Vol. 26 No. 1
Jan. 2 02 6

194 FOE R dh o Il
A

Journal of Chinese Institute of Food Science and Technology

et BEEABRREERENEEEBREDEEREH &

& o MY, #FE2
("RREIKRF KA 030024
PRRITEFR APHFERAFR LEE T 030619)

Kpedt?

HE B Bd TERREFaBSARNEFLEGEY TR, 7k, H it L& SFQRBERMAKAHIRY @
PCR B ARY 38 EL K OB L B 49 Pre—H L MR, Mk % i dm B 5 2 R IR0 59 A8 AL A TR E G, AL RRILR
FLERE NZ9000 F A B4k, 5 B 69 & G 8o ik Rk | JF 5 Ar L Be F A M R BE R G KRR = e £ i 25 R TR RAT
BRBLBREARME T ARKIF AR TR, L EGBARZKEEHFE pnB3 AR, R METHARERRK
pNZ8048—prtB3, 2. T & & B PriB3 £ SLERSLIR A NZ9000 F e St kik . 5H AR R GBI, 4% & B PriB3
8 R B E I T M a— B—Fr k—B45 K G ; PriB3 KR 3t o % B 7K & 45 ALER (ACE) 34 % 9% 5 T 1% 78%,
kB A R R E 6 2 A A B (ICs) 4 1.69 mg/mL, L ACE #p#) i& M A2 8 A NMBRBAA R Rt K= st e &
HAREA ATCC 25923 F= X MATH K14 IBC 4004 ¢5£ K A R ey kAR, 4k Rp 5wl RRX T TR R &
& B PriB3, % 8 7T 5 A B B R O 5 BRI KM e A E e B R MBS O A Y Bk & LA

T1, A A E AR SR SR T T H AR,

KR AMFrEk; BEG; LRE,; TEREGHE,; 0¥ RRERLBAR; EK

MEHS  1009-7848(2026)01-0024-13

AP IE PR B 2~20 B0 AR S B TR
R P RETE P R B, BT A Rk R A
Ml (ACE) HUI PR AL | S0y I8 19 55 B 2 A4 BHYE
PR SRR 2 AR T 2R R A b ZLA
v A L B AR B A SR 2 — 81 AR L 4
B, W& & EEA A DR nFL IR A Y K
Rl LI %, FLUR PR IE B T g A s 21 )
AFLAB, HE AR S R W FLE
M FLERE A PR DL S B G A
UIRenamE, Hrb MEAL N BEA SR 80%,
EAAEANEER, BEOE TN EA, H
as] -l as2-PFE & L% B AN k- B AL AL,
REWS AR n A KR B IR e i H s
FrusO H AR U], SR 1 REAS 43 25 10 A
DI A A 3 P R 21

MY PERRE T RIS A e, WA ER
TEPE, R Y R A REUS , A RE R BLAEY)

WiREE: 2025-02-10

EE&WH: WvuE et (A hiREgES) mH
(202103021223119)

SE—1EH . B, L W P

BEMEE: XM E-mail; diliu@ynu.edu.cn

DOI: 10.16429/j.1009-7848.2026.01.003

PR, ERT, RS AR A T R I
R F AR W) e Bk L R A 22k 2
SR AR A LS o sk A=A 2550 i
N5 S B FE ML, R R B S A
ERABESRRY RS, SECLAT TRt
S A MR, I ELRE R o5 i LR
PEIRFEAEAT A AN R BE B R0, A2 R 3t
W R R LA AR TGRSR s
I BEA R DR TR 7 AT e TR B TR AL, 2Ll
KR FURR A A b s, FLIR AR
UK RGINA EEBER, 7Edn e B i
A A IR A PRI R 3 SO BOK A
A D9 25 7o 22 R Bl g 28 R, H AT, il 7L
PR A B E 2 1R 2 A P iEPERR , oy
1 NN A NN R 7 L N S
SR, LAY SR, AR Sl A W) R R
Prois v RS E VA 5 32 B R A I R R R
TR = AR R TN, XAEARRARSE I
BRI T A P R B VA A T M R T A 7 v ) R
AIRE 2, teoh, F AT T8 b E A 3 R
FARBONA R, ARZO0 R A" R bR R B A
Bah LM, JFA T LRk iU L E H



H26 1M

T SLBR T R 6 Bl Y ST A AR G IR A 4 E AR ) & 25

Hh A W P R ) 2 1l B R AR U

T A8 B LR TR i T ) 45 A= 00 ke O 1 ol
Hh B KA AR g8 B B R A S CEERT . B
B, A 5 FhL R b A5 L A 8 il e A%, X
HESHFIIREC A RGMEFE, FLRR T 8 o)
F T i KA1 180~200 ku Z 8], ZE AN P, 26 14
itg3d H AN B R TR E OB e, R
M S N 3 Pre—Pro 4543 25 K PriM )
ALK RS, TR A T B R, FLRR T & 1
Mg Js T — M AN BE R A T, H C RS A WA
AN ZEAb SRR A% L 2R F7E 7 W 22 A ML A S AT 5 4
JRUBERHIE  Aid O HER A 20 R i AL
TP A e, et AR S i B AR T
B, TER O AR B AT M 32 5 A AT N, 5
B A5 11 b g A 200 BE SRR AR 23, TS A
WA i 2B AN E SR RS, O AT PEEE
it , T R 2 1, A A= i R R, B XK
YRR T, AT B R IR S SR rh S
BRI B S 1 M RE O S
T BRI TE—E R b S LR AL Bk T 2 1 Tl
SRR s, (H R LT A R Y 43 B
BRI A BRI,

ABIFFE T H AT v 2 AR 1 A0 LR T
BRI XT TS 0E . 18 1] PCR R Ir B TR Y
BRI IER prB3 BOE 5 HEH] TR AR
W E BRI AR pNZ8048prB3 , K AL A
P R H R AR FLER B (Lactococcus  lactis)
NZ9000, f% Bl Nisin Controlled Gene Expression
(NICE)ZR3A R 4t , 5 DL 21 4 1 i 09 T 455 70 b
Kb, WG, W0 R B,
BSNS54 GBS, TR ST I
KB B A P iE A A2 4E ACE 103 M Aot
UL I AT TR

1 MRS FE
1.1 #FRSKH

TR0 A7 3 A R VR T S0 50 TR RIS H 5%
Rigi i MRS CM17 ., [EZ A KIHATE DHS« FIF,
R FLERTE NZ9000 2 AL | £5 Fh o bt ik A 34500 4,
PCR Super Mix 4 & 2K 4 ki #2HL DNA %
F2 DNA eI InIfioin) & . A 1 i Bl il 6 1Y)

H—3ifK (Anti-MBP tag monoclonal antibody) .
% 4iiK (Goat anti-mouse IgG/HRP) Tris—HCI
Ge P FITC 2OGHRCEEEE . =S LR (TCA) |
PR 2% vk \HEPES ZZvhifk . 2% S5 i R250,
SDS -PAGE % I il #% i 7 & .PBST 2% M W |
Tween-20 . DAB & (43057 & DL SO S8 R IA 1Y
FLIREEER A ZH 45, W A R E YR H
BT EFUME ZUIE 22 200 HOBHEE H 820 oK
Wi A (3 A el [ 25 A Ak 2 h A R
Al o BT k—BEEE | 055 B IK R AR
#, [ Sigma-Aldrich A ], SLFE K pBad .
pNZ048, [ Invitrogen A F] , Myc #5r2& (EQK-
LISEEDL) 2 [ 2lifk i) & , s S R A R
BA AT, PCR 5149 g TAEY TR
A BR A F 4 i, DNA BRAIPE U0 gk
Fermentas /2 7l .
1.2 UFEHEE

Centrifuge 5810R & & VR 25 0oL, 7 Ep-
pendorf; LS -50B % Ot 43 Ot Ot B it , 3£ H
PerkinElmer; UV-2550 5406, HAR
#H;C1000 Touch™ PCR #3481 . PowerPac™ Basic
LIS KBRS FB VK 2248 .ChemiDoc™ XRSHEEIR A%
ST R S5 Mini—-PROTEAN® Tetra SDS-PAGE Hi,
Wk 24t Trans—Blot® SD Semi—Dry Transfer 2
EERAY 25 E Bio—Rad; CX31 A4 W ii4s , H A
MREIT; SW-CJ-2FD #i ¥ TAER, JRME b &
H PR/ s Infinite® 200 PRO BEFR{Y, Bif 1 Tecan;
AKTA Pure 25 FH A R4ifb £ 40, Filt Cytiva;
ME204E H,F K FE28-Standard pH i1, Fii -4
TR — TR £ HH-S4 1= IR /K 8 , 43 X VG 3008
B AL #% ) ;Alpha 1-2 LD plus % T #L, 7l [
Christ; THEITfL#s ( HAE 4 mm), PTG 4
T3 JY92-1IN 75 I 4R Mm e, T I8 2 A= Rt
e ety A BR S 7] s MLS-3750 7 JE 28V K # 8 , H
A SANYO; TS-100 it 2 IR , 5 [T HAK DUR{X AR
A BRA T ZHWY -2102C fHIRFE R, LigE
W BT AL 25 6 1 A FRZA Bl s HZQ-F160 18 R 4R %
g, il — R A R AH]
1.3 FHik
1.3.1 BRI 2388 Kliche P20 Jrik  F
R TR AR B A b, 7 37 CHE 3R, HE
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IRBNRRE I X RS T B0 (8 000 r/min, 10
min) , 7 _FIEWUE KRR 2 50 mmol/L Tris—
HCI 22 i, I8 8 e 1A e 8 A LR+ 600 nm 4k
B IEAE ODeoonn AN 20, 38 52100 58 B MR 7= 25 11 il
T TR B
1.3.2 EEABHEENE B 20 pL FFIUAE S
40 pl 28 FITC 26hRic AU A 7E 37 CHEIR &
14 B R N 60 min J& , ITA 300 pL =5 R,
YRSLIFE 30 min ZE 0k SOV, SN S5 I i B0
(14 000 r/min, 4 °C, 10 min) KFASPEAYEE 1 L AIZ0
53 E8 % B SR A TINE R LS
50B K NGIEIEAL , 72 UK 490 nm ALK IF Tk
1+ 520 nm A0

I B A e AT A2 (1) TR

AR (%) = Lo = Fan oq00 (1)

F100% %A

L F e R IUAE S (RS CIRE 5 F o h o
TR B2 FUE, R 2RI A 4 TR = T TRt
AT RE 5 Fiooe 1 DGR BE Y 100% 15, R Tris—
HCI & i A0 = A SRRt AT E
1.3.3 WG FAEYFEE RIS 2 48
UK G PRI B R gDNA L DAL R AsiAR , |
Fi PCR XFH 16S K XIS TH H I I0y , frfifi
519 38 FH5 49 27F (5’ ~AGAGTTTGATCCTGG
CTCAG-3") #11492R (5’-TACGGCTACCTTGTT
ACGACTT-3"), PCR &%} :Super Mix 15 pL,
ddH,0 12 pL, 8 H 5% 27F (10 pmol/L)1 wL, il
FHS ¥ 1492R (10 wmol/L)1 wL, BiH DNA 1 ulL,
P2 R .94 °C, 5 min WASM:, BEJSHEAT 35 4
PE¥R, BAEAREHE 94 C 305,55 °C 30s fil 72
C 90s, MF AL AREHERERBHARA A
SERL, WP 2h SO 7E NCBI Y Genbank %540 42 i7F
135081, FH MEGA7.0 JF R [RIEM: 7341, DAL
RIS
1.3.4  BEREARE: W RRINTE AR A 4
B MRS 55753, BT 40 CIEIRAEE h#HikE 3% 24
h, 2351 TER ARG MRS 55353 /P n 20% (&
TR0 W FUNE FLBE 22200 T R
IKAGTR VA SRR, B s I (A R Rl 22 iR &
AR R g, R E MRS 3575
(TCHE) Ryas A RRAL 385 W B AR O D ggonn HYAZ

R PG TR B AL KB L, 5% A AR 1L, 2
ODeooun TEL 1= F, - TUDKE BRI FHAZOBEAE Ry i 58 119 A2
KAF BT R AP, S 22 B
135 TafES5 A DAREERMY gDNA AR , fff
1519 F-Ncol-prtB—Pre (5’ ~AGAAGACCATGG
AGAAGAAAAAATCCGCAC -3”)R —prtB —Xbal —H
(5" -TGTTGTTCTAGACTTCTTCGCGCTACT=3" )
X BRI (AR Pre—H XIGHEATY 1, FTEk
FEYIAL S B ARG W I AN Z5#38, PCR 1A &
4 :PCR Super Mix with high fidelity polymerase
15 pL,ddH,0 12 pL, 514 F-Ncol-prtB-Pre (10
pmol/L)1 pL, 51% R-prtB-Xbal-H (10 wmol/L)1
pL, 5k DNA 1 pL, §" 384505 4:94 °C 5 min T
A 35 MER, BAMERELEE 94 °C 305,55 C
30s f172 °C 5 min, fitJ5 72 °C, 10 min ZEfH, AT
¥ Myc-His &Rl & 2 AR E A ¢ 3w, FH
Neol I Xbal XU U1# H (%) Bt prtB3 4 F it
KR pBad/gllIA , #4) & 5 20 iR pBadprtB3, #
pBadprtB3 % 1t 2 KA FF 1 (E. coli) DHS5a, HkHL
FOREFHEA T /NI TORL 28 Neol A1 Xbal i)
Jei F 1903 R W EE IS L UK A T 40 o 58 L 2 11
Fkr kAt st oS A AR RS R B AT PR FI AT 3R
DT | S 5 B 2 75 I

fit F £ b R 1 3% 5 TR R 3L R 3Lk R
NZ9000 HIF BAnE Y RIB, fEIZR b, 78
(ERE NGO T RS N E R vy 4 W % oA = W N ]
PAFF TR HAR 8 . B pBadprtB3 5T A 28
Ncol F1 Pmel XU AL | 38 15 58 2 HEL K 49 55 dm i
B IR FBE priB3Pre—H-MycHis6, #4525t
Neol 1 Eco53ki BEVIALBEAY pNZ8048 4%, 157
BTk pNZ8048prtB3, Ak B FLIRFLERTE NZ9000,
ARG FR S E , PRI R T S BUsORL A T
YIS FF56E , B &8 pNZ8048prtB3 JFk LR
FLER T NZ9000 #: /b A GM17 3, £ 30
C, 150 r/min 5 TR TR 24 h 5, ¥ RH5¢R
E1LIERR, HFRE 0D M 0.8 B, i3 M 4537
AN 10 ng/mL FLAREEBR B 25T HArE H
Fik, AREEREFE 20 h 5 O IE W, O KL
i
1.3.6 M aifh O EE W o e Ak R
MY C pr&sml & & F gl iR s b T alifl K alife
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T SLER T R 6 Bl ST ROA AR G IR A E AR ) & 27

JE PRI B T PBS B R ENTAS T, BT
0%, Bl 1 SDS-PAGE il 85 (4 26 I8 15 o
1.3.7 SDS-PAGE =M Laemmli®"f /5%, 438
eV B2 R 12% VR 4 S MR FE Ry 4.5% , ¥ i b AE
H 15 wL, HIKFFER BB, BB H R 45 V, 4
it R4 IS iHE A3 B e, F L R 28 65V, 15
FE LB B3 BB 1.5 em BPER Ik {2 T 0
SEHE R250 Gufhy WK i faad 7%,

1.3.8  HEAJRGEPEEDBAI At —L g uE 4l
(R RS o HAREE 1, SRR a7 2 s
PEEEAG I, RS 12% SDS-PAGE 23 B
R A B R % B % PVDF I F fii ]
5% WNR YRS B PBST ML S #EATEH] 5 h )5
PRI S A 121 000 5 B /N R BT His 53 B
PUARE) PBST ZZ i, 7F 4 CHEEE0; i
PBST Ve 3 ¥k, LA EBRARGS A bk, dksifs pit
B 1:1 500 FBeiss —Hilk (HRP FRic iyl
PN 1G) , FIRIFF 2 h; PBST PRAR 3 U, i
EERARE GRS Pk, fJ51n PVDF B4
0.5 mL DAB JZ 3 4, % i |- i 8 1 s A 7 ol 2 e
N, FFC SRR,

1.3.9 AR EES T Wb
SRR a- Bk~ EE Y B FRAVE T, 20 B 2
B XTI R A B R S . B 100 WL 1 mg/mlL £
HBEHATR , 735 100 wL 10 mg/mL i a— 8-
K- AR E S AL 7E 37 CCF, S v 30 min Ji,
KW 5 min KA, FIFH SDS-PAGE 2 il % £ 4
IR

1.3.10 &AM HS R E M 0.5
g, VR 100 mL ZR4R K i BRI B LA TR, 1
AR R A 200 mL B VAT 200 mLL Al
MR 2% PR AN 100 mL 25 (1 mg/mL), KA R
YLFFAE 37 C, IFRrLdii bt 43 7E 0,6,9,24 h Bt
FE, B 5 min KEFL LI, FEREASEHG B0
(4 °C,4 000 r/min, 20 min) Y& iKW, F-20 CHR
17, feiE—25 0 #r, ilid SDS-PAGE Il %2 fi% 25
(IR BE , R LAy I R, o A it et
TR,

1.3.11  ACE #ili&H: S8 Cao SN J7 7k Xt
ACE #IIZ3E 4700, A AR AN 5 P 1 340
nm ZLRY) FAPGG Wt BE AR 4k, DAL R RAEFF

AL ST ACE B9 HIFREE . 72 96 fLAR
JIA 10 wL 0.1 U/mL f9 ACE ¥ 40 wL £5 0B i
IR, [FIEREE 40 pl 80 mmol/L. HEP-
ES ZZ0Pi (pH 8.3)IRINZE 4 (AN BRFL . B 14
AFLAINA 50 pL B 1 mmol/L. FAPGG JiK ¥
Je LRV R A A . IRY) FAPGG Wil T &
0.3 mol/L. NaCl £ 80 mmol/L fiy HEPES 2% i ¥
o, FEPER 340 nm Tt FH AR (S 7 X REFLFNRE
i FLEI IR G | 7E BA IS v 37 CHEIR A F I
% 30 min J&7 , FRRINE HROCEE . ACE i
A X(2)H5E

MEW%%@@zﬁfﬁmm (2)
A Shas O BRI B Y ME B O RE
mi A RS BE VM

1.3.12 ZKIEMEME il By il 25 00 B 1 K i
W% FERG SE P |, 45 I Kliche 25 P2 7 3 X RE
7RI P (aw (B SEA T AE .

1.3.13  BrEiE e Gl iR ALY BOE SRR
PR TR T |, BEFH R WAAT 1R | 4 o i 4 Bk
B 5 2 T B AE AR R, K 1 mL FE R
W (B 290 1x10° CFU/mL) 4% & 100 mL LB
ARSI RS R A, AR 25 S
FHERR 4 mm TLFEFTILARTE AR BT, 85
¥ 30 L FRIEE S AZIR LA 7E 37 CHE 3% 12
h J& WA SR A, IR E R 3 W
FHIE,

2 #RE5HW

21 EMHFESEE

201 1 i EL A i A I T 1) P AL A R A
FIFH FITC ZEHRIC 0 B & VR R RN ), 38 ik
PAR TR X RS 0 28 1 1) B A SR Al i TR R 14 7K e
TEVEIUEA O e, X 15 BRAFIN LR B A0 00 45 5
IR, IR SETR AR P HL A — i AR B Y K AR K A
M, B RERRE LRI IR 1, Ko 3 S kR
B gE s, 16 48 h AT FITC 28GR0 & M 0
TERIZT 40% , FETF I, ARBFFTIEE 3 S HRIE R
Ja B2 TR X 4,

212 RHFEHREE W TE MRS [R5 57 5
TR P, Nk, RIrOEH IR E G, HR4HN 03
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Wk s
Strain number
2 LA FITC ZEGHR1C 1 1 25 (1 VE g SRLIC ), 26 1 e 1 37
WAL R RN
E1 BEE&ERKEEENILER
Fig.1

Screening of lactic acid bacteria with proteolytic activity

mm, 73 F A R E LI BRI 16S tDNA 751
A, ZIF AR 16S tDNA J3-51 55 78 G FLFF
B & (Lactobacillus. delbrueckii) FLER W (lac-
tis ) FIE FC VT (delbrueckin) 5 B8 H %88 e [R) P51
H LI Wi B R U B TR LA T & | KA
H 165 rDNA JFH % T A %5 i A .
W 20 LU TR AR AN [R] R M 1Y) e TR 22
S, DB E . R 1SR IIR 3 SRRTE
W %) 2 B Ry T 5 1 EC LT B L PR S o — 2,
LEA T 16 tDNA 741 5500 & e vk
G50, BRZNIZTE R S E R IR FLAT TE 3L R
i,

F1 BEMARMEENLZEFIEX 3 SEEKHRITERE

Table 1 Identification of strain 3 through fermentation with different carbohydrate
A F A L & A H B HEAE KA BR FEHE
KA AT - - 4/ - R - .
FE K FUAT A LB T A +- + + - + + +
35 + + + - + + +

T+ BRI R AT ARG BER (A4 R RN BB T3 ) 5 <= 2R RS B AU RE R (CTEBA AR, B IR I RE T3 8k ) 5
=" BTN RO L U AR R 55 BT E (A — B AR IR IR A 3 .

22 EOMERAMNTE . REREQL4NK

WL PCR XT3 5 AR L 20 DNA 1 7HE
S IE 1R8] PCR 7Y, S D BRHEE I L VKA
W 2), H A O E 5 BSR4 1 e
(Pre—H Z5F938) i Bt K/ 5043 bp AHAF, 420
J¥ I B R Z R BEOh FLIR TR 25 1 PriBPre—H 4514
BRI, BoRA I B A, R
prtB3Pre—H (prtB3) 73 31 ,

B8, B PreB3 BEH F BEvifE % pBad/gllIA Jit
K, Hitt, BHAREER S FUR pBad F % myc Fl his
PREEFHANS, X 2 MARZE S5 T B AR M 14l
RS E o S B AREE i Ras 20
H bR A K mye F1 his Fr25 09 B pBad 52
B 2 R R pNZ8048, [l Je ks HFk fk = IR TR
FhFLARFLERE NZ9000, Xt %Ak 5 £ 2 A4 BHE: i v
HEAT PCR AN B0, 25 5% Won , H 5 H Ay 3L A
3 —3, FBFA81E pNZ8048prtB3 #4 7 i
Ty, TEFRRFEMEFLERFLERR NZ9000 ', HAREE H
LI REEER A FIA T, TR SRS 2 T /it
AL NI SRAS AT H A A, kA

S ows— 6 kb
S— o ®— 5 kb

TR

B2 PCR =4 prtB3 2 EMIRAS R ISR
Fig.2 Agarose gel electrophoresis of the PCR product
priB3 gene

IR T2 B R s alifh, i hit—L0t5E B
FraE DI REFITE BB e 1 R A BEhi

H AR H IRk SDS—Page #EA TR,
FI G T AT A4 PriB3, A % 81 I if Pro 45 #4)35k
2 H 455, Bgsr 7 i 2924 181 ku, SDS-
Page Z5 5 (K1 3) /R, 7E 10 ng/mL ZLIREEEK T 2
BT, BRI RIKIE R 180 ku 28 AT UWLH 2 2%
i, TN H AR 0 B KN I



H26 1M

T SLBR T R 6 Bl Y SRR R G R A E AR ) & 29

W PuB3 7 W T SR, EEAL myc-
tag 4L , FEVEIBR 15 LUE 4 . Western Blot 45
SRR BRSO RE 180 ku ALY AE
RSP 46T, A OB P S B — 40, R

M 1 2 3 4 5

. F P ol

135 ku

-

»

(a)

Wzt hE, A R . 28 b, AR PR IR
Firp 2 R RN BERE I 2 LIS, S
WA Rl R Ik

M 1 2 3 4 5

(b)

TE:M. I marker; 1. B FVEG2. W3, TEWEWE ;4 AL S MR BEAE M.
& 3 #4i{kZEEHEs PriB3 B SDS-Page(a)#1 Western blot(b) 44
Fig.3 SDS-PAGE (a) and Western blot (b) analysis of purified PrtB3

2.3 WAMEABHELEE

Tt AT A R A LR AL BT S BB KR
AL R T T R WE 2 h (N FITC B8R 1 A 5
BRALHR 3.1%, Lt aife)q AR B E T
2 30% 153 FIEWAY 9.6 15 (K] 4a) . MBI
TP AETE B A0 A 1T X il T = A AN
SN T2t SR A B Al B A R FEARAN
AHEARM, XA AT B 25 0 1E 5 i
PE RS  BERGMERIREE T TEAR & A RikE
KB FLIRFLER B NZ9000 X} FR 354 NC b, R
G 0 R A G 2 G SR I AT i R
) R F T P A S 2 Pl 4 R R I B (T PrB3
B,

Shy itk — 25 BB AR BT A2 PeB3 X I )
AR R, SR SDS—Page X H: [ A 1 F2
HEATIRGY . SR R AR I R RS 76 AN [ R
JE LR o B—F1 k-TEE T (1] 4b) , ZE N IR
B 3 h 5, FTLASRER B a— B 2R FH IR Ry () 257
AR 55, [ H B0 — L85 (/N i I 2, X
B a— B 2 I R AR OB =8, % - 2
MR E TR R AETE 9 h 25,24 h R IR &

St SEATH R R B I SEA R ik ah
A I MRS T H AR & B PrB3 XA [F] 48 4
a— B-F1 k-FE R IR RE ST . SIS A 7Y
AR, & AR AR Y0 R R S R AR
O AR TR U EOT R oo B 1 R
JEE 4 S P A AR A T BB UE DR T AT I i 114 45 LA
FAERR AR, WEATAYI G T A S Bl 4 =
IEWR, AT RIR AR TS R A BAEH
Rt T SRR G 4G Y RetH EAVER , B
B KT B DT A O 22 A AR,
FEPR VI TG0 158 B 11 B30 A 1) i ek
A pH (H S5, K AR 20~55 CHE RN, & H
it 2L — 2 AR TG P, B e PR AR TP 7E 37~
40 CZ 0], MUK E 20 Csi Tt 2 55 CHf,
T PR 23 ) T R 1 i o 3 MY 459% F1 25.8% (K]
de), ZMEEA R R TEIZ M pH HIE RN P, 7 pH
7~8 Z[B) Gk A i, TEAm R YE AN ME R 5T T, g
TEPEGE N[, pH (ECA 4 F1 10 B B PO B
EIEPERT 30% (K] 4d) , 1804 Wit ) dac i S o 2%
SRR e E R K IABEAAT, i 1 B4 AR
S BRAR A IE B A R A IR s, Em
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40

8 ‘Ko M Ky te b t24|
w2, | F -
N X
=
il N < —>SF T » LI
23 \ -l
oo u .
=2 ol N 20k "~

=" § l7ku/

ob . EERNY 11 ku

X LW A RS
(a) IR LTSV S Al A 1 Y 1

60 -

40 |-

LiERO) AT c
Relative enzyme activity/%

20 1 " ] . ] . ] L 1
20 30 40 50 60

L

Temperature/C

(o) Bl I BEAE A IR BE T BT 1k

(b)SlALEE B Y R e

= 0 =3
=) o S
I 1 1

AEAT AR
Relative enzyme activily/%
T

, ] , ] , ]
4 6 8 10
pH

[}
I=3

() SLALEE AR IF] pH {154

TE IR b Ko D SRR O BT IR S MO R Marker; Koy 2 24 h 5 B9 B S 5t to I oy 23900 B2 3,6,9,24 h

BOTFIIRE S

4 SUEAEBEKEENE

Fig.4 Proteolytic activity of the purified proteinase

S A T 1
2.4 BEAHBEEYNEDEEST

BE X PriB3 R ik 1 25 1 RT 7= AR B K fg 4, T
JEET I A Bk R 1 LI (ACE ) R4 B G 1
HIAHIERTIT . KRB ACE SRS PR K v
FEMAEAL IR ZR QN &] Sa TR, 7R R A
0.5~8 mg/mL B, Fifi 7K ff v A 1 o e vk B g3 K
ACE #1076 PR R 8 i, IR A5 ik 21 78%
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Cloning and Expression of Soluble Lactic Acid Bacterial Proteinase and Production

of Casein—Derived Bioactive Peptides

LI Bo', LIU Di*¥, YAN Pingmei’, WU Xiaoying
('Taiyuan University of Technology, Taiyuan 030024
College of Biological Science and Technology, Taiyuan Normal University, Jinzhong 030619, Shanxi)

Abstract Objectives; The efficient release of bioactive peptides (BPs) from bovine milk proteins is of great significance.
This study aimed to explore the potential of using the soluble proteinase of lactic acid bacteria (LAB) for production of
BPs. Methods: A LAB strain exhibiting high proteolytic activity was screened and identified. The gene encoding the pro-
teinase in the selected LAB was amplified via PCR and then modified by removing the sequence encoding the cell-wall-
associated region, enabling it to be a soluble protein. Subsequently, the modified gene priB3 was cloned and expressed
in the food—grade expression strain Lactococcus lactis NZ9000. After purification, a comprehensive evaluation was con-
ducted on the enzymatic properties of the recombinant proteinase PrtB3 and the biological activities of the hydrolysates
resulting from casein degradation. Results: The screened LAB strain was identified as Lactobacillus delbrueckii subsp.
lactis. A soluble, secreted, C—terminally Myc and His—tagged derivative PrtB3 was constructed and expressed in Lacto-
coccus lactis via the NICE® Expression System. Compared with the wild—type proteinase, PrtB3 demonstrated a significant
expansion in substrate specificity. It was proteolytically active in the hydrolysis of a—, B—, and k-casein. Regarding bio-
logical activity, the casein hydrolysate produced by PrtB3 showed remarkable angiotensin—converting enzyme (ACE) in-
hibitory activity. The maximum ACE inhibition rate reached 78%, which was twice that of the hydrolysate produced by
the wild—type proteinase. The half-maximal inhibitory concentration (ICs) was 1.69 mg/mL, and the ACE inhibitory ac-
tivity remained stable over an 8-week period. Furthermore, the enzymatically produced hydrolysate showed antimicrobial
activity against Staphylococcus aureus and Escherichia coli. Conclusions: In this study, the soluble proteinase PrtB3 was
successfully cloned and expressed. It effectively enhanced the degradation of casein and significantly improved the biologi-
cal activity and stability of the casein hydrolysate. PrtB3 demonstrated great potential in producing BPs by degrading ca-
sein, providing a novel approach for the preparation of bioactive peptides.

Keywords bioactive peptides; casein; lactic acid bacteria; soluble proteinase; ACE inhibitory peptides; antibacterial

peptides



