R EmiB Modern Food Science and Technology 2018, Vol.34, No.10

—— b
[—]

S E ARG S E TS RS DA
YR HIRLFE

HhCis, kX, SE%, A%
CIHRFRBEAM TAFIR, ITH4AT 212013)

2. RAFETBEEFIK (ARTP) # AT Bacillus amyloliquefaciens 10160 #4755 AL 38, vABL L5445 3] 80%4E 4 ARTP %
TEETEE A 10 s)d a8, MHikiF3] T C5 4= C12 MMEAFET A F R SAEHEMRIIL, F R AR b & GBS
57T 86.0%F= 85.0%. + A HEABRAAT A MBS Bk (SDS-PAGE ) 247 R, C5. CL2UABANHE ARSI & 6940,
ARG ER, ROFEHRNEOREVR G T8 A/, BT MRELBELIN, S ERMEL, B CE R8G0S KT 5
T F ARG T 14.2%7F 15.6%; Wk C12 KB/ 09 % T R F 2 Z 53185 T 13.2%4211.8%. HRERBHA T ik & fe il
FHKRKIREF, WAk C5An Cl2 KB)E T WA QBEEE S 38T 26.0%4 29.8%. % MKHTEHAf ACE WHIEAREZ R, T
JL, ARTP 422 Bacillus amyloliquefaciens 10160 = vA 2 342 5 2 8 4R A & B 0 & Tt JE Ik 89 = 2

ERAE: WETRFE TR (ARTP), MW FIOATH 10160; Z4h; AALME K

NES: 1673-9078(2018)10-133-140

DOI:10:13982/j.mfst.1673-9078.2018.10.019

High-yield-of-protease Strain Treated by ARTP and lts Improvement of

Fermentation of Soybean Meal

QU Wen-juan, ZHANG Tian, MA Hai-le, HE Rong-hai
(College of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Bacillus amyloliquefaciens 10160 was treated by the technology of atmospheric and room temperature plasma (ARTP). Under
the optimum dose of of lethality 80% for ARTP-induced mutagenesis;(10 s), two stable mutant strains of C5 and C12 were succefully screened.
Compared with the original strain, the neutral protease activities of €5 and C12 strains were increased by 86.0% and 85.0%, respectively.
Sodium dodecyl sulfate polyacrylamide-gel electrophoresis (SDS-PAGE) observations indicated that, the composition of the proteins extracted
from C5, C12, and the original strains wassimilar, while the treated samples exhibited higher protein concentrations. The liquid fermentation
experiments of soybean meal showed that, as compared with the original strain, the yield and content of peptides in the fermentation broth of C5
and C12 strains increased by 14.2%-and 15.6%, and.13:2% and 11.8%, respectively. Neutral protease activities in the fermentation broths of C5
and C12 strains increased by 26.00% and 29.84%, respectively. There was no significant difference in the molecular weight distribution and
ACE inhibition.rate between the strains. Therefore, ARTP treatment of Bacillus amyloliquefaciens 10160 can significantly increase the yield of
peptides produced by liquid fermentation of soybean meal.

Key words: Atmospheric and.room temperature plasma (ARTP); Bacillus amyloliquefaciens 10160; soybean meal; liquid fermentation;
peptides
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LB 5573 HAM 10 /L. 4RIREW) 5 g/l
NaCl 10 g/L. Eiffig 15 g/L. pH 7.0, 121 “CKF 20 min.

MR iR FINE 39/l BEE 89/l 3lF 15
g/L. pH7.0~7.2, 121 “CK[ 20 min.

P30, BEREET 1% (V). FKEH 1%

(mNV). KH,PO, 1% (m/V), 121 “CKHE 20 min.
R FEHRE: SR 20% (mIV). EKiEH 1%
(m\V). KH,PO,0.5% (m/V), 121 ‘CK# 20 min.
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BRI AAEE.
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Table 1 The formula of concentration gel

5 B st T 64 A2 A v
15 2 Ak 2 mL IR AT L 64 AR ot IR AR

Z/mL
H,0 1.4
30% F M B 0.33
1.0 M Tris-HCI(pH 6.8) 0.25
10% SDS 0.02
10%3iTARER 4% 0.02
TEMED 0.002

R2 TERES
Table 2 The formula of separation gel

5 mL BEARPTAT B 64 Z-£0 509 BRAF
4 7

Z/mL
H,O 19
30% A M Bz 17
1.5 M Tris-HCI(pH 8.8) 13
10% SDS 0.05
10%:T FiBR 4 0.05
TEMED 0.002

(3) HEMRZEM: FREX 15.4.g Tris. 949 H&ER,
BN 5.09SDS, HELBETAGMIFERBLL, WA
pH 8.3,

(4) By : 2H 100mL BRI 50 mL Z,
B, ALK FACER L.

(5) SDS-PAGE #E/BER: ¥4 20 L HIK AL
FIFE 55 pL B ITREIR &, 1EI /KR 5 min,
MRHERE IR IR S ERERRR, AR
HIAE] 15 pgy RIFTASMITERMFLFINRE, Wi FR
JE 80V, Bkt 120V, HLEKIE 2 ho BUR AR
Jeis AN Dy i R-250 Jett 2 h, Yt s ol m, N
NN ATRER R
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250> 15 min RIS TFllE 52 e bs, R 5Y)
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L.
SRS K L2568 SRR INE 20%
(MIV). KHPO, I 0.5% (m/V). TKimhy (44t
BRIEFNEIED IS0 1% (V). I8 32 'C. H4R pH
(5.8). FEFhE 10% (VIV). KEZHTIE] 24 ho
1381 ZIkEERNE
SRR IR E 2 IR . 2
&= (%) HEARWT:

ko= SV 1 100%

KP: C, KBRS RE, mo/mL; V, &R E
AR, mL; m, LSRN 105 C A ¥ BT Bda B 6 t9A %,
mg.

1.382 ZIK1FHRIIME
FER IR (Y0 iFE AW
27 7 e
M

KF: M, 2WFELHERE, mg.
1.3.8.3  ACE il il

HUR % BisWS 15% (m/V) TCA #% 1:1 i ELf
YEE Y53, 30 °C/J3 30 min J& 10000 r/min E.C» 10
min, SR 5 BCETERGES pH b, HEE TR -
RS W] 10 mgimL 5, 5% JAM) ACE #1
HIFT I E ACE I3 (%).

1.384 KERE 125 A HIIE

S JINMIR T « SR sk o g o i

EE ZKE > TR A . A TSK-gelG2000
(300 mmx>7.8 mm).
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M S5EFENC R, AR NE 1.

135



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.10

120

100 | R

-
80 __#./.

60 /
40
20+ /
=i 6 § 10 12 14 16 15 20 2
Ib I H] /s
[E 1 ARTP ALEERTIE) SBIZERA X FRihLk
Fig.1 Relation curve between ARTP treatment time and
lethality

HE 1 A5, fEACBEITRZE 2~12 s Z [A)I, B
AEERIS TR EHE 0, BOERBGERHIN. B FRIE B
08, ke Ar R S bt AR R B T, {EL:
LB ERFRAE, FORRRLSNE, ERAER
FHHTT B, RIRAESBERLE 800, IEeArR
i, BARRCREUT . HENRTREZ R ARTP AL
PERL T RENS 2 B4 S TA A0 A &R, B3R DNA.
RS, MpeEbErhe, et DNA NEaeizgE sl
ARFEH A BRI AL B e, & S8k
RRAENAE: HReE R, X DNA SFRIBIAECR,
WA E SRS, 126 B bR B R R
BIBE R T NP0, A s B R R
ARy 10 s I, BOEZiLF)] 80.0%, itk ARTP
ASKC PRI TA) 10 s fod B, R TR gREet

22 wMHER

¥ ARTP AbBE 5 HIRR AR AL B IR Fe i i AT
W9, MIFEAR 5 1 B v A 31 KB BRI 12 BR 14,
GERNAR 3. KABAE—EFERE bl 1 B4 o0 Uh (1) 2
IR IS 2T/, KA B R B A 70T 1) 2 T Tl
IS 2 RE T R NS R o MR T LR
SHEHEMAREL, A5 12 #kH C1~C12 1) K i
R 1.33.37%¢ 32.00%< 6.76%. 18.48%. 21.33%.
40.23%.°10.24%. 22.49%. 12.04%. 18.48%. 33.37%
F146.57%. {EIX 12 BRFAREH, KBS IFRE 1)
#k N C1. C2. C5. C6. C8. Cl11 fil C12, Hjn=x
PIRT 20%. HRAETHT 22500 ARTP 78 SR
PG IR NI, I8 Hd A7 S DR A 0 sk
17 COG 432593 Hr, KB 16 HIE R SR TR s
ARUAHIC, HEN ARTP Ab35E R K B 3 N mT fE & ]
N ARTP J8 I R S 45 B TR SAL, 2 Tk 4 e A |
M A RBEYI U DS, R e
A%, NI FEC I ANE IS R . BT AMEE
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FHEHE | %

UH| I s 22 B 3 300 ARTP 572855 (oK A T 7
W, iR T 5WIMEwR KAE (1.13) FEBCRT
—HKEE (2,00, 1.88 f12.14).
% 3 VITFEMEKEEER . BERMKE
Table 3 Hydrolysis circle diameter, bacteria diameter, and K
values of strains by initial screening

HtkmS  AKBEAZAMM  #EEZ/mm K14

B, 14.2040.02 1.5040.07 9.47
C1l 14.9040.16 1.1840.02 12.63 (133.37%)
C2 22.5040.08 1.8040.06 . 1250 (132.00%)
C3 16.1840.15 1.6040.01 10.11 (16.76%)
C4 20.2040.02 1:8040.10 11222 (}18:48%)
C5 20.0040.22 1.7440.03  11.49 (121.33%)
C6 17.2640.01 1.3040.10 * 13.28 (140.23%)
c7 16.7040.10 . 1.6040.12 ~ 10.44 (110.24%)
C8 17.4030.12 1.5040.05  11.60 (122.49%)
C9 19.1020.02 1.8030.03  10.61 (112.04%)
C10 20.2040.05 1.8040.02  11.22 (118.48%)
Cu 20.20:40.14 1.6040.01 12.63 (133.37%)
C12 22.2040.23 1.6040.03 13.88 (146.57%)

o T LR R R K (LBt 691
2 A TSR
4 EIRELE R

Table 4 Neutral protease enzyme activities of strains by

secondary screening

HHmET  PREOEMME/(UML) BEESRE%
xR 41.1040.83
c1 66.2340.41 61.13
c2 62.650.15 52.43
c3 42.9340.20 4.45
c4 44.1840.10 7.49
c5 66.140.31 60.93
Cé 45.09+40.13 9.72
c7 43.8540.12 6.68
c8 43.2640.11 5.26
c9 44.6040.02 8.50
C10 43.680.01 6.28
cu1 43.2640.20 5.26
c12 76.0440.12 85.02

ER IR AT DDA 2 0 328~ AR 7 0 L I SRR (R T
R, (BRI A RAAAE € IR E, FTLAT 25
ATEIRIIES, X3 3 it 12 MREHT R EE 7R E
GO e FL A R M, PR B R A5 R
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Fa. NERAFOTLIEH, SVIUREERMHEL, 12 #kE
(P H P B RS A A FIREEE 3 n, L CLL
C2. C5 1 C12 VUBKEH I =B /I e, whitkis
RIS 2 )9 66.23. 62.65. 66.14 F1 76.04 U/mL,
SV HERARLL, MRS IIZRE T 50%, LLEF4HE
st ARTP 75787 2 R K s 726 L 5 2
PRI AR ARERES 32T (19.1%) #URIF. ARTP B
ST AR R R W R B R DA FIRR FE 4T, X
AR RN ARTP P AR A B TR e 2 EA
EE R, XTI DNA #0522 HEE,
TSR SAS R BAT IR K 2 R,

24 BMEREMER

1001 O

90 - EE E 7L
80
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4ot
30f |
20
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[Ty

FHEE AR/ (UmL)

i
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Fig.2 The hereditary stability of mutant strains

R NORNCES: 2 S 87 gl S NOV W E Edn P
FEREMEF (p<0.05).

S e ) C1. C2.,.€5.A1 C12 PURRFHAL Rk
ST R R AT B R B IO UE, AR I 2,

HIE 2 B, CL AR R AR, 7250
1 R2E 5 AR & HT I (BRI
R EE R (p<0.05); €2 MR LR,
Hh B A S e, 62,73 UimL (38 1 4%
FFFEICR 6722 UlmL (G 7 /%)y 7RG 8L RS2
HiE AR e C5 MR PEER BRGNS /1, M 1 ARE
3 5 AR 23 (p<0.05), M 66.14 U/mL

(140 EJHEIRCK 78.12 UIm (5548, fEJE%:
e TR, X AESEEE, BA
BRARIIE A BT, (HHA—E R L RIRILH K,
FEALARB SR TR h R B A B0 B ), 47 &4
ot WIERK 1T ARTP A8 Rt R I T X
—PLG, TEXEAR A IRE 1 H15 BRI T e Aa
PEIE A, A5 PR RS CE AL 228 9 AR i
FIfS /M 1792.8 Ulg - F+%1 1816.3 Ulg. C12 if548
B AR AR e MR, MR A R O B AR L
(p>0.05), Z55 2 e H I B I B AR B AL S e Ve

ANRE, HEEL C5 A1 C12 PifhiF AR R EEA T 5 220 7 o
2.5 SDS-PAGE W, ik 47 45 &

Cl12 Cs5

X M ku

180
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[ 3 FTEMRMAIAEARE A AR SDS-PAGE Fik[E
Fig.3 SDS-PAGE electrophoretograms of proteins from the
mutant and original strains

7E: M: Marker (%-F 275 B 10~180 ku ).

Xt i A Wbk €5, C12 DL & 35 A& Bacillus
amyloliquefaciens 101600 #2 B [1) B 14 & &5 (1 #E 4T
SDS-PAGE Hijik 73 #fr, &It sifg st R4 it
TN vk 0 S5 5R LI 3.

M 3°8] L H, Bacillus amyloliquefaciens 10160
Z8id ARTP LB, A2 HR C5 AT C12 S5oRAMER
RS IR A RS, (RS AR HIRR L
25, HrhiB A IR & A AT,
Yo W5 AL 5 B R LA BTG, D AT RE = R
ARTP FESEEAS AT N P AL A AE R T, A2 B
FHEEAE A4 RIS, R MR A R A
EAMRERIGIN. %855 R PSPURE N5 —
#t, HH|F SDS-PAGE HLIK 43 M ikl db s =X
2R T R 2 TSI e b, R R o
RAEBA, R,

26 TMBRAKLE R

BB C5 Al C12 5HIATE MR A T SRS
R 46 B I BRI, 0 R TR S o B 37
AT ST ARIE, Z55R IR 5 Ak 6,

K 5 TR H, HAERREM C5 Ml C12 &it
REEIG, K FIEI 2 K& E A 2 5HTAE R bR K
BB LB B3R (p<0.05). IXJ& NI A 5 I B Pk
AR ARARUTE AR = AR 1 2 I A 1 LU W Aa B AR
FrUfERBESRES, i SRE A= 2 RS =
RERAE . SWIEEERKBAEL, HEik C5
R G 2 AT RS S0 1 14.23%41 15.56%:
itk Cl2 KIS 2GRS & e T 13.24%
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1 11.77%. FAN 2PV ARTP i3 T A A L2
TD12np JREHIAEF &, @ E s ETiE
ETRE T — Rk F126, F126 B TR kB
30 h Ao baEL R 48 h e, FeAR IR & R LA
SYRERE T 4.4 R0 8.7 f%. RFEAMSEPT @I S
PIERAMFATLL RS, W04 21 0 v = B 1 T o e FH
TRl TR, CARIE 2 K& s v Tahs, 0
T RS 2 K AR AR, 1% B RAER]
ERBEZNT, P B2 IS B2 SR AR B IR 1 1.47 £5
Ak, C5 A C12 Bk A b3 R T R Ve i 1 A

IR ER S (p<0.05), 73538 1 26.00%F1 29.84%,
R B R IS S IAa TR AR LR B
st (p>0.05). M ACE #liffil|Z%%F i, ¥ C5. C12 LK
I 46 B R I VR 22 I A 5 6 R B AH Rk P (10
mg/mL) J&, ACE #ifilR LR #EZER (p>0.05). X
ARG ACE il vis 5 I a SR AH e N 2 s
MR 54 % BB R, BARVEA G WA R
FIBEREIEIG K, RES-AEN 2SR, (24
1) 22 IR T S B R 2H AT 5 51 % 732 50 A 5 TG BH SR 1

5o

* 5 BTEKFWIAEK TS A BEER
Table 5 Results of soybean meal liquid fermentation from the mutant and original strains

M 4547 xR c5 c12
% RAEI% 56.26.16" 64.2740.94%(114.23%) 63.7144.04°% ($13.24%)
% IKIFE(% 12.1540.35 14.0440.29% (115.56%) 13.5840.24° (111.77%)
R & BB E/(U/mL) 350.2342.37° 441.29+4.99" (126.00%) A54.7444.11% (129.84%)
Aobk F-& BB E/(U/mL) 274.7042.69° 267.9843.23° 272.6345.45°
ACE 49741 %/% 57.5240,023 58.7140.01° 59.8240.01°

i BATARR B FREATR —RZIEFTIFTEKR (C5. Cl2) S BXMEALEN 25 (p<0.05); 5 La93d AR —
MEIEAFT, FHEE (C5. C12) HtrEARa3E I,
* 6 FEREFMIEERAE L 58S FE710

Table 6 Molecular weight distribution of fermentation supernatants from the mutant and original strains

AT ELH %+ B8 /% C5/% C12/%
>10000 1.5140.02 2.1240.01 (140.04%) 2.4520.01 (162.25%)
10000~5000 5.4440.01 6.2240.03 (114.34%) 5.2240.02
5000~3000 5.8840.02 6.29+0.01 (16.97%) 5.5026.01
3000~1500 14.4440.06 14.7340.03 14.0740.01
1500~150 52.92+40.20 52.4840.12 53.2740.08
<150 19.8110.13 18.1620.05 19.49+40.12

E: 3T ROMMEA R =T L E T RE (C5. C12) HafRAne)igmmE,

% 6 4 T 45 ARTP 5485 13 21 i P R B LA
SRR A T GRS RS, K% I
SFESAEMN. HE 6 TUEH, C5 fl C12 itk
B R B IS TR 732K T28000 u /Ny Tk Le gl 7
72N 85.37%71 86:83%, SHGAEE (87.17%) FHLL,
TC A 22 57 o IR AT R DR B AR 5738 I 1) B PR R
BEHET, (R Fr o i R S, B
PLRR KA DR, BUSEfE =2 /NrTF2 BRIk
HERKERRAENE., BRFETERRS KGR T
BRAREEAM, JLHZ C5 MR K, A2
HT EZRIK T TE2 MMt ACE MifliEtE, Hig
PETE &2, L iZas B A R R A R I B AR R L
TH ACE #2388 B M HE e it 1 3B ks .

3 Z5ig

138

31 ARCKRA ARTP X} Bacillus amyloliquefaciens
10160 HEATHALALEE, LAFIERIET] 80% M5 527
RAIRST ARTP FAS R I R 5% A: Th# 100 W, 1l
A& 10 L/min, AbEERTTE] 10 s. &I idt— 20 BRI
R G, 537 C5 M C12 MFkFaE L 1 A Rk,
SYNERMAEEL, it 8 BRGS0 5E S T 86.03%
A1 85.02%. FFXIERR C5. C12 DL WIAE B ARSZELT)
WA (1T SDS-PAGE HLIK /T KB, #5485 &
A& EOER R AR, RREAKTRR, KFFE
A RAR R VRO EAR PP AR R R, RS T
IR .

32 FEHBESKREARKKIL, SYIAEMAML, 57
Ja REER R Z IS BRI R ORIR R, Ffk C5 K%
J& 2 AR S 5 il s T 14.23%F1 15.56%:
PR C12 K Z IS 3G B iR T 13.24%A
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1L.77%. 5485 R W o 1k B e I KK dE

.
=
18]

WPk C5 Al C12 et Je v itk B 1 el 209 1
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