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Working together for forest soils

What is biochemistry?

Organic.Ehemistny

Biochemistry

e H

Good definition: Biochemistry (biological chemistry) —

chemical processes in living organisms, it includes
structural biology, enzymology, metabolism. Related to

molecular biology.

Simply: mechanisms of biological phenomena
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Soil C-stabilization
DNA, RNAWS blochem|stry
Examples of nex "”‘methods

Mlechanisms of C stablllzat|on
(and benefits of the use of |nterd|sc1phnary methods)

N fertilization — as a case‘of multimethodological study
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Soil organic C formation

factors affecting stabilization of SOM

environmental conditions
plant biodiversity

microbial community structure (e.g. Cortinarius)
soil fauna

necromass amount and chemistry
necromass "stickiness"

7'

> e mineral quantity and quality
minérals ‘

stability of mineral bound-OM




Soil C: Role of microbes
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Working together for forest soils

Soil organic matter

stabilization decomposition

microbial carbon pump (MCP), emphasizes the microbial
transformation of organic carbon from labile to stable forms
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-who?

s
—Nucleobases

-potential chemistry of microbes

Base pair

-potential to decompose

Disadvantages
-relative abundances
-"potential”

halix of
sugar-phosghales

RNA DMNA
Ribonuclelc acid Deoxyrbonuclaic acid

-how much?

-concentrations of different pools/markers

Disadvantages
-concentrations not ascribed
to functional groups
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Examples of our new biochemical methods:

fungal biomass
microbial necromass
arbuscular mycorrhizal biomass
melanin concentration (quality anf quantity)
DNA methylation




Letters | & Open Access ®®

Working together for forest soils A step forward in fungal biomass estimation — a new protocol
for more precise measurements of soil ergosterol with liquid
chromatography-mass spectrometry and comparison of
extraction methods

fungal biomass on LCMS @ HO"SO“S E New Phytologist

D N A Sylwia Adamczyk 524, Aleksi Lehtonen, Raisa Makipaa, Bartosz Adamczyk
-metagenomics — relative abundances of species Extraction o Liquid-liquid extraction
. . MetOH Sonication Pentane
-gPCR (relation between DNA and biomass?) KOH-MetOH H Hexane
KOH-EtOH cubation Cyclohexane
Biochemistry - *
) . . o
-PLFA — markers sometimes not very representative, production of _-; ,_._:__!,
PLFA is affected by P status of soil and not only related to biomass . =
-ergosterol — more representative, IF correct extraction is applied
UV 282 nm
CI18 RP m/fz? '
MetOH
Next step for fungal biomass — to find markers of specific functional groups I ml min™

m/z 379 |

ISM pump ESI+
(0.2 ml min~) SIR 379 m/z
10% ACN

0.5% HCOOH
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fungal biomass of AM — new LC-MS method in progess
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<Er Ergosterol is a marker of fungal biomass (but not AM)

e O N 24-methylcholesterol — only biomass of arbuscular mycorrhiza

Peak Avea (Y units'ms)  Resolution  Plate Number SN
364.409 6.839

e = argosterol

282nm
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Microbial necromass on LCMS

Muramic acid — marker of bacterial necromass
Glucosamine — marker of fungal necromass

Pedobiologia - Journal of Soil Ecology 106 (2024) 150977

Contents lists available at ScienceDirect

Pedobiologia - Journal of Soil Ecology

W v e R
ELSEVIER journal homepage: www.elsevier.com/locate/pedobi

Precise method to measure fungal and bacterial necromass using high
pressure liquid chromatography with fluorescence detector adjusted to
inorganic, organic and peat soils

i

Sylwia Adamczyk, Raisa Makipaa, Aleksi Lehtonen, Bartosz Adamczyk -

no DNA/RNA methodology for necromass
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Soil melanin concentration on LCMS

Melanin polymer present in fungi, potentially highly persistent in the soil (thus stable C pool). Thus maybe melanin is
responsible for slow decomposition of some pool of fungal necromass

So, what is the melanin concentration in the soil?

Melanin with DNA- potential for melanin production, however, amount of melanin depends on environmental factors
with new LCMS method — real, not relative or potential concentrations

OH

OH N
U OH OH ) o
c
c N c £
5 V4 'c C monomer of eumelanin (DHI unit)
U HOOC— & 8
£ ) v
0 8 o £
) E 5
K=
D IS S S M S i e o o) w OH
HaN cootr © 1,8-DHN HoOC /
benzothiazole unit H OH

monomer of eumelanin (DHICA unit)
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DNA methylation on LCMS

Metagenomic protocols often do not capture methylated DNA

Journal of Biotechnology 374 (2023) 1-4

Contents lists available at ScienceDirect A 1 L2
a.1a0
Journal of Biotechnology
o CONLRER. 0.080 3
ELSEVIER journal homepage: www.elsevier.com/locate/jbiotec 2
a.nan
@ Q.0a0
Fast and reliable method to estimate global DNA methylation in plants and _Q"“""' 4 5
fungi with high-pressure liquid chromatography (HPLC)-ultraviolet a0 -

detection and even more sensitive one with HPLC-mass spectrometry

L R ™

T T — — T e e T T
0,00 100 2,00 3.00 4,00 5.00 6.00 7.00 B.00 S.00 10.00 1100 1200 1300 1400 151

Sylwia Adamczyk ™", Joanna Chojak-Kozniewska ", Anna Poimala®, Sannakajsa Velmala?,
Bartosz Adamczyk *

Peaks: 1- deoxy cytosine monophosphate
2-methylated deoxy cytosine monophosphate 3-deoxy adenosine
monophosphate, 4-deoxy guanosine monophosphate, 5-deoxythymidine
monophosphate




g
7= HoliSoils
@ Working together for forest soils

Summary of methodological part

biomass

e

LC-MS methods: DA \
DNA methylation - % of methylated DNA |

Ergosterol — precise fungal biomass concentration
Ergosterol/24 methylcholesterol — total and AM biomass
Microbial necromass concentration

Melanin concentration

— Necromass

RNA \ .
melanin

Jointly DNA/RNA analyses and biochemistry methods may provide a better insights into soil processes
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GHG

measurements development

Metagenomics

metatranscriptomics modelling

chemistr
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Mechanisms of C stabilization
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Carbon stabilization

Processes or mechanisms leading to prolonged turnover
times of SOC.

Turnover times of stabilized OC cannot be given as absolute
values because they are dependent on environmental

conditions and soil properties.




Fungi vs SOM

LETTER

A group of ectomycorrhizal fungi restricts organic matter
accumulation in boreal forest©®

Bjorn D. Lindahl' ® | Julia Kyaschenko' ® | Kerstin Varenius’ | Karina E. Clemmensen’® |
Anders Dahlberg?© | Erik Karltun' © | Johan Stendahl' ®

304

25

20

15

10

Carbon in the organic topsoil (t'ha)

Without C. acutus With C. aciutus

Microbial communities

HoliSoils

Working together for forest soils

Microbes vs microbes
ARTICLE

Received 26 Jan 2015 | Accepted 21 Oct 2015 | Published 1 Dec 2015

OPEN

Social dynamics within decomposer communities
lead to nitrogen retention and organic matter
build-up in soils

Christina Kaiser?, Oskar Franklin3#, Andreas Richter? & UIf Dieckmann'

a b

Without social regulation With social regulation

2 o;:o
oﬁo.'.

All microbes Only a fraction
make extracellular of microbes make
enzymes

extracellular
enzymes

e Enzyme . Community regulation:

producer the higher the enzymatic
Loss of S \ : capacity per producer,
labila GG > . the more cheaters will be

Cheater Present
¥ Slow decay Relativel .
y more N in DOM

E:?;:Ecom 3 Enzymes | DoM S / because of larger contribution

of microbial necromass

Additional accumulation
- of microbial remains due to lower
enzymes:microbial biomass ratio

Dead microbes

Dead plant
(N-rich)

matter (N
o) Large accumulation of total organic matter

due to fewer enyzmes overall
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Importance of interaction

2

OH
/
o OH OH N oH

monomer of eumelanin (DHI unit)

Alone — they decompose relatively easy...

CHa
OH 0=(
NH
AN L~d T
HO 4
NH
0 OH
i CHs In

HOOC‘</

OH
HaN coot 1,8-DHN HooC /
benzothiazole unit H OH

monomer of eumelanin (DHICA unit)

Pheomelanin
w =
allomelanin
Eumelanin
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Starting point: 50-70% C stored in the soil from fungi and roots

Stable soil organic N pool contains mainly peptides and amino sugars
Fungal necromass (FNM) seems to form stable SOM, BUT decomposes fast...

Considering that tannins, abundant in plant roots, may create complexes with
proteins and chitin, abundant in FNM, we hypothesized that complexation of
FNM with tannins is @ mechanism to create more stable SOM.
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Working together for forest soils

—
L1
—t
L2
=
[ |

[ ]1st year

. 3"‘:| year

Bound tannins
(mg g~! DW)
=]
[ ]
[

—
=]
| |

Soil experiment: only when roots are
having direct access there is an increase of
stable SOM
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How tannins affect OM-mineral

_ Root Q -' > }?icmhe:. @ o interactions? We added to soil:
“i ® l & L BSA alone
' | : 0= First CT later BSA
P Q | BSA-CT complexes
.I : '
(=] ® &
=]
. C; Mi“:eral' mciated 1 ‘ 0.75 water-fraction ethanol-fraction total - 02'4;0(_::
\ -9 \ Organic Matter ) R ) oA
citricacid  oxalic acid | |
O bA oA . b;ll\
mj\ﬂou "‘Y‘“ Lo | t TS B BT
OH 0 Control CT CT+BSA CT-BSA Control CT CT+BSA CT-BSA Control CT CT+BSA CT-BSA

Complexation with tannins before reaching
minerals makes OM more stable
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Karstula case — N fertilization
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Karstula — fertilization each 10
years from 1960.

Finland — Karstula = -

Dominant species Ground vegetation
Pinus sylvestris Vaccinium vitis-idae, Calluna
vulgaris and Lichens

e Aim of the study
Understand the impact of nitrogen fertilization on soil functioning,
soil biome and GHGs exchange.

Q Established @ Organization
1959 Natural Resources Institute Finland
(Luke)

23/09/2025
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N fertilization may lead to increase of soil C stocks. How does it work?

H1) N fertilisation decreases pH decelerating microbial growth and activities leading to increased SOC.

H2) The increase in SOC due to N fertilisation is caused by changes in the fungal community composition in favour of
fungi unable to degrade polyphenolics over effective degraders of polyphenolics with potent peroxidases. This community
change leads to elevated concentration of polyphenolics such as lignin and tannins building up SOC and locking up N.

H3) the increase in SOC derived from enhanced C input in the form of either litter or photosynthates trafficked by tree
roots and thus increased microbial biomass and consequent formation of microbial necromass which is stabilised in the

soil.

H4) N fertilisation changes ground vegetation, and thus, its litter quantity and quality elevating SOC.
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C content: chemically labile and stable SOC (acid hydrolysis) @ HoliSoils

SOC, mg g! DW

300 *
200 stable SOC - dark color
labile light color
100
— I
control +N control +N
organic layer mineral layer

+N — more SOC, and more stable SOC (stat. sign. diff.)
no differences in labile SOC, no differences in mineral layer.
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Enzymes, organic layer [ Holisoils

3500 m fertil H
3000 W control_H
2500
2000
1500 All differences stat. significant in humus layer
1000 In mineral layer — no stat significant differences
0 'u f i
< (7 < (7] (7] < (7]
&\(@" . \6’5’ ) \a;b"’ ’5@(’ ,\b'b {}&b" . \b'b"’ . \b'b{"
N & & S & R o o*
© N P o A R 2 Q
&2 X & ~ Q &
‘QQ} © ‘OQ’ e,’b(o 60
\,‘*”\\s’\Q

* for acid phosphatase nmol g DW min-1
** for peroxidase pmol g DW h-1

Outcome: higher enzyme activities in organic layer +N, thus higher decomposition, potentially less SOC stabilization?



Inorganic N pools (ammonium, nitrate) @ HoliSoils

Working together for forest soils

ammonium, mM NH4-N g soil
(DW)

18
16
14
12

No difference in mineral layer

10

(o]

)]

S

N

fertilized control

outcome: N fertilization means more inorganic N in organic layer
Nitrate below detection limits.
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Tannins (tannin-driven SOC stabilization pathway) @ HoliSoils

tannins soil , mg g DW

4,5

4 *
3,5

3
2,5 . . . . .
, outcome — N fertilization means less tannins in soil.
s Thus, maybe less tannin-driven stabilization of SOM
1
0,5 *

0 = i

-§§\ o\\/?\ ~\/® \/Q
& & &
00 ¢ (lo(\




Microbial biomass and necromass -

ergosterol (fungal biomass marker)

160

)
140 *
120
100 ope . . .
w0 On fertilized plots in soil (H) and in roots:
60
20 -more fungal biomass and necromass
20 i
0 b b
\'&3\ 0\‘5‘ ~§§ 0\§\ .\‘f‘% \‘f& , N
¢ S & & & L& Iso in mi I d fertilizati
$ S$ & ¢ § More fungal necromass also in mineral layer under N fertilization
chitin (fungal necromass marker)

7
A )
5
. . * N fertilization leads to higher amount of fungi

(biomass and necromass)




More data from N fertilization experiment @ HoliSoils

Table 1. Soil pH as well as C and N concentrations in different layers on control and nitrogen fertilized

plots. Mean value with standard deviation in brackets. Statistically significant differences between

control and N fertilization treatment are marked with different letters.

_ organiclayer mineral layer

pH 4.5(0.22) 4.4(0.12) 3.7(0.12) 3.7(0.21)
C stock, tC ha-t 18.1(2.24) 25.8(1.76) 23.0(0.24) 23.7(0.64)
C mg g! 268(18.9)° 307(32.6) 26(3.8) 26(20)
N mg g! 6.1(0.70)® 8.0(0.81)2 0.85(0.05) 0.95(0.05)
C/N ratio 43(4.7) 38(0.4)° 30(4.6) 27(2.6)
stable C mg g 198(38)P 258(33)= 6.6(2.1) 6.3(1.9)
labile C mg g 51(11) 51(27) 20(7) 21(7)
MAOM-C 1.94(0.24) 2.22(0.24)
POM-C 1.32(0.58) 1.23(0.05)
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Our results: I 7, Holisoils

Parameter N fertilization
(2g Nm-2y-1)

Tree growth
Litterfall

Soil C stock
Chemically stable C
MAOM

Greenhouse gases

Mic. community structure
Enzymatic activities
Fungal bio and necromass

MAOM-fungal necromass

tannins

1
]
]
4
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Conclusions @ HoliSoils

N fertilization affects especially humus (organic layer) of the soil:
Higher content under N fertilization:
stable SOC, enzymatic activities, ammonium, fungal biomass and necromass.

Mechanism of increased SOC under N fertilization increased forest
productivity, suppression of oxidative enzymes, increased microbial residues.
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Working together for forest soils

Inderjit, Hagerman AE, Nasholm T, Bardgett RD, Adamczyk B (2025) Linkages between plant tannins and the organic nitrogen cycle. Trends in Plant Science.
Adamczyk B, Adamczyk S, Tupek B, Li Q, Martinovic T, Richy E, Lehtonen A, Baldrian P, Makipaa R (2025) Nitrogen fertilization of boreal forest soil increases soil
carbon pool through elevated microbial necromass formation but also modifies tree secondary metabolism. Soil Biology and Biochemistry.

Adamczyk S, Makipaa R, Lehtonen A, Adamczyk B (2024) Precise method to measure fungal and bacterial necromass using high pressure liquid chromatography
with fluorescence detector adjusted to inorganic, organic and peat soils. Pedobiologia.

Adamczyk B (2024) Tannins and Climate Change: Are Tannins Able To Stabilize Carbon in the Soil? Journal of Agricultural and Food Chemistry.

Adamczyk S, Makipaa R, Lehtonen A, Adamczyk B (2023) A step forward in fungal biomass estimation - a new protocol for more precise measurements of soil
ergosterol with liquid chromatography-mass spectro-metry (LC-MS) and comparison of extraction methods. New Phytologist.

Kilpeldinen J, Peltoniemi K, Ojanen P, Makiranta P, Adamczyk S, Domisch T, Laiho R, Adamczyk B (2023) Waterlogging may reduce chemical soil C stabilization in
forested peatlands. Soil Biology and Biochemistry.

Adamczyk S, Chojak-Kozniewska J, Poimala A, Velmala S, Adamczyk B (2023) Fast and reliable method to estimate global DNA methylation in plants and fungi
with high-pressure liquid chromatography (HPLC)-ultraviolet detection and even more sensitive one with HPLC-mass spectrometry. Journal of Biotechnology.
Adamczyk (2021) How do terrestrial plants access high molecular mass organic nitrogen. Plant and Soil

Adamczyk (2021) How do boreal forests soil store carbon? Bioessays

Adamczyk et al (2020) Mechanisms of carbon sequestration in highly organic ecosystems. ChemistryOpen.

Adamczyk et al (2018) Plant secondary metabolites-missing pieces in the SOM puzzle. SoilSystem:s.

Adamczyk et al (2017) Tannins and Their Interaction with Different Organic Nitrogen Compounds and Enzymes. ChemistryOPEN

Adamczyk et al (2017) Tannins can slow-down but also speed-up soil enzymatic activity in boreal forest. Soil Biol Biochem

| Thanks to the whole HoliSoils crew !
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