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Table 1 Information of strains used in this study
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Fisher Scientific 28 H] ;ST3100 % pH 1, # M B 52
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1.3 Hi&
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Fig.1 The a,—CN and B-CN utilization of Lactobacillus
helveticus TM3 and M108 during fermentation
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Table 2 ACE-inhibitory peptides generated from bovine casein in the 24 h fermentation milk of two strains
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Fig.5 Cleavage preferences of two strains for amino acids at the P1 and P1” subsites
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Fig.6 Growth and cell-envelope protease activity

R KT TM3, M108 76X BRI (6 h) ik 2 i 7%
T 9 (2 120 P /me ), B TG B T RE
FHIZ , TM3 16 FEAS J B 2o A rp AR 4 A0 6 AR AR
SEMRE . MR MR R K — 5, PRRIE
M108 7= Bl I 7] Be 02 T TR AR B—& &1 11 1y /K

fift, (HIEMRE R BV B R R B S HR 3 4
A K AR A S I 2 TR I 25 0 T — 5 22 W B ST B8 %) oo — 9% 25 11 70 BT 2K

during fermentation of the strains 7M3 and M108

1
RS

&



60 OE A IR 2022 4E 55 6 1)
H B K ff G B 35w 4, {3 M108 X} B-Fg 8 H A [6] LIU M, BAYJANOV J, RENCKENS B, et al. The
S 8 2R 1 K R ARRE T o AN TR RR 43 oL i 1) proteolytic system of lactic acid bacteria revisited: A
Ik vie JiE 7E S i R P R AL, S TR genomic comparison [J]. BMC Genomics, 2010, 11
180~500 u 19/ k56 FE /5 LR, T 40 T ik (1):36. . ,
2000~10 000 u ML (L B 5 2t i, xp ) ohorn M VOGEASEN B ARDO Y. Vara
o . tion in caseinolytic properties of six cheese related

24 h YR REFLHY KT T TM3 A M108 23k Lactobacillus helveticus strains[J]. International Dairy

0 5 S 7 A B 2 R S A, P R ok Journal, 2009, 19(11): 661-668.

A B—ﬁ%ﬁﬁﬂ/ﬂ 78-99 X1k, 4 ACE il ik VPP, [8] PAN D, GUO Y. Optimization of sour milk fermen-

TAERIET o B EE YRR S PR IR A T A tation for the production of ACE-inhibitory peptides

B AN ) X4, 7M3 A a2 %) C v, i M108 72 A= 11 and purification of a novel peptide from whey pro-

B ETESRIE T N v A0 fa] X 628 5 21 1Y ik 3k tein hydrolysate[J]. International Dairy Journal, 2010,

AT PLA P17 A7 00 SRR YT (R 4 53 BT, TM3 2007): 472479,

M108 % /K 7 7B 1 6 9 it 22 B4t . ok (91 STUKNYTE M, CATTANEO S, MASOTTI F, et al.

M108 X oo, — &% 5 1 B 170 %0 4 o5 % 7 HL AT R 7 Occurrence and fate of ACE —inhibitor peptides in

e E ACE T L T R R 1 R £ K AR O cheeses and in their digestates following in vitro

SR MU AEE S W% A A O e 2B 1 ;tgil; g;s;rezt;ast;gal digestion[J]. Food Chemistry,

i S Je S s A 00, ML IRRESE ORI ARSF o K () ppkire & A, GIVENS D I, LOVEGROVE J A,

HH M108 2 5 1 4 i Ji BE 2 11 gt 7% Casein —derived lactotripeptides reduce systolic and

diastolic blood pressure in a meta-analysis of ran-
s F X W domised clinical trials[J]. Nutrients, 2015, 7 (1):
659-681.

[1]  SAVIJOKI K, INGMER H, VARMANEN P. Prote- [11] TURPEINEN A M, JARVENPAA S, KAUTIAINEN
olytic systems of lactic acid bacteria[J]. Applied Mi H, et al. Anthypertensive effects of bioactive
crobiology and Biotechnology, 2006, 71(4): 394-406. tripeptides—a random effects meta—analysis[J]. Annals

[2] BROADBENT J R, CAI H, LARSEN R L, et al. of Medicine, 2013, 45(1):51-56.

Genetic diversity in proteolytic enzymes and amino [12] F¥, TXHE, 2wk, 5. BT LC-MS/MS iR
acid metabolism among Lactobacillus  helveticus LK X ACE 036 HE[J]. & b Bh2=, 2017, 38
strains[J]. Journal of Dairy Science, 2011, 94(9): (5): 208-212.

4313-4328. YU Y, YU W H, YAN J Z, et al. Peptide profil-

[3] SADAT-MEKMENE L, JARDIN J, CORRE C, et ing of yogurts identified by LC -MS/MS and their
al. Simultaneous presence of PrtH and PrtH2 pro- ACE inhibitory activities[J]. Food Science, 2017, 38
teinases in Lactobacillus helveticus Strains improves (5): 208-212.
breakdown of the pure alphasl—casein[J]. Applied and [13] XU Y, LIU D, YANG H, et al. Effect of calcium
Environmental Microbiology, 2011, 77(1): 179-186. sequestration by ion—exchange treatment on the dis-

[4] SKRZYPCZAK K W, GUSTAW W Z, WASKO A sociation of casein micelles in model milk protein
D. Distribution of cell envelope proteinases genes a concentrates[J]. Food Hydrocolloids, 2016, 60: 59—
mong polish strains of Lactobacillus helveticus [J]. 66.

Polish Journal of Microbiology, 2018, 67(2): 203- [14] BrzsEl. 7R 41 2% T 2L 8 A K i 4 Pk 1 7 5C

211.

[S]  PRITCHARD G. The physiology and biochemistry of
the proteolytic system in lactic acid bacteria[J].
FEMS  Microbiology 1993, 12 (1/2/3).
179-206.

Reviews,

FUAF TR R A 7 0 b 22 524 23 A [D]. JE#h . VLR R
2=, 2020.

CHEN J Q. Diversity analysis of Lactobacillus Del-
brueckii Subsp. bulgaricus based on genomics and

whey proteolysis characteristics[D]. Wuxi: Jiangnan



2% H ol AR TR F 0 55 £ SUAT B B R G K 2 5 o A7 61

University, 2020. the Lactobacillus casei group reveals strain biodiver-
[15] CYRIL R, BENOIT C, BARBARA D, et al. Prote- sity and potential applications for flavour diversifica
olytic activity of Lactobacillus strains isolated from tion[J]. Journal of Applied Microbiology, 2017, 122
Mongolian traditional dairy products: A multipara (5): 1245-1261.
metric analysis [J]. Food Chemistry, 2020, 304: [19] SOREN DRUD NIELSEN, ROBERT L. BEVERLY,
125415. YUNYAO QU, et al. Milk bioactive peptide
[16] SOLIERI L, VERO L D E, TAGLIAZUCCHI D. database: A comprehensive database of milk pro-
Peptidomic study of casein proteolysis in bovine tein—derived bioactive peptides and novel visualiza-
milk by Lactobacillus casei PRA205 and Lactobacil- tion[J]. Food Chemistry, 2017, 232. 673-682.
lus rhamnosus PRA331[J]. International Dairy Jour- [20] MARTIN M, DEUSSEN A. Effects of natural pep-
nal, 2018, 85. 237-246. tides from food proteins on angiotensin converting
[17] MIYAMOTO M, UENO H M, WATANABE M, et enzyme activity and hypertension[J]. Critical Reviews
al. Distinctive proteolytic activity of cell envelope in Food Science and Nutrition, 2019, 59 (8):
proteinase of Lactobacillus helveticus isolated from 1264-1283.
airag, a traditional Mongolian fermented mare’s milk [21] KUNJI E R, SMID E J, PLAPP R, et al. Di-
[J]. International Journal of Food Microbiology, tripeptides and oligopeptides are taken up via dis-
2015, 197. 65-71. tinct transport mechanisms in Lactococcus lactis|[J].
[18] STEFANOVIC E, KILCAWLEY K N, REA M C, Journal of Bacteriology, 1993, 175(7): 2052-2059.

et al. Genetic, enzymatic and metabolite profiling of

Comparative Analysis of Casein Hydrolysis in Lactobacillus helveticus Based on Peptidomics

Zhang Xinyi, Jiang Yang, Liu Xiaoming", Zhao Jianxin, Chen Wei
(School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu)

Abstract In order to investigate the hydrolysis capacity of Lactobacillus helveticuson casein and the discrepancy of the
peptides in the fermented products, the consumption the two major caseins, peptide dynamic change and peptidomics
were studied, as well as the hydrolysis genes of the two Lactobacillus helveticus strains and the cell-envelope protease
activity during fermentation. The results showed that the hydrolysis of B—casein and «,—casein by the two Lactobacillus
helveticus strains was significantly different with no obvious preference. The total contents of peptides increased initially
during fermentation. The peptides with molecular weights of 2 000-10 000 u showed similar trends, while the peptides
with molecular weights of 180-500 ugradually accumulated in the late stage of fermentation. The analysis by LC-MS/MS
indicated that the peptides showed heterogeneity after 24 h of fermentation, with 7M3 generating more specific peptides,
mostly from the {78-99 region of B-casein from the C—terminus of a,—casein, whereas M108 produced more peptides
derived from the N-terminal and intermediate sequences of a,—casein. The two strains displayed different single cell-en-
velope proteinase gene and transport systems. The higher enzyme activity of M108 in the early stage of fermentation was
observed.

Keywords Lactobacillus helveticus; casein; hydrolysis; peptide; gene



