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Nitrogen metabolism and regulation in K. oxyfoca
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Hypotheses and research questions

Diazotrophic conditions:

40% of proteome consists of nitrogenase

50% of genes differentially expressed

Nitrogen related genes/processes 1
Genes/processes related to energy consumption

Regulatory mechanisms allow the cells to withstand the metabolic and translational stress
(Waite et al., 2021)



Materials and methods

Klebsiella oxytoca next-generation sequencing transcriptomic data (FASTQ
files)

No.

Sample name

WT-highN-rep1

WT-highN-rep2

WT-lowN-rep1

WT-lowN-rep2

nifH-lowN-rep1

nifH-lowN-rep2

Sample description

wild type strain in medium with high nitrogen concentration

wild type strain in medium with high nitrogen concentration

wild type strain in medium with low nitrogen concentration

wild type strain in medium with low nitrogen concentration

nifH knock out strain in medium with low nitrogen concentration

nifH knock out strain in medium with low nitrogen concentration
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Steps - Tools

Quality control- Preprocessing of raw data
(FastQC, Trimmomatic)

Alignment to a reference genome (Bowtie?2)

Generation of count tables (Gffread, Htseq-
count)

Differential gene expression analysis (DESeq?2)

Data visualization (ggplot2, pheatmanp,
plotPCA)

Retrieval of GO terms (Blast2GO)
Hypergeometric tests (phyper)

Visualization of the enriched GO terms
(REVIGQO)



Results

Quality control - Preprocessing

Before preprocessing After preprocessing

@Basic Statistics @Basic Statistics

e e e e

Filename WT-highN-repl fastq gz.gz Filename WT-highN-repl_fastq_gz.gz
File type Conventional base calls File type Conventional base calls
Encoding Sanger / Illumina 1.9 Encoding Sanger / Illumina 1.9
Total Sequences 18888384 Total Sequences 18263748

Sequences Tlagged as poor quality @ Sequences flagged as poor quality @

Sequence length 75 Sequence length 5@-75

2aC S@ #aC ca



Before preprocessing After preprocessing

@per base sequence quality @Pper base sequence quality
Quality scores across all bases {Sanger/ lllumina 1.9 encoding} quality scores across all bases {Sanger / lllumina 1.9 encoding)
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Before preprocessing After preprocessing

@Per sequence quality scores

@Per sequence quality scores

Quality score distribution over all sequences . . . .
Juality score distribution owver all sequences
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Alignment statistics

WT-HighN- WT-HighN- NifH-LowN- NifH-LowN-
WT-LowN-Rep1  WT-LowN-Rep2 Rep] Rep2 Rep] Rep2
Total Reads 13057294 15822528 10263748 12668858 11278147 13975491
13057294 15822528 10263748 12668858 11278147 13975491
Unpaired reads
(100.00%) (100.00%) (100.00%) (100.00%) (100.00%) (100.00%)
577419 636598 524606 719016 423903 537812
Reads Aligned 0 times
(4.42%) (4.02%) (5.11%) (5.68%) (3.76%) (3.85%)
12137917 14695504 9208889 11090158 10611942 13204964
Reads aligned 1 time
(92.96%) (92.88%) (89.72%) (87.54%) (94.09%) (94.49%)
341958 490426 530253 859684 242302 232715
Reads aligned >1 times
(2.62%) (3.10%) (5.17%) (6.79%) (2.15%) (1.67%)
Overall alignment rate 95.58% 95.98% 94.89% 94.32% 96.24% 96.15%
WT-LowN- WT-LowN- WT-HighN- WT-HighN- NifH-LowN- NifH-LowN-
Rep1 Rep2 Rep1 Rep2 Rep1 Rep2
No_feature 6227378 8549958 3530023 4765077 7088551 8599313
Ambiguous 112872 120119 118864 132058 52875 74898
Too_low_aQual 506403 740455 660001 966732 365232 389121
Not_aligned 577419 636598 524606 719016 423903 537812
Alignment_not_unique 0 0 0 0 0 0
Reads 13057294 15822528 10263748 12668858 11278147 13975491
Not_aligned 7424072 10047130 4833494 6582883 7930561 9601144
: 563322 2———r —— — 60859 /5—— 3341586 — =
Aligned (43,14%) 5775398 (36,5%) 5430254 (52,9%) (48,03%) (29.68%) 4374347 (31,3%)




Gene expression
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Differential gene expression analysis

WT-LowN vs WT-HighN NifH-LowN vs WT-LowN NifH-LowN vs WT-HighN

Total count of DEG

235 611 741
LFC > 2 (up) 195 (83%) 240 (39%) 351 (47%)
LFC < -2 (down)
40 (17%) 371 (61%) 390 (53%)
Outliers 0 (0%) 0 (0%) 0 (0%)

Low counts 0 (0%) 0 (0%) 0 (0%)
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Gene ontology enrichment analysis

Pairwise comparison Enriched GO terms Enriched GO terms for  Enriched GO terms for
for up and down up regulated genes down regulated genes
regulated genes

WT-LowN vs WT-HighN 81 68 24

NifH-LowN vs WT-LowN 59 50 53

NifH-LowN vs WT-HighN 63 50 52



WT-LowN vs WT-HighN (all genes)
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WT-LowN vs WT-HighN (all genes)

CC: molybdenum-iron nitrogenase complex.
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WT-LowN vs WT-HighN (up regulated genes)
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WT-LowN vs WT-HighN (up regulated genes)
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WT-LowN vs WT-HighN (down regulated genes)
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Nif-LowN vs WT-LowN (all genes)
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Semantic space Y

Nif-LowN vs WT-LowN (all genes)
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Semantic space ¥
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Nif-LowN vs WT-LowN (down regulated genes)
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Nif-LowN vs WT-HighN (all genes)
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Nif-LowN vs WT-HighN (all genes)
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Nif-LowN vs WT-HighN (up regulated genes)
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Nif-LowN vs WT-HighN (down regulated genes)
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Nif-LowN vs WT-HighN (down regulated genes)
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Discussion

» Nitrogen fixation : costly in resources and space

» Diazotrophic conditions = affect large part of the genome

» Which genes and processes are activated/deactivated in diazotrophic conditions

» How K. oxytoca can withstand the metabolic stress



BioVenn - DEGs

Red:WT.LowNvsWT .HighN Green:NifH.LowNvsWT.LowN Blue:NifH.LowNwvsWT.High!

Global gene expression changes based
on nitrogen condition

Expression of nitrogen related genes
based on cytosolic levels of nitrogen

Increase of DEGs as the comparisons
become more extreme




Differential gene expression

 WT-LowN vs WT-HighN: I nitrogen compensation, BCAAs transport, transcription regulation |, carbon metabolism

* NifH-LowN vs WT-LowN: 1 nitrogen compensation, transcription regulation, , BCAAs transport, NK
carbon metabolism, , stress, growth, transcription regulation

* NifH-LowN vs WT-HighN: 1 nitrogen compensation, BCAAs transport, stress, , catabolism J, carbon metabolism,
PTS system, transcription regulation, , growth

Enrichment of GO terms

WT-LowN vs WT-HighN: 1 nitrogen compensation, BCAAs transport, pyruvate-flavodoxin oxidoreductase |, carbon
metabolism, translation, oxidoreductase activity

NifH-LowN vs WT-LowN: I nitrogen compensation, BCAAs transport, stress |, carbon metabolism, PTS system,
growth, oxidoreductase activity

* NifH-LowN vs WT-HighN: 1 nitrogen compensation, BCAAs transport, stress |, carbon metabolism, PTS system,
translation, transcription, ribosomes, oxidoreductase activity




Potential regulators for adaptation to nitrogen stress

* Survival in hostile conditions -> stress responses

e Reduction of metabolism to the minimum

« Conservation of energy for surviving as long as possible

« K oxytoca = conservation of energy and proteomic space for nitrogenase

« BCCAs levels regulate bacterial responses for adaptation to hostile environments (Kaiser &
Heinrichs, 2018)

« PTS system regulates the cell's metabolism and adaptation to stress conditions (Galinier &
Deutscher, 2017)



Conclusions

0 Global gene changes based on nitrogen conditions

d Nitrogen compensating mechanisms respond to fixed nitrogen
d Up regulation of nitrogen compensating mechanism

0 Down regulation of energy consuming mechanism

O Facilitation of the nitrogen fixation process

 Correlation between nitrogen stress and cell responses

0 Possible system of regulation: transport of BCAAs and PTS system



Suggestions for future studies

« Confirmation with more biological replicates and more environmental conditions

« Confirmation of gene expression at mRNA level (gPCR) and protein level (mass
spectrometry)

« Studies with gene deletions or gene over-expressions

« Computational tools and techniques for identification of candidate genes for future
expriments



Thank you for your attention!

Special thanks: Dr loly Kotta-Loizou, Matthew Carrey, Dr Zoi Lygerou, Dr Sefernia Mavroudi



(6) K;j~ NB(mean = Wij,dispersion = ai)

I gene

j: sample

q: quantity of cDNA fragments from a gene in a sample
X: design matrix element

B: coefficient

r: replicates



(9) Sa = Ax

32

S: covariance matrix of the original dataset
a: eigenvectors

M eigenvalues



r: Pearson correlation coefficient
x;: x variable values

Vi y variable values

x: mean of x variable values

Vv: mean of yv variable values

z;: 2z score of a value
x;: value number
x> mean of a set of values

s: standard deviation of a set of values



&) =)

p(x) = ———
(%)

X: the number of observed successes
m: the number of successes
n: the number of failures

k: the number of draws

[22]



Modelling stress responses of AKlebsiella

bacteria

Klebsiella > Biotechnological and medical interest
* Virulence and nitrogen fixation 2 metabolic stress = bacterial adaptation
Model of stress responses = bacterial manipulation

Models = require large amount of data 2 omics datasets

PhD summary - data retrieval - DEA - PPINs- Annotation - GEMs



Yang et al.

Scale
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100

e~

Bootstraps

. Other Klebsiella species

- Klebsiella oxytoca complex

Species/Taxa

Strain/Isolate

Clinical Microbiology Review

Accession no.

Kluyvera intermedia
Kluyvera cryocrescens
Kluyvera georgiana
Kluyvera sichuanensis
Kluyvera ascorbata
Klebsiella aerogenes

-- Klebsiella variicola
Klebsiella quasipneumoniae

Klebsiella pneumoniae
Klebsiella africana
Klebsiella quasivariicola

- Raoultella terrigena

Raoultella electrica
Raoultella ornithinolytica

- Raoultella planticola
--Klebsiella indica

Klebsiella spallanzanii
Klebsiella huaxiensis
KlebsiellaTaxon 3
KlebsiellaTaxon 1
KlebsiellaTaxon 2

- Klebsiella oxytoca

Klebsiella michiganensis

- Klebsiella pasteurii

Klebsiella grimontii

NCTC 121257
NBRC 102467'
ATCC 516037
090646'

ATCC 33433
KCTC 21907
DSM 159687
01A030"
FDAARGOS_775'
SB58577
KPN17057
NBRC 149417
DSM 1022537
NBRC 1057277
ATCC 335317
TOUT106"
SB64117
WCHKI090001"
RHBSTW-00484*
67*

P620*

NCTC 137277
CCUG 66515"
SB64127
06D0217

GCA_900635475.1
GCA_001571285.1
GCA_001654985.1
GCA_014218705.1
GCA_000735365.1
GCA_000215745.
GCA_000828055.
GCA_000751755.
GCA_006364295.
GCA_900978845.
GCA_002269255.
GCA_006539725.1
GCA_006711645.1
GCA_001598295.1
GCA_000735435.1
GCA_005860775.
GCA_902158555.
GCA_003261575.
GCA_013705725.
GCA_003201885.
GCA_009707385.
GCA_900636985.
GCA_009173485.
GCA_902158725.
GCA_900200035.



a Sequence types of carbapenem-resistant K. pneumoniae by region CG258 CG15 CG20 Other
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(Wyres et al., 2020)
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(Thakur et al., 2023)
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X. Lv, Y. Wu, M. Gong et al.
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1. Full genome sequencing

12. Application and
strain improvement
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and analysis
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2. Genome annotation

7. Comparative
genome analysis

4. Manual curation
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5. Model refinement
(Gap filling, error correction, ...)
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9. Comparison with experimental data
(Experiments, biomass equation, ...)

In silico genome-scale
metabolic model

8. Static simulation

Max/min Obj. func.

(Park et al., 2013)



Biomedicine

Applications of
synthetic biology

Novel |
chemicals

(Keshava et al., 2018)
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