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Effects of space flight by “SJ-10” satellite on metabolic
characteristics of Escherichia coli
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Abstract: [Background] In recent years, with the continuous development of manned spaceflight, the
issue of space microbial safety cannot be ignored. The disease spectrum of manned spaceflight indicates
that infectious diseases have great impact on the health of astronauts. Escherichia coli is a normal flora in
the human intestinal tract. Meanwhile, it can cause intestinal infection under certain conditions and
become a conditional pathogen. It is of great significance to analyze the effect of space environment on the
metabolism of E. coli. [Objective] E. coli was carried on the “SJ-10” satellite for 12 days to analyze and
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identify the changes in the metabolic level of E. coli in the space environment. [Methods] The
non-targeted metabolomics technique was used to collect data and perform mass spectrometry analysis
from E. coli carried on the satellite. At the same time, a ground control group was set up. Principal
component analysis and orthogonal partial least squares discriminant analysis were used to identify
potential differential biomarkers between groups. [Results] A total of 12 significant biomarkers were
found by analysis and identification. In the spaceflight group, 11 biomarkers involved in energy
metabolism and glycerophospholipid metabolism were up-regulated, and one fatty acid content was
down-regulated. [Conclusion] Space flight can improve the level of energy metabolism and
glycerophospholipid metabolism of E. coli, and the changes of related metabolites suggest that space flight
may promote the proliferation of E. coli.

Keywords: Space flight, Escherichia coli, Metabolomics

Microbiol. China

KIGFF R — R WL 22 RBAME T, £ AF S %,
ETF NP miE , —BE T 2 A808, 440 1 MRS HE:
SRS Je A A AR, AT 5 iE ARG, & NS 1 @i

e et AR PUA R AT A A AR AR
Wik J , KT B AT I, o 254 AN W
RN, WA, B BRSO AR R R
FULR B AE ATl f3y P FE B, T AT )32
FEAET NAANE A, RIS AR 0 A 49 % o [ R 5
Jt %ok 1l o 22 ] s F B3 M 0t % B 1 R B A 1R )
FEAER, G5 235 1) 1B X K P B 47 A PR I B
Wi — ER A BE] . RSN RE R, WEET) . &
FLAS SR AR S A R B AR T REVE S R A A A A kA
RAL , B AR P ok AR EA 2
TR 3 W R 23 FR 58 AT 52 i) 24 T P 4 G /K F- L7 )
AR 2400 DR, R KA SRR T KA A
FH VL AR A= )~ A AT R N R M R A A3 3
AR B S

PR 272 20 1H22 90 A A b R & e R
M —T1 TR, BN R G A Y% b A 4 R
gy, BA KM FERR., SReRER R, B8
N TR YU . R B2 W |
AT ARSI I SR [l R
AL RO K12 72U A7 12 do
FHARSE ) A A A BR B K 2 AT e R T
PR 1A, $R TR AE 22 A Q) , I il e A
TR ZS BR8] REXS KM 18 A=A R i 5, L
0 2 8] R 5 fole A A S PR B AL Py T 5 3

KA K12 (Escherichia coli 1.2389)1 [
e 230 2 A o A DR B L o
1.2 EBHFRE

LB WK IR (/L) : IR 10.0, Rk
¥ 5.0, 48N 10.0, T RIBATHRE R,
1.3 EERFIFLEE

FFZ , Fisher Scientific 2] ; PBS /& # , Gibco
NI O S IY A TR W B B ML 7 QT
S TR | R TRERAE G . DUARAT A TR AT
W, Waters 2~ rl; H R LML, Hettich
B A Al ARG A, BT A A
BN s YRR, DIKMA AH); N4, ANPEL
ONA AEYIE AR, QU R R AL IH IR IR
B, RBRESESARA R 0T, b
W = TR
1.4 EBIHEHKRIESR

¥ K AF R K12 55 57 2% 80k Ko
(ODgpo=1.0), HUFHE 20 uL A% LB RHA R 575
b, 37°C HEEFE 16 h 7, k5 ik m
APPSR TR TER AT 12 d, iRIEJ5-20 °C f#
FEEET
1.5 HEAHIE

W TR 5 3800 I A T R b TR BE ZH -y A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FHREAE: <SS ORI AT iR AL 2 oA

2339

BMTEEFHUE AR L, 37 °C ¥5aRid e, #5384l
H TR HRAL Ak 6 A FATR TR MO RP 17 10 mL LB
WAREFREERY 12 M, 37 °C. 200 r/min #R
BigR X EUE K P (ODg00=1.0), HF EIBIKUCE A
1.5 mL B0 4°C. 4000 r/min &0 5 min, 5 I
i, Joi PBS BMWERIR 3 U, WERRIAHTRITT
TET—80 °C RAFLATFREAS T 48 o K5 R IR TTERE
A% 4 °C il 30-60 min JSILA 300 pL (4 FH S, S
PRUL 10 min, #%3% 15 s, #ATEADIIE. & kb
HUSFAARZE S 4 °C. 12 000 r/min &0 10 min, B
JEHRI 100 uL, T 200 pL R, Rl
1.6 HWMFE

A S L 2o R OB (3 - AT N I B
BEAT R 53 M, B S 1 T OB 635 (Ultra
performance liquid chromatography, UPLC)X} B
FEAHED T S AR @3 73 B, s DR AT A Tt a]
BB AT — Z R BTG, SR B B LA
Kt A5, SRJ5 18 F L5343 BT (Principal
component analysis, PCA) M 1FE 5 i f /)N — 34 5
3 #T (Orthogonal partial least squares discriminant
analysis, OPLS-DA)Y e W ZHAEA 22 S5 1) 1o 25 1k
I Je AR — B A Al A5 S VT A R R 4R
th 2 18] A T A A b i ) B T e A iR AR
1.6.1 @iELEH

e, SR Waters 23 /)19 UPLC X &
FEA AT 404 . BREE RGEMARF A0 AR 1.
162 RiBBIESEFMH

{34 . Waters UPLC HSS T3 (1.8 umx2.1 mmx
100 mm),

*1 C18 RERENERTRRIER
Table 1 The gradient conditions for reversed phase C18
separation for ion

Time (min) A (%) B (%)
0 100 0
1 100 0
7 0 100
11 0 100
14 100 0

WA A 0K, 0.1%HER)M B (ZME, 0.1%
HIR); VEMIFEFILEE 1, W 0.3 mL/min; #EF:
WO 1.0 pL; AR 45 °C,

1.6.3 FRI%&EH

JET 15 A bR PR 28 T PR 55 B R Y kAT
BF ] BT . IE BB B IR R 2 51 3.7 kV
2.2 kV. BHEMPGERE 320 °C. #AET)
30 psi, HBNES 10 psic BAMAGE & IHE
300 °C. AT B I A REES AR,
J& 7128 1.5 mTorr, W5 245 H MassLynx 4.1 3k {
e, B R A R AR

T R A A & Waters BT X
1o o BTG I B LR 1Y A E B R K R
(MSEYE R AR MSE A I B 378 2o M1 R ek v
AT P AR A TS B A o AR R B A T — )
FEIEA, BB 15 eV, USRI AR AR 4
0 e = S M B S = 0 T8 AN a4 =
B m R I T RS, BN 45 eV,
XA B T R AR, PR T B,
3 AT Ak 2 S T A7 B R W SR B ) S R RN
i B R 2 551 ST Bidie R AR AR i o B g T S
W R B B AR 51 7 o8 R A T B
IR -

1.6.4 FR=EiTH|

J T PR AR AR AR R R S e e M A
Ak A FEA S R B e A BRG] 5 1531
JRESFEAS . SEI PR 5 AN FREA i (6
FE, PR 3 A BTHEAEACP A 250, AR5 BT R
3AMFEARIGHEA LA BT FEA DL DN 2 45 i A 1
Ko S RIS THB BT e AS v B B A R EAE A
5 REUE, NBRAE S5 R EGE L 15%M AL
1.6.5 #iEAIE

FIT A REELF B , Joe R IE 5 TR
Bk, YR Progenesis QI ZPFAbFR, (33E4
R R T AR AR B | DXt 5 | IR IR, IH—1k
ARFR, fe 2T A B S [R) 5 gy B RTG53 A4%
iERE A S RERK A 14 min, IEHREUY5RE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2340 TEY I8

Microbiol. China

FRE AR 1o XERAES TR rh A5 2 A 25 FPm-& 85 1
RS EHATIRAE T 15 1 Simea B XTRAR (17 15
TR T PCA 434 & OPLS-DA 73t
1.6.6 EFMRFYIRIEE

R L) 8 2 S A AR R L AR SR
OPLS-DA ##7Y f4 7% i 85 %4 {E (Variable importance
in the projection, VIP) (B{E>1)iik A4, It
454 ANOVA 43 HT i PAE(P<0.05)2k 54k i 25 22
SR o 22 AR R E TR - 1
RN L HHE FE METLIN  (https://metlin.scripps.
edu), ECMDB (http://www.ecmdb.ca) . LIPID MAPS
(https://www lipidmaps.org) 2 KEGG (https://www.
kegg.jp), PRSI BT E vz slE A > 1R
it Mass, =220 0.01 kD, FAR¥E K% by
AERE 8 A7 40 B e S 1 L dieJim 4k Hh AT REAY
(9B
2 HR54H
2.1 FRIFFEHER

KT B HR PCA Skt BTy A AR A 7 53
Bro BUEAEA AR B SY, & REEE LML, B
FEREANZTE PCA 15 b RAE—2 . 728 1, 2
RN T BST RO 35 IE B 1 08 T Y
PCA T35 8, Horpap2h & i A B AU 5 — F2 L
53 PAEBRCEREE RSy, MR AR FE A5 R
SME 95% A F XL, HH qe (Quality

1 mqc
, mSample
20 Va - ~
10 / / & & [y A & 4 - \‘
S0 AR —x 1
A

-10
-20 T

0 .
40 -30 -20 -10 0 10 20 30
t1]

1 EBTRALIEHEARTE

Figure 1 Quality control in positive ion mode
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Figure 2 Quality control in negative ion mode
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Figure 3 Total ion current map in positive ion mode
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Note: A: Total ion current map of space flight; B: Total ion current map of ground control.
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Note: A: Total ion current map of space flight; B: Total ion current map of ground control.
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Table 2 Significantly different metabolites and possible metabolic pathways
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149.025 3, 116.977 4 Glycerophospholipid
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664.116 564 0 428.038 9, 1.52 Fenugreekine CoiHx7N7014P2  BE B AL
524.058 4, 136.062 5 Energy metabolism
348.070 754 0 235.121 2, 1.52 3'-AMP CioHisNsOP [ fRigt
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450.261 896 6 253.217 1, 7.34 LysoPE (16:1 (9Z)/0:0) CyHpNOP  Hymms e igt
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Figure 9 12 significant difference biomarkers
Note: *: P<0.05; **: P<0.01.
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