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Extraction of Tea Polyphenols and Its Regulative and Preventive
Effects on Dysbiosis of Intestinal Flora of Mice Caused by Antibiotics
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Abstract: In order to study the regulative and preventive effects of tea polyphenol on intestinal flora imbalance of mice
caused by antibiotics,ZnCl, precipitation, ethyl acetate extraction method was used to extract tea polyphenols, high per-
formance liquid chromatography ( HPLC) method was used to detect extraction results ; BALB/c mice were randomly di-
vided into 4 groups:normal control group,imbalanced model group, preventive group and treatment group, regularly to
keep feces. The independently improved method was adopted to extract faecal total bacterial genome DNA and PCR-
DGGE technique was used to obtain the intestinal flora molecular fingerprint. Similarity analysis, diversity analysis and
sequence analysis of the different bands were then carried out. The results demonstrated that the content of epigallocate-
chin gallate (EGCG) as an active ingredient in extract of tea polyphenols was 42.67% ;The improved lysozyme method
can effectively extract faecal bacteria total DNA and ensure the downstream analysis technology to carry out smoothly; In
the DGGE analysis,bands in treatment group, preventive group and control group had small degrees of difference (P <
0.05). All above results indicated that tea polyphenol had certain adjustment and preventive effects on intestinal flora
imbalance caused by antibiotics and the preventive effect was proved to be better than the adjustment effect.
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My AR5 EGCG HEATRIN . Jr ik v B FH iy 3
FEFEREE RN, PRI SR 2 EAT Sh P TR
SIS AS AT EENE . RGBSR ROR X 7 8 A
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AR T IR A SR R AR, W5 5 SRR
WA T2 RSN TR o3 e . BT I AR SR X S
BRFIE Y ZEME AN T DNA IO T TR, @7
T A P AR DNA $EBOTE IR
Tk A 2% PCR-DGGE ( Polymerase Chain Reaction-
Denaturing Gradient Gel Electrophoresis) 4% R PEM 2%
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1 HR5H®

1.1 #l
1.1.1 &z

SPF 2% ,{A i (20 £2) g ik BALB/c /N FR 24
H K& BER R 2= S5 sh i oo A [ sh ) & 4%
JF5 :SCXK (17)2008-0002 ],
1.1.2  £Z&XA

A% (RO, A B S AF 77 ) 5 1 1A 8 ( Amresco,
10663) ; % [ i K ( Merck , 1245680100 ) ; % % & T
LRI B FRRER bR e i (H1E45-:100422) 5 Sk il 7
TE (B IE 241 46 W I f A BR 2 A, 415 : 100608 ) 7
T, Hi 25 mg/mL (14 S 14758 B PCR 5]
Yo Kig A 8wl G, Ex Tag DNA G A
KL T AN, DI THRE | F SOBUN H IoE R W H 55
[ Sigma /A ] 2B 1 kL R R UH 2 %
(TEMED) JR4k £ 5E (EB) %50 A g4 ¥k 271K
R TAAFE; CEE(EIEL) , O (k) .
1.1.3 £&M/E

DCode ZZPEASFEHEIL LUK R GE ( RiESEHAEY)
BHEA R A W] ), PCR2400 1§ #44Y ( Thermo, USA ) ,
BB AR R G (RSB AYFHH A BR AR |,
R I 52 Y ( NanoVue, USA ) , FA2004 73 #7 K
(TR AL S A RS F] ), CTISRT &%
FREDHL (R ER AL A R A ), HL KA

(RIETHIAYRHA RAF]) , PHs-3C K% pH it
( BT R ARG PR A A, B0 W 4R 1 (Ther-
mo Scientific 1SS110) , 2 [CHEHES ( LA IR DL 5%
A PR A FD) RO AR 35 AL (Waters 1525
HPLC) .
1.2 ik
1.2.1 X% @eyt i

BHSCHR 78 0 DAt - AER R R 30g 4%
oK FR RIS, A 300 mL 70% 2,70 C
FRAFTF I 2 he B B4 J5 1925 22 B 32 OB 10
mL F/NEERR R, A 0. 415 mol/L ZnCl, /KIFWK ,
2), B 73 8 15% NaHCO; 7K OIE 15 o pH =
6.0, BE.OM 5 2 By—REERUTTE , HZE /K BE B ULTE
2 WIEHERS R A 2 AT ZE IR AKIR AT
FEIA 2 AR FRAY 2 mol/ L i FR VA W , (UL VE Mo
fiff, B0 2 B B ROIR DT VE . 4% 22 W IR 5% 78 W]
15% NaHCO, WY pH =5. 0, FiJH 2./ 2 Bs1E
T PRAER, G I ARG (20 CLUT, #ei
15 min) , £ LR S BEAH I BT 53 %0 2% 1)
e R COKEW (R BIR A pH 2y 3.0) , i
PRAREE S 201, BRI . 60 CUUE IR AATRAH , 2.0
WA IR RIZRZ AR,
1.2.2 HPLC ¥ % % B

RERARICL. 2. 1 #2282 K 100 mg ¥
T2 mL X TR 585, 40.45 pm GLALIE I
U8 I, BAS BT i Mk B2 50 o/ L i it TR o
L 0.2 mg/mL EGCG JNApie st , A BT b 4
A A 54T Agilent ZORBAX SB-C £ (4. 6mm
X250 mm,5 pm) ; ENAH: A S 2% LFRIK W, B
KNG B E LML :0 ~20 min,5% B;20 ~ 40 min,
30% B ;40 ~50 min,70% B;50 ~55 min,100% B; #&
1530 C; K% K 280 nm; i3 0. 8 mL/min; i
FERE 20 plo 252 M 2040 1Y e 140 B s R ik
TRV VA it G 4 s TR 7R 988 0 17 g T RO LR AR 31
1.2.3 RS BHSRE

¥ 24 H BALB/c /NEBEHLY 23 4 2. 4300
IEF X REZH (0.2 mL/d (ZEIKIESLHER 7 d) R
PRI (Al 0.2 mL/d HZERER 7 d) JRYT
HOCRAAE 0.2 mL/d fYFRESMER 7 d J5 U
0.5 ¢/Kg/d BHZEZ WA 7 d) MIPTH (5IHI7
HAR YA HE S ) o T/ NG —R
T RIS 9 Y Y ZEME — I, -80 “CIRAF, &
Mo
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1.2.4 Hf8H SR

FRECO. 1 g Z5(H TJCm Ep 4, i A 1 mL PBS
(pH 7.4) ,JiE5 =7 1R 21,200 g Bj.L> 5 min, U ETH
(VORI ) o UTTET A 1 mL () PBS, & LR
B, IREWIR LW, 300 g .0 5 min, FITHE,
3% 1 10000 rpm 5.0 8 min, PUIEEA, LI PBS ¥
WE LS 6, 20 CiHrfifr.

1.2.5 #42mH % DNA 693 B

2 BRI et 8 B R O I LA Ak, %) 2
FEANE S DNA JEF T4 HL BURE S NA 0. 8 mL i 14
B (10 mg/mL) , 10 L 2 1 k (20 mg/mL) ,
IREWTE 37 CHEPR T 200 rpm 7235 1 ho AL 65
CHIA 0.3 mL AR (10% | ke I it R 41
0. ImL NaCl.0.5 mol/L Tris-HCI, pH 8.0),0.3 mL
WERRERZZ vhif (pH 8.8) ,0. 6 mL S5-I (IR R
b 24:1),65 C/KYE 10min, £:fF 2 ~3 min |- FEi{F
%¥ 30 s, 5000 rpm B0 3 min J5 /N IRE SRS
AJ3—2 mL B0 T IFMA 0. 6 5 AR RN
ey K ¥E UTTE 15 min, $&J5 12000 rpm 5.0 10
min, 7 A, TLIELL 75% 2. (4 CHiK )1 mL %
MR GRS 4 CAF T 13000 rpm 25,05 2 min, fF 4
FEWBIRAE K G , A 100 WL TE 28 Wi %5 it DNA,
BT L A% R 2 1 D0 A 0 7 L DNA ¥
FE it 1% BifsWEEERS (& EB 0.5 g/mL) HLIK
K&, T20 CRAE4 .

1.2.6 16S rRNA # ¥ ¢ PCR 4 3%

IS S 905 16 BT AT 4 18 16S rRNA LR Ay
V3 A ARIX, 51t AR LS 14 5 v hn b GC
Yoo BB K GC I Fslan e .

B ¥ : GC-341F (5'-CGCCCGGGGCGCGE-
CCCGGGCGGGGCGGGEGGCACGGGGGGCCTACGGE
AGGCAGCAG-3") (AR 40bp“ GC J27)

TS 4. 518R (5'-ATTACCGCGGCTGCTGG-
3")

PR R (25 pl) H:10 x Ex PCR Buffer
(Mg** plus) 5 pL, dNTP mixture 4 L, 1% BSA (1
mg/mL)2.5 pL,20 pmol/L 4 I FifEa| ¥4 0.5
pL,5 U/pL Ex Taqg DNA B4 0. 25 wl, 5 DNA 2
pL AR, ddH, 0 10. 25 wL #pFEiA R 2 25 pl.
PCR J ¥ £ :95 °C,5 min;30 AMG3F (94 C 30 s,
54 °C 30 5,72 °C 30 s) ;72 C 7 min, PCR =42

19 BrAEWHEEIE vk A , 20 CLRAF o
1.2.7 DGGE 3k 547

2B Walter ] %17 G535, %t 1. 2.6 4k 165
rRNA FEPRI Y V3 AT AR X4 38 7 9 #641 DGGE
UKo DGGE RH] 8. 0% F NI ICEENE , S PRy
30% ~50% (100% 7V %W AL 4G 40% 2555 1 I
ML AT TM JRER) o LUK 60 °C, LA 100 V H
JETRHL YK 10 min, FREFHLEIZE 40 V HLPK S he
vkseBe)s 4T EB dvfa , A Phoretix 1D ( Phoretix,
Newcastle upon Tyne , UK) #{4-43# PCR-DGGE &t K]
S AR AR R A L R s AT
7N DGGE &3 1Y AH AP , & 2% 19 38 2 43 v 2 ]
UPGMA & E3E47 98 A Shannon-Weaver index
(H”) IR Z MM, IR 5B Evenness
(E) 70 53 A 9 g2 — 1 , B T 85008 A8 I DA TE 285
o3 M AR S g o U ke, H AT E @
13 AN A3k 45 : Shannon-Weaver index (H’ ) =-%
(Pi) (In Pi) ,Evenness (E) = H’/InS,Hrp Pi =
ni/ N, ni Jg B Z0007 B0 BE(EL, N R B AT 2% 0 K
{8, S FHER SR o
1.2.8  DGGE B #3548 4 5 89 159 o A

YI't DGGE &3 i i HL5E B i 09 4541, A
Ep & i, A 50 pl K8 F7K-20 Cid i, 90
C/K 10 min, 0> (10000 g,5 min) . DL EIHHR A
Btk , FIHJC GC By V3 X 5[4 341F Fl 518R, FRIK
HEAT PCR BRI, OB A5 [A] 1. 2. 6, 1% B igal v vk
RS I — %47 . PCR ¥ H Invitrogen (b
LA ED) MR, DY 45 R 42 DNAStar B4 47, i
J¥HI7E GenBank %i#fs )% AT Blast X734

2 LWER

2.1 FSEHRI

HPLC #m &5 R el 1 iR ,EGCG ({4 88 i [f]
2y 13.5 min, £5 W 5y B9 BRI AR S 3 A
(A) AT UL, BT S BUAY 2% 22 3 JRLR) i B EGCG ( F:105)
G, IR Hoph o kg, iTRE N RIILR R KR TR
(ECG) 4 p 4y, iX 5 1 &5 Fr ik B M AT, 2 7n 4%
Z W PR LT, AR AT IR 825050 . LA
i EGCG W AR5 A o W T AR 2 b B A 5K
[EGCG & (%) =M1 EGCG V¥ & &/ 45 £
Wy JoT e x 100% | 46538 1 TP f EGCG H 4 7 it >
42.67% .
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Marker 1

B3 V3I[X 16S rRNA EFE 1

Fig. 3 PCR amplification of V3 region of 16S rRNA gene

1T 52 ~ 3 I PRAERI L 54 YR Y74 55 B0 X IR

1 : Preventive group;2-3 ; Disorder model group ;4 : Treatment group;5:

Normal control group
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Fig. 1 HPLC chromatograms of Tea Polyphenols (A) and
EGCG standard (B)

2.2 EFEMES DNA KJIRE

it FH A3 Vs TR Il 5 i BRI 4 T EL DNA
1% B e WL UK S W 7R SR AT T & 2035 M i B — 4%
7, HAE BRI L A DA s (| 2) , 45
M AT RE A2 B T e 48 A o B v AR L A R i, Xl
HE1h ODZ()Onm/ODZSOnm/J\ﬂ: 1.8, A HEHIGY
R EG . RIGIAUESEXT PCR i/, a4y

#Fz 1 DNA AiEFMKERMER

Table 1  Detection of DNA purity and concentration

Jrik DNA #5J5 C?\Zi?fart)ﬁizon
, 0D /0D
Method 260 nm 280 nm (pg/mL)
P TR T 1.69 +0.14 122.5 +3.69

Improved lysozyme method

Marker 1

20 kb

B2 EEHAHERARNER
Fig. 2 Extraction results of total DNA of fecal microorganism
LR 2H 52 ~ 3 R AREALE ;4 BYF A 55 - IR X A
1:Preventive group;2-3 :Disorder model group ;4 ; Treatment group;5 :

Normal control group

2.3 16S rRNA HHRIEEH) PCR ¥ 18

AU I8 I 5190 9 38 2% 28 /) B 3 46 7 168
rRNA V3 [XHEIH . H A9 A A B 29 200bp (A
3),

2.4 DGGE BiEs#7

52020 /N BRI 18 TR E Y DGGE R3S B, 4%
VKB RSP (3R 2) , 38 i 4K $5 %X Shannon-

Weaver indexes ( H’ ) FeA iz 18 B REFI 1Y

2

F(FK2,[4.5), KT E 200 MR 5 — R e UK
B 145550 TR UKGE 2 F 3 A B 8 A

b

UE o SRR /R SR REBCRA G /N U B A
A FUE(P <0.05) , 2R 2 W WP 51697 )5 S5 1E
TR R O S W el ), 2 R AR — B

1 2 3

E

4 &L DGGE Bk

Fig. 4 DGGE profiling of different experiment group
L TR 452 ~ 3 R PR R 2 54 AT 4155  IEH W B4 A B.C|

D E Jyits I P 8 45

1:Preventive group;2-3 : Disorder model group ;4 ; Treatment group;5 ;

Normal control group Bands A,B,C,D,E were cut for sequencing

R2 BIRWAMEMSHEMESN

Table 2 Microbiota diversity index analysis of each group

4151 FEE il /sy
Groups Number = Shamnon-  p s (E)
of bands(S)  Weaver index(H")
1 12.11 £0.13 2.02 £0.08 0.81 +£0.02
2 11.08 £0.10 1.98 +0.06 * 0.83 +£0.03
3 14.15 +0. 11 1.80 +0.07 * 0.80 +0.01
4 12.10 £0.11 2.04 £0.04 0.76 +0.06
5 16.13 £0.12 2.26 £0.09 0.84 +£0.10
WS IER XRS5 i, * P <0.05,
05.

Note : Compared with the normal control group 5, * P <0.
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Fg. 5 Dendrogram of DGGE profiles analyzed by UPGMA method

2.5 MEERIH

XF DGGE &1 i i) 32 %2 22 S 2540 HEAT U, Jor
FHEERAE GenBank Kds J H 1T Blast H X A1 A] I
PEHES, SR Ik 3,

3 i
AIE—A BRI E SR G, SO i

P X AL A it B B A B 5 S, A e i AL, 4R
VBN R R 2% , B SR B G ZE A 2

&3 DCCE FERERFHFIHMER

Table 3  Identification by sequence of V3 fragments excised from DGGE dominant bands of total microbial community

SRl ERSETES @ AR
Selected band Blast result Bacteria Phylum Bacteria Genus Similarity
A Facklamia hominis Firmicutes Facklamia 96 %
B Prevotella melaninogenica Bacterotidetes Prevotellaceae 95%
C Zymomonas mobilis subsp. mobilis Proteobacteria Zymomonas 100%
D Nitrosospira multiformis Proteobacteria Nitrosospira 99%
E Bacteroides vulgatus Bacteroidetes Bacteroides 100%

B, B LA S 1155 2R R T DL B0 1
BEJA , ORSAE ) R B IR R i 5 . IR
b KIAR AR T A R HEATIRYT 0 BB R S 1
Jo T DARE 9 T R ok = 4% — oA 8 BRIV R /N
BT SR EA T EENE L,

AR S X A% 22 W AR BB L R e A 2 S
T PRRE IS UR A IR RN TR M FH AT T RIFSY, S5 RSk
B, i F ZnCl, LT, 2R Z B 3EAT 2R B 5 ik ] LA
A RLXF AT P A% 2 W R AT 3R, 5 HPLC A6
LW A RO 4 EGCG 1 & /Tl ik 42.67% .,
it FH Y 2 S 3 A 3 X S 4 P 41 B L DNA
PR 3 IR 82505 v, SE R 4 v 16S rRNA 5
Bl A3 T PCR 474 . DGGE EE 5B o, Al
FPTA RN, B K Sty B5i A B 40 A
WAL, SR B AR 8 S 2RO e
PrAE R B IE N IREE & AR AR, 5 |k T
Lo AAZWEN)G, /N B SC RPR A e
2y 1E , It H i UPGMA H Bl 2 43 Fr vl 11 93 By 21
FELR AR 22 I P A R BGEAL, kI 38 i R
VI &5 2 1 1 R %) R DL e o , T AL 45 22 1 T B
VERZRCR RAF IHETIRITE . X TFAR 2 A%
YEF B VISR 20 B4, DNA U ¥ B2 Fe X o A i 32 22
A RSO 7 R R R A M T A AL
PR AT IR . O A BRI B, FOURT P 2 B 1 2 X

TR, RO S ERE 2 B Y A B ) A AT
E TR ORI, 0 ELAE B R OCJR I SR 5 AT
AT DL 1 3 i 8 D A S IR R O A bR
A AT G R K £ B AT L K 5 2R DT RO 1
FHAR R 25 A5 B B 36 5, 328 17 408 1 i 3 B 7 O £l
()

KRR 2R S A%, LR TRk =4, 5t
IRENESE AR VAN S N RER S N A o = RN
S5 UE B T 4% 2 W A B T8 TR R R 4 P i AR
A RIATT AR R T — 2 A FS 2
flto MG 2R WAE Tolk A 7= DL G PR 2 S fin )™
I 8 O P T 5

&% 3k
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