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Transcriptomic Analysis of Cronobacter sakazakii Maintaining Dormancy
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Abstract: Cronobacter sakazakii is a common food-borne pathogen in milk powder, which enters the state of dormancy continuum under
stress. Transcriptome sequencing was used in the present study to analyze the changes in gene expression in bacteria maintaining dormancy
continuum formed under ampicillin stress. A total of 220 and 416 genes were significantly upregulated and downregulated, respectively. Next,
GO and KEGG enrichment analyses were performed on differentially expressed genes. Genes related to metabolic activity, motility (flagellar
synthesis), and cell division were significantly downregulated in general. Meanwhile, certain genes related to drug efflux pumps and cell
morphological changes were significantly upregulated. Similarly, the GO enrichment analysis indicated that genes related to the stringent
response and toxin-antitoxin system (TAS) were significantly upregulated. In particular, TAS may promote the formation of dormancy
continuum by regulating downstream mRNAs and NAD*. Therefore, stringent response under ampicillin stress may activate TAS expression
through cascade regulation, thereby promoting the formation of dormancy continuum. Under stress, C. sakazakii maintains dormancy continuum
by reducing metabolic activity, weakening motility, inhibiting cell division, changing cell morphology, and enhancing drug efflux. These
findings lay a theoretical foundation for the prevention and control of the dormancy continuum of C. sakazakii under stress.
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Table 1 gPCR reaction systems and procedures

el ARARIUL

2xAceQ qPCR Probe Master Mix 125
#3514 (Forward primer, 10 pmol/L) 1
TFi#514) (Reverse primer, 10 pmol/L) 1
474t (Probe, 10 umol/L) 05
DNA &A% 5
ddH,O 5

Total 25

BEAZF: M 95°C. 10 min, Fi/Z 40 A~4E3R 95 °C. 1554259 'C. 1 min.
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Fig.1 Determination of total bacterial count, viable count and
culturable count of C. sakazakii
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Fig.2 Fluorescence microscope image (>400 times)
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Table 2 Quality analysis of transcriptomic sequencing data

#dz RawReads CleanReads Quf#/% Qso1E/%

Cl 44605476 44253838 97.45 92.61

C2 42231488 41916792 97.49 92.71

C3 38429920 38155712 97.52 92.77

T1 41881528 41640864 97.87 93.53

T2 47299830 46955908 97.56 92.88

T3 43251220 42871196 97.32 9241
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Fig.3 Volcano map of differential genes of the dormancy
continuum
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Table 3 GO enrichment-related gene expression

R E A£EID AR AR PNk 3es FC  log,FC
CSK_RS21485 / % & 1021 335
CSK_RS20150 / & é 489 229
G0:0016021 (fEisns-)  CSK_RS14290 pspB mIeE &S PspB 7.01 281
CSK_RS14295 pspC iR &G PspC 865 311
CSK_RS06850 pspG WIONE R PspG 477 225
CSK_RS08765 relA (P)PPCpp & A8k 175 081
CSK_RS09770 ppX % BBl 306 161
CSK_RS09775 ppk S0 % R AL Bl 210 107
GO:0009987 (fepyitAz)  CSK_RS18170 lon Lon & & B4 388 196
CSK_RS08980 recA Sl 405 201
CSK_RS18155 sulA tmfe A ) 1032 337
CSK_RS00880 ftsZ mip 5 &8 FtsZ 040  -1.32
CSK_RS15575 antitoxin-18 =~ XRE ®£#4diFi&da 197 098
CSK_RS06685  antitoxin-6 ~ XRE R4t FiATEF 237 124
CSK_RS06680  toxin-6 RelE/ParE Rk a4 %A 220 114
CSK_RS11005  toxin-13 RES ##)3% & @ 407 203
G0:0005488 (4F3h4t)  CSK_RS11010  antitoxin-13 Bk & & XRE 481 227
CSK_RS12170  toxin-15 RelE #Z %% 195 096
CSK_RS15580  toxin-18 RelE/ParE &% &4 198 099
CSK_RS17830 Ipp fE& & 019 -2.36
CSK_RS16615 Ipp T 2HNEIRE G 002 541

E PRERL AR L AR,

RTINS TAS MM SRR A AR 7
. ZIUHTTR, MEROE TR TAS I RS+
WLl FEARTEH, (p)ppCpp A HEEEERH relA B3
W, 3R R AR O SR R S Y B AR B BT
(P)pPGpp AR R . —TilHF 7TH 15 2 rel A FEIESARAR
SIEFLIE D AN, SABIRRSE A5
WA TR K 10 23805 spoT, HAERIEIKFAHH
XA, Bhah, SRR IPUS 7L  EFTH ppx
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relA I ppx 1L BB A 2 9E R T ppGpp 1Y
Ao ppGpp AR R AT LLBIE 2 R IRISEE (PPK),
SHE R (PolyP) MFRE. FEARIFF, ppk
(i 5% Fi. 40, 78 Gangaiah 25N tAfF %,
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ik TAS Mg, MIREE =175 FIE SRR 4
fil. fEAWITEH, lon HIFRIERZE B, Kk, A
FUHEM, PN E e TAS Y SRR BRI A
Weor TR, HEHnE 5 Fos. BRIG s  vEAT
B TEHE N SR RIR A I R, 70 B2 1) o e B TR
relA _Eifil, W[E ppx/GPPA #5455 71 (p)ppGpp 1)
AR SR TRE 2 SRR R ppk ik, 3L
PolyP [1JFH 2 . PolyP #t — L UiEhi s 25 AR B 4] lon
Foak B, MWImEGE TAS, 5 FESRIRESE K.

TETEHOESARIRAS J5, 4l mT R s 4 e
A, RIS SRR, 2RI, AbTiES:
PRIRAS T, AR BE S 3R, (EORFFSHM e
(RN I BB AR FAPIRITESS, AH)
T2 B, ARG E R, (R
AN EDSE FEARRT T, SIS R AR
FIAHSCIERI G 0, 38 R AnpaaE, SUSgn s
A, HEEEEM. Hik, FEEFEMPHNE T, R
UeF 52 B0 VAT B T eI I R A B SR T TS SR g Rt
RARAS -

SR 7> FE B SRR B I — > EERHIE . 4
B R 0 B4R B R FtsZ e B AR SR I 7 3
frr, FEECAHABGHBIER A (W1 ZipA. ZapA) #i3%
F% Z 3. PR MRS - an et FEART
FEERp, REHBIEA ZipA BHREZE, H fisZ
FEK 55— 4B R AR zapA #5R3E M. ZapA
ELERNH] FtsZ GTPase b MRS /324, M
ek FtsZ AL 2L Z 3K, At ftsZ sl
FEA sulA . 3E Fi. SulA RERgHIH Ftsz B4, JIf

< 4 TCA 1&FF.

FHIEH S 7 BR48S  sulA 130k 240 1% DNA
FHEENLE] (SOS &) Fi— N+, 2%
RecA & FffiE 122, recA 5 sulA IR Fif,
KB EIE RIS N E 3 T DNATHIEE ML .
Rk, - RPIMREA T REt 33T DNA s, 45
it RecA BEsLiff%E SulA 1, JE&iBidd] Fisz
B, MM T g 2.

25 KEGG g &40 47

TR RIS S R YA E R, K
R THI 7128 21 11) 636 22 7RIS FE R VL AL 2| KEGG #(4f:
JEE A SSE RS Chttp://Aww.genome. jp/kegg/pathway.
htmb. 458 2oR, #F 3 FiEN KEGG i 7l
& TCA TR EAE . TRNTMRIF i A B2 e i8A%,
A 30 NMERBEFRILEFI/FAAEIXL KEGG 112
W WNER 4 FR, (EESARIRAS Ba 50 2 VE AT R 40
S AR PR AR O (1) 22 Sk R IR B R 2
TCA THM AN T BR %45 (map 00020 A1 map
00071) #1, HEEERERKKIHT 4 1 GO & H %=
RFISFEFRKEES. Hi TCA fEHH 3 AN
SucA. GItA I IDHL HFERIFA A2 T, Jbl
TR AR R AT AR DGR I HE ] fadA . fadB. fadd 1 fadE
WRE TR SiE3hRe I 2 RRIA R R T 2k
TR R EIR1E (map 02040) 1, flgM, figN,
motA Fll motB FEPKFIAE B3 N 525MIEREJIHH
IR ) 22 S 20 DR 3 Sk R 3 N B g B v & AR
(map 01501) 1, FHAMER RGAH R acrA il
tolC 3% i,

EARBR PR AN LH SRR R R

Table 4 Genes involved in TCA clcle and fatty acid degradation pathway

R E AEID AL AR PNk 2es FC log,FC

CSK_RS19240  sucA 2-B R —BRHLABE E1 R 023 -2.13
TCA #&3R (map 00020 ) CSK_RS19265 gltA AT BB 019 242
CSK_RS23235 idhl FATARERILZAEE (NADP') 044 -1.20
CSK_RS03330 fadA LBLiBEE AC-BEASE A48 FadA 017  -2.58
CSK_RS03325 fadB REHBR B E AW a B FadB 011  -3.24

B& W BRI % (map 00071) - - o
CSK_RS10865 fadJ FERFBREAE A4 o B FA Fad) 024  -2.08
CSK_RS00250 fadE BEALAREE A BLABE 017 -2.57
CSK_RS17790 figM % sigma-28 E-F FigM 042 -1.26
CSK_RS17795 figN £ A¥18% 4 FIgN 039 -1.37

$e£.40%% (map 02040) .
CSK_RS13085 motA #e . 0 kx4 G MotA 019 -241
CSK_RS13090  motB EZh%& 8 MotB 032 -1.64
o CSK_RS20125 acrA % B HER AcrA 217 112

A B dL RS2 (map 01501 ) L

CSK_RS08105 tolC SMEE &G TolC 208 1.06
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IR AT REIB T PARACE I . IRF5Iashfg
[l RZG AN ERE 1, SRYERFE SRR . SR
TMERIDGH 22 FRIAFE N R 7E TCA PE3FiRE
FRRITER MR, B2 MNEE =N GO 2 i
ZE S RIBFEDIIWERE B Z 8 2 . TCA TEIAHRIE /&
SRR R R, R 4ERrZeR A
FERARCENE PR 542, TCA JEFR LR 63k B
R RIS, CrabbéZPHiiE TCA @itimid
/D HL T A NADH 1 FADH,. B&IKE T30 J1 %4

(PMF) SRE AR ACUTEERE, Wi rebiE =
REFERAR . A4h, Liu ZEPY% e TR S Tubki g &
HH ETAE_3367 (GorA), iZEHAE S TCA 153
FHR sucA RAFEAEA. Kk, BRT TAS HIiEE
F, SRR AT AEIE A 4% sucA, MM S AN
TCA fEigte, M4 RRESMRIRES. 55— 5/
TR B E B IR TR . 1% A
] Acetyl-Cov s&#5iill TCA TEH ABI I T, M
T T A7 T SRS T AR M . T ERIRS
BRUR 5 2 VAT B AR, SRR AR R R PR IR AR AR ST
3R (fadE. fadB. fadd Al fadA) FikEE R,

IRFS T 4HARN BRI p-E AL, TCA FEIRI RS
ZEEAEE A WRERRG. Mk, 454 TCA fEFREN
U, SR PUARBERE T B v 2 AT R R R
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