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Effect of microgravity on Escherichia coli K12 phenotype
and gene expression
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Abstract: [Objective] To reveal the phenotypic and gene expression change of Escherichia coli after
exposure to microgravity. [Methods] Rotary cell culture system (RCCS) was used to simulate
microgravity environment. The effect of microgravity on E. coli K12 was estimated by measuring the
growth kinetics, acid resistance and biofilm formation. RNA-Seq was applied to detect the change of
gene expression under low shear modeled microgravity (LSMMG). [Results] LSMMG weakened the
growth and acid resistance of E. coli K12 and strengthened the biofilm formation ability. Twenty of
25 genes related to nutrition metabolism and the only two acid resistance related genes were down
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regulated under LSMMG condition. [Conclusion] Simulated microgravity would lead to a certain
change of phenotype and corresponding genes. The enhanced biofilm formation and cytotoxicity would

be the potential threats of space flight.
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Figure 1 Rotary cell culture system
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Note: A: Low-shear modeled microgravity; B: Normal gravity.
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Table 1 Primers used for quantitative real-time

PCR analysis 21 BUXEXHGTABHEERKERRFE
Primer Sequence (5'—3’) Size (bp) -:%ﬁ E-)|
flhC-F  CCCGTGCCTGGACATTGGT 141
fliC-R  GGGATGGCGGTTGACATAAGC LB
xdhA-F ACGGAACATTGAAAGGTTATAGTCTGG 135
xdhA-R  AACTGTAAGCGTAGGCACAACGAG pHS5.5
tnaA-F  GCAACTTTGACCTTGAGGGATTAG 219
tnaA-R  CACGCTGCTTGATGAAATAGGC LB ( 2 )
pIsC-F  CGCTAACCACCAGAACAACTATGA 122 2.2 1B ER XA E T ER PR R
plsC-R  TTAACCAGTACAACTGCCCGAAG
prpC-F  CGTGCGTACCGTGCTGGAAG 198
prpC-R  TCGCCGTTGTGGCTGTAGTGA lh
prpD-F  CCCAGACGGCAGTTGAAGCAG 189 1h
prpD-R - GCGGGATCGCCACCATGTAC ( 3)
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Figure 2 Growth Kinetics of E. coli
A pH55 LB B LB

Note: A: Growth kinetics of E. coli under LSMMG and normal gravity condition in pH 5.5 LB medium; B: Growth kinetics of E. coli under
LSMMG and normal gravity condition in pH 7.0 LB medium.
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Figure 3 Relative (normal gravity/microgravity) survival
rate after exposure to pH 3.5 LB medium
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Figure 4 Comparison of biofilm formation
A B .
Note: A: Comparison of bacterial colony morphology between LSMMG and normal gravity; B: Comparison of crystalviolet staining between
LSMMG and normal gravity.
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Figure 5 Relative gene expression of E. coli between
microgravity and normal gravity

4 498 58 84
2 P<0.05

Note: The volcano plot depicts gene expression in E. coli cultured in LB
medium under LSMMG environment compared to normal gravity
environment. Genes that are represented on the right side of the axis (x=1)
are up regulated and those on the left side of the axis (x=—1) are down
regulated. Out of the 4 498 analysed genes, 58 genes were up regulated
and 84 genes were down regulated. Only those show more than 2 fold
change and have a P<0.05 were identified as significantly changed.

F2 MERHEXER
Table 2 Genes related to acid resistance

Gene logy(fold change) Description

arrS —2.218 217 36 Antisense SRNA regulator of
gadE and acid resistance

dsrd —1.460 388 778 Regulatory sRNA enhances

translation of 7poS; component
of acid resistance regulatory
circuit
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Figure 7 Relative expression of genes involved in nutrition metabolism
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