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1.1.2 3 FEH4 DNA #2565 &, KA1k
BHEABR A A 5 B, TP AR I 1) 2 8 A R
5l spremix Taq i, K FE AW A A ;BCA K5
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1.1.3 B3t
1131 rEgdsan st AR 10 /L, BEEE
Y15 /L, BALEN 10 o/L, B R ¥y 15 o/L, 2518 /K
1 000 mL,pH=7.4,115 ‘CK % 30 min,
1.1.3.2  KEEIGFE R 30 o/L, BELERY 63 of
L,CaCl, 2 g/L.,NaH,PO, 1 g/L.,MnSO, 1 g/L,KH,PO,
1.5 ¢/L,pH {H F 4%, 115 CCK i 30 min,
1.2 UE{5EF

SPX-150D AU i AR AL 35 724, b1 RS0l
F R FIEIF B4 ;C1000 PCR 1%, 3% BIO-
RAD A F];CJ-2D BUTC W #AE &, R 2 Wy
IS BN 7] SMZT4ST Yo s, H A e B2
A); UVmini—1240 2 5h-0] W3 GG, HAL
HBAHTCL-20 & X m e .odl, S hREHMY
HAR K A R TEAT 28 vl s HH-S K 5, L LT
F AL #8A BR AT A B s HNYC-200F 85 47 K
RHERR AR AL R A FR 2 | 5 D2401 15 i 15 57 4k
Vit , IR BT A AR 8 A BR 2 W] 5 SO 3
1%, 2 [ Agilent 23 7] ; HITACHI8S3 4 & 5 1% 43 #r
S, HA H A2 R ) ; Zetasizer Nano ZS 49 K ki
B HL 2 59 BT AL Mastersizer 2000 85 k7 B 3 #r
S, JEE TR S0/ A ;s Nicolet 1S10 i HE 75 4 21
ANETEAYL , 35 [ & #R K AR (Scientific ) A PR Al .
1.3 A&
1.3.1 WA B FRHCH HE A 1.0 g,
IMA KA 9 mL LR K MIRE S, J% 10 min i
FESL TR A) B E 5 min ST, BF b TR RS R R
il A 102,107,107, 107 £ %40 TR 2, H 100 mL
WA FEAR L BB T 28 CREFRM TR IR 3d, A
S Bk B T 8 AR O W A B 2 R I AR
BRI sy B BB S B Al SR TR
1.3.2  F#k 16S rRNA ZH P58 B 1.5 mL
TR, ) FH 40 B 5 TR 2 DNA 2 BGR 7] & 18 B
Ptk DNA, 16S rDNA 5149 th B934 )
Nl A, EESI Y 27F.5° -GAGTTTGATC-
CTGGCTCAG-3", Fil# 514 1527R .5’ ~AGAAAG-
GAGGTGATCCAGCC-3’ . &3k 1 (KR iH1T 16S
rRNA JEHF 5 PCR ¥4

B A WEAE 20 (PCR) 7 38 4514 4y . 1) T AR
£ 94 °C, 10 min, 2)7EE 94 °C,30 s, &P 60 °C, 1
min, #E{#H 72 °C, 1 min, 30 MG, 3) LA 72 °C,

&1 PCR¥y #3531

Table 1 PCR reaction system
X A A&/l
premix Taq 5 25
L7514 (20 pmol/L) 1
T #% 51 4 (20 pmol/L) 1
A DNA (200 ng/plL) 1
R K 22
BARAR 50

10 min, PCR 4" 84 5% 1 9008 20 w1 P 4347
¥ J5 B 16S rRNA A Jy 8113 33 hitp ./
www.nchi.nlm.nih.gov/BLAST/¥ 3t i 17 [a] Y5 4 53
Mro FIHI MEGA 7 #412R H] neigbor—joining (4B {3
AR ND) AL AR (1) R G R BB
1.3.3  y-PGA R BE M il #5  R I A e s 97 2
PL 3%y 35 FP 30 °C 200 r/min £ 78 F #E R85 5%
24h, WA 1L KW, T 80 “C/KIA 20 min K
B, 25 10 000 r/min £5.0> 20 min 25 HIK)S | 727
FEFETIA 3 f5ARFL T K L BEULE R AW,
BUUER E R 1L L8 oK m, PR 3 4%
RBTC K B DLE , A UL R 3 W, TTE M8 vk
T4 48 h A BIRE SRR
1.3.4 y-PGA KA
1.3.4.1 550508 SRS OB EE T HTE 190~
800 nm 75 Bl P F I it AR VS VAR
1.3.42 KfpEEER T 4% 0.5 mL 1 20 /L 1Y
FEMKIERS 0.5 mL 11.8 mol/L YL R IB IR A
G AR E T WEE BT T 105 Tk
fi# 24 b TR AR ST S IR 4 BT AL AT 43T ¢
1.3.4.3 LA A AR L o AR 4 21 A1 15 R
52 B 5 AE 4 000~400 em™ J8 [ P9 A9 21 40l 3% 1%
W,
1344 BERBEEIESTT RINBEKREE G
T — 22 F R WO 0 B A = s 22 A6 T g e R Tk
(GPC-MALLS-RI) ¥l 5 2 % i) ~F- 4 AH X 43 ¥ o
(Mw) B Hooy A 280 (PDD)M K 4 - A .
Shodex OHpak SB-805 HQ(300 mmx7.8 mm), £
25 - T 95 AR 22 K DU 4% (dRD) 2 £ B2 MO6OE
SRR (LS) VAN IS (UV) o W 3IAH 0.1 mol/
L P9 B T 0 7K V5 W, FE L < 25 °C /R 25 TR EE .25 °C
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WA 0.4 mL/min, EFERFR 30 L, 0RE il & .
FREURE S 1 mg, 2 mL 19 0.1 mol/L i 2 8 15
FE v A B R 0.5 mg/mL 1 y—PGA I, 1t 2 Ik
0.22 wm 7K R UEBE, ] 0.22 wm £ FLid JE A5 1L 5
Je , SR RO T Sh R

1.3.5 FLW R Hl & o PR £k 22 vh i (PBS, 10
mmol/L,pH 7.0) % fift A [6] it 8 0 i G 8K 1, it
W 4358 10 mg/mL A1 15 mg/mL, % T i
24 b, SR 4 I AR [R] B 2 1) y—PG A, Jii 2 43 5K
435 0% ,0.01% ,0.05% , % 15t ¥ 30 min, 7643
RGBT UKFRK G R 4 85 L ORI A 4% 9+
1 PR BLLIR A, R &5 2 WL B FL AL 2 min
(%% 10 000 r/min) , 3% 3 8 ] = F B B ALTE 40
MPa JE S FHER 3 W, HIAFFLI

1.3.6  FLAEEME (2 ER U e
FLIRRR E P 8 FLR VR AR it | AR v
 (45+0.5)mm ; BEE T BUSTOG L 35 SF 6 I g A
UL LT AR B 4 R 880 nm, 158 5 A %k 4
5 min FHE— U, 8 BE S A F R RS A A
Sy T LI R T

1.3.7  ZFLWRCRLAR ORI 43 B A0 2 2L
PRI FRLAR A3 A, AU D A B 3 B 1 3 O B Ry
19%~10% , 3R A2 43 A7 A5 2R BT 4 B A2 F i
BOPSH EAR, B EE IR 3K,

1.3.8  FLUKHALAGM E it 98 AKORL B L A7 43 BT
A 5 L W LA, B AR R IR 25 °C,
it R A 40 s, f# A PBS 28 4 (10 mmol/L,
pH 7.0)¥s FLIBFR BE 5~10 175 . B3R o E 42 4
3,

1.3.9 FLWHOEIRERB FHBOLLRER
U (CLSM) WL LW 1) SO 25 44 ) ) S L R ¢
J6EK (FITC,0.01% — F 3 000075 i, 0 4/ % 38
£=494/518 nm) Y (4. 11 51, HJE & 21 (Nile Red,
0.01% Jo/K CBEH R, PR IK FHE K =488~530/
575~580 nm) YL (i AH , S T[] B0 5% 2R 11 R TH AR
oA, 5 R SR e B A R it 54 5
RA, FEMRAIEE 20 WL A 5L E T2 M F v s
gk ot g R, HROE IR AR B AR LI
TS

1.3.10 S ff 3 St it B e LW Y A
TH W B A 43 B (AP) R B 2% it (7) SR Ye™I I

Puppo “SF'HH IR 1 5 i HEA TN E . IER 4 0.45 pm
M EF Sk A DE R S IR M RLE R . IR E O
(10 000xg, 15 min, 4 C) J5 W AEZLIE 2 TG, il
A BCA 5 &, LA BSA 1E R bsufEdy , 2 2L 35 2
VR [ VR B VA B o AR R U 3L Y VAR TR )
oA DL R s e B R =0T 5845 2 0 i R
FIE 43 L (AP) R B 404 (7).

AP (%) = [1-( Csr/ Cy) %100 (1)

P Con A FLUE Z M8 VR mg/mL; Cone
R FLER IR B mg/mlL,

T(mg/mz) = [D32><(CEMU—CSER)X(1—¢)]/(6(p) (2)

K Dy AT AR AR, m?; @ R il Y
A E, %,
1.3.11  Fodsab B R SPSS 26.0 H 4 #E47%K
P X L o B A 25 S B 3 RS 59 (P<0.05) . HH Ori-
gin 2021 B HEAT By A BRI R

2 RS54
21 EHMSBE5LTE

W B G RE SR AT LB SR Okt — Rk
FHHE I B B, fiv 44 o8 BM202001 , 3 16S rRNA
FER X, &I A0 AR 2 AT R R
C AR IE 1YY A AH Y KT 99.8%, M R4 &
B (E 1)3 8 BM202001 1 ¥k 16 25 74T % 8 vE
FEFENES , L5 528 JFF B A 52 Ff DSM10"
BRI b, BRI ULH BM202001 1
PR & Tl R 2 AT R
2.2 y-PGA 4
22,1 EHMMHT EBR BM202001 $: A K BE B 5
FErr 30 °C 200 v/min $2& IR K5 7% 24 h J5 850 4R
BEW, &0 O EEVLE S TR 158 12.1 g/L
AIRE OB R o B E Sl T 25 B 1 /L KU, 55
N6 TR AT 190~800 nm i K 36 Bl A4 1 4
FE ) Fe R K A7 F 216 nm BiIE (K 2), 5
y-PGA WJRHE MO K —F17,
222 KA WK 3 PR, FES K
FEY R B R R 5 92.80% ; HK A AR
HH 0.84% .,
223 AN HT b2 BT RE L AR AT 4
g, ) JFIARE B M 21 A3 XL S R AT 20T MR A
4 45K W% .3 381.30 em™ Ab Y W I 6 AR 3¢ N-H
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o8 rAJ542512 PRIRHEFRIFF M (Bacillus novalis ) Bi#LMG 21837"

AJ542509 Bacillus vireti BiBRLMG 21834

AJ542513 TIMFTFFB (Bacillus soli) E#LMG 21838’

AJ542506 &%54 3 B8 (Bacillus drentensis) Bi#LMG 21837

AJ542508 Bk RATE(Bacillus bataviensis) B#LMG 21833°

AB021194 JERR3ERFF(Bacillus niacini) B#KIFO 15566"

AB245377 #)I|3FI#FBi(Bacillus pocheonensis) B#Gsoil 420"

HQ224517 Bacillus ginsengisoli Bi#DCY53"

FN995265 P2 MIAF# (Bacillus kochii) BiBKWCC 4582"

FR666703 Bacillus purgationiresistans B#DS22"

HMO035089 ¥#| 3 BAF 8 (Bacillus eiseniae) B#kA1-2"

AB109209 P 3 Ha#F M (Bacillus asahii) Bi#kMA001"

100 — BM202001

L AJ276351 HEE3 RATBMSELE R (Bacillus subtilis subsp. subtilis) B#DSM10"
AB363732 BRI (Bacillus azotoformans) NBRC Bi#k15712"
AY998119 KB BT H AT B (Bacillus niabensis) B#k4T19"

X76437 BHEFHIFFHE(Bacillus cohnii) B¥DSM 6307

99 X76447 thEFRFFB (Bacillus halmapalus) B#DSM 8723

99 AB049195 BFRARFRUFFHE (Bacillus funiculus) BFENAF001"
ﬂﬁseo Bacillus panaciterrae Bi#kGsoil 1517"
AB021185 5 gl 3 RUFFE(Bacillus flexus) Bi#kIFO 157157
41()0'_— D16273 EASRFFH(Bacillus megaterium) B#IAM 13418"
AY667496 Bacillus koreensis BE#BR030"
X56153 HuB4H RN 424 B (Listeria monocytogenes) B#ENCTC 10357"

TE AR FEBE T 28 J0 AT B8R (Bacillus ) T A SE RS U bR 19 16S rRNA 5P 7 S K 22 46 5 b i B0 I Bk 16S rRNA L[ 7
Bl iy NCBI Eudla 2 ) 7 510 4 5 ARAE (1 000 NS ) s 1 AR RAUSR IR A 2 B 10 20 30 1 20 B AR R R 55100 M H TR

P 1 AR,

B 1 H# BM202001 B & 4t i L B
Fig.1 Phylogenetic tree of strain BM202001
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Fig.3 Amino acid analysis of hydrolyzed samples

SR 4E RS, T y-PGA 4 F P30 ) A A
FH WAL [ AR AR 7 171 85 3 5 1 598.06 em™ &b 11 58 1
Wi e X 2 A iz 35 AT HP A —~CONHR AN X R 1 4 91
Bl 5 b AR P Sy S T R P 1 R AR R IE W
T y-PGA I I AELE . 2 936.29 em™ ALY
Wz WS e A 3R R C—H B8 7 X A AR s %o Ak £ 4 i
351 406.55 em ™" &b iy W Wi g AR 3R AR I AR
—-CH, 3 -CH® (25 i #= 3 51 015.77 em™ &b 19 1%
WA 2R C-0 R M 4E 9= 3h s /hF 1 000 em™ 4b
14 W W 0 AR 2 N=H ) Al SF- 1 25 0 R 3l 1) R A
W, FRGERE y-PGA b i B H AE 0 4 i
W), AT LB 2 R Ol y—PGAM,

224 BERBEOIESN T AHTRES S
i, i J] GPC-MALLS-RI 45 (4 €35 i 141 5
B, A b 46~64 min, 78 2155 (K 5. %
LT, VL y- R A AR & AR 7 R
BARMA 5y, y- AR E I 5 F It it
(Mw) A 7.163x10* g/mol , 52 ¥ 43 F Jii H (Mn) Ky
5.545x10* g/mol, 2~ 43 F i i (Mz) K 1.093x10°
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Fig4 The IR spectrums of sample

10° g

© Mw
108 b / b - - =7-PGA

¢
10 / %

3
10° B ' \

i
Molar mass/(g/mol)

10' f ! ~

10° 1 1 L 1 )

s i)

Time/min
B 5 y-PGA K GPC-MALLS-RI EiZ
Fig.5 The GPC-MALLS-RI of y-PGA
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(a)10 mg/mL PPL

g/mol , I 73 F it 7t (Mp) i 3.705x10* g/mol , £
SR EC(Mw/Mn) R 1.292, B Mp Al Hl,y-R &
IR 47 ¥ BT it 4 P AE 1.279 x10* g/mol ; 4
Mw/Mn 4 1.00, % W] 205 5 50 & 53 A 34— , 1
y-RARARN Mw/Mn 4 1.292, £ y-R A H
O3 TR AT R A oy TR AWM
2.3 y-PGA I3l ¥ B #a E M 59 % i

H TG y-PGA X8 8 11 7L A6 R 1 5%
M), 38 5 e M A BT 1O o L L R E T TR
Wr P A g th i .43 B4 1 (PP 5 y-PGA
it i 22 58 B R BC L AN 1R 6a BT, FLIR 9 ER
JE B 7548 B (TS BUE B K AR 80k, ) 3= W]
FLW W5y I B 0, ZL AR MBIk, R
10 mg/mL PPL FL W 1E 25 F1AF i, 10 mg/mL
PPI-0.05% y-PGA & TSI H A 0 h B} 575
FE i (2.09) TG 5k 35 22 57 5 117 I 26 it 6 s 1) £ 285 o
25 FARE S 2LV A3 2 B S, R R B R, TS
AW Tt L3 840 s Ak 2.32; 1fif 10 mg/mlL PPI-
0.05% y-PGA F & TSI T A8 1k, FLIFa e
PERZS FAREAAF . 24 PGA WK 0.01%0 , 10
mg/mL. PP1-0.01% y-PGA 1 TSI fH7E 0 h A 4
25 FURE O 8 B A, O 1,73, B 25 [ A 184 i, A
ih TSI B E W T1 i .3 840 s IF ok 1.98, {HAK T2
FFESD TSHE 2R U] y-PGA BTSN & GE
REpi T EAMILREN, T LRGSR
¥ 0.01%PCA W i R e, JF— 4k T i
GEAMNEG R, gRME 6b Ui, 7E PPl & &>

32~ | —*—10mg/mL PPI
—*— 10 mg/mL PPI-0.01% }-PGA
30F —4—15 mg/mL PPI
—v—15 mg/mL PPI-0.01% y-PGA .
28+ | —*—20mg/mL PPI ././
“—20 mg/mL PPI-0.01% y-PGA .
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Fig.6  Stability analysis of emulsions with different ratios
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10~15 mg/mL I, Bifi 45 &5 1 & f 19 485, L A ga
FE Y 2 & N 20 mg/mlL 1 il £ 15 21 1 7L
W TSI B G K, R WA 1 1 ORI X LM AR e
VEFR A=t R w0, PRt 764 SCIR LA 58
FEMF 5T y-PGA WA 0.05%H0} ,PPL & & K
10 mg/mL 1 15 mg/mL &1 F ,y-PGA X} ZL i £
FE A B

9 —=— 10 mg/mL. PP
. —*— 10 mg/mL PPI-0.01% 3-PGA
—— 15 mg/mL PPI
7 —+—10 mg/mL PPI-0.01% 3-PGA
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FLIRAS E PR | 18] 7 S5 R R W] 4 A i i RLAS
ENT 1 m, HAE 7 d AR AR, IX SR W FL
TE 7 d N EA R 1 R E

9 —=— 10 mg/mL PPI
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Fig.7 Particle size distribution changes of emulsions with different ratios under different storage time

LV VL T % T P A T LA TR VTR 22 I 7 R
HEFe LR ORFRAS E R, SR AL B 2 WU
AL 118 246 X 5, L YRR 22 TR HE R bk | 2
MERE R, FLIRCA RS OE . AR L IROBO Y H A (&
&)L, BTl Y Ha LX) Sy 1AL Wit i A7 B[] ) 3
T A it LA 0 T 2 BRSBTS N R R A R
A y=PGA BIHFE S AHEE T UL, oA 465 X B E
TR T 3k i B YR [R] 9 R T SN FLICE 2R 5
LRER G, SO R S5 LA, P — 2 U
B y=PGA 1A FI L5457 LRI 1 Fi Aoy
TR 2 FLIR AR A

[ B 9806 46 3 A B 13 BE (CLSM) g 98 35 L 0L
i JE 3 LR AR /N 2 T 0 LR R
M9 mIAL, a5 FIRE S I FLIRFE 6 AE 7 d J5 B
T ORE L BE , T y—PGA BN A A4 2L 7 R
OYEUERYS) BB XU T y-PGA Xf
PPL ZL RAFmREVE 2 TR 2 B
SIS AW A X T RE B T y-PGA #8717 3
VL P 2 T R AT A T R VRO 2 R R A
AELIM 75,15 mg/mL PPI 5 0.01% y-PGA il &1y
FLIR RS M AT WO RN 5

45
Group
0.01% 7-PGA 0.01% y-PGA
10 mg/mL PPl 10 mg/mL PPT 15 mg/mL PPI 15 mg/mL PPI

-10

D
S

Zeta HLA
Zeta potential/mV
o ;
=l

I
=

-50

T A /NG 57 8 3R 22 57 .35 (P<0.05)
8 AR KERNEEERETRAAEWL

Fig.8 Potential changes of emulsions with different

ratios under different storage time

2.5 y-PGA I %| i 5 % Bt & %2

15 mg/mL. PPI 5 0.01% y-PGA il # i) FL
FsE Ve T LA i e ar iy, Hh oA RS 3L
TR PR ST R O 3 RS B A A O, gk — 2D E FL
TP S TET VR O A8 A B i, 2SR ANIET 10 FR
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(a)10 mg/mL. PPI (b)10 mg/mL. PPI-0.01% y-GPA

(d)10 mg/mL. PPI-0.01% y-GPA
TE A AAE ) 2 7 d
9 AEGELLIAFHHMAELRERR

Fig.9 Confocal laser images of emulsions

(¢)15 mg/ml. PPI

with different ratios
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10 mg/mL PP 10 mg/mL PP 15 mg/mL PPl 15 mg/mL PPI
0.01% 7-PGA 0.01% 3-PGA
451
Group

B 10 ZikaSFmE R ERRMEETL
Fig.10 Changes of interfacial adsorption rate
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Screening of y—Polyglutamic Acid—producing Strains and Its Effect on Emulsion Stability

Zhang Huiyan, Dai Jun, Gao Zhiming, Qian Ying’

(School of Life and Health Sciences, Hubei University of Technology, National ‘111’ Center for Cellular Regulation
and Molecular Pharmaceutics, Key Laboratory of Fermentation Engineering (Ministry of Education),
Cooperative Innovation Center of Industrial Fermentation (Ministry of Education & Hubei Province),

Hubei Key Laboratory of Industrial Microbiology, Hubei University of Technology, Wuhan 430068)

Abstract Pea protein isolate is nutritionally rich and widely used in the food industry, but its poor water solubility lim-
its its application scope. To explore the effect of y—polyglutamic acid (y—PGA) from microbial sources on the stability of
pea protein isolate emulsions, a strain BM202001 with high production of gel-like fermentation products was isolated from
traditional homemade soybean sauce using the plate separation method. The strain was identified as Bacillus subtilis
through 16S rRNA gene sequencing and sequence homology analysis. The fermentation product was purified and identified
as y—PGA using methods such as ultraviolet spectroscopy, infrared spectroscopy, and amino acid analysis. By measuring
the emulsion potential, particle size, and microstructure, it was found that 0.01% y-PGA and 15 mg/mL pea protein
could prepare emulsions with good stability, small and uniform droplets, which could improve the stability of pea protein
emulsions. The results provide a reference for broadening the application of y—PGA and pea protein in food.

Keywords y-polyglutamic acid; Bacillus subtilis; pea protein isolate; emulsion stability



