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1.1.1 ¥k nisin PPAEFE IR IAERE Lactococcus
lactis ATCC11454 T3¢ EARHEA: P b o -0
BRI 48 7 B B B TER B Mlicrococcus  luteus
NCIB 8166 It F- 1 [5] BNCC T F1% .

1.1.2 R 5835 nisin 375, Sigma N5764,
Feib 1000 TU/mg, i 0.02 mol/L HCI Hit & %,
10000 TU/mL BB . P S fp R 3R 5E . M17
FiFidk(g/L): REEFM 5.00, 4HF 500, K
B 5.00, FERHZEY) 2.50, BRI 0.50,
MgS0,0.25, B-HilmEEE —4h 19.00, BN
0.5% (WIV)RiIZ 8 , [ R 55 95 FEAE IR A5 77 S
EhA 18 /L Billg . KB IR (e/L): BERE 10.0,
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WERRSR ) 10.0, MM 10.0, KHPO, 10.0,
NaCl 2.0, MgSO4 0.2, &Ml i 57 (g/L): Jk
EHAM 12.0, BRI 7.5, NaCl 7.5, NaH,PO,
3.0, RN 0.75% (WIV)#ZRE, A4l
pH 7.1, FIARSE SR IEAE WA SR LIl E A 20 g/
Syl

1.1.3 (Y28 & 541 Greiner bio-one 96 fLHK .
A W V% Bk 22 88 Molecular Devices Qpix 460
Thermo % £243 KL . Biomek FXP H 3 fk TAE .
Perkin Elmer fffLAREFFR{Y . Thermo 52V
CAILFN Kuhner (5 8 2 R 458 52 DR 1 200 P AR
FEBE il SRR

1.2 $RHMEAE

1.2.1 L. lactis ATCC11454 A=K HILRMIE : ¥ L.
lactis ATCC11454 7E~F-H FRIZE T 30 °C Kidk
12 h, PRBUE LS BT TE 42 A 10 mL GM17 5557
K, T 30°C#ERFE 12h, HEL 2%EMER
T 50 mL GM17 $55a8E, M 1 h BUelleE
ODygo0, M2 L. lactis ATCC11454 H K4k .
122 FEIMEA . WA TR I R R X
AR L. lactis ATCC11454 BFAERITE W, 4000 r/min
B30 10 min, % FIEEHCRKESIFME 2k
JEN 10* 4~ /mL. B 15 mL i B)5 HRT 0 A B
WML, K E BT, P ILE T/ 1
FEas b, IR, AR E P 15 W 250
(UVITE T . JHEIEEIEE N 26 cm, HRGTHA]
FEEED A 0, 10, 20, 30, 40, 50, 60, 70s. &
HEGFATI 100 uL ¥, ARIRGSSE 1 AEREE, BRI
100 pL AR T GM17 EdR b, IS a4
B, BRI R R T BT
30 °C #EHEFE 2 d, Gl Pk EEEE S 5
AT, 2RI BOERML . THERTLL 0 s AT 4L
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0.3 Ze47 . ¥ Biomek FXP H hAk T A4 15 W
L 200 pL 4324 F 96 FLAR -

¥ 10000 IU/mL nisin £ % M L. lactis
ATCC11454 K EERAY 51 0.02 mol/L HCI #BeA
[Flf%%%, 85 °C in#k 5 min, 4000 r/min 50> 10 min,
Bl HC 50 pL BIE - ml A E] Fik 96 fLik b, LA
KEAN nisin A1 0.02 mol/L HCI (1)L K 78 i [F A FR
0.02 mol/L HCI AL xf B2 . 30 °C. 220 r/min
3%, B 10 min FEEARCHINE AL ODeoo, LA
1 R ) i ST () e i s AR A5 4
1.4 Nisin {57 BEHR ) o &
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Thermo 4 2243 30K GM 17 3535 5 L) 4541 200 uL
o328 F 96 fLA R, A Qpix460 4x F 3l i & v
EPRTE R G XA b A K 5 AR BRI AT PR
40 min AT SERLZE K 3000 PIEAR MR BBk L T4,
HWs B TE R T AR AL, B4 96 FLAR 433l
BT B A= RO BEOFN 28 P10 RS 3 4, bRidh A AR
(1),
142 BHEHRBEFRSEBAIE: K AT 30 °C K
FAARFEREFR 18 h, FIEEAR{XE A R ODeoo,
S5 B A2 BUX BB Y ODgoo 2557 KT 0.05, 25 Kotk
025 SR AT AR 25 R B Pk - #1 FH Thermo
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1. SBEITFMFHETRE

Figure 1.

The screening process of high throughput automation workstation. Dispensing the GM17 medium into

96-well plates by Thermo Multidrop Combi and then picking the single colony of the mutant in 96-well plates by

Molecular Devices Qpix 460, the survival rates up to 98%. The Biomek FXP automated workstations complete
multiple pipetting operations and the Perkin Elmer automated microplate reader complete the data reading. One

person took 24 h to complete all the high-throughput screening process.
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FIFEE AR B, &R X EUE K 0 40
ff, DEBS AN A ROR S R R, RS kAR
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M A KRS IR PRI, IR 2 FTRLE Y, B
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B ATE AL 38 I BT 9 35 SR R SR I B . DA R AE B 57
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DAz DNA 43 R4 F 0 UAs A 5 A8 A ) &
Az Al AL 25 S AR A S U ZEE IRl 104 /mL
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Figure 2. The growth curve of L. lactis ATCC11454.
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B 3. L. lactis ATCC11454 X MNRETBTL 5 ph %
The lethality curve of L. lactis ATCC11454
exposed to ultraviolet radiation.
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Figure 3.



T | AR, 2018, 58(7)

1303

0.55 [ Blank ~<-25.0 IU/mL Nisin
l-+0.02 mol/LL HCI —-50.0 IU/mL Nisin _#

0.50 |-~ 8.3 IU/mL Nisin>200.0 TU/mL Nisifi_x
-+~ 10.0 IU/mL Nisin ///5

0.45 v 12.5 IU/mL Nisin - T s
t—-16.7 IU/mL Nisin - i

0407 | ///{,

£ 035
0.30 k-
0.25]

0.20 ]
0.150'

OD 600

4. BREMIKEAREIRE nisin EF TRE K

Figure 4. The growth curves of M. luteus reaction

with different concentrations of nisin. Three replicates
per sample were assayed and the error bars represent
the data range.
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25 IU/mL {EE P, B BRI ODgoo Fifl nisin ¥
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Bifi nisin ¥ B TR A B B 22 55, BB L IX (R
REA FH B B R TR A ODgoo K M nisin ¥ 4
AL

PRI, 7E il e, BAR R Bk T AE
ANTA], AR 280k i YA 5 RS T & TV P nisin Hk
JEAE 10-25 TU/mL IX[AIPY, AT DLIE o e e ek 1A
(9 ODgoo BUH A 2 W nisin UM T 255, eI
FES S 0IHR ODgoo M 0.3 HYTHE P IHER T SN 2 h )5
f) ODgoo, FERLH nisin B A by, T BB ek
TR ) ODgoo {E /)N , R 3E 228 b A0 58 A48 R I A U4
1B 22 5 R 7 28 1 7 PRI R o

0.45

0.40 1
|

0.35 g

030

025} &

ODG()()

020+ %

0.15

0 50 100 150 200
Nisin concentration/(1U/mL)
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£(0Dg)
Figure 5.

FRYEY

The biomass of M. luteus detected after a
2 h reaction with different concentrations of nisin.
Three replicates per sample were assayed and the error
bars represent the data range.

2.2.2 L. lactis ATCC11454 B BB R BASE: @
IR E R A RIS EW LY nisin 18 [
DAL, 74 R Ao I R B FROBR AT A OD oo 24 S R misin
%WE,E%,%ﬁﬁLhmmMCQMﬂE@
W) b B SR A AT A o 58 TR PR 8 Bk
96 fLIR 15 S 18 h, Fﬁiﬁxﬁiﬁ%mﬁﬁiﬁéﬁ%ﬁ,
TE PR 38 M R B L (A5 5 TR BORT T B R T
MEITELEEE N, FI T E20miE. WK 6 thaf
DIBEH, 24 L. lactis ATCC11454 & BER S & H e
FEERAE 15-50 15 X (B N, Bifi 45 nisin ¥ FE B FEAIR,
R B THORTA 1Y ODgoo NI o KRG, oy THEAR
[Fi) 77 B8 B R 119 IR 4262 3o T B I T g Ak T ek
FHOCHIIEIEIN , Jo SR B AR B ECh 25 1%
AR TR SR AP A 7 vy 3 o T
2.3 EEEE nisin BrEE
231 . R 122 Frid vk, 4 UV iEAE
15 2 d By, SR 55 5 A2 BUXS BRI ODgoo 25 57
KT 0.05, KRR ZEFBAR . AT AR ZE R
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Figure 6. The biomass of M. luteus detected after a

2 h reaction with different dilution of L. lactis
ATCC11454 fermentation borth. Three replicates per
sample were assayed and the error bars represent the
data range.
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Figure 7. The M. luteus biomass differences between

reaction with wild-type and mutant strains during the
first screening. OD;: ODgy of M. luteus reaction with
mutant strains fermentation borth; ODy: ODgg of M.
luteus reacted with wild type strain fermentation borth;
AODﬁO():ODl_OD().

2.3.2 Hfi: s TR, ZERIT S S
SRR, RIS E 8 PR, 50%A bk
PR IE BT, AODgo /NF-0.01 B
296 50 ko RIS AN PR 8 Bk A ODgo fi/)
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Figure 8. The M. luteus biomass differences between

reaction with wild-type and mutant strains during the
second screening. OD;: ODggo of M. luteus reaction
with mutant strains fermentation borth; ODy: ODggo of
M. luteus reacted with wild type strain fermentation
borth; A ODgyo=0D,—OD,.
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Fid AR 5 d, B Ek&*iﬁfwxmmﬂ%
JEXTARTS 2511 BRESZABRFATIRE, FHSEB 50 Hk
PRI 2 YR 1E TAE: IWESf?éﬁE@ﬁ“ﬂ%ﬁﬁiﬁ 14
HITAERA Y,

233 ARG ke 8 MR TR
LR, S5RFE 1 PR, 76 16-18 h BF 4Rk ™

HUBRFIRE, 20 h - EIRA TR, 51 9500
DR LG, BEPLBRGE ) 2-9 S8 ERRAY nisin )
HIAARIREEZRNSET, H PEB/NT 0.05, A
F2S, Hh 7 S5EM R, KI¥E 18 h J5HH
xﬂCJ%T RERPRIETT T 30%. RIAZS R b 1
WIEAIRATRE, A SR AR =

F 1. REKEFLEREEMELZED ARG nisin B~ =
Table 1. Production of nisin at different times in shake flask fermentation of mutant strains and wild-type strain
16 h 18 h 20 h

Strain Visin ] ) Nisin . . Nisin production/ .

production/  Rate of rise/% P-value production/ Rate of rise/% P-value (IU/mL) Rate of rise/% P-value

(IU/mL) (IU/mL)
1 553.66+12.21 — - 584.85+16.46  — - 535.78+27.98 - -
2 724.12+10.88 32 0.0142  738.46+7.83 26 0.0069 675.60+14.45 26 0.0210
3 733.29+12.15 35 0.0027  743.84+23.25 27 0.0025 683.49+14.68 28 0.0045
4 748.22+10.39 35 0.0104  755.22+£9.19 29 0.0097 702.48+10.09 31 0.0072
5 645.20+7.41 17 0.0260  650.90+14.59 11 0.0209 630.29+39.28 18 0.0053
6 717.19+14.37 30 0.0138  729.09+£13.22 25 0.0040 665.54+4.59 24 0.0439
7 676.50+22.20 22 0.0208  761.62+6.20 30 0.0037 722.20+13.13 35 0.0004
8 623.14+12.83 13 0.0183  645.76+16.23 10 0.0013 608.67+44.41 14 0.0324
9 726.74+26.27 31 0.0020  744.73+7.61 27 0.0056 696.11+£10.20 30 0.0306

1: wild type strain; 2-9: mutant strains. Three replicates per sample were assayed.

3 it
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High-throughput screening method for high-yield nisin strain
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Abstract: [Objective] Nisin, a bioactive antimicrobial peptide, inhibits many Gram-positive bacteria causing food
spoilage and infection. In this study, cost-effective screening method for high-yield nisin strains was developed
using high-throughput screening technology to provide a practical method for screening during the industrial
production process. [Methods] Mutants (2511) were obtained by applying ultraviolet mutagenesis treatments to
Lactococcus lactis ATCC 11454, followed by development of a 96-well plate high-throughput screening method
using a Biomek FXP automatic workstation to select mutant strains for culture dilution. Diluted bacterial solutions
were transferred to another 96-well plate with Micrococcus luteus grown to logarithmic phase, and an improved
turbidimetric method was used to rapidly detect the biological activity of nisin and screen the mutants associated
with the high-yield strains. High-yield strains were fermented by shake-flask fermentation to evaluate the screening
method. [Results] Turbidimetric detection revealed nisin activity in the range between 10 and 25 IU/mL, with M.
luteus biomass detected after a 2 h reaction with nisin. After two rounds of high-throughput screening, about 50
high-yield strains were obtained from the 2511 mutants, with 8 accurately detected by shake-flask fermentation.
Results indicated that the nisin yield of the tested strains all increased, with one strain showing a 30% increase in
production, indicating the efficacy of the high-throughput screening method. [Conclusion] Our high-throughput

screening method was capable of screening high nisin-producing bacteria.

Keywords: high throughput automatic screening, nisin, Lactococcus lactis ATCC11454
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