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How biochemistry may support microbiology? 
New tools and perspectives 
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What is biochemistry? 

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



Soil C stabilization
DNA, RNA vs biochemistry
Examples of new methods

Mechanisms of C stabilization
(and benefits of the use of interdisciplinary methods)

N fertilization – as a case of multimethodological study



Soil organic C formation

Adamczyk (2021) Bioessays

Stable SOM

microbes



Soil C: Role of microbes

stabilization decomposition

Soil organic matter

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

Liang et al. (2017) Nature Microbiology



Methods



Disadvantages
-relative abundances
-”potential”

Disadvantages
-concentrations not ascribed
to functional groups

DNA/RNA

-who?

-potential chemistry of microbes

-potential to decompose

biochemistry
-how much?

-concentrations of different pools/markers



Examples of our new biochemical methods:
fungal biomass

microbial necromass
arbuscular mycorrhizal biomass

melanin concentration (quality anf quantity)
DNA methylation



fungal biomass on LCMS

DNA
-metagenomics – relative abundances of species
-qPCR (relation between DNA and biomass?)

Biochemistry
-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

Next step for fungal biomass – to find markers of specific functional groups

Adamczyk et al. (2024) New Phytologist



fungal biomass of AM – new LC-MS method in progess
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Ergosterol is a marker of fungal biomass (but not AM)
24-methylcholesterol – only biomass of arbuscular mycorrhiza



Microbial necromass on LCMS

Stable SOM

microbes

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

no DNA/RNA methodology for necromass

Adamczyk et al. (2024) Pedobiologia



Soil melanin concentration on LCMS

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

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?



DNA methylation on LCMS

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

Metagenomic protocols often do not capture methylated DNA



Summary of methodological part

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

LC-MS methods:
DNA methylation - % of methylated DNA
Ergosterol – precise fungal biomass concentration
Ergosterol/24 methylcholesterol – total and AM biomass
Microbial necromass concentration
Melanin concentration



GHG 
measurements

Metagenomics
metatranscriptomics

chemistry

modelling

development

CAPTAIN PLANET SOC processes



Mechanisms of C stabilization



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. 

Kögel-Knabner et al. (2008) Nutr Soil Sci.



Microbial communities

Microbes vs microbesFungi vs SOM

Lindahl et al. (2023) Ecol Lett.                Kaiser et al. (2015) Nature Comm.                         Mayer et al. (2023) New Phytol.



Alone – they decompose relatively easy…

Importance of interaction



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 a mechanism to create more stable SOM. 

Starting point: 50-70% C stored in the soil from fungi and roots



Fungal necromass-CT complexes

Adamczyk et al. (2019) New Phytol.

FNM-CT harder to decompose than FNM FNM harder to decompose if roots
provide CT



Fungal necromass-CT complexes

Adamczyk et al. (2019) New Phytol.
Adamczyk et al. (2019b) Nature Com.

Soil experiment: only when roots are
having direct access there is an increase of 
stable SOM



Minerals importance of 
interaction

Neurath R et al. (2021) Environ Sci Technol Keiluweit et al (2015) Nature

How tannins affect OM-mineral
interactions? We added to soil:

BSA alone
First CT later BSA

BSA-CT complexes

Complexation with tannins before reaching
minerals makes OM more stable

Adamczyk et al. (2013) Pedobiol



Karstula case – N fertilization



23/09/2025 25

Karstula – fertilization each 10 
years from 1960.



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.

Adamczyk et al. (2025)



+N – more SOC, and more stable SOC (stat. sign. diff.)
no differences in labile SOC, no differences in mineral layer.

C content: chemically labile and stable SOC (acid hydrolysis)

*



Enzymes, organic layer

* 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? 
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outcome: N fertilization means more inorganic N in organic layer
Nitrate below detection limits. 

*

Inorganic N pools (ammonium, nitrate)
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Tannins (tannin-driven SOC stabilization pathway)

outcome – N fertilization means less tannins in soil. 
Thus, maybe less tannin-driven stabilization of SOM 
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Microbial biomass and necromass
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On fertilized plots in soil (H) and in roots: 

-more fungal biomass and necromass

More fungal necromass also in mineral layer under N fertilization

N fertilization leads to higher amount of fungi

(biomass and necromass)



More data from N fertilization experiment

Adamczyk et al. (2025)



Our results:
Parameter control N fertilization

(2g N m-2 y-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



Conclusions

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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