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Abstract

Bacterial motility, encompassing swimming and swarming motility, is pivotal for
host colonization and environmental adaptation. Chemotaxis, associated with swimming
motility, propels bacteria toward nutrient sources or away from harmful substances.
Swarming cells often aggregate and progressively transit to biofilm forming status. If the
food factors are attractants, it will cause the increase of chemotaxis in bacteria, which
results in bacteria accumulation. This may potentially lead to food spoilage. Our previous
study isolated Enterobacter mori FS08 from fresh-cut cucumbers, exhibits pronounced
swimming motility; however, the association between this strain and cucumber has not
yet been established. The current study aimed to 1) investigate if E. mori FSO8 leads to
the spoilage of cucumber; 2) explore the impact of organic acids in cucumber on motility-
related phenomena. The results demonstrate that E. mori FS08 caused cucumber spoilage
by directly inoculating the strain onto fresh-cut cucumbers. The strain characterization
indicated that organic acids did not affect the viable bacterial count of E. mori FS08 by
the pH levels. Notably, L-malic acid enhanced swimming motility and positive
chemotaxis response, but reduced biofilm formation. In contrast, citric acid and DL-lactic
acid inhibited swimming and swarming motility, with citric acid having a more
significant effect. However, both organic acids promoted biofilm formation. The
subsequent analysis by gPCR found that the addition of L-malic acid led to the higher
expression of motility-related genes (fliC, flgM, and motA), while the addition of citric
acid showed no significant changes. Further transcriptomic analysis revealed that, in
response to L-malic acid treatment, differentially expressed genes related to motility and
biofilm formation were identified. The expression of fis (a transcriptional regulator
promoting motility), ahpC (an oxidative stress defense gene whose detoxification activity
can reduce biofilm formation), and narK (a nitrate transporter protein, with nitrate
inhibiting biofilm formation) were upregulated. Additionally, quorum sensing-related
genes that regulate biofilm formation were also downregulated. This study elucidated
how organic acid components in cucumbers affect bacterial behavior and regulatory
pathways, providing valuable insights into future preventative measures and control

methods for fresh-cut cucumber handling.

Keywords: Fresh-cut cucumber, organic acid, swimming motility, chemotaxis, biofilm
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FMRE B0 5% WL (peritrichous flagella) &6 » H i 2 £iF 23 ¥ &
20 % 37°C g R RPN » 2 ¢ P pH E o« B4 [ R LA F3HREY > ol
Eook i f B e A fend B~ L2 SR RKA T RRT] o
WERFEFAGPFAT ARG Rt R HPA AT T ERT0S
ek 2ehfp ik o B RV EAGTR R (Sldcs RE L G) et o
7 BA Peid pE B a5 40k (Cooney et al., 2014; D’ Agostino and Cook, 2016;

_'l

Davin-Regli et al., 2019; Halkman and Halkman, 2014) -
515 chpd 4T
AN }gk’e} I Enterobacter spp.2_fe i~ R oo KL T e BHT A 3
I ehd BT 7 Enterobacter mori LMG 25706 ¢ $# R & EjizHd 2 5 E > %
o NG AT A IR ~ R4 TN TRARS R TR Ay AIVFY (Zhu
etal.,2011) > ¥ *F » j&_g i id B Xtk 4 g e Enterobacter mori CXO01 »
PRARERABERNEINZLEZ I RIRIRE > A5 R SRR
AIE_€ & 2 4k s 5L (Zhangetal., 2021) - @ Enterobacter ludwigii %_51 42 % &

4
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8448808/#CR44

P RE S FR G FRAERE AR AR S ER S AN
t ¢ (Schroeder et al., 2010) - Enterobacter cloacae 77 f F¥RR] € 5142 f54

TAf gt TR F TR RE RN B Al B
(Cao et al., 2020) -

“%rf 7 g T Y enf? 38 ¢t > Enterobacter spp.7™ # 3% & A_P 14 i R 1o
PR BT SR s o R MA B R R TR R A K feic
DA F s FREE F s RO AR S B E e %7 B (Rogers et
al., 2016) - 3% %] &_Enterobacter aerogenes &3 Enterobacter cloacae #:3iT= -+ # §_
?5 BRI sV oE & R {8 o @ Enterobacter cloacae 4§ & ¥ (Enterobacter cloacae
complex, Ecc) & p 2% ¢ Bl & Eec B PP EREF ¢ 7 6 BEMA!
E. cloacae subsp. cloacae, E. asburiae, E. kobei, E. hormaechei, E. ludwigii & E.

nimipressuralis > 'V 2,2 A A R L fpwieE 2 (5 F F L F oIt 3

%) hac ? Falde T e B A e A g2 (Davin-Regli 2015; Mustafa et al.,
2020) ¥ b g B AR Y %'fﬁ B RS ¢ L3 Enterobacter mori 0 3%
A HLER Ot & R R § 0F 4R (carbapenem)did F e 1L 0t fEdd

FHFBARL ISR P ERF L wFDE S P R (Hartl etal, 2019) -

>

5 & i > Enterobacterspp.® 3 ¥ @ &t o H e g A 4 5 5

A
by
A
-

Pave 3 3% a5 ¢ %R Enterobacterspp. 0 £ 457754 A SRS R
B ATEL N RETEE EP CEHAS RHE L FHBEF AN
R i+ > 5+ 8 &% 228 % (Cooney et al,, 2014) - Nyenje & + (2012)

HETE Y TG G SR EHL AN SR B F o -

4 fougdp o A 3pdichm AP o Enterobacter spp. 4 7 18% ¢ 3F § & & &k
S R EwAEE: BT RE TR ERSALE S 0 SR wETT €2 S
SRR E RS 2 e TR FEL R4 A5 L%%ﬁi&
BP0 F RS- A TR A Y c B A SERITE G R L g AR

BAY R R RO e Em R fobesk E R AL (Alegbeleye et al.,

2022) - F| » & 5 ¢ Enterobacter spp.iis A EF 4 R X P EAR o
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b

\\t

’

&~ ‘mrf] F B
A e 4 (Swimming motility)

WA E AP LI RALF P BB A AR AT e H Y A
PIRE e ] R R L o B i e B s 2 - 0 A & EUF PR G enE b
fwfe iR BIRB Y FD o w S EIWL B R HS R Ty S P A
ERF L ¢ hwe A - A RFFER I e w i odrk G- B S
BHELL B E RS e e SRR § A RIS HIHE e T LR AR
PRI TR oo BB B B E e kw3 pE A ,fém’ff?fi&;? DR
=+ @it (- ) (Partridge, 2022; Wadhwa and Berg, 2022) -

L _'rhm:s,:‘:;f;\«;]'i»:smvéﬂs_v‘ higfp TP AREZFHSL 5L TFAFE
(stator complexes) & X § if eh— 80> > 145 Escherichia coli %7 3 » & 1 %_
3 A £ od Fev %‘r 17 78 MotA fr MotB = > I 12 4MotA-2MotB 1=
WMo RSP EMI AT AE RS 0 I HR K LFF S 4T) R
ede 4 o B R SRS B e 35 (1) B3 S# 4 (Proton Motive
Force, PMF) : lmjfim e drenp #ba )5 ¥ F kAL (FpH L) fod 2L

TIEYR) B, ‘47]5?‘]‘-’”‘3i SRR o FT S e ,};tﬁ?[,ﬁ ﬁ,,lﬂu IR
Xt BN MPFT IR F T EATIE W e > oA B B0 i
FAF SR Y S SRR o e Bl g o (2) 4 5% F 4 (Sodium Motive Force,
SMF) : RILlp {73 Sjd> 4 > R " s T FH R kSR L E
foofmig N b ER A feR A A4 SR 4 o QBT v mie \ P

PRl T F AR £ ME B o T E IS Wi DT &7 MotB B R LY ik T X 4 ik
Fi A2 0 B MotA 5 4 R %1 o BB § B 58 MotA frif 5 Fov

FliG 22 FFenyF 2 # T /p3 18% > @ ¥ L A& 4 g *7 7 chf & (Baker and

)

O'Toole, 2017; Partridge, 2022; Pfeifer et al., 2022) -
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ﬂagellar motors

Flagellar filaments /

~ I _—
V - Swimming
—_— <«——  velocity
Thrust Drag
Counterclockwise ) Clockwise " Counterclockwise

'; \ ) ‘i P / _
&cb /@\/’\/’\ NANS

Run Tumble initiation Tumble

| Straight swimming | | Change direction |

Bl- ~ fwFEl L 44 d S e (23 p Wadhwa and Berg, 2022) -
Figure 1. The rotation of bacterial flagella controls swimming direction (modified from

Wadhwa and Berg, 2022).

bp AR wFE A HF LA P B G m T G A A
2h A A G TS LG AT RS P AR i (7 5 B

4
ARSI A B R LwFEeRS S we f (rafts) HFillwmie - A2
o HE (Blo ) mpFass g v da #Fand > ¢ B 20 EH
Wi~ B L R R R B R R e R S AR F
Fhi ) s AR R AR G S A L M A G E4 (Kearns, D. B., 2010;

Partridge, 2022; Wadhwa and Berg, 2022) -

Cell rafts

Swarming Flagella | el

Surface

Bl= ~wmF2 4w 74 (Partridge, 2022) °
Figure 2. Bacterial swarming motility (Partridge, 2022).
7
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R AR M2 BRI

A% v |+ (Chemotaxis)
Jm A B B B g S e e T R S0 AR T kS i (Partridge,

2022) - A1 M A g I F A REFORBHH S BT T F BB
SR I ”‘%ﬁ%ﬁﬁﬂ°ﬂﬁﬂﬁ%ﬁwﬁ{ﬁ“$%§

#s et (ligand)o @ AR F g B 8L 5 Eargdd > AR ERER S L
v g > »  (Wadhams and Armitage, 2004; Wadhwa and Berg, 2022) -

AT R ki AR A R R R LR T A
FXAET -9 (methyl-accepting chemotaxis proteins, MCP) » # 11 25| fe 4¥ ;
CheA 7 3 Bk 3-v jcfis (histidine protein kinase) ; CheY & * &3 & %]+ > §
FEo 8L B i 27 3 CheW i i % CheA £ CheY & 4% 39 (adapter protein):
CheZ % #apaps (phosphatase) ; CheB ~ CheR 4 %] Z_ 7 figfeid ? g s > ¥
Mg Al T E R o AR F e dlieT (1) F A ARERE MERSIS
W MCP ehlg &> > ¢ {1k CheA p gkt it - CheY ¢ 44 CheA mipc it >
CheY-P #icF| w™e F{odil= 525 & » UL 73k 3 AP 45 > $ R wve
FiE o B e % o %815 CheY-P 4 CheZ 4 Fifit v @ % 1 i3 F Ji - ¢ d CheB
WBERL (Y > 7 Fafs A 4 MCP 4 7 &t o 2 7 At MCPs 3 &
CheA p Bifis i eaiy 4 "% 1€ > F]p CheA p gL v erig & P 5 1l gesh -K T
LB Hew AR @ wmFP AT e BT (2 B FAER
W 4v B € Frd] CheA shp g it > F]pt CheY-P ek & "% ™ » J& @ g 5
oS o iz mEAP B e 25 { A o CheB /E42" i< > iz 1 CheR 3
4e MCP 97 it o 3 B 7 i e MCP £ = 1 CheA p #ift i » & CheA
Bafe v ik FOR AR B Pl vk T o Fla mE IR IIE K S e X g 5
#g % (Sun et al., 2021; Wadhams and Armitage, 2004) -
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M | Attractants

= ~ 4Bt F Rk 3 (8 e p Wadhams and Armitage, 2004) -
Figure 3. Chemotaxis response system (Modified from Wadhams and Armitage, 2004).

= ~ 2 ¥ % (Biofilm)

4 PR PR ERBRS o FE A% R (UV) £ 5428 pH-
BAER -BRE -FR-FAF LA FEDERDT A G JIikL P
FaEfed e SRR R R I FLS 51 i & a8 i P T
Wt LAY SR RA e B BB PR A P e B P L i F

BREOET FIL AR AR FE S-SR ERIE I RE RS S &
e P f R - HERS SRR BT R I UFE s Aoyl SR
BREATR G EFE A S EE DI ERT PR o Flt ok Bl
54 ogag 4 £ & 4 ¥ end & 338 (Carrascosa et al., 2021; Galié et

al., 2018; Liu et al., 2023; Olanbiwoninu and Popoola, 2023) -
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A POy S e BT R R Y e g A E N FIMA G 0
BHAE G EEREMA S BFAL R S ¥ FE AR B
L 03B e F 5P B0 - o b RNA o DNA (eDNA) % vz ¢t B 4
4~ (extracellular polymeric substances, EPS) cng AL & 4 £+ 90 o § fmie e
Wem AE B R 2 4 Hstfiﬁ € B A A m F AL A R AT F gk
A= — B /% (Di Martino, P., 2018; Sauer et al., 2022; Wagner et al., 2020) -

A o e A X 2 i 6o s % AP B o 2 /gw,#_? 3 4 K B coli
§ 77 = g fofifen e i (Wood et al., 2006) » 3R & @ S #50E 0
FoBiETat IRFIARLRIEY ERBLSFED S AT mFEH 2
B N EF A A N2 B engg % (Verstraeten et al., 2008) o 12 T L iR
SR A e FRE A2 H g vz (monolayer swarm) o S F e B R o0
oo e A8 g B enit (raft) > oA 8 4 AR T S AT o A
RER2ZFER e pge I EEFDEE? RO o 20 B F R H &
¥4 REAE I #s i B B A8 (dynamic islands) A5 o H P e 2 ¥R R 0
PEm R R D RRE A A GERFEFRTE RS
e R L hAg 4 > B4 A, (Grobas et al., 2021; Worlitzer et al.,
2022) -

P F3F 5 TERA AR B AN BAFDUSLTIF KA E
fe#t4 (Kearns, D. B., 2010; Worlitzer et al., 2022) - Guttenplan £ Kearns (2013)
F om0 BRK O BT 2 St o Y Eﬁ"’]% A PR s g RiER
Moo s B8 2 6 GR 2 e o B 2§ BEFRS SV e
¢ a5 fliC & Flenk if o Caiazza % 4 (2007) &%= 3 4 51 > SadB &_i#
ﬁk"ttf]ﬁi Ju %8 Pseudomonas aeruginosa PA14 # 4= 53] 2 cn% ) FR 412 F 13-
voo M ik AR SadB I 4 Atk H A S LA R R 3R
Frirdl Atkend o #5740 4 o ¥ b > Res (Regulator of Capsule Synthesis) & st
BA G M o3% kA 2 B e A oW B & ' ResCe
B -0 ResD vk &3 & %]+ RcsB » ResC r 5 B § s fomspe e /5 12 &2
F s & & ResB — A it & L Al o e sk 5 (two-component system,
TCS) » 1345 E. coli # BLZF|ch % 56 » hdesZ % ¢ {ljcts » ResC 2 ATP ik if

10
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PN p R > L AF RSB AREL 1Y o g SRR FLY 0§ ResBgipc
Lok T B o g e BB M GRS FTenA) & S Res b S Pl 0 £
B ARt 7 5 ol & 2 (Mengetal., 2020; Meng etal., 2021) - iz ¥ #cdp &7
AP A fem R 2 B Ak B o

fAmEF A AR T R g R PR R FAYRITI A
2ehdgy itF (O2) friE ¥ i3 (HO2) 4 = %1 F (reactive oxygen
species, ROS) » ¢ & mﬁ—”]“i“/\z WEE gAY A2 2 o ROS # 3+ F{- DNA

FRAEKEY TR HeFE A ea * S mERET §F PRI B IEAT
Sl SR UE RN Py (ahpC) vy A pr (katA ckatG) frdg ¥ 1 it
g (sodB) » F]yt it z’g,—,?",% ROS i& (7 a4 £ % o ¢ 3 o FILRA BT
A F (£ HE ahpC) % % ¢ & FH % 24 & 53, (Jang, et al., 2016; Oh
and Jeon, 2014; Oh et al., 2016) -

&~ S FE R B A A 2 A
c-di-GMP 33 & 18§ |4 fo 4 F 1) &

¢-di-GMP [cyclic bis-(3'-5")-cyclic dimeric guanosine monophosphate] %_%
® A F i3 in% - 1% (second messenger) 0 U E3F § 72 A Al e &
Ao ¢ FEERE S 4 A, {ed 4 (Yuan et al., 2020) ° c-di-GMP £ 2w
@ dok R A2 SR EOE R &4 F oM E c-di-GMP LR E #
% £ 1¢c-di-GMP #[¥LL F & 7 gk o Y F ot 5535 2 oc-di-GMP 1§ =
& @ /& + GTP (guanosine-5'-triphosphate) #%i% 7z 3 GGDEF iz § F
fa Tk (* f5 (diguanylate cyclase, DGC) # it % c-di-GMP : @ 7 3 EAL # HD-
GYP 1 chBifik = fia i (phosphodiesterase, PDE) R ¢ #- c-di-GMP *# iz 3
S-BEEL S H A-(3'-5)-5 H & A  GMP » =+ (Baker and O'Toole, 2017; Rinaldo
et al., 2018; Sisti et al., 2013; Whiteley and Lee, 2015) °

#§¢$§£?chMPk%ﬂ&@ﬁﬁ@@ﬁ%i%¢%$oY%R
% c-di-GMP %2 & F-v > H # 5t 5 BB MotA/FIG/FIiM &z dg & & 1 sc g x
AR F > YegR @ BEP 7 U @ik dag 4 22 a8 o f e ¥ o B3 A
= 24 $ 0 c-di-GMP 73 s T 0 YegR € Fr 3L Ed (Guttenplan and

11
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Kearns, 2013) - Dong % * (2022) %= 3 R & = fo'% % c-di-GMP ehg-v
B & 1% lo 7 Bacillus velezensis SQRY i %7 (¥ % o £ 2 c-di-GMP 7
BAAT 4 B e 0 ' fR c-di-GMP F B4 ATAR T [ fei@ B S o
FHE & (Quorum Sensing, QS)
2R EANA oL PSR mAE SR 0 T W FHAR
fepfbe Wetdpd e o %“%éﬁ%‘r PR (bldet 45 Y o i 2 e
(Glde: HHEB) AEFEYE2mesr v 3 83473 - 27 HHE RaEp v 2
BEAGAE N 4 AENES AFEA M2 R T gl (Gmiter and
Kaca, 2022; Shrout et al., 2016; Tran and Hadinoto, 2021; Wadhwa and Berg, 2022)-
HHE & (Quorum Sensing, QS) H - fflm®z B cjiid fic;t - E fF LA
F € A2 p A ER (autoinducers, Al) et 5LA F o Al & d S—HJT{-ETB Frg
f« (S-adenosylmethionine, SAM) & = crfk 7k & 3% & fA P fig (acyl-homoserine
lactones, AHLs) & 2 3 &3 » v i dme ¥ 424 ¥ p o J4CF 48 mbe o A g
w? @ K (low cell density, LCD) T » Al ek & M3 QS ¥Rl #TZ el 12 5 &
% e % & (high cell density, HCD) ™ » % 4f B k& ch Al » @ w35 18 bm 7o
Felmme i DX RO RIFIEL - Al EXMB L g RmXMaEl 4
pOREAREL b > T ORphE B GRS e e TG 0 3B A % QS B & h A F
Z Ao gt > ALBRF QS B fike T AL & = el 4o > M2 T - B4k
i+ &A% (feed-forward autoinduction loop) » H B+ 48 ¥ e 4 A F] A R o

2

f
B o kB fd W & e vkpl ipF  (histidine kinase) X ¥ 4cE R & H|

i

RN F QS £ M e s k5 (two-component system, TCS) -

(response regulator) £ = f DA kA BN E L mAE KRR
LuxI/LuxR 3] QS % 52> LuxR & - filme F#4r %+ 75 24> ¥ #&pld Lux]
A& aprA 4 hAHL Mm% R AT > AHL (kB # i > £ 7 § 4k lmee )
I LuxR BBl > % LuxR 4139 72 22 AHL % &pF > LuxR € R " f2; 48w
e RET o A B kAR AHL 0 AHL i 3§ w2 %ot o ?2 o e LuxR g 7B » AHL
£ 7 % & LuxR P> ¢ LuxR it 4934748 ~ % & DNA I i P 2L Flendi 4 ()
) o QS I s A Pk A 2 A A P G4 FI AR
% (Papenfort and Bassler, 2016; Rutherford and Bassler, 2012) -

12
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(©)

Cell membrane of O
AHL O . AHL O O
G (-) bacteria o) o ©

1 ° / N } |

O 0] O o O

D) D, °
to I
/—@>7’/— Target genes — F@//& Target genes —
Low cell density High cell density

Blz -~ 2 1545 Luxl/LuxR 33888 & & St e

Figure 4. Gram-negative bacteria LuxI/LuxR type quorum sensing system.
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$zR PR oEER
TRAYZTF IS SR FE R RBEIEAE R O SRR
SRR G W PR A LA P& B 1B SIEM KA R RHER
.f‘:m“pﬁéﬁﬁ&f“ M 5 o m];]%‘,\ TR A A P A 0 Ty Flde ] 5 A B E . m];:]
LooRam o il it ISR HEH > U o PEARSL D AT AR
FoERE )R AR DG OFE AT # RE > (50§ A Enterobacter mori £
REAB FRAPC TR AR B SARR-FRFTIAE 73 A 25N F
PR E.moriFS08 » &2 H is ] § AN A dgtript o B3 { B anAdoa 4 o ARTE RIRE
FoolRARATHM ARSI AP E A 2 - BROBEAAY T RBIOES
favr €5l Atk (BR > 2022) o« PXm o P ABRE )R A2 BB B AE 2 o 7
Lo AR g enp ehi (1) FE3RE.moriFS08 EFE gl F AR o (2) 1R LR
MRS S 7 P R R AT g S A w2 £ @
CAMEERRE N R S VA a2 BRI N B WA LR R iRt Ll T
FHREHACH T o LR A SA B 0L 87 F ARER% > HE
mori FSO8 ¥ 46 3 AT £ > ] 3 A ¢ > MEFREFEM R R LT ER0 o #3145
PRl A SR o % 2 394 0 I RLE.mori FS08 iR & B & i 4 7 b
TRBRHAREEAEE  RARRY GFS 27 0 REABEAY 2 TR 5
WHRER = FRAYT 5 10mMM > R 8 ad § 7 LB DT o &
FRL LS R E DL R - AL a3 FEAZFHREAT 5
Fhend EFA5E b i 4 o395 5 i % 0 iE A 30°C10mM SRR R T
B PREARCE AR BN 2 AR R T BB A T4
R s UET T BRFSL AR E B RILFRNR £ RUR
3 & ke 10mMM § a2 3 W b i 4 224 6 A (74 4 PR 4 Escherichia
coli BCRC 17320 i® 5 f ¥4 > 22 E. mori FSO08 /% & & 7 +* i o

14

doi:10.6342/NTU202401515



Enterobacter mori FS08

Fresh-cut cucumber

Quality indicators

| * The appearance change |
| = Total plate counts I
I« D-Glucose / D-Fructose
: / Sucrose

| » L-Malic acid / Citric
| acid / L-Lactic acid / D-
: Lactic acid

| » pH value

|« Titratable acidity

BRI ~FHFER-

Figure 5. Experimental flow chart.

¥

Negative control: |
Escherichia coliBCRC 17320 |

e

Mixed carbon source M9 medium

* GFS: 10 mM glucose, fructose, and sucrose
* GFS+ organic acid (L-malic acid, citric acid, DL-lactic acid)

: * Temperature: :
| 30°C.,37°C |
| « Acid concentration: |
I 10,20,40 mM

* Cell growth
* Swimming motility

30 °C }

Chemotaxis
Swarming motility
Biofilm formation

Gene expression
profile (QPCR)

15

Motility |
related genes J|

Transcriptomic
analysis
(RNA-sequencing)
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Fr g oHpa-i
B~ R
-~ ER&

AT Y 2% A (B % Cucumis sativus) FER > BAsf¢ <« > 2 &
PRRZEERF I FZEIRFEIBLTHEL )R ADFHREP FRRPR
MR TR O F L oo

=~ FERAR
oyt 2 Atk kRE Fde & - o Enterobacter mori FS08 % 7 % %
ALwp Aol g AP 232 FER (B 0 2022) 5 Escherichiacoli BCRC 17320 p#
PEHBZASE1IEFEFATASFTREFEFALY « (R0 0 S#) 0T
AT R dlEL £ Atk

E. coli BCRC 17320 ¢ 1 & 4=  Ftk E. mori FS08 F 5 % & & #
(Enterobacteriaceae) » = E. coli ek de 5 & ~ AR {22 4 4 957) 2 2 Ap Bl ¥
T ¥ E (Sharma, et al., 2016; Wadhams and Armitage, 2004) - 7+ 5 ~ FRAFE
% B ) E. coli O157:H7 - % A 1+ eh#sE (Sunetal, 2019; Sun et al., 2022) -
dNAPTEE M F AR FRFRG e FlERR S Ecoli
e o AR Ftk e ¥ b0 A5 % % 3474 E.mori FS08 (A 11
B @ JE AR R (i—%iﬁ?é’?ﬂ S E R pH E) AT ER E 0 & E.coli
BCRC 17320 i® % f ¥4k (Bf > 2022) « f dp#lleche & 5 0 ahE e 14p
3t E. mori FS08 f* Ag g ss otk o d *> E.coli chFm g @ Ap g £ 5 > e
FL2 3] E.mori FS08 #— &+ £ 4t E.coli { 3 » & & E.mori FS08 tHe & {4 -

N L

Table 1. Bacteria list.

Bacteria Source References
Enterobacter mori FS08 Isolated from cucumber RE > 2022
Escherichia coli BCRC 17320 AR A 851 ¥ BEFT 4

16
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N

1.

2.

3.

E

| d
e

B &AM
D-glucose ~ Tryptone ~ Sodium chloride (NaCl)¥ Agar > fip Bioshop
Canada (19 & % » # K]) - Yeast extract ~ Tryptic soy broth ¥ M9 minimal salts
5X > ptp BD (Franklin Lakes, U.S.A) o D-(-)-Fructose (=99%) ~ Sucrose P
A Sigma Aldrich (Saint Louis, U.S.A) - MgSO4 fp Merck (48 ) » Glycerol
Ftp J. T. Baker Chemical (Philipsburg, U.S.A) °
=
(1) Hydrogen chloride (HCI) ~ Crystal Violet F£-p Sigma Aldrich (Saint Louis,
U.S.A) -
(2) L (-)-Malic acid (99%)Ft-p Thermo scientific (Waltham, U.S.A)
(3) Citric acid P p Nacalai Tesque (3 % > | #)
(4) DL-Lactic acid ~ Potassium hydrogen phthalate (KHP) ~ Phenolphthalein
(Bp) BA b A BSHS gA (0 4)
(5) Sodium hydroxide (NaOH) Bp Pefoit ERsC g4 (X > P #)
(6) Ethanol (EtOH) P p Fisher scientific (Pittsburgh, U.S.A)
(7) Acetic acid (=99.8%) B p Honeywell (5& B)
ERE
(1) GENEzol™ Reagent (GZR050)F-p Geneaid Biotech Ltd. (374 % » 5
) e
(2) DreamTaq DNA polymerase ~ 10X DreamTaq buffer~ Water, nuclease-free-
DNase I, RNase-free (1 U/uL) ~ 10X Reaction Buffer with MgCl, ~ 50 mM
EDTA £ RNA Gel Loading Dye (2X) B p Thermo scientific (Waltham,
U.S.A) -
(3) Random hexamer ~ 10mM dNTPmix P p Invitrogen (Carlsbad, U.S.A) °
(4) 100 bp DNA ladder £ 1 kb DNA ladder £ p Bioman scientific Co., Ltd.
(Fra s o o &)
(5) Agarose F-p Cambrex Bio Science Rockland (Thomaston, U.S.A)
(6) TRIS powder P p Bioman scientific Co., Ltd. (374 7 » = /%) -

17
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(7) Ethylenediaminetetraacetic acid (EDTA) B p Sigma Aldrich (Saint Louis,
US.A)
(8) Ethidium Bromide (EtBr) - Diethyl pyrocarbonate (DEPC)FE i Sigma
Aldrich (Saint Louis, U.S.A) °
(9) Lysozyme powder ™ £¢ Bacteria lysis buffer fp Geneaid Biotech Ltd.
G o> 5 &)
(10) 5X First-Strand Buffer ~ 100 mM DTT ¥ SMART®MMLV Reverse
Transcriptase P p Takara Bio (Canada, U.S.A) °
(11) KAPA SYBR® FAST gPCR Kit Master Mix (2X) Universal ptp U-
Vision Biotech Inc. (= #* 7 » 5 %) o
4. T ¥r e
(1) SUCROSE / D-FRUCTOSE / D-GLUCOSE ASSAY KIT (KSUFRG) ~ L-
MALIC ACID (Liquid Ready Reagents) ASSAY KIT (K-LMALQR) -
CITRIC ACID ASSAY KIT (KCITR) » D-LACTIC ACID Kit ~ L-LACTIC
ACID ASSAY Kit (K-LATE) ptp Megazyme (Chicago, U.S.A) -
(2) Genezol ™ TriRNA Pure Kit (GZX100) ~ TriRNA Pure Kit (TRP050)x?
RNA Cleanup Kit (PRO50)pp Geneaid Biotech Ltd. (374 7 - 5 #) -
(3) Zymo-Seq RiboFree Total RNA Library Kit (R3000)fp Zymo Research
(California, U.S.A)
TR RAZ TR
1. 0.85% NaCl
0.85 g 77 NaCl 4 » 100 mLRO "k » ME #1393 ¥ 3 B F -
2. % %0 5+ 23 4 H (Tryptic Soy Broth, TSB)
12 3 g Tryptic Soy Broth powder #r » 100 mL RO -k et )R £353
TE(T 121°CR BF R -
3. Tt #s & A (Plate Count Agar, PCA)
R - OREBIENI2ICRRFF L E AP FH

AE D A 4°C o
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4.

LD E PR AR
Table 2. Formula of plate count agar (PCA).

Material Content
Tryptone 50g
Yeast extract 50g
Glucose 25¢g
Agar 150¢g
RO water 1000 mL

FpAv iR ke SRR G AR MO 5 & A

ALY R EYRE LA Y AR R
ERhE AR 72 10 mM 2. § § # (Glucose) ~ 10 mM % #& (Fructose) %
10 mM E# (Sucrose) > ™4 GFS %77 o ¥ ¢t > 35 1IXM9 3%%& 2 mM
MgSO4° M9 Minimal Salts & - #8% & 44 A 4 £ R > L B5E
SR A2 PR A AT ZBcF > F 1T EA LRUR 0 AR
Fedf P& & DNA fs BF 903 adg gt > (75 fmie ) fips cngf 24 75
(Walker, G. M., 1994) -

RERLR M9 1 & Rz fe dek = 0 FFAREYLEIAE (20% Glucose
Fructose ~ Sucrose) ~ 7 #f% (1 M L-Malicacid - Citric acid ~ DL-Lactic acid)
£0.1 M MgSO4 2 Stock ;3% » A f3> = =-k¥ T #{5 » £ 6 022 um /g
Sk 0 H ¢ B Stock i3 i £ 4 NaOH #-pH @3 3 4.0 ° 5XM9 73
# % RO -k 121 °C &= Ffs » & F b fe W45 2 Stock 73 ik kR % = 2
A4 » FEP o 5o Pt PR BB %740 BlA B G e L-#
S0 RIFEADL-S R R AAY 3 PEEXERS I0mM -~ 20mM
#2 40mM o £ {6 2 HCl 2 NaOH #-fe fl4ent B 4 AN AT 4pk pH &
(pH % 6.6) > £ 12 022 um jg i3 @ R AL F P R L] o
A# (Swimming) ¥ % A2 4 5 £ 7 (Swarming) 3 & &

FTRAFARFELA BB AAFE-ROLMEBRAATTE 2
Bk A B EREAE S (Agar) A o Bt kR LR
BEA (% —)’Fa‘ﬁ\frvi‘“%éﬁﬁo 0 03%K s 2 BT AERNT T%

19

doi:10.6342/NTU202401515



0.4%3K 75 o #3f 7g 82 £ = ¢ RO "k £353 £ 121 °CH R Ffé > #
Stock % i 82 ¢ 2. SX MO i3 ik e PR 4 = e PRl fE 4o » B33 7p 2 ok
Iy BY R L5 > ¥ AL B & A HCl 2 NaOH # £ % #p e pH (15
(PH % 6.6) > A dxP-8mLit# A1 3 /S 55cmeusdx > #3% 30
ABFERF o AEFEH 2B A AT YN S0CE A RFERE ¥

fi & ARE -
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%= > ;,9]:4\:;“2 -;flwwﬁ WL aR LR MO 32 & A2 fie s o

Table 3. Formula of the mixed carbon source M9 medium with or without addition of organic acids.

20%Gle  20% Fru 20% Suc *Orga%m'\i/cl: acid h?lélsl(\g4 Ms?Jlsl?tlito?\X RO water v-g;)l};ar:e
mL
*GFS 0.9 0.9 1.7 - 2 20 74.5 100
GFS + 10 mM Organic acid 0.9 0.9 1.7 1 2 20 73.5 100
GFS + 20 mM Organic acid 0.9 0.9 1.7 2 2 20 72.5 100
GFS + 40 mM Organic acid 0.9 0.9 1.7 4 2 20 70.5 100

*GFS represents the media were added 10 mM glucose, fructose, and sucrose.

*Qrganic acid: L-malic acid, citric acid, DL-lactic acid. Organic acid stock solution: pH 4 adjusted using NaOH.

Adjust the pH of all media to 6.6 using HCI or NaOH.
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6. AR F 3 & A

IS ZENVAI Y A ERURG G B TES BRI E
Fit= 3 P (L% e R DL-F' i) # FIIR iR F b 112
FEBR A FE EF ek ier o481 F Bz & Aehe X 4o » £ /55 9em
2 EAr FFREER 2 M RAFRAREARA TS c Hpd S Fde
TooF AR E G 04%4 @ (glycerol) #10.3%3% Py IXM9 3 & A 0 112
WH - R Al (Rr) MRERRG NG BRLREF (1) @
%2 ROGKIE &S » R IE B B F o PR - § B2 Stock ik &
RE R gk kA RS E T 2%H aehp R £ o B-300ul PR
LEFIR- P BAD TR LS R hiel o FEFMAKRZ PR S
PREES R BREP25mL 7 F 04%4 @ 510.3%% 75 1IXM9 1 & A&
IxEHc? MIRAAFTREPHR Ly FE30 AamFdRT-

Compound
(2% agar)

0.7cm <\
Inoculation cite
M9 medium (0.3% agar)
contained 0.4% glycerol

Bl ~ABiLF 2% 4 o

Figure 6. Chemotaxis response medium.
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Fw ~ARIC R B2 H - jRRKRIC SRS o

Table 4. Formula of single organic acid compound for chemotaxis response.

IM M IM

Malic acid Citricacid  Lactic acid Agar RO water  Total volume
pL g mL
RO water (blank) - - - 0.08 4.00 4
10 mM Malic acid 40 - - 0.08 3.96 4
10 mM Citric acid - 40 - 0.08 3.96 4
10 mM Lactic acid - - 40 0.08 3.96 4

Organic acid stock solution: pH 4 adjusted using NaOH.
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T ABF LR ERURG S PR IR £ PR

Table 5. Formula of the mixed carbon source adding organic acid mixture for chemotaxis response.

20% 20% 20% M M M Adgar RO Total
Glc Fru Suc Malic acid  Citricacid  Lactic acid g water volume
uL g mL
RO water (blank) - - - - - - 0.08 4.00 4
*GFS 36 36 68 - - - 0.08 3.86 4
GFS + 10 mM Malic acid 36 36 68 40 - - 0.08 3.82 4
GFS + 10 mM Citric acid 36 36 68 - 40 - 0.08 3.82 4
GFS + 10 mM Lactic acid 36 36 68 - - 40 0.08 3.82 4

*GFS represents the media were added 10 mM glucose, fructose, and sucrose.

Organic acid stock solution: pH 4 adjusted using NaOH.
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7. 0.1% Crystal violet (% & %)
BEEBRTEL FPLRAHE LG lg BhER A
der TLZ =7k MERHED R o fefll4910.1% crystal violet »*7p] 2
A Fom o Botr g ok g i (0.45 pmfilter) T SOmL 3w g (4B7HM#
B LK) o
8. 33%kpr s
pefl>t SOmL #tw g > >0 b %7 P~ 16mL fFpk 3 32mL i« F]-k 32
mL ¥/ £355 o
9. Hifs™ ¥ 7% % (Phosphate buffered saline, PBS)

Hpes 4ok = 0 UL EESS SRE -

# 2 ~PBS 2 fie > o
Table 6. Formula of PBS.

Material Content
KH2PO4 02¢g
NaCl 8.0l g
KCl 02¢g
Na;HPOq4 1.15¢g
RO water 1L

10. 50X TAE bufter
gL e @ 0.SMEDTA-2Na > H fe = % 9.306 g 2. EDTA-2Na 2 NaOH
BRGfE T E-pH EA KL 8.0 E 4 RO-KI BHAHA 5 S0mL- ¥ 045
um Jjg "> 50X TAE buffer fic * 5 121.14 g TRIS powder ™2 %4 RO -k i3 f% >
£ & B 4o~ 28.5 mL fppc 4 2 10 mL 0.5M EDTA-2Na (pH 8.0) » % =
5> 120500 mL T LM RO KT xR 5305 o
11. 0.8X TAE bufter
#-16 mL 57 50X TAE buffer 4t » 1L enRO -k » B £353 o

)

12. 0.1% DEPC -k
1 mL Diethyl pyrocarbonate (DEPC) +4t » 1 LRO -k » M 3 5%
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TR EF AL £ 121°CH BRI e
I CREEKA

5. 4g% -k # %48 (ultra-pure water purifier) » PPII-15UV » ¢ ELGA Lab Water

¥ (High Wycombe, H.K.) @] -

6. 4v A A E(hotplate stirrer) » HTS-1003 » £ p LMS (Leuven, Belgium) °

7. 3BF A% (autoclave) » TM-328 > BEp AP R EF L@ (&) -

8. % 3+ % I (electronic balance) > Adventurer ARB120 » # % & 0.01 g BEp
Ohaus %% ; » 47 % T (analytical balance) » ER180A » # % & 0.01 g pp
A&D Scientech =7 (L% > p &)

9. & F#k i¥ 5 (laminar flow) > Model 4T » P BE KR EF I (%) -

10. 278 £ % 44 (incubator)> LE-519; & 7% # % A (orbital shaker)> TS- 400P/F/T >
BEAFIRTET P (0#) -

11. 2% (vortex) » MS-P2626,MS-NOR » P FIscfi it b3 1222 (441
)

12. & & k& 3+ (spectrophotometer) » Biomate 3S » P p Thermo Fisher Scientific
(San Jose, Canada, U.S.A)

13. & F Al > Model5804 > i p Eppendorf (Hamburg, Germany) ; 3 & 3
= % > Legend Micro 17 » p=p Thermo Fisher Scientific (San Jose, Canada,
US.A) -

14.4°C k4% » KCCO2 > TSK ; -30°C 4 i #% » MDF-U537 » -80°C 4 ik % »
MDF-U54V » 32pp = 3T #7 T2 @ (Osaka, Japan) °

15. padk & 3+ (pH meter) > Model 6173 > pEp E X T F 1 ¥W G L@ (5
R O

16. 48 % 325 4% > Masticator» FEp £ P REWR >3 L7 (74P 0 5 %)

17. 3257842 F » Imperial 10-Speed Blender » f£p Osterizer (U.S.A) -

18. > p # 2 %~ 71k > Synbiosis ProtoCOL3 > p£p Synoptics Ltd. (Cambridge,
England) -

19. ELISA reader > Synergy HT > B p Biotek (Vermont, U.S.A) °

20. #iz & & % & B 3+ > Thermo-NanoDrop 1000 » £ p Thermo Fisher Scientific
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I

kS

(San Jose, Canada, U.S.A) °

21. PCR § B #=+]® (PCR thermal cycler) > My cycleTM -+ pt i BIO-RAD
(California, U.S.A.) °

22. T A (electrophoresis system) > Mini-PROTEAN % Mupid-2plus 4 %] f
p BIO-RAD (California, U.S.A.) 2 ADVANCE (Tokyo, Japan) °

23. % *F MR k% (UV image system) » DGIS-8 » ptp  Digigel (California,
US.A)) °

24. StepOnePlus™ 7 pF & & fa4aisd & i ik (RT-PCR system) > B p  Applied
Biosystems (Waltham, Massachusetts, U.S.A) °

FEHH

IBM SPSS Statistics 22 ~ Paint.net 4.0.16. (g &l #x%8) - GenScript Bioinformatics

Tools (31 + & 3+)

o F D2
Bl A2 BERER

B4k %% F P P~ E. mori FS08 2 #vks %Y 4 mL TSB # % 7 > » 30
°Cr2 200rpm 3 % 5 & (6 16 /] P¥) o I p #-Fi% 3 & 1 ODeoonm = 0.1 4 » 5
mLTSB 3 % 2 » 3 30°Cr2 200 rpm 35 % 1.5 /| PFig 75 1¢ o

WpEACE L7 B BE 2 B AT (22 9em) 12 TO%IFHE R 4
o BT S ? UV kR | ] PRI T o BATEE chR [ F O
RO k#ik 20 ) > PO B de i o 0 TO%FHR 18 0 2o Rk IF
PRl R ANMNE Smm R REEAFE > BRI FAHISg o FAY
Taapstgted (RpR-J0PE A2 7 ¢ To0ft L GREe) .
et ol F A B LUV kR 30 A 4B TR

&1 18 e B . ODgoonm > #-Fi% 33 B 2 10’ CFU/mL (E. mori FSO8
% 1 ODeoonm 48 % ** 1.63 £ 0.45x10% CFU) » 4w £ 4 %% TSB F it #8 » 373
I ImL == F2 0.85% NaCl iz ik « *F %A~ 5 EFe{frikle  Riet
E o A S w8 10 ul 7 107 CFU/ML 1 E. mori FSO8 fie + %t/
R FEAE 10Ul & = F0.85%NaCl i3 ik « -] & A7 B8 0 3 30°CH &
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Iy

0

S48 2448572% 96| PE 0 3 & BPERBLE T AR R 0

S WARR AR R Sk

1.

I ORGSR Bk

WERRETEER Y > SRS 1T RAp IR A (B4 E mori FSOB)
2B (BB FHL 0.85%NaCl) 2§ A= P45 h o
K Nel ok S

Bt~ FUREZBT BT R - Ho AT 3 EBRRF 2 T0%
FW e BRHIT L BB HOTRECTIRAFNLAARF L - B
ML I I E N EFEITS Y > R BT ERERAE: HREZ ]
FOAT R U Bl A W B 25 D4R BT R > T 4 xR 2 0.85%
NaCliz i 3 250 g» ™M 3fr dmixRF $3tie - @ * 485 2 hi-2 4
4 R B BRI > Bk B AFTR S B 100 pL B % 40
T 4m 2t 8 % A (Plate count agar, PCA) > »>* 30 °Cig|E 3% 1 T 2 % {8 >
PR RS A
TR AR ET D

MrLBRERRRFAEE HREL L F AT PRSI 50 g 2B
WEZ > Lher P EEE 2 OS%IFPH > BT HEZTHA 30 Ht 0 A K
2 50 mL & F 52 5000 rpm s 5 448 0 B bR i -30 °Crk da o

GEPRRELSHCESA TR o

| F R 3B % 2- BE#E 2 Sucrose / D-Fructose / D-Glucose Assay Kit 4
Vo RBERFAP T LEF IR ARSFRLTE  BEFBRATE
FRH20 % o B RIW4e™ 13 pH 7.6 T 2 BMEHEF (hexokinase, HK)
¢ it D-9 § 484 2 § 5 #5-6-8ipt (glucose-6-phosphate, G-6-P) ; D-% #&
Pk HK it &2 4 % #-6-F4f4 (fructose-6-phosphate, F-6-P) » F-6-P #
¥ WL H 5 4 0% (phosphoglucose isomerase , PGI) # 3 % G-6-P- &
HiEYH § BE-6-Fp % & fF (glucose-6-phosphate dehydrogenase, G6P-DH)
% G-6-P ¥ NADP'F & # § % #Epi-6-#4p4 (gluconate-6-phosphate) %
NADPH o F]pt 3t 7 4c PGI = » | 7_340nm *% & & 2§ NADPH ¥ 1/ & {¥
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D-45#% 8«85 PGL# ~ {4 NADPH thZ R ¥ 118 F D- %47
¥obo st pH46T o EMEE A B R AEHPF (B-fructosidase) -k %= D-
dORE P RBHRRETS D-FERE R

TR ELSN
(1) L-5 % pa 4 iRl
| A X B 20 L-#f % ik 14 L-Malic acid (Liquid Ready Reagents)

Assay Kit # 47 > =R Bl F 27§ ARE SR TR &
EFPORARTIR G AR N 60 B o 2 RILAeT I Lg ke 4 pF (L-malate
dehydrogenase, L-MDH) . it L-# % ¥ NAD' &~ A 4 ¥ fge fk
(oxaloacetate) ~ NADH #7 H'» 2Xa it F B2 T3 F B FIP F -
# SRR -3 gL fadE g fF (glutamate-oxaloacetate transaminase) #-
¥ fke fafe L-#eps (L-glutamate) * & 42 L-* % s=eps (L-
aspartate) ¥ 2-fir = f& (2-oxoglutarate) > 7 oF i3 F B 4 o B fS B 2
340 nm =k @ ¥ NADPH v @ L-#g % i 7 £

(2) 18 Hyps i inl
JEAZTER2 ﬁ%;;‘mu Citric acid Assay Kit 4 17 » &35 i 7 3
PEEiE )t ARSIRRL LI REFPRARTREFRI08
HRIE4eT C RIFRL € AR fR L f2pF (citrate lyase, CL) v & 4 ¥

fibe fi% ¢ f4 (acetate) o X e fh2? NADH 5 L-#g % fe st & p* it ¢
A4 L-#f%ft (L-malate) & NAD" » 57 5 b ¥ fipe e fs
(oxaloacetate decarboxylase) » ¢ & $% A ¥ figc pR4k L1 2 4 P Ak e
(Pyruvate) - 3 e 7 £ (K5 o Fl F M 4 D- e pF (D-
lactate dehydrogenase, D-LDH) » # 5 it fid 2 NADH = g4 i) 42 2 4 D-
' f& (D-lactate) 2 NAD"- & {5 B] . NADH ** 340nm & £ T j&& > 2%
kEv N EFTRERZ E -

(3) D-5‘ s #a iRl

| F A F Bk 20 D-§4 12 D-Lactic acid Assay Kit 4 5 » i ¥k g
FEPEEE ) ARESERRL TR -8 RE4eT I D-F & NAD'
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i T oo Bk D-§Ufe % & fF (D-lactate dehydrogenase, D-LDH) % f* 5

s A4 NADH o e F it F i 303 5 i > T4 3 ~ 12 D-

& % pa-po ik pade 3 B (D-glutamate-pyruvate transaminase, D-GPT) #

PEEEEEE o D-% 5 pi (D-glutamate) #& it 3

fo 2-fiF & = fi& o B {4 8] = NADH ** 340nm ;
@Dtz € o
(4) L-5* s ¥ i8]

D-p3 % p& (D-alanine)
E TR 4oz kBT O E

2. L-§“p& 2 L-Lactic acid Assay Kit 4 47 > }* 75 ¥

B
Pz hme Ry e D EtRRAp R ED-FUp R g pEied LR

% & ¥ (L-LDH) i {7 5 Ji -
pH &

™ pH7.0 % pH4.0 2. & % it pHmeter {s > #& P &

B P B

e ¥R e Br 2 pH & 0 334k pH meter 4§ T8 il o

R TR R T
F"t‘ﬁc'%f\lOOSNl 3‘ 'LfF\/pni’ V"’OS%ﬁ»ﬁr#

FARHYTFHO00SNEF B ERL R

A (7 95%¢ fi§) o
%3 2 5 M 40.05

gMF - " ped 49 (KHP) ¥4 » 50mL = =k » £ 7F 4 4 ~ 3 3 0.5%

ﬁjﬁ?ﬁ%’ui?ﬂ_@\% ﬁ‘,—""i ﬁ’—/ﬁ;"‘bngrﬁg’]_-}ng 3,:\191$]f})‘/p”
S BT EET AR N) B (D R AT

KHP ¢ € /KHP & % £

iy itay BRAN=-

REV I LK% 2 5 10mL | F

iF AT RERAN)

. 4 /31 —
Gt PR MAL) %

#rfe ik B (0.05 N)

ROE BRI 0T

sl om g 2R L 10mLO5%e % o 13 Bl Y 4e » 3F 0.5%f fivdy T

x 100

A= FEF T £ & § QA (ml)
B= %o Zijf o2 45 - 4HHF (ml)
f=005N & ¥ " 4iziez 4 i
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O.A=1 mLO0.05SNNaOH ;3;4p% "% > g 7 ¥ 2

s

(;Eﬁ% f4:0.067x0.05=0.00335)
W= %2 ¢ (g) [F-x 50g]
Z O FREE A AT
AL R > T FREEA L FR AR H A P e
TG Y BER A 4mLTSB 2 & A 0 2 30 °C12 200 rpm £ %
e (K16 ) FF)- P 55’?]‘/&?% 3 ODesoonm = 0.1 4t » 5mL TSB & % & »
¥ 30 °C4 200 rpm 33 & 1.5 P PRIEFE T 0 B SRR &SR R R

Beip v 15 e EIR B B L ODeoonm = 0.1 0 3o I3 “,% TSB } jfikis
wip L 8mL T ARG y & (ke 3R AR (LT %A - 8 #FR - DL-
FURR) 2R AR A A Bl R EL (0] FF) 2 ODgoonm I 3545 > 7
AFEF Y 30°C 37°C2 200rpm 32 & - R E 246810 1 % 24
] B 2. ODeoonm © 2 #h » 3+ 0~ 6 2 24 /| pFR| T8 e BFir - B & 4k
s o BT g £ AL (Plate count agar, PCA) » 3t 30 °C3 & # 5)

[IERCRCATIS

e
<\
B

it
2. Adae 4 (Swimming motility) 2 % & # 75 #  (Swarming motility)
A B LGB EFN A RREL BB TT o A A A 1
faz RERMBE MI BAR (FH%) %X FHERE T2 BEBAR
ARZGBERAANEILINR pH Bl 0 B R E B8
I55cmz e #FE 304 FH R KRE I S ANFIRAFEL ODooonm =
0.1 w13 “ﬁ?_ TSB } ikt » w3 I ImL#FPk - B9 b 4 5 5%
P lSuL A TF fIEAE T EF 03%FE g A A TR IR, P owE ) A
B A A ?%Ewﬂ%LSMJﬁﬁ’EilgﬁOA%Q%ﬁﬁﬁ%EF%&J
PosBE o (e 30°CE 37°CE B3 A 182482 48 ) pF s H P Gede gy
PR R PIRFAFEHITELZFAE L A G BT 4 R 3p R FE BT
4 & ek ff 0 M Paintnet 4.0.16 A BIZE N FEEZ B A e b ff 0 BFE
g te o fio WilkaBiER A0 -
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Swimming motility Swarming motility

| 5
1 | ]
T \/

= ==

Swimming area Swarming area

Medium with 0.3% agar Medium with 0.4% agar

Bl- ~Adad Bhafmat ik

Figure 7. Swimming motility and swarming motility experiments.

3. AR F &R
AR REBEAAL PR EFRENRESA R HRIBRT
Bl #3815 NER D ODgoonm = 0.1+ 41 i 4 % TSB iR 15+ w
BI ImLREk - FAEUR S 2 M > Bl FRAERERT S B LS
UL it 5 PlaRETART F it % AW ik (BEHP R 24 35 cem
A) > B EEEW30°C- AT 242 42 FhE D BACRL
$oA A AR EE (R~) o #lE Dl 2 D2 jEdg DI 5 845 81 B4t
PR & FchEE B2 sedr s D2 SRR AT D 1 & F B
FliE i k2 BEAE o B8 0 35 H F Jdp B (RI,response index) 1% & #|#7513%
W AR A2 ¥ > B 258407 CRI=DI1/(Dl+D2)> RI &+ 0.52 4
TF A R 0 3 048 PIAR 5 AR A & (Guo et al., 2023; Zhang

etal., 2019) -
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Swimming area

Compound
(2% agar)

Inoculation cite

M9 medium contained
0.4% glycerol (0.3% agar)

B~ AR K T LR e

Figure 8. Schematic diagram of chemotaxis response experiment.

e 4 18 DR L ODsoonm = 0.1 > #tow £ 4 0% TSB 1+ i i o
AL AT & r;‘;}:%u * kG E (L-9F % pL > BIFPL ~ DL-3Upb)
2R BRI & B o 3 96 3L 4E Bt B F 40 ~ 200 pL SR FR (TR P
Bl &%) #130puL A& A2 & A& (blank) 2 130 L ¥

o
34
e

§
fu
(1
—N‘
14

BB e P P s Eks & AR A B4~ 96 zbji_?v’ P FIR
EE-EAFERFO B HRFN 0 H067 4 E 2 30°CH & §

=k
ma
5
B

24~ 48 81 T2 PELS > M E LS ER T4 PN T R o

PR BB 96 Y H 0 L R RINEF L RLT dp o R S b R e B
¥ A5 5 RTe0 96 3145 0 1R 4 A %k B3+ (ELISAreader) ] 2 ODgoonm
FE TSR 2 KRR iy o R F T G 2 P en 06 ¥ v

ks th o e E I ser 200 UL © i A2 PBS S g ik 0 B AR

|

Et

T 06 FU AT RE AL Flde e s Al 0 B 06 FUAFaR R 4R M E 2 50
°C W3z 15 A48 o FEGRE RMA T (5 > 30 F BIt4e » 150 pL 1 0.1%.5 &
HoWRS e B BLE 0 der 400Ul EFREBE 0 BE LR
Brkiiez o f2r 50 °Clgc 15 A 4 o e~ 200 plL 4 33% kg fis
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v 1000rpm & F 1 A 480 R 353 18 i E 4 4k k R 3+ (ELISAreader) 7
Z_ODs7onm 3% B > 1T 5 2 902 8 2 ¥y o
z ~ AF 4 IRE A+ (QPCR)
AEG TR L FFRAF b (QPCR) ARG BSEEY E mori FSO8 B 6
AR B A TR 2 B I R Flo & = rr 0 S e e B LA TR 2
9l F o N o & &fﬂi 313 2w €& NCBI F#LE ¥ Enterobacter mori
ACYC.E9L (NCBI Taxonomy ID 539813) 2. A F] A s:e 7 4 » H 2% 2R 4

N o

1. FE51 3 2
BERAFLRES D T AERIIF 2 - 2513 nFoF Lig
 E.mori FS08 7 DNA 5B~ » # Zr4e™  fi ik # % > 4mLTSB - % %
et 0 B~ 1.5ml Fike 2 3w g > 12 13300 rpm &< 30 5 0 i5l3 b iRk o
4v o 200 pL A f# % 7% (lysis buffer) #-iw®z itk d~ 3747 > Boif £ HIF IR
Sor s o B der 2000l A o BIELRE 24 308 (3 b
) o 4~ 250 pl 0 Bk 0 4 13300 rpm AR 5 A4 o Bt A 200 L

—A

m

Tengs 0 4 ~ 1 uLRNase ff f s % (2 ﬁE RNA) ° 3z » 37°CH
%4540 480 L 4o 200 pL ¥ p5-F 7 0 B F 1504 13300 rpm des 5 4
& 0 B~ % 100 L T ATedes F oo 4o » 2 RAAE 100%FpH (200 pL)#
0.1 % %84% 3M NaoAc (10 pL) » ¥ 2z*+-30°Crk 45 20 # 48 (DNA Tilk) o 1
13300 rpm &< 5 & 48 > FH-F Ak o v ImL 7k 70%FpE e 0 12 13300
rpm e 1 g Bl AR EAF R S (2 F RS # A 0 20 50
°CU#-3z 15 » 45 o 4 » 30 uL & ;;] ko #-DNA R 3 {6 > 12 Nanodrop B Z_
DNA k& (260/280 +* & Jis = »* 1.8 ;5 260/230 * E 7% & 1.8~2.2 2. &) o
#- E. mori FS08 2. DNA k& A& 7|4 5 10~ 1~0.1 ~0.01 ~ 0.001
ng/uL > £ 2 qPCR @ R[¢* 7 1 DNA kAT & B A FehCt &> & f (Fif 8
WA (Ct E1F 5 ydhs DNAJER B log 1% 5 X $h) > M ARinslF 2k o
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Table 7. List of genes used in this study for qPCR.

Genes Description Reference
rpoB Beta-subunit of RNA polymerase Adékambi et al., 2009
fliC Flagellar protein Sun et al., 2022
flgM Regulator of flagellin synthesis Meng et al., 2020
motA ]

Flagellar motor protein Baker and O'Toole, 2017
motB
cheA Chemotaxis protein (histidine protein kinase) Aroney et al., 2021
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Table 8. List of primers used in this study for gPCR gene expression assays.

Genes Species Forward Primer sequences (5'-3') Reverse Tm (°C) Amplicon size (bp)
rpoB | E. mori FSO8 ACTACGTTATCGCTCAGGCG | ATCAGCACGCAGAGTTGGAA

E mori ACYCEOL | - - - — - - - | oI 56.09 /54.72 251
fliC E. mori FS08 GACGGTATCTCTCTGGCACA | GGATACGCGGTCGATTTCAG

E moriACYCEIL | -o--ooooooooooooo--- Ao llC 33.96/56.04 174
flgM | E. mori FS08 GTACAACCTCGCGAAACGAA | CGCTTCAACACGTTCCATGT

E mori ACYCEOL | - — - - I 56.03 /56.55 153
motA | E. mori FSO8 TTCGCCAGCTATCCACGTAT CGTGGGTTTCGATCTCTTCG

E mori ACYCEOL | - - — — - | oI 56.02/55.89 136
motB | E. mori FSO8 AGCGGTGAGAAGGGATACAG | CTGATACGACGGTTGATGGC

E mori ACYCEOL | - — - - - - I 55.93/55.94 176
cheA | E. mori FSO8 AGCTGATTAACCTCGTCGGT TGTAACTGACCCATGCTGGT

E mori ACYCEOL | - - - - T LI __—_— 55.87/55.93 115
*4od WA 5 2 NCBI F# R ¢ 5 Enterobacter mori (NCBI Taxonomy ID 539813)
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2. Lg% a2 RIFFAH E mori FSO8 AL F1 4 & » 47
(1) fetk &
pAREEFE Y BERE A 4mL TSB £ % 2 » 5 30 °C12 200
pm ¥ &M (9 16 /) FF) ol P #FiRBPEIL ODsoonm = 0.1 4r » 5
mLTSB 22 % £ > >+ 30°C12 200 rpm #2 & 1.5 /] PFiE 75 10 - B0 {8
IFIR A EE L ODeoonm = 0.1 7 3o 3 ",4rt TSB } jrikis » wiz 1 8mL
e B2 kA BE L EMERER) R EBRAMIBE A B
%Y LIS pER 5 40mM > BIFFAEARR S 10mM > £ #4975 3
%A F AT pH 6.6 o #-ER > 30 °C17 200 tpm £ % o o2 prAF B
205153245 ) pF (55 E moriFSO8 $t#c? £ #p 2 % ¥ (SR ER)o
¥ & R pE T BRI E  1x10° CFU A& (E. mori FS08 % 1 ODeoonm
0% %t 1.63 £0.45x10° CFU) # & (4 P~ ik 2 1.5mL &< § > 11 13300
rpm o 1 2450 T3 “,%i Gige e £ 02 1mL & gk w g 0 14 13300 rpm
B 1A g T AR Ve o Beme R P A A R 2T 080 °C ¢
(2) 33 RNA
FARMZ 73 AP AA RS #R  (Bacterial lysis buffer
containing Lysozyme™) : # = 10mg ;3 FfF# & > £ 4v » 1 mL ‘w74
fRBEFRR L3553 « B B530-80°C2 fm e itk 47 & & > 4c » 100 puL
IR ANBEERREEY TR RT S AR Tk
R 5S04 £% kB Genezol ™ TriRNA Pure Kit 2. % ¢ 5 7~ Total
RNA - % B~{42. RNA 12 Nanodrop # B H ¥k B ¥ 2eék)k B (sample
type: RNA-40, A260/280: 1.8~2.0, A260/230: close to 2.0) o #-tk & & & /4
B3 3 -80°Crk f e
(3) *# % DNA (DNA digestion)
PR A4 20t BB RNA 5 55 40 ~ B 8 288 5 2 37°CF i 30 &
488 > £ 4> 1 uL 50 mM EDTA ** 65°CK J& 10 4 48 > 12 % 1k Dnase I
E o o
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F 4 ~ "5 % DNA 2 3% F Rt f -

Table 9. Reagents reaction volume of DNA digestion.

Reagents Volume
RNA sample 1000 ng
10X reaction buffer with MgCl, 1 ul
Dnase I (Thermo) 1 uL
DEPC water to 10 uL

(4) FE3n RNA 2517 7 &5 & DNA i3 %

R S d g~ 889 RNase Out v a4 > 138 (7 9%
(% % Fe> ! 1.5% Agarose 4 ~ DEPC-water 0.8X TAE buffer) » & # &
7] o #-8 uL 2x RNA Loading Dye 4r » 8 puL ¢ *% f# DNA 7 RNA %
¢ KR 384 5 % 70°CK i 10 A 48 - % 100 bp DNA Ladder B 3 L ~
B 16 ul 72 » % 5 » 2 % DEPC-water 0.8X TAE buffer & 7 ¥} 48 7
7 (Voltage Full, 30 4~ 45) o #% %12 EtBr 2 ¢ 10 ~ 457334 5 ~ 48
{80 e kT AR S ¥R 23S ~ 16S 2 58 tRNA ¥ = & (R
1)

E. mori FSO8

®) M 1 2 3

3000
2000
1500

1000

23S rRNA
16S rRNA

500

200

100 5S rRNA

B4 ~ E. mori FSO8 2. RNA % &8 7 /A B °
Figure 9. 1.5% agarose gel electrophoresis of the total RNA extracted from E. mori FS08
of three replicates. M: 100 bp DNA Ladder.
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(5) i 44+ (Reverse transcription)
12 Nanodrop # ip]*% % DNA {s 2. RNA & &k R ° P~ 4 pL a5
(%) 350ng 7 RNA) > 4r » DEPC-water & 2884 5 OuL > £ 4 » 2.5l
random hexamer » ** 70 °CF J& 3 ~ 48 o F B 184 5o » k¥ - 2%
Bl AL 2R ERH (ViR B A ) B8uL T R &Y 0 £ e r
0.5 puL i #&45f% (Reverse Transcriptase) 2 & 353 o Mg{s chk R iE 2 4o
T 142°C /60 &~ 452 70°C / 15 ~ 48 0 F {8 2. cDNA & 5 &% 15 3t-30

°Crk4a

2 R Al el -

Table 10. Master mix for reverse transcription.

Reagents Volume
5x First-Strand Buffer 4 uL
dNTP Mix 2 uL
100 mM DTT 2 ul

(6) PR & pri g F & (qPCR)
#-cDNA jk & 4 DEPC-water f#f# & 5 ng/uL » #-4 -+ — ;23] i
AT Z L B3+ & 4e ~ eppendorf B # Master mix ° B~ 15 L Master mix
2 RT-PCR tube £ #- Water nuclease-free (blank) 5 pL. &2 ¢cDNA (5 ng/uL)
SulL & Bl4e > » {887 qPCR» B F R RBP4k L = o

At TR EFEG R 2R £ o
Table 11. Master mix for qPCR.

Reagents Volume

SYBR green 10 pl

Primer A (10 pl) 0.2 ul

Primer B (10 pl) 0.2 ul

Water nuclease-free 4.6 ul
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Table 12. qPCR reaction temperature and time.

Holding Cycling *40 Melt curve
95°C 95°C 60°C 95°C 60°C (0.3°C) 95°C
1:00 00:10 00:30 00:15 1:00 00:15

~ g4 o 45 (RNA-sequencing, RNA-seq)

AF 3 - 9 % 8 RNA-sequencing » 7 f# L-J#g % s &2 | 5 i 4o @ 34 45 E. mori
FSO8 1 B fdio o 1995 qPCR A FIA B A 4158 % > EHAF A 2 e i
faz B ERMBMI AR AR >0 ] Bz el 23 30°C/200rpm 3 % 1.5 ) Pz
KOEES TR CE %=k A i

1. RNA 58 #%

FAO T BHER Te o AFARE ST (QPCR) | i b 2 E
E.moriFS08 538 (1) 3% ~(2) fc4t ~ (3) B~ RNA ~ (4) ' % DNA 75 »
RNA #: & % & BB RNA Cleanup Kit (PR050) B 7 #& &2 3P F i2 {7 RNA %
it » % 12 Nanodrop B %tk &k & > 72 % RNA &5 (260/280 £ 260/230 > 1.8)°
Vb BEMMTARRS S RNAREMR Y 2 52 DNAF S o
2. < E%#% (Library preparation)

v B % % P &_i% B Zymo-Seq RiboFree Total RNA Library Kit (R3000) 2.
WP LT o2 BYH S 2 Nanodrop Bl T H kR » Y Bk i3 1 S AR
AP LD o BRE U R A A 37 R (Bioanalyzer) {72 BFE 4
# (QC) #ip]

Mo 88 % A~ 47k (Bioanalyzer) 2. BRI % & 5% X[ kfpde™ R & E
TABMCEEY BE s F A frR i d b A3 2 32 51 E
Pk dhRRE TR X2 R TAR BFO X Pl K AT PR ]
(Mbp ZHE)Ydhi T GEwAE CkR) * BEENLEKSY - A7 Ko
B F RF P RDER BN B RZY - BP RO REE R4
S RGLEPEA ] ek GRS Bt R TR AT Y 45
EEREAY o LAl RTHE RS R 250bp 2 1.5kb (AR et o)
BTG R 0 AP~ RNA iR~ R o kiR 2 PCR
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cycle snfic g ) o
3. RNA Z_A (RNA-seq) & #4rle o 47
Wi EQC i > Pied SARAHMGPF AP T RNA TS - @7
Novaseq 6000 / X Plus (Illumina) T ¥t~ R @ # &7 25 - BEF B 718 >
d P L F T Rme 2R R TE AP R 128 AT (Gene
annotation) ¥ i = 4 4 47 (Principal components analysis, PCA) » i# * DEseq2
LAra Bk Az FanZ B & iE L 7] (Differentially Expressed Genes, DEGs) ° i
¥+ DEGs i {7 GO (Gene Ontology) ¥ KEGG (Kyoto Encyclopedia of
Genes and Genomes) 4 #7°% “b» 7= £ * GSEA (Gene Set Enrichment Analysis)
BT A T 0 1T M S A 5 S E
(1) 2 = & & 47 (Principal components analysis, PCA)
- eEge gy F - BRRITIOATING - BAEEEE 1)
AFiEE e G FYP L - e g - PCA 8- MR
MR YR ARG Rt S 2 o e E Y > PCA BF e
A IR A2 B agp i e L B 14 o PCA B Y en X fhic Y e b] &
2% - 124 (PCl) v % = 2 = & (PC2) » 2 = & (Principal
Components, PCs) £l #5 $+ R 4o Bcdp & (7 MM 83 0 5l e gt 3%
#E By aATOER Y B B R o PClL I Hcdp? B
R P OPCLHHRIIZ A PR BlY & BEAA - BRA B2
FenEdpr P v P el B R S b anfp i £ B 1o JERRARIT
tha 2 BASAp 00 BEAEARIE > Z R A% o A Ao B R feh [ AT E B
LA R AR bl BB A AR SRE L S A
Ay N A R4 B EFE R o - RO PCL v PC2 eh R ¥R
I U EEARNE 50% A E P ied B A S A R iR F P dicdp and
T B
(2) £ B % :£ X 7] (Differentially Expressed Genes, DEGs)
DEGs e & 7 &£ Fl4 B E chT 151 % v (fold change, FC) > 2
& |log2 fold change [>1 - ¥ & F 3B F 1 (p<0.05) =hik Flpkin i
¥ % 2 4 A %] (Kafantaris et al., 2021) - DEGs ¥ * L . @] % 7+
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(Volcano Plot) » i * #i48 DESeq2 © ehii3t > 22 FHEEF B RHBET p
# > X #hi log: fold change » Y $ih & -logio (p) ° 10g2FC > 1 74 7 Se

WHRAERAMPEHHREA (KRt d) 2 E 3 (upregulation) €
£ F] > 10g2FC<1 % 7+ T # (downregulation) 1k F] o @ &t {$enp @
Ao AT L BARBF  H B -logio(p) BBARS < T L g

LA

P Afril Am AU AR ARLEAFHFS AATTAAT
(3) GO ¥ KEGG 4 #7

o

GO~ ARFFLE HRAMBAF# 2 HA S HlrEeF iy
Bt B ERERA O L RBATFLS L AH () AT
(Molecular Function, MF) » 35 it £k ] & 47 eh4 F &7 it 0 GldofiE & 51
FEEME -(2) 4 ¥ E4 (Biological Process, BP) » #5 it 2L F1 & 4+ %12
thd g B EAE 0 bldeime A ) ZEBES o (3) M e (Cellular
Component, CC)» #5 it 3 F| &+ #7 fchlm 2 8\ 7 fm¥e (= % > b4 fm %8 9N
mE P E o aE - AT 5L 5K AT ERAER o GO A frr
AT efE < A T A E cdy o FIe R n A LR SRR T vt g
FEERATH L N e et EEE G o KEGG A 154 7 A 7
BAFIAS B A FRITY Dr M B KEGG i ¥ 5 BT R b
4 KEGG Pathway (# 4% 15 #i8 /2~ 12 %14 (2 fo s AP B i 2 6113E) ~
KEGG Orthology (3% & Flfrd-d [ e i 4 f{ria ff) F - A Hni
25 GO AP L &R AFIAS iy ~ S8 P2 F @R T D
fwiz it S KEGG A 47 L if & 317 A FIr A FIA & A R SH{r T 5Lig [T
¢ e r o

(4) GSEA (Gene Set Enrichment Analysis) 4 17

Jiaa it 2 A EEAFEARALR > TRFRTAFE 0 Ao |
log2 fold change |>1 % p<0.05: & I £ 8 4% 3 7] (DEGs) » iz&
AFEH TR HEE S § E (Functional Enrichment)
I oo gt 3 g L - L AR TR EFFIN PATF] e T
o AFE g 8- @ * GSEA (Gene Set Enrichment Analysis) =4 47 =

ER
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GSEA I Ry EHMAFIL R EEF A7 7 URLAREL R 2 K

\\\Xr

Framwy 2an #;';év’ﬂz% Flik Lok PR AL o @ GSEA_KEGG 445 &
KEGG (Kyoto Encyclopedia of Genes and Genomes) 7 #1 & ? i& {7 f ¥
%% & A5 ° GSEA_KEGG i & # Z4c™ & (1) R AFLRER
it (log2 fold change) #t#73 AF:EFEE o (2) 1395 KEGG TH £ >
EREREEPATE (GH4rEME BR D) Q) £HF BAFEIEF
B ~ #c (Enrichment Score, ES) » #-F it A FIREF 7| 2 BB 2 A &
W FAF G AR ES 4 A 0 F 2 A TR AT ARA A
F17) & ¢ iy R AR o (4) 7=f ES ihi By o

Foips o R v E B 4 #ic (normalized enrichment score, NES) > 1 &
<-1 ® p & <005 T3 % & & & (enrichment thresholds) » * it &
Bk R g AF L EREFYR F e
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IR BEREHEE
% - & ~ mu E.mori FS08 & # %7 | 5 A P2 Ap B2
- B RN R
EE Tt RS T w4E 10 pL 2. E. mori FSO8 Fik (&7
o FiRikR 5 107CFU/ML > &3 FHE 5 10°CFU) & 0.85%4% 4037 (4
PR ) 15 0 2 Y 30 °CRER 4 X 230 °C 5 E. mori Bif 2 £ i5# (Nyenje et
al., 2013; Zhang et al., 2015) - B2 24— 47 & # > | § A2 BEFER YL T°C
w5 T e BT FRELF A
PERFLE 285G 2P PO ERTRE D vid F%RA Y (accelerated shelf

B AP rsAiawdigiineg g

(w.

life studies) ° $% F LR B M4tk ] F AR Sy Lo ERIASE PR eH
= kR Rt (Ql0effect) » £ g AR =F # 4 10°C> H it F & 4 1t
FE i FEHRBO IR

S AP PEE T T 8 EFECT i o § R FEc: 02
log CFU/ml 4% 3% 5 i 2 4 3+ #ic; 3~4 log CFU/ml % 48 #ch i35 5~6 log CFU/ml
AL B A s A R Rredp ks 7 log CFU/mI (Fung, 2009) » %]¢t > 7
AFATFEFRAETES L5 A7 B2 At (Bl1) - HRe2 2 5
FATT QL PERGER e > HRERI 24 [ PER > FBIEFFR 0 RN
TR F e R AEE HR a4t P B R F 8 (Stationary phase) » £ J&
rz mpEd R FRE o RFEEHREZ A (0 ) RSN
3.56+0.18 2 3.30 021 log CFU/g » & & cdedi il 7 23 MF LB « 7 &2

=

Hal F RA4siE s 3.56£0.18 log CFU/g 13 8 erd & Ap 2 » 34 8
FARAeT 1 E B[ F A4S 10°CFU E. mori FS08 » — ] % A% 3.5 5> 7
# 10°CFU % 11 3.5 % 3 2857 CFU/g » 3 log i£.9) 5 3.46 log CFU/g » £ e

.

2 M4 E%]"ﬁft*v? 8 /] P {s iR bt B > T A B M 96 /) PFiE 5] 6.92+0.76 log CFU/g;
m TR e
H B H RS FlAR T (8 )0 I 96 ) FF o R e R e S R 4

i1 7 log CFU/g » &2 7% } %iﬁlﬁ“‘ﬁlﬁc;}ﬁ ol L5 %A ﬁ”ff]‘g_ s NPt % §E

24 - pEES 0 Al BT fo o MBS 6.47£0.821og CFU/g » &

fon

ool w AERRR 0 R B e S8R R R AR AT o 0ttt dR e et 2 R
¥

LB RS 0 B AP A S 4 P 8 PR G A
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b B E R S R R B 30°C K 1 R e 4 hs
Flis by 50 ¢ AR AT R %Y E mori FSO08 2. 7% A jk AR P 5 2R

34
beics
=
s
{w,
>
5
-hxb

RAEts > 22 30°CE & 1 % W B IRIGA) HEE 0 8

ZARE) LA S AR
EH Reh (i) o FpFe? T ABRBIEHREFFE S T RF S E
moriFS08 ¢ & 5 | % A ¢ chipF FHk - faik e OfFf ST 2 B2 T
B EE 1 R FiE FE PRGSO AT AR L F AP A
2 E moriFS08 t | 4 Ak BT EF 2 £ B4 o

AR HRE DR F AREFLERY 020 15 CRag 11 % - Rl Fik
SEEFRET A R S X SR 4AEY > T2 8log CFU/g 1 b (Bf > 2022) -

“.l
f*ﬂ
>\_
>_L
i *—?g\:
T
F_k
&
>
=t
>
hr
o
(dﬂ
a0
('\")\

MR 2 R FEEY 0 BB AT 6.5 log CFU/g 11 ¢ > ¥ i &L
Flo Am 2 R Ed REPLERELIRBE P2 R AR 8 28
TLEFARER? AR RE I RA TN RIAFRITLIREFR S
Bl FRAZKRAF D P F AN I RBEFR Y S E RS ﬁiﬁm@ﬂ
PR FIRRFF SR 0 Tl AT R MR RIERE L 82 Fic
Bt AR FHREFTHES )R AZFAMEFTA T FRERL ¥ 1

F AU USRS LR ERE (B 2022) -

iy
-
M
S
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th & 3 ©

log CFU/g

- N W A

. ——FE. morit FS08 —0—0.85% NaCl

0 10 20 30 40 S50 60 70 80 90 100
Storage period (h)

Bl ~ &) 5 NEFEE mori FSO8 »+ 30 °Cig gt 2. e i« £ %7 § AR fEE
mori FSO8 (7 ) & 0.85% NaCl it 2 e e (m) - Iy 47 2 = B2 F &% D
TioE + L o %N 44 Student’s t-test A 17 6 — 1 PF F BLIR F R 8 H R B2
Rl ¥ A3 (p<0.05)-

Figure 10. Changes of total plate count in fresh-cut cucumbers inoculated with E. mori
FSO08 and stored at 30 °C. Fresh-cut cucumbers were inoculated with E. mori FS08 (solid
line) or 0.85% NacCl as a control group (dashed line). Data were presented as means +
standard deviation of three independent experiments. * Represents significant differences
(p < 0.05) between different treatment groups at the same time point analyzed by

Student’s t-test.
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= ~E.mori FS08 ¢ -] & /& #F BLE BT
Bz R LT T U EE BT R e B L F A R
o dpEd AR B R g vk BARE L ATE L F A4 ﬁ&\?%ﬁ%‘
FFATEVL R AR RRLZ PR ATRER PR R X oG A
(Sunetal., 2022) o ]t > A A RTEE R 2 | F A S E o mori FSO8 & > 11 B P
RH RN %m%%ﬁ%ﬁﬂl“°%ﬁ4481%@’ﬁﬁ£ﬁ¢%ﬂw
LR RS T EE R (B - ) R R
EEREZ LS FEL 4L REE B LRt AR B S RS o

"
B

Flot R HA R A L R T R F ] F MR R s Rl AR R
®AXLIE moriFSO8 s B ERHU ‘P Em{cHRET PRELE -
AAETRERRL I EARE MR AT IR L R RER T T
fooo W AR RR AR RE S L F A A ISPCIE TR < £
A

~.
«/’\
e

FEE KR RERRERSIIAERRE > R R A 2 mFL &
LF O BRRFRRZ R A SRR VPR CFAR A AT L BRFER

RAZ P AENE A > & - P b RO L 4R T 30°Cie
FrFE ORR AT Y I RS- BREFEC RISk A R R

F AR WM TSR G o
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Treatment

E. mori
FS08

0.85%
NacCl

Bl - ~#22) § A 3dE E mori FSO08 »t 30 °CRE 2 *H LB 1t o & 2§ A2 7 4248 10 uL &7 E. mori FS08 (10" CFU/mL) j#i% £ 0.85%

NaCl ($fpe f2) o
Figure 11. The appearance changes of fresh-cut cucumbers stored at 30 °C. Each cucumber slice was inoculated with 10 pL of E. mori FS08 (10’

CFU/mL) or 0.85% NaCl (control groups).
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= ~E.moriFS08 @ &+ ] f N2 pERE 3 B
BT ORAPREE T 2R L F A E mori FSO8 ¥ rA i % - &5 AR
BOTEA KAV DL Lo T APRIE TR R AT ER - FSBEREREZ
BR300 BFPRERI)FAY OEELEEIEERE L LT R
FHEZEER (Bt )e 0/ P fEmeddRes #7245 5 844
+2.12 mg/g (48 % ** 46.86 mM) £ 8.72 + 0.64 mg/g (48 & *+ 48.43 mM) ; * #&

I

Z B AW L 9.66+2.01 mg/g (A8 F *+ 53.62 mM) £ 9.97 + 0.60 mg/g (48 **
5533mM); EAEZ B A % 5 0.52+042mg/g (4 E > 1.51mM) £ 1.76+1.01
mg/g (48 § * 5.14 mM) (ere ~ T B8 ) o MEF RERRPE IR 4e R AL
BReRE R FERE SBOZE T ENTE R AP I RS
fRR S PGB AR R T E AR RERLEEPE (B 2022)0 ¢
FAEIEAP  mF et R{eREERY 0§ B PPRE L R B
BB B SRR A RN AT s T A2 ATP S B AT k2
#Fp Land g iEd (Miller and Bassler, 2001; Nyenje et al., 2013) -

T e Rk PO R O R R e R
TRt o Re BRALEHBRE L BETERET T IBE SR EHRESE
PRRRRA TP R YA LI HFLR CRPRIIV RN ARL S
F3 2R - Fa ALY ZEHNFHRANZP I P 3 AL PEEF =
PP ATRFRERZE RSB AR RTER T TAR B R
AEEpFB AR RZ=2F ] FAVALIEEF F -Fep -~ THAE
TREARFREEFZRD ERIIAST LR -2 ZZEED
TEBE R BLRFEfHREY R L ARR A Apinch o F] b MR e
VOOEERE AL S 0 F O R AR T E mori FSO8 A fi# 1 g A& o

Pt BT RATRF LSRR T B PR ARFEMN TR
ﬁﬁjﬁWEQEﬂgi“SJ%EDJ% TREELE KRG 0]
BEFEZREBZES SV HRBREM PIEFRARRH O T ARRIREZ
B g MR 0 AR E o P R R T 2 g L (1) o YA 2 B
FERMC ERF R E e RIERZ RO M g R )R A

ZRBEZE Q) IEAFALEREZEMDEFRT B SRR B FE AR
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W2 Rz EF 728 > 4 FIP IR 0 iR FEZRBEZE W HREK

ko (3) APBOS FE B R 4B 0 IR BT ot S A& 27

Fodtw F N BERLIT Y 44 2 F A R EOREE % 5 (Jung et al., 2013; Sabri et

al., 2016) - F]t > BFFE&HKT RZBRBIERZ LK 02 AR o
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Bl = ~# 2] F A4 E mori FS08 »+ 30 °CRE2 FESF S o A8l 2 § §
(A)~ %4 B) 2 Oz 2R - &2 5 NEME E mori FSO8 (F M)
0.85% NaCl 1T 5 ¥Rl (mM)  Bpkt s =2 B2 FHDTIHE £ £RL o
*1% % 538 Student’s t-test A 47 - B IE AL YR FFaoEFLE (p<
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S
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Figure 12. Changes of sugar content in fresh-cut cucumbers inoculated with E. mori FS08
and stored at 30 °C. The content changes of glucose (A), fructose (B) and sucrose (C)
respectively. Fresh-cut cucumbers were inoculated with E. mori FS08 (solid line) or
0.85% NaCl as a control group (dashed line). Data were presented as means + standard
deviation of three independent experiments. * Represents significant differences (p <0.05)

between different treatment groups at the same time point analyzed by Student’s t-test.

52

doi:10.6342/NTU202401515



z ~E.moriFS08 # 38 & A2 5 W ZER

#FTORAP R LRI E omori FS08 A_F ¢ RB § AP g R ¢ 4

L-# % & ~ 8 7% ~ D-form 2 L-form stk o Flpt Al E 0 B 5 A ¢

FWREZER cTREI AT LSRRG B ARG A
FPRZEATH (BL2) w0 M e ffRez Lgpspz 49
% 2.26+0.82mg/g (48 & *+ 16.84mM) £ 2.12 + 0.46 mg/g (4p & >+ 15.81 mM);
BiFp 7 £ 4 % 5 026 £0.11 mg/g (4p % ** 1.24 mM) ¥2 0.27 = 0.18 mg/g (48
B0 1.2TmM) (idse— v~ )o B P LS pheng £ w8 g 5 T
PERF L EREFELFLARFALL () SR AT T R BRI
R R B BB L F A 15 °CRER 11 2 LF S g
B R (B0 2022) o B i L SR SR SPGE R I 2 o kAT § AR EjiRSR 6D
BT R BRI R L R B TLR Tl e
AFEME2 A Rad LB VR AL FSEROZERC 2 FRTF -

AiEd ALY T ARRRERT ER O T RIIRERT ST
AP 24 &G sk (McFeeters et al., 1982) » ]yt 4% fFfsk ¥ 7 0 » &5
- o REHT O RERIENFRFENO0LFI 4 'J‘E'??’ﬁ H e el
o BTyl AP AR (N ) A DR E A E AP R

L-itph 2 ified Feng £y e Fap e P RRERDEMER 2 D-

H

form 2 L-form e fe 7 £ ¢ i1 " F R PR 4§ BEF R o L5 ik
MRk o BRI F A3 15 °CREET % 3 %18 > D-form 2 L-form =
FUREE AR B AIGE IR TR AT RREREY o 1 Rk
Rl R AR RL AR FRE AR B R ARRD
FIU X F BB as B *,;]",fg_/,,\ Y] % Leuconostoc citreum B2 Wessella cibaria >

PTG B A TEA S S FIE S e 4 R S BB (B 2022)

53

doi:10.6342/NTU202401515



( A) —8—L-Malic acid (E. mori FS08) —8— Citric acid (E. mori FS08)
-©--L-Malic acid (0.85% NaCl) -£F-Citric acid (0.85% NaCl)

w
in
)

s.ﬁ
<
1

)
in

g
=)

[a—y
tn

=
o

)
th

Organic acids in cucumber (mg/g)

Storage period (h)

(B) —&—D-Lactic acid (E. mori FS08) —#—L-Lactic acid (E. mori FS08)

0.03 D-Lactic acid (0.85% NaCl) -<--L-Lactic acid (0.85% NaCl)

0.02

0.01 -

Organic acids in cucumber (mg/g)

0-00 1 L] L] T T T L] L) 1 1
0 10 20 30 40 50 60 70 80 920 100

Storage period (h)

B =~ #£7 ]F A 345 E mori FS08 »* 30°Cht itz § W% o A8l i L-# %
i ~ B L (A) & D-form f- L-form stf& (B) ehz £ %1 - ] 5§ A4 E
mori FS08 (& #t) # 0.85% NaCl i % e (m) - #icdp 1 5 = B2 F %
TiaiE + %L o 538 Student’s t-test A7 - BRFFEE AE S HR B2 @
SR EF LR (p<0.05) -

54

doi:10.6342/NTU202401515



Figure 13. Changes of organic acids in fresh-cut cucumbers inoculated with E. mori FS08
and stored at 30 °C. The content changes of L-malic acid, citric acid (A), D-lactic acid
and L-lactic acid (B) respectively. Fresh-cut cucumbers were inoculated with E. mori
FSO08 (solid line) or 0.85% NaCl as a control group (dashed line). Data were expressed as

mean + standard deviation of three independent experiments. Different treatment groups

at the same time point were analyzed by Student’s t-test.
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Figure 14. Changes of pH value (A) and titratable acidity (B) in fresh-cut cucumbers
inoculated with E. mori FSO8 (solid line) or 0.85% NaCl as control (dashed line) and
stored at 30 °C. Data were presented as means * standard deviation of three independent
experiments. Different treatment groups at the same time point were analyzed by

Student’s t-test.
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=4

B+ 7 ~ & 30°CP > E.mori FS08 £ E. coli BCRC 17320+t 7z 3 10mM 7 IF 3 R SRR MO £ L2 2 £ o & - GFS &35 &
AP ZAT 10mMM e F 8 SRfeR M T B R ASpH EW B I 6.6 - E. mori FS08 (A) ~ (B) f= E. coli BCRC 17320 (C) ~ (D)
2.2 & & % E ODgoonm fr-F 38Rl 2 > M= BEAFHTHOE + R L A7  THFEHE» R R Hs 172 Tukey 7 £ 4 Rl TEF A
o BEXFA AT AP dle 24 [Pl ¥F LR (p<0.05)-

Figure 15. Cell growth curves of E. mori FS08 (A), (B) and E. coli BCRC 17320 (C), (D) in the mixed carbon source M9 media containing 10 mM
of different organic acids at 30 °C. GFS represents the medium was added 10 mM glucose, fructose, and sucrose. The pH of all media were adjusted
to 6.6. Data were measured by ODeoonm and plate count which were presented as means + standard deviation of three replicates and analyzed by
one-way ANOVA followed by Tukey’s multiple range test. The values with different letters indicated significant differences (p < 0.05) among

different treatment groups at 24 h.
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Bl ~ & 37°CpF - E.mori FS08 ¥2 E. coliBCRC 17320tz 7 10mM % [ 7 {8 iR S MO % 32 4 L4 4 - GFS * 2 8 %
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o BEFA AT AP adle 24 | el ¥ LR (p<0.05)-

Figure 16. Cell growth curves of E. mori FS08 (A), (B) and E. coli BCRC 17320 (C), (D) in the mixed carbon source M9 media containing 10 mM
of different organic acids at 37 °C. GFS represents the medium was added 10 mM glucose, fructose, and sucrose. The pH of all media were adjusted
to 6.6. Data were measured by ODeoonm and plate count which were presented as means + standard deviation of three replicates and analyzed by
one-way ANOVA followed by Tukey’s multiple range test. The values with different letters indicated significant differences (p < 0.05) among

different treatment groups at 24 h.
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Bl - ~E.mori FS08*t 7 § 7 iR A 7 MR R EMAMIE A A2 2 B S o AR A 30°C- GFS H &3 £ A ¢ 7t 10mM
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$51% 3 ODgoonm(A) ~ (B) ~ (C) frT 4 3+#i2 (D)~(E)~(F) #I2 > M= BEAF DT IHEHRREZL L7 > T HFH » L s 72 Tukey
SEFFRTEFAN ) BEXFAATI R ARILE A2 [ FAEF AL (p<0.05)-

Figure 17. Cell growth curves of E. mori FS08 in the mixed carbon source M9 media containing different concentration of organic acids at 30 °C.
GFS represents the medium was added 10 mM glucose, fructose, and sucrose. The added organic acids are L-malic acid, citric acid and DL-lactic
acid and the concentrations were 10, 20 and 40 mM. The pH of all media were adjusted to 6.6. Data were measured by ODsoonm (A), (B), (C) and
plate count (D), (E), (F) which were presented as means + standard deviation of three replicates and analyzed by one-way ANOVA followed by
Tukey’s multiple range test. The values with different letters indicated significant differences (p < 0.05) among different concentrations of organic

acid groups at 24 h.
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DGC 3-v H kT 3 4 ~PDE & B KT T % > c-di-GMP k& 7™ & F H 4c >

® kR c-di-GMP i ¥ ¢ HiFH 2% 1 (Yuanetal., 2020) - ¢t < JeT IR
AT RAFRATHI AR i sl

Fep@or L TCARRY B LAy @ REI RS Lg%

g A2 e FFReAp F 04 4] od 3 TCA Y3k < 37 5 A4~ (substrates) #2555

blhee e s A (Acetyl-CoA) ~ ¥ fise s (Oxaloacetate) % » 7 g By 2 v 4f
Pl et favmt TCARE A & ¢ B L #4024 c-di-GMP < At - ?/,?“

’

B
/
E=t

et e f AR TCA JETR Y AR (£ 467 Ak ~ © Fifia ~ Mg BRI
fe ~ % B pde a-fk N2 pR) 0 € A MDA e eb c-di-GMP A 22 £ 3] (Yuan et
al., 2020)° F1ot % & ig— H P S HeHp o fr L HF AAERIT * flde 0 o R 0 )
DRHIER S ERGE O RA LA ER AP iy A S .

P W AS TR G MY e 2 4 2w (Plant-growth-
promoting rhizobacteria, PGPR) Bacillus velezensis B2 e #5234 & 44 {7 ic 4 e
ipH < )’% (Sharma et al., 2020) - 7 i > L% F % F KA A FE 2 4 N FRCF
Pantoea vagans M17 » + B2 | L-¥i % e ¢ et Fiz 2 e B 70+ (3>
2023) o BE AR HE H L LfEth? ¥ 0L BaE PGPR GuEde it > (2 AP gt § R TR
§ A R A B B 12 o % B PGPR B U e ) AT % pe R AR 0t e Feh
7o MFE B A LR MR E S ST FREER S oy PRy
(Shi et al, 2022) » F]p* & 3 % chrdc 1 B 42? > LdF S ilib 0 RE Y 0 FF A
PLA G R € R mFER PR R > MRS % 8 &Pk % o
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Figure 18. Swimming motility of E. mori FSO8 and E. coli BCRC 17320 in the mixed
carbon source M9 medium containing 10 mM of different organic acids (0.3% agar).
Incubated at 30 °C (A) or 37 °C (B) after 24 h. *GFS represents all groups were added
10 mM glucose, fructose, and sucrose. The pH of all media were adjusted to 6.6. Data
were presented as means * standard deviation of three independent replicates and
analyzed by one-way ANOVA followed by Tukey’s multiple range test. The values with
different letters indicated significant differences (p < 0.05) among different treatment

groups.
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ToAR R A M EFRFRERE T 40 mM 0 Hrqrik F oA fE K o
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Boai 4 A FEFRAEM FFBRERM S AERAAPH B ER
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NChEndE S PR fa b B 5 i %5 (Baker and O'Toole, 2017) o gt 7 Sed% %
HCl & NaOH ¥ it § 8@ o L 4v b+ § K ity s 5t R E
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mM ¥ o R bedi e be i 4 SRS REF LA % ik R e 3 20mM £ 40
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1 Fim e e bo g BB F R L TRBT] pH B/ 7.0 % XD 5.5 P 5 i P X
Flimre b i R o i Ko BEEFEM o Vo Elwre pF IR R DR A €
iFRd A4 AR ERELS § e £ (Minaminoetal., 2003) -
AFEL Y AR pH P o 4 I0mM LT % it chpH & 6.85 (it )
¥ oi A_L-#7 % A e pH EARGRIT Y B WAB ARG 4 drn kAR F o
FLAEFBERM A A pH EARM c o hpH B v Frd 7 Ftrenii s
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mixd & @ pHSS ™R Fthend L S pH 6.5 ¢ pH 74 2 £ & it (hf >
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Mo T R R RLERAR 4 TS
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et al., 2008; Wang et al., 2023) -
RIFFAERR 4o F A kB drgla 4 L7 0 R TS :iwmAﬁ&%
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’mA%%ﬁ%%ﬁ%’ﬁﬁ%%TﬂAﬁ&ﬁﬁ%ﬁ$’%ﬁAWﬁ@$ﬁ
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ol g A2 MORT e c-di-GMP > i A A

al., 2023; Sudarshan etal., 2021) - & %] 2 ghif TCA Jakch-T 7> 7 a0 F]pt *% 4
c-di-GMP -k T > i Hfrq|iida 4 gk ¥ 4L o
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e o MR PR R AT A FHE R e FER 2 S
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Figure 19. Swimming motility of E. mori FSO08 in the mix of carbon sources M9 medium
(0.3% agar) supplemented with different concentrations of organic acids (media were
adjusted to pH 6.6). *GFS represents all groups were added 10 mM glucose, fructose, and
sucrose. The added organic acids are L-malic acid, citric acid and DL-lactic acid and the
concentrations were 10, 20 and 40 mM. After incubation at 30°C for 18 h, the swimming
diameters (mm) were measured. Data were presented as means + standard deviation of
three independent replicates and analyzed by one-way ANOVA followed by Tukey’s
multiple range test. The values with different letters indicated significant differences (p <

0.05) among different concentrations of organic acid groups.
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Figure 20. Swimming motility of E. mori FS08 in the mix of carbon sources M9 medium
(0.3% agar) supplemented with different concentration of organic acids (unadjusted
media pH value). *GFS represents all groups were added 10 mM glucose, fructose, and
sucrose. The added organic acids are L-malic acid, citric acid and DL-lactic acid and the
concentrations were 10, 20 and 40 mM. After incubation at 30°C for 18 h, the swimming
diameters (mm) were measured. Data were presented as means + standard deviation of
three independent replicates and analyzed by one-way ANOVA followed by Tukey’s
multiple range test. The values with different letters indicated significant differences (p <

0.05) among different concentrations of organic acid groups.
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AR A 4 g S AR ke dr o BT A e AR Y £
%”?'ﬁ#ﬁﬁ%%@ﬁﬁ?%Eﬁﬁ@ﬁ’ﬁﬁmﬁ?uﬂﬁﬂ%i
£ k5 B (Wadhams and Armitage, 2004) o & if 5 % gL F| L-jdg % ik § 1%
i E.moriFSO8 Acdic 4 » @ R Y DL-FU Ry Frd A doae 4 0 ¥ R EFEPr
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#) % DI fEddfr DI 4e D2 SR FEdernt i@ (F 3 24751 3 8] & ABwr ) 2 2 d5
RI & <3 0.52 4 77 % &3 & F & (Guo et al., 2023; Zhang et al., 2019) - %
SR §30°CHR A 42 ) R LS RIEA 052 2 o2
Bitefa RI BELFHRFLRE > AL PBEY 73 L-EERISIH
A e

R ﬁ?%&aﬁ%m{ﬂﬁw°ﬁﬂﬁ{ﬂ%@ﬁaH%Wﬁﬁ
AR R Y a4 0 AR F e Ll ARY FIEE R T o AT
A g AR T 0 S 4R kB2 wjF (PGPR) ddn & o 13k A ki ¢ 32
vk fE o~ 7 ISEE - PR et & N 3H4 (Fengetal., 2021; Wang et al., 2023) -
ﬂﬁ%m{ﬁf’ FBEA R - 0 B FeFe R4l 2 6 3
LE L T% o blde @ Rekha % 4 (2018) FOoR &1 A a9 4 2 W
Bacillus subtilis RR4 > &£ mg AR it Rl 2@ > LRIV % pedtyt FiR L 3 i
gk il 4 JTan % 4 (2013) A 47§ vt kA e ¥ g WE S A ¢ F A R
RIFER -~ Hpfcs S/ B9 HEMmASE MY - %% Bacillus
amyloliquefaciens T-5 & = & & J& ; Yuan % 4 (2015) ¥4 B34 adr 8
oY BRI AR TR R ERIR SRS B R
Bacillus amyloliquefaciens NJN-6 # 3. ) & < 4% i* £ J& ; Hida % 4 (2015) #
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R AFEAR T F ROV A e T AR R penbiste R ins £4 7
AL AR k9 (methyl-accepting chemotaxis protein, MCP) ~ ‘e %&fik j fix
(CheA) o i 5 3-v  (CheW) ) & 1= ~4f & % o #F % ik v 5 31 3 A
(attractant) ¥ MCP et % & 3¢ (ligand binding domain, LBD) 4p 3 i % >
LBD i ¥ i3tz v o 8 H R & 18 > Tl 4 - 33 & CheA p jpps it #
F o & F) 5 (CheY) At it - 481 & o %% CheY # CheY-P #* & c2d & >
Rt Eisgems 5 (FiM) 4p3 1% > B sl4=dg it 12 (Feng et al.,
2021) -
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%+ = ~E moriFSO8 18 — 7 it &4 cdfit F & -

Table 13. Chemotaxis response of £. mori FS08 to sole organic acids after 42 h of incubation at 30 °C.

Compound Water (blank) 10 mM Malic acid 10 mM Citric acid 10 mM Lactic acid
D19 (cm) 2.02+£0.03P 2.58+0.034 2.10+0.05€ 2.18 £ 0.06%
D2 % (cm) 2.00 4+ 0.05% 2.20 +0.054 2.10 £ 0.0148 2.13 £0.06%

RI ¢ (response index) 0.502 +0.018 0.540 + 0.00*A 0.500 + 0.018 0.506 + 0.008

p————

image

¢ D1 is the distance measured from the site of inoculation to the colony edge closest to the compound. ? D2 is the distance from the site of
inoculation to the colony edge furthest from the compound. ¢RI (Response index) = D1 / (D1 + D2). *RI values greater than 0.52 indicate an
attractant response (Zhang et al., 2019). Data were presented as means + standard deviation of three replicates. The values with different capital

letters were analyzed by one-way ANOVA followed by Duncan’s multiple range tests to make comparisons among different compounds (p < 0.05).
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%+ w - E mori FSO8 $if & BURZ +e § Pk il it £ Ji -

Table 14. Chemotaxis response of £. mori FSO8 to the mixed carbon sources supplemented with different organic acids after 42 h of incubation at

30 °C.
Compound Water (blank) GFS GFS + Malic acid GFS + Citric acid GFS + Lactic acid
D19 (cm) 2.18 +£0.03€ 3.27+0.18® 3.67 £ 0.064 3334£0.12% 3.40+0.208
D2 % (cm) 222 40.034 2.22.4003% 2.25+0.05€ 2.3240.084 24540254
RI€ (response index) 0.496+0.01°€ 0.596 + 0.01*B 0.620 + 0.01*4 0.590 + 0.01*B 0.581 4+ 0.01*B

image

¢ D1 is the distance measured from the site of inoculation to the colony edge closest to the compound. ? D2 is the distance from the site of
inoculation to the colony edge furthest from the compound. ¢ RI (Response index) = D1 / (D1 + D2). *RI values greater than 0.52 indicate an
attractant response (Zhang et al., 2019). GFS represents all groups were added 10 mM glucose, fructose, and sucrose. Data were presented as means

+ standard deviation of three replicates. The values with different capital letters were analyzed by one-way ANOVA followed by Duncan’s multiple

range tests to make comparisons among different compounds (p < 0.05).
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(A) E. mori FS08 E. coli BCRC 17320
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Figure 21. Swarming motility of E. mori FS08 and E. coli BCRC 17320 in the mixed
carbon source M9 medium containing 10 mM of different organic acids (0.4% agar).
Incubated at 30 °C (A) or 37 °C (B) after 48 h. *GFS represents all groups were added
10 mM glucose, fructose, and sucrose. The pH of all media were adjusted to 6.6. Data
were presented as means + standard deviation of three independent replicates and
analyzed by one-way ANOVA followed by Tukey’s multiple range test. The values with
different letters indicated significant differences (p < 0.05) among different treatment

groups.
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Figure 22. Biofilm biomass (ODs7onm) of E. mori FS08 in the mixed carbon sources M9
media containing 10 mM different organic acids at 30 °C. *GFS represents the media
were added 10 mM glucose, fructose, and sucrose. The pH of all media were adjusted to
6.6. Data were presented as means + standard deviation of three independent replicates
and analyzed by one-way ANOVA followed by Tukey’s multiple range test. The values
with different letters indicated significant differences (p < 0.05) among different time

points.
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Figure 23. Primers standard curve of housekeeping gene (rpoB) and target genes. The X-
axis 1s the logarithm of gDNA quantity; the Y-axis is the Ct value. Gene list: 7poB, beta-
subunit of RNA polymerase; fliC, flagellar protein; fIgM, regulator of flagellin synthesis;
motA and motB, flagellar motor protein; cheA, chemotaxis protein (histidine protein

kinase).
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Table 15. Primer efficiency of housekeeping gene (rpoB) and target genes.

Genes Efficiency (%) R? slope Tm (°C)
rpoB 98.46 0.9998 -3.361 86.44
fliC 96.17 0.9999 -3.417 83.15
flgM 92.89 0.9997 -3.506 86.14
motA 99.47 0.9996 -3.336 83
motB 94.41 0.9996 -3.465 89.42
cheA 94.06 0.9998 -3.473 89.28

Amplification efficiency was calculated according to the equation E (%) = 10C!/slope),
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Bl= L2 ~E. mori FS08 8 7 sk % f&/’]‘ el F PR A: BREFET 2 ERMEAABATIARE c R0 F (A) 15 F
(B)~3 ' (C) 245 [ p5 (D) iR EAFIZ T c AFARME S HEBM 22 427 > g FAF rpoB chi ME & FHENL > &
Wl BPEREE GFS i M TR - = BEFNTIOE + FRLL7T > TERFEHE 2 R R L ITI0EF F P FIRERER
Aol e REIL e BehkgE £ R (p<0.05) -

Figure 24. Gene expression of motility-related genes of E. mori FS08 in the mixed carbon source medium supplemented with different organic
acids at various time points. Gene expression were measured after incubation for 0 h (A), 1.5 h (B), 3 h (C), 4.5 h (D). Fold changes (222" were
normalized to the expression of the housekeeping gene rpoB and expression of GFS at each time point was used as a calibrator. Data were presented

as means = standard deviation of three replicates and analyzed by one-way ANOVA followed by Duncan’s multiple range tests to make
comparisons among different treatment groups (p < 0.05).
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Figure 25. Principal component analysis (PCA) of the transcriptome of E. mori FS08
under different organic acid treatments. GO is the transcriptome of the strain cultured in
the mixed carbon source medium (GFS) for 0 h; G90 is the transcriptome of the strain
cultured in GFS medium for 90 min; M90 is the transcriptome of the strain cultured in
GFS medium supplemented with L-malic acid for 90 min; C90 is the transcriptome of

strain cultured in GFS medium supplemented with citric acid for 90 min.
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Figure 26. Volcano plot for DEGs of E. mori FS08 in L-malic acid treatment compared with the group without adding acid. M90 is the transcriptome
of the strain cultured in GFS medium supplemented with L-malic acid for 90 min; G90 is the transcriptome of the strain cultured in GFS medium
for 90 min. The horizontal axis represented the log2 (fold change) value. The vertical axis was -log10 (P), which represented the significant
difference. Gray dots indicate no significant difference in genes, blue dots indicate significant difference genes (p-adj < 0.05), red dots indicate

differentially expressed genes (DEGs: p-adj < 0.05 & | log2FC | > 1).
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Figure 27. Volcano plot for DEGs of E. mori FS08 in citric acid treatment compared with the group without adding acid. C90 is the transcriptome
of the strain cultured in GFS medium supplemented with citric acid for 90 min; G90 is the transcriptome of the strain cultured in GFS medium for
90 min. The horizontal axis represented the log2 (fold change) value. The vertical axis was -log10 (P), which represented the significant difference.
Gray dots indicate no significant difference in genes, blue dots indicate significant difference genes (p-adj < 0.05), red dots indicate differentially

expressed genes (DEGs: p-adj < 0.05 & | log2FC | > 1).
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7 ~KEGG A 4787 L-4f % fe @ H MR s £ 3l e
1 KEGG Tl B #it— # 4 154 It M90 vs GO0 et it w3 TR 4Y

B RBAP R A F] T3 > iz DEGs # 4% rhiA ~ trpE ~ livF ~ blp2 (% + =) = rhiA &

YR OAGER SRR F R LR rn 2% A 2t = 4 5] rhiABC 4k S
» % 3] rhiR & Flema 33> rhiR A P BEHE B¢ LuxR 437 & 75
Fr R EME EASA S+ AHLs € E rhiA 54 3 (Gould et al., 2007;

"ﬂn

4y
T

Rodelas et al., 1999) - trpE %2 ¢ 5 fi<n& = > Pseudomonas aeruginosa £ E.
coli F7 3 £ P » 4 & fedmd cwalef™ 1017 S HME A FLA F - 304 0 F
* valng Fra| 2 Fr 4 ) = i ymgABC 3% %85 (Chugani and Greenberg,
2010; Lee and Lee, 2010; Wood et al., 2009) - & KEGG F#L & ¢ #.p livF (ABC-
type branched-chain amino acid transport system, ATPase component LivF) % E.
mori ¥R Mk si¥ g2 E g pof 4 (Autoinducer, Al) < ABC (ATP-
binding cassette) #:& F-v o @ blp £ %)% B Z_% Streptococcus thermophilus
fFaEHEg & (Fontaine etal., 2007) -

5 ¢k > i@ * GSEA (Gene Set Enrichment Analysis) 14 47> ;2 22 KEGG
(Kyoto Encyclopedia of Genes and Genomes) F Al & i& {7 K F1 & § F 4 45 7 &
i e L % phenle BlAp RO A S fhenle )0 5 19 BHEME B2 A0 M
AFERETE (- ) pEH f@;zlsr%iﬂ‘ﬂ L-# % pechlew]? T3
BT L-SMEEHME BRI PR ERA PR L BY Y
FRF A 472 g%k rn & o
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%L 2 ~ E mori FS08 * L-#f % e Ad® (M90) £ % 4cfik i %] (G90) 4p+t &

KEGG # #7 -
Table 16. KEGG analysis of E. mori FSO8 in L-malic acid treatment (M90) compared
with the group without adding acid (G90).

enriched KEGG p value p.adjust (FDR) DEGs
Quorum sensing 5.64E-05 4.51E-04 rhiA, trpE, livF, blp2
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%L = v E mori FS08 * L-#f % At AJE (MOO0) £ 4 4c it %] (G90) #pt £

GSEA _KEGG § & # 47 °
Table 17. GSEA_KEGG enrichment analysis of E. mori FS08 in L-malic acid treatment
(M90) compared with the group without adding acid (G90).

Normalized di
GSEA_KEGG Enrichment pvalue p(lfDJFl;“;'t core_genes_count
Score (NES)
Quorum_sensing -2.02 9.68E-06 2.81E-04 19
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T RER GRS S R B0 T2 ) B BT A P A 4T 15 )
Prengisrie s ¥ o B4 For, R ap b A TR AR o T s P FA
FRAPMAFILRE A o F AR RS F )3 A F) (ariR, yegZ,
blp2) 2 BT o Vi frARPEAATY > RIFFR L 24 LB g2 P

Wi % 4p 1 o

2.
3

7 iE > - 9 ¢ * GSEA (Gene Set Enrichment Analysis) =4 473 2 &2
KEGG (Kyoto Encyclopedia of Genes and Genomes) F#LE & 7 A F1 & & & 4~
170 2R CI0Vvs GO0 & A A fr i iE P AFI BB FH & 0 Ra > & C90 & GO
GO = At i b £ 4 0 [ Faofsry) dtfjew? o
GSEA_KEGG 4 47 1 6 i 22 5 % % (Flagellar_assembly) #p B 2k F]eh& I &
T (RN A AR 4 R L G BT a4 A LS R R
%= (Partridge, 2022; Wadhwa and Berg, 2022) o ]yt » 8L $% fm 718 & 2 5 7

¥R ak e @ AP ELR TR AL € 1 S 2 AR B A Flehd R 2 A P e
R 479 > RIFpIrIE R L ag R o

BEAR CO0 JF 47 Bd-dnerufe i (GO) At A A 45 8l e 4p i A Feh®
it o ded s a7 (PCA) $58 7 (Bl- 1) i 4oy iy (GO) &2 4 s
e £ Bs > @ CO0 2 GO0 srdd e di L 33T 0 v Tt GO Apt % %
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1% M90 vs GO % A & 7 T 2 L AP B AL Fleec % > RovR F R IR aTAE
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%L~ v E mori FS08 * L-#f % Bt AJE (MOO0) £ 4 4c it %] (G90) #pt £

GSEA _KEGG § & # 47 °
Table 18. GSEA KEGG enrichment analysis of E. mori FS08 in L-malic acid treatment
(M90) compared with the group without adding acid (G90).

Normalized di
GSEA_KEGG Enrichment pvalue p(ISDJESt core_genes_count
Score (NES)
Flagellar_assembly -1.96 5.30E-04 6.25E-03 6
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Appendix 1. Cell growth curves of E. mori FS08 and E. coli BCRC 17320 in the TSB
medium at 30 °C. Data were measured by ODeoonm (A) and plate count (B) which were

presented as means * standard deviation of three replicates.
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Appendix 2. Changes of total plate count in fresh-cut cucumbers stored at 30 °C. Each cucumber slice was inoculated with 10 pL of
Enterobacter mori FS08 (10" CFU/mL) or 0.85% NaCl (control groups).

Total plate count (log CFU/qg)
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

. Ca Ba ABa ABa ABa Aa Aa
E.mori FS08  356+0.18 538+0.16 6.48 + 0.46 6.49 + 0.45 6.66 +0.76 6.84 +0.41 6.92 +0.76

Ca Cb BCb ABa ABa Aa Aa
0.85% NaCl  330+0.21 3.53+0.11 4.43 +0.20 5.46+0.71 5.88+0.85 6.30 + 0.84 6.47 +0.82

Data were presented as means + standard deviation of three independent experiments and analyzed by one-way ANOVA followed by
Tukey’s multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences

among storage time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p <
0.05).
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Appendix 3. In the cucumber inoculation test, the colony morphology of the inoculated

group and the control group. PCA plate were incubated at 30 °C for one day (A) and two
days (B).
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Appendix 4. Changes of glucose in fresh-cut cucumber inoculated with E. mori FS08 or 0.85% NaCl as control and stored at 30 °C.

Glucose concentration in cucumber (mg/g)
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

E. mori FS08 8.44 +2.12°% 7093+ 1.42°B2 744+0.86°8 617+ 1.23782 530 + 1.52”% 444+ 1.38"B2 3099+ 1488

0.85% NaCl 8.72+0.64"% 815+ 0.64"% 7.86+0.62"% 6.93+1.22% 6.63+1.47°% 580+ 1.29%% 574+ 234"

Data were presented as means + standard deviation of three independent experiments and analyzed by one-way ANOVA followed by
Tukey’s multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences
among storage time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p
<0.05).
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Appendix 5. Changes of fructose in fresh-cut cucumber inoculated with E. mori FS08 or 0.85% NaCl as control and stored at 30 °C.

Fructose concentration in cucumber (mg/g)
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

E. mori FS08 9.66 +2.01%% 927+ 12882 888+0.68°% 7.78+1.12°%% 685+ 1.44782 504+ 133488 543+ 1458

0.85% NaCl 9.97+0.60" 965+055% 929+0.61% 846+1.02%% 8.07+1.43% 728+ 1.47% 7.00+2.60%

Data were presented as means + standard deviation of three independent experiments and analyzed by one-way ANOVA followed by
Tukey’s multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences
among storage time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p
<0.05).
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Appendix 6. Changes of sucrose in fresh-cut cucumber inoculated with E. mori FS08 or 0.85% NaCl as control and stored at 30 °C.

Sucrose concentration in cucumber (mg/g)
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

E. mori FS08 0.52+0.42% 056+0.53* 0.39+0.19° 0.91+0.30"* 042+0.16" 0.35+0.16"° 0.26+0.16"

0.85% NaCl 1.76 £ 1.01%%  1.47+0.45% 123+032% 171+124% 0.64+0.61"* 1.32+0.53* 0.98+0.62"

Data were presented as means + standard deviation of three independent experiments and analyzed by one-way ANOVA followed by
Tukey’s multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences
among storage time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p
<0.05).
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Appendix 7. Changes of L-malic acid in fresh-cut cucumber inoculated with E. mori FS08 or 0.85% NaCl as control and stored at 30 °C.

L-Malic acid concentration in cucumber (mg/g)
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

E. mori FS08 2.26+0.82%% 2.06+050" 1.93+0.56" 1.91+060% 201+074% 190+0.66% 1.89+ 0.56"

0.85% NaCl 212+0.46M% 1.92+050% 1.88+042% 1.82+045% 1.92+055% 1.94+0.75% 1.91+0.674

Data were presented as means + standard deviation of three independent experiments and analyzed by one-way ANOVA followed by
Tukey’s multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences
among storage time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p
<0.05).
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Appendix 8. Changes of citric acid in fresh-cut cucumber inoculated with E. mori FS08 or 0.85% NacCl as control and stored at 30 °C.

Citric acid concentration in cucumber (mg/g)
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

E. mori FS08 0.26 + 0.11% 0.46 £ 0.22B2 0.42 + 0.08"B% 0.53 + 0.20" 0.55+ 0.16"B2 0.52 + 0.08"B* (.58 + 0.18"

0.85% NaCl 0.27+0.18% 0.41+0.13% 0.48+0.21"* 057+0.29% 053+0.25% 0.47+0.19% 0.51+0.26"

Data were presented as means + standard deviation of three independent experiments and analyzed by one-way ANOVA followed by
Tukey’s multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences
among storage time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p
<0.05).
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Appendix 9. Changes of D-Lactic acid in fresh-cut cucumber inoculated with E. mori FS08 or 0.85% NaCl as control and stored at 30 °C

D-Lactic acid concentration in cucumber (mg/g)
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

E. mori FS08 0.020 + 0.006”% 0.018 + 0.006”* 0.018 + 0.005** 0.012 + 0.002** 0.012 + 0.002** 0.015 + 0.005*% 0.019 + 0.004"

0.85% NaCl  0.022 + 0.009%% 0.017 + 0.005%% 0.015 + 0.004*® 0.013 + 0.002”% 0.013 + 0.002”% 0.016 + 0.002** 0.015 + 0.003"

Data were presented as means + standard deviation of three independent experiments and analyzed by one-way ANOVA followed by
Tukey’s multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences
among storage time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p

<0.05).
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Appendix 10. Changes of L-Lactic acid in fresh-cut cucumber inoculated with E. mori FSO08 or 0.85% NaCl as control and stored at 30
°C.

L-Lactic acid concentration in cucumber (mg/g)
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

E. mori FS08 0.006 + 0.003** 0.006 + 0.002”% 0.008 + 0.000* 0.006 + 0.001* 0.007 + 0.001%* 0.008 + 0.001*% 0.007 + 0.00142

0.85% NaCl  0.009 + 0.001”% 0.006 + 0.002*% 0.007 + 0.002*% 0.006 + 0.002** 0.007 + 0.002** 0.007 + 0.002"* 0.006 + 0.002"

Data were presented as means + standard deviation of three independent experiments and analyzed by one-way ANOVA followed by
Tukey’s multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences
among storage time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p
<0.05).
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Appendix 11. Changes of pH value in fresh-cut cucumber inoculated with E. mori FS08 or 0.85% NacCl as control and stored at 30 °C.

pH value
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

E. mori FS08 6.65+0.16" 6.67+0.14" 6.76+0.13" 6.80+0.12%% 6.65+0.15% 6.63+0.14% 6.71+0.177

0.85% NaCl 6.62+0.14" 6.60+0.07"% 6.62+0.10" 6.60+0.13% 6.55+0.15% 6.56+0.13% 6.67 £ 0.32"°

Data were presented as means + standard deviation of three independent experiments and analyzed by one-way ANOVA followed by
Tukey’s multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences
among storage time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p
<0.05).
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Appendix 12. Changes of titratable acidity in fresh-cut cucumber inoculated with E. mori FS08 or 0.85% NaCl as control and stored at 30
°C.

Titratable acidity (Malic acid eq %)
Treatment

Oh 4 h 8h 24 h 48 h 72 h 96 h

E. mori FS08 0.162 + 0.016"% 0.162 + 0.012"% 0.150 + 0.029”* 0.164 + 0.024** 0.160 + 0.018"* 0.172 + 0.010"* 0.164 + 0.031"

0.85% NaCl  0.163 + 0.010%* 0.146 + 0.023%* 0.146 + 0.013"* 0.157 £ 0.013** 0.172+ 0.006"* 0.182 + 0.018%* 0.161 + 0.041"

Data were presented as means * standard deviation of three independent experiments and analyzed by one-way ANOVA followed by Tukey’s
multiple range test and Student’s t-test. The values with different capital letters (A, B, or C) represented significant differences among storage
time, lowercase letters (a or b) indicated significant differences among different treated groups at the same time point (p < 0.05).
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Appendix 13. The appearance changes of the front (inoculated side) and back of fresh-

cut cucumbers stored at 30 °C for 72 h. Fresh-cut cucumbers were inoculated with E.

mori FS08 (A) or 0.85% NaCl as a control group (B). The thickness of the cucumber
slices is 5 mm.
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Appendix 14. Original pH value of the mixed carbon source M9 medium

containing different concentrations of organic acids.

o Acid concentration (mM)
Organic acids

0 10 20 40

L-Malic acid 7.14 6.85 6.62 6.10

Citric acid 7.14 6.71 6.34 5.74

DL-Lactic acid 7.14 6.99 6.93 6.81
139

doi:10.6342/NTU202401515



‘e I ~ E.mori FSO8 $1H — 3 4Rt £ i it & i -
Appendix 15. Chemotaxis response of E. mori FS08 to sole organic acids after 24 h and 42 h of incubation at 30 °C.

24 h 42 h
Compound

D12 (cm) D2° (cm) RI° D12 (cm) D2° (cm) RI°
Water (blank) 1.05 + 0.05%  1.03 + 0.03*  0.504 + 0.007° 2.02 + 0.03° 200 + 0.05% 0502 + 0.007®
10 mM Malic acid 1.23 + 0.034 110 + 0.05" 0.529 + 0.007** 258 + 0.03% 220 + 0.05" 0.540 + 0.004**
10 mM Citric acid 1.08 + 0.08®  1.05 + 0.05  0.508 + 0.007° 2.10 + 0.05¢ 210 + 0.01”®  0.500 + 0.006°
10 mM Lactic acid 1.10 + 0.05®  1.07 + 0.08"  0.508 + 0.014° 218 + 0.06® 213 + 0.06”  0.506 + 0.000°

2 D1 is the distance measured from the site of inoculation to the colony edge closest to the compound. ° D2 is the distance from the site of
inoculation to the colony edge furthest from the compound. ¢ Rl (Response index) = D1 / (D1 + D2). *RI values greater than 0.52 indicate an
attractant response (Zhang et al., 2019). Data were presented as means + standard deviation of three replicates. The values with different capital
letters were analyzed by one-way ANOVA followed by Duncan’s multiple range tests to make comparisons among different compounds (p <
0.05).
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Appendix 16. Chemotaxis response of E. mori FS08 to the mixed carbon sources supplemented with different organic acids after 24 h and 42 h

of incubation at 30 °C.

24 h 42 h
Compound
D12 (cm) D2° (cm) RIC D12 (cm) D2° (cm) RI°

Water (blank) 1.00 + 0.00¢  1.03 + 0.03%  0.492 4+ 0.007°€ 2,18 £ 0.03¢ 222 4+ 0.034 0496 + 0.007¢
GFS 1.48 £ 0.03%  1.10 £ 0.004  0.574 + 0.005*B 327 £ 0188 222 + 0.03* 0.596 + 0.013*B
GFS + Malic acid 1.65 + 0.05*  1.13 + 0.03*  0.593 + 0.004** 3.67 £ 0.06% 225 + 0.05%  0.620 + 0.006**
GFS + Citric acid 1.50 £ 0.098  1.10 + 0.00* 0.577 £ 0.014*AB 333 +£ 0128 232 + 0.08*  0.590 + 0.006%B
GFS + Lactic acid 1.58 + 0.08%8  1.12 + 0.03* 0.586 + 0.008*AB 340 + 0208 245 4+ 0254  0.581 + 0.011*B

2 D1 is the distance measured from the site of inoculation to the colony edge closest to the compound. ° D2 is the distance from the site of
inoculation to the colony edge furthest from the compound. ¢ Rl (Response index) = D1 / (D1 + D2). *RI values greater than 0.52 indicate an
attractant response (Zhang et al., 2019). Data were presented as means + standard deviation of three replicates. The values with different capital
letters were analyzed by one-way ANOVA followed by Duncan’s multiple range tests to make comparisons among different compounds (p <
0.05).
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Appendix 17. Biofilm biomass (ODszonm) of E. mori FS08 in the mixed carbon sources
M9 media containing 10 mM different organic acids at 30 °C. GFS represents the media
were added 10 mM glucose, fructose, and sucrose. The pH of all media were adjusted to
6.6. Data were presented as means + standard deviation of three independent replicates
and analyzed by one-way ANOVA followed by Tukey’s multiple range test. The values
with different letters indicated significant differences (p < 0.05) among different

treatment groups at the same time point.
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Appendix 18. Planktonic cell (ODeoonm) of E. mori FS08 in the mixed carbon sources

M9 media containing 10 mM different organic acids at 30 °C. The pH of all media

were adjusted to 6.6.

Planktonic cell (ODgoo nm)
medium

24 h 48 h 72 h

Ba Aa Bb

GFS 0.425 +0.011 0.494 £ 0.022 0.418 + 0.010
. . Aa Aab Aa

GFS + Malic acid 0.454 £0.014 0.479 £ 0.020 0.448 + 0.004
.. . Aa Aab Ab

GFS + Citric acid 0.411 £ 0.036 0.462 + 0.002 0.421 + 0.001

L Ba Ab Bb
GFS + Lactic acid 0.411+0.014 0.448 £ 0.009 0.417£0.011

Data were presented as means + standard deviation of three independent experiments
and analyzed by one-way ANOVA followed by Tukey’s multiple range test and
Student’s t-test. The values with different capital letters (A, B, or C) represented
significant differences among different time points, lowercase letters (a or b)
indicated significant differences among different treatment groups at the same time
point (p < 0.05).
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Appendix 19. Swimming motility (A) and swarming motility (B) of E. mori FS08 and E.
coli BCRC 17320 in TSB medium at 30 °C.
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Appendix 20. ODgoonm values of E. mori FS08 at four time points in the qPCR test.

ODs60onm value

medium

0Oh 1.5h

3h

45h

GFS 0.13 £ 0.01 0.27 £
GFS +40 mM Malic acid 0.13 £ 0.02 027 *
GFS + 10 mM Citric acid 0.12 + 0.02 0.26 *

0.01 0.64
0.03 0.59
0.04 0.65

+

t

+

0.01 1.44 £ 0.09
0.05 1.45 £ 0.06
0.06 1.39 £ 0.08
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Appendix 21. Changes in the expression of motility-related genes of E. mori FSO8 in the mixed carbon source medium supplemented with different
organic acids over time. Target genes include fIiC (A), flgM (B), motA (C), motB (D), ched (E). Fold changes (2"22“") were normalized to the
expression of the housekeeping gene »poB and expression of GFS at 0 h was used as a calibrator. Data were presented as means = standard deviation
of three replicates and analyzed by one-way ANOVA followed by Duncan’s multiple range tests to make comparisons among different time points

in the same treatment group (p < 0.05).
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Appendix 22. Volcano plot for DEGs of E. mori FS08 cultured in the mixed carbon source (GFS) for 90 min compared with the initial stage. G90
is the transcriptome of the strain cultured in GFS medium for 90 min; GO is the transcriptome of the strain cultured in GFS medium for 0 h. The
horizontal axis represented the log2 (fold change) value. The vertical axis was -log10 (P), which represented the significant difference. Gray dots

indicate no significant difference in genes, blue dots indicate significant difference genes (p-adj < 0.05), red dots indicate differentially expressed
genes (DEGs: p-adj < 0.05 & | log2FC | > 1).
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Appendix 23. Volcano plot for DEGs of E. mori FS08 in L-malic acid treatment compared with the initial stage. M90 is the transcriptome of the
strain cultured in GFS medium supplemented with L-malic acid for 90 min; GO is the transcriptome of the strain cultured in GFS medium for 0O h.
The horizontal axis represented the log2 (fold change) value. The vertical axis was -log10 (P), which represented the significant difference. Gray
dots indicate no significant difference in genes, blue dots indicate significant difference genes (p-adj < 0.05), red dots indicate differentially
expressed genes (DEGs: p-adj < 0.05 & | log2FC | > 1).
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Appendix 24. Volcano plot for DEGs of E. mori FS08 in citric acid treatment compared with the initial stage. C90 is the transcriptome of the strain
cultured in GFS medium supplemented with citric acid for 90 min; GO is the transcriptome of the strain cultured in GFS medium for 0 h. The
horizontal axis represented the log2 (fold change) value. The vertical axis was -1og10 (P), which represented the significant difference. Gray dots

indicate no significant difference in genes, blue dots indicate significant difference genes (p-adj < 0.05), red dots indicate differentially expressed
genes (DEGs: p-adj < 0.05 & | log2FC | > 1).
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Appendix 25. The same DEGs in E. mori FS08 treated with L-malic acid or citric acid

compared with the control group.
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Appendix 26. All of the DEGs of E. mori FS08 in L-malic acid treatment compared with the group without adding acid (M90 vs G90).

Gene Gene_model_ID |Gene_description log2FC pvalue padj
flavocytochrome ¢ | AINJHM_10065 |flavocytochrome ¢ 3.41 2.22E-162 | 5.24E-159
citT AINJHM_10070 |Di- and tricarboxylate antiporter 2.74 6.19E-53 2.44E-50
Elt;rsr;alr ate hydratase AINJHM_10075 |Fumarate hydratase class I, anaerobic 2.54 2.96E-108 | 3.49E-105
tRNA A37 threonylcarbamoyladenosine synthetase subunit i i
tsaC AINJHM_12835 TsaC/SUAB/YTAC 2.53 1.15E-14 6.18E-13
ydfZ AINJHM_04940 |Selenium-binding protein YdfZ 2.16 4.22E-64 2.49E-61
Uncharacterized conserved protein,
pEBP AINJHM_12830 phosphatidylethanolamine-binding protein (PEBP) family 2.00 1.03E-05 9.97E-05
sodB AINJHM_06210 |superoxide dismutase [Fe] 1.98 1.64E-70 1.29E-67
dmsB AINJHM_16570 |DMSO/selenate family reductase complex B subunit 1.93 5.45E-38 1.29E-35
DroX AINJHM_13020 glycme betaine/L-proline ABC transporter substrate-binding 176 1 24E-47 4.16E-45
protein ProX
;:‘Oiet{r?rgpos'“on AINJHM_02370 |Tn7 transposition protein B 164 | 28lE-28 | 4.74E-26
mqo AINJHM_11075 |malate dehydrogenase (quinone) 1.62 1.33E-30 2.41E-28
tauD AINJHM_12800 |Taurine catabolism dioxygenase TauD 1.51 5.27E-05 4.38E-04
dmsC AINJHM_16565 |DMSO reductase anchor subunit DmsC 1.50 1.94E-38 5.08E-36
leuD AINJHM_12805 |3-isopropylmalate dehydratase small subunit 1.37 1.35E-05 1.29E-04
tRNA A37 threonylcarbamoyladenosine synthetase subunit i i
tsaC AINJHM 12840 TsaC/SUAS/YrdC 1.28 4.15E-16 2.72E-14
dmsA AINJHM_16575 |dimethylsulfoxide reductase subunit A 1.28 3.36E-26 4.78E-24
hypothetical protein| AINJHM 02380 |hypothetical protein 1.27 3.80E-23 4.72E-21
upp AINJHM 11995 |uracil phosphoribosyltransferase 1.19 1.33E-27 2.09E-25
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relE AINJHM_18105 mRNA-degradin_g er_ldonuclease RelE, toxin component of the 116 3.41E-20 350E-18
RelBE toxin-antitoxin system
zinT AINJHM_06875 |metal-binding protein ZinT 1.12 2.96E-18 2.69E-16
dusB AINJHM_01125 [tRNA dihydrouridine synthase DusB 1.09 2.37E-19 2.24E-17
rplK AINJHM_04265 |50S ribosomal protein L11 1.07 6.37E-18 5.37E-16
ahpC AINJHM_18015 |alkyl hydroperoxide reductase subunit C 1.07 2.05E-20 2.19E-18
narkK AINJHM_04185 |Nitrate/nitrite transporter NarK 1.04 1.02E-13 4.46E-12
fis AINJHM_01130 |DNA-binding transcriptional regulator Fis 1.03 4.13E-11 1.08E-09
Lipoprotein AINJHM_10670 |Lipoprotein 1.02 3.08E-16 2.07E-14
frukK AINJHM_10945 |1-phosphofructokinase -1.04 1.27E-22 1.49E-20
ariR AINJHM_06460 |Two-component-system connector protein AriR -1.17 4.11E-17 3.23E-15
ZntA AINJHM_02020 |Zn(11)/Cd(11)/Pb(I) translocating P-type ATPase ZntA -1.18 4.22E-13 1.58E-11
gsiB AINJHM_13930 |General stress protein YciG, contains tandem KGG domains -1.20 1.44E-19 1.41E-17
livE AINJHM_09725 ABC-type branched-c_hain amino acid transport system, 131 4.30E-16 2 76E-14
ATPase component LivF

rhiA AINJHM_06275 |protein RhiA -1.32 3.44E-26 4.78E-24
hemS AINJHM_06570 |Putative heme degradation protein -1.32 2.27E-24 2.98E-22
DUF4432 domain- |~ »\N31M 07950 | DUF4432 domain-containing protein 146 | 173E-35 | 3.72E-33
containing protein

urtC AINJHM_06860 |urea ABC transporter permease subunit UrtC -1.51 1.63E-05 1.54E-04
ycgZ AINJHM_06455 |regulatory protein YcgZ -1.62 1.84E-32 3.63E-30
trpE AINJHM_08250 |anthranilate synthase component 1 -1.63 7.00E-47 2.06E-44
blp2 AINJHM_12860 |lg-like repeat protein Blp2 -1.65 2.39E-54 1.13E-51

156

doi:10.6342/NTU202401515



= L =~ E.mori FS08 *+ {8 A2 (C90) ¥2 4 4cfik 2% (GO0) 4p 1t #+4 ¢ DEGS °

Appendix 27. All of the DEGs of E. mori FS08 in citric acid treatment compared with the group without adding acid (C90 vs G90).

Gene Gene_model_ID Gene_description log2FC pvalue padj
tauD AINJHM_12800 |Taurine catabolism dioxygenase TauD 4.26 1.51E-18 1.59E-16
Uncharacterized conserved protein,
PEBP AINJHM_12830 phosphatidylethanolamine-binding protein (PEBP) family 3.75 6.10E-14 4,202
tRNA A37 threonylcarbamoyladenosine synthetase subunit
tsaC AINJHM_12835 TsaC/SUAB/YTdC 2.70 6.17E-100 4.10E-97
leuD AINJHM_12805 |3-isopropylmalate dehydratase small subunit 2.54 1.23E-135 | 2.45E-132
zinT AINJHM_06875 |metal-binding protein ZinT 1.59 1.25E-68 6.23E-66
MES transporter AINJHM 12815 |MFS transporter 1.58 1.54E-43 5.12E-41
tRNA A37 threonylcarbamoyladenosine synthetase subunit i i
tsaC AINJHM_12840 TsaC/SUAB/YTdC 1.49 1.90E-43 5.41E-41
emrA AINJHM_ 12825 |Multidrug resistance efflux pump EmrA 1.45 9.19E-42 2.29E-39
sodB AINJHM_06210 |superoxide dismutase [Fe] 1.14 4.86E-38 9.67E-36
ypfM AINJHM_11890 |Protein YpfM 1.12 4.49E-25 6.39E-23
ZNUA AINJHM_13130 gl?u(;type Zn uptake system ZnuABC, Zn-binding component 104 6.04E-28 9.26E-26
;f‘ogirr?rg’pos'“o“ AINJHM_02370 |Tn7 transposition protein B 102 | 140E-16 | 1.16E-14
ariR AINJHM_06460 |Two-component-system connector protein AriR -1.00 6.61E-18 6.58E-16
ycgZ AINJHM_06455 |regulatory protein YcgZ -1.16 3.48E-17 3.15E-15
gsiB AINJHM_13930 |General stress protein YciG, contains tandem KGG domains -1.20 2.80E-32 5.07E-30
cybB AINJHM_15655 |cytochrome b561 -1.20 1.92E-29 3.19E-27
blp2 AINJHM_12860 |Ig-like repeat protein Blp2 -1.27 5.62E-41 1.24E-38
hemS AINJHM_06570 |Putative heme degradation protein -1.65 7.76E-53 3.09E-50
arnB AINJHM 02180 |UDP-4-amino-4-deoxy-L-arabinose aminotransferase -2.03 1.05E-104 | 1.05E-101
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Appendix 28. GSEA enrichment plot for quorum sensing of £. mori FS08 in L-malic acid

treatment compared with the group without adding acid (M90 vs G90).
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Appendix 29. GSEA enrichment plot for flagellar assembly of E. mori FS08 in citric acid
treatment compared with the group without adding acid (C90 vs GO).
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