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years will be a “well blowout” development. The impact of microorganisms on space activities will
attract more and more attention. However, there are few studies on phenotypic heterogeneity at home
and abroad. [Objective] To investigate the effect of low-shear modeled microgravity (LSMMG) and
low-shear normal gravity (LSNG) on the large intestine from the perspective of phenotypic
heterogeneity Bacillus K12 caused by the impact. [M ethods] The continuous culture of Escherichia
coli K12 was simulated by arotating cell culture system to simulate the environment of weightlessness.
The phenotypic heterogeneity subtypes were selected from the morphology, color and morphology of
the cells. The proliferation rate of different strains, antibiotic resistance, biofilm formation,
environmental pressure resistance, and cytotoxicity were measured to assess the effects of low shear
stress and simulated weightlessness on E. coli K12. [Results] Four strains with different phenotypic
heterogeneity were isolated by continuous culture in rotating cell culture system. Two of them were
from simulated weightlessness group (M1, Ma) and the other two were from normal gravity control
group (N1, Na). Compared with the original strain (P), the four sub-populations showed significant
changes in proliferation rate, biofilm formation, environmental pressure resistance and cytotoxicity, and
their antibiotic resistance has no significant changes. [Conclusion] Low shear stress can induce the
phenotypic heterogeneity of Escherichia coli in both simulated weightlessness environment and normal
gravity environment with low shear stress. Compared with the original strain, the phenotypic
heterogeneity strains are differentiated. There is no unifying direction, but we still need to be alert to
the changing phenotypes that could be harmful to humans.
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Figurel Rotary cell culture system
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Note: A: Low-shear modeled microgravity, HARV system rotate
about a horizontal axis to generate LSMMG environment; B:
Low-shear normal gravity, HARV system rotate about a vertical
axisto generate LSNG environment.
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Tablel Characteristicsof different subpopulation obtained from thisresearch

7S I3 B IR FHIE
Strain Separated from Feature
P SRR R
Original strain
M1 [ ECNCEE 55 5 RIEIUREA /-, WikE2k, BlRKTRIGESE, MR PARIET R R

Simulated microgravity group oA Y £ B

On the fifth day after separation from the simulated microgravity group, the strain were
filamentous and significantly longer than the origina strain, which monoclonal stained
darker with Congo red plates culture

55 14 RMWERUREA RS, B MR IRIES 5 R FR T 2 X 5]

On the fourteenth day after isolation from simulated loss recombination, there was no
significant difference from the original strain in colony and bacterial morphol ogy

55 14 RNIERE A58, RREISIR AL, B9 2

On the fourteenth day after separation from the normal gravity group, the bacteria cells
were thicker and shorter than the original strain, and the colony edge folds were distinct
5 14 RIIEWE AR, WKL S5 50 R IC I 2 X 5]

On the fourteenth day after separation from the normal gravity group, there was no
significant difference from the original strain in colony and cell morphology

Ma B e
Simulated microgravity group

N1 IEHE I
Normal microgravity group

Na IEHE 4
Normal microgravity group

B2 HEKREERERES
Figure 2 The shape and congo red staining of different subpopulation colony and the gram staining of different
subpopulation
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Figure3 Growthcurveat 37 °C LSMMG
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H: A: 7E 37 °CLSMMG 355 F P, M1 Ml MafyEKiiigk; B: 78 37 °CLSNG #3E T P, N1 Al Na Ak ik,
Note: A: Growth kinetics of P M1 and Ma at 37 °C under LSMMG condition in LB medium; B: Growth kinetics of P, N1 and Na at 37 °C

under LSNG condition in LB medium.
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Figure4 Comparison of cell folds and biofilm formation

Relative biofilm formation
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H: A: MafBaE i iin, 3t B9y siEce iHEY L E Ma>Na>>M1~P=N1; B: HEH P, Ma, Na, M1 Fl N1 f4=¥yAHxtiE
R e, R Ma, Nafil M1 /R e P SR A A Y IRTE sk 71 (4391 P<0.05, P<0.01 il P<0.01).

Note: A: Ma shows a most abundant colony drape, and the ranking of colony drape production is Ma>Na>>M1~P=N1; B: Relative biofilm
formation of P, Ma, Na, M1 and N1. Subpopulation Ma, Na and M1 show a significant stronger (P<0.05, P<0.01 and P<0.01, respectively)

ability of biofilm formation than P.
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Figure5 Comparison of survival rates of strains of different subgroupsunder different environmental stress stimuli

E: A RESEFAZERRYE LB K955 (pH 3.5) 77, Mafl Na bl P73 ¥ 5 (P<0.05); B: Z Ttk LB #5373 (pH 9.0)
J5, Mafil Na‘Z/RE PIEIGEE I 55(P<0.05); C: BT T A 10%ZFEH LB Bi3R3L/5, Mafl Na /R H P A7 R E K (P<0.05),
N1 IFEE RIS MIE AR ; D: M17EE B LB B3735(450 mmol/L NaCl)Hf bt P 2B B 55 (735 24 (P<0.05), FFH. N1 Lt P
s, EAMIR; E: HréfbAgd, M1B1R L PS5 (P<0.05).

Note: A: Survival rate of different subpopulation after exposure to acid LB medium (pH 3.5), Ma and Na s significantly more viable (P<0.05)
than P; B: Ma and Na show a significant weaker (P<0.05) viability than P after exposure to alkaline LB medium (pH 9.0); C: Ma and Na
show a significant weaker (P<0.05) viability than P after exposure to LB medium with 10% ethanol, survival rate of N1 is slightly but not
significantly higher than P's; D: M1 demonstrate a significant weaker (P<0.05) viability than P in hyperosmotic LB medium (450 mmol/L

NaCl) and N1 is slightly but not significantly more viable than P, E: M1 demonstrate a significant weaker (P<0.05) resistance to oxidation
than P

B, 1E5E 23D ZAIIMAABARSE I, 545 AR B2 S UMERNOALE RRBIEHE .
MBS B BRTESS 25 h =77, N1 208 Je B T 40 Table2 Senstivity of different subpopulation to antibiotics

Strains P Ma Na M1 N1
Ju45%(Normalized cell index, NC) T, - HAE MEM10 + + + + +
. IPM10
1 h R BT 2RI TR HEAS 25 h ZJ5, M1 M0 R
HA Na U LF-[EEF LT NCI BRI, ANikhF g|3:|(:)vs + + + + +
45 4 45 4 4
Na ZH I AZH R Jo Bt , L NCIHIRT M1 45 SAM20 ¥ + " + +
£ 255 h 247, P4HAI MaZi NCI JLF RIS T ’émg’lo I f I I :
R, ik i PR RSz, P4 NCIHIKT Ma4l. K30 + + + + +
,3\-,’“ 4 | — e ) == 7E =1 AK30 + + + + +
SCG 45 R B R 5 ORR B Y A0 I B R 0 55 45 R 2 RN —
N1>Na>M1>P>Ma (¥ 6). Note: +: Sensitive; — Insensitive.,
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Note: N1 show a significant stronger cytotoxicity than other four

subpopulation. And the result of cytotoxicity ranking is
N1>Na>M1>P>Ma.
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