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Vo KA ALEISUEATH B2798 HAA AT £, KT mfiIg iR k484 (Carboxyfluorescein Diacetate, Succinimidyl
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Abstract: pH control was a key regulatory strategy in the high-density cultivation of Bifidobacteria. However, research into
the mechanisms by which pH regulates cell division and proliferation remains limited. In this study, Bifidobacterium breve
B2798 was used as the model organism. Cells were labeled with the fluorescent proliferation probe Carboxyfluorescein
diacetate succinimidylester (CFDA-SE), and flow cytometry was utilized to monitor bacterial division dynamics under

varying fermentation pH conditions. Quantitative real-time PCR (qPCR) was applied to measure the expression levels of
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key genes involved in cell division, aiming to investigate the influence of fermentation pH on its division cycle. The results

showed that at a fermentation pH of 5.30, cells underwent up to 7 division cycles, a higher number than observed at other
pH levels. The viable cell count at this pH was (1.39+0.04)x10'® CFU/mL, significantly higher than that at other pH
(P<0.05), indicating that cells not only divide actively but also maintain high viability. At pH5.30, the expression of

division-related genes fisZ and sepF was upregulated by 61.86% and 131.36%, respectively, compared to pH6.30 (P<0.05),

and by 78.13% and 80.31%, respectively, compared to pH4.30 (P<0.05). In conclusion, fermentation pH regulates cell

division by influencing viable cell counts and regulating the expression of division-related genes, collectively creating an

optimal environment for rapid cellular proliferation. This mechanistic insight provides theoretical support for precision

fermentation in achieving high-density cultivation and yield optimizatio
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(6.50+0.02), 55 —2A I BT &2 43480 25% 1) NaOH
W PE = pH(6.80+0.02), HiA i B 4H i W)t pH
(6.50+0.02) H 2R & 7 = pH(6.30+0.02) . pH(5.80=+
0.02). pH(5.30+0.02), pH(4.80+0.02) . pH(4.30-0.02)
s 97 0 B B 43 B 25% 19 NaOH IS W E % pH, 3%
BABHRE (37.0£0.2) °C, ARSI T 255 A 1%
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1.2.2.1 zZJGYe ke e 411 5l 28 6 R £ (Car-
boxyfluorescein diacetate succinimidyl ester, CFDA-
SE) n[BiE AN MRS SE AP, |72 FH P40 5 il 2
AU ERPO, W vl shis o = aE @ A i it
AL, SRS LETR B AL 3% A8 Sy — i BH S 2%
FEEEIEFAMWE IV AL RE (Carboxyfluorescein succinimidyl
ester, CFSE), CFSE S 4fAfl PN 1985 B3 as &, A
TSR B AEMI N . CFDA-SE Yl a] 46 0 24
Rea3 5, bric i 4H e —%2 e, CFDA-SE #Ric iy ¢
ST Bt AR Sy PG T T QA RS Sk,
B0 RS 4 A 43 2R B E L, AT AR I 43 2R
8 YRHE 28 T Z2 R I 4 L, Al FH A 2K A4 SR A T Ak T
ST,
1222 Zyu ekl e BE e £ i FH — Y 2L R
(Dimethyl sulfoxide, DMSO) % f# CFDA-SE #£41#>
7, 2R 0. 100, 200, 300, 900, 1500, 2100 umol/L
LA BB EE VRTINS AR A TARIE,
LL 2% (v/v) 2P 32 Fh 31 4 & B, #E (37+
0.5)°C . ¥th pH6.50. fEIE pH5.90 &4 F REShE
%F%, 8 M-online A= LA HT SR 3% 3230 FR b 2L
1R r= g, SR FH i AT ARSI B 35 B P U B 2R AR
PG 285 SRS W e B G FH 2 3
1.2.2.3 ZOGYURIEE NN AN FEHEGYBAR I
ARG L, ARG OARIC B R X FRZH , e 3R 37
TR R RE BT BURE, SRR A I B 5 R R G
TEH, i EA R B MRS 15353k, (37+0.5) °C 8] &
RAEFEFE(7240.5)h, BRI B =47, G R
B, CFU/mL Geita X EEAS R4 55)0E B E2E 5+,
PG GRS B2798 BEAARLN MR
1.2.3  BEARSTZLIRSASI
1.2.3.1 % 2K 40 f AR G 90 B 1A o 240k & A
CFDA-SE JekbRic ALY, W I -7 U e R 4 iy
J& R R AR, SRS K T A e B U R & 10%~
107 CFU/mL L #L. R H WA 40 A, 3%k K
Ex=494 nm, % 5K Em=521 nm, JEA7AG0, e dE
(1x10%)events %ds, FHHIE S AFIE
1.2.3.2 {SEENE RERRR e BT EORE, SR P

AT S HA T BRI 2, S R RS AS T JC A A= 2
FROR BT AR RS, BRI R R Gam e, TR
MW HL 1.0 mL RS I TIE AT EEFRIL, B
SR PG o1 2 o [ AR B R MRS 35557 365 A K% 357
LA, FEAIBERE S BT (37.0+£0.5) °C R P31 F 5%
(72.0+0.5)h, B PFESR I E = AP 772, WEEETTHECR
{3i CFU/mL .,

1.2.4 FLHFIREAE B3Rl PEA kK ihZ I
W s s SRR R G N O € U IO G RGO B N
Wi R ] S TIRE SR T A R DGR R R R Y
ANk rE FERIE

1.2.4.1 FeRtEg|izit  ReE B2798 A ALK ZHEL
P, X B4 SCHRIL N fisZP) BN sepFH U7 A RE, i
THRERPES [, ansk 1 R,

®1ORIERGYIER

Table 1 Related gene primer information
EIL7E F1¥51(5-3) BEERL P (bp)
ftsZ-F CTGCACCACGTCGTTTTCAC 20 178
fisZ-R CCTCGGCTATCTCGATCTCG 20
sepF-F CTTCTCGTGCTTACGGGACA 20 348
sepF-R CTGAGGCAATCATGGGCATA 20

1.2.42 krAESLHHZ S, PCR gifby =4y ik
Z: £ 0.2 mL EP & K JiN A Solution 1. ddH20,
Control Insert. PUC57 Vector, B E.CVRS], 72 PCR
ISR 2~3 h; il B bR pZR AR AS . XA R 4T BT
B UEA TIPS 5, BTG, I HAE 260 nm I
KNG BEE, 4553 2,

%% 2 E‘i*j OD260 nm {E
Table 2 ODy¢ y Value of plasmid

iy 24N KB (bp) R (ng/pl) % 1% (copies/uL)
sepF-zl 348 1 2.98x10°
fisZ-z1 178 1 3.15x10°

T A AR FE N FE DL (copies/puL) o
copies\| Cx107xN,
L ): 7T x 660

o, N, Fos BT AR A& 2 5 %L, 6.023x<10%
C FIRMURE (ng/pl) ; F3F i Ros a8 m K/ im H 19
FER KN TR FK: PUCS7, BRI K /M. 2710 bpo
Ff ey B 1) 25 TR R TR BE AR RE, A AR A S Y
10'~10° iR T TAY bRt 26

191 fisZ AruERIZE N y=—3.5581x+37.0471(R*=
0.9995); sepF FRUEHLZE . y=—2.8611x+30.5872(R*=
0.9947)
1.2.43 FEARWES AR G Ut B A5 $2 B PR {4
B RNA, T e B HE U RNA 54558 cDNA, HTF
JF4E qPCR P71,
1.2.4.4 gPCR WA KA #E 2 mL EP &+l
A 10 pL 2xUltraSYBR Mixture(2x). 0.25 puL Primer

%Jﬂiﬁz(
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F(5 umol/L) . 0.25 pL Primer R(5 pmol/L) . 2 uL
cDNA, i FHICE JCHFGE K 42 20 pL .
1.2.45 qPCR )Y WIGEAEPE: 95 °C 4L F 5 min;
PEA BT B FE AR PE . IR K FIIEA, ABPE: 95 °C Absit
10 s, 3B k: 60 °C 4b3H 30 s, ZEAH: 72 °C AbFH 30 s; 9%
FAF TR : FERDY VEVEIRLE AT, FE LA By B itk
ATHAT T IME . OVAEFRRECH 35 K.
1.3 B

{#i JH] IBM SPSS Statistics 26 #4317 2% 5 4%
T, 22 55l FH 7 2253 F1 (Analysis of Variance,
ANOVA), P<0.05 B}, I hZE R w3, B e g
1 FH Microsoft Excel 2021 %44, Wiz 4l g R 4%
B A B L R fz 45 BRI A8 FH FlowJo 10.9.0 4K
1. HAWEFE L5418 Origin 2022 ik, EIFEHERR
155 JH Adobe Tllustrator 2021 4. FeR FEIRhHH %
e S e SR b S R 3 7530 o
2 HBRESH
2.1 FERJ|EKRERE

CFDA-SE Juihbnic i g, vl H T ER 4248y
A ) PEAAR 21 A, AFL i v BE DO AR IE 23Xt B2798 B AR
AFEE AT FEEHD, #f# CFDA-SE 3uh
#5551 DMSO H8AE e e g o gk (i, (A A
A HFEANE, XA DA B R B U AT B 434 i
AR Ol R EF B T YRR BE LA, SRHAE T 2 53
ARG 53T L SR B[R] B o) B e A FUIR A S i e/ NG
Julshuf B B4 T 5 S50

FHIE LA FIEE 3 A0, ARGk 2R AR K
T, 6 2H 5 X0 BR2H B 3 BEAP A 25 57, (HAE K
P34, YRk <900 pmol/L B, Bds5 3 5
Ho B K R B AT R AR G S0 4, (AT 3 25 5
(P>0.05) o XIAS[AIA YLkl gyt B2798 7EAHIR LS
FEBTHAREA T RGBT AL, SRR AR RRRE. R 3 I,
MR PRI S, 2580 2H 5 AR RO GRS T E2E =
AN (P>0.05) o BB RIS TRIHG I 2 X HOR W et
e <900 pmol/mL Y& 2H 7% B EUR ISR TR ARiC
#H(1.01+£0.04)=10'* CFU/mL, {H£H [a] JC i & 2% 57 (P>
0.05) o X BT g I Atk 19 2H 3 56 26 1500 pumol/L
I E(8.7240.41)%x10° CFU/mL 5 2100 pmol/L %%
H%0(8.53+£0.42) x10° CFU/mL, & 3K T R Aric 4l
(P<0.05).

FHIE 1B ASEIGUBh R R IE il n] 40, 328
B 2H 55Xt REZH P P b A — 3, BEGRRAR EEREIn, BE A
FERRRE 12BN, A WS R e BERS BE Y Yt
ST BT IR RE F1 LA 0 BB s BT, 2 yeel
He B <900 pmol/L B, #5620 28 & I v FLIe 2
BTG W 35 22 5 (P>0.05) 5 Ykl B >900 pmol/L
Ak, 7= P 5 S LI SR AR R i S IS TR bR iC 4l (P<
0.05),

Z5 F AR, ekl 900 umol/L st X B {41 4
ARUZ M /N, X PR R FE R P R E AN B 2 .

>

71 —= 0pmolL

6 - 100 pmol/L ¥
2 [ -+ 200 umollL

D% —%— 300 pmol/L 7]
O 4 --900 umol/L 3
3 5[ - 1500 pmol/L
® --a:- 2100 pmol/L
ool
=
®o1f

0 i 1 1 1 1 1 1 1 1 1 1 1 1 1

01 23 456 7 8 9101112
FEFRIA] (h)
B 12k — Opumol/L
-e 100 pmol/L

10 4. 200 pmol/L ’
5 gl —* 300 umol/L s
[[‘v -¢- 900 pmol/L
ﬂ 6 --a- 1500 umol/L
& 4L e 2100 pmol/L
|
B

2 -

of =

FiFRINA] (h)
P oy 0T TR (A B LR 17 R S
Fig.1 Effect of dye concentration on cell density and lactic acid
bacteria yield
TE: Ax AN [RGB R AR A 25 B A T 94 JBE el
Yot S5 FLIR A E LRI 2R
3 Rl GBI G (5 I TR RO b AR R
(X£S,n=3)
Table 3 Number of viable bacteria and the maximum specific

growth rate after staining with different concentrations
of dye (x£S, n=3)

ey U MECRA POk KL
(umol/L) Yjﬁ[ﬁé&z 'zj_?[z'ﬂéz& ()ﬁﬁl ikﬁj%
(x10° CFU/mL) (x10° CFU/mL) (x10° CFU/mL) fin,(h™)

0 0.72+0.04° 3.0640.13° 10.07+0.42*  0.96+0.01°
100 0.69+0.03° 2.69+0.41° 9.87£0.59"  0.95+0.01°
200 0.67+0.05° 2.55+0.32° 9.73£0.59"  0.95+0.01°
300 0.66:0.03° 2.67+0.28° 9.72£0.42°  0.95+0.01°
900 0.62+0.02° 2.57+0.31° 9.63£0.49"  0.94+0.02°
1500 0.75+0.04° 1.97+0.17° 8.72£0.41°  0.88+0.01°
2100 0.69+0.04° 1.71+0.14° 8.53+0.42°  0.82+0.01°

TE: FISIAIR NG TRy A [ 20 ) ) e 251 2 5% (P<0.05) .

R, A8 97 R FH 9 BE 900 umol/L 1) CFDA-SE
Yeth bt 75 22
2.2 AEERZE pH Xt B2798 AI1EF M 5K 5 LAY
Al

RS AT ] v 29 R A P a A o Rt = 0 R R AT
WS IR R R IR L, T A A S A Pt
e B IOREEA TS BETHER, &l 2 s . BfREFRAT
[E]384 001, B2798 AT 15 F= 1% PR AL 2 051G J5 vl 1
B, Bl R PR R pH P BRI, W6 R S LTS
TR RS . A5 06 4 SE Ui U175 TR BOIG i 35 25 55
(P>0.05), #F AXFEOW AT 76 B A 2s S k. =
SRR, & AR & pHS.30 15 B %0 (1.39+£0.04) x
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10'° CFU/mL, & 3 /& T HiAh 550 20 (P<0.05) . Hi
B 2 AT, REEAR R pH BEFE 1 B, WE R 2E R
Ko Hit, PeEE A EEAR R pH4.30. 5.30. 6.30 iR LH
AT IR SRS

16
- =-pH4.30
ST e pH4.80
2y —h
. pHS.
2 10} - pH630
o gl -~ pH6.80
=
Z 6t
wm 4
$o2r
0 L 1 L 1 1 1 1 1
0 2 4 6 8 10 12
i i (h)

B2 AR R pH A F T B2798 RISEIRIE AL
Fig.2 Number of viable bacteria that can be cultured in B2798
under different pH conditions

= IR SR R AN R R AR R pH 514 BB
G B P 25 57, B RIARAREAS EHLAI S, ATA5228
SR ESTARLE IR, XL R WA F R AR & pH 4514
T RS S AR IE DL . {HFH Flowlo ${4FH#ETHIA,
X FE IR EE VR T R, LA BARE] 1A A FRIE )
R 1 AR, RVBRIR4EIIETT 1 IR R

aniEl 3 P, B N HLERIIEG 2860 1m
HTE, fLE 5 SR AR AN RIS, 05
iy £ 14 i Mk e 4L 34 7 AR 1R 22 {H (Root Mean
Square Error, RMSE)J5E, 4ifIH55E L5 RMSE<
0.5 B, P ARG AL,

& 3 AT, = pH 454 F I & BRgE L&
RMES {H#)/NT 0.5, IGA K. EEFRE EAURI A&
AR G0 20 2 R AR TGRS, U HH PR E HEA T 402
BLp7 8

G5 HA TG S TR A A AR AR B AL,
“O AR AR 1 A S A AR R M, Uil
PR ) A R AR R A 7, AR B e &
AhEAR . R 4 7T, ARRBEAR R pH 454 T
PR R B A 22 57, B R AR 52 pH6.30 A,

PR AR 5 W AR &R pHS.30 B, 4324
AR 7 WK R ZR pHA.30 B, 43 24 HACECh
3. B A 2URBE pH R SR U e )= Uy
HaF TR BN ERZE, KRR pHS.30 A B
1A 53 A 0 1) 1 e AR, R H A kAR R
pHS5.30 B PR A S ZRAERR TR e

4 AFREARR pH Z&1F T B2798 2028800 L
Table 4 Comparison of cleavage number of B2798
under different pH conditions of fermentation system

pH ZMF(R) TR M A KA (h) FE2UE Y (min)

6.30 5 2 8.00+0.50° 96.00+3.00°
5.30 7 4 9.00+0.50° 77.14+2.14°
430 3 3 6.50£0.50° 130.00+5.00°

TE: FIFIARNG 7 REF R A R ZE 31 B 1 8 4 22 5 (P<0.05) .

2.3 SREXEREFIEEIE

anE 4 TR, HHEERENEEE L A UK S AT, 4555
2] 257 S I T I SR, BRI AR SR S | R S PR AR
b, TCARRRSEPEY 1Y, W TS S a ik

niEl 5 JUros, fisZ Fl sepF 1P 14 ph 28 K 23824
FERIE R, FLIPP R, S5 BN I S ., P8t
FAHF], PSP, 2 AT ml E R A fisZ
il sepF A firt I 28 1B 2R 30 Sk 8] — BRI | 5 fi T
85~90 °C =[], W PCR 7 ¥4 Sk R 4. Vi
qQPCRECHGLER R4, T AT S il .

43 3 IASOHR S 4f #5 DUECW B5UE o x il DA fisZ
5 sepF W Ct1E A y flis sz Axily, aniEl o6, 45501
PR S A R 2R Ze P AH G PE T R 47 (R*>0.99) , 1 2
qPCR Z3R,

JtsZ FEN b i 8 1 5 —Fh GTPase, 7EZH
SrARE B OCHEZEMVEN . FtsZ B BESTEMNIE
I BNESEEAY, BN <2 37, HAA s s AR M
BT A5, B 25| R 4 RE RUAL 4 D 43 2400
sepF FLH gt (85 H 55 FrsZ 25 HAH B AEH, V87
“Z B HYTIGEE, SepF A TEA 5 FtsZ A5Gk
VAT AR SR AN 53 2402 s Y E AL, X AR AR XS T
FtsZ 5 [ %) 1E B D1 58 F1 40 B 2 M A 1 43 24 22 0
P,

pH5.30 pH4.30
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