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A preliminary analysis of changes in composition of intestinal microbiota during
infancy using polymerase chain reaction-denaturing gradient gel electrophoresis
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Abstract: Objective To investigate the composition of bacteria in the stools of infants and the colonization of
intestinal microbiota during infancy. Methods Fresh stools were collected from 15 healthy infants at 0, 2, 4, 7, 10, 14,
and 28 days and 3, 6, and 12 months after birth. Polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-
DGGE) was used to analyze the composition of intestinal microbiota, perform sequencing of dominant bacteria, and
to analyze the changes in the composition of intestinal microbiota during infancy. Results DGGE fingerprint showed
that the composition of intestinal microbiota during infancy changed significantly over time after birth. The cloning and
sequencing results indicated that Proteobacteria colonized the earliest, mainly the obligate aerobes Enterobacter and
Pseudomonas, followed by the obligate anaerobes (Clostridium hathewayi and Veillonella parvula) and the facultative
anaerobe Clostridium ramosum in Firmicutes, and Verrucomicrobia. Actinobacteria colonized the latest, mainly
Bifidobacterium, and gradually became dominant bacteria. Conclusions  During infancy, obligate acrobes colonize
the intestinal tract the earliest, followed by obligate anaerobes and facultative anaerobes. Proteobacteria colonizes the
carliest, followed by Firmicutes and Verrucomicrobia, and Actinobacteria, mainly Bifidobacterium, colonizes the latest.

[Chin J Contemp Pediatr, 2017, 19(3): 331-336]
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B RCEJER, 290 104>, it 1000
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WL, SERRE R 39.0 £ 1.0 J8, XA AT R
3218 +221 g, HAH 6, Lo fil; Jiy=3 fl,
TR = 12 Bl BEFLWESE O 6], IR AWRTRE (BEFLN E)
6 1]; T IRt g h 2L AR TS 4~7 A~
A, HA% 44 AFFG 2 61, 55 A H IR 5 6,
%6 AHITFR 761, 47 AR IR 16 9 1B IL
TEREDT I N BT, 6 BB LTRSS 12 > A R F £
FLMESE, FEERE AR L 1,

F1 EEEREEERL

SN L 0d 2d 4d 7d 10d 14d 28 d 31™MA 64MA  124HA At
Jalie 15 15 15 15 15 15 15 15 15 15 150
S2ik 10 10 14 11 13 13 14 15 15 14 129
AR (%) 67 67 93 73 87 87 93 100 100 93 86
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Thermo Fisher Scientific 2> &) ) o TIANamp stool
DNA Kit (b5 RARAEMBHCAIRA T ) 3 2 x Taq
MasterMix ( It M AR A RA R ) 5 40%
PR IEIE /SO IER: (37.5 1) | JREK,
LT W B (APS) | i B R # . TEMED,
SYBR Green I, 50 x TAE #JIl4 F A T A9 T /%
B A R A H]

1.3 FE(FEFEH DNA REUE R SERT &

% H] TIANamp stool DNA Kit $2 B & — > FE (i
FEAREY DNA, K25 HE A 20 5L R 20 DNA S AR [R]
[ ST AR RIR G, JAREILAERSE 0. 2. 4,
7.10, 14, 28 K, LIK 3, 6. 12 A, 10 /A [E]
MR AL DNA,

1.4 ZFEERAEEZA 16S rRNA PCR 18

TE $£ 168 rRNA V6-V8 [X il ] 51 ¥ (U968-
GC-f/L1401-r ) *F 25 IR 5 £ X 41 DNA #4T PCR
P, P K R 24 489 bp; U968-GC-f: 5'-CG-
CCCGGGGLGLGECCCGGGEGEGGCGEGGGCACG-
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GGGGGAACGCGAAGAACCTTAC-3"; 1.1401-r: e 04 2d 4d 7d 10d 14d 28d 37 61 12/
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TR ARA A G . RN AAFR: 2xTaq
Mastermix 25 ul., . F W 51 % (10uM) %%
2uL, JREE 34 DNA # A 4 L, #b 78 ddH,0
% 50 pL, PCR K i 2% f4: 94 °C i 22 14 5 min;
10 46 BE IR R FEPE A (B 16 IR 45 94 °C A8
Pk 45 s, 1BAGREEM 60°CFHER] 54°C, MG
£ 0.6°C, Bf[E] 1 min, 72°CHEMH 1 min) ; 25 4MHE
IR R EIEA (RATEALTE 94°CAEME 45 s,
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EER R R G A IR S 2
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K %5E . I B id GenBank JEAT 41 1)
[EVEE LT, 15635 Total Score By /5 H. Ident F850K
T 97% EAE N4k

2 R
21 Z)LHmEREREENET

O3 PSR IL I AR TS 10 ANB 8] S IR A ZE M RE
A 16S rRNA V6-V8 X[ PCR F=#iifT DGGE, 3k
4 DGGE F84t&E (K 1) o HERATLIAEH, 4%
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F, BIEIERE ] L VDR SR IR ZFF AT 14
INTRBKTE I BUE A, BES L PR R B PE A ]
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o MWAEMIDRZEMMERE, 2ILmENZR
BRI B E AL AR, JREBE TR TR 2, Bl 2
PEOR T AN, TR [ TN B A e . 22 L

AR 28 Km, AR TR ) 40 BRI 4R v -2
TS, 0 LARUES AT B o B R R B 1] 40 R e 1

L, BN E LA TE N R RRE

*2 HMETHEMERE
e I N
Sl i T e AL
1 Citrobacter murliniae B IRAT R 99%
2 Erysipelatoclostridium ramosum ZRRTH 99%
3 Klebsiella variicola/Klebsiella pneumoniae ARR v TR A /iR v SR AT 99%
4 Citrobacter murliniae B RAT R 99%
5 Ruminococcus gnavus Jil B R 99%
6 Veillonella parvula /N SR ER 99%
7 Leclercia adecarboxylata ARMLIR W 5 TR 99%
8 Clostridium hathewayi PR ZFRAT 1A 99%
9 Enterobacter sp.638 T 638 99%
10 Pseudomonas gessardii R BA M 99%
11 Enterobacter xiangfangensis FYi AT 99%
12 Shigella Sonnei Ss046 RN ETH 99%
13 Akkermansia muciniphila - 99%
14 Pseudomonas gessardii (ELH 005 99%
15 Lactobacillus fermentum ST 99%
16 Akkermansia muciniphila - 99%
17 Bifidobacterium breve ACS-071-V-Sch8b o SUBE T T 99%
18 Bifidobacterium dentium T U AR 99%
19 Bifidobacterium dentium RS AT B 99%
20 Bifidobacterium pseudocatenlatum AR/ )N SUBE AT B 99%
21 Marinobacter adhaerens TFLE AT R 99%
22 Streptomyces avidinii NHERE TR 99%
23 Collinsella aerofaciens PSR AR 99%
24 Bifidobacterium bifidum S17 PRI SO AT 99%
H: - INIBA TP CATR, Akkermansia muciniphila JEPERE T o
=3 B EREEEER
2 7 i A 0d 2d 4d 7d 10d 14d 28 d 3H 6 A 12 H
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& ] A A A A A A A A - =
SEMAEIRAT I - A A A A A A - - -
7L 3RE - A A A A A A - - -
e oA - A A - - - - _ _ _
RNEBH - A A A - — A A - -
INTIRERTA - A - A A A A - - -
PARZF AR - A A A A - = A = =
Akkermansia muciniphila - - A A - - A A A A
RIEF AR - - A - - - - A - -
LR - - - - A A A A A A
W SUEAT - - - - A - A A A =
S BB - - - - - A A A A
INEERETR - - - - - = A A A A
I R - - - - - - - - A A
MBIV SUBEAT 1R - - - - - = = = A A
PHIESUBEAT T - - - - - - - - A A
EREE YN - = = = = = = = =
P R - - - - - - - - A

TE: ATRHTEERL, - WHEAER.
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e s LA i R TR R R A, B TR
Y2F 0 R AR 0
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JEEBERTT. BUAFEETT. BT, AT T
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JT R R4 8 BB, AR ZF T TR RN RE B R
Jg % B¥, Béickhed 45 1 72 3 IR 41 5 b 75 0 Xt
98 £ B L S HL R SR il P RE EAT T T S AT 1Y) 43
BT, BRJREREE TR TN B T D02 de i DL B 1]
HR BRI, Bk E, Bt
bR S R KR A /SRR . Bk R
PICHIE, 4 A% USSR ST E . 7l
FRAFF IR . RIS R | TR | FoREkTEE
12 84 B LR 25 o A T8 3 A L 3 AR 1
4 FIRHH BRI . R BRI, LA
HIIR G HIRE . Lee 25" FHINF J7 85t 20 44
A 4 S BB TR RT3 0T, IR
JERERE TS T 1 12 B R, Hop KOS AT
WL FEVRBEBREE . FLAEEREE . R RBEEREE . A%
ICFLMRAT B2 % WA . ABFoE 2L F 2]
FARIETT . JRBER T BT TREROR T,
RAG I AFF IR T T, LR S H 3 A LA
FHFIZ AL, H S AR 22 S LR .

ANFEF RS R 2Z R0 22 ek, T RE SR
NBE. BP9 )5 A 5, Fallani 25 "SRRI 6 J5
B LR 2GRN 2428 (FISH) 20y, &5 54
RUSAF IR« FUUFT B A ER 1 A4

R RAUFT B 1 2R o AT LA [ M ek 22 L
() B 38 AR LA LA F R, DR 3 [ 2L
f i R T SR LB ) . PR A FAE 2R,
QR . YOI A . AU E i PCR 4,
BRI PR Ak, HAWAZE] T 16S rRNA
PP B B BRI, A7 43 BRI Y ) A 2 445
S TINSE 16S tTRNA FFA A, — 2 R BE R A A
WAE 2D, A ENESE ke — 8 B
R ZESW, BRI EaPeRmaT e, B
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HI B AR 2073, (TS B 5t
MEVEAT Z R E R A 22 3k A O ik AR 1
e AR AR Y o 2 T E KT DA e A
BRI 52, 76 TR AR OK S BN 8 A7 26 15 1 3%
2 IR, ) e A R LR 3 %) W T T AR
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VENPIE G R A ik R e e s ik . M
2, ABFGEFTH PCR-DGGE J7 i AH XTI 5 #eAE
SO A PR, 25, Bk ] PCR-DGGE J7
B AT B LI T PR R A A . S5 4h,
W)L B R M R 22 BE 2 I E 5, Hen
AR BFE R PR, FKEM K
MFRERSEE B AROFFT BRI LA =2, i
FEra. WA A, (HIRIREZ B /NEE
A it YRR, X DL 2H 45 ) LA R R L e
PRFR T RERZIA, TPRF 15 44 25 LIS AL S e S )
] SR BUR A AE R — DR, DI R R (R
BOUAESE LI R B AN B R, S S i o 4
PEILRIEE -

HHT KR ZHW NN, i LAE BRI
RICHARA, A5 25 T 40 R A% T R 8 Al
AR, ARG TEILE s, T E AR T
KT HEFONEREEK. TE . RN
FNGNTE AR M, AHIE g P A I G LR #
FUNEAAE, $n I8 PR AT I i i AT RE R
FRHEIT R, JRRER ] (98 Bk R e 2L
i T S0 %) R BATRAR v 1, LA L AR LR R R
U, BEFLIE SRR L S 0 M 35 B LR 38 v ) JELRE TR
L2 s —i B R R U A g R Bk
HH RS ()RR X A e, (H AR SRS W] LU B T
JERERR TP AL TR BRES , HAE B LA IE h 9 i
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