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Starch utilization characteristics of lactic acid bacteria
isolated from Daqu
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Abstract: [Background] Lactic acid bacteria (LAB) are important microorganisms which affect
the texture and flavor of fermentation foods such as sourdough and steamed bun. Amylolytic LAB
have enormous application possibilities owing to their ability to colonize in flour. [Objective] To
screen amylolytic LAB and study their starch utilization characteristics. [Methods] The medium
with starch as carbon source was used to enrich target strains from Daqu for strong aromatic
Chinese spirit, followed by testing the starch hydrolysis ablility. Then, expression level of amylase
in the yielded strain and the enzyme activity were determined. [Results] Daqu which had been
stored for 3—6 months was optmal for screening the bactia. Amylolytic LAB can be quickly
screened out by subculture with batter. The yielded strains were dominated by Lactobacillus
plantarum and Lactobacillus paralimentarius. The starch utilization characteristics and amylase activity
in the amylolytic L. paralimentarius LBM12001 were analyzed. The findings showed that it can
hydrolyze starch at 10 g/L and well colonize in batter. The a-amylase and maltogenic amylase were
extracellular enzymes. The specific enzyme activity of maltogenic amylase reached 1 240 U/mg at pH
3.5. [Conclusion] We developed a method to enrich about screen amylolytic LAB from Daqu for
traditional Chinese spirit and a method for evaluating the starch hydrolysis ability, and screened out the
extracellular maltogenic amylase-secreting strain which had great potential in the production of

sourdough, steamed bun, and other fermentation foods.

Keywords: strain screening; Lactobacillus paralimentarius; starch hydrolysis
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B LR TR A A PR BR AR AR AR T i Y
Ko HAoXTTILRE R L BEMERE , G454 KRR
Jio R B AR T B R EOR 9 dnd
o VE R K TG S FLRR RSN, EAEIA
T R0 8 AT S T A K S R T IR —
A

BIRE AW R FLIR 1 B A TEA K i
RS, A H B Ve R A L RR T (AT R
ALFRIA R B, AU BRWE e FLFTF TR (Lactobacillus
amylophilus)" . HPFUTF SRR A K f 5
FURRTA o Ak AL DV R A P i T 2L, i
I T AT SEDCTE R A BE 7 A0 L IR 1T R 4 o

TN A% G I [ 35 K AR R Oy S -3
KW FR, FLRRE ATl i R 3 & w2
B, RIEIR R O FLRRYE Y 3K 36.20 g/kg.
Horbr, RMAAER A T AR R R, SR /N
x . REFENY LW . s A i b
PEAT BAR R o KB AR 2L A T Rl il PR
Al RE N FLIR TR TE A e R 5L by AR R4t 17—
SE I PR AT: , FRATHEIN N 130 R il v A SR 0 i
HH BT D R AR T ) T BE 7 ) LR T T A

A 3k 3G I e T B )1 R0 B
by DXA (] 7 B 10 e A A8 A ot 7 1 5 4 e
fr, DRIEGH RN . B A RS T IR K K
Wy =, R R MRy B A A TR R e, EHEAE
UG 56 T M K T BE 0 1 128 H v A A R B
(O FLIR A TR AR, S TIE DI 3 TR AR 9 V2 1) T R
FVEM Bl 2R 3 MARE 7, X0 B PR S T T A
il 5 e LG JWE5E o

WL

1.1 w3
1.1.1 K m

AR ECRE VO )| K 2 Rk DX 7 7R 1 T
J7RI AR AL ], A AR 0. 3 1 6 4]

3 FhRA,
1.1.2 EHFRE

WFSE I I RE SR 4R T A 4K pH, 1x10° Pa
KB 20 min,

MRS 1557 52 BEOSCHR 14100

e R SR (g/L): MRS KEFRIETLTr, WkIR
52.00, 3tEH 20.00,

K s PR E By 85 9% B (g/L) - KW METE B
20.00, FPEERE 8 2.00, nHiE-80 1.00, LR
B 5.00, BEFRE HF 2.00, BEEREE 0.58, HiMR
i 0.25,

LB Figp 2 lOoCHk (141800, BERSA
pET-28a S HATA: BURL A R FRET, #5150 mg/L
TR
1.1.3  EZERFIFNE

50 mmol/L FrigMRZE vk, [ s 24 5 1A
2R R F 1% (B AR TR E) 22 2R Bibs
IR . 1% (BT ARLL) G2-B-CD . 1%
(P R AR TR L) KIS PETE iAW, g BT T A= Ak
BB B A PR F] 5 PowerSoil DNA Kit, Qiagen
/NFls MolPure Bacterial RNA Kit, %448}
e (BB A R\ ; TaKaRa [ 5% 55 £
FEHEAYWHEARACE)A R A ; Seamless
Cloning Kit il BeyoMag k32 B FIAGHI £
FiE A REWEARAIRAF . AKTA avant 25
HEHE I, GE Healthcare 72y #]; Ni NTA
Unionrose 6FF 4 J& 2 & 2 MAE, ik AEY)
FHEA R AW,

1.1.4 35|

MR TSI 1, 519 H IR 4 e
AR RS w1 A R .

1.2 FH&
121 KHEHEEMTAR

FREC 7 g WA 3 g BEIEER, A 15 mL PBS
% PR TIEPR Y% 5 min. 300 r/min 250> 5 min,
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Table 1 Sequences used in this study

Primer name

Primer sequence (5'—3")

16S-27F AGAGTTTGATCMTGGCTCAG
16S-1492R GGTTACCTTGTTACGACTT
16S-v4-515F GTGYCAGCMGCCGCGGTAA
16S-v4-806R GGACTACNVGGGTWTCTAAT
AmyA-F ACATCCAGGCTGGTTCTTACG
AmyA-R CAGGCGGCGGGTATATTAAGT
LpaMA-F ATCGTTTCAAGGCACCAGAGT
LpaMA-R GTCGCCAAAGGCTGGATCTA

pET28a-lpaMA-F
pET28a-lpaMA-R
pET28a-F
pET28a-R

AAGGAGATATACCATGGGCAATACACCAGCAATTTATCAT
GATCTCAGTGGTGGTGGTGGTGGTGTTTAACTAATGCAAATCCTTTA
CACCACCACCACCACCACTGAGATC
GCCCATGGTATATCTCCTTCTTAAAGTTAAAC

WesE B3, A 3 K. 8000 r/min 5.0 3min Y&
LE AL, SR JH] PowerSoil DNA Kit #1477
LR 4H DNA $2 5,

VEHS |9 16S-v4-515F Fi1 16S-v4-806R 14T
PCR §"#%1°1, PCR ¥t )s, f#iH PE250
MG FE Illumina MiSeq “F- & JEA I 3% . 0 % %%
ot B IR AR A A R A R B &
56
1.2.2 HHD BiFiE

Wit . FREC 10 g WA 90 g Hiky, fmA
160 mL TCHE KRS 5], 37°C Hi3: 24 h J5i%
e Ferk 3k, BU10 g E—fUKEE I, nA
84 g Y. 154 mL KHE/KIEAA), 37 °C K
F% 24 ho UK TS5 THDRIAR BE R B A T 18
B, 37 °C K537 24 h Ja Pk 7K A B AL s b ik
L 16S-27F/16S-1492R Kol ¥yk17 4 8 % & .
W S 0 A FLIR TR ) TR R R T K U P T A 5 R
e, 37 °C 5538 24 h 5@t AR Wy i
{90 i 2% e 0 72 TE R AL A K P LR 14T

K. PRIk ODgoo T W S 5B 40 AR
TR ETE M R FR 2k, 37 °C #5595 48 h, i@
1o FLR A Sk BE L A Bk

1.2.3  FLERE A BRI

FR 5% (EBRAEOZFT MRS K E
TERIE SR, 37 °C 1557 48 h, 5 2 h HUMEVR
17, REESE GG —RANE ODgoo FNFLIRHE A o

MRS 5 F2 R Z ODgoo 294 3.5 BT AE R E
10" CFU/g B:Fp TR MM R , 37 °C & ¥ 36 ho
TR KRGS ODgoo MM AE , PRI I 7
FLIR A= B AN pH A9 A8 Ak . EFR R E 0 h Je & ikt
AIEBUE ] DNA, G 16S-v4-515F Al
16S-v4-806R Xf & AL A AT 117, fF5%
2 o 2L R TR A TEDRYA P P AR A O
1.2.4 FERB MK NR

PR AR TR e B R b, 37 °C
KIET72h, A 12 h BUFE. DNS BRARRE, BRR
DR BRI R, YER Y R (g/L)= R (g/L) ik
JEBE(g/L)
125 FEAFEIEHEERRZEKESH

Wi TEARIEAD T MRS FIK 5 e 43 15 77 2
BURE 5 ST Bl AF . RNA #2EUR ] MolPure
Bacterial RNA Kit, J2#535% % TaKaRa 6210A
K&, #OEER PCR LA 16S rRNA KK Jy 4
ZHEH, DR RS Y AmyA-F/AmyA-R &1
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a-TEM T4, LpaMA-F/LpaMA-R #"1 3 2 b
E K W G RS L R (IpaMAYF Y, SR 2748kt
ST R B AR o TE R I DR AN 22 2 B
K gL ) kA8 1k
1.2.6 FL.EAEHESEGE HNE

KV VE oy 1 7 B B 37 2 BUH (ODgoo M
0.5), 4 °C. 8 000 r/min &.0> 3 min, & M
SRR . T UE TR P AT R 9% MR TR U
B URIEMEMEEE . 4°C. 8 000 r/min 5.0> 3 min,
TR B A e AL T

PRUERN R AT 1% (BT AR FR b)) 22 2 bl
PEUT, LKA VETER FI G2-B-CD 4 YIHFFE#L
it BTG o G2-B-CD L5440 22 ZEHE LA a-1,6 W T
FHET B MRS , 2Tk AN REIK % B FRMIN
DRI 326 F M JEE WD 36 UE o~ 1,6 AR 2 1K) /K 7 RE

JEEY) BB FES), 37 °C KB 2 he L
WA DNS %W, & 5 min, BCGHEK E%
1, 540 nm PR AL A E

TE_F ARG E B SIS ST, B e
AP 53 A2 A 24 F 1 wmoll 48 268 W 1) 3 D
JIT 5 BB g (mL)oh 1 ASEEE H07(U/mL), T
BAKPY, HEETE (U/mL)=
(ODy,.5 = ODsgy 1) X Ny XN, X KXV,

I'xVy

Kb, N BERFRASEG Ny BEAR G E
BAGEG K: ARiEIRZARI R, Ve (mL): ROV
BAREL; T (min): JZNHFE]; Ve (mL): HiEE
WATR,
1.2.7 EMBEELEL R BEGTE HNE

4y 51 LL 51 ¥ % pET28a-lpaMA-F/pET28a-
IpaMA-R 4" 3 22 ZE W5 Ve By g )7 41, DA B )%
pET28a-F/pET28a-R &4k 1 pET28a i,
BeyoMag 2k 1% s [ O 70 G b4 7 7= 44k
K Seamless Cloning Kit #1417 F Bt i 4% .

WERHARZEMNTH5AH FIEERN LB §ikF

Herr, 37 °C., 200 r/min B35 . HiFRE ODegoo
240.6, LA 0.1 mmol/L IPTG %5, 17 °C 200 r/min
Rig% 24 h, 4°C, 12 000 r/min &.0> 3 min W8
ULUE, FIFPE IR ZE vl (pH 3.0) T2 J5 75 i i
YN, AR 400 W, TAES s, [EFES s,
I 5-10 ¥, 4°C. 8000 r/min &.0 15 i
WA R R

{31 ] AKTA avant 25 25 1 4614 Fl Ni NTA
Unionrose 6FF 4 J& # & )2 M A XML& F A T
4fifk,, SDS-PAGE i€ H R/, 2R
W BE 7, ROV SRR 1.2.6,

B AL IR 0 i 2 BUME S T 1 pmol 7
ZEJWE I I8 [ T T 0 (mg) o 1 T8 K I
B BT, TTRA P, S (U/mg)=
(OD -0OD XN, XN, XK XV,

54055 540 % I8

T'xXVyxC
X, N BRI RS EG No: BRSO E
BEAGEL K BRAEHIAORER; Ve (mL): OV
MARFL; T (min): S B Vi (mL): KSR
KL C (mg/mL): FHEFHE,

2 X504

21 KEMHPIABRELEE S

B 5 30 2k B 5 -0 T B I 1] (SCHYFR
LR (AH) M DXAS [R] A7 30 00 e 3B B R il b A7 T
RELEA AR o A0l 1 R, AR EBE 1% 4 T
R AT IHJE 3 17 A& o B B i Y77 B a] 1Y
FEK(0-6 1~ H), F%ERE & (Staphylococcus)H)
AR BE B B, FLAT IR 8 (Lactobacillus)
ARG 3= B AR 2 B S DU R R
it o LA TR I = B 43 0 YA 3 4T 19 8.4% A1l
52% MBI AE 6 AW 19.6%F 36.1%, &
W FARATE (A 1A),

X FLIR BRI K P48, )1 A2 ok it
TEWAE 6 A B ZLIRR BB T2 23 3l ik 60%FH
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52% (F 1B), e pu i) s Xt 5k il = A FL IR
BN BRI EC 8 (Wessella), “E400 X R P8 K 32
PR ZLR Pk BH 5 2R 18 & (Leuconostoc) FTFLAF
J& o AL 6 A~ L B DX K it b LA B T bR
HHLRIE 36.1%, THMERZ, WHEEH
AP . ¥ RFFT B (Lactobacillus rossiae) . &
1% Z, ¥ 18 (Lactobacillus fermentum) . & FLFF B
W FL AT 18 (Lactobacillus
pontis), FHPFLFFE . Aii [RFLFF IR (Lactobacillus
buchneri) F1 & & F #F W (Lactobacillus
reuteri) R A BT 2R B A [R) b X B AE I A 3
b A A B R 25 M A8 AL RRAE 6 T 3L
WL S, ST 3-6 A B KMhifEN

(Lactobacillus brevis) .

T P IR B A, SR AN [R] i 226 U5 AT 38 im L 2
R 2
A Genus B
AH
100
=
I
£ % — <
: — :
=) =
s 60 — <
T II .
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C 2
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M Serratia M Bacillus
W Saccharopolyspora W Leuconostoc
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Figure 1

Lactobacillus oligofermentans
I Lactobacillus panis
W Pediococcus argentinicus
Lactobacillus curvatus
W Lactobacillus pontis
W Leuconostoc mesenteroides
M Lactococcus piscium

2.2
EI"Jﬁ'Fﬁl_
RGP L HI XA T 6 4 H K
e R L TSI A ] MRS B 5535 B 1w 4R
L, 3R TEAR K Z N ARTER AR B R k.
AL T e A5 1F . BERL F AR AR T R 1w 1A 1Y
R, R A R AR T AR R R T
FEALC 3 K. P4 %w@zA%ﬁoﬁ%
PR 7 R 0 R AR Ak 2 B AT, 3 i % A%
&, FLFFEE F R AR R, 48 3 &
Jei . AHXT R BE> 1% & 322k ZUAF I s F0 A BR
wE, HA AR FERIR 67% (K 24).
TR 3 AR TR A T 22 0 TR O 7 5
B, TEAKUSPEVEM B IR A, 0k B A B kb
2] 8%l TR Ak & BEZL 15, ODg00<0.6, 12%H T #k

REMERTMREKEEIRE =K

Species of lactic acid bacterium

SC

AH
60

Storage time (month)

M Lactobacillus rossiae

W Lactococcus lactis

W Lactobacillus fermentum

W Lactobacillus brevis

W Lactobacillus paralimentarius
M Leuconostoc citreum

W Weissella paramesenteroides

Weissella ghanensis

B: FluKF-

Microbial community structures of starter (Daqu) during storage. A: Genus level; B: Species level.
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B B T R A K PR P T oy B 0 5 vb B LI 7 M R T4 5, pH

Figure 2 Screening of lactic acid bacteria with excellent fermentation performance in starch. A: Microbial
dynamics of microbiota grown in dough inoculating with Dagu powder at genus level during successive
enrichment. F1 to F4 indicates the successive passage; B: The growth of LAB strains isolated from the third

passage (F3). A total number of 180 strains were examined; C: The lactate production and finial culture pH of
strains with strong growth performance in water soluble starch medium.

KRIFL S ODgoo /T 0.6-0.8 Z 18], 1A 6%
IR R L S ODgoo>0.8 (Kl 2B)., XFEHI L
MR P s SR FLIR B T A, SRS 4 B K M
Wy K5 IR AT ARG IR BRI AL, RT DAAT S50 i
HTEVE R ST R A R AP A KRR ) I Rk

i 2 1) ) A A R b LA R AR K BB
()9 PRI B B bk M AE D) FUAF B RS 1 L AL
PRo PR R IEMIAZE I, 33X 9 MRFTHITE 20 g/L 1Y
IR VE R B TR I R O FLER =R REJ1>T /L, Xt

AT B 7 /L, T IR R T s e
WUk 5.8 g/L, ULEHILRERS /K MvER it A B A K.

AR, S VER R RE ) FLAT AR Iz
TP RIS bR T A 2 AR EA TR K
RE 1 AL FLAF B AN, I3RS T 7E Ve M 3L i R/
KA IR AR R 2 & M FLFF I LBM12001,
FKEFTFRAERRTE A . BR% 45 K IR & Ik ot
H T IZAEAE T (R B 1 T R R 8 )
At B A A AR IR 22 A A 5T
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2.3 EERIFFE LBM12001 B HkHIEH
| A 8& 1 R #0 7 FA B 3R SR IR 44

2.3.1 XEMIEAE LBMI12001 E#% AT H F
FA &

FRATTVA ™ i 18 3 A R PR 2 i
FLAF B LBM12001 B RRAEVE RS 38 T F AR K B
J1o M LUE B RO BRAL) iR JE R, LBM 12001
KRG VE AT B (K 3A), i ODgoo N
5.2, B KA KEER A 0.9 (B 3B), 71K 20 g/L
HIEREEEAL N 19 /L FiR (K] 30).

T LA A B ik IE, LBM12001 Bk
TE 7KV T A R B R 5 S P i 2 K 55 T
AR AR5 TR, B ODgoo N 0.89, X
RPN BRIERT ) 17.1% (K 3A). SR A K
Wy 0.038, (KA A i TR 4 £ 1) 4.75%
(% 3B). MFLER & pH ZEfbia#nl 5, BARITE
53 Ay Ttk U8 BT BT R %) A= ) e IR T AR A R, (S
HARGEMALIR R ). 0-12 h i), FLAR " 0t
L 0.36 g/(L-h)fy s BRI N 1224 h FLER ™
EARFRTE 0.083 g/(L-h)ZZ &1 ; 24-48 h FLFR
A BGH R A B i K AE 0.38 g/(L-h); 48 h 5 /K
RN . FLERZ 5 R 16 g/L, BSR4
WEEE I 3C Al 3D). SRR 434 B ]
1%, KBENT 24 h, JERIEA B A
KT VE Ry A A B /0 B A RO G FL IR TR AR K
FIF, 24 h WIEFESE W IR IR R0, Ak il v
FIFEM A, 24 h )5 FRIERIER &R
H T FE(E 3E-3G), BEFREETP IR TER & 2
15 g/L, REEASIEMEREL S o/L, K
TRIVER BINAEZ 10 g/L, B LBM12001 HYEH;
R IR 66%, FUZF KA SR ek
IKFEBEST o HRHE ODgoo FFLERMIALE R, HEM
LBMI12001 7EJE#: 35T /K i e fy AR 2> Aok A=
K, EEAERE 20 AR RSP it

B, LUK TR AR IR, 2R 16 g/L 1Y
FLIR 2 71%75 H ek K At
2.3.2 EARIAFE LBMI12001 & #k 7 E#
B %E 5B fE

I IRTE R R A AR IR SE Ak
IKIEPETE R B SR 3, T H R SR 56 & MRS Bt 7
RS BOCER . (H IR SRR A& BE R
AR, SRR LA AR i FLIR TR A2 4 1) MRS
BSR4y . B UE LBM12001 78 SERRER 1 41
AR RE ST, FRATH LBM 12001 U350 T Hk
TR Z i, 38 A I FLRR 77 A F1 A B B RESS A4
FIE R PRTERR IR AT T A e J e 1 . WnEl 4A
N, PR R AL FLERTE 0-36 h [RIRFLEIE TN, 1
Xof BEEH (AN AN IR0 1 THDR) D LR (X AE 8—18 h iH
PR, 18 h JFEEACA I, W& 4B fr
7N, KIEEF) 36 h N, FEFMAHZLAR & 50 6.30 g/kg,
XTHRZ R 1.86 g/kg, (UMIERAAM 1/3; [FET,
FEFP A BB AR pH {2l 3.41, FEMRIEEE Jy 2.81,
e AR I T 5 BE 2 (e IR A 4.83, FAAIKIR
JE1.27), SiEEIRGE SRR, SC Al fias
L) o ZHEEFAERENZES

ST I A e 2 A A R A
KB FLFF R A XS & 5o 30%, 36 h BFAYAH
X Er RN E] 47% (| 4B), 6 LBM12001 B
AETE RO 5. JCAMNEIER X R, &
Pl FE R ) PR B A AL,
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Figure 3 Growth, lactic acid production and starch hydrolysis capacity of Lactobacillus paralimentarius
LBM12001. A, B: The growth and specific growth of strain LBM12001 grown in glucose and water soluble

starch medium; C, D: The lactate production and finial culture pH of strain with two substrates; E—G: The

changes of total carbohydrate (E), reducing sugar (F) and starch (G), during the fermentation process in water
soluble starch medium.
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Figure 4 Colonization ability of L. paralimentarius LBM12001 in uncooked flour batter. A—B: Lactate
production and finial culture pH of LBM12001 in water soluble starch medium; *: P<0.05, **: P<0.01, ***:
P<0.001; C: Microbial dynamics of microbiota grown in dough inoculating with LBM 12001 at genus level.
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5 EERIFE LBMI12001 EMAAERE  PwR: Lacl FEEALS A AW HET;
LP238 RS13180: o-#ijZjiT; AmyA: o-JEKHE; LP238 RS13170: ANMEANAIRLE G HEM; UgpA:
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Figure 5 The starch utilization cluster of L. paralimentarius LBM12001. PurR: Lacl family DNA-binding

transcriptional regulator; LP238 RS13180: a-glucosidase; AmyA: oa-amylase; LP238 RS13170:
Extracellular solute-binding protein; UgpA: ABC transporter permease; LpaMA: Maltogenic amylase;

AmyAc CMD: o-glucosidase; LP238 RS13140:

Glycoside hydrolase

family 65 protein; PgmB:

B-phosphoglucomutase; LP238 RS13130: Galactose mutarotase.
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Figure 6 The temmporal transtription levels of amyA4 (A) and IlpaMA (B) in L. paralimentarius LBM12001.
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Figure 7 The crude enzyme activity of L. paralimentarius LBM12001 cultured in water soluble starch medium.
A: Enzymatic activity with G2-B-CD as substrate; B: Enzymatic activity with water soluble starch as substrate.
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Figure 8 SDS-PAGE analysis of purified His¢-LpaMA
of L. paralimentarius LBM12001. M: Marker; 1:
Hisg-LpaMA.
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Figure 9 The specific enzyme activities of His6-LpaMA of L. paralimentarius LBM12001 with varied pH.
A: The specific enzyme activity with G2-B-CD as substrate; B: The specific enzyme activity with water

soluble starch as substrate.
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