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Abstract; The space mutagenesis Lactobacillus paracasei A — 4 — 2 with excellent acid production
capability, which was preserved in the laboratory, was selected as the object. The characteristics of A —
4 =2, including morphology, tolerance, extracellular polysaccharide content and gene expression of
B-galactosidase were measured by electron microscopy, low pH value and fluorescence quantitative PCR.
The differences of the acid resistance, bile salt, extracellular polysaccharide, surface hydrophobicity and
gene expression of B-galactosidase were also evaluated between wild strains and mutant ones. The results
showed that there was no significant difference of the morphology between the mutant strain and the wild
ones. The survival rate of mutant strain was significantly higher than that of wild one (P <0.05), which
was cultivated for 1 h or 2 h at pH value of 3. 5. For the acid capacity evaluation of fermentation strains
after 7 d cultivation at different pH values, mutant strain on the number of living bacterium was
significantly higher than that of wild one (P <0.05), however, the ability of acid resistance, bile salt
and extracellular polysaccharide was not changed, the surface hydrophobicity showed an significant
decrease. The activities of B-galactosidase and gene expression were significantly higher than those of the
original strain (P <0.05). The results indicated that the activity of B-galactosidase was closely related to
the acid production capability.
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AL KRB HAR FR 2 ME A E AR B EFH
iR [ 2 TG AL R 126 A K ZS R AR R 11 38
BE, X RhF b AT 2005 AR A BRSO A 1 B R 3
P, RIS A 25 284 A R 16 & A8 S i
KRR T A B AT R, Bl BF R TR A, R
FIFMUR B H AT LB i 2 2 B — g ¥,
HAFKFC 20w R is] . Jm4ER, FHmR
HREARCARE H 80 2 RIEWH A, JFE &
B A=) BBy AR R e 2SR X AR AR
F R A= it 7 28 (B4R, e T 3 FCBE 55
BB RW R I R EHRISIN T 74.6% . H 7
SRS s (AR A O KT S FLAT B LC2W 78
WAk 2 b AT | 8 TR A B T s A £
WERY 3 DM (LC2W — 1 LC2W -2 . LC2W —3) , If:
B AT T s AR M A A2, &5 I, 3X 3 AR
(1) JifL A 22 8 = i A G M R B RR RSN T 41.78%
26.15% 32.40% , ML 4h 22 05 0T 1 vk B 1A 5] 191. 48
170. 36 .178. 81 mg/L, H HA K 4 (9 18t 14 fa e 1%
2R AR T FLAT A GS 2% KSR A
NG R T R 2 FE R, M BRI AR 25, PP AR R
A5, AR R R TR AR, HEAT TR B AN 220 R i
BE AR T 2 #R e AN 2 FLRR A, 2 A AR R
(RS 2 = s A R T 1.9 1L 7 £

TESFLAT B ( Lactobacillus casei) J& T 25 4 F #H
it R AP ARTO )T TEYIE R LA Kt
BRI, WAL T AR O 5 R i i vt ol A 3%
T AR 0 A K B, 2R 0 A 2SS A A
IEETIRE, [, 0T DL RRAR IR [ B 5 i, 1 i S s
N PGS SR FUMEAS N 52, 300 6 B 2 D A
e RS AR R,

AT B FLFF B 1105 J2 iR 4 M = R EL A FL
J AT 0 1 O 3 J S48l T TR T 4 oz M 9k
AR, BT BT L105S #3 T < fi+—57
KL 33 d SR B, AR SCRIFSE A R 355 A8 i G A
PR PR AR AR A —4 —2 AU REEE S
fiif 22 K B2 FLME T 0 o | R Rk, LAl
PR N B L — Bl 2E A

1 HREH%

1.1 iRIewrat
1L.1.1  FEBRRE

RGBT EEFLAF P A —4 -2, w2
RIS LR IR L105 2800 K75 742 = i e 15 21 A0 /= 7
TR, @I B LA B 1105 (&2 HERR) M=

il

KB FL A T AT 43 B 0 18 1 1) T s LA A L9 (B
AT RR) SEATIN R | i 420 I 1 9k ) A5 B0 0 % R
WREA RAF 0 R Bk RE
1.1.2 kit

MRS ( FLIR 40 T 55 5% 4k ) WK B 9% k. 2 F1 i
10 g, #i%IHE 20 o, F AT 10 o, FEEHZ R 5 o, BEIR S
T2 g MPBTR T 2 o, K LTREN S g, BIR BE
(MgSO0, -7H,0)0. 58 g, R4k (MnSO, - H,0)0. 2 g,
-9 80 ( Tween-80) 1 mL, 7&K 1 L, J#5 pH A%
6.5,

MRS [ {485 57 5 . 55 3% L il 43 I v A 35 3
1 L #smsfs 15 ¢,

MRS Tiif fIHEE 55 37 35 . MRS W AR 5% 35 35k vp IR ER &5
AR EE RS

DL 355 E34 121°C KB 15 min; 12% Bifig 7L
Ri R ,110°C KB 10 min; P97 R 12% B FL
HA 30% H,
1.1.3  FEAUIR

XSZ —4G A 5 3345, COIC /A ] ; TGL — 16B 7!
BB, L E SRR LDZM B8y %
TIZRRK A, Ll & Ry 74l ; DELTA320 %Y
pH i, METTLER — TOELDO 73 7] ; HI850R % £ 5X
R R B O ML, KV B O WL RS A PR A A
DK —98 — IRKW Bt TAE &, KR MRS
AUV - 2102PC AU 4h - 7] WL 40 OB FE 3, Ll
Unico 2y ) ; DNP —9082 %I i #VH IR K5 3540, LK
TSIV A PR\ F] ; Bioscreen C 14> H 34 K i
R T, 2% 2% Bioscreen A 1) ; JY96 — N AU 5 I
MTBSFERL, Y99 — IIDN %68 75 i1k 40 foky wE AL, 7°
OB 2 AR A R B 5 N203 RIZH U S % 95
[E Biospec 7\ Al ; Model — 680 Y H #h g b 4%, 3¢ [F
Bio — Rad /A 7] ; LightCycler 96 R SZH} ¢ 2 & PCR
(RA MR M) AL, B W™ i (L) f B
NS
1.2 KEH*E
1.2.1 BWRIEEFLEE

B YL, TR ORI R R R TR AR A -4
2 519 L105 /0 &AL, 0 AR AT pH (E
4 6.5 [ MRS WAREEF= 5L TR 8550 T 37°C %
SEREFRE 12 h JE AT L IR, T B AR

B AR A -4 -2 5 19 L105 $5EF
AR, B R R T pH {E N 6.5 9 MRS A
R A AT 3T°CHELER IR 12 h e, iF
T7355 5 v B R Ak B BOR AR R B (el
3000 ~4 000 r/min) , ZFx FIEW, I AGE 4 pH {H
(7.2 ~7.4) 1% 0. 1 mol/L PBS( WAL 22 whk ) 15 vk
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30K, VR AR IE ;2. 5% I B [ 52 3 h, 1] PBS
THUE 2 W, RRIR 10 min, FRFHAEKIEGE 2 I, B ST
HL4% Tecnai G2 F20 S — TWIN %I(200 kV) W<,
1.2.2 TR

ot S I WA S R T FUAT TR A TR
TERDEHTEERY pH 4 6.5 f9 MRS WK RE F: 3 %
HIA 37°CHHIREE AR T, J5 9% 12 h 240 W37
JE R AE B TAE G i 57 M i 2
10 mL B0 B L 10 min (4 200 ~4 500 r/min) ,
FEE BIEW AR F 2 mL, 580 R AT, AR G
W1 mlL 203 T 1.5 mL B0 T, T - 20°C Fr
£
1.2.3  BEBRAE K AR

WHERE A -4 -2 519 L105 #F/h 312 15,
5 19 BRIy S BEF T pH {ER 6. 5 ) MRS 74K
KR F b /] Bioscreen C %4> H 3l 4 K fh 28 0 #r
10,74 B AT 37°C LB 3% 24 h, M2 P K
600 nm Ab 2 1 6% B, 24 600 nm &b % % B
(OD fH) Xt 520 ] B AR e
1.2.4 FERINEREE 1 PEH

ik pH {6 T B AR BOOE 32 1 00 187 4 422 b 05 1L
J& 1% Rl 3 340 T pH {E2R 6.5 1) MRS
RiFedeh A ASMH T 37 CHELRF 160 5,5
DR AR B B ARTTTE 542 A pH {E R 3.5.3.0
2.5 () MRS 55 JFAE 37°C o nliE 57 0,
2 .4 h i X AR HEAT MO R, TR R AR BUE R
BARGELAHIAELE

KT d e TR AR I R BE 7 VA < B 1 0 PRk
15 37°CHE 12 h {G1L)R , 3% 1% BERl 2 Bl f T
12% Wi BE FL3E IR B, A 37°C TH R3S =46
HELRWET d 5, B R BEFLRE S R AR AT, IF TR R
I mL #E5h 4350 %) pH B4 3.5.3.0.2.5 i MRS
WARKEFR LT 37°C F 515 5% 0.2 4 h BF AT
wTE, MR ELH3IANEE,
1.2.5 ARk IHERRE 1IN

T ARAEFT TRALJG , #5 19% FERh a4 B $E b
FpH H N 6.5 B MRS K532 36h e A& T
37°CESERFE 16 h 5, B O AR TR A OB T AR UL T
34 AN ER B 4380k 0. 1% 0. 2% F10. 3% 1Y
MRS JHER R FR e 37°C T 3855£ 0.1.2 .3 4 h,
XM T E OO TR W R BOE R, B R
LHIARERE N
1.2.6 ™S ZHEBE TP

(1) Mabb 2 W50 42 5 o il e

PR AR ZE 37°C R 12 h 151k, 4% 1% /)
R AR T 10 mL 5S40 12% B RIR FLEE 57

B A 3TCHEIR IS FRA D L R T d, fER
I 1.3.5.7 d BPEHCR BEFLRE AL 10 mL, ] HIA 3 mL
16 ¢/ (100 mL) () =58 L FRIEW , A 4°C VKA il
2 h J7,10 000 g B5.L> 30 min , U F 54 B 6 mL
W, IT A SRR R TOOK B8 4°C VR 12 hy b
TR 10 000 g B0 30 min, BUILIE , K A B #i
FRvEI 2 2

(2) Hi A b o 2 1 22 1

T 3 Z— RSP PRI 44 0. 10 g, T° 100 mL
R, A BRI, EAEES, W
100 mL &, 43 3 H 0.5.1.0,1.5.2.0.2. 5,
3.0 mL B ABHAR, INA 10 mL R EI T, & 55
5), ZRIBKAES OO RR TRBOAS )R B () B o T T
I mL, TR (20°C) FAEHAIA 5% A 1 mL Jf
PES) FEPGEIMA S mL WRBRAR , 137 S 25 RV T2
N F WA, ML T 490 nm A%
JEEE . ML 1 mL ZE AR K He B R 1 20 3R
FrUO200 0 FRAS A e il 2k 7 B2 2y = 0.009x +
0.136,R* =0.999

(3) FEA P IS 220 B i I

Bl mL ARV, TR FAEHL P IMA 5% K
1 mL FF4E4), FERE A 5 mL W BEER, 15 I 0 &5
W 2 =R, 250G EE T T 490 nm
S G B AR s o i Ze TS P I A 2
2y
1.2.7 WK G KN

I EARRERD 35S, 1% 42 Rh B4 4 Fk T
pH {E°~ 6.5 [ MRS 53256 #F 37°C fH IR 7240
TR RSN FESERFR 12 h J5, 0 (4200 ~
4500 r/min, 10 ~ 17 min) F#25 F IR, K AR DTHE H
PBS VW (pH fH 7.2) YRR, & T 0.1 ml/L
KNO, (pH {H 6. 2) 1, ¥ R VR T 1A MR B2 TR B 1
10° CFU/mL, 7] B I 22 TR AE 600 nm Ak (14
Ago BUER 3 mL WREWS 1 mL ZHRIES, £l
JCE 10 min J5 e IR A 2 min, BT & BN HCE
20 min, 1€ 600 nm ZEZKAHAYMGRE A, FHBHRK
PEFEEULL AN B ZE A PV G B 5% A SRR 1T
AN

A=(1-4A,/4,) x100%

1.2.8 Ekk B-P LB S i

(1) Kt A b LA B

05 LI A R I TR AR FE 1% FEAN A A 12% i
PRFLKGFRIL T 37 C S R EE T d, 3l UL 1,
3.5.7 d BIRRYIAESS 10 mL, i 1 mol/L NaOH H I &
pH {H 6.5, I0A 1% A7 iR =4 L it % 28 RS
W, B0 (4°C,10 000 g, 10 min) , 5525 FVE G #F



5513

SCERRE 45 AUREAS IR R TS FLATR A -4 - 2 YRR S MHE VRO 349

RSN YTIE A PBS B IR 2% v T (pH i 6. 5) Uk
U3 A RRTTNE . 4 B A2 27 T 0. 01 mol/L
PBS(pH {H 6. 5) i1, 4788 i, FE BB i R ¢
eV T B0 (49C,12 000 g, 5 min) |, 15 B2
BOR, TG 2

(2) FESL Y B-2PZ UM B I

ONP (< — i K& 2 1y ) A v h £ i 1 2 RS
MR[ 23] 4 B A6 B2 S 0.02.,0. 04 0. 06.0. 08.0. 10,
0.12.0. 14 wmol/mlL., % T Tl J7 ¥ il £ . ¥ 1 Fx B
139 mg ONP F 1 000 mL 25 &)+, 10 mL 95% 1
CBEVS R, KM B2 25, TR 51 . TSR/ 43 i B
2.04.0.6.0.8.0.10.0.12.0.14. 0 mL FiREHI
W, A AN E] 100 mL 28, AR A
25 mL Na,CO, ¥ (50 g Na,CO, f137.2 ¢ EDTA( 4
THEPUZR) T 1 000 mlL 28R T /b K U A
) wkfe Eh oz il e B RS, DIOKAEZ= 1L, H
10 mm HCAAHRAE 420 nm Tl 52 B4 ONP FrifE i
IWERE DL ONP ¥ B AR AR b, W B i AL A
ZhilbRiErh e, TR 1y = 0. 0064 +0. 003, R* =
0.998,

K ONPG ( IIffi-fitf 35 193 -B- DIk Mg 2= ZLBE A ) by
R/ R, A2 A (7= %) ONP, i i e (6 sk 22
BRI SRR 3 AN EE, IR EE W E 3 KRG
WOPI4ME , SRR £ :50 mmol/L PBS(pH {1 6.5) |
1 mmol/L. MgCl, .1 mmol/L 2-FiF 2 EE 2. 32 mmol/L
ONPG 12 mg/mlL B H0GR ,37°C 7K S 30 min,
TE 420 nm PAALMEWOCEE , TERCARAT T, B 505
MIEY) ONPG H B 1 mol ONP FIT 75 09 il & <
SR A AL (U)o Pl IO R I 2
HEIR R & AT, AR iR 28 7 20 K.y = 0. 5614 —
0.002,R* =0.995,
1.2.9  FEkE B-2PZLBH T EG L P 2k sl

FRWSFE A TP RNA $REC . 2895 1k 10 3R R 3% 19 322
P2 A 12% BEIEFL A 37°C &S kBT d, 205
WUEE1.3.5.7 d BBR WAL & 10 mL, il A 20 mL
1% EDTA(pH {H 12.0) R 27, B> (4°C, 10 000 g,
10 min) , 5525 V5 W5 B A1 A 200 B 0 0 FH W R 22 o
VU (pH {E 6. 5) VR 1 IR IS BEIRTTTE . A~ [A]
FEf 3 MR IRTEHZ I VANDECASTEELE
LGPV R BB AZ FREE LT 70% A 2,
k%, B0 (49C,12 000 g,5 min) , 3¢ 1S W, 16
T4 5 ~ 10 min, AIIA 20 pL DEPC (£ 5% 2 — 2 1i8)
A e BE 57 B abm 28R SRR A A N
¢DNA,

SR BTG B HEE 16S tDNA 1E NS
LA, SO B PCR 55 AR 5 € [ [ 57 AR 9

Hi AR A5 B .0 ( National Center for Biotechnology
Information , NCBI) %548 42 i i & (K] )37 471, >R ] NCBI
H BLAST TEL 5 )6 UK T BT, Hh e e 2
( ) R A PR A E A

B-LELWE A LWy 51 Y. LiEsl Y
5'-ATGGAAT TCTGGGACGGCTG-3"; F i 51 ¥ 5'-
TAGGAAGTCACTTGCGGCAG-3', 16S rDNA HFR7
Y. EWF5149) 5'-TCTTGGCTGAAAGATGGCGT-3"; F
#5149 5'-TTGCTCCATCAGACTTGCGT-3',

SIS PCR: LL cDNA Ry #6447 S it
PGE B PCR, K] 20 wL KK & : cDNA #E4f
IpL, F R34 1 pL.dd H, 0 7 uL, SYBR
Premix i 5] 10 pL; real-time PCR JZ W F& ¥ : 50°C
2 min,95°C 10 min, (95°C 15 s,58°C 30 s,40 M
#),95%C 15 5,60°C 1 min,95°C 30 s, MK
S 3 AT HROPATIR G 3 WA EE, R
i AAC, Pt R R RN SR W Y
B0 C, EIHFATROE, LUERE | d AR B-F 2L T
i FE R Rk w o S R I E RS B2 FLE T
T R R X e ik i F =270 AAC, R Ak R
AR HEREAR ] A 1E 3 A PG A B fb i
1.2.10 FdEgitorth

LB B B4R % FH Microsoft Excel 2016 £ SPSS
19. 0 B AL R e it 475147, iz FH ANOVA #4748
TF2E T, P 3 AN ERMENS, A HEE
T &K K F Duncan’ s 3 22 28 3800 &2 2%, H A
P<0.05FRZERBE .,

2 RS54

2.1 FHHESZETELER

FERLL 201 TR MR REAT TR AR 2E
g2, ERME 1 2 PR, BT B EE R WoR 3 PR
FOESEFRR, {91 07 X2 EEAR, I Te il w2200
5 PSS A R |3 MRIETE ST 225,
2.2 HEHREKBMZITN

h TR SR BRI AR RO, W T 28 AR B AR
A4 -2 5 1105.19 7F 600 nm &b 27 h By 6% &
(OD 1H) , 455 anE 3 Fros, @I T EEFLATI 27 h 3%
Fead P R FRET ] 5 OD {ERY X FR .0 ~ 12 h BifH],
OD (HAWHEE , 5555 16 h AR ke 2 1, b5
Mkt T Fgg ek s S M. &St iris 2,
A~ 4 -2 FUBEERIEA SR P ARG A
HYA PR L9 fRFs— 3k, BT H ™ R M g 4 5 9 [
B, SURJR AT A R
2.3 HKRMEREE SIEM

R 1. 2. 4 A9 3E % R W kR 1105 Fn o8 48
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Fig. 1  Microscopic observation of gram stain
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Fig.2  Observation result of transmission electron microscope
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Fig.3  Growth curves of Lactobacillus paracaset for 27 h
BRA —4 -2 BUITERAE S #EAT LU 255 R N3 1 B
TEANTR] pH B FRI R T B A P R, 5

MIERRME SR T, B TR LT AR K 2 2] T
il % AR AR B 22 T 008 SR B DL K RE A
FIRsi b %t AR B AE S P A T — g B, gk 1
Fios 76 pHAE 3.5 55 5% 1 h 5 2 h, A MR A B
PREGFAR AR T (P <0.05) , M AE pH H 3.0
5 pHAH 2.5 00T, 58480k 5 B A bR 45 B[] A7 7
RIEpHME 3. 0855 1 h M2 h M pH {H 2.5 K5 3%
1h ARZFEZER(P<0.05), HAbRE 37 i) (8] T B 2
2657, HLAFTE FBAIC, W] S8 A8 bR 4R 45 1 B 4 1 T
FRAE ST,

®1 BTERIAFAEARR pH EFH TEKEFEERR

Tab.1 Survival of Lactobacillus paracasei under different pH value conditions

oH S, WA AR B/ 1 h R E/ — 2 b A%
(1gCFU-mL~") (1gCFU-mL™1)

i s L105 (8.97 £0.03)* (8.69 £0.03)° (80.65 £1.40)° (52.69 £1.04)
A-4-2 (8.91+0.03)* (8.73 £0.03)° (89.02 £2.67)" (65.85+1.04)°

L1105 (8.95+0.03)* (8.24 +0.03)" (32.13 £0.21)° (19.66 £0.05)"

3.0 A-4-2 (8.90 £0.03)* (8.39+0.03)" (48.10 £0.21)¢ (30.89 +0.05)¢
) s L105 (8.96£0.03)* (5.40 £0.03)" (8.70 £0.01) " (0.03 £0.02)*
A-4-2 (8.91£0.03)* (5.37£0.03)* (10.49 £0.01)" (0.09 +0.02)*

TE AR ) 5 R R AN [ B R 0] J0 8 35 22 52 A A R] T REROR AN R R R A7 2k 22 5 HL P <0. 05, F IR,

A 1. 2.4 T REET d 5 B BRI R BE PR Y
kX SR AR AR K T d )5 BT R BE 1 AT PR
WM 2 Fr, 0 h B, 58748 b (4 1 1A 1A 14 v B R
8.28 1gCFU/mL, 7E pH A4 3.5 M85 3% 3 b 5 55
2h 5, 16 WA T TR, A3 8. 20 1gCFU/ml, 1 7¢
pH {H 3.0 F12. 5 ByREFRskrh  TRECT WA 52 B
5,435 8. 17 1gCFU/mL F1 8. 01 1gCFU/mL, [ i}
SGER R, JFR 2 h K14 h 5 KRR pH E &M T, %

TR TEEA B Em TEAERK L9 (P <
0.05) ., UEHIRAFEMRIELREE T d J5 , FEREIRE T
(A K8 T 2 32 B S o
2.4 EHEMIREEE BE S IEM

i AR RV TE I ) — D E B R A TR A
TAE/NHN IR AR b e A I 0, A
WEFEXTEF A MR 1O FIZSAERE A —4 -2 AT IR ERRE )
AT R, S5 SR AN 3R 3 i, 76 AN [A) I ER ok B 1)
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*2 BITEHIAMAEALET7dEARFE pH ETEHKEZERL

Tab.2 Survival of Lactobacillus paracasei under different pH value conditions after 7 d fermentation

pH & HRAFR VIR AR B/ (1gCFU-mL ") 2 h AR/ (1gCFU-mL ") 4 h HIARWREE/ (1gCFU-mL ")
i s L105 (8.04+0.01)* (7.99 +£0.01)¢ (7.86+0.01)°
A-4-2 (8.28 +£0.01)" (8.20 +0.02)¢ (8.15+0.02)°
L105 (8.04 +0.01)*° (7.83£0.03)" (7.76 £0.01)"
30 A-4-2 (8.28 £0.01)" (8.17 £0.02) ¢ (7.95£0.02)¢
) s L105 (8.04+0.01)* (7.74 £0.03)*" (7.54+0.04)"
A-4-2 (8.28 +0.01)" (8.01 £0.02)¢ (7.80 +0.04)"
%3 BTHIATEARBERRETHRESERL
Tab.3 Survival of Lactobacillus paracasei under different bile salt concentrations
MR e ST PRk 2 b R b A% 2 WA %
(1gCFU-mL~") (1gCFU-mL ")
o L105 (8.98 +£0.03)° (8.61 £0.03)° (78.95 £1.40)¢ (43.16 £1.04) 1
) A-4-2 (8.92+0.03)° (8.56 +0.03)° (83.33 £2.67)° (42.86 +1.04)
o L105 (8.94+0.03)" (8.37+0.03)¢ (52.27 £0.21)° (26.82 +£0.05)"
A-4-2 (8.88 +0.03)*" (8.45+0.03)¢ (53.95£0.21)° (37.37 £0.05)°
03 L105 (8.96 +0.03)* (7.11 £0.03)* (19.57 £0.01)® (1.40 +0.02)*
A-4-2 (8.91 +0.03)° (7.45 +0.03)" (28.27 £0.01)" (3.51 +£0.02)*°

ReFeuirh BT EEFLFT T 1105 375 B 40 it I R vk BE 1y
Fh g b BT i LR AR IR T B AR
AR ZEINE, R 3 ATALO. 1% IHER S F R
2 h, AR5 B A RRAENG IR, HAEN 0%
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