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Table 1 The strains of the experiment
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# K LA M1 1 B 3L £ 12
FFRIAH J1 W 3 X A G R B2 U S
& TR E JY062.JY56 . TD060.TD089 . TD091.TD099 VG 83 X A SR B L) o
AL SLAF R 63-16.63-15.63-17.64-14.43-11.100-4 v B X A SR B L) o

REHIFE 20-1.20-3.20-37.19-1,19-36 . JL~1 1 BB L £12

LGG A IR

K AF A ATCC25922 AT FARA

ESANEES | ATCC25923 AR E R

TR0 40 M < K BRI el 41 B 9 If s 40 B RBL-
2H3, W H B PR R A BR A A

SCYGEh Y .5 R MEYE BALB/e /NRL, T E L
A AR BR A ]
1.2 FEMBSIRF

MRS W7 8595 | BHE T il 35 A B Al | JBe
MK IR IR IS AR DG A
ARA B F] s PBS 22 M 3% W] ot R 1 | 3% W ot iR
oy X R R T BN iR R RS
WU ) B\ CCK-8 377 & JC T I 41 4k 45 °F
i, A6 KRR A R A DMEM = 8 55 5%
W, BRI, TR CH R BN A R A E BT
DNP-IgE fi47  BF i # M (OVA), 36 [E Sigma; Hi
SR WU fifk Tt S 00 5 9 0k | 0 SR I PR T S 5 1

Ik | R PR T S 9 B A A I AR A T
A PR A s DNP-BSA , 55 [ Biosearch Technolo-
gies 28 T ;4—T 3 K -N— 2 Bt —B-D— 58 J& 7 % h
T, B T30 (b ) A RS A5 PR R 2GR
Fr WU AR W R A R D 5/ BURDRL, T B %
I YRR PR ) 5 /N B A 3R (IL) i BB A0
BN &, BRI AR YR A BRA ]
1.3 &&ESHE

Multifuge X1 XIR i # & 7% 0> Hl , Thermo
Fisher Scientific; HFOOCO2 405 724, [ Sy W
Flep AL 8 A BR A 7 s BCN1360 B A Y% TAE S
A6 5T ZR IR e ZRASCA i 3 A R 2 7 s HH-W-600
PR RK B, EIER R AR A PR A A IN-
FINITE M200 PRO Z JJBEREHR{X , 3¢5 Molecular
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W R AE AE -80 CUKFE Y L7 78 1A Mk LA 5% 1 #2
it it B2 P F JC A MRS AR K5 3% L v 37 CHs 5%
18 h, ¥ IEALBYHE K 4 °C,6 000 r/min #.0> 5 min,
WA B AR, 1 PBS Pk 3 WK, Ak il R BT, 1
R M E Ry Sx10° CFU/mL, K T B = 85 C/K
W TN 30 min, #EAT KNG AL S BT -20
CHKFEIRAERS . R K3 5 0 o B W R A T
MRS AR IR 3 |37 CRE 3% 48 h, O 542 .,
1.5 EFAMEHIMEMN AR ESE B MNE S
% 1%
1.5.1 7 B o il 400 ) X AR i 7 ST A
TERAEB YR E 17 A CiEPIA 0.5 mL
400~1 000 U/mL #9375 B 51 2 Bl v 2, B D ik A mh
JnA pH=5.6 MIEEfR S v, [REFE A B.C.D ik
B S A 0.1 mL 2.5 mmol/L A9 & Ak 45 17 W,
37 CALFE 20 min, B KT 1) 25 A= R B AR 0.5
mL T A B, Z&M®/K0.5ml T C.DIRXE,37
CALH 20 min, 1] A.C K& HIMA 0.5 mL 0.4
mg/ml, Y32 W] 5T R M W, B D U4 Thoim A pH=
5.6 MM R 2% i, 37 “CAL P 40 min, ZE R FE 10
min, [F IS ] 4 S 2 A 0.5 mL Z BN
i 175 ¥ A1 0.1 mL 0.4 mol/mL i) & %A AL B8 15 e , R
RSB K U 15 min J5 , 57 BIVKHS 10 min, 34
Z2EE, M 4ZKXEPHN%EMA T mL
Ehrlich i57 , J8 3% 1R 2, & il i 8 (0 30 min, 7€
530 nm P T I A A OB R DA RS AL
W LGG 1E R xt BB AR o MR 40 =X (1) T30 i i
o P Il A1 1) 2%

B TR (%) = %xm (1)
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(TS T2 22 P I+ TR + B T2 22 0 ) 5 € o %o RV T
JERE (35 W I TR B VA T+ 2 1 K 35 T TR N
W) ;D A WO (B PR 22 1Pl + 75 1R /K + T
R 2% ) o
1.5.2  4HMLiE PRI B T B KT
RBL-2H3 #fififd, i s 4n oAk, 428 5] 96 fLik
o BEEFLINA 100 L 20 RS, 40 B B0 45 & 1<

10° cells/fL, B 37 CHE IR, W45 5% 24 h, ]
B5FEMUII A TR) e B 1 T PR T, K B IR A A
BFsah s 24 h, BALINA 10 pL. CCK-8 #
W ,37 CH:FRM T E 2 h, M5 HAE 450 nm % K
Qb (R WG 43 S AL (AN ) o B 4
(IR A TN R ) (AN [ e 5 1) T Y Ak B AR
=8 (2) WE MM S, B AN R v E
(107,10%,10°,10" CFU/mL) %} RBL-2H3 4l il 1% 77
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1.5.3  ZHfufii ok B-HEX BEHCH M E AR YE Lei
SN Ty R R AR A8 ORI, AL F R K
) RBL-2H3 2l , ] B0 M, #2280 T 24 LR
e AEFLINA 1 mL 40, A0 B0 2 & 1x10°
cells/fL, & TH 246 HEE 24 h A2 T it vk
}0.5 wg/mL HT DNP-IgE Pidi, ‘& TR 34
Rig% 12 h, 57 L8800 1 3, G 9 PBS %
TR 2 UK, 43 0 I IR A B R A
BE S 2 M R 10° CFU/mL B4R 8] B AR AL &
H A AR DMEM 85 72 36108 085 1 h,
SR bR IE B 4L ANEE 2 I AR T T R 0.25 g/
mL ) DNP-BSA ARG FRAEHIMA 1 h, 1EHH
PSS PBS 22 th i AU, VKT 10 min DLZ 1k
0 MR IS AR IR I WT EP
SR JE ARSI 100 WL 40 i 22 A7 T 222 i AUTE
YA, AR PR 5 min, U RS L UACER I A0 i b v v A
S U A5 50 WL 2T 96 fLIE TR h | AL
A 50 WL i 0, E 5 7246 i A 90 min, 28
Ja BN 200 Wl 26 1k 2% 1k 0, FH A A0
5E HAE 405 nm P AR W AR P50 (3) F(4)
TR i %) I8 AR R4 3 A0 I8 R 17 7 2R

it R 2R (% )= OD ;3
) (D 15+OD mggmmn)

TR 5% (% )=
(RIS IR — B AL BB o
CEU AL TG T 23— 1 4 LB TR %)
4)

x100 (3)
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1.5.4 ML 79 € ) DNP-BSA #U& 4 i
Ji, o3 S AL A0 L T A, e BB ELIS A 7% 6 10k
BB 1L-4 1L-5 IL-13 TNF-o BB
1.6 BITEILITHE Y56 £ EEAHSHT
1.6.1 @ TEFLAT A JYS56 S S i
T FLAT T JYS6 76 MRS R8s 72 56 b |37 C 4%
TR R 5% 24 h 15 2 R R EX B G,
8 000 r/min BT, 2500 5 min, B e, FH PBS
Ve 2 Wk, BEHUED TS LA T JYS6 Y Sk I 4
DNA, Fl i Qubit #i DNA 5 | 3 i Byt B b e
JREHL VKA DNA SE88 1, JEN 4] DNA FE 5280
G JE TR SO A B AL R Ak
S TL NS, AR RS 2 A7 B AR F A 3
R FMF A, FEF Nlumina NovaSeq I ¥
F-£5 1 Pacbio Sequel il J37~F 5 #4700 )%
1.6.2 I VAN K 3 4L 4y o0 Hr 0 B9 O
i o fdH FastQC XF AR 3 B4l 1) o i i A7 4%
i, VTR I 5 Y R I A BT 3 I Ay
A, ok pE T HLECHE P I BT 5 1Y reads, 4K B I
R ONDS 2 €/

e 417 5 PF% . fH A Unicycler \HiFiasm .
Flye %5 5% Pacbio 2845 1Y~ HLEHE 247 DF 3¢
3RA% Contig J¥ 4 , ffi F Pilon FA4F H ZACH =5 5T
BT = AR Contig 25 RIATRIE , I )5 PrHzs
2| 52 B 5107

FE A . 2% A tRNAscan—-SE .GeneMarkS |
Barrnap . RepeatModeler &5 54 X £ 1 2 5 5 (4] |
JE 4% RNA | FE 52751 JR s A | ik R U 45 Ak
SR R AT T 43 AT
1.6.3 ERYfeER KA Diamond #1178
F1 Gt A 5 PR 1 3 30 Lk, o A5 380 1 2 11 G ik P
43515 GO .COG KEGG T it 8 % J& 1 47 BLAST
Lo, 15 B3 30 L 1 I A, 20 47 R O R ) fig
FERE,
1.6.4 FEIJHEEH KA Ryt 8T >R BLAST
B, F LR g ) B Y A 5 D A G
B VBN 122 DA B i A oM B P Y b 1 S R TR
Fe B AT FXT, T R 4 b A A A 7 R
KIEHFPLAERPIEM ML, JFiE BLAST
FEXF S8, TR e e T 91 Hx &6 o200

1.7 BIFEEIATFHE JY56 &l

1.7.1 P FHUEMRE R A BUE Fb 24 i Ak
Fr B D E T FLFT B TYS6 X bt A R
P RERR B 2GR R 3 AT WA I
IO SR A TR B B, B R 2 A R S ]
CLST 13587 A s Y,

1.7.2 #wiiks &R FLAT R JYS6 o
AP BE P 2 S L L B AR B TR, LS
WA A BR A ATCC 25923 1E X B bk . 2 1
% A BB AR B et P B VS I, O oY I 5
BRI 74 JE) UL 22 1) 375 B B8l Ry B—V5 I 45 TR 7% ) L o
BB MG, hy y—5 10 BN 1 =2,

1.7.3  mg|Weik s ORe T B L AT B JYS6 4 A F
R KSR D R T IR T 37 CHEFR 72
h, 55 3R 45 FUF N 5~10 35 51 5 BOK i 1
B ATCC 25922 1E Xt BB #k , MELE 1 25
g A3 751 i T2 BT €0 B oAy B 4 5 T Sy B 22
1.7.4  GSFRER A DRI PRI 2 K06 K | s 7L
FFER JYS56 LA 39 1) 42 Bl ik 12 Fl 21 6§ 1% 46 1% 57 5
o, CE TR R T 37 CHEFR 5 d, Al 10
T 5% K1 WO 10 T 5% M VE M, #2510
FLEE SRR AT ATCC 25922 1 %of IR 14
PR R e 5 SR SR W O W A O BRI R
A8k B

1.7.5 @R KR T B FL AT JYS6
DL 39 1 42 2 o i) 42 BIORS 0 R XK A it 18 56
BRIt | A R B0 AR R 0 1 R D S R R
fitg G 5 IR AL, OE T IRA R 37 CHE R 72
h, $E 5] WA 45 5L e UK WA #F B ATCC 25922 1
Skt REPE R o B3R B R LB (0 2 R A S P
BE IR B €0 5 B €0 1) R B PR

1.8 WMIFEEITEATE JYS6 BREPEEAFH
SR

1.8.1 S sh ¥ o 4l BRI e sr sh s s
1 Li AP 58 S al L S A E B, SEIR sh ik
FH 48 FUMEE BALB/e /NEL(5 Y ), BL(22+2)C
14 T B2 A1 (5545) % IR IR 37 12 h B8,/
FUE FREAMROK 18 MR 1 RS B/ BRBE AL
S A (n=8 H/41)  IE# 41 (NC) .OVA i
(OVA) i #1420 (LLP, 1x10” CFU/d HK-#& T 1%
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FLFF B JYS6 % F 02 mL PBS i) . 4
(MLP,1x10® CFU/d HK- &+ & FLFT 5 JY56 %
F 02 mL PBS). X4 (HLP,1x10° CFU/
HK-# T & ZLAF B JY56 % F 0.2 mL PBS)., IE%#
H/NRAESS 0 KANEE 14 KIE M EST 0.2 mL PBS,
HAR /N BITES 0 KA 14 KI5
50 pg OVA F1 2 mg &AM (T 0.2 mL
PBS "), BRIEH# 4l4b, & 4/ B 5 7E 5B
28,31,34,37,40,43 K IR#H 50 mg OVA #E17
Wk 36k, NC Al OVA £K#EH 0.2 mL PBS,
HAKHA/NRAREES 0.2 mL A [R5 & 1 K
[E=3
1.8.2 /N B 0T it O o K ik BORE IR T M ESS
0,14,28,31,34,37,40,43 K & 45 20 /) B
IR IR S, R 8 WK, R A — YRR, R AT
T BE T £ 5 S REORT S /D B B IR EE 3
R4 21 /N BRUAE 0 e R TR ) AR Ak, REH BRI 3
AT E , #EE 1 h REEA AL/ Bt SUEIR
ARGy . 2438 5 9.0 sr=TChE R ;1 sr=9MH
A% BT 2 Ay =HREE CEEZR M, PR S ST R ;3
r=WEEL RIS T BN PRI R HE 4 S =
B G AS, WLR AR Tl 55 o =3ET AR5l
1.9 HEHITSHT

fifi FH SPSS 27.0 FR A4 i 560 B Hi A7 A P R
J5 2534, A Origin % {4 #1 GraphPad Prism
8.02 FH AT IR I 45 5 LUF- S (B b o 22
(Mean + SD) /R, P<0.05 (RFELER 2R B FH

2 HRESH

21 EBEBEHEHIhEEN R TESE R KNG
pri s

2.1.1 B ARG S R R R E
i 1 30 2 R 1 e s O o T 3 B 24 W A T
75 I I T Tt 1 ) 56k R B Ao BTG Tk R SR PO 20 B
PRl (14325 B 5 R D R AN T 1 R, T BRI R Y
B BT R A0 R R AE (11.68+1.35)% ~(45.69 +
1.28)% 2 ), v BE M B Ak HK - 25 0 2L T B
LGG il % i i, HK- I [RFLAF R JM1 HK-% {7
FCFLAT B J1 HK - &1+ s ZLAF B8 Y56 \HK - L 2=
PEFLAT B 19-1 HK- R 2= 2L AT B JL-1 Al HK-
TP ZLAF B 3-17 B 2R 5 HK- R 2205 ZLAT 18

i
Inhibition rate/%

0
D D LN G P Do
L FISLEIT T

RIS

=
VS YL &S

AN T L TR R A

Different experimental strains numbers
TE ARG R 08 22 53 835 (P<0.05) .
B 1 EAREREHEE
Fig.1 Hyaluronidase inhibitory activity

LGG JC i % 1 25 5% (P<0.05) , AR 415 125 I 5 2 it 41
SRR/ e DA 6 MR AT N — 2105
2.1.2 RBL-2H3 ZHM3 M 45 5% R CCK-
8 YA A7) A i 5 19 TR R AN () R e B X RBL-2H3
N LAF 5 R B S, LB i SR 00 fe vk 2%
RE 2 s, & 107,108 CFU/mL il 10° CFU/
mL 3 /N kX RBL-2H3 40 ik 47 il i sl | H:
AETE R85 T 90% , 16 M 76 3% A8 1k (P<0.0001) ,
M ¥ O 10 CFU/mL i) RBL-2H3 40 iS5 1
R (P<0.0001) . #BEHL 10° CFU/mL B B
JE AT IR SRR

2.1.3  B-HEX B 455 4808 K 40 i =k vg
P L 2 52 38 ok B R, £ T A AU I
N, kT Y B-HEX Fifi 22 B 2R, A mT 3
Tk 0 40 O 855 55 3 b B-HEX (1435 P 5 PE A4 RBL-
2H3 48 i i B ORL 5 3 AR R 45 19 OD fH
THE N B-HEX Byl 2 45 &l 3 s, A
I T Bk 2 0] SR B-HEX AR, Horh HK -
T HEFLFF B JYS6 F1 HK-2 R FLAF B J1 HoA &
S B-HEX 410 i 36 1, H A 1 2853 51 hy (41.36+
0.88)% 1 (37.61+1.15)%, H HK-#|+ E&FLFT
JY56 5% BT M HK-ERZAE ZLAT I LGG i 41 il
T FE 25 7 (P<0.05) .

2.1.4  HBEPFIE 25 YA K 4 A Bl ek
L TG A e BURL JS , 23 BEC 1L-4 1L-5 \1L-13
HTNF—o 55 4t J R, 51 e 2o B0 g A B 5
FH ELISA 32551 65 00 72 40 Jfd 43 9 1) 1L-4 1L-5 .1L-
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CJ LGG =3 JL-1
120k =1 6317 n
i

= 19-1
== JY56

100

!V %
80

60f

EHY IR
Cell viability/%

4ok

20f

]
107

108 10° 1010

AT T o v
Different concentrations of strains
B2 RS A O RALAR L % P < 0.05;%% . P < 0.01 ;%% P < 0.001 ;#**% . P < 0.0001 ,
2 AEREERI RBL-2H3 40 i & M %
Fig.2 Effects of strains with different concentrations on the activity of RBL-2H3 cells

B-HEX #1ifil %
B-HEX Inhibition rate/%

0 LGG JY56 JL-1 19-1 63-17 JI1
N T i T B 2
Different experimental strains numbers
U AN N 5 B 2R OR 22 57 35 (P<0.05)
B 3 AEE#%X RBL-2H3 48 A i 1k Bt B fir
B-HEX B
Fig.3 Effect of different strains on the activation
of degranulated B~HEX in RBL-2H3 cells

JM-1

13 1 TNF-o &5t , 45 R WE 4 7R, &l 4a AR
AN TR R AR B TL—4 19 5 5 5 B 2 A L 2 B
FRRAR, Hod o B bR HK- B2 R ZLAT B LGG Al
HK-#+ B FLAT 3 JYS6 1B HRUR ik 3, 5 3]
FAAR T (31.44+2.88)pg/mL il (32.02+1.21 ) pg/mL,
HY5IEWHTL R EMEZES (P<0.05), HIK 4b Af
SR 2 A L R I A R RS B S R AR T
IL-5 /Y& &, Hb HK-2 JHCFLFF B J1 F1 HK-
AT FLFF R JYS56 VR TRUR B R W 2, 43 0l B AR
T (25.49+2.65)pg/mL 1 (28.59£1.69)pg/mL, HK —

AT 1% FLFF 1A JY 56 A5 8RR 5 6 B TR PR HK - B
A E LGC MIERALE FEHER (P<
0.05), &l de RTINS [RGB RO TL-13 19 &
i G ARUZE AR L 38 0 R AL, o HK-RI T S 3L
FFEA JY56 Al HK - B2 05 ZLAF 8 JL-1 7E R AR
AR, IR T (47.3920.68)pg/mL Fil
(46.79+2.68 ) pg/mL, H.5 XF B8 5 & HK-FL 2= 4 7L
FFB LGG FIIE 5 4140 be T B 2 M 25 5 (P<0.05) .
P& 4d AT SRRV AR LL , BT A AR S 2
HREAL T RBL-2H3 4l rf TNF-o 09 & 52, Hrh
HK - &l T & 7L AT 3 JYS6 Al HK — 5L 2= B L AT
19-1 fERRCR o 3, A AR T (151.30+
2.74)pg/mL H1(152.09+3.42 ) pg/mL, 5 1E # 4 Ml
Jo e # M2 R (P<0.05) .

22 BIFEIME Y56 EEAFESTTER
221 RITEEFLAFE JYS6 B HM AR B

T UE A B 5 A reads BOPE VAT BHE X PREAS
BN 78 8P N ATV, 23k o A 0w 1 1% 7L
FEER JY56 LB Zh i 1 A FRAR YL e fk (chr) #1 4 4>
AR KL (plasmid1-4) 21 5% (K 5) , 3 4@ 55 2 863
AL e R T8 BN 2 704 929 bp, JEA
JFHIH GC &t H 40 ol 46.70%, 4t 2 701 4~
FeH, B 15 ) fRNA #:9 7R KW (5 14 5s
rRNA .5 4~ 16s tTRNA .5 4> 23s rRNA),59 4~ (R-
NA LR 23 AL 5,7 A RS A Bk 1751
B JE R 44 721 bp, FEHIFHIH GC FaE 4
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100 -

40

20

IL-5 & ik
IL-5 Concent/(pg/mL)
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Fig.6 GO function annotation results of L. paracasei JYS56
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Table 4  Antibiotic susceptibility of L. paracasei JY56
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Fig.11 Amino acid decarboxylation test results
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Table 5 Alleviating effect of HK-L. paracasei JY56
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Screening of Heat-killed Lactic Acid Bacteria with Food Allergy Alleviating Effects
and Its Whole Genome Sequencing Analysis

Zheng Miao, He Mengli, Fang Ruxue, Man Chaoxin, Zhang Yu, Yang Xinyan, Zhao Qianyu, Jiang Yujun'
(Key Lab of Dairy Science, Ministry of Education, College of Food Science, Northeast Agricultural University,
Harbin 150030)

Abstract Food allergy (FA) is an abnormal response of the human immune system to a specific food that causes dis-
comfort in several systems, including the digestive, respiratory, skin and cardiovascular systems. In this study, heat—
killed Lactobacillus paracasei JY56 (HK-L. paracasei JY56) with strong anti-allergic activity was screened from 20
strains of lactic acid bacteria by hyaluronidase inhibition assay and RBL-2H3 cell assay. Subsequently, the safety of L.
paracasei JY56 was evaluated by whole genome sequencing and in vitro safety assays. Finally, an ovalbumin (OVA)-in-
duced FA mouse model was constructed to further clarify the effect of HK-L. paracasei JY56 on the alleviation of clini-
cal symptoms in FA mice. The results showed that HK-L. paracasei JY56 had high B—aminohexosidase (B-HEX) inhibi-
tion rate, and the levels of cytokines IL-4, IL-5, IL-13 and TNF-a were significantly reduced after its intervention.
Whole genome sequencing analysis revealed that L. paracasei JY56 does not possess the ability to virulently and trans-
mitly receive antibiotic resistance genes. The safety evaluation experiments such as antibiotic susceptibility test, hemolysis
test and harmful metabolite evaluation revealed that L. paracasei JY56 was susceptible to commonly used antibiotics and
did not produce hemolysis or harmful metabolites. OVA stimulation resulted in decreased body weight and rectal tempera-
ture and increased allergy score in mice, while HK-L. paracasei JYS56 intervention significantly alleviated allergy symp-
toms in mice. In conclusion, this study provides a theoretical basis for the use of HK-L. paracasei JY56 for the allevia-
tion of food allergy and related diseases.

Keywords heat—killed; lactic acid bacteria; food allergy; Lactobacillus paracasei JY56; whole genome; safety



