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Abstract: Wild-type strains hardly meet the current industrial demands due to low stability. The performance of microbial
strains (high-yielding, high-quality strains) can be improved by using physical mutagenesis techniques. At the same time,
high throughput screening methods and techniques can be used to quickly obtain ideal strains from the mutation library.
However, traditional manual screening and shaker culture are high-cost, time-consuming, and laborious, and high-
throughput screening technology can solve this problem. In this review, the applications of traditional and novel
mutagenesis used for the improvement of probiotics are summarized, the principles of traditional and novel physical
mutagenesis techniques are discussed, the differences between the two kinds of mutagenesis techniques are compared and
their applications in the improvement of probiotics are described. At the same time, the characteristics and relevant

applications of various high-throughput screening technologies (microtitration plate screening, fluorescence activated cell
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sorting, biosensors screening, droplet microfluidic platform screening and model animal platform screening) are

summarized. This review provides important reference for reducing screening cost, improving screening efficiency and

obtaining high yield ideal target strains.
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Table 1 Comparison of physics mutagenesis technology
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Table 2 Application of physics mutagenesis in probiotics breeding
VAR YTk EIE S E2IN E=PON
PR AR

FLAR HBRL1S N7 U R RSN o R T 1623234 mg/L, HGHH & Rk 556,46 mg/L [10]
FLIRTE L--SZ303 N7 B bR R TR T -2 5 T R~ 1t 14.646 /L, L H R TEMRSEE 1771.271 g/L [37]
M 2EFT R HDBF-DI3NT  BOkiFA SR R LT VIR T4 T118.40%, UGG J1{EIL %] T 429.89+5.74 TU/mL [38]
FLRRAT I Dt a7 % B ARB R = Y0 IR 25 3548.85 pg/mL, S48 HIM HLEE S T41.4% [17]
kBN ARTP SRR AR, BRI RRAE T B T 50%, P 50.015 mol/L [22]
TEEFLAF R HIB FIAR R LR e BB R T AR IR 941.6%~83.3% [39]

e AR HIB EARIRRPEL(+)-FLIR, 77 423.2420.66 g/L, 5 HFA AR LA 28N [27]
TREFLFF I CICC6028 LEIP FAFBR R EL-(+)-FLIR, PP 136 g/L, HRRBRE R T 38.8% [36]
P TR IREE 2 )

WEBFLITHFZU-LAL301 uv FIAR R AEM 245 C, LR RR(37 C) RS C [11]

RABEFLAT A IF12-1 HIB BER UL R TR Y ARSI BRI LU 2R TR 1 15% A L B31]
REIRYFIR

TR FLATHNRRL-B-1922 e GEAE MR R REFLIR GG DU BR K AR RE T 53 31 i 4R =41% 1 14% [40]

3 EEE AR L
Table 3 Comparison of high-throughput screening techniques

e W5z He bR T i 7 v ORI
R PHLT R, Bt N 7 o )
MR e ST K i FRELAEE, Jri s DA, ATz
T 437 Lt
P iy
POCHORANAE R RN
FOCHIRAINAE SO TR O i Lm
B T s AL A R T
TG R 1 T vk SRzl s
nfemERE  ARES e B s Yt 2B RNABBHATFX)
i v a-FERES
WO R i e PAES WO RO TRk R4 . Pa—
S—— HAE AT R R 7
kST i vk YOI ENIRAE IR R G . SR PEE i A A R
5 R T R

VRAIE I E BRI AU A S R i b n™
TARLLERD p-HE N R X HF TR 5, H ik
PR = AR A I A 0 35 B O G EERENE, MELL B2
A, AT AE Ak R] 422 0 e vk SEA TR DU, bean AT A
pH F8/"FIE e HARBE R, LufEH (i — 20wl
HETRE 7, AL S AR AR ST . pH AR . L-FL
1R S AL i (LOD) M %2, I8 FH U BUERFL AT 2 R
Gi30E 77 FLIR W BESS ZFE AT IR o Jiang 5501 DAYR HH 15
2258 pH F5/57, SR 24 FL U BYREIEFLIER T 2 A
M HIB 78 A b 22 i i 48 15 77 L-FL R 1Y) v LA
o Al UWCRHEL MTP ik 7 ik, st g iz
B} (8] 322 5 56 FE FE AR AR 6, I BRP 158 58 A8 T Y H
e, AR T i — 2D B0 2 S O A FH T a5 2B TR
i
3.2 RRBUEHARSTIE

5580 AT NG % 1) v 3 e O 158 T IR AL,
ST AR M 53-35E 1 vl T AR P B AR e etk
Tifise, SEEL 4 B A eI e O vk, AR PN &
DAl A v WSG4TSR ECE 422

ik 77 . Chen ZE1 R FH 2 G I00E 40 1 B B2 07 1k
FLIRZLEREE S AR, HIpRIR 2220 [ 26 4
= B,(IZHE) . WRMA Gk = 20y, nT
SREEIRER S Ik, He— R nT BS54 r=E gt
BRG], 2 e imad ik AR P TR A N 2
S5 S, IR IR AR T A BTN 531 . Bono-
mo 25471 R AR, SREL SYBR Green II RNA
PEE S R PR P PR A I e £, YRERPTA RN G032 e ik
FIRR G fE TS FLAT R . H 25| ASNE RIS T
IR S W P= A DA i) . Deloache 4548 5] AAH
P R RPN S AU AU DA B BRI R AR Y,
HA 5| ASMEBFRER: L-2 DL A s a2 eHy
BHER 2R, YR s L- 2 B BRI AR . 1 a2
FCIE AN AR AT B ek Rl %k HAM i, (e
e R 18 AN B BsF, ZTEINIG 5 AN T 35 32 AU A0 B PR AR, HL
SELAIX S5 7l AN B S S FE AN Bl = A2 A E ARG
PR T 855 D CTOE AR 53 e AR | B IR R K
TR PR AR, A 22 I DR 4 — 395 R L B FH s 78
T, KEUETRZE H 7 HARM I TS T



- 462 - £ Tl B4

2023 4F 7 A

3.3 4EERSEIFE

TE A TR AT P23 R S H by 4 R S v (] £
WA LA 30 ik A2 a2 (0, Bl e S S W SR AGHI 17
T AR IR R B A B Bl R,, 3 SE ) R B A I
SHAH N A0 L P9 AR AR ), I FS A R e e A5 5 i
i, RS S0 R e A vk 52, DSl it v SRR
YL AR I T EIE T H AR iRt H—IEE A
A MBS, BT SE AT 9O B IR
o AR, AT N BN R TF 58 R ARG S A
T, IFTER T AR AL IR, mil 1 At B 28 35 B 2
A B H A oY, 3 e St DR A 14 AT S S
B F/EG R TR A, PR EBHET RNA RG2S
SR, (L DR FEaR 22 RIS, S22 AL P9 /N oA
PRI | DG A5, DAIK 3 i 0 0
e H M. H IR E YL as, E2E RNA bl
PRTF K FNGEA VI DNA A AL IR 0253 A0
AT FHAL SIS HE AL R YA SR 4, A5/ I
RSIERL T-45 4, 5138 RNA F5A8 1k, P i 5 i it
DRI al A 3G P, O HAESS % . B i h S 8UR
PRS2 2520 . A DA E VL], nl sk
PRI N, E AR R4 1 e i e O e A R IR .
BIF5E R FH JE Y T RS MR 2R FRAT PR 4511 S AFSR
XTGR, IZ RIS G AT PR N (L S 4 i AL 4 Dt
BRI 4 WAL A Tl =i 2 B2PY, 7EfLas
A P T L Zeat— FR AN i 3R B2 §%
A M B Z AR (FNM), HAME T RNA AT
FH RNA 19 EVIEIL5 S FNM, fEdES sk (o35 65
FI(GFP), -8 GFP [¥2 Gol 3R e Al e 25 At
PRZEAR AR
34 WERRIEFATFE

WG TR F AR S — PP EA il e A s o R
FEMEM TSR AR, (B W 2 R SR (R RS AS, wT [H]
BRI 150 T REAS &, FF HZFE AR ge g s dil ik
B shAAR L, W ek TR A B s il A
FATHLEOE K EERAIRE ST o BA 4N BB PR i £ 1
YR PN, SRR 1 % pe i B Sy e e T . e
i e AR ] 0 28 PR ARA I A = B T L SR R
FARUHEEARTSS . Sjostrom 25155 Fi| FH 45 S MFAAR 2 )
PR (A o-JEME) , R MR H AR M 10° 422
AP i 5 Y — AR R I o TE R T 1 7 R, T
VAZV- S TR EROCR W E e w . Do, Wi inids -
5 ] S A A S, B SR A L Rk L R
TR . FEas L FE R 40 45, RE PO S Bl sp A i 5 357
FAAR, I 0T G 204 G ) HE AR R s, SEEl
FEZ IR . Abate S50 SRR ORI 5 1Y
FLRARL Sk R G, FIHZEGERICH DNA #4HF1 H AR
SRR I [] b2 TR T, A S IR BT AR ) B A,
0 A5 S PRI, 43 L Bd 3R DU P R4 B0 A% 17 ., SR
PRRRSL R R P e . S IR o s i e 1 = 420
AESLEN ARG 1k, JRELS B AR ARV Tl . (H2

MO FETT TS5 BMELA RS2 24 70y, dii 3258
Fh 220 T R e i), A S LR L SR AR Al
A, DRI AL B 2 2H AR T L e A 5 B 2 s
AT, R E AR SEAE B ARS il 4x il il 43 i 7,
TR AN R AL I3 AR R FH T 22 4 24 i
HAE RGN, HEHI7E DNA T . RNA ¥, DNA &
YA A BT T S mi Rl 5 SR AR e AR
FARE D B i 22 2H A I B AR A 225 A BT v 38 B
J7 TN o
3.5 =X IFETFE

FLFBREfn, g F Nk R s B
A3 R PE | ARAS | R 7 e A4 A, T R e
WG FE A, Hie & FORiAR B ) 433k R 4e, Dok
TR A W s AN I S, R AT 5 AR B A v R O
e, JHC AR BE £ ) v B SR R 5 3R P R
B, —RFRAMLE L, A SRS (IS A T2 0
15 AN, 388 55 0 RE AR Y o R I B S £0 I JiG 08 TS
BB XA RS 5, Gallego!® i FHZE S
2N B SIS W ERE 2 4 55 i P 5 4 BRE AR O, LITE
fhigs A e RE 1 . IR T KO BV
Tl S L, Rt /24 qRT-PCR i B i) —Fh T
B AT A B R AR B B A N TR
FPBSIRAR IR PEA AT =R

XS R, He— SRl A R S
ENEETRE, FEUNSREL SYTOX geen/orange B4k,
PARE (PD AT e 03, H R IR G & B 8 AR
PEATRE, FFHIRLT Yo 1% Je B2 LT Ye a2k A Py

BT Er s A AR A L), H =, AR A

(GFP) MifitEdabr, it A8 GFP 75 i Ak, SCEl
FEAFAR | AW, AFURZ A8 DL T MRk H
ShARARY, S RS MR AR AR AN 2R R A TREAY 24 R
FLEREA BT AR T o

SRMRASIARY R — R T RS B YRR A
A FH A LA, i 3 A A R0 L vy A T o SR s
REFLTF ARG, MFEPFA & oL & & R L g b
WEAL I A= AR ) BE 1 DS AR IE (GFP ARid i )
SReffige . AN aT A i< 3 AR M AAG I SR b LR i o
PRICHIRIZE S, I8 ARG A 5 A8 TR 1) 25 ) 1)
96 oY% 348 FLAR H, if Al W AG AT HR B 19 & & A A
FREESR AT A sk e, (R T ok AL P
SR FHAR MR AR AL RS T v 3 i R SRR TR Ak
A= TR AR L, ANAT SR FH AR AR P-As 25 A B R AL
BESTHYTASY . Gomez A5 DL I A SRR SRMWEFRHE S 32
FLFFENT S, T BRZEMEZLAT B LGG s 3h P FLAT e
BB12 Bi 32 JO AR, VAL 25 45 R AU B A RE T, 45
KIS FUATE BBI12 MR ZEMFLATE LGG REf%
FEAH, (H2 R ZLITE LGG BBk, BEfa
i | 2 ARSI A AR . R
A 2 A PR B R U, S i A FE S A 3 —
P AR LAY, AR AR ann] A FH AR AR



%443 5 13

TR , 5. YyBRE A e b T T 6 A B AL - 463 -

AREEA, SCBLEALM 22 SHOPA, b AnAE T H AR
(AL SYSWATIL S/t e s SN DI VASEL (158
4 BHESRE

AR SCRGE T AL G PRF5E BOAR A AL 4 BRF5 8
FARFHE 254 AL S8 RO Ve e, IEXT L
TG BRI A B AR X )] . BAR
YBEE AR BORZRE, (B A o USSR BN E
JHYLEEA BRI, YI21H H 5256, WP G i 2R
BRSSP EE PR GG i s . X L5 AR 7R
E AT R B, XMELLRAS BEAR SE AR BRIBRIT, BFSY

D SR BRI AR N 956 38 BAA SR AR e

1Ak, s R EwIHAL | F 517572 e
RIEAL K R . B FEBOR S RS AR AR
FILEG, i, S S E S AR NN T RE, 5T
P T AEZEHTR ARG T 200 R AR, sl ik
B IAFm A R

e R e AR HES PRI IEAL TR, WA
AR IR A2V | S IR L A AR
o ARG T 5 I mnl TR, (B T a5
PR S AL TR LT 5, il i i e AR ESE PR
AR/, g 38 7 22 g N — B SGE T4 A
Pl e AR AR A T 1k, Y Rl A, ik 1 FH AN
Hro AR IR G TR I R | R R S S
P W DG A= i 5 345 TR A A AR, B Sl
Wi e RE R G AN 00 K i, AR AT Tl AT
JBE KRS B2 22 7 TR AR S VRN B2 i) /N1 i AR
B, WS A S A sk Edis ot &
Ji, A AL TV MU 28 A 04 v B e F- 15

S0k

[1] MARCOM L, SANDERS M E, GANZLE M, et al. The inter-
national scientific association for probiotics and prebiotics (ISAPP)
consensus statement on fermented foods[J]. Nature Reviews Gas-
troenterology & Hepatology, 2021, 18(3): 196—208.
[2] BINDA S, HILL C, JOHANSEN E, et al. Criteria to qualify
microorganisms as “probiotic” in foods and dietary supplements[J].
Frontiers in Microbiology, 2020: 1662.
[3] SANDERS M E, MERENSTEIN D J, REID G, et al. Probiot-
ics and prebiotics in intestinal health and disease: From biology to
the clinic [J]. Nature Reviews Gastroenterology & Hepatology, 2019,
16(10): 605-616.
(4] ZHE, GAN, BRI, F. AN HIEELF 5 koot
Rt 0] R Z s T (5 7)),2013(3):25-31. [WANG Y J,
CHEN L L, LIAO J Q, et al. Research progress on microbiological
physical mutagenesis breeding methods[J]. Agricultural Process-
ing, 2013(3): 25-31. ]
[5] ok, REE HAMRFERREMAYF A PSR
#E[J]. e T 1k, 2017, 38(3):242-245. [ YANG X C, CHEN
Z J. Application progress of new microorganism physical mutation
breeding technology [J]. Food Industry, 2017, 38(3): 242-245. |
[6] ALEEM B, RASHID M H, ZEB N, et al. Random mutagene-
sis of super Koji (4dspergillus oryzae): Improvement in production

and thermal stability of a-amylases for maltose syrup production[J].
BMC Microbiology, 2018, 18(1): 1-13.

[7] ZENG W, GUO L, XU S, et al. High-throughput screening
technology in industrial biotechnology[J]. Trends in Biotechnolo-
gy, 2020, 38(8): 888-906.
[ 8] IKEHATA H, ONO T. The mechanisms of UV mutagenesis
[J]. Journal of Radiation Research, 2011, 52(2): 115-125.
[9] ZHOU S, ALPER H S. Strategies for directed and adapted
evolution as part of microbial strain engineering[J]. Journal of
Chemical Technology & Biotechnology, 2019, 94(2): 366—376.
[10] FARZR "T£Z, LEIIH . &0 S BIBREHEL
FAP A S A ] RS 5 R BT, 2020, 46(12): 14-20.
[LUCR, YEM Z, SHANGGUAN W D, et al. Mutagenesis breed-
ing of high-yield exopolysaccharides lactic acid bacteria and evalua-
tion its probiotic properties[J]. Food and Fermentation Industries,
2020, 46(12): 14-20. ]
(11 ] s, SR g, R &30, 5. K SME LA S BIMCIA 5 &
i % 5 vF B SLAT (0], P B A AR, 2018, 18(9): 129-135.
[RAOT T, GUO H W, ZHAO H R, et al. Screening of thermotol-
erant Lactobacillus acidophilus strain by UV mutation and high tem-
perature acclimation[J]. Journal of Chinese Institute of Food Sci-
ence and Technology, 2018, 18(9): 129-135. ]
[12] BANIK S, BANDYOPADHYAY S, GANGULY S. Bioef-
fects of microwave: A brief review[J]. Bioresource Technology,
2003, 87(2): 155-159.
[13] BRE, FEE FFE R, F REDFT TR
WA EE PRI BRI F B E, 2015(9): 53-56.
[GAOH Z, LI G Q, DENG S Z, et al. Overview of microbial mu-
tation breeding and the application of laser in microbial mutation[J].
Heilongjiang Animal Science and Veterinary Medicine, 2015(9):
53-56. ]
[ 14] ELSHAGHABEE F M F, EL-HUSSEIN A, MOHAMED M
S M. Enhancement of labneh quality by laser-induced modulation of
Lactocaseibacillus casei NRRL B-1922[J]. Fermentation, 2022,
8(3): 132.
[15] KUBO M TK, SIGUEMOTO E S, FUNCIA E S, et al. Non-
thermal effects of microwave and ohmic processing on microbial
and enzyme inactivation: A critical review [J]. Current Opinion in
Food Science, 2020, 35: 36—48.
[16] REE, BAM, FRM. BOLFTELRBEDARLT
ey R [1]. BRSFHR4&,2010,37(6): 426-434. [ ZHANG
Z J, CUI C B, LI C W. Application of microwave mutagenesis in
microorganism breeding for medicinal source strain improvement
[J]. International Journal of Pharmaceutical Research, 2010, 37(6):
426-434. ]
(17 ] Ak, KA. = 340 T b B8R 3 AR 09 k8 2 (I, LR R 5%,
2020(10): 87-89, 93. [ KE W, ZHANG C. Microwave mutagene-
sis of CLA producing strain[J]. Modern Food, 2020(10): 8789,
93.]
[18] whigag. EHBAP9F T AL E LE A FoRH =M a0h
B (D], b Li## X5, 2016. [ QU D H. Study on muta-
tion breeding of Sanghuang porus Sanghuang and analysis with
strain activities and metabolite production[D]. Shanghai: Shanghai
Ocean University, 2016. ]
[19] YUQ, LIY, WU B, et al. Novel mutagenesis and screening
technologies for food microorganisms: Advances and prospects[J].
Applied Microbiology and Biotechnology, 2020, 104(4): 1517—
1531.
[20] LEEY, OKAYASU R. Strategies to enhance radio sensitivi-
ty to heavy ion radiation therapy[J]. International Journal of Parti-
cle Therapy, 2018, 5(1): 114-121.


https://doi.org/10.1186/s12866-017-1144-x
https://doi.org/10.1016/j.tibtech.2020.01.001
https://doi.org/10.1016/j.tibtech.2020.01.001
https://doi.org/10.1016/j.tibtech.2020.01.001
https://doi.org/10.1269/jrr.10175
https://doi.org/10.13995/j.cnki.11-1802/ts.023807
https://doi.org/10.13995/j.cnki.11-1802/ts.023807
https://doi.org/10.16429/j.1009-7848.2018.09.016
https://doi.org/10.16429/j.1009-7848.2018.09.016
https://doi.org/10.16429/j.1009-7848.2018.09.016
https://doi.org/10.16429/j.1009-7848.2018.09.016
https://doi.org/10.1016/S0960-8524(02)00169-4
https://doi.org/10.13881/j.cnki.hljxmsy.2015.0661
https://doi.org/10.13881/j.cnki.hljxmsy.2015.0661
https://doi.org/10.3390/fermentation8030132
https://doi.org/10.1016/j.cofs.2020.01.004
https://doi.org/10.1016/j.cofs.2020.01.004
https://doi.org/10.13220/j.cnki.jipr.2010.06.001
https://doi.org/10.13220/j.cnki.jipr.2010.06.001
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2020.10.030
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2020.10.030
https://doi.org/10.1007/s00253-019-10341-z
https://doi.org/10.14338/IJPT-18-00014.1
https://doi.org/10.14338/IJPT-18-00014.1
https://doi.org/10.14338/IJPT-18-00014.1

. 464 - é’uﬁ&‘r\“/ﬂ*ﬁ

2023 4F 7 A

[21] ZHANG X, ZHANG X F, LI H P, et al. Atmospheric and
room temperature plasma (ARTP) as a new powerful mutagenesis
tool[J]. Applied Microbiology and Biotechnology, 2014, 98(12):
5387-5396.

[22] g, ™02, B, . FEERFETHRETLET &8
A A [J]. P BBk, 2020,39(1): 77-81. [ YIN N, YAN X
Y, MA S, et al. Breeding of high-yield acid Lactobacillus plan-
tarum by atmospheric plasma at room temperature[J]. China Brew-
ing, 2020, 39(1): 77-81. ]

[23] R4 p- R TERSLBR 5 1 7 AL A B 4 4R AL [D].
o 2 TA K5, 2020. [ ZHANG M. Mutagenesis and breed-
ing of y-aminobutyric acid lactobacillus and optimization of fermen-
tation conditions [D]. Wuhu: Anhui Polytechnic University, 2020. ]
[24 ] LIUK, FANG H, CUIF, et al. ARTP mutation and adaptive
laboratory evolution improve probiotic performance of Bacillus co-
agulans[J]. Applied Microbiology and Biotechnology, 2020, 104:
6363-6373.

[25] WU B, QIN H, YANG Y, et al. Engineered Zymomonas mo-
bilis tolerant to acetic acid and low pH via multiplex atmospheric
and room temperature plasma mutagenesis[J]. Biotechnology for
Biofuels, 2019, 12(1): 1-13.

[26] OTTENHEIM C, NAWRATH M, WU J C. Microbial muta-
genesis by atmospheric and room-temperature plasma (ARTP): The
latest development[J]. Bioresour and Bioprocess, 2018, 12(5).

[27] HUW, LI W, CHEN J. Recent advances of microbial breed-
ing via heavy-ion mutagenesis at IMP[J]. Letters in Applied Micro-
biology, 2017, 65(4): 274-280.

(28] %% ATHAMESTRFLHALTH > L-ILBH
a9 A5 (D], e oF BAF X4, 2019. [ JIANG A L. Breed-
ing of high-yield L-lactic acid strains based on high-efficiency heavy
ion beam mutagenesis [D]. Beijing: University of Chinese Academy
of Sciences, 2019. ]

[29] Ao, BF4 KLF F EBTRBRATH WAL
Mt SUAFH (J]. Ao Tk AH3E, 2021, 42(15): 139-143. [MAH
P, PENG Z P, ZHANG W Q, et al. Study on mutation breeding of
high-yield bacteriocin Lactobacillus plantarum by heavy ion beam
irradiation[J]. Science and Technology of Food Industry, 2021, 42
(15): 139-143. ]

[30] B4 EBFTREBAFTHZILRARALLAE T LR
AR#F7 D). w7 P BH SR X S, 2022, [ TIAN X J. Breeding
of high-yield lactic acid strains by heavy ion beam irradiation and its
fermentation technology [D]. Beijing: University of Chinese Acade-
my of Sciences, 2022. ]

[31] #mk, kA, #1485, 5. nF R AEBIAFEHCT £5
FRFETRF ], e T FH,2022,43(17): 140-148. [ JIANG
W, SHEN W X, ZHENG J S, et al. Mutation breeding of Lactobacil-
lus rhamnosus from dairy cow by '>C*" heavy ion beam[J]. Science
and Technology of Food Industry, 2022, 43(17): 140—148. ]

[32] GUSB,LISC,FENG HY, et al. A novel approach to mi-
crobial breeding-low-energy ion implantation[J]. Applied Microbi-
ology and Biotechnology, 2008, 78(2): 201-209.

[33] ZF#%, Z0eR, R, F LS FEAN 9T M Ea
B NRO6 9 % & 2 AF 7 [J]. & oe T AL A3, 2008(2): 107-
110. [ WANG S L, WU X Z, CHEN D ], et al. Mutagenic effect of
ions implantation on the carotene-producing Rhodotorula NRO6[J].
Journal of Food Research, 2008(2): 107-110. |

[34] A Fk. A AIKEE B T RN B H AR 45 B4R N B
B # #F % [D]. % %: [ & A3 K 5, 2016. [ ZHOU Y X. Engi-
neering of ginkgolide B-producing yeast strain using low-energy ion

implantation [D]. Xi’an: Shaanxi University of Science & Technolo-
gy, 2016. ]
(351 @237, Both, 245, 5 KL & TN L 88 B 3 i sh
AR = 8 2 Tt AT (1], LR A S AL, 2021, 37(9): 43-49.
[ BAIQ X, OU K, WANG T, et al. Difference analysis of the extra-
cellular metabolites of Saccharomyces cerevisiae mutagenized by
low-energy ion implantation[J]. Modern Food Science & Technolo-
gy, 2021, 37(9): 43-49. ]
[36] LISC,ZHU ZY, GU S B, et al. Screening of a L-lactic acid
producing strain of Lactobacillus casei by low-energy ion implanta-
tion[C]. Advanced Materials Research, 2012: 471-476.
[37] E kB = p-BA T BRSLBR A 04 J5 i8R K B S AF 09 4L [D].
¥ A& KA KF,2019. [ WANG B C. Screening of y-aminobutyric
acid-producing lactic acid bacteria and optimization of the fermenta-
tion conditions [D]. Changchun: Changchun University, 2019. ]
[38] &, &%, RO, . AR A ASH TR SAEE F 0t
A B E A e AR [T, P B R F38 4R, 2020, 36(35): 28-36.
[ SUN Y, WANG H M, SONG G, et al. He-Ne laser mutagenesis
increasing the fibrinolytic enzyme activity of Bacillus subtilis[J].
Chinese Agricultural Science Bulletin, 2020, 36(35): 28-36.
[39] FR¥F EaTHRRELTFRIFAKRARLEET LR
25 W % P 49 R [D]. A w: F BA B R, 2020. [LIQ Q.
Screening of excellent Lactobacillus casei strains by heavy ion mu-
tagenesis and its application in anti-colon cancer[D]. Beijing: Uni-
versity of Chinese Academy of Sciences, 2020. |
[40] BB, AW, B Ea. JObh Tk H et &R at i LR g
(3. @@ i&, 2012, 31(10): 153-156. [CUI G Y, CHEN W L,
ZHOU M H. Screening of the thermotolerant aciduric lactic acid
bacteria by He-Ne laser[J]. China Brewing, 2012,31(10): 153~
156. ]
[41] QIANG W, LING R F, LUO W, et al. Mutation breeding of
lycopene-producing strain Blakeslea trispora by a novel atmospher-
ic and room temperature plasma (ARTP)[J]. Applied Biochemistry
and Biotechnology, 2014, 174(1): 452—-460.
[42] LIJ, SHEN J, SUN Z, et al. Discovery of several novel tar-
gets that enhance f-carotene production in Saccharomyces cerevisi-
ae[J]. Frontiers in Microbiology, 2017, 8: 1116.
[43] ZHOU S, LIU P, CHEN J, et al. Characterization of mutants
of a tyrosine ammonia-lyase from Rhodotorula glutinis[J]. Applied
Microbiology and Biotechnology, 2016, 100(24): 10443—10452.
[44] LU X, SONG J, YU B, et al. High-throughput system for
screening of high L-lactic acid-productivity strains in deep-well mi-
crotiter plates[J]. Bioprocess and Biosystems Engineering, 2016, 39
(11): 1737-1747.
[45] JIANG AL, HU W, LI W J, et al. Enhanced production of L-
lactic acid by Lactobacillus thermophilus SRZ50 mutant generated
by high-linear energy transfer heavy ion mutagenesis[J]. Engineer-
ing in Life Sciences, 2018, 18(9): 626—634.
[46] CHEN J, VESTERGAARD M, JENSEN T G, et al. Finding
the needle in the haystack-the use of microfluidic droplet technolo-
gy to identify vitamin-secreting lactic acid bacteria[J]. MBio, 2017, 8
(3): €00526-17.
[47] BONOMO M G, MILELLA L, MARTELLI G, et al. Stress
response assessment of Lactobacillus sakei strains selected as poten-
tial autochthonous starter cultures by flow cytometry and nucleic
acid double-staining analyses[J]. Journal of Applied Microbiology,
2013, 115(3): 786-795.
[48] DELOACHE W C, RUSS Z N, NARCROSS L, et al. An en-
zyme-coupled biosensor enables (S)-reticuline production in yeast


https://doi.org/10.1007/s00253-014-5755-y
https://doi.org/10.11882/j.issn.0254-5071.2020.01.015
https://doi.org/10.11882/j.issn.0254-5071.2020.01.015
https://doi.org/10.11882/j.issn.0254-5071.2020.01.015
https://doi.org/10.11882/j.issn.0254-5071.2020.01.015
https://doi.org/10.1007/s00253-020-10703-y
https://doi.org/10.1186/s13068-018-1346-y
https://doi.org/10.1186/s13068-018-1346-y
https://doi.org/10.1111/lam.12780
https://doi.org/10.1111/lam.12780
https://doi.org/10.1111/lam.12780
https://doi.org/10.13386/j.issn1002-0306.2021030234
https://doi.org/10.13386/j.issn1002-0306.2021030234
https://doi.org/10.1007/s00253-007-1312-2
https://doi.org/10.1007/s00253-007-1312-2
https://doi.org/10.1007/s00253-007-1312-2
https://doi.org/10.13386/j.issn1002-0306.2008.02.026
https://doi.org/10.13386/j.issn1002-0306.2008.02.026
https://doi.org/10.13982/j.mfst.1673-9078.2021.9.1102
https://doi.org/10.13982/j.mfst.1673-9078.2021.9.1102
https://doi.org/10.13982/j.mfst.1673-9078.2021.9.1102
https://doi.org/10.13982/j.mfst.1673-9078.2021.9.1102
https://doi.org/10.11924/j.issn.1000-6850.casb20191201001
https://doi.org/10.11924/j.issn.1000-6850.casb20191201001
https://doi.org/10.3969/j.issn.0254-5071.2012.10.041
https://doi.org/10.3969/j.issn.0254-5071.2012.10.041
https://doi.org/10.1007/s12010-014-0998-8
https://doi.org/10.1007/s12010-014-0998-8
https://doi.org/10.3389/fmicb.2017.01116
https://doi.org/10.1007/s00253-016-7672-8
https://doi.org/10.1007/s00253-016-7672-8
https://doi.org/10.1007/s00449-016-1649-y
https://doi.org/10.1002/elsc.201800052
https://doi.org/10.1002/elsc.201800052
https://doi.org/10.1111/jam.12271

%443 5 13

TR , 5. YyBRE A e b T T 6 A B AL - 465 -

from glucose [J]. Nature Chemical Biology, 2015, 11(7): 465—471.
[49] BELLALIS, LAGIER J C, MILLION M, et al. Running af-
ter ghosts: Are dead bacteria the dark matter of the human gut mi-
crobiota[J]. Gut Microbes, 2021, 13(1): 1897208.

[ 50 ] MICHENERJ K, THODEY K, LIANG J C, et al. Applica-
tions of genetically-encoded biosensors for the construction and con-
trol of biosynthetic pathways[J]. Metabolic Engineering, 2012, 14
(3):212-222.

[51 ] RAMAN S, ROGERS J K, TAYLOR N D, et al. Evolution-
guided optimization of biosynthetic pathways[J]. Proceedings of the
National Academy of Sciences, 2014, 111(50): 17803—17808.

[52] LIM H G, JANG S, JANG 8, et al. Design and optimization
of genetically encoded biosensors for high-throughput screening of
chemicals [J]. Current Opinion in Biotechnology, 2018, 54: 18—25.

[ 53] CHEN X, ZHANG D, SU N, et al. Visualizing RNA dynam-
ics in live cells with bright and stable fluorescent RNAs[J]. Nature
Biotechnology, 2019, 37(11): 1287-1293.

[ 54 ] MEYER A, PELLAUX R, POTOT S, et al. Optimization of a
whole-cell biocatalyst by employing genetically encoded product
sensors inside nanolitre reactors [J]. Nature Chemistry, 2015, 7(8):
673-678.

[55] SJIOSTROM S L, BAI Y, HUANG M, et al. High-through-
put screening for industrial enzyme production hosts by droplet mi-
crofluidics [J]. Lab on A Chip, 2014, 14(4): 806—813.

[56] ABATE A R, HUNG T, SPERLING R A, et al. DNA se-
quence analysis with droplet-based microfluidics[J]. Lab on A
Chip, 2013, 13(24): 4864-4869.

[57] VALIHRACH L, ANDROVIC P, KUBISTA M. Platforms
for single-cell collection and analysis[J]. International Journal of
Molecular Sciences, 2018, 19(3): 807.

[58] GARALDE D R, SNELL E A, JACHIMOWICZ D, et al.
Highly parallel direct RNA sequencing on an array of nanopores[J].
Nature Methods, 2018, 15(3): 201-206.

[59] MALICKI J, JO H, WEI X, et al. Analysis of gene function
in the zebrafish retina[J]. Methods, 2002, 28(4): 427-438.

[ 60 ] GALLEGO I1. Use of zebrafish to evaluate the probiotic ef-
ficacy of lactic acid bacteria[D]. Universidad Del Pais Vasco-Eu-
skal Herriko Unibertsitatea, 2017.

[61 ] LOVE D R, PICHLER F B, DODD A, et al. Technology for

high-throughput screens: the present and future using zebrafish[J].
Current Opinion in Biotechnology, 2004, 15(6): 564—571.

[62] GILL M S, OLSEN A, SAMPAYO J N, et al. An automated
high-throughput assay for survival of the nematode Caenorhabditis
elegans[J]. Free Radical Biology and Medicine, 2003, 35(6): 558—
565.

[ 63 ] HUNT P R, OLEINIK N, SPRANDO R L. Toxicity ranking
of heavy metals with screening method using adult Caenorhabditis
elegans and propidium iodide replicates toxicity ranking in rat[J].
Food and Chemical Toxicology, 2012, 50(9): 3280—3290.

[64] WAHLBY C, CONERY A L, BRAY M A, et al. High-and
low-throughput scoring of fat mass and body fat distribution in C. el-
egans[J]. Methods, 2014, 68(3): 492—-499.

[65] PINO E C, WEBSTER C M, CARR C E, et al. Biochemical
and high throughput microscopic assessment of fat mass in Caen-
orhabditis elegans[J]. Journal of Visualized Experiments, 2013(73):
¢50180.

[ 66 ] RODA A. Discovery and development of the green fluores-
cent protein, GFP: The 2008 Nobel Prize[J]. Analytical and Bioana-
lytical Chemistry, 2010, 396(5): 1619-1622.

[ 67 ] SANDERS J K, JACKSON S E. The discovery and develop-
ment of the green fluorescent protein, GFP[J]. Chemical Society
Reviews, 2009, 38(10): 2821-2822.

[68] BL#4r, &2, Ak, 5. A A& AR FMILER H K NRLEA
Wk A B B RSB AL Ay Tk U] B 5 R BT 0,
2019, 45(3):21-27. [NIC X, JIN X, ZHOU W, et al. Evaluation
of antioxidant capacity of lactic acid bacteria in vivo using
Caenorhabditis elegants and comparison with its antioxidant param-
eters[J]. Food and Fermentation Industries, 2019, 45(3): 21-27. ]
[69] CHASTON J M, NEWELL P D, DOUGLAS A E. Meta-
genome-wide association of microbial determinants of host pheno-
type in Drosophila melanogaster[J]. MBio, 2014, 5(5): €01631-14.
[70 ] PANDEY U B, NICHOLS C D. Human disease models in
Drosophila melanogaster and the role of the fly in therapeutic drug
discovery [J]. Pharmacological Reviews, 2011, 63(2): 411-436.

[ 71] GOMEZ E, MARTIN F, NOGACKA A, et al. Impact of pro-
biotics on development and behaviour in Drosophila melanogaster:
A potential in vivo model to assess probiotics [J]. Beneficial Microbes,
2019, 10(2): 179-188.


https://doi.org/10.1038/nchembio.1816
https://doi.org/10.1080/19490976.2021.1897208
https://doi.org/10.1016/j.ymben.2011.09.004
https://doi.org/10.1073/pnas.1409523111
https://doi.org/10.1073/pnas.1409523111
https://doi.org/10.1016/j.copbio.2018.01.011
https://doi.org/10.1038/s41587-019-0249-1
https://doi.org/10.1038/s41587-019-0249-1
https://doi.org/10.1038/nchem.2301
https://doi.org/10.1039/C3LC51202A
https://doi.org/10.1039/c3lc50905b
https://doi.org/10.1039/c3lc50905b
https://doi.org/10.3390/ijms19030807
https://doi.org/10.3390/ijms19030807
https://doi.org/10.1038/nmeth.4577
https://doi.org/10.1016/S1046-2023(02)00262-1
https://doi.org/10.1016/j.copbio.2004.09.004
https://doi.org/10.1016/S0891-5849(03)00328-9
https://doi.org/10.1016/j.fct.2012.06.051
https://doi.org/10.1016/j.ymeth.2014.04.017
https://doi.org/10.1007/s00216-010-3452-y
https://doi.org/10.1007/s00216-010-3452-y
https://doi.org/10.1007/s00216-010-3452-y
https://doi.org/10.1039/b917331p
https://doi.org/10.1039/b917331p
https://doi.org/10.13995/j.cnki.11-1802/ts.018228
https://doi.org/10.13995/j.cnki.11-1802/ts.018228
https://doi.org/10.1124/pr.110.003293
https://doi.org/10.3920/BM2018.0012

	1 传统物理诱变技术及应用
	2 新型物理诱变技术及应用
	2.1 常压室温等离子体诱变
	2.2 重离子束辐射
	2.3 低能离子注入

	3 高通量筛选技术及应用
	3.1 微量滴定板筛选
	3.2 荧光激活细胞分选
	3.3 生物传感器的筛选
	3.4 液滴微流控平台筛选
	3.5 模式动物平台筛选

	4 总结与展望
	参考文献

