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Abstract: In this study, ’C®" heavy ion beam released from heavy ion accelerator of Chinese Academy of Sciences was
used as the radiation mutagenesis source. With acid spot value and bacteriostatic ring value as indexes, functional
mutagenesis of Lactobacillus rhamnosus JF12-1 was carried out to determine the optimal radiation dose of mutagenesis
through mortality rate and positive and negative mutation rate. The mutated strains under the optimal irradiation dose were
screened by acid patch method and screened by inhibition zone method. Then the genetic stability of the genetically stable
strains was determined by detecting the change of lactic acid content after continuous passage. 16S rDNA sequencing was

performed to locate the mutation sites of the genetically stable strains. The results showed that the mortality rate, positive
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mutation rate and negative mutation rate were 79.86%, 30.33% and 5.38%, respectively, when the irradiation dose was 300 Gy,

which was the best mutagenesis dose. The results showed that the HC value of 20 mutant strains increased by more than

25% compared with the original wild strain. The bacteriostatic activity of 8 strains increased by 15% compared with the

original wild strains. Genetic stability analysis showed that the 8 mutant Lactobacillus strains were stable in producing

lactic acid. 16S rDNA sequencing revealed that the mutated sites of JF12-1 were not in 16S rRNA gene, and the mutated

sites promoting acid production and bacteriostatic performance of JF12-1 were probably in other gene segments. A

functional Lactobacillus rhamnosus stable strain with high lactic acid yield and good bacteriostatic activity in vitro was

successfully cultured by ?C** heavy ion beam mutation, which provided a good theoretical basis and application basis for

further development of this strain.

Key words: Lactobacillus rhamnosus JF12-1; 2C*" heavy ion beam; lethal rate; mutation rate; mutation breeding
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Fig.1 Growth curve (a) and lactic acid production curve (b) of
primitive wild strain Lactobacillus rhamnosus JF12-1
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Fig.2 Effect diagram of the original wild strain Lactobacillus
rhamnosus JF12-1 melting calcium ring

1 R A AR LT R JF12-1 AYTRT HC {H
Table 1 HC values of the original wild strain Lactobacillus
rhamnosus JF12-1

WikgS S EAR(em) WY EME(em)  HCE  PHHCHE
1 0.78+0.23 0.24+0.22 3.25+32
2 0.69+0.11 0.194£0.31 3.63+£28
3 0.87+0.35 0.28+0.09 3.11+22  3.23+0.29
4 0.76+0.47 0.234+0.34 3.30£18
5 0.91+£0.38 0.32+0.37 2.84+18

2.2 FTHEENK HC BE5E~ARKRXR

K5 RS 5 1A T S A8 B AR S ARl 21 L FH
P73 58 i TR 15 [ AR B 156 335 32 3% (SMIBV.C) , Il 2 il 15
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Fig.3 Correlation between HC value and lactic acid production
of mutant strains
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Fig.4 Fatality rate (a), positive and negative mutation rate (b)
curve with radiation dose
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B, B 1 92 AR FRAHER T 300 Gy B T BH &g I
=, BB T 11.49%, ANFIFERARSS AR KR 1 i 158, ik
£ 300 Gy MR RFIER A1k
24 RLIBEEEVRAIVITE

Xt Ee A4 FRIBAE 5 300 Gy R B IE [A] A8
R 1.2.6 TR i)y sl A riise, LIRS 37 A4 PR
JF12-1 W°FIY HC {8 3.26 YR NAIT5 X BE, fk i 20
R HC (EAHZR TR as B A PRk HC (EHGIN 25% L 1
M%) 278 BRI AR, O e 45 2 DL 2, Horh 3 ARk JF11T/
JF16" 1% HC (B34 i d5e &, 53 0 8l By A B AR 35 i
T 49.69% F1 49.97%, {H Z £ Z& 48 5 Wk ) HC (H
BN 43 BT 30%~50% 2 [A] . 575 J5 B kRl s5
REan &l s, 2 as By A= B A B B AR, RIS AR S
PR HLR E A B w2 Tt
2.5 RLIBEEEIRAE 7T

XTI 5 B AR B AR S R 1.2.7 Bk 7 vk ib A T
TGRS MR SL 5, DU AR ET A FRAR JF12-1 X
KN AT B P 5 Bl LA 19.95 mm =18, KB
20 BREIT B S, A 8 BREE R BITN B R B4 5
U T A B AR JF12-1 22 3278 (P<0.05), 4391 N
JF3'. JF4', JF5", JF9', JF10°. JF11', JF14" ;%
JF16", LM I B B AR 43 5 D 23.89. 23.94, 24.54,
23.67. 2434, 24.60. 25.25 M 24.33 mm, )5 4GB
AR JF12-1 #2555 T 18.65%~26.57%, 455 L& 6,
FJEHIEIX 8 IRISAR PRIR N 0 J5 S AR PRIAA o
2.6 RLERANEIEFREM

X AZE H ) 8 Ak T A A B P R A1) S8 A8 PR AR
HESEALAR, BRI & it Hor = 2LIR m I T e, 45
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Table 2 Positive mutants at optimum mutagenic dose

eI H A

R K

FAXTFIF12-1AYHCE

WSS ) m) PO e (%)
JF 0.75+0.21 0.23+0.19 3.26+0.12
JF1* 1.12+0.13  0.25+0.25 4.48+0.41 37.42
JF2* 1.3840.22  0.29+0.28 4.76+0.32 45.97
JF3* 1.23+£0.52  0.26+0.55 4.73+0.15 45.12
JF4* 1.3540.24 0.294+0.49 4.66+0.33 42.80
JFS* 1.26+£0.27 0.2840.40 4.50+0.22 38.04
JF6" 1.13+£0.55 0.26+0.38 4.35+0.17 33.32
JE7* 1.31+£0.32  0.27+0.22 4.85+0.18 48.83
JF8* 1.09+£0.19 0.26+0.38 4.19+0.32 28.60
JF9* 1.31+£0.28 0.27+0.61 4.85+0.22 48.83
JF10" 1.15£0.32  0.24+0.37 4.79+0.31 46.98
JF11° 1.22+0.14 0.25+0.26 4.88+0.41 49.69
JF12° 1.49+0.17 0.31+0.32 4.81+0.42 47.44
JF13* 1.2540.22  0.27+0.47 4.63+0.19 42.01
JF14* 1.15£0.33  0.24+0.44 4.79+0.32 46.98
JF15° 1.23+0.52  0.29+0.31 4.24+0.25 30.10
JF16" 1.32+0.17 0.27+0.26 4.89+0.42 49.97
JF17" 1.28+0.20  0.28+0.33 4.57+0.37 40.23
JF18" 1.03+0.33 0.244+0.41 4.27+0.28 31.65
JF19* 1.26£0.26  0.28+0.52 4.50+0.32 38.04
JF20" 1.35£0.43  0.30+0.27 4.83+0.19 48.04

T AR FRIRIE M 578
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P 5 A e A v A Rl 45

Fig.5 Preliminary screening of calcium melting circle of

mutant strain
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Fig.6 Bacteriostasis of original wild strain and double
screening mutant strain

T 7 FOR G IEUR R A bR H 22 57 8 (P<0.05)

SRULFE 3. RERR JF12-1 K45 1F [0 228 AR B L
ST EAH LTS 1 AV AR B3 (P>0.05), Ui L
FoEtE R4, VIR IREF A AR 12-1 B = 2R
H7.92 g/L X RR, & EAS IE [ 58 AR RR 14 7 LI
BEJFAR T A PR AR A B e T, Hoh S AR R JF 1671
SEH LR A 12.57 o/L, BE AR BT A TRARRER = T
58.74% ZEAL )5 BRMRAY = FLIR i R A B BR B T
AHICTED rs il A G = 1 2k B AN, TEAR RRERE
S BRRRIET IR R EA T 4 RIS SR T B
FEREFRILE SR ORI e fre (e R B A A, LAMdiZe AR
JE BOFE RS A FE ST IR0, DAE— 25T 2828 5 T
R AR RIS
2.7 RIERREY 16S tDNA SFFLER
30 35 BRUIE B e L UK A B LA B R B AR AR
ESRAL MR 16S rDNA JFHI P18 gy, ani&l 7 jr
7N, AFFEEY SN 1500 bp, 5 GG HFAE BB kR JF12-
1 B9 THARIR] . IS FE x4 SR 5 R U AL 5 14
HA RS A T HUNE 8, IRUfHL R T AR TS 45 T4
M5 BREZSBEZLAT R RS C R . AIRIB LR TN
PRREAY 16S rRNA JEH i By ok & BRI 2848, X 5
WANG 5SS 420 LA R 25 175 248 B Ak 1) ) 5
FEARML, DEPHZLIR AR 165 rRNA FEDR A Bk AT
PRSFIE, X5 HY PP SRS OC R A K. MR ™

K3 RV IR ENE(g/L)

Table 3  Stability of lactate production in subculture of mutant strains(g/L)

[ % 1 3 5 7 9

JF12-1 7.90+0.36* 7.9740.47%¢ 7.97+0.31%¢ 7.83+0.55%¢ 7.93+£0.59%
JF3* 11.37+0.38* 11.97+1.424 11.47+0.314 11.77+0.15% 11.00+£0.28*
JF4* 12.60+£0.30% 12.43+0.29% 12.27+0.06* 12.10£0.40* 12.40+0.10%
JF5* 11.20£0.10* 11.17+0.06* 11.370.15% 11.30+0.10* 11.30£0.17*
JF9* 12.33£0.15% 123340214 12.17£0.21% 12.67+0.29* 12.33+0.23%
JF10* 12.17+0.21% 12.17+0.06™ 12.30£0.20* 12.67+0.474 12.27+0.15%
JF11* 11.37£0.31% 11.37+0.214° 11.47+0.25% 11.53+0.06™ 11.27+0.15*
JF14* 11.40£0.36* 11.57+0.324 11.30+0.10% 11.53+0.25% 11.47+0.35%
JF16* 12.73+0.68" 12.37+0.12% 12.43£0.25% 12.7340.59* 12.60+0.10%

e AR RS FREIR [ — TR RE AR RUE AT = ie 25 525 B A NS FREOR AR R, F—GRETN& A=A . FRMRRRER R
(P>0.05), A F7n 25 35 (P<0.05) .
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Fig.7 168 rDNA electrophoresis of the original wild strain and the double-screened mutant strain
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18 . F PR T RE I 5 114 S AR A VT REAAAE T LA 3L
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SN TR A REAE -
3 iR

A ST DA > CO B A A P B 2 R
FLFTFEE JF12-1 47T TR REIRAE MR T . HAE 2
300 Gy MAd4E R &, %558 T BOERN 79.86%,
IESRAE N 30.33%, 1843y 5.38%, 1E M| 5EALK
B 225 Xt B AR AR BEFR & R 00 28 28 B AR ) O, A5 2
20 £k HC (B TR IR BT AL T MREE R 25% SSA8RK, i
45 JF3", JF4', JF5*, JF9', JF10*, JF11", JF14' K
JF 16" ARG NXT R A1 T 00 1 P 5 i s B A P iR 42
51 18.65%~26.57% MITEAE; LGSR R IE, &
BRI 8 MRSEASZLIE PRAR = FLIR IR U B A= B AR HE 1=
T 43.92%~58.74% HEA RiFmsfetaett. B3]
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