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— kS ACE #IFLEM AT ENIRIEEE  IBFFFH MUK
HERBTH

%%ﬁ']‘(l’z’d' f‘ 2,3 %/E’i 2,4 ?% 2.4 éﬂf];%fq*z’df

1 ERF IR WA 264005

2 PEBEBCE G AT R AR SRR AT E AR E IR A 264003
3 MM fmE fEI 350002

4 TR REE S EARR S ER LS A SR ARRRERE IR H8 266237

i E: (#FIAAFAAARMESZAER, LA T TN g KKE 4 #8 (Angiotensin
converting enzyme, ACE)7#| Ak, B EBRE F G ORENFRTR, ohHZERENIHFA. [A ]
NGB BN G R T LRI R T 2 HEIAA TR AT H—FF L LA ACE 96769k
FIAFB TR, RSIFEH LB ACE ¥4 7% 4, 575+ 3047 B (Lactobacillus helveticus)F %+
HEMATHE. [Fi5] 2B SR ENEFHANGD BB FAMNIFE, ST ESS,
xt i i o 649 FUAF ) $EAT 16S rRNA K B 5 7 Ao 2L B 400 5 947, M 2 3% 1) & B2 5L 69 ACE 474 7% 14,
FRAEXERMACK LM, (4R BN T SR SATE F R L — BT IAHE
GY-3, AL MIEA R Z6) ACE W4 7F K. A ELBRE 37 °C, #HMHE 3%, HEPBIRILZ A
K P Rm 1.0%F E4, 0.6%K2EEAMK, 1.0%EZ4, 0.04% MnSO,4-4H,0 B, 74&E MR35,
A 79.52%. BTz A AR AHATREAARL, KINLF ACE 4R A& QB A%, % Ik$EiE
F A kB Z . (458 AP KigH# R = ACE 34 IR LT B AR TR . FF L3 ACE #4)7% 4
R BEMRETT A, #—F R T ol TR S E & ACE 494 IR K-F, Hxt L AR AB4TT
R, A5G AW T4 A ACE 35 F MR AF R B2 T e, st B4R X = sty FF L LA
FEEL.
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Screening, identification, optimization of culture condition and
genome analysis of a bacterium with high ACE inhibitory activity
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Abstract: [Background] Lactobacillus is intestinal probiotics with the frequent observation of high
angiotensin converting enzyme (ACE) inhibitory activity in its fermented milk. The marine is an optimal
source for biological flora, including abundant types of Lactobacillus. [Objective] Lactobacillus resources
were distributed in sediments of the Bohai Sea through the results of high-throughput sequencing. In order
to exploit the sources for producing ACE inhibitory peptide and increase the ACE inhibitory activity in
fermented milk of Lactobacillus, the present study was performed by using Lactobacillus helveticus GY-3
selected from sediments of the Bohai Sea. [Methods] Lactobacillus resources were detected by using
high-throughput sequencing in sediments of the Bohai Sea. After the enrichment separation, 16S rRNA
gene identification and genome sequencing analysis were then done on the selected strain. We also
measured the ACE inhibitory activity of the fermented milk of the selected strain, and optimized the
fermentation conditions of the selected strain through orthogonal test. [Results] Lactobacillus helveticus
bacterium (GY-3) was identified and high ACE inhibitory activity was detected in its fermented milk. The
optimal conditions for producing ACE inhibitory peptides by strain GY-3 are as follows: 37 °C, 3% inoculation,
and 1.0% glucose, 0.6% soy peptone, 1.0% yeast extract and 0.04% MnSQO,4-4H,0 in skim milk medium. The
maximal ACE inhibitory activity could reach up to 79.52%. On the basis of genome sequence data of the
bacterium, it was found that the ACE-inhibiting peptide were involved in the protease system, the polypeptide
transport system and the peptidase system. [Conclusion] The present study provides a broader source and
foundation for the development of lactic acid bacteria that are capable of producing ACE inhibitory peptide.
Studying the genome lays a foundation for the study of biological characteristics and mechanism of ACE
inhibition activity in the future. Additionally, this study is of great significance for the development of
antihypertensive products.

Keywords: Lactobacillus helveticus, ACE inhibitory activity, Optimization of fermentation

= LT e LB M 2 — BN AR R AT B, ok B R A

A R REAE AU SR 1 B A R 2
LB Ik, AR AR T ERAN. 5
i1 T AR A S Al P T 28 1 (L A 2K ok R e fe
B PEM RIS TIRYY, AT & Rk 2
ANTA, IR AR A, KR A
T PR L B R A o A 2 X A
BB AR A e A R, b PR . K
Be . BOAFAER, B AAIE R A A B REZ B
AL AR50 AR A B Hh ¥ ACE i
R 2GR A . X A BALRERE AIAE /N, H

i, AL T L2t 3 2 D R A ofe g 1O
B ACE 10 156 2 (14 40 o i 2 0 4 285 DA
FLWEAE W BL = I R R

VS 8 I e 1 OC B W, ACE 1T DL i 4k
ANG-I ¥4 h ANG-TT, DA ifn Wi 4 5 25 e
FHEU I, KRR RS T Al s ] ACE
TP G i e R T ACE S R — 2 L
A ACE EHEM/NyF 2Rt , 43Tk —
fiXF 1000 Da, iX 462 KA 24 L MR 17 51 A RS < i
AR, (AL RS TRk W K e sl 1 il K
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fif A ACE M IR e s s, HETE 4
W MREN . KOEASFEY s h BA
ACE I PE 0 2 IK(ACE )22 FLAT B
YER NN Y, &2t itk
W, Wz T RO . DLELFTF R R
F R TR AL G AR v, 22 IR AR X
BRI ACE SIS E, RIS BT & B FLFF B A B ik
HA Rt e B s b o ae Y, B3l
RIS —F, 720 T AR, Ko
J& T A\ Wit i e, L RBoRERE
Fig LT TRE 5 S5 VARG w5 2, 75 22 i 8 e ik
M2, XS BERTE AR W i 5 b, [ TAG AL
P B A 22 R A8 1 i ) VR D 0 M 0
5 1§ (Cell-envelope proteinase, CEP)A] A%ii1-F
FRTEA b Pl AR I SRR . PRI, J L
FERETEA 2L P B A R BOR T 6 B UK il RGE Y
FEAE RG] KA & 2R S P AR T A B 2
80% LI £ 11 o I HE UKl RGEEH H 3 0t
B HYE, CEP WA FUKMEIN; Hik, %
18 R Z IR AR ; &5, PR REAR
() B840 3 T 55 1) A4 L PN SO T, 4 22 R TE 400 i 1N
KAl R R IERR P, CEP AW K BEZL b 240 1 110
A R AFTE ST, 3 A Bl T 28035 A T 7 it 1) XU
T 252 % et B o A ) HL A AN [ R 4
PRETERR, A s AR, ATiE i . 02
BORIEYE . RS e i U L IR SR T P
D03 gL g b, I AT AR ACE ik
T ER I

AR E RIVED SRS, 858 T 5
THAE P EIR , 25 ST 5% 3 DO O R ) v i 28
THARFSAE R R B, pregpegt
TEAC AR b DCHE PR TOAR W vh 23 B 0 B 1 T T ZE LA
THA E— B I 1) TCAILER 35 7 B v A K T R R
f TR o AR O PR VTR o i Hh L
B YU IEPE R TR R o B R R IR A LA A
¥ LA TTE R K R A B 4 4 T

NN AR & ST K SRR e
ST | AR [ O s AR E T
il b IRE % S JR VA Ty e R 0L - e A, B PR
W T R B — AR FLAF I, HERFEREA o
AP EERHEE , TREIE . (R, Qi
I3 ACE #Wi1& PE R FLAF BRI XD, v K
IR S LA R BT B A BRI, AR SCLAZ R
VIR ACE IS M ZLAF R o B, AR KSR
AR SR 45 G 0 7 2N PE DR P v i 2t ZLAF
B, PN —kk s ACE MRS PR 3 LU I
e R T2, R T H ACE MHilis 1 .
[ B A SR B X TR i ik PR 4L £ IR A T4 Hr L
LRI R Y TT R ALBEH T [ K4k ACE
T 3R RN 5% FE il
1 AR T
1.1 SEIG#ARY

ARSI VTR T 2016 4F 4 H 22 H R H
HIEE(119.999°E, 39.092°N), fifi AR R e feR2E
FHEERIZE 1-2 om MUTEY, IRSIEH 5 mL %
TEE B R AFAE—20 °C FHT DNA [3REL, 5%
17 300-500 g FEATE 4 °C T4 B i B ik o
1.2 EFRE

LR 41 B K5 9% 3L (MRS) A 17 15 37 3£ 5 %
Bk[44]; MRS BERRRGFREL: TEWMRIE IR 500 KLl
FImsAg 15.0 g/L; MRS BREREE B s I3 . et
U MRS BEfEREFRIE, 1x10° Pa K 15 min J5 /i
A TR AR IR 5 1 Y 1 (15.0-20.0 g/L); MRS
TR LR R TR 3L . 7E MRS AR IR LA LAl
b, T 0.02% )V A B SR IPRE VA T o B R OK R 3R
H(g/L): H K 10.0, NaCl 5.0, pH 7.2-7.4, A1
AW (g/L): WAEYIK; 100.000, £ 57
0.075,pH 6.8 JBLNEFLEE TR A (g/L) : AR WK 100.0,
pH 6.3£0.2, 0.3x10° Pa K& 10—15 min.
1.3 EERFIFLEE

L By o, RHEOG KRS Al Ak T 0F SR T
GenColour, It 5 4 1825 4 W) 4 R4 FR /A ] ; Loading
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buffer, DNA buffer, TRANS A d]; g, Ak,
P 2 4 P AL 2GR A BR A w5 A=), A= T
Y TAR(EE)IRAEBRA T ; PowerSoil™ DNA
Isolation Kit, UltraClean Microbial DNA Isolation
Kit, MOBIO 7\ F]; Phusion High-Fidelity PCR
Master Mix with GC Buffer, New England Biolabs
/N ] 3 10xPCR Rxn Buffer-MgCl, . Tag DNA
Polymerase, Invitrogen 2\ F] o

AKEHLIRAL, AEmts— AR R A A 5 i
A, b i o B AR i i A PR |l 5 5841800t
YeE 1+, PerkinElmer J&/ A BRAF o
14 SURYIPEE S D EILIE

U AF T =20 °C Wi R)Z TR 20 g T
50 mL B0, 7E-80 °C Wik)e, AEERGT
BRI TR R T
1.5 4 DNA 2E15 PCR 4 3%

Z: BRI, ] MOBIO A w) A2 7 (1
PowerSoil™ DNA Isolation Kit BT MIFE M h
R A TR RE DR 4 B it 26 2 A Ui R BOE R B 4y
A FRAFBEA IR, LIRS 5 24 DNA S,
i f4f7 Barcode HYKFESGIMIY M 16S rRNA JE[H
V4-V5 [X(392 bp), IEM5 |4 F: 5-CCTACGGGNB
GCASCAG-3", i[5 R:5-GACTACNVGGGTA
TCTAATCC-3', PCR JZ W {AZ : 2xPhusion Master
Mix 15 pL, Primer F (2 pmol/L) 1.5 pL, Primer R
(2 pmol/L) 1.5 pL, gDNA (1 ng/pL) 10 pL, ddH,O
2 uL. PCR W 45f4: 98 °C 1 min; 98 °C 10 s,
50°C30s, 72°C30s, 30 MMEH; 72 °C 5 min,
1.6 MFLERLE

] QUME  ZR A4 X KA st ) - &5 S 4k 47 9
2, I BOAS LB BHE IS 1Y P 9 204 T I
VERZE, RS . MR R o U
. BERiRG IR . 97%MIPE K- R e a2k
- e VO A3 2 KOF S 8 I B0 P
GreenGene (http://www.greengene.com/). i FHAHXF
FEEPRUEALIFES R, IFTEm K BILE.

1.7 & ACE #HIEMZATE A IFiE
1.7.1 EEMEESBAFE

BORIAE L 0.5 g, BT % 20 mL MRS {4k
RSB HEIE M b (1x10° Pa KB 15 min), 37 °C.
160 r/min 557 2-3 h, FFUARY) SR LR 53495,
PR E 37 °C BB R 7%, BRRdHuh, RAM
FEUR AT AR BURR BE A BRI S T Al T MRS 15 5%
B b, 37 °CHHIRIAR: TR 24 h, FABAERKRER
GFITRRR , R RNZ 5B, RIS Al IR ki &
1E 4°C % .
1.7.2 AMEMFEREE

SR IR R B 4 /R L8R CaC O, 145 1 vk
PEATURGE , W 28t aliAb 1 BE AL FLAT B P VR R A 7 8
[RYeta, JR7E AR T AT Mg, iFfr A AR A s
EW A AL I E . PR SEES . HaS
FEAR S RSO R SR A S A
1.7.3 16S rRNA ERE B R ARG LB 7

Z IR, i UltraClean Microbial
DNA Isolation Kit $2UFE i FE R 40 . 345 |91k
i 51 P27t (5-AGAGTTTGATCCTGGCTCA
G-3")F1 1492r (5'-CTACGGCTACCTTGTTACGA-3).,
PCR JZJW{AZ: 10xPCR Rxn Buffer-MgCl, 2.50 pL,
dNTPs (2.5 mmol/uL) 2.00 uL, 5[4 27f (10 umol/L)
0.50 uL, 5% 1492r (10 umol/L) 0.50 pL, Tag DNA
Polymrease (5 U/uL) 0.50 pL, #itl 1.5 uL, ddH,O
17.5 uL, PCR W 45fF: 94 °C 5min; 92°C30s,
48 °C 2 min, 72 °C 1.5 min, 25 MR ; 72 °C 10 min,
i P D R (1) 52 2 A B S wI Y o
) 16S rRNA JLH ¥ H1#38 GenBank, Ff7E NCBI
i I BLAST & 7 7E4 -5 i 12 v AR ARUM: v 9 A O
KRR 16S rRNA JEH P4 4T ELXT . i H MEGA
6.0 A ¥ 3K 453 1 Lactobacillus helveticus
GY-3 WPk 16S rRNA FEH Fa 17 275158 4 e
f, WM ESFE G, %A Kimura-2 25,
HEAT4B 457 (Neighbor-Joining method)3 4T £% 25 #
(B B A% 1 R 22 S+ H, % B A JE{H (Bootstrap) i
1000, FEEIEIERT
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1.7.4 REEFLIVEIE

PEICHEA ML LA B RRAE A B , 08 TR 1
i L FLAF B 3% (IRFHEL )3 A C KT 1 B 7L 15
FrHErp, 78 37 °C fHIREHE K 18-22 h, TF KM
FL pH FE % 4.5 /247, BUREEFL 800 mL, 6 000xg
2.0 10 min, B 3%, F 5 mol/L NaOH #4% pH
% 8.3, 10000xg B.L>» 10 min, B35, FTHM
ACE il i 1
1.7.5 &ERZLIEFRARN

(1) pH {EAIE « >R ARG % pH 11 2E pH {H .-

(2) MBREE(Total acidity, TA)MIEST. £ 5 ¢
RIEFLH A 40 mL 2 CO, /K, FHIIA 0.5 mL 0.5%
MRk O B, AV EE A 0.1 mol/L [ NaOH ¥
T RE B2, 78— NN B R i 2. 3T
(= /NS W/ (1l
V(0.1 mol/L NaOH)x 100

WG )

(3) ODgoo T AP H5 0.5 mL & EEFLINA
7K EDTA (0.2%, pH 12.0) 4.5 mL, {E%¥45), fi
FHAT D666 B A 600 nm A0 B

(4) T AR SR EPY K 100 mmol/L
I EAD 50 mL. 20% (J53 &t b)Y -+ —be S 4 FR 44
5 mL. 80 mg 4R —HIEE T 2 mL ) H BE)
M 200 uL B-FE LR A FHEE TFKES R
100 mL Peii s il s, B 50 pL A 5iEA T
2 mL R, FEE N RN 2 min J5 RS0
B TTHAE 340 nm AbFEA TR . DABRER (AN
A T ot i O A 8

(5) ACE i MEAGI e . B 2 mL B0,
JILA 5 mmol/L HHL “AJEE#IAY 50 mmol/L B &2 v
W50 uL, FHILA 20 uL FRFLE, 1RA, 1E37 °C
K H A 3 min, JIA 10 pL ACE BH&, 7E 37 °C
KW 30 min, FHAIA 100 uL 1 mol/L EhERZL (152 .
A 1.7 mL ZFREE, &% 15 s, 3 000xg Z5.0
10 min, B2 1 mL ZBRZER, s & L85G
BLAR, FHIA 0.3 mL EETFK, FHRG DR
SERVER, FRUE SN THE 228 nm g

FanOt . ACE Ml (ACED AT

TA (°T) =

(A-B)x100
(A-C)

Hr, AR ACE 5 HHL v 5844 i 5 PR R 1)
WOBIE T IR); B FRonFLiE S ACE Fl HHL )5
A PR IR B OB (FE ) s C© RSB AR IR
ACE Fl1 HHL J2 )3 5 A= S5 PR IR 1 W DG
1.7.6 %BEHEFENAML

Ba 1100 N [N 2 £/ T N 73/ W = R/ | =)
TN ElERL ACE MllE e vl , IEafia
ACE & m i 45, WP E 3 &R 4 K
SR TEASSESS, A AT R B R i AR
1.7.7 £EF4H DNA 2B, HFELBEREMER
Z5H

{#i i} UltraClean Microbial DNA Isolation Kit
$LHL Lactobacillus helveticus GY-3 B bk4 3 H
M, AHILEIEARBEA FT . RS0
H7E QIIME (V.1.8.0)““)F1 Mothur (V.1.36)*15¢ i
AL AT, B 2l A B, AR R v T
i Reads, #F—{i[f] SOAPdenovo (V2.04)* 5t iy
PAFRILHA T I TUIe, FRXTas R TP
K GeneMarkS (V4.17)P00%f 35 P& 2H 344 7 2 At S A
M, @it RepeatMasker (Vopen-4.0.5)°"'# TRF
(Tandem repeats finder, V4.07 b)° k17 Hi7e & &5 %
F TR 548 TR A Y A1) R B SR 2 R s
2 %ot i 32 DXL P B R T RETE B
2 SR540
2.1 AR EE SRS

WE 1 BN, AR UCRFE IR AR it 26 )2 TR
DL T T 202 FLER T (Lactococeus, 18.77%)
L2 Al 5T s (Pseudomonas, 15.6%). HeHZLAT
J& (Lactobacillus) T (5 A%} =E A 0.24% . 3X 2 BH )
UL P AT LR T (RN R JEE>0.1%) Y LA
[EafEspilael .
2.2 AR A ERIFIE
2.2.1 FAMEVFRE LIRS R

FIIH MRS {5 B 2t [ 4 15 5 L 16 1 43 o
14 BREERIFLIT R B bR, Zad B ME TN H24 [G

ACEI (%) =
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Samples

1 EE R REKTE L AEER

Figure 1 Bacterial composition on genus level in sediments of Bohai Sea

e REAHNFEE>0.1%M AT 4 A,

Note: Species with relative abundance (>1%) were chosen for the statistics.

P 5 R, A 9 MRIBTEMZLF R EKR, XX
9 PRSI A AL SRR E . IR SES . HoS
PRSI | W[ WRSCIE LA SE AR WS, A T 4
KWL 1.

G IR, 9 BRI 5 PREAT BRI ZLAT A
ETERAE, oAt 4 PR A SOR A BB

®1 IRBRUIMTEEZFENLREETER

Table 1 Biochemical identification results of 9 candidates

2.2.2 BEHRRUEGE{L R 16S rRNA ARG A B 0
X R 5 BRI T AL IS S i 5 AR
BIRFLRRFFIE . ik — 2D R 2R R FR,
5 BRFLFF B> BIgR5, FE1T 16S tRNA L4 K
WP (E F% 2 ENA B E 555 ERS2787426—
ERS2787430), RG KB W rHran& 2 fror

B G 5 i SR S A e AL H,S /74 g PR S 36 Fay- s i
Strain No. H,0, enzyme Gelatin liquefaction Production of H,S Indole experiment Litmus milk

1 - - - - s

2 - = +* = 4

3 - = = = +

4 - - s = =

5 - - - = 4

6 — - + — +

7 - - - = +

8 - - - = +

9 _ _ _ _ _

T+ ROEMHME, RIGEEL, A HSE; — REGME, MBI, K7 AmI, TG HS 77 4.

Note: +: Positive results, such as the litmus turns red and H,S is produced; —: Negative results, such as gelatin is not liquefied and no

indole or H>S is produced.
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[ 1 (ERS2787426)

2 (ERS2787427)

3 (ERS2787428)

4 (ERS2787429)

TS5 (ERS2787430)

Lactobacillus helveticus GM2 (KX430837.1)

96 || Lactobacillus helveticus hstb-6 (KX822707.1)
Lactobacillus helveticus MM2 (KX430831.1)

51| | Lactobacillus helveticus MIM60419-3 (KM485567.1)
Lactobacillus suntoryeus (AY445815.1)

411\ Lactobacillus gallinarum (AJ417737.1)

64 1 Lactobacillus helveticus DSM 20075 (AM113779.1)

— Lactobacillus acidophilus (AY773947.1)

— Lactobacillus crispatus (AF257097.1)

Lactobacillus ultunensis (AY253660.1)

Lactobacillus kitasatonis (AB107638.1)

Lactobacillus sobrius (EF468103.1)

Lactobacillus kefiranofaciens subsp. kefiranofaciens (AM113781.1)

Lactobacillus acetotolerans (M58801.1)
Lactobacillus bombicola (LK054485.1)

Lactobacillus kullabergensis (JX099550.1)
% W‘_E Lactobacillus helsingborgensis (JX099553.1)
63 Lactobacillus melliventris (JX099551.1)
Lactobacillus hamsteri (AJ306298.1)
Lactobacillus fornicalis (Y18654.1)
Lactobacillus gigeriorum (FR681899.1)
Lactobacillus pasteurii (FR681901.1)
Lactobacillus intestinalis (AJ306299.1)
Lactobacillus kalixensis (AY253657.1)

Lactobacillus equicursoris (AB290830.1)
Lactobacillus delbrueckii subsp. indicus (AY421720.1)
53 Lactobacillus delbrueckii subsp. sunkii (AY050173.1)

100 || Lactobacillus delbrueckii subsp. delbrueckii (AY773949.1)
Lactobacillus delbrueckii subsp. lactis (AY050173.1)
Lactobacillus delbrueckii subsp. lactis (AB289093.1)

Lactobacillus bombi (KJ078643.1)
Lactobacillus aviarius (M58808.2)

50 Lactobacillus backii (AB779648.1)
Lactobacillus bifermentans (JN175330.1)
Carnobacterium divergens (M58816.2)
Lactobacillus alimentarius (M58804.2)
Lactobacillus paralimentarius (AY681134.1)
Lactobacillus arizonensis (AJ965487.1)

Lactobacillus fuchuensis (AB370875.1)
45 4|
100 = Lactobacillus graminis (AM113778.1)

Lactobacillus catenaformis (AJ621549.1)

100

44

e m—
0.05

2 BREIESERINET 5 MRELTE RIEXEK 16S rRNA EEFIIN RS A EH
Figure 2 The phylogenetic tree based on 16S rRNA gene sequences of five strains of Lactobacillus and other related strains,

constructed by Neighbor-Joining method

T TS KRS RES /308 LB Bootstrap SCFEER; ARRZIEE 0.05: JFHI122 57 095y K.

Note: Numbers in parentheses: The sequence accession numbers; Numbers in each branch points: The percentages supported by
bootstrap; Bar=0.05: Nucleotide divergence.
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GREW], Bk S RAMF R RAE LG
SEPE . ANBACBIR . BB FLEE . RESUIR . A
PP HoS Fl Ho0, S SURY I LA R RRAE, 1-5 5
WAk JE T Lactobacillus, 4% B bk 18] AH L P 78
99.8%—-100%, 5 Lactobacillus helveticus (GenBank
a5y AMI13779. )R RIPESR 99.3%, Kt
5 ¥k ¥R T I L FLFF I (Lactobacillus
helveticus).

2.3 SRR EATE L EEFL ACE HIHIE M

W Bk 5 MR L FUAF R0 3% (TR D))
PR AN T KA R B IEFLES IR AL |, 37 °CH
R A, R RS pH T RN 4.5 BHZE 1k KL T
X TEFLI & WA AL AR PR FEA TR I, LA ACE #ilif
TE AR, e R EFL ACE & PR3 = A T R
5 ¥R - FUAF I ACE SIS P B HoAth A= A A D 45
R 2.

2 SHRILTIME ACE HIFIEM R M EHRNER

WAL EZ5 R, 3 Sk, Bl Lactobacillus
helveticus GY-3 (% ACE il 36 55 5
2.4 Lactobacillus helveticus GY-3 & B¥ 541114
241 A RE%EREXT ACE HIFE MR

Kl Lactobacillus helveticus GY-3 7£ 33, 35,
37. 39, 41 °C AT L EEFL ACE il
P, ZRILE 3,

PLESER SR, IRE<37 °C, MARE NI
Lactobacillus helveticus GY-3 & %3, ACE 3 il 7%
AW ETE, 37 °C BHEMES R RS, mE
37°C VUG, MEERER TS, ACE #MHITEMEIFA
FRYREEIE AR, WETFLR N
242 TEHEMEXT ACE #E7E MRS

1E Lactobacillus helveticus GY-3 £t 43 51 Jy
1.0%. 2.0%. 3.0%. 4.0%. 5.0% (IRBILL)BEFF
KR ACE WG PERIN, 25 ILKE 4,

Table 2 ACE inhibitory activity and other indexes for five strains of Lactobacillus helveticus

Witk s RBEFLIOUHE  HERE i ey ACE i & 4 S Tt ]
Strain No. ODgo TA (°T) Free amino nitrogen (mmol/L)  ACE inhibitory activity (%) Time (h)
1 0.350+0.020  106.58+1.96 9.89+0.36 38.57+2.55 4.48+0.04 20.0
2 0.143+0.040  100.63+1.26 8.65+0.03 5.25£2.79 4.56+0.01 20.5
3 0.292+0.010 95.42+0.74 9.06+0.10 58.56+0.48 4.48+0.02 19.0
4 0.085+0.020 88.3442.12 7.96+0.05 26.60+1.35 4.39+0.07 22.0
5 0.137+0.040 98.20+2.86 9.14+0.13 45.27+2.01 4.50+0.02 20.0
60 60

350t . < 50t

< B = =] e ke

= z

Ta0r o A — = 40|

g g

%» 30 g 30 +

£ 20} = 20}

g =

23| m

o 107 o 10

< <

0 0
33 35 37 39 41 1.0 2.0 3.0 4.0 5.0
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3 TREIREXT ACE HlHI5E M A5 0E
Figure 3 Effect of temperature on ACE inhibitory activity
in fermented milk

Inoculation (%)

4 AEEMEXTLZEEFL ACE HIFEMERFN
Figure 4 Effect of inoculation on ACE inhibitory activity
in fermented milk
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ACE ] 35 P 460 45 5 % 7%, Lactobacillus
helveticus GY-3 #:F &4 3.0%0H , B A FIBLASFLZ
B A EC A o IE XY, Lactobacillus helveticus GY-3
KWEFL ACE il i6 M8 2 f K AE
2.43 AERREST ACE 3H)E S0

WFFEASH B 5% Lactobacillus helveticus GY-3
KEEFL ACE 3G PER 2w, 458K 5.
Lactobacillus helveticus GY-3 7E i 25 Bi a8 2 &y
0.5%. 1.0%. 2.0% (Biati&FALL)IF, ACE #iili%
PR BRI, SRR 1.5% (BRI,
ACE il 7% PEd5e & o BRI h BERE B, Witk
0.5%. 1.0%. 1.5%. 2.0% (FifMAFLE)R, ACE
UG RER e o TRy IS
244 AERIEXT ACE HIHEMEAIRNE

WEE A [6) B A XT Lactobacillus helveticus
GY-3 ksl ACE MG Erys2m, 45 R ILEl 6.
ERE SN < [ R S NI A: A ) S = R
W, A 0.6% (BT AR B ) iR B8 R,
Lactobacillus helveticus GY-3 % 27, ACE #lifil i
e o Y UATERER By R BRI, 70 0.5%-1.0%
I RHR R RESE = ACE G YE, ZEAIN 1.0%
(AR BRI B, RIEFL ACE HdliE v
a8
2.4.5 FEEEB T3 ACE HFHE M0

AR EL S 1% Lactobacillus helveticus GY-3
KWEFL ACE Ml 2 m s R ILE 7. ZEBE

56
54
52t
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48}
46|
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i N
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5 AEEEST ACE #H5E MRS 0
Figure 5 Effect of different concentrations of glucose and
sucrose on ACE inhibitory activity

o 8 O Soybean peptone #. Yeast extract
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Figure 6 Effect of different concentrations of soybean
peptone and yeast extract on ACE inhibitory activity
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7 AEREZRET ACE fH7E RIS
Figure 7 Effect of different concentrations of
MgSO,4 ' 7H,0 and MnSO4-4H,0 on ACE inhibitory activity

FLIGFRIE IS IS [V BE 1Y MgSO4 TH,0, BIAIY
% Lactobacillus helveticus GY-3 & #%. ACE i
W, FE MgS0,-TH,0 XHZ W & L ACE il
TEPETCHLR R . BN 0.04% MnSO,-4H,0 Hf
Lactobacillus helveticus GY-3 % %3 ACE #7514
o
24.6 ABFIERREERS M

TEBL G LA IR 3L T U InAS R A e st . &0 L G
MLELES 1% Lactobacillus helveticus GY-3 &,
ACE il iE A AR RSN, S T15H 4 Fh
MK ZE X} Lactobacillus helveticus GY-3 &,
ACE il & M2 AR FE Y KN, S ACE il i v
i RIS, LAY . KRG E . IR
¥3H MnSO4-4H,0 Mk FE 22 551t 4 IR 3 K
B IE AR
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M 3 A HTEE S AT AN, X Lactobacillus helveticus
GY-3 K FL ACE il i i HA {2 iV F Y 4 750
B AH R /N R G R > T B R R > A A
Bi>MnSO,-4H,0. Hig ek AL G R EM s 7L 5
FREEPIRIN 1L.0% M AHE, 0.6% K G EMAM, 1.0%
FEEER B, 0.04% MnSO4-4H,0, ACE #llfil i P 7]
ik 79.52%, 1275 28.84%,

B SCik A FLAT & BEFL ACEL 5 Lactobacillus
helveticus GY-3 #17HE. HFR 4 hATLIE W,
T2 F HRE GY-3 19 ACE M i54:(79.52%) Fe ok
W FLAF AR, (UAHtR Lactobacillus casel
17 5 Lactobacillus delbrueckii QS701 ] ACEI
B, (B F AR RITE 24 h LIE, KF GY-3
/) 18 h, R & B4k J5 i) Lactobacillus helveticus
GY-3 HA RN ACE il 76 o
2.5 Lactobacillus helveticus GY-3 &£ FH4 4
EEESH
251 BEEUR. SEEEHRNREAES T

#3515 1 Lactobacillus helveticus GY-3 4%k
K21 P A S EA T4 %%, A6 R AT K-mer
SN NI I REAS il i P e by A N 3 = Y £

# 3 Lactobacillus helveticus GY-3 Ly(3*) IE 32 it I 45 SR
Table 3 The results of orthogonal experiments

LA KN 2.38 Mb, 225 )5 % Reads Xt ]
4% by 1 R ALy A1) b, 3 2k B T A% Ty A
(G+C)mol% 7 F 1 Reads 7 d IR &, M4g5FEH4H
(G+C)mol % i [ 1 FIEE 52 7 511l . Lactobacillus
helveticus GY-3 114 L R 41 K &R 2 022 469 bp,
(G+C)mol% & & 4 37.22%, 4% 2 159 A gfig I
R, A EE R 1730 880 bp, 5 KL B BEHY
85.58%,

2,52 EEFEEBES T
Lactobacillus helveticus GY-3 [ 3L 4 Fp 44

HEAEEE TS 151 4, tRNA 614, 5S rRNA
31>, 16S rRNA #123S rRNA 4% 1 }~, sRNA 31 1~
253 EEER

AR 2= 24 - DhRe S R s e R AN
Il Hc 3 2 o ik DR AL 45 EEA TR R . GO B3 )
X1 423 AIER AT TR KEGG $ofi !
AR AR | 3 A% {8 A PR R A AR S R iR 1 7 i
B A3 577 AN IhBEIEI 5 i 76 2K (B oG
H 1278 NIER B, NR B W b g B4t
it 47K, Lactobacillus helveticus GY-3 5%+ ¥
Lactobacillus hel veticus Jit Xl % A VC I

75 25 M KEEFGR FERER MnSO0,4-4H,0 ACE #ifil 76 44
No. Glucose (g/100 mL) Soy peptone (g/100 mL)  Yeast extract (g/100 mL)  (g/100 mL)  ACE inhibitory activity (%)
1 1 (1.0%) 1 (0.4%) 1 (0.5%) 1 (0.02%) 65.03+2.01
2 1 (1.0%) 2 (0.6%) 2 (1.0%) 2 (0.04%) 79.52+1.24
3 1 (1.0%) 3 (0.8%) 3 (1.5%) 3 (0.06%) 61.14+1.64
4 2 (1.5%) 1 (0.4%) 2 (1.0%) 3 (0.06%) 76.73+0.78
5 2 (1.5%) 2 (0.6%) 3 (1.5%) 1 (0.02%) 66.37+1.58
6 2 (1.5%) 3 (0.8%) 1 (0.5%) 2 (0.04%) 53.31+1.35
7 3 (2.0%) 1 (0.4%) 3 (1.5%) 2 (0.04%) 63.67+2.20
8 3 (2.0%) 2 (0.6%) 1 (0.5%) 3 (0.06%) 62.89+3.12
9 3 (2.0%) 3 (0.8%) 2 (1.0%) 1 (0.02%) 52.75+1.03
Average 1 68.563 68.477 60.410 61.383
Average 2 65.470 69.593 69.667 65.500
Average 3 59.770 55.733 63.727 66.920
Range 8.793 13.860 9.257 5.537
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2.5.4 ACE #IHIFKME X EE 57347
b SRR~ P B N = SN R i <

Lactobacillus helveticus GY-3 5 ACE #li il ik r= A4 47
KR A7 BN 4. ZEHEHE S ACE i
R A AR Y A O RESE I, S MU RE LS & &
F1(PrtH4) . 2 JIK%% 12 5 4t (OppB1) M ik il 5 4¢
(PepT. PepD. PepO3. PepE. PepO. PepF. Pepl.
PepCE %), Lactobacillus helveticus GY-3 HA5 5 K
WK R D RE B A5 A ACE I KA B RO KA R 45
WA CBITA ACE Pl A I B s i v 411
%% NCBI Bdla e, 45195515 MK675035—
MK675051, HAK(EE LK 5.

%= 4 Lactobacillus 4%, ACEI tb33

T -1 FLAT AR L AR 11 B K AV AT AE S S LA
=20 (1) TE4NmE NS AT, AN S
FIERR RS B BT VIR Z IR () #—2 1, B
ZIRAE 5 Rt is itk NN 5 (3) TEZH TR 4t
AT, TERL N BB VE T 22 IRl i — 25 K il iz
HR

A, FLEFAI7E Lactobacillus helveticus
GY-3 CEP R%:(PrtHAEH T KN —FRINZIK,
M2 JIkE% 12 258 (OppB 1 )iz fir AN, 7RI
K 2245 (PepT . PepD ., PepO3 . PepE. PepO. PepF .
Pepl. PepCE “5)A91E T itt— K HA B ML
{EPERY ACE Sk, AP AN 8 s

Table 4 Comparison of ACEI in fermented milk of Lactobacillus

Fermentation conditions

Name ACE. ir'1hibit0ry
Inoculum (%) Time (h) Temperature (°C) Supplementation pH activity (%)
Lb. helveticus GY-3 3 18 37 Glucose 1.0% (V/IV) - 79.52+1.24
Soy peptone 0.6% (V/IV)
Yeast extract 1.0% (V/V)
MnSO,-4H;0 0.04% (VIV)
Lb. acidophilus ATCC 4356 3 24 - 3% Caseinate 6.0 74.00
Lb. raffinolactis ATCC 43920 - 44 - - - 19.00
Lb. casel 17 3 24 — 1% Lactose+Lactase 4.2 80.00
L. casei 34143S 1 24 30 - 3.8 34.80+1.80
L. casei S-3-1 1 24 30 - 3.8 33.90+0.50
L. casei 6-2-05 1 24 30 - 3.7 30.40+3.00
Lb. curvatus ATCC 25601 - 44 - - - 5.00
Lb. helveticus 89 - 44 - - - 31.00
Lb. helveticus ATCC 15009 - 44 - - - 32.00
Lb. helveticus CNRZ32 3 24 - - 3.9 37.00
Lb. jensenii ATCC 25258 3 24 - - 5.4 72.00
Lb. rhamnosus ATCC 7469 - 44 - - - 14.00
Lb. reuteri ATCC 55730 - 44 - - - 19.00
Lb. reuteri ATCC 23272 - 44 - - - 19.00
Lb. delbrueckii QS701 3 72 43 - - 81.58
Lb. plantarum 6214 1 24 30 - 3.6 40.60+3.40
Lb. helveticusNDO1 3 24 37 - 3.5 69.51+2.32
Lb. helveticus H-1 4 18 30 - - 33.07
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Table 5 Gene and annotation information related to ACE inhibitory peptide production
3 o =]
(Iﬁéﬁ'ﬁ f?‘ﬁﬂ.v e =il L Sk 24
Annli)lzitlon Ac‘;\?fflon }zzgifl?:: Identity (%) Description System
LAC_GMO001726 MK675035 gi|504731207|ref] 100.0 Lactocepin H4 proteinase PrtH4 Cell wall
WP_014918309.1 [Lactobacillus helveticus R0052] binding protein
LAC GMO000899 MK675036 gi|S04731495]ref] 100.0 ATP-binding cassette domain-containing Polypeptide
WP_014918597.1 protein [Lactobacillus helveticus R0052] transport system
LAC _GMO000900 MK675037 gi|501168412|ref] 100.0 Oligopeptide ABC transport protein Polypeptide
WP 012212411.1 ATP-binding component OppB1 transport system
[Lactobacillus helveticus CNRZ32]
LAC _GMO000901 MK675038 gi|504731496]ref] 100.0 Oligopeptide ABC transporter permease Polypeptide
WP _014918598.1 [Lactobacillus helveticus R0052] transport system
LAC GMO000902 MK675039 gi|504731497|ref] 100.0 Oligopeptide ABC transporter Polypeptide
WP _014918599.1 substrate-binding protein transport system
[Lactobacillus helveticus]
LAC_GMO000898 MK675040 gi|504731494|ref] 99.7 Peptide ABC transporter ATPase Polypeptide
WP_014918596.1 [Lactobacillus helveticus] transport system
LAC GMO001735 MK675041 gi|504730965|ref] 100.0 Pro-Xaa aminopeptidase I Pepl Peptide enzyme
WP_014918067.1 [Lactobacillus helveticus R0052] system
LAC GMO001872 MK675042 gi|504377167|ref] 100.0 Peptidase M1, membrane alanine Peptide enzyme
WP _014564269.1 aminopeptidase-like protein system
[Lactobacillus helveticus H10]
LAC_GMO000032 MK675043 gi|578023951|gb| 100.0 Aminopeptidase N Peptide enzyme
AHI12348.1| [Lactobacillus helveticus HI] system
LAC _GMO000420 MK675044 gi|489723717|ref] 100.0 MULTISPECIES: prolyl aminopeptidase Peptide enzyme
WP_003627833.1 [Lactobacillus|Lactobacillus helveticus] system
LAC GMO000946 MK675045 gi|504731058|ref] 100.0 Oligoendopeptidase E PepE Peptide enzyme
WP_014918160.1 [Lactobacillus helveticus R0052] system
LAC GMO001534 MK675046 gi|504732346|ref] 100.0 Oligoendopeptidase F PepF Peptide enzyme
WP_014919448.1 [Lactobacillus helveticus] system
LAC GMO000490 MK675047 gi|504731022]ref] 100.0 Endopeptidase O3 PepO3 Peptide enzyme
WP_014918124.1 [Lactobacillus helveticus R0052] system
LAC GMO001839 MK675048 gi|504731848|ref] 100.0 Peptidase CE PepCE Peptide enzyme
WP_014918950.1 [Lactobacillus helveticus R0052] system
LAC GMO001046 MK675049 gi|504731458|ref] 100.0 x-prolyl-dipeptidyl aminopeptidase Peptide enzyme
WP_014918560.1 [Lactobacillus helveticus] system
LAC _GMO000966 MK675050 gi|489729178|ref] 99.6 MULTISPECIES: methionine aminopeptidase  Peptide enzyme
WP_003633294.1 [Lactobacillus|Lactobacillus helveticus] system
LAC_GMO000834 MK675051 gi|578023095|gb| 98.9 Aminopeptidase I zinc metalloprotease Peptide enzyme
AHI11492.1| [Lactobacillus helveticus HI] system
Other peptide
PepE, PepO, PepO3
PepF, PepCE \
Lactoprotein !m Peptide [OveB| Peptide Dipeptide, Tripeptide _, ACE inhibitory
(Intracellular) PepT, PepD peptide
Peptide containing prolin/
- Pepl

& 8 Lactobacillus helveticus GY-3 = ACE #IHII Bk £ F i 2%
Figure 8 The gene pathway of biosynthesis of ACE inhibitory peptide in Lactobacillus helveticus GY-3
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3 wWihE4R

ARO[ e MS SO TR A0 R
R TIRR |, B AR R TR T 2L e
(1) Z2FE 1 BORE T 3 BE R T 4007, 45 A S R i iR
YA B 8 R R A T IR, BRI, FRATD
MBS B Ay S MRS
X HGHA TR A, ACE MfilE PERIN , ik i Herh
Il 7L ACE 1 il 7% ¥ &% = i) & Bk Lactobacillus
helveticus GY-3. X i% I & I A& A A TOLA 201 7
IEAE S, FREI ACE 06 M e o i & FEFL 2%
P8 B 3.0% (R, KEEREE 37 °C, K
FRIEPEIN 1.0% (ARFLLL) AR, 0.6% (A
O KRS EA . 1.0% (RF ) BE£E 2 8 Al
0.04% (1AFHH)AY MnSO,-4H,0, HE & 8% 1822 h,
ACE MR8, "k 79.52%, HARMILERRE T
28.84% . Donkor %40 X} 25 A= T & BE R 15 v 1
ACE {HHAMHI A TR, & I 43 DA R & 1
FLAE 28 d LI ACEL 7E 70%—90% 8], H.
7 d WFEE BERT R4, ACE il =2 8 -7t
MG XA N Bl (RSP SE B 51T T ACE $ il
RKIMGE, Z5RATE 39%—75%2 [, Pihlanto %%
XF 25 PRFLER R HEA TR SN RIS ER , 284 44 h R
I = A= ACE il 1 14 55 %5 194 Lactobacillus casel
17, Ik 74%, ik ZLAF T & i JLAR R Y ACEL
BITE 30%-40%I] , £33 k)5 , Witk Lactobacillus
casel TE NN 1%FLBEFIZL R 1 24 43 7 ACE 417
HI KSR 15 80%. Luo ZE06Ixi b T A ik (Sardine
peptides, SP)FIHil &2 2 (Quer cetin, QC)MH.E &
Prxf KL ACEL s2 i AT TRSY , BRI %
(AP (R H=8:2)RE A3 %4 = ACEI £ 93%,
s s SP sk QC 4y B4 & T 19.56% Fl
44.44%. Kim 2570 % Wt A 820 ACEL 2547 T
W58, ARRUILEERRITE 18-24 A [A] A A %
FLMBIE RS, X5 Park M RRF 5T 45 R —
Ay, XVELHFE#E Lactobacillus helveticus GY-3
ACEL 7Efir 5 C OB bk b Trh 45w |, ZEC

TV A T AL TR KR

ARSI X Rk Lactobacillus helveticus GY-3
HEAT T AL 7 434, 25 R R A e
77 ACE $VHIRR T A5 5L, A4 e 255 2 1 2
Kl (PrtH4) ., £ iK% iz R 4035 K (OppB1) M Ik R 48
FEA (PepT. PepD. PepO3. PepE. PepO. PepF,
Pepl. PepCE %),

ARV, ARFLERE ACE #liE A
B2 5 . Yamamoto %P YN E TN B 5 o
AN R & LR TR R e FLiE AT ACE $Hfil i M A
98, BRRWIEA LA M FLIR A KRS B A 1%
MMERMEIRE, FAFRJERA S ACE MfiliEdE, 4
W58 R W W] LIAE R i FLAT B B R BE IR,
TR 0™ ACE I IR FLAT R AL 1 58 k) [
MIRIE . BEEBFRRITRA, &)™ ACE Ml iR rY 3L
R AL (5 B LR e #EZLFF I ACE #0i1S
PE Y HL B Z P B # 8 o HoHr, Lactobacillus
helveticus GY-3 #4-Z. 8 (/K f# )4 ACE # il fik
AR AR . (1) i CEP (T2 PrtH4, i FAF
RSN RE R IR T 8 ) S BRUK g LA 1 R0 25 7K
fl0 7 WEgE R, FLAFTE IR ACE I A
v, Horh LR AT LAY ACE # ]
WMo 2 BV R 2B ER T [ B K A
RE NS, EFLhAKAE e, PR ACE
IR RE J1 %5221, Yamamoto 2P\ i AT fig
AR R0 8 LR 0 ™ A M A b 3R B e DA G .
Fung 2t 26t [F) R 8575 LR T 2K 11 /K AR 0 1k
5 ACE Wil & vEm EEAHSC . (2) &id CEP REGUK
i) Z Ik Z ke i R Gz ik ZAMIN . BF9EER
Bl, RReRBIY Opp FRGEHHE R 28 kA fE
SRR iz, WARETERLH AR, Opp ZEARFL
15 RGN T R R A ) KA R R R
Lactobacillus helveticus GY-3 W [ Z k512 24
OppB1, I 2 ks i ) 240 B PN 1A 7 iE— 20 7K A
(3) TE4HMfIN, Lactobacillus helveticus GY-3 FiJik
fiff 2245 (PepT . PepD. PepO3 . PepE. PepO. PepF.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRR — R ACE S PEFUAT B A4 1 4 |

BRFRARAAAL B HIE N 4L 3 A 2843

Pepl. PepCE &5 ) 2 kit — 5 /K i HLA e O &
EVER ACE MK, TERRRER G, —LL ik
Ji T I T e R R A s T B i 2 R — kg
FE AR T N-smek C-3 HLA Bl 2 r k> 7,
SEFRM, AR A B R A R IR R e S
ACE MfITEHERINEA —EXFR, TECHAEH
AR MERK T, K% CHi& A liEm". Cheung
TSI STt 2 B ACE 0010 S £ 335 4R /N 32 B2
T C-unZEmR, C-viad SR Ml 2 R F1 0 B I
AR EIEEER . AR . RINZR)FH ACE
NS %S . Lactobacillus helveticus GY-3 JE A
LR B, Hgmhs R = IR N & b,
TEANML N K R VE TR OR B T 402 N-ii el C-ii o
BB RE ., Kilpi 2714514 Lactobacillus
helveticus CNRZ32 " 2 24 SE IR (PepN) AT x-Jiffi 24
Pk L - — K- IR (PepX) 22 B0, ARA5 AR BL A Bk
BATRAR, Zoad BEDR MO )5 1 T bRk ACE B3 1 B
BETFRIAHE, HtZ PepN fil PepX 5 ACE
TR A — 2K i B UTAE G . T7E Lactobacillus
helveticus GY-3 5 ACE il Ik P A= S 3k R o
FERA I F] PepN Fl PepX MR IR, P,
Lactobacillus helveticus GY-3 Jikifi 2 45 £ 4 i ik
DRI 2H B K f M G B 1 2 11 B R T ACE 1k
LR ER

A, RZH00 L FUATTE CEPs 1R/ ME
170180 kD [, H 5T R i 5L 7L B
CEP JLT B T 22 2 M M4, (B3 CEPs
R SEEEARTR], X Ad CEP A8 TH PE 07 A a0 5 ik 2
& R LR A A A AR T LR BE ) . A AL RS
BRARTZ5 A (PP, 24 150 aa)EfEARAOVEF, {HIE
CEP IEW#i#1&. CEP M4FEFET AN Rm & ,
S AL ES 378 PR KA . 7E PrtH
A PrtH2 h, C-oRIHEM AL B, H A W I0-~2
A AL, Leenhouts 25Ot 1R 1 LR T4 41 e 2% 1A
()5 B Bl e A« B I IR 3 1 48 L LPXTG
SEF AT AcmA BUE R FIRZE O, BITE

CEP 7€ ] BEy Je AP BLAYHLT] : CEP LPXTG
FEFP SR RE KRG A 2 [l 9 AL 25 & e CEP
C- A By 4 1 H £ 5 200 T R (1R 671 F, () Bl B IR 22 1) 1Y)
A E AR . ok A3 L 2P B CEP MELUHREL
aifh, I HEMRELER SIBmE T 3 FeRE
ff) CEP P, Bl AN aiErh g CEPP™ |
240 M f R R B CEPI I nalifk iy CEPPHY2),
B EFLFFE CEP #2220 . AR EU 34tk
() CEP HYIF G MR A4k ok FRE ) A Hebert
S5 00 & B L AL R ZH 43 CEP A3 P Lk 4 4 il v
W EE, CEP GRS BUE KRR, &
Ja WAL, XATRESE T CEP Bt RsFR AL
B C AR [EE, CEP % & LAY XU A7
Z RIS, A SzIe b T i 2 00 B 3L
M P& A8/ WY PriH4, A5 Al EF T8 241
KorFHUI 7 T ST, A RE S I —28 T S 1
FUFFH & B HE ACE S R HL

TEFIET AW IRl b, 456 W1 B2 g
PR SE DR R AL A 740 A, DT 8 20 0 R A a4
P TFBrt— 442 5 Lactobacillus helveticus GY-3
77 ACE R RR A o ZEAR N A 4 i 30 i JE il
b, FF%&FTF Lactobacillus helveticus GY-3 114 % %
FLrmhh, BEWEES A A, AREMIIEM,
MG & AT RE™ A= B = 19 ACE 1] P sl s
W & L i, A J Bl LA X} Lactobacillus
helveticus GY-3 17 5 G R AN &I, USRI 4T
(1) R Lt T LA SR i 1) ACE RIS, 2
FHEEEFL SR . T Lactobacillus acidophilus
L10 &R FLINAFIE 45 R 8w , K AR e 1] [R) B
A DU L WAL ACE AR Rt R4
FEA ORI ], BB A3 AR R I, 2 R A A
AERT, X T A e FLan o . A4 G AR A 55y T 3
HEEME X, XWX Lactobacillus helveticus
GY-3 $2H B R, XA LU 8L
P P A ) & e LA A EE R S A T R UL R T
Lo, 2R L e B B T 55
77, I SEIURE A A R KAk
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