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Abstract: [Background] Recent studies have found that microgravity conditions can affect the
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proliferation and toxicity of some pathogenic microorganisms. Candida albicans is a typical conditional
pathogenic fungus, which is ubiquitous in space environment and human body. It is of great significance to
study the proliferation and toxicity of C. albicansunder microgravity conditions. [Objective] Rotating cell
culture system (RCCS) was used to simulate the microgravity environment for continuous subculture of C.
albicans. The changes of proliferation, toxicity and gene expression of C. albicans in simulated
microgravity environment were detected. [Methods] C. albicans were inoculated in high aspect rotating
vessel (HARV) and cultured in RCCS for 14 days. After the culture completed, the proliferation rates of C.
albicans were measured. The proliferation abilities were detected under different pH conditions, and the
cytotoxicity and animal toxicity were determined. The differentially expressed genes were identified by
RNA-seq. [Results] In the simulated microgravity group, the logarithmic phase of C. albicans was earlier
and the proliferation rate was faster, the proliferation ability was generally improved under suitable pH
conditions, but its relative biolfilm formation and toxicity to LoVo cells and mice was weakened. RNA-seq
revealed that 280 genes expressed differentially more than 1.5 times (P<0.05), of which 248 were
up-regulated and 32 were down-regulated in simulated microgravity environment. The differential genes
were enriched by GO and KEGG, and the gene expressions of cell membrane formation and cell division
were up-regulated in simulated microgravity environment, while the gene expressions of biofilm, cell
adhesion and symbiotic adhesion host were down-regulated. [Conclusion] Simulated microgravity
environment can change the proliferation and toxicity of C. albicans, and the related changes can provide
reference for studying on the influence of microgravity environment on microorganisms.

Keywords: Simulated microgravity, Candida albicans, Proliferation, Toxicity
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Primers name Primers sequence (5'—3")

EFB1-F ATTGAACGAATTCTTGGCTGAC
EFB1-R CATCTTCTTCAACAGCAGCTTG
ALSI-F AAGCTTGATGTTAAATCAGTTG
ALSI-R TAAAGAGTGTTCTAGATTGTCC
ECE1-F ACGGTTAGAAGTCATTTGTAGG
ECE1-R AGCATTAGCAACAAGATTAAGG
DLH1-F CAAAACAGCAACCTTCAACTCITCAGC
DLH1-R AACGTAGCATACATAGACACAGACG
2.5
—- SMG
20 NG
g 1.5
Q
S 10
0.5
0.0
0 5 10 15 20 25 30 35
t(h)
1 Szt

Figure 1 Growth curve

HE: SMG: #EUREA; NG: X4 T,

Note: SMG: Simulated microgravity; NG: Normal gravity. The
same below.
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Figure 2 Survival curve under different pH conditions
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Figure 3 Comparison of biofilm formation
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H#. *: P<0.05 (555 HRATAH ).
Note: A: Comparision of colony morphology between SMG and

NG; B: Relative biofilm formation between SMG and NG
*: P<0.05 (compared with NG).

Relative biofilm formation
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25 NREMKWLE
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P ARAEE , o—B0T s TS B R R 10° CFU/mL
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Normalized Cell Index (NCI)<d Time | 18:02:01 | P ® Average STD DEV
1.330 SMG
. e 0.0K
1.091 - Mﬂ“‘ NG
0852\ 7 = 0.0K
Vs \ Blank
; A — (0.0K
0.613 ¥
0.374 = \‘ Seereeaeees
0.135

A f}‘o _'\b _'Qb -‘.‘Jb o ,5\
\’\’9 S7 T PP
4 LoVo #Affl NCI SRR Zk &
Figure 4 NCI real-time curve of LoVo cells
T LR BEBIR ELL(SMG), RERFXIRALING), 15k
fRFZ 2 (Blank); EALARAETIE], GhALAR A BR HEAL A0 i 4
B, bruELban 45 50 (Normalized cell index, NCT)A] izt LoVo
ARG REAE R B0, NCIHEEUBT , LoVo Al I BEAE
4, WK LoVo 21 i BT kS5
Note: As shown in the figure, red line represents SMG, green
line represents NG, blue line represents the blank group (Blank);
the abscissa is time and the ordinate is normalized cell index
(NCI), NCI can reflect the growth of LoVo cell adherence. The

higher NCI index, the better growth of LoVo cell adherence,
and the weaker toxicity of microorganisms to LoVo cell.
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Figure 5 Survival curve of mice infected with Candida
albicans
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Figure 6 Differential gene expression of Candida albicans
between SMG and NG
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Note: The volcano plots show logarithmic maps of multiple gene
expression changes between SMG and NG, Red dots on the left
side represent significantly up-regulated gene expression and
blue dots on the right side represent significantly down-regulated
gene expression in SMG compared to NG (P<0.05), it can be
seen from the figure that the overall gene expression of Candida
albicans showed an upward trend in SMG.
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Common enriched GO terms

GO:0007329~positive regulation of transcription from RNA polymerase Il promoter by pheromones -
GO0:000140~glycerophosphodiester transport -

G0:0022857~transmembrane transporter activity -

GO:1900231~regulation of single-species biofilm formation on inanimate substrate -
G0:0016042~lipid catabolic process -

G0:0044406~adhesion of symbiont to host -
G0:0004806~triglyceride lipase activity -

Category
GOTERM _BP DIRECT

GO:0005576~extracellular region - ®

GO0:0031225~anchored component of membrane - ®
G0:0022891~substrate-specific transmembrane transporter activity -

« GOTERM_CC DIRECT

GOTERM_MF_DIRECT

GO:0007155~cell adhesion -

G0:0020037~heme binding -« Count
GO:0005618~cell wall - » ® 20
GO0:0044011~single-species biofilm formation on inanimate substrate - @ 40

GO:0005506~iron ion binding -

G0:0009405~pathogenesis - ® 60

GO0:0003700~transcription factor activity, sequence-specific DNA binding -
GO:0016491~oxidoreductase activity -
GO:0055085~transmembrane transport -

GO0:0005886~plasma membrane - ®

GO:0016021~integral component of membrane @@

7 GO EEEESIBE
Figure 7 GO enrichment bubble diagram
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Common enriched KEGG pathways

cal00360: Phenylalanine metabolism -

cal04011: MAPK signaling pathway-yeast -

cal04113: Meiosis-yeast -

B8 KEGG EEE&EN
Figure 8 KEGG enrichment analysis
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Figure 9 Validation of RNA-Seq

T BAHRECEBERIR EL(SMG), A EHARECENT E
HNG), PAFRURILEANSFRiL R, **: P<0.01 (SXFHRH
AHEL).

Note: The black histogram represents SMG, the white histogram

represents NG, and the ordinate represents the relative gene
expression. **: P<0.01 (compared with NG).
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