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3 WS AR ALGAEDHAS TRESLEE  NEH FFATER: 010018

5 E: [HF)MAILBREA Z ket L&, RE RSB H B L2 M) 69 557 Fo 1 A IR 69 7 A
B R A ARG AR E . ATE RS, TR RIBS B RBRILER A AT T8 R A A 69 s it Ao T
RARMBEAZZEL. (8 6] B AR ERIEFARMERE T LR E G4, FIRFFE AR
B TR, A AR T A Tl AR B AR, RS AR B . A TRk
wRERILBRE AT, PR a4, [k ] @3RG sid Ji kst 20 ARt B F 69 A Ak A SLBR
HHAT Y B WA, A 16S IRNA LB FF HSMAR R GK T * AR HATHBESEZ, FxtiEsd
BB BAREAT IR L, 1F8) 2 AR AL RAFHEag E AR, [45R] 16S IRNA KR 75| #7145 R AW,
BB 112 RILBE S A 3B TAF, LR RES BHRE 3, AESBRA 59 4,
.4 Enterococcus mundtii (27 #k). Enterococcus faecium (16 #&). Enterococcus faecalis (12 #&)-
Enterococcus durans (1 #%). Lactococcus lactis (37 #%). Lactococcus garvieae (18 #%). Lactobacillus
fermentum (1 #1). 38 it 47 i Fo 575 LA R B SLBR ) /£ F) — 414 T 49 pH A= = BR &, A 37 #& Lactococcus
lactis ¥ #33) 2 4% Bk R4 F . pH 8UKGIILER A, H %5 % IMAU9R4AST A= IMAU98428. *f H#k
IMAU98457 #v IMAU98428 B#ATA M FHFHUAAR, AALREAKEEE 37 °C, 7 pHEEA
5.5-7.5, AR E 37 °C LB 18 h /& B /& ODgoo 1E 4% 534 2.531 0 #= 2.518 2, pH 1K £ 4.36 = 4.34 (&
). WA IMAU984ST Fo IMAU9B428  — g shdf 2, 4 NaCl IRE KT 6%A, HHAEKZE
B R AP (458 20 AR B P 20 B 89 112 #RFUBRH , Lactococcus lactis (37 #R) A W R & 4% T
MR E AR S O RB B, & & BIRG 33%. AR RAFRE N AL, A EFRRK AR
S EAMRFETREAFE, —HORFRARBEARKNER, FMARFEE Lactococcus lactis F
hAT 2 MREIAR b . B R ALE . pH UK H Ak IMAU9845T A= IMAU98428.
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Abstract: [Background] With the rapid development of the lactic acid bacteria (LAB) industry, it is
becoming a research hotspot in the fermented field to analyse the community structure of LAB in different
habitats and to develop and utilize bacterial resources. It is of great significance to isolate and preserve of
LAB for the screening and utilization of excellent bacterial species. [Objective] In order to clarify the
composition of LAB in the birch bark of the primitive forests of Inner Mongolia, and to obtain wild LAB
strains, and to provide core strains for excellent strains screening and industrial production of LAB, we
isolated and identified and screened LAB from bark of birch trees in Primeval Forest and also survey their
characteristics. [Methods] Traditional pure culture method was used to isolate and purify the endogenous
and epiphytic LAB from 20 samples of birch bark. The species identification were performed by 16S
rRNA gene sequence analysis and the phylogenetic relationship study method. The dominant strains were
screened, and 2 strains with excellent characteristics were obtained. [Results] 16S rRNA gene sequence
analysis showed that the 112 isolates of LAB were identified as 3 genera and 7 species, of which
53 epiphytic isolates and 59 endophytic isolates, including FEnterococcus mundtii (27 strains),
Enterococcus faecium (16 strains), Enterococcus faecalis (12 strains), Enterococcus durans (1 strain),
Lactococcus lactis (37 strains), Lactococcus garvieae (18 strains), Lactobacillus fermentum (1 strain).
Among 37 strains of Lactococcus lactis, 2 strains IMAU98457 and IMAU98428 with higher acid
production and lower pH were obtained after preliminary and re-screening by comparing the pH and lactic
acid production of different LAB under the same conditions. The biological characteristics of the strains
were studied and it was found that the optimum growth temperature of strains IMAU98457 and
IMAU98428 was 37 °C, and the suitable pH range was 5.5-7.5. After the fermentation at 37 °C for
18 hours, the ODgg value of the bacterial solution was as high as 2.531 0 and 2.518 2 respectively. The pH
was as low as 4.36 and 4.34 (total acid) respectively, and the strains IMAU98457 and IMAU98428 have
certain salt tolerance. When the NaCl concentration is greater than 6%, the growth of the strain is
significantly inhibited. [Conclusion] Among the 112 lactic acid bacteria isolated from 20 birch bark
samples, Lactococcus lactis was the dominant strain of birch bark samples in Chifeng, Inner Mongolia,
with a total of 37 strains, accounting for 33% of the total isolates. Compared with endophytic samples,
endophytic samples had more abundant species resources than epigenetic samples, and there were great
differences in dominant bacteria between endophytic samples and endophytic samples. Two strains
IMAU98457 and IMAU98428 with fast propagation rate, high acid production rate and low pH were
screened from the dominant strain Lactococcus lactis.

Keywords: lactic acid bacteria, isolation and identification, 16S rRNA gene sequence analysis, birch bark,
biological characteristics
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20 Py HER Bz FE AL T 2019 4E 8 R AR T IR
GRERETEFESRERRARRY X
(E119°03'—119°39", N44°41'—-45°08") . Bifi #IL % Ht
10 BRBHETE-L/\AE RO M@BEAERS, 7E2IHE 1.0-1.5 m
EAL, AW RS /N TUEK 5 em, 98
3 em, MR R RIS B2 AR TR IRRE . BORE IS
FEATOME . TCRCRAREE O TR B RS A
W RS FEORAE, Z0lbRic sy WSP1-WSP10 Fi
NSP1-NSP10. Mit 10 ARHERS & AW 2LRR T
FESH I ZREE, FRAD SP 3R WSP il NSP (1 8
FRCUN SP1 "k WSP1 ARG FIT WSP2 K i )AL
PR)o SR A BT WSO AR B2 A it P 4 o C A5 2ORAE
FT 2-3 d Al Il SE g, 7 R TR AN A S
112 EFERAFFUERIERE

ANEA LR 241 DNA $2 B &, RARAE LR
AL A PR ; PCR 488 1 H Bk 38 771
Easy Tag DNA R45T . 10xEasy Tag PCR ZZ il
Mg*) . FigliE dNTPs, 5xTBE Hi ¥k 2% mrif It
W 0.8%—1. 2% BANEHEENE . AZIRYEL GelView,
e B B A AR AR/ F s ADNA/Hind 11
Marker 1 QDL2000 Quantitative DNA Marker, Jt
ARG ARABRA A

pH it, MEREE-FER 2 A RA A HIR
B, Bl AR RA A Ot B,
Olympus A Fl 5 B EEFER Y 3L, Bio-Rad A+l
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121 EMHIELE

(1) AT Ak 3

B¢ B A S R AL T . S FH G TR K ik B ME
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MRS [ 1A 35 37 HE TR 20 (B ORGSRl 10°°
107, 107%), F37°C KA 2d, TSR
FRETIRERL I BVE ). B E AR RIS AT T
AMER(IAR R ZH W ERE=1:1). 1.5% CaCOs
T MRS [EAEEFRIE |, 78 37 °C JREHR
2 d, PEUCAEIET MRS 35358 FakEfraifh, W
AliAb 5 1 VR TE A8 I B[R] TR P8 T 285 1) A
W% T MRS WiAS:FREH, 16 37 °C JRERFR
1 d, 1% 3 4%, kel S L S5 R B PR A 2% 1R
Y ST S HPE R AR =Y, IS A A AR N
RS FLAR A T =80 °C HEITiAE, £ MUY,

(3) FEH4] DNA $2H

H55 2 AUTEHR MRS 4l 3: 9% 8 000 r/min 20>

1 min J5 IR (R4 IEF 4 DNA $2HGR
FEIRIFLR I DNA, R KM Tt
APRGEI, FFIC SRR PRIY DNA ¥ BE (i 2 i .

(4) 16S rRNA JE[A ) PCR ¥ 14

BRI FLIR A DNA ¥R i K R 7 7% B
(#3100 ng/uL), FFACH PCR KW AKZR (50 uL), ik
47 16S rRNA JE P38 Fg ', PCR §73 2 1
JEDURBUR MR LN 4] DNA B i, 5l
Y1k 27F (5'-AGAGTTTGATCCTGGCTCAG-3")Fl
1495R (5'-CTACGGCTACCTTGTTACGA-3")!"*,

PCR WK ZR(50 uL): b FiiF514(10 pmol/L)
1.5 uL, FE[N4] DNA 2.0 uL, 10xBuffer 5.0 pL,
dNTPs (2.5 mmol/L) 4.0 uL, DNA rTagq (5 U/uL)
0.5 pL, ddH,O #hFE % 50 uL, PCR )i 5544 : 94 °C
5 min; 94 °C 1 min, 58 °C 1 min, 72 °C 2 min,
30 MEFR; 72 °C 10 min,

4 PCR 438791 1 1% B DA 26 Je A TG o
WRAE 1500 bp AbA — S50 M e i 317, i HL
BAHERAMTREL, B PCR Py,
4 PCR ¥ 84k 2 g 36 AW R 25 R AT R
ol T EEALF DNA T

(5) MIPES BT

FEDU P52 ) DNA J751 | ] SeqMan (DNAStar
SO AN PFEZ ), @il BLAST )%
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2 TP 1 R0 2 B A% R Y 40 R A T AR ARLPE LB X 43
B DAL R T 98.65% NN 4> LI, #F
T S TR S XIS TR AN 16S rRNA K751
I MEGA 6.0 #ff-iz H1484%(Neighour-Joining, N-J)
HRE ARG LK EWY, T REL T KRR
1.2.2 BMPHIEIRE (L4FH

(1) AHA RS

S VAR S T S e R A A
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Table 1 Counting results of lactic acid bacteria in birch
bark in Chifeng area

Fein S lg (CFU/mL) | k5 lg (CFU/mL)
Sample No. i Sample No.

WSPI 8.95 I NSPI 8.46
WSP2 8.17 | NSP2 7.57
WSP3 9.86 | NSP3 9.58
WSP4 9.83 | NSP4 9.42
WSP5 8.18 | NSPs 7.59
WSP6 8.23 ' NSP6 7.67
WSP7 9.83 | NSP7 9.88
WSP8 8.86 | NSP8 9.28
WSP9 9.88 | NSP9 9.76
WSP10 9.89 | NSP10 9.66

7.57-9.89 lg (CFU/mL)=Z[a], 2¢0 M 52 ok I b
XAHERS B2 FE S I FLRR A IR 3 o i AR 3
AT (VR TE A RHIE | 24 QY Fd AL &
Fifg B0 A5 ) e 2 1) 112 BRELIR TR
2.1.2 E# DNA i2EF1 16S rRNA EF 18R

4li DNA FEMIREEM) ODasonso THFE 1.8-2.0
6], SRIGHAT 16S rRNA FEE P 1Y il Brpg b
BERSHL VKA, 76 1 500 bp £5 47 1AL B Ab W 23|
—ZRIEWI IS . CVREOR R R S5, R E R
16S tRNA FEE§ 34 r= 4] DA A I3 A 22K o
213 REABWHMEMARELE

FEIFF RS 16S rRNA R 51 k47 [a]
FEHTLEXS 430, HERTECAE b 112 MR Bk
RIFLBR AR 34N 7 AFh . SR UGEHD DX HERT Kz rhs o3
WAERRAE B SEAMRRGELFTWWE 1. 2
Fim o

HE 1 ATLIE L, IMAU98428 (MW135279),
IMAU98435 (MW135283), IMAU98399 (MW 135270).
IMAU98391 (MW135267)H1 IMAU98398 (MW 135269)
58 X B Mk Lactococcus  lactis ATCC19435"
(EU091395) R Ah—35, H—FMEN 100%, KK
H Y% E N Lactococcus lactis o FHFE IMAU98408
(MW135248), IMAU98416 (MW 135254), IMAU98411
(MW135251), IMAU98410 (MW 135250)F1 IMAU98409
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Lactococcus lactis ATCC19435" (EU091395)
IMAU98398 (MW 135269)
IMAU98391 (MW135267)

72

100| IMAU98399 (MW 135270)
IMAU98435 (MW135283)
IMAU98428 (MW 135279)

Lactococcus garvieae N1Z02415" (EU091459)
IMAU98408 (MW 135248)
IMAU98416 (MW 135254)

79

100

IMAU98410 (MW135250)
IMAU98411 (MW135251)
IMAU98409 (MW135249)

Enterococcus mundtii NBRC100490" (AB681188)
IMAU98417 (MW135227)

99 IMAU98421 (MW135229)
IMAU98413 (MW135226)
Enterococcus faecium DSMZ20477" (MH544640)

99| | IMAU98445 (MW135214)
IMAU98389 (MW 135206)
IMAU98394 (MW135208)
IMAU98393 (MW135207)

[ Lactobacillus fermentum ATCC14931" (AB017345)
100LIMAU98400 (MW 135220)

0.050

1 FRIEM XN R RERBY BERBI R R LG
Figure 1

Escherichia coli ICM1649" (AB242910)

Phylogenetic tree of the endophytic strains from birch bark in Chifeng area

T 2330 Rl Boototrap {H, ARIIEAMPERIE—RIILE; HWHIRBRACFRIKE, URMESRE; #5551

4 EAR ) GenBank % 555

Note: The number on the branching point is the boototrap value, which represents the probability that the taxon is clustered together; The
scale bar shows the length of the horizontal line, which represents the number of base substitutions; The sequence in parentheses is the

gene registration number of the strain

(MW135249) 5 £ =0 B #&  Lactococcus garvieae
NIZO2415" (EU091459) % 2 — 2 H — 8t h
100%, HBHYEE N Lactococcus garvieae., TH PR
IMAU98417 (MW135227), IMAU98421 (MW135229)
F1IMAU98413 (MW 135226) 51 Rk Enterococcus
mundtii NBRC100490" (AB681188)% —2 H —
HMEN 99%, WK H % % i Enterococcus
mundtii, FEEIMAU98445 (MW135214), IMAU9839%4
(MW135208), IMAU98393 (MW135207)%1 IMAU98389
(MW135206) 5 1 3 & #& Enterococcus faecium
DSMZ20477" (MH544640) % Jy — 25 H — 81tk
99%, [R$s H%%E N Enterococcus faecium.

Bk IMAU98400 (MW 135220) 54 #ikk Lactobacillus
fermentum ATCC14931" (AB017345)% h—2 H—
B 100% , B HOK S 2 S Lactobacillus
fermentum
FE 2 ATLAEH, Rk IMAU98451 (MW135236).

IMAU98492 (MW135243), IMAU98463 (MW 135238)
1 IMAU98456 (MW 135237) 51 kK Enterococcus
mundtii NBRC100490" (AB681188)5 —2% HAH
It 99%, Mo LM %E l Enterococcus
mundtii, EHk IMAU98461 (MW 135203) 5 B
¥k Enterococcus durans NBRC100479" (AB681177)
BN HMMIER 100%, FIE L% E RN
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Enterococcus mundtii NBRC100490" (AB681188)
IMAU98451 (MW 135236)

63/ IMAU98492 (MW 135243)
IMAU98463 (MW 135238)

U IMAU98456 (MW 135237)

95

96

100

98

100

IMAU98461 (MW135203)

o' Enterococcus durans NBRC100479" (AB681177)
Enterococcus faecium DSMZ20477" (MH544640)
IMAU98475 (MW135217)

Enterococcus faecalis NBRC100481" (AB681179)

IMAU98491 (MW 135200)

IMAU98490 (MW135199)

IMAU98470 (MW135196)

IMAU98468 (MW135194)

IMAU98466 (MW 135192)

IMAU98465 (MW135191)

Lactococcus garvieae N1Z02415" (EU091459)
IMAU98484 (MW 135260)
100 [ IMAU98481 (MW 135258)

IMAU98482 (MW 135259)
Lactococcus lactis ATCC19435" (EU091395)
IMAU98457 (MW135298)

IMAU98485 (MW135302)
IMAU98448 (MW135291)
IMAU98446 (MW135290)

L
0.050

2 FRIEH XM RETDERR R R LB K

Escherichia coli JCM1649" (AB242910)

Figure 2 Phylogenetic tree of some strains on birch bark in Chifeng area

T 2330 R Boototrap {H, ARIIEAMPERIE—RIMILE; AR BRACFRIKE, [URMESRE; #5551

JF 91 A BRI R 14 5 PR 5 5

Note: The number on the branching point is the boototrap value, which represents the probability that the taxon is clustered together; The

scale bar shows the length of the horizontal line, which represents the number of base substitutions; The sequence in parentheses is the

gene registration number of the strain

Enterococcus durans. WFE IMAU98475 (MW135217)
5K H bk Enterococcus faecium DSMZ20477"
(MH544640)5 Jy—2 HARRIMES 99%, PRI
Y€ N Enterococcus faecium., PR IMAU98491
(MW135200). IMAU98470 (MW135196), IMAU98490
(MW135199), IMAU98468 (MW135194), IMAU98466
(MW135192)71 IMAU98465 (MW 135191) 5t 1
¥k Enterococcus faecalis NBRC100481" (AB681179)
BN —FHAMME R 100%, B H%E N
R IMAU98484
(MW135260), IMAU98481 (MW 135258)F1 IMAU98482

Enterococcus  faecalis .

(MW135259) 5 #& X 1§ ¥k Lactococcus garvieae
NIZ02415" (EU091459) % &y — 2% H A L 1~
99%, Wb LY %E N Lactococcus garvieae.
¥k IMAU98457 (MW135298) . IMAU98485
(MW135302), IMAU98448 (MW135291)F1 IMAU98446
(MW135290) 5 # =0 & ¥k  Lactococcus lactis
ATCC19435" (EU091395) % Jy — 2% H 4 L ¥ hy
100%, PGB HYE5E N Lactococcus lactis
214 WRAESREABRERMN LS

FH 2% W 3ty DX AR ARS R A A R 3 A 2L IR TR T A ko
PSS AL (D 3) AT, R e A A 9 b o0 B 0 TR B
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598k, ETF 38 S AR, U E Enterococcus
Saecium 11 ¥R (5325 A FE 5 NSP3, NSP6. NSP9),
Enterococcus mundtii 14 FR(4 B B EE 5 NSP7.,
NSP8. NSP9. NSP10, NSP1. NSP2), Lactobacillus
fermentum 1 ¥R(73 8 HFEM NSP4), Lactococcus
garvieae 9 BR(5r# B FE S NSP3, NSP5, NSP7),
Lactococcus lactis 24 ¥R(5125 F LML NSP3 ., NSP4,
NSP9. NSP10), H:H Lactococcus lactis HERS Bz P4
ARSI AR, o5 AR BT BRI 40.7%
HAR B % B Ry B AR L 53 8k, e T
240NE 6 R, Enterococcus durans 1 ¥R (5325 B
it WSP9), Enterococcus faecalis 12 Bf (53 H AL
WSP3. WSP4, WSP8), Enterococcus faecium

17.0%

%

7
_

4.5%

5 FR(OrE B RS WSPL, WSP9), Enterococcus
mundtii 13 #R(53 2 B 5 WSP1, WSP6. WSPS,
WSP9, WSP10), Lactococcus garvieae 9 ¥(53 5 H
i WSP5. WSP7), Lactococcus lactis 13 #R (43
25 FHHESD WSP7. WSP9., NSP10). MASZE Al 4
L HER R R AEAE S S N AEFE AR LG, R B
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215 MBEMSH
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Figure 3 Comparison of endophytic and epigenetic lactic acid bacteria in birch bark in Chifeng area
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Table 2 Isolation and identification results of endophytic and epiphytic lactic acid bacteria from birch bark in Chifeng area

#44 Name SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9 SP10 ST Total
Enterococcus faecalis 0 0 2 6 0 0 0 4 0 0 12
Enterococcus durans 0 0 0 0 0 0 0 0 0 1
Enterococcus faecium 4 0 8 0 0 2 0 0 0 16
Enterococcus mundtii 5 2 0 0 0 2 3 8 5 27
Lactococcus lactis 0 0 3 5 0 0 1 0 13 15 37
Lactococcus garvieae 0 0 1 0 4 0 13 0 0 0 18
Lactobacillus fermentum 0 0 0 1 0 0 0 0 0 0 1

ST Total 9 2 14 12 4 4 17 12 18 20 112
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Figure 4 Relative content of lactic acid bacteria isolates
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Figure 5 Determination of the optimum temperature of
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