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HPZl B3R EMmRke®da, THABZALARR AT KEHRFHOF K.

KR SLER IR, K &G, B, LA EE

FESZEE:TS272.5 SCHRFRIAAE: A X EHS:1002-0306(2024)05-0001-07
DOI: 10.13386/j.issn1002-0306.2023030041

Production of Oligopeptide from Soybean Protein by Lactococcus
Iactis Fermentation

LU Meihuan, TONG Zefang, MA Yinghui, ZHANG Meili, LI Lijun’

(Shaanxi Institute of Microorganism, Xi’an 710043, China)

Abstract: In this study, foodborne microorganisms capable of fermenting and decomposing soy proteins were screened, and
molecular weight analysis was performed for the peptides produced during decomposition. Subsequently, oligopeptides
were obtained via isolation and purification, and their antioxidant activities were studied. The experiment results showed
that a PZ1 strain was isolated from homemade kimchi and identified as Lactococcus lactis based on morphology and 16S
rDNA sequence analysis. Whole genome analysis showed that the PZ1 strain contained a variety of peptidases and protease
genes that had the potential to decompose proteins. Soybean proteins were then fermented by PZ1, and the polypeptides
produced during fermentation were analyzed via gel permeation chromatography, revealing that 85% of polypeptides had a
molecular weight below 1000 Da. The oligopeptides with molecular weight 300~1000 Da were obtained via ultrafiltration
purification, and their antioxidant activity was studied. The oligopeptides demonstrated a good scavenging effect on DPPH,
hydroxyl (-OH), and superoxide anion (O, -) radicals, at an oligopeptide concentration of 2 mg/mL, the clearance rates
were 79.31%, 78.27%, and 84.62%, respectively. Therefore, L. lactis PZ1 could degrade soybean protein efficiently and
could be used as a probiotic for developing functional soybean products.
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KROERE FEATHEY, &8 F = nyubigfn
HPEAE, EA S EIERFE 35%~40%, ELAG R
EHIRMERAEYEEN, REEHKERGEALS
P fit el eV E S, dB e 38 . RS I SRR AL BT A
BI04 285 BT K = 9, AR SR R 38 S R 3~6 1>
S FEMR A AL, HAEXT43F BRI T 1000 Da AY{IRAK
BEYP., REEAKREANKG S EATRESST
THALBEVE A, o7 DL e Wi, FHRCROL T 2 2
FLR, AT TR S5 AFHEIRAR Y S IR R
REBEAMNGEEBABARAIPUEIE . P s ). b
B2l = (R | SN N 3 SN 5 = e 2 e/ R e e g
DiReP ™, HET, B SR HEEARS AV A W R ek AR
RSB FK, EEGFRIFIAHS 55 50 S8 A r= iiAs
151, [RIR Ao 25 2 17 AR AR B, S = i 1 ER, Tk
W) S W A 7 AR A AR AT A B 8 AR 7 AN FH A
A, IASTEALR, i H R WA 77 i AR P AT LSRR R
R, B 1A FUERE Y, HATiE T HTFRE
B K 0 AR 0 R B 2R A TR O AR LT
AU WRALE AR AT ORI AR, s N AR
[

FLERZLER TR 25 FH & S Ay, B HSUHA
FLOA A . IR T SRR T A ZLIRELEk
PR FH T 2Lk & s B iy, B nT LS ZLA i EL
BHFAL R ZLIR, [RIA ) BF 4 JIRTEEFIT 320 14 2 P T A
P ZL AR U BTK gl B A AR AR 1 N FH AR
BV, FUPRFLER TR I G52 T 8 1 W AT
Gy fit, AEXT T A & BB, R FHFLIR ZLER PR 2R 7 AR )
S Ay, B Gee si  BREAROR SLAR FIK
F R T IIL R, FLBRFLIBRIAAE R R b A i 2R
PR AL AT DU B R AR B S g E Y. [RIE 3L
iR FLER PR R 4 i st fa e e, 2 Mk A B AR 19 A 7=
[E5L 7 S

SHIRATT IR I BEIR, M A il i = b i ik
T —HRE AR T UT B RR PZ1, Z828 e RFLERZEL
BREE, XHZ AT T &RER M, H500T T Ik
HYER AR RE 1, R R IR S5 B IR
JR, SHMEER G T T P ATE TSR S
1 MREREE
L1 ARSI

FLRRFLIERE (Lactococcus lactis)PZ1 M H il
S g B ARAS, C O T [ AR SR O o,
{52 = CCTCC NO. M 2022398; K i85 (4sper-
gillus oryzae) . f8 %) FL ¥T & ( Lactobacillus plan-
tarum) . Wi B ZEFAT B8 (Bacillus subtilis) ASSZHG 2
LRAFEFR; MRS BigR 5t SHEHR 10 g I 5 g,
WEREAY 4 g FIZGHE 2 g, nhi 80 1 mL ., BEIR S 80
2 g, LR 5 g MR =84 2 g, BRIREE 0.2 g. B
fig4#h 0.05 g. BUIR 15~20 g. 7K 1000 mL, pH6; K 5.
SrEERE P IREL RGOSR 2%, HIATHE 0.5%;
98% K 543 B 55 H . Gly-Gly-Tyr-Arg, 44 & C

(Vo) BRI BRAH]; DNA £ BRG]
& RRAEARMHL(ALs) BRA E; DPPH  Sigma
OS] BRERV AR . KGR . AROR =y . LB KRR
RIM2EGAA BRA A b f ks &R fb T
BN ERR ST R LA R H] R
[ TRt U s i WAL 7/ S = = | L/ I

FA2104N HFR5F R HANES A BRA F;
722 43 GO EETE R R T S T A AR A BR A H
DHP-9162 fH#RIEFAE R ERHEUAT) ; TH2-C 18
IREEIK  KETHSEHE4) s GeneAmp PCR Syetem
9700 ZEHE P 1L EE ABI A F]; HC-2518R =ik
VWERELODHL  ZRrh R AR A RS ] BONA-
GM-011 #BIEIY 1A A PRl 45 AT BR 2N 7
PL-GPC 220 EEREHE O ZEE Agilent 2AF] .
1.2 SEWFHE
1.2.1 BERRGfE DN E SIS ISR RAA, X4t
FTREEERRRE, S3HK 107, 10°, 10" f5FR B 100 pL,
AT T MRS 15336, 32 °C HRLEFE 2 d, PrECa
PHVE AR S27E MRS Br 3 Sk Rl g alifh, 3RA5 4l pa bk,
TER Ty B R ARG FR kb 3%, AR T 2Rk & hTs
e 2 23S SO W NI R = A L UY.oa i 2ra i3 S L S 4
B — AR 248 PZ1 .
1.2.2 PEERYEE TBEEYEE: PZ1 BEARTE MRS VAt

IESR, MBI AR, B RS MO WA 550
TN

16S rDNA %72 : F AN L K20 DNA P $i

P SR EGE R PZ1 195 DNA, SR 16S rDNA
il FA 51 % 7F: 5-CAGAGTTTGATCCTGGCT-3"'ll
1540R:5'-AGGAGGTGATCCAGCCGCA-3"'i#fT7PCR
P, PIgFRFE: 94 °C 4 min, 94 °C 45 s, 55 °C 45 s,
72°C 1 min, 72 °C 10 min, 4 °C f#77. PCR P 1=
% VAR TSR, 3R415 1) 16S rDNA FE K751
£ NCBI Ml FatA7 EeX 5347 o
1.2.3 BéR PZ1 Sx3L R 2H e 2 7 A /K S AH S i 43
BT CBFERR PZ1 26db 50 H 38 5e4y B Nanopore 7
PR GHATEILHE LMY . IR IFINHREE
GenBank, &5y PRINA912843, FJHHLP IR
FIERREARZEXT PZ1 (8 BRI R A48 85 1 /K S A
EEE AT 5T -
1.2.4 AN[RA: ) R IR G 43 B 88 77 22 AR LA

PR AR L A ZUAT A . Al 2T IR (9N S5 A1
FLERZLERES PZ1 43 R 2 R T 50 8 i G IR L,
32 °C &M 2 d, REERIR T2 K& B FE 1A B,
TR Z IR R, Z G0 (%) =k & &/EH 5
x100, S ERAIUICE ZEMERP
1.2.5 KEZREENE
1.2.5.1 FrAERIERASTHIME R IS e 2 XL
AE R 22, FREL Gly-Gly-Tyr-Arg PUAK 20 mg,
S 10 mL 5% 9 TCA % f#E, BV A DU AR HE 3 R o
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PSR, A M HFURRTLER PR A TR S8R ™ (R SR IKAY BT “3-

JH 5% TCA S35 ECHilHeEE N 0.0, 0.2, 0.4, 0.6, 0.8,
1.0, 1.2, 1.4, 1.6 1 1.8 mg/mL ) Gly-Gly-Tyr-
Arg PRUETE W o 43 B BUPR HEVE W 0.75 mL, il A
0.5 mL XAERRIERT, 7EIIRIR G ARG IR A5, &
‘B 10 min, 2000 r/min, &5.0> 10 min, H [ & W 7E
540 nm FIUAE OD 1H, LIASIIN U ARPR HER A oS
X BRI e VG BE A, AR A 2 P4, BAPOAR
FHRJEEVEARRE AR AR x(mg/mL), WZYGREE (OD 1B) EY\ Ak
iy, wIVEPRHERN £ . R BIbRERN L T Rl y=
0.1026x—0.0086, R>=0.9933 .
1.2.52 ZRRWME KOS BEEOSHMEY LB
J&, W52 & e vh 22 IR B B, ol JFH 2808 /K e il —
AW, B 1.0 mL, ITA 1.0 mL 10% —4% 1%
(TCA W, IRG ¥ 55 # B 10 min, & .0 L
4000 r/min &5.0> 15 min, B2 0.75 mL IS # 2
2 mL Z.008 T, A 0.5 mL MR, 5848 E
[ 1.2.5.1, WSGIE SPRERTZ X R, BRI 45 204 509
Z k& (mg/mL) .
1.2.6 RO ZKM45FFEHST RAZHEEM PL-
GPC 220 BEBE 7 OGS SGHA TR 2 Z IR 53T 5 55
AT, Kl g84 PL-GPC 50(R1), (4341 PL aquqgel-
OH MIXED 8 um PR ERBK, Pelit i S da 4tk i i
1 mL/min, & 30°C, 5 FHZE 1B /K 4 i Ja 0 B
BE 1 mg/mL, FH 0.22 pum i3, B 10 uL AR
J5 W Y B - R -5 o = 2 10 X T4 B4 2 e = 85 1V
1.2.7 KROGMLERIRM#il#E  ZLIRFLERES PZ1 FH: s
MRS R}HENE AL 24 h, FIHEEFPREL 2 FREefh 2 KR
KRESFEEEBFRELT, 32 °C 1557 48 h, {8 KE1E
R PZL, F R G R ERRICEAE—20 °C VKA
¥R 12~24 h, BUR SRR, AR 15 min, #575
A Ky 800 W, FH .48 268875 J5 M R AE 55 .0 L
AL 10000 r/min, B5.0> 10 min, HX 35 W TE AR B
B P TRETE, 435t 5000, 1000 F1 300 Da BYAHL
B, W4 300~1000 Da 2 [H] 38 W, 1510 3R AICHE i,
BTG RAT(—20 C)FH. R 1.2.5 kil
RS APIRER AR S i, FREC A E W I T hE PRI RE .
1.2.8 fIRERARPLEALE M E  fIRRAK, KRG 55E
B AR BEPEXT B4R 22 C (V) 43 5l FHZE M /KRR B,
B BERSEE N 2. 1.6, 1.2, 0.8, 0.4, 0.1 mg/mL.
Z:25 A R EPMEARER AN . RGBS E R Ve
FIPLEALIEE, - 3Amxs DPPH A 3k, ¥23E A
FCOH) . BEIAE T HHEL(O, ) IIEBRSER .
1.3 HIELIE

SEIYEHE S ] Excel 2021 1 DPSv7.05 $0#% &
S TS AT, B EE KA 43T R FH Duncan’s
BER.
2 HERESH
2.1 HHkPZI LT

PZ1 BEETFE MRS A L3555, MR & T4,
FREATHE 22 Qe . WITEAR K 1 s, B

A, FLEE A, RIDGHE, 1R, L2 gL 52, v H
PERE . BROES MBS N B ERIR, K/ 0.5 pm.

PZ1 R BT AS (Z2) M 22 R 0
BARIE R (x1000) (£7)

Fig.1 Colony morphology of strain PZ1 (left) and Gram stain

micrograph (x1000) (right)

K 1

PEHL PZ1 Bk DNA, LLiZ DNA IR, R H
16S rDNA i 5 [ 9 #E17 PCR 9714, 3 UKAS I 3R A5
2] 1400 bp MHA—Re T4 (K] 2A) . PCR ™79
PEATIN P, P BE A 1441 bp, i i NCBI 7E4K Hb
X, WANTREE PZ1 55 ZLER LR B L B 721 [W) 5 4 ik
100%, 9] 2L | 52 R Ak PZ1 2Ny FL IR FL BRI ( Lacro-
coccus lactis) o FEELFLIRZLEREE PZ1 (1Y) 5. DNA,
FH Nanopore MJFH AN 5317 SLE AW )5 . X
FLARZLERTA PZ1 pya=FER4H)F 2 34T Nr [FRYFP
SIAT T, SR R SRR LEREE B RIS 98.34%
(&l 2B), RGN ST oS TERE PZ1 FIZLERFLER
P SRS (B 2C) o IS FLIRZLERTA PZ1 PR T
[ LR B S= W R0, ARES s CCTCC NO.M
2022398,

22 SUBATLENE PZ1 B2 EELAS

FLAg FLER B PZ1 19 4= 3k PR 4 ) )y 3 45 F)
4083885878 bp Clean Data, ZH %% J5 5E 45 R PR 4H <
2136240 bp, GC & i (I G FIMIMENE C T 51y
Fb3) SR 34.86%. ik Nr B i pe(3 1), #83R
K EE . & A EEAESC R, R PZ1 % A K Bl
Peptidase. — Ik fiff Dipeptidase. P Jikfif# Endopepti-
dase. ¥ IKME Carboxypeptidase. Z Ik Aminopep-
tidase A5 KA LA . 3l Swissprot Z4s R 1 B¢, FL
FRZLERTH PZ1 R T AAAEZFPIKEGILE, i R T £
FPEE 6 protease Jk[N . B WF9TFRH, B ABFAIIE
FHRAG S MR B (A TR A, A2 B S3F AK, KRN
KT BRAK SR /N3 IR 2 B lR P . Y IR RT L
YR EE N FR A2 EIR, 28 AR R KBRS T-41M)
BN, ZUIRBEAE IS N-FRum DI BR 2302, 72 IR
L —PEMBREE R C-RumPIBRZ LR, [FR 2 AR m]
LIS IR R o PR B 7K MR S R R VI 5%, s B 19 B
R, G5 G LA T LELERZLERE PZ1 BEGE =4
SN B L) N 153 NG v = i W a9 S0 N U 2
7P AR KA B M i H Y o
23 TRIMEDABEAESBEEE~ZIRAELER

SEAIRA 3 MoKt E:, AR LA | Al S 2R AT
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A bp  Marker PZ1Efk B
3000 B Lactococcus lactis [98.34%)]
2000 B Lactococcus [0.68%]
1500 @ Bacilli [0.26%)]
1200 B Lactobacillales [0.09%]
1000 ; o
900 B Lactococcus garvieae [0.09%]
800 Lactococcus piscium [0.09%)]
700 @ Enterococcus faecalis [0.04%]
ggg 0O Leuconostoc sp. [0.04%)]
400 B Lactococcus sp. [0.04%)]
300 O Streptococcaceae [0.04%]
200 H Other [0.30%)]
100
C Lactococcus lactis M3-G-1
Lactococcus lactis Y2-G-3
Lactococcus lactis N1-G-1
PZ1
100 Lactococcus lactis Y1-G-100
Lactococcus fujiensis JCM 16395
34 Streptococcus agalactiae JCM 5671
[ Bacillus subtilis ATCC 6051
90— Lactobacillales bacterium Otu048
Lactobacillus plantarum ATCC 14917
—
0.020 Lactobacillales bacterium DJF B280
/2 PZ1 GbERY 165 rDNA PCR 54455 (A) N [RHIEHVF 42 (B) FLRSCLR 47(C)
Fig.2 PCR amplification of the 16S rDNA fragmen (A), Nr homologous species distribution (B) and
phylogenetic tree analysis of strain PZ1 (C)
21 WK PZ1 7E Nr Fll Swissprot 0 12 1 R %) 2 F AR G A
Table 1 Protease-related genes in strain PZ1 annotated in Nr and Swissprot databases
By FEAID NeBda R Swissprot 4 7 11 BE A
GE000428 M24 family metallopeptidase - -
GE000132 lipoprotein signal peptidase Lipoprotein signal peptidase IspA
GE000716 M50 family peptidase - -
GE000983 peptidase M13 Neutral endopeptidase pepO
GE000991 peptidase T peptidase T pepT
GE001163 peptidase, M16 family - -
GE001181 U32 family peptidase Uncharacterized protease HI_0419 HI 0419
Ji7 NS GE001183 U32 family peptidase - -
GE001251 prepilin peptidase - -
GE001274 Xaa-Pro dipeptidyl-peptidase Xaa-Pro dipeptidyl-peptidase pepX
GE001510 signal peptidase I Signal peptidase I lepB
GE001792 peptidase Aminopeptidase N pepN
GE001887 Signal peptidase-like protein - -
GE001991  Multimodular transpeptidase-transglycosylase PBP 1A - -
GE002123 peptidase Nisin leader peptide-processing serine protease NisP nisP
GE000649 C69 family dipeptidase Probable dipeptidase B pepDB
ZJkE§  GE001737 C69 family dipeptidase Probable dipeptidase A pepDA
GE002330 dipeptidase PepV Beta-Ala-Xaa dipeptidase pepV
GE000078 peptidoglycan endopeptidase - -
oK GE000339 ImmA/IrtE family metallo-endopeptidase - -
GE000906 oligoendopeptidase F Oligoendopeptidase F homolog pepF
GE001986 gamma-glutamyl-diamino acid-endopeptidase Peptidoglycan DL-endopeptidase CwlO cwlO
GE000093 D-alanyl-D-alanine carboxypeptidase family protein D-alanyl-D-alanine carboxypeptidase vanY
®IKEE  GE000892 LD-carboxypeptidase Putative carboxypeptidase TP_0688 TP 0688
GEO001515 D-alanyl-D-alanine carboxypeptidase D-alanyl-D-alanine carboxypeptidase DacA dacA
GE000828 aminopeptidase P family protein Xaa-Pro dipeptidase pepQ
GE001071 Aminopeptidase C Aminopeptidase C pepC
ZJKEE  GE001874 glutamyl aminopeptidase Glutamyl aminopeptidase pepA
GE002061 methionyl aminopeptidase Methionine aminopeptidase map
GEO002155 aminopeptidase P family protein Uncharacterized peptidase SERP1271 SERP1271
GE000234 - ATP-dependent Clp protease ATP-binding subunit ClpX clpX
GE001348 - Putative zinc metalloprotease LL2128 LL2128
GE001354 - Serine protease Do-like HtrA htrA
EHM  GE001540 - ATP-dependent zinc metalloprotease FtsH fisH
GE002005 - ATP-dependent Clp protease ATP-binding subunit CIpE clpE
GE002104 - ATP-dependent Clp protease proteolytic subunit clpP
GE002123 - Nisin leader peptide-processing serine protease NisP nisP

T =" IR AT R AR R
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PSR, A M HFURRTLER PR A TR S8R ™ (R SR IKAY BT 5.

PR (AN ) FNFLIR FLER B PZ1 KK G0 M,
M & e T M 22 I i, T 2 RRF AR UL 3. 3 R
K BT R 43 B 2R Y 22 IREL AR I KT 20%,
Al L ZEAAT B UL LR R 47.84%, AHPIFLAT R0 £
ARG LA 85.08%, FLERFLERE PZ1 i fb 5
=i, M 88.27%, Ui B PZ1 AJ LU Uy M 43 il K 53K
o iZ45RuE— S T PZ1 AEAE R F i F IR L
P, AT LR i 22 K . HA TSt 2 B ZLIRR
AT LA 53 R G FR L, Ao v HeRe) ] LR o A2
[lEASR SMCINYS CASR L L% e i s &= WA 151 370 4 N e
JUR, T ELEG I T Ok i S A R R O B . o] DA AR
A7) ] FHFLIG AT KLDS-1 % ORIy, 2542 kL
PRE K BRI B Bk 26.12%, O A BERTEE = T
22.81%. HPASGEPY SR HFLIRFLERTA 17 KW TR
BUS R A R TEROR, KEERER RN 37.29%
FNELA W FEAH b, ARFFoT LR FLEREE PZ1 Srfi K 5
AR =, (EAR 20T &R .

100
90 | a 2
80 |

3 70t

BN 60

§ 50 b °

£ 40p

8N 30f
20 ¢ c ¢
10}

ol n i
I A O
%g,%‘\@ %‘%X/g %@2&@ XA\@?( W\ié\ 3
xé%ﬁ ®

K3 SRR K R S 03 B 4 1 7 22 KA e A e
Fig.3 Conversion rate of polypeptides from soybean protein
isolate fermented by different microorganisms

1 WP AN A R R 22 57 B 35 (P<0.05) o

2.4 FERFLEKE PZ1 ABAS N EERNS FENT
FLERFLER B PZ1 A8 K G4y B 3Rk b L 7
BigR)a, o s A IR R A I T 1 B A TR TR e
BB OGS, CIBEIILE 4(A) . & PZ1 KBEEH)
KGR P R R R AT S, DA RS B EE ek
SyFR R NI Z A 1 R AT R B S B 5y
MU TET T, 5 R ANE 4(B) IR, ghR
T, REETTI R G AT FZAE P AE 5000 Da
L, S EER 76%, 43T & 1000 Da DL AL 5 1%;
28 PZ1 53 Je RS2 K51 < 1000 Da 19 Lb gk
85%., Mo+ T HAE 3000~5000 Da FYZ2 KN HA 1%,
AL, 43T 1000~3000 Da LAk 14%, WEN 25297
SR R P 1 R A T i R AR I TR S
Wt fi , 345 87.92% 43 T £ <1000 Da i K ik,
1000~3000 Da L] 11.03%, FIASHFST 53 f#24
SR, UL SR HZLMRFLIR I PZ1 BB R T E ]
DIARAGEUS IR . A7 BRI, ZLIRR IE Z 7
A DL SN AR /K g BE E 2R T =R, A

MAERF B BIE AP AT B9 R L
TR S A B IR, AR R G, B IR
R ZAEZLIRFLERES PZ1 S0 i I i B I ST
KRR B TR, AE4ERy A B A KA R 42 T
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molecular weight distribution (B) of soy protein
isolate before and after fermentation of PZ1
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