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Does Arginine Kinase (AK) Bias the Switch? Impact of an AK Deletion on Myxococcus
xanthus Fruiting Body Formation in Strains within Tan and Yellow Phases

Shahad Al-jarah and Dr. Dean Fraga; Program in Biochemistry and Molecular Biology, The College of Wooster,
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| Background and Significance

Loss of AK Leads to a Tan Phase Preference

« Phosphagen Kinases (PKs) catalyze the reversible reaction of phosphate transfer
between ATP and a guanidino group creating an ATP buffering system !.

o o)
Figure 1 Reversible reaction catalyzed by Arginine Kinase converting ATP and L-arginine to ADP No-
phospho-L-arginine in the forward direction.

* PKs were

mainly to eukaryotes but have been

found in prokaryotes despite bacteria’s preference for a concise genome 12,

Figure 3. Myxococcales bacterial AKs.
Species in blue including M.
evolved from a common ancestor  that
incorporated AK likely from a HGT event.
Figure modified from (Fraga et. al, 2019)?

xanthus

Figure 2. Evolution of PKs. Figure
modified from (Fraga et. al, 2019)2

* Arginine Kinase has been found in Myxococcus xanthus and was biochemically active
in vitro and with a role in protective mechanisms including starvation induced

fruiting body (FB) formation >.

Fluctuation in Phenotype Previously
Associated to an AK Loss

Figure 4. Fruiting to starvation media TPM.

Figure modified from (Bragg ct. al, 2012) *

‘When subject to rapid starvation, strains lacking AK
(dAK) have an arrested developmental phenotype
with faint weblike aggregates (Bragg et al., 2019)3 .

The dAK strain was recently
found to fluctuate in terms of
colony color flipping to tan phase

more readily.

This was simultaneous to a change
in developmental phenotype with
FB
rescued phenotype- deviating from
arrested FB

ranging from arrested to

Figure 5. Fruiting body formation of dAK strain is
variable even within technical epliates. Images of tree oo iously robust
dAK-2b Y samples with varying phenotypes selected - .

from the 10 replicates subject fo starvation media TPM,  formation.

yellow, = tan, * Looking further into the
Swar)m+ﬁ dev+ 1[Fe] swarm +, dev] s
D) C Y color change, M. xanthus
1 DKX (pigment) + myxochelin was found to undergo a
1 myxovirescin 1HTH-Xre spontaneous phase change
1 PKe-like 1 ST-kinases

Figure 6. M. xanthus phase change key characteristics. observed phenotypically by
Figure modified from (Dziewanowska et. al, 2014) conversion of colony color

between yellow and tan 4.

Wl-yellow WT-tan

8 * The variable phenotype was
E resemblant to that of tan
§ phased WT that similarly
5 spoross 100w, impairs FB development ©.

Figure 7. Tan phase impacts developmental phenotype and
heat resistance Figure modified from (Furusawa et. al, 2011) ¢

Hypothesis & Research Objectives

Does an Arginine Kinase loss change the color phase preference which may then be attributed to the

developmental variabil

+ Determine the flipping frequency of dAK strains and if there is a color phase preference.

Examine developmental phenotype of strains is dependent on initial phase- if the isolated phases

prompt rescued or exacerbate arrested FB phenotypes

« Analysis of dAK’s genetic expression to identify any changes correlated with arrested development
that are linked to phase variation

Hypothesis

dAK strain’s developmental variability is associated to the phase changing mechanism due to

Table 1. Fre f Tan Colonies* - .
able 1. Trequency of Tan olonte dAK strains increase the tan flipping rate.

Standard . . . -
Sample Average ) ation Losing the ATP buffering capacity likely
Wild type 0 0 0 . .
oy s532 2838 80531 induces the cell to switch towards tan phase
AAK2b-Y DF 4967 2.64 51278 : .
AT g1 et M to decrease the requirement of energy
AAK2D-YT 7504 1603 257,01 demanding processes and takes advantage of
AAK2D-YT2 8.7 979 95.90 e " ’
WT-0228 26T 100 0 0 the limited lysing of cells due to prevention
“Frequency of an clonieswas determined upon averag o, oL S
Al e VAN, Tl the same rend it oty colomee tometupen.OF toXin and antibiotic buildup 3.

plating on nutrient rch CTTYE media

Arginine Kinase Developmental Phenotype Variability
Indicates Switch-like Behavior

Model of dAK’s Instability

Quantitative Data Supports Variability Significance

Table 2. Area* of Defined Contours.

Area of FBs ranged from 5.5 to 9999,

Samle Shows  Zihows  #hows  Trhoun
e ; HLfes 9Ll eOLws averaged across 5 trials with all samples
AKZDYDEs 962249 1S4 indicating significance when compared to
AK2D T s 17278
" e WT and dAK Y baselines except 3a5
e identical to dAK Y’s initial lag.
247439 s
Bl aass  a6sost .
Intensity values ranged between 0 to 255
N % of Defined C N .
“"iii}f"'°""'f?mf?fu nj'fft o o with lower numbers corresponding to
e w jé darker mounds. All samples show
] significance except tan phased dAK

samples that attain WT FB’s darkness 48
hours post starvation confirming tan dAK’s
rescued phenotype in terms of opacity.

8516

Genetic Expression Changes Govern
Developmental Phenotype

10 the tan phase phenotype.

Throughout development samples are
spread further apart to show FB
formation and sporulation require high
genetic regulation. Surprisingly, dAR

e

(revertant) clusters closer to WT
5 5 “" samples despite AK deletion.
Pt 71% varance
Figure 14. PCA Analysis across WT, dAK (arrested), and dAR (revertant) samples.
Table 4. Genetic profile throughout development * DEGs increase throughout

— = ol development with spore formation
e - T X T and maturation (32 hours) being the
e " - ) o most dramatic change.

awos 20 R

GRomn R @ gAK (arrested) has ~1.5x WT's
akown w0 | sk DEGs at 8-hour time point, indicating
AL reers o  hange n gt cpresion wilalog fldhange o base?

importance to the variability.

A B
) ¢ The more consistent revertant
A —— phenotype is genetically identical to
WT at 0 hours and with minimal
changes at 8 and 32 hours.
< D ¢ dAK upregulates more genes in
comparison to WT and dAR,
e associating the variability and
ability to toggle phenotypes with
high DEGs
. — . Table 5. Genetic profie differences across strains
D Sotas pr——
sl exresed
iy ol e ce
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Figure 15. dAK more genes in ison to ] s I o
WT and dAR. Significant DEGs are shown with blue dots.  LC reers to a change i genti expression withalog fod change ofbase
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Figure 10. Intensity of Figure 8s FB mounds
The initial starting phase of JAK strains
impacts their FB phenotype such that tan
strains progress to late stages of mound
formation while the yellow strains reamain
amested i carly development with slight
variability across replicates.

Figure 8. Fruiting body formation of dAK strain varies according to initial phase.

150 3 485

Figure 11. dAK0228 strains maintain variable developmental phenotype.

Figure 13. Tntensity of Figure 11’s FB mounds.

Despite locking within the tan phase, dAK0228
strains maintain variability while WT0228
maintain a consistent FB mound formation
with slight deviations from WT’s. Thus, the
instability is associated to an AK deletion and!
proposed to be duc to yellow phase reversion.

* dAK strains push the majority of the population to be within the
tan phase due to being the less energy demanding state.

WT

ST

(Yellow)

o SRR

dAK*

Tan

Figure 16. Proposed mechanism of dAK strains’ phase preference in relation to WT.

Variability in developmental phenotype is associated to yellow
phase reversion

Data supports yellow phase synergism forms mature FB leading
to a rescued phenotype.

This supports previous modeling of yellow phase coating of FB
mounds

development
—

vegetative colony spore-filled fruiting body

Figure 17. Model of yellow phased colonies® coating of mature FBs to form dark defined
spores in WT. Figure modified from (Dziewanowska et. al, 2014) 5

* dAK’s phase variability is masked within MXAN_0228 deletion
strains that is likely overwhelmed when the strain is subject to
stress indicating a potential threshold.

Stress

dAK228 (Fan)

( Yellow Yellow )

Figure 18. Proposed mechanism of dAK0228 strains’ yellow phase reversion masking
being overwhelmed when subject to stress.

Future Research

Phase Variation Involved in dAK’s Developmental
Rescuing Capability

Table 6. DEGs of WT0 vs dAKO
Log Fald

Table 7. Expression® of DKxanthene Pigment Synthesis Genes
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* The rescued dAK-2b strain
downregulates all but 10 DEGs bolded
showing increased genetic expression
leads to arrested phenotype.

Upregulation of tan phase genes is found
within the arrested phenotype

Conversely the upregulation of yellow
phase genes in the rescued strain show
potential yellow phase complementation
and synergism of metabolites to allow FB
mound maturation

Repetition of experiments while refining the code used to collect
quantitative data to add more parameters to better quantify results .

Conduct RNA sequencing during development with WT0228
dAK0228 samples to see if yellow phase masking is overwhelmed
during starvation stress by confirmation of increased DKX gene
expression that was previously inhibited °.

Create double mutants with the 10 dAK upregulated genes (bolded
in Table 6) to confirm their role in arrested phenotype

Look further into pathways the DEGs map onto to create a
mechanism AK computationally, thus better
understanding its role within M. xanthus and ultimately evolution
within proteobacteria.

for action
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