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Multicellular Life Cycle of Myxococcus xanthus

(ii) Environmentally

/ resistant rod cells

(i) Reproductive
cells (myxospores)

. (iii) Autolysed cells

Figure adapted from Mufioz-Dorado et al. (2016) [CC-BY license].




Fruiting Body Formation upon AK Loss
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Energy Butfering Enzymes of
Mpyxococcus xanthus
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Reversible reaction catalyzed by Arginine Kinase converting ATP and L-arginine to ADP and N®-phospho-L-
arginine in the forward direction (Al-jarah, 2025).

Bragg et al. (2012). Journal of Bacteriology, 194(10). https://doi.org/10.1128/JB.06435-11



Phenotypic Variability in the AAK mutant

15h 24h 48h 72h

Technical replicates of a Aark mutant (AAK-2b) shows variability in F'B development over time. At 72h, replicate la

AAK-2b

la

AAK-2b
Y
3a
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Y
4b

shows FB formation close to that of W1, while replicate 4b is arrested in development (Al-jarah, 2025).



Energy Butfering Enzymes of
Mpyxococcus xanthus
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Bragg et al. (2012). Journal of Bacteriology, 194(10). https://doi.org/10.1128/JB.06435-11



Fruiting Body Formation upon PPK1 Loss

Fruiting body formation is delayed, and the morphology is distinct from WT. APPKI forms long and

irregular shaped fruiting bodies and aggregation is only visible after 24 hours of starvation (Zhang et al.,
2005).



Research Question and Hypothesis

Does APPK1 show phenotypic variation in development and is it similar to
the morphological changes observed in AAK?
* Development Assay
e Stress Response Assays
e Salt stress
* pH stress
* RNA-sequencing

Hypothesis: APPK1 also shows phenotypic variability and adverse stress
response suggesting functional overlap of PPK1 and AK in energy buffering of
M. xanthus.



APPK1 Exhibits Phenotypic Variability

72h

APPK1 -1
* APPKI1 exhibits phenotypic variability
across technical replicates.
* The variability is similar to that observed
APPK1 _ 2 by Al-Jarah (2025) in AAK-2b

* Although the morphology of partially
rescued FB are slightly different.

APPK1 -3



Gene Expression Profiles of M. xanthus Mutants
Relative to WT

Differentially Expressed Genes Differentia ially Expressed Genes Differentially Expressed Genes

WTOvVPPKO

Oh

WTOvdAKO

WT8vdAKS

WT32vPPK

AAK-REV

WT8VPPK8 WT32vdAK32

APPKI1 is the most different from WT at
8h while AAK-2b diverges the most at 32h.

Venn diagrams generated using Python



Differential Gene Expression in APPK1
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Pathway Analysis of M. xanthus WT

WT pathway enrichment

All DEGs Upregulated Downregulated
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0—8 h | transport .
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Pathway Analysis of M. xanthus APPK1

PPK pathway enrichment

All DEGs | Upregulated | Downregulated
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Key Takeaways

APPK1 demonstrated phenotypic variability like AAK-2b, but with differing morphology

APPK1 and AAK-2b had limited overlap in differential gene expression even though

both strains exhibited arrested phenotype during development

PPK1 is likely to play a role in early development as opposed to AK, which is highly
expressed around sporulation (~ 32h)

AK is not upregulated in APPK1 and PPK1 is not upregulated in AAK-2b or AAK-REV



What does this mean?



Polyphosphate: A Multifunctional Substrate

Synthesize
polyP

PPK1
PRI

Hydrolyze
polyP

PPX1
PPX2

Catalyze ATP
formation

PPK1
PRI
AdkA

Utilize polyP
downstream

PAP (form ADP)
PanK (form NADP)
GppA (phosphorylate
guanosme group for cell
signaling)

PolyP chemistry is needed in many cellular functions. Specialized enzymes exist for most functions. Important

functions like synthesis and hydrolysis have more than one specialized enzyme.




Evolutionary Causes for Phenotypic Variability

Bacterial PPK2

“+_Involved in polyP synthesis /,’

N\

N\

Domain 1 | Domain 3

M. xanthus AdkB



Future Directions

Construct AAK APPK1 double deletion mutant to study fruiting body phenotype, stress
response, and changes in gene expression
Myxococcus stipitatus PPK2 could be inserted into the M. xanthus AAK-2b genome to test if it

can stably rescue fruiting body formation
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Energy Butfering Enzymes of
Mpyxococcus xanthus
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Reversible reaction catalyzed by Arginine Kinase converting ATP and L-arginine to ADP and N”-phospho-L-
arginine in the forward direction (Al-jarah, 2025).

PPK1
(Pi)n + ATP ~ == (Pi)n+1 + ADP

Reversible reaction catalyzed by Polyphosphate kinase 1 converting ATP into a linked chain of inorganic
phosphates (polyphosphate) and ADP.

Bragg et al. (2012). Journal of Bacteriology, 194(10). https://doi.org/10.1128/JB.06435-11



Arginine Kinase Distribution in Bacteria

CYSTOBACTERINEAE

* At least one species has an AK

M. xanthus*

M. virescens*

M. hansupus*

E salR@5 macrosporus™

:E sal201
ﬁ

salffiyxococcus stipitatus

MuiBO2 - independent
= VMOS8 xococcus fulvus 124B*

I—Archang

chhangaceae (Archangium CBG35)

ommon ancestry
virgsoallococcus (11)

Mmacro (M. macrosporus DSM 14697)

fulr WS AETRPdS)

Anaeromyxobacteraceae (2)

Myxococcales

SORANGIINEAE (18)

Nannocystaceae (6)* (E. salina)
NANNOCYSTINEAE (8)
Kofleriaceae (2)

Distribution of AK homologs in
cystobacterineae is not
continuous, suggesting multiple

independent HGT events.

In myxococcales specifically,
independent HGT events have

been documented.



M. xanthus Stress Response upon AK Loss

TABLE 2 Effects of various stressors on generation times of wild-type
and Aark mutant strains”

Generation time (h)?

No 0.2 M 0.2 M
Strain stressors SUCrose 0.2 M KCI NaCl
Wild type 5.1 = 0.26 6.6 + 1.38 6.5 = 0.95 7.8 = 0.57
Aark mutant 4.9 = 1.2 7.5 + 1.2 9.1 = 1.6 11.6 = 1.2

TABLE 3 Generation times after pH shift”

Generation time after

Strain, pH pH shift (h)”
WT, 7.6 5.22 = 0.47
WT, 5.0 5.28 = 0.40
Aark mutant, 7.6 4.53 = 0.14
Aark mutant, 5 7.36 = 0.53

Bragg et al. (2012). Journal of Bacteriology, 194(10). https://doi.org/10.1128/JB.06435-11



Troubleshooting Stress Response Assays

Table 2. Generation doubling times (in hours) of M. xanthus strains usider
th2M dNalostiessn Praul (2025) and Bragg et al. (2012).

. x%thus strains Salt stress (Oontrol
CXdnthus

Salt gtpass a1

1 1 D A BV da YAVYa WalY
MC1od 1ol rrdul (2UZ20)

1 1_C D 4 1 N1
mciiodad 1101l bldgg Cl dl. (ZU1Z)

strains
Wl Control 0.72§/[i1\}ab1 Control 3.9 631\3/[ NacCl
WTAPPK1 5.8+3.2 AR H134 79+3.0 16.643.8=+38.1
APPK 1 6.4+3.0 10.6 +5.7 7.8+1.9 240+ 6.9
AAK-2b 82+273 14.9 + %9
AAK-2b 904+6.8 11.5+9.2 82+24 10.9+0.9
AAKRER-REV 60130 8§91 1.8 84+29 135985179




Stress Response Results

Table 2. Generation doubling times ¢iVVioxnrs)/od S\tvainsidases toaphd hdder

thaMidm(Sheikss
M. xanthus strains Ebhitel 0.2M NaCl
WT 7.8+ 3.1 13D4#32.3
APPK1 6.6 3.4 16+25.3
AAK-2b 8.2+33 14D#23B.5

AAK-REV 8.9+2.38 139 #2.5




Limitations and Future Directions

The lack of an AK-PPK1 double deletion mutant limited the extent to which functional compensation
could be explained by this study

The double mutant needs to be constructed in the future to repeat development, stress response,
and gene expression analyses

The phenotypic stability of the double mutant must be studied to see if there is a third energy
buffering enzyme in the development program of M. xanthus

Stress response assays should be repeated with salt, pH, osmotic, and oxidative stressors

New heavy metal salts should be added as stressors to test the lethality of the double mutant

RNA sequencing should be conducted on the double mutant and the change in expression of specific
pathways, such as chaperone proteins and oxidative phosphorylation, must be studied for differential
expression

Myxococcus stipitatus PPK2 could be inserted into the M. xanthus AAK-2b genome to test if it can

stably rescue fruiting body formation



Table A1l. Description of strains, Plasmid, and Primers used for this study.

Strain, plasmid, or primer

Description or sequence

Reference

Strains
DK1622
dAK-2b
dAK-REV
dPPK1

Plasmids
pBJ114

pBJ114_AK
pTF1_Kam®

Primers
Inner Myxo KO- A2
Inner Myxo KO- D2
Outer MXAN2252 Forward

Outer MXAN2252 Reverse

Ppk1-N (Forward)

Ppk1-C (Reverse)

Wildtype and parental M. xanthus strain
DK1622 with AK gene (MXAN_2252) deletion
DK1622 with AK gene (MXAN_2252) deletion
DK1622 with PPK1 gene (MXAN_0056) deletion

M. xanthus cloning vector containing galK and

Kanamycin resistance gene
pBJ114 with AK gene (MXAN_2252) deletion
Plasmid used for InFusion reaction with Kanamycin

resistance gene

5" CGG CAA CGC CCAGGACTCCTT CGT GTTC 3’
5 CGGACCTGG ACATCACCAGCATGCAGCAG
5" TCT TCT ACG CGA GCG GCT ACT 3’

5" CCC GGA TGC AAG CAG GAG AAC 3’

5’ CAC CCC GGG CTC GAT TTG GCG CGG ACG TGG

CGGACZ
5" ACC CGG GGT CAG CAC CCCTTG AGG GGC AGG

AAGCG T

(Kaiser, 1979)
(Bragg et al., 2012)

Fraga lab
(Harita et al., 2024)

(Julien et al., 2000)

Fraga lab
(Harita et al., 2024)

(Bragg etal., 2012)
(Bragg etal., 2012)
(Bragg et al., 2012)

(Bragg etal., 2012)

(Harita et al., 2024)

(Harita et al., 2024)




Statistical Analysis for Salt Stress Data

Salt ef fect = Doubling Time ,p nac1t — Doubling Time_,,tr01

DiD,iant = Salt effectyiant — Salt ef fectyr

Thank you!
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