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Screening and identification of Bifidobacterium longum from maternal
milk and its domestication of oxygen-domestication
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Methods: Dilution and spread plate methods were performed to

HE:BR:AE Pk A E, IR & R AFH A
FREMH TR ®, FiE: RAHBE LA XL L
16S rDNA %% ik A 5L s itk th SCOHCAHF 1, 5F K A 32
Wm Ay Efe AR BT HW H R ATH, HR:
—# MEFZ-2201 % # . i it 16S rDNA il 5 st st 3
5%;1&#%%%%3&%(NCBIﬁ‘i%:()N631733.1>ﬁ@ﬁ]i,/%
*3 T 100%. 58 A K UHEMHRF
longum) . ¥ KX HEAFH MEFZ-2201 # 47 B4 5, LA
BEAFZHWED KA 8.9X10° CFU/mL, 1k & £ Hil 1k
HEAMRFHHRZHT — AR F L 9h, DA G B ey
AR AENETSHAEF KRR AT F; EALHE MW B8R
A2F L INEARERAES T FRELEEH TH
AT 8 Ak, EEi BB 89 Kk W A B MEFZ-2201 /&
HAEABHTHEAHRNERS  ALRABLENEZLY
Akt —F I LA A
KER AL KREHA; > B 5
#2445 5 W5 B

Abstract: Objective: To screen Bifidobacterium {rom breast milk
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and improve its oxygen tolerance under aerobic conditions.
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separate and screen Bifidobacterium from breast milk. Their
Bi fidobacterium identifications were characterized by 16S rDNA
sequencing. The oxygen tolerant domestications were conducted
through gradual increase of oxygen pressure and alternation of
aerobic and  anaerobic  cultivations. Results: A novel
Bi fidobacterium strain was isolated from human milk and was
identified as Bifidobacterium longum by 16S rDNA sequencing,
which was named as MEFZ-2201. The homology between MEFZ-
2201 and model strain (accession number in NCBI: ON631733.1)
reached 100%. After oxygen tolerant domestication. the highest
viable bacteria number of Bifidobacterium longum MEFZ-2201d
in aerobic cultivation reached 8.9X10° CFU/mL. which was ten
times higher than that of its wild-type strain MEFZ-2201.
Whereas, the morphological property and physio-biochemical
characteristics of Bi fidobacterium longum MEFZ-2201d did not
change after oxygen tolerant domestication. The short-chain fatty
acid production of domesticated strain Bi fidobacterium longum
MEFZ-2201d was also significantly higher than that of its wild-
type strain even under anaerobic conditions. Conclusion: A novel
Bi fidobacterium longum strain MEFZ-2201 was isolated from
breast milk. The viable bacterium number of its domesticated
strain MEFZ-2201d was significantly increased under aerobic
conditions, indicating that it would be a potential probiotic strain
for further development and utilization.

Keywords: breast milk; Bifidobacterium longum ; isolation and
identification; cell viability; oxygen-domestication; short-chain

fatty acid
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BEFUAE B L R 4P 1 8 SR R & A K& T LU
S LA E A A Y 0 P T A EE AR L B LSRR L I
X BERTF M FEEY, SRR IL A AR W
TR IR, E B AL G PR oA @ R RUEE FF B B T . I AR R LA %
FEAL AR O M 2, KR AFIR e R, A LR 5
ML, K E T A AR R 2 AR ROk AR, B
BE 2L 55 5L 38 0 20 A 2 R R AR L, B O, B LR Y 2R
Az DR A G At ofe VR B e 4 TT R, RIS SR A RS AT
T B A % R NS R0 O A | B % R T 30 b R O G 4
Jo 38 e W B T D R e A e R AR 2R AR AR DL U
b, XU T T BE 0% £ 3 ™ A= 2 PR 65 IR 5 R (SCFAD , 4
MR TIRR 5 TR AT R 2507 BRI, XL FF B 1 Sy — Fb
TR DR AR, A% B % 4R 40 SRR T e TR 4 il A Ok S R
TEAETT L WA T AR AR P 0 TR SE PR N 4 o R P 4
TE A T 6T 0% FF A 2 A7 R4 94k DU AT DA R G A ok
X — 7]

H AT, 2@ AT W 7E A AR T AR R I A
RN B IR I o R U ET A EIR E R B I
TRREE T R TR . M H R IR TR R R IR
Pk BRI P R A SR E B Y E
Jon 5 B R EL SR AR IR B . T AT SR R G o o 5
RS IR SRR AR T S8 35 R T R O R X 3
YIRS FF T HEAT T SR 9L, fe 2l A R AT
WHEGEH T 6.3X10° CFU/mL, Kawasaki 2597 5% F
TR R B 32 15 BR T A TR O, e 7 o WUIBE AT B 4 K B 3%
WA, S BRAE 20 %6 A9 S0k B R N0 AP AR SR T A BB AR K
B A0 OB FF TR 6 0 4 DA AT 5% 3 B4 op 7E 25 A R
Rt K 5 S U A 25 T A 9 Ak iR K KL AT T AR PR
A Ak R B S B i U R AR AL I T T A 4R, R ST AU
B 2L v 0 35 1 R UL FF T O SR A R R A B WIE K
T8 T I 4 53 T 3 T R A Sy I AR A T =X 9 A T
FROR L PTEA  4 1F F AR K BB B 1 3 A, O
BT AT B MEFZ-2201 1 48 914k 57 5 12 245 3% B 4L
N i 5 TR 7 AR A Y 8 AR A B0, RUITE Oy 4 R AT T
MEFZ-2201 i — & B I & F) 4 A 38 K
1 MES57k
1.1 w5
L1157

MRS ¥ #2554 W H 10 g/L B E R 10 g/L, BBk
¥ 5 g/L. % BE 20 g/L, LKL 5 g/L.ArEREA —
2 /L, E/KBRIREE 0.2 g/L MR A 40 2 g/L,— K&
B 4E 0.054 g/L,itH-80 1 g/L;

MRSC i #£ 3 . MRS £5 52 5P A 0.5% 89 L-2
o SR &k 12 b I A5 5

AR B RR R A K CR AT R A
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Lo b M k. o prai, % B A A R
NG
1.1.2 EEUREE

PRAEREFRH . YQX- T A, b i Rtk BE 7 28

PCR ¥ :ETC811 B, R & Je #5 B H AR A FR A w5

B TAER  SW-CJ-1F B, R e e 28 S R A BR
NG

JNTEL KOS B YK ORE . HE120 28, | g K RE B4 A R
NG

236 B UVITO0PC #, b i BT Rl 22 X 2%
HBRAFE

B f BT . CX41RF B, M A g B 3 A BRA #
1.2 Ak
1.2.1 RFEABEIESE  SRAERES A NFEY ) Mo X fg
R PR AEEYAE 25~35 A &, TR R AL 9% . TTFLIR R 55
1.2.2 FESCRBET L JLlicdE 30 43 0B 5% 0 B FLAE
M. RIS CH[12],
1.2.3 WA B sl ¥ 1.2.2 PR A B FLEE R
A B mL A 0.9% M B AR B R K AT B A R . 4R
AT B B B HEAT W A L B 100 pL R ARAE A 3% BRIR
F5E MRS A 3R 3 E (3 AP B FRAT M
(CO, 5% ,H, 10% . %4l N, 85%)H,F 37 CH; 3% 48 h,
P I 7] s LA 170 45 I A LA A TR T A5 R AT 1 SR T 9 R AT
RN LR 24k, (5] B 4040 )5 104 B8 98 T fik e 3, 35 R
TR B B bR T MRSC VA 3% 3 b B 3%, OF b A7 4
TG G 08 ) gl 8 52 58 68 0 B R R OB 2 RRAE 1 1
TR F, 47 5 R R A 509 9 H wh fE A R AL, T
—80 CUKAH PR VR IR AT .
1.2.4 R E

(1) Tk DNA $2 B 5% 26 5 4A 1 5[5 240 DNA $2
B & 42 BUAE Bk DNA,

(2) 16S rDNA J¥ 3 ¥ 3 5 4 #7 . PCR & R 72 )7 W
1R, RN RRWNZE 2 iR,

PR A kil < o BT

#& 1 Phanta PCR R MBI S %]

Table 1 Phanta PCR reaction cycle parameters
LR R/ C ] /s
T Az 1 95 180
AF 95 30
Bk 56 30035 MG H)
S fif 72 180
YD 42 A 72 300
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% 2 Phanta PCR R M {f %
Table 2 Phanta PCR reaction system

Wix B/ L

2 X Phanta Max Buffer 25

dDNT Mix 1

LESI 2

TWESI 2

Phanta Max Super-Fidelity 1

R DNA 2

ddH, 0 17
Moo FF W kB i 5l ® 0 Bifl64:
GGGTGGTAATGCCGGATG; T ¥# 51 # PbiR2:

GACCATGCACCACCTGTGAM !, §- 84 7= W H 1%
BN T L TR R L 26 A T AR TR () e A
B8 w1 5 o MR 0 0 45 538 0 BLAST #2 /%5 GenBank
LA HEAT LT A5 25 R .

1.2.5 FAMBEMERWEITEEEREES  BIE Sk
(147, &2 FH 1.5 mL B0 8 WA K OBLBE AT 1 1 1
76 4 C4FF 4 000 r/min &0 10 min J5, M 2.5% 1% =
TR AT A UL FF T8 TR A HT R G, T4 CC kAR R, H
0.1 mol/L pH 7.2 PBS ¥k 3 ¥, FF K% 10 min; SR 5
BEATH UL AT 0 0 5 18, 126 SR 8l 2~ 3 hs
1 mol/L pH 7.2 PBS ¥ ¥k 3 YA IE Y 10 min, 2 J5 i
ATH8 BE B8 7K, 43 3 R AR R 43 Bl 3004, 502, 70%
80%,90% ,100 % Iy Z Bk 2 ¥k, 4 B K 10 min, i
J5 T —20 °CyKAA T4 30 min, % T 4 h, 557 % 5 5 A
R KB —)2 10~15 nm &JB B, LM AME
B HUE 1.0 KV, R AE# 10 000~30 000,

1.3 KREFEA YL

1.3.1 KBIBEAFEIEML K R 0 KU AT T MRSC
MR IR KSR 48 h 5 BRI BV T MRSC Wk 85 3%
S R B3R 24 h, 4% 5% BN B T MRSC WA 8%
Fr FE A R AT 5 WG Ak 15 30 09 36 1h T A
1.3.2 KOBUEAT R A9 Tr =X A4 scik (1548 2icin
T IR AR R 5% IR AN W7 R TG B % ik v i 4
Gy EFEATYE . K 1.3.1 A AR B TG A R DL 5 %6 1 B2 AR
BRI T 7k T 37 “CRE SR 24 h AT R SUBAT T 9 3
D R ZEWIFE 16 cm 1Y MRSC 332 5 b f A 55 5
@ HEAEWHF 16 cm 9 MRS 5 5Em , H A 5,0 #
PG 13 cm 264 MRSC 553 A2 0 i & . 3 A
KEW A E O, RE IR @ HRM BT 13 cm 1Y
MRSC ¥ Fe b, 7 B35 35 © MBI 13 em 19
MRS ¥R 3 fr, 5 /35 55 © R BRIR 10 em A
MRSC K % £ 0 88 1R b, 1 KT8 A A W 10, IR
HI5E @ BMEWE 10 cm ) MRSC B33, A &

I RS EL IR S AT B A 0k R R A I

FigR ;@ A RIWIE 10 cm 1Y MRS K gR 3 A 37
SRS W, DL By — R Yk, % — R DIk
P T BEAT R R I 32 P Sk i 5 1E b, TR R UL L 4R E
51K,

1.3.3 M IIILTT S B MR S 2R E TR DL IS K
XSLISE A T E A A B % 0 ¢ L T VR T A Bk U LI A
A PRV B U B IR SR P AT R 3R, S IR A T
U kAT S R R A MR R RS S
Pl Ty PV B BRI S X LG

1.3.4 MR YL RT S PR 7R A A T I BB T e

o DTG5 04 B8 AR 2 96 (0 428 B i 43 B 45 R AE MRS
FigR b 37 CHEHFE 32 h B MW 4 h B Fi B v Al
SE TG B il A K i Bl AT H
1.3.5 Mt S0 90 Ak Wi e B Rk Je G A 0 R S A I
BT mL 904k TS A9 1K DU T T & BEW . 12 000 X g B0
5 min, LA 2 mL Z£187K .2 mL ZEELL 2 20 ul 2-2 T
% (0.625 mg/mL) T LW IR BEHR Y 10 min, T4 C,
4 000X g B0 20 min, L )2 A HLARL 0.22 pm 7 HLIE
RS HEAT ASOHE € 3 — TS I A (GC-MS) A6l

O3 XTS5 S B REN ME RS W
HEAT .

RE T A T < 3R 50 1 P 1) 5 B U7 R B Lk 6 b,
SRR IR R TR TR R R . B
WA 10 ul FZ B 10 pL IR & 158 & b5 HE &R W
€0.143 pL/pL) B IR A b v 55 Te i AR R A v BE 6
IR A [5] e B2 AR UE A B GC-MIS A6 0 45 5% 22 1) A v iy
2Rl AR G [l 7 B R A R A2k 3 s . AR R AR o
il 2R F R v B R TR =

R3 HEEHBAERZNEAFTEMNERARY
Table 3 Regression equations and regression coefficients

of the standard curves of different acid species

FR i i nl )5 75 72 mlH R B(R?)
LR y=0.509 9x —3.821 5 0.999
N R y=0.60—0.598 4 0.999
$TH#  y=1.0557x—0.356 6 0.999
TR y=1.129 92 —1.048 7 0.999
SR y=1.334 20 —0.612 4 1.000
R y=1.202 52 —2.360 2 0.999
L4 #IEBESH

PLE AT A7 i 56 49 8 &2 3 W, R ] Excel 2019 Fl
GraphPad Prism 8.0.1 4b ¥ %45 M 2 A,
2 RS0
2.1 EMREEER

MCBEZLRE 5 b 4 B A5 2] 1 #k MEFZ-2201 B %, H
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16S rDNA §" 88 7= 8y 76 2833 1% A4 08 0 B i e 3k 2 )
BT AR R G EE T ILAE 1 500 bp AbA AL &
WL B R R A FER (E D, WF
48 W3 i NCBI #3576 4T BLAST R 44 b %o, HoA )
K B AT T AR 2 B (NCBT % 5% 5 : ON631733.1) il ]
PEIXE T 100% ., Bk MZFZ-2201 % 5 R K BB AT

(Bi fidobacterium longum) .

M. DNA Marker 3 1~3. MEFZ-2201 H kY 3 ~FE4T
A1 KkREAFH 16S rDNA ¥ 38 = 5k &k 2 R

Figure 1  Gel electrophoresis results of Bifidobacterium

longum 16S rDNA amplification products

2.2 AFBEENREEES

BB BUBL AT B MEFZ-2201 76 4 % 5 471 41 8 B2
WLEEEE N 2 PR R Z R0 R 2 K ATIR L AR 73 )
R R AT IR DL R L RDR 2
2.3 WMEIMLATFEREER EEENFHFMELER

TS 46 1A T I ) I KU AT T T 7 T 25 A5 F L 25 R A
F A 3 R WIS B B V& BRGNS B IR TS B9
WKk R A OEE OO CRIRE SR LG W
WL SRR AL (a4 7R, WAL AT ) 3 1k 2 2T 58,
Z J BRI A NDE S8 2 WAk 5 09 B 5 9

(b) R UIfE

(e) JhR2.577F%
A2 kRHEAE MEFZ-2201 424 & 40K 8 AW &
Figure 2 Bifidobacterium longum MEFZ-2201 scanning
observation of  the

electron  microscope

morphology of the bacterium
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ACRAR FE S g AN O 22 5 EOAT AR X T B0 AT o e T
oA L ER S MM A, o e O TR,
FRERTES 0 1AL, #0or g 220 1 8, a4 vV ALY &
AW S5 &0 — 2 FRF, - RS 8E 2
FRAR VIR R B A ) ] ALER s, BB TR 1 st s .
i R A DAy s 1Ry D R A L 2D Y G b T O B 35 4%

® 4 WEINKEE KRB A E MEFZ-2201
HSHELL S

Table 4 Comparison of morphological characteristics of
Bifidobacterium longum MEFZ-2201 before
and after oxygen tolerance domestication

Az B AL RRAE 1if 4 91 46 iy i A N 1k )5

[ESRES ZRBRKATE, WK 2RI E, BN
KEE Y R LAMV 4K, 56590k 5 A
LA R ) NI s o B S o
A HLIIE AR Bk

7% iR R N S RS RGN 3 2o 1l
RMOLME . RE, L% DN EE N R A Gk
i FE L RO R,

FERGA KA E i)

i it 1 6 B4 [ 4

(a) YifkLAT

[FIREFE 72 h
A3 AT ERRETEE AL ST A
Figure 3

(b) Hifeim

Comparison of Bifidobacterium longum colony

morphology  before and after oxygen

tolerance domestication

0.03mm 4

o RS
(a) Ffkmr (b) Bifbs

B4 wABAEE R REHF A AR S

Figure 4  Bifidobacterium longum morphology after

oxygen tolerance domestication ( X 100)
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B B0 i A DI R R A R oty
A W0 24 S Bl A 16S rDNA 31 L 4
Ad%z 3.l 4 & ST S 9046 AT S B R 51— 30 TR

k23 WG JE I R R A AR
2.4 WEIUMNEEMEFTEEG TERHTL

i 459 AL 1T S A I XIIBE AT T A4 3 T RO L g R
Bl 5 Bias. BB S T LLE S 9T JE i K BB A
WA R4 T ¥ al LA KL i Wik 5 A9 4 XU AT 3 1
HESM R A K e B8 FUMEET A B, 75 4 h
EAEEVER X EO . T4 16 h PR E W A 20 h
BRI E R E S, M 8.9X10° CFU/mL; £33 Xf I,
% 22 WAk 1 R R S 0T S S L X T XU AT R I . S
S b 2 P T AR LA, 2 U R T AR R A AR R
rfVER 2 RS A i DT R 41 AR 43 kAR R S A R A R S A
K, 40 22 T A o AR AR ORURE L A A OV, SR & DIk
B U AT 7E 55 8 h R A XTSI, 45 16 h #E A RA5E I
FJEAESS 24 h 247 TR B o = 0% AL O 5.40X10° CFU/mlL,
25 THEIUNEEREEBHBREENN

B & 6 A L& i, 1 B AF B8 AT LU A A 2R
W LVIET B 5 TR . OF G 5 R 6 Fh 7 6 g 17 2

I RS EL IR S AT B A 0k R R A I

. m]j‘)
S

7 —o— i A YL 5B JIGF7
-u— i A YR E 7R
b4 8§ 12 16 20 24 28 32
A [

Time/h
Wit BB AT e Kk R AT H MEFZ-2201 #9 & K

FARFHH TG K

Comparison of live bacterium number between

i
Cell viability/(Ig CFU
foe)

A5

Figure 5
oxygen-resistant and original Bifidobacterium

longum MEFZ-2201
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g 07 R 0 7 i ST Ik S B T Rk H v Ak R A

&~ W =)}
T T 1

S TR

]
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Cultivation methods
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Cultivation methods

(c) 5 TR
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Cultivation methods

(d) T
B4 f5FTfE; » . P<<0.05, * x . P<C0.01, x % %. P<C0.001
B 6 A BT
Figure 6

after oxygen tolerance domestication

Cultivation methods
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- .
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T
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Cultivation methods
(f) R
i i

J& |k SH A MEFZ-2201 424 Rg W5 Bk v = A &
Short-chain fatty acid production of Bifidobacterium longum MEFZ-2201 before and
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PR~ W > . A B W, 2 R 45 Bk R
T2 1 Sy 22 400 B8 0 0, HC 1 T2 B 5K A R R S AT
B MR P By pH S A AL Y B T RLR 5 BUB0R
BRAET . Ak, IR A K BLEE T B8 5 90 Fk Wi AR B, 4
W PERETT RE S TR T
3 g5

WFFE 0 5 4 B 04 A 12 &2 16S rDNA % 52 36 A FL v
17 1 75 3] — bk 4 WL FF B MEFZ-2201, 3 5% FH 3 Wi 19 fin
AOE AR RA B Yk 3E 47 04k, Ak 5 19 1
PR I A6 i AT DL 47 3t A A AR R T AR ok & YR
A TR R G R R T — AN B G, 38 I S I S T
B 2 B A Al B I SRR R R AR O R R AR R TR
B Mg IR 1 ™ A= it b 9K S DA AR 7R IR SR 4 1 T ™ TR s
2 T Ak A B R S TR O T A AR S B UL AT B
B 5 A T T RE LA A RO PR R . R A S Y T AR R
BE— A0 38 Ao A B R 2R 45 G A W AE L A R L AR TR BE AT
B A VE VAN VR AT IE T S WL DL R 06 25 AR B8 7=
B TE % » LI F2 90 K U AT B MEFZ-2201 B M (5.

°
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