:  substrate range
substrate specificities
Kinetics




Experimental Design

= 6 lignin fragments
= 4 organisms
= 3 replicates

= Mass spectrometry
= HPLC
= Single cell microscopy
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Microbes
Non-lignolytic
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S E. coli
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Lignolytic

E. lignolyticus SCF-1

S. cerevisiae

Fungi

P. chrysosporium




Determines intracellular concentration of lignin breakdown products

LC-MS




LC-MS Method )=,

= Column: F5 (pentafluorophenyl) reverse phase

= Gradient: 0.1% formic acid + water to 0.1% formic acid + 95%
acetonitrile, 20 min

= MS: negative mode

GGE in methanol
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LC-MS: Direct Evidence of Transport @&

Non-lignolytic vs. Lignolytic

« A diaryl goes in (and a
. E.coli—4hr 5. OCF-1-4hr lot of it)
* Yeast love coumaric
acid
» 20 min concentrations
> 4 hrs -> Metabolism
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Determines concentration remaining in media

HPLC




HPLC Method 1)

P. chrysosporium grown in

lignolytic-inducing conditions for = 3044.5x - 922.64
5 days in fungal media Major Peak Integration R2 = 0.9523

Vanillic Acid Standard Curve
14000
12000 ’

ransfer mycellium to 10000

smaller well 8000
6000 . L)
+ Mono/di- 4000
lignols in PBS
2000 e
0 o -® '
Allow uptake 0" 05 1 15 2 25 3 35 4 45
for 72 hours -2000
Harvest
supernatant and
run on HPLC

Detect mono/di-lignol
concentration 0

remainini after 72



Fungi Transport ) e
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Reveals localization and uptake heterogeneity

SINGLE CELL ANALYSIS
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Alkyne Functionalized Substrates @&

HBA Analog 4-HBA
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Labeling monolignol alkyne- =
functionalized substrates

Functionalized + Azide-Functionalized
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Microscopy Results =W
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Single Cell Uptake Analysis LN
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SCF-1 Exhibits Aspect Ratio Change

DMSO Control HBA Analog
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Microscopy Results
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Conclusions )=,

= Direct evidence of uptake and metabolism of lignin fragments
in lignolytic and non-lignolytic fungi and bacteria
= LC-MS
= Single-cell fluorescence microscopy

» |ndirect evidence of metabolism
= HPLC, LC-MS

= Differential uptake and metabolism observed
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P. chrysosporium Transport )
compounds

Compound Detection in PBS after 72 hours P. chrys Uptake
HPLC detection at 254nm
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