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Antimicrobial mechanism of calcium propionate on
Saccharomyces cerevisiae based on transcriptomics analysis
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Abstract: [Background] As a preservative added in bread and other foods, calcium propionate has a
certain antimicrobial effect, but most of its current researches focus on biochemical and group levels.
[Objective] To explore the mechanism of antimicrobial effect of calcium propionate on Saccharomyces
cerevisiae at the molecular level. [Methods] Transcriptome sequencing and analysis were performed on
logarithmic growth period of high-glucose resistant yeast BH1 in experimental group and control group,
and real-time fluorescent quantitative PCR was performed for verification. [Results] Compared with the
6 h control group (no calcium propionate treatment; control group, CG), there were 1 438 differentially
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expressed genes (DEGs) in the 6 h experimental group (calcium propionate 2 h group, CP2G), of which
643 genes were up-regulated and 795 gene down-regulation. Compared with the 4 h experimental group
(calcium propionate 0 h group, CP0G), there were 1 921 differentially expressed genes in CP2G, of which
1 438 genes were up-regulated and 483 genes were down-regulated. Among them, DEGs involved in
multiple pathways, including the mitogen-activated protein kinase (MAPK) signal pathway, cell cycle
pathway, and meiotic pathway. In addition, genes involved in cell wall synthesis also differentially
express. [Conclusion] The molecular mechanism of calcium propionate’s antimicrobial effect on yeast was
explored, which provided a theoretical basis for further revealing the mechanism of calcium propionate’s

antimicrobial effect.

Keywords: transcriptome, calcium propionate, high-glucose resistant yeast, antimicrobial mechanism
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Table 1 Real-time fluorescent quantitative PCR primers

Primers name Primers sequence (5'—3")

SPO24-F ACTTCTGACGTTTCTCAACCT
SPO24-R GAGTGTGAGCGGCTTGAAG
DAK2-F GGAAACATCGTTACTCCCTACC
DAK2-R CACCTCCAGAAACCAATGAAAC
PGI1-F TGTCTGGTCGGCTATTGGTT
PGII-R TAGGCTGGGAATCTGTGCAA
TDHI1-F CAACCGTCGATGTTTCCGTT
TDHI-R AATCAGAGGAGACAACGGCA
ENO1-F TTCTACCGGTGTCCACGAAG
ENOI-R AAGCAGCCAAAGAAACACCC
CWP2-F CGTTGCTTTCGTCGCTTTG
CWP2-R TTCGGTGCTGGATGGAGAAA
PIR3-F CTATGCTCCAAAGGACCCGT
PIR3-R CAGTAGTAGTGGCAGCCTGT
OPT2-F AGGTACTGTTGATTACGCCG
OPT2-R GAGTGCGATTTTCATAACCCAG
HSP10-F ACCGTGTCCTTGTCCAAAG
HSP10-R ACTTCTCCACGTTCTTTTCAGG
B-actin-F ACTTTCAACGTTCCAGCCTTC
B-actin-R CGTAAATTGGAACGACGACGTGAGTA
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Figure 1 Growth curve of high-glucose resistant yeast BH1 under different mass fractions of calcium propionate in shake
flask experiments (A) and osmotic pressure in corresponding medium (B)

:: CP (Calcium Propionate)F/n NEREG ; 4 h I o) B P RRES , i BEAEAb TR [R) e 2 1) 73 R A 3 45 o

Note: CP means calcium propionate; At 4 h, add calcium propionate to the flask to keep the yeast in the environment of calcium
propionate with different concentrations
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Figure 2 Growth curve and cell mortality of high-glucose resistant yeast BH1 in 50 L fermentation tank

AT R BHL 7E 50 L & BERE P (14 45 £ 128 (ODeoo FIANEL) ; Control group: X B 41 ; CP group (calcium propionate group):
4 h RS0 PR RS B S B 21 (N R B B i 70 B0k 0.25%). B 4HIFET-

Note: A: Growth curve (ODggo and cell counts) of high-sugar resistant yeast BH1 in a 50 L fermenter, and the CP group (calcium
propionate group) is the experimental group with 0.25% calcium propionate added at 4 h; B: Cell mortality

R2 INAERISERANFHAREEXEREE

Table 2 Pearson correlation in 9 samples related with calcium propionate in transcriptome sequence

Samples  CG1 CG2 CG3 CP0OG1 CP0G2 CP0OG3 CP2G1 CP2G2 CP2G3
CGl1 1.000 0.891 0.976 0.882 0.881 0.861 0.763 0.836 0.708
CG2 0.891 1.000 0.930 0.965 0.926 0.971 0.638 0.781 0.581
CG3 0.976 0.932 1.000 0.914 0.904 0.904 0.736 0.827 0.681
CP0OG1 0.882 0.965 0.914 1.000 0.981 0.987 0.734 0.832 0.683
CP0G2 0.881 0.926 0.904 0.981 1.000 0.954 0.816 0.871 0.776
CP0G3 0.861 0.971 0.904 0.987 0.954 1.000 0.682 0.810 0.625
CP2G1 0.763 0.638 0.736 0.734 0.816 0.682 1.000 0.942 0.986
CP2G2 0.836 0.781 0.827 0.832 0.871 0.810 0.942 1.000 0.897
CP2G3 0.708 0.581 0.681 0.683 0.776 0.625 0.986 0.897 1.000
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1 921 DEGs

B3 ERERFEHE
Figure 3 Venn diagram of differentially expressed genes
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1E MAPK 55 &2, SRS & FRAC
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SAL S, T HILAT REAESCBCHA )R Rholp SEAESIAR
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Table 3 Effect of calcium propionate on gene transcription level of MAPK signal pathway

Gene ID Result MeanTPM (CP2G) MeanTPM (CG) Log,(Fold change) QO value
FUS3 Up 6.281 74 1.645 03 1.933 05 2.87x10°°
BNI1 Up 33.243 86 8.964 49 1.890 80 1.57x10"°
MTLI1 Up 160.752 16 45.878 96 1.808 93 3.15x10°°
ROM2 Up 22.383 99 8.691 38 1.364 81 1.78x107"°
MIHI Up 2831119 12.031 53 1.234 55 3.48x107"°
MID2 Up 86.036 61 36.767 45 1.226 52 5.66x107°
SKM1 Up 34.022 86 15.142 27 1.1679 23 4.49x10°®
KDX1 Down 5.892 33 15.296 11 -1.376 26 1.15x107°
STE4 Down 3.520 30 9.768 31 —1.472 41 3.87x107°
CLB5 Down 3.959 05 12.456 83 -1.653 71 8.15%x10°°
CLB2 Down 8.659 02 31.639 47 —1.869 45 1.56x10"°
CLBI Down 8.280 04 39.216 71 -2.243 76 4.51x10°°
CLB6 Down 1.520 54 7.860 30 -2.370 00 4.29x10°*
MSB2 Down 7.848 16 43.478 07 —2.469 86 1.62x10°*
CLN1 Down 7.229 71 48.032 25 -2.731 99 1.91x107"
CLN2 Down 7.366 67 58.052 74 -2.978 28 2.53x10°°
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Table 4 Effect of calcium propionate on the transcription
level of DEGs in cell wall

Gene  Result MeanTPM MeanTPM Log, 0 value
ID (CP2G) (CG) (Fold change)

CCW12 Down 7 643.055 19 654.644—1.362 65 1.64x1072
CWP2 Down 1 179.574 6 537.521 —2.470 48 4.49%107*
TOS6 Down 22.048 443.400 —4.329 84 4.08x107"
YPS3 Up 213.484 48.211 2.146 67 1.90x10°°
PIR3 Up 402357 32.945 3.610321 1.86x107"7
YGPl Up 10 700.3511 860.335 2.524 024 1.92x10°*
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FR#ECY, BUB2 R PDS1 — 3 1) T PR AT 2k
B HEAA 2253 5800 5 1 0% 240 B A 6 TR 2 B PR
L E AR — BB, S5 E B R
Ser/Thr S (tH DBF20 DR 4 5 i 45 i 2 P71ag;
VIS RFIR — WA o (AT R AR, A A 4 ]
K SR LAY MECI FZIk, Meclp 1E N
240 SR A5 RN B2 40 R 2 il DNA 7 58 S g B
WE SRS T, L EHRE®FE%RSE DNA
BT,

Wi S CP2G 5 CPOG 1t 4 it A 13 AH 56 3k [
FaktEoL, KBUL CLBI. CLB2. CLN2 }¢ MCDI

TR, KRR R FARE. 455K 1A
PRk A 4 p 2 T, A DI RS ke M e B, 4
JfL TR S N, A i A A OGS R R 2 R A R
I, G 200 i 30w B R [R5 45 0 BEE FH Y
M RMEA, mfEEsdEd, MiESELE
I A RS TR, 200 it ] 30 R S 3R TR 1) 2 8 e A
27}, {8 CLBI. CLB2. CLN2 } MCDI %A
TR IR PR T AN A R
25 BRBHSEEBEENERTREEBSH
VBB S0 S — R R 1) 200 Bt g =, X
Y MIIEFE A — S, 5 2 S A ] — e
B, (A Hs Rk . MATALPHA2
HMLALPHA?2 Y 4wt [a) 5 G 45 B0 1, %8 1 fg
s P ) B PR S M S DR R S 3R35 . HMIRA2 B
EANH HO PN YA R B 1 22 38 LAY il e B 4 i 58
B I 4k, MATALPHA2 . HMLALPHA2 }% HMRA2
B BRZRIR X T BE R A BRI 1A U
b3t sz FAMRICT0 ) MEK T SRt 0 5003 245 Sk
22 Z IR/ AR N, TEICE o 24 A SR A
FH 28 1 U P 38 o o A % e B 2 ] L
A A2 T A [ IR G e AR 2 (R A B4, o T AR
& Hopl-Thr318 IR {L LAIE Ik 3 2 FE v i)
[i) Y5 L ZH RDAG T 5 S0, HOPT 4 fish e (o A B £ Fir
T BUCE o 24 vE 1Y MNDIL YRt EE 2 A
P B Ay ST IR 1R Y, 5 Hop2p AL
BEY, J5# S5 Y ARBO FNIsE 53 2 AU K 2
B4 1% B R TR WLt GIPT
)& b %2, A BE AR B 8 1 B9 T B2 219
WO o SPO24 AL I/NE S 5 TIEAL,
SENE T TR, 7RI 2 A e e AR
UL IR, Ad, SPSY 4l NT e
T BUHREER T8 B B rh 3k i S Rk i
BT, HAERWGF A FIERIE 518 SOS B (o6
DNA GRS, SSPI & 15 5050 540
SRR A, 2 50 2L 5 R U
JH, SPS4 FI SSPI WA Rk, 7RIk LE 25 H

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



RIS A LTI SR A~ AT BT PR TR S X TR P B ) 0 T AL

445

FOREEA Y, BAHARTEEMNE SPO24, HRIKkE
ARARHR .2 LR T IR o BB AR T Y 25 S Rk
BN, HEWTTE N IR IS A IE T, DU R & VB
BEGE 20 AR PN I 2 R R EE A T PR A Y, i
BERIE LAY I 1S 5
2.6 FLATKHKEE PCR (qRT-PCR)EIELER

BERLIEIT) 9 225 RS, 4345 6 1
FIRFRBIL AN 3 AT R RIAEEN . G (B-Actin,
X} H#)=19.214 006+0.052 520 083, C (B-Actin, =L
%)=19.716 068 860+0.108 304 549, NZIEH Fik
FHXTRRE . 25 5 3RIB LAY gRT-PCR Z5 N 5
fii7R, 5 RNA-Seq Y45 RAESE R RIB IR E A —
EZESE, AFRRBRIE B, BB AT
SRR
3 WikE4i

£ b 97 B 700 BV FHAILEE JE 2243 3 i« X 41 it
FINZH M 2R G bRV P 5 0k 3 A 9 o s A% ok 45 4
EAER s X BB PR o SR TR B B T 71
T2 EEHE R HL B 2R 20 SR A7 20 i 2 T ok
NS A9 ot B PN T ol A R RS2 B, H R
i DA Ay DA TR B %o Gl A 0 ) e A P i i
A T 00 06 P S B TN R A 5 B (pKa)
4.87, TEAR pH Z54F T, NERIEA AN 253 U A
R LA A0H AL K . pH 4.0-5.0 YO A B RS B A

[ JRNA-Seq
Il qPCR

E 1 1 1

© TDHI1

-6 —4 -2 0 2 4 6
Log,(Fold change) in CP2G and CP0G

B 5 SERRHERZ PCR (qQRT-PCR)IEIE

Figure 5 Real-time quantitative PCR (qQRT-PCR) verification

K&, 4 h 592564 55 A B gk rh pH 24k
FFrE 4.35 Zody, DEREG I BB A K 0 E 2R
ANTE TN BRI . 5 L2045 1 B, 76N RS
AT, i E A REEE BHL 40— RS0 EH 1)
Tk kAT, ZREERZETHEESH T
il L 20 RS A RS A 2 AE Jr TH . INRES X DNA
G REAMEIER, T EREGE MU A 22 4 2L B
IO, X G HRATAEE R FRAT & B4 0
3L CLBI. CLB2 F CLN2 51y FHZF k40
Jif0J B B 2 b SO i AR A IR II(G L. S I G2 ),
JEIRE Gl #, G1 2 S Wi Ar i 2 B i 5 DNA
S22 B R, ik SR A S5 R T A0 Y
B, BRI T —EMIEER; BRIZAN, A
ML EE FEE R HBEBEANKE cowiz,
CWP2 ENFRIRZ R EME, cCcwi2 f cwp2
SR R RS A i B BR3P R R AR, A0
BESE RNV IRAR Mtllp 5 Mid2p J&sz B SN IR
BB T S5 S, YGPI 40 BE i (A FE A
bR A DL R AN RE RS, (R UE AN Y 1E R
AR IE SR SZ B PR E R R AN R o8 R iR AR
Hb, HAE S5 ARG ) 22 5 2k AR &
AR N AR R, Bl anRRK A A P as AR
RILR Iz F AR, A PN S Mt 2 B R
X BV R R TN R S 1T BEAE W5 54 IR 45 e B

HSP10
OPT2
PIR3

. CWP2
£ ENOI

PGI1
DAK?2
SPO24

8 6 -4 =2 0 2 4
Log,(Fold change) in CP2G and CG
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