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PERBOK S 7o M 5y & K 91 oo + ME 5y = AR
W ZX7, 38 3 5 0B A (0 (HPLC) 43 B AN /) H i
BRI RE oh ME T Wy 1) B A R A A R M R R R
7k (DGGE) 1521 5 & PCR (Real-time PCR) i A&
5K RN R H 8 4n B b 288 R0 2508 1 A2 4k, DL T R K
LT T < ME TG My S HE B W AR TR ZXT 6 AN [ P R
WA KR X R 5 .

1 APRLRU %

1.1 REHMEBR
1.1.1 R I B 60 H & MM Sprague-Dawley
(SD) K 60 J, P31 211 9 g (M X BB
ek 46 sh B ) .
1.1.2 58 BAR - ule HORAC 77 2 e B 2 i 4k o2
P 2x (AOAC) IR 50 K BB RHEC 77 Bl 56 K LA ik
T ke 77 (AIN-93) 7 HEAT 3k, i g e AR T
F R JE 5 H R (Soyree diet) LAy /b i K b 5 2
Fil 5 5% o FUR G 77 40 R 8 FR K WA 1.

*1 ZEEMARMEAFABRREFRKE

Tablel  Formula composition and nutrient level of soyree diet
Formula composition g/100g Nutrient level /100g

Casein 20 Dry matter 89.17¢g
Lard 6 Ash 6.71g
Starch 62 Ether extract 5.50¢g
Sucrose 6 Total energy 1697. 1KJ
Cellulose 1
Mixed inorganic salt” 3.5
Mixed vitamins ** 1.5

" Mixed inorganic salt: Calcium Hydrophosphate 500g, Sodium Chloride
74g, Potassium Citrate 220g, Potassium Sulfate 52g, Magnesium Oxide
24g, Manganese Carbonate 3.5g, Zinc Carbonate 1. 6g, Ferric Citrate
60g, Basic Cupric Carbonate 0.3g, Potassium lodate 0.01g, Sodium
Selenite 0.01g, Chromic Potassium Sulfate 0.55g, add Sucrose to
1000g. ™ Mixed vitamins: Vitamin Bl 600mg, VitaminB2 600mg,
Vitamin B5 3000 mg, Vitamin B6 700 mg, Vitamin B12 110mg,
Calcium Pantothenate 1600 mg, Folic Acid 200 mg, Biotin D 20mg,
Vitamin A 40000 IU, Vitamin D3 215mg, Vitamin E 5000mg, Vitamin
K 510mg, add Sucrose to 1000g.

L2 A EKRAH &

1.2.1 R E K AW 70 3 A3 SR ME S
B Bk ZXT (Clostridium bifermentants, CGMCC NO.
1995) .

1.2.2 E#H & ZX7 £ BHI A% (Merck, {f [¥)
IR 12 h, ¥R IR P LL 3000 x g BEAT B0 5 45 5 1Y

W T A4
1.3 REHMMEERSHERIT
1L.3.1 RIGah¥ AR I KRR G O H R — )4
DA B 1R R Y %) S 8 I 5 ) o 3 B 7 K Bl
BUXF 30 JU KBRS it XA B 5 4% B R (Ovariectomy,
OVX) , %} 55 30 L4715 F KR (SHAM OVX) , K J5 1
1.3.2 XI5 4R AR5 — FIXTON S4B &R TR K
B0 0l BE AL 23 215 % AN [A) A B RN 8 T 43 ) R .
B AR AR 2 Pros.

#z2 RBgit

Table 2 Experimental design

Animal Group Replicates ~ Treatment
0VX Control 6(6) Distilled Water 1mL

Estradiol 6(5)" Estradiol0. 2mg/day
or

Daidzein 6(6) Daidzein 10mg/day
SHAM

Equol 6(6) Equol 10mg/day
ovVX L S

Daidzein + ZX7 6(6) Daidzein 10mg/day
rats ZX7 100mg/Kg BW

* One of SHAM OVX rats under Estradiol treatment died during the

experiment period.
1.3.3 H{7AN A A8 LA KB 28 WK%
(1 mL) J7 04T #E o X 41 (Control) X i B
RAEE KIF 7MWK 1 mL, i — B 41 (Estradiol) &K
BEEME B2 0.2 mg( >98%, Sigma, £ H) , K51
JGZH (Daidzein) & K #EH K 5 1 76 10mg ( >98% ,
RNV BB ) AR A A T R RS B 5 ), e D T 2
(Equol) 4 K 5 M 5 /%) 10 mg ( >94% , 7 5% 3E /K
AP TR AR KT IC + HE DM ™ A4 w4
(Daidzein + ZX7) # K #E H K G AF JC 10 mg, H 781K
ReEs 1233 H f 21 H g3 ) e ME S Wy
ZX7 1 mL (5] 100 mg/Kg BW) »
1.4 HRIRESHH
1L.41 HEREREEEEUREEL R HE2 KRB
21 RFJE 522K (5 42 R) RE A KBS E, -
20°C R 4% -
1.4.2 SHAEEIE (HPLC) AN M P IED
BE 0.2 3 R SRR £y SR R S
FA 1 mL Z R/ H R (50/50, V/V) il I 4°C 4
1. HPLC (Waters 600 controller, 3% [E) Wiz #: &
i 1 HRE /7K =20/30/50 (V/V) o $ii# :0. 8 mL/mins
C18 ik 4: (150 x 4.6 mm,4 pm, Waters, & [H) [
R :30°C . #EAER 10 pL. ] Waters 2487 Dual A\
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Absorbance Detector XU K 46 W %, 7€ 205 nm 3% K
Qb S DU M P

1.4.3 PCR-DGGE HifZE#MAEXEAEY :0.3 g K
B3 A B B VL AR A N S T RS 07/ S
(24.5/1,V/V) #H % DNA. JH U968-GC #I L1401
XF 4 B O16S rRNA JE A ) V6-V8 X #f 47 PCR
(Biometra, {8 [¥) 4§~ #. PCR [¢ W & & 0 4% 1 x
buffers 2.5 pmol/L Mg**. 2.5 U TaKaLR Taq™
(TaKaRa, K %) +0.75 wmol/L dNTP. 10 ng # #
DNA K EF# 5% 0.5 wmol/L. PCR Jx ¥ 4 1F
1 194°C THAZ £ 5 min; 94°C 30 s, 56°C 20 s, 68°C

40 s, 3t 35 A1 ¥R ; 68°C ZE {1 5 min. DGGE (D
code, Bio-Rad, 3¢ [5) 1 H] 8% 5 4 4 B e ik Jie (5 1
T M~ A T e < PR 2 < FRIE i < H ) 5 PR 5 IR JE B
BN 38% —48% o fi IR A e (1 )T 1) E R A GS-
800 /K J¥ #14#1X (BioRad, 3 [H) #14# e d « W H 4K
f Gel Compar 2 (BIO-RAD, 3 [H) %} PCR-DGGE
T AT R A AL BE KR OG0 T o

1.4.4 Realtime PCR 9 ffiZEH FTEMFTHER
AL ARAEFTIE F I 40 R e T B SR AR
WHEARA A A G B EA 75 WK 3.

%3 TEPCR3Y
Table 3 PCR primers for Real-ime PCR

Target group Primer

Sequence (5°—3")

Reference

Total bacteria Bact1369
Prok1492

Bacteroidetes Bact934F
Bactl060R

Firmicutes Firm934F
Firm1060R

CGGTGAATACGTTCYCGG
GGWTACCTTGTTACGACTT
GGARCATGTGGTTTAATTCGATGAT
AGCTGACGACAACCATGCAG
GGAGYATGTGGTTTAATTCGAAGCA
AGCTGACGACAACCATGCAC

Suzukiet al.

Suzukiet al. ™

Guoet al. "%

Guoet al. 1%
Guoet al. 1%

Guoet al. "%

R=A/G, Y=C/T, W=A/T

43 9 L Lactobacillus  sobris S9+ Bacteroides
thetaiotaomicron 1 Clostridium leptum 4l W& 1F g &L 4l
TR~ UL T M JE BE TR IR A TR A AR AR i BE 4T PCR
M., /] Nanodrop 3000 ( Thermo, & [#) M %€ 4 1k )5
PCR P Wi L » 1 22 5

PCR 7 ik g
600 (FlFE X34y 1 8) x 88 v BLK
x 6.02 x 107 (Pl s b 48 2 %0

TS T WL b TS A B AN 16S rRNA JE R 4% DL
0 (Copies/wL) » ¥ b5 i S 10 (5 F R (R T 5 4
P REB B2 ) HEAT S 52 i PCR R N DL 3 446 6f 52
HEAREIT G . LISHE DNA Sy B8 43 00) LU 41 7
FUNT B R J5-BE B s 5 5 | ) #EAT Real-time PCR MY,
R A5 AR R s A il 2l SR i B R D0 o S5 H R 8 R A
] b 2 4 1 1 B0 . SE I € & PCR (ABI 7300,
Applied Biosystems, 5% [8) X F| 20 pL & &, Gl 45
DNA 20 ng, I FUF51 %% 6 ng, FastStart® Universal
SYBR Green Master ( Roche, 4% [E ) 10 wlo Wb
I%:50°C 2 min, 95°C 10 min ¥ %5 FastStart ®
Universal SYBR Green Master;95°C 30 s,60°C 30 s,
72°C 30 s, 3 40 M EIR

L5 HKiEgit

HPLC FI Real«time PCR ¥ 7 >k B [5] —zh ¥
FRUAE il 28 TS 5E 3 IR DA D 4 A ik 22 o T 3RAG 8K
P& 28 Microsoft Excel #]25 # 3 f5 , fifi il SPSS18. 0 #
PEREAT R 3R 7 22 00 M, S5 R LUV B ME + bR dE =
(Mean + SD) JER FR.

y

2.1 EBXEHT - MOMREAXSHT +HEDE~
T ZXT7 RIRE MR R BRF AR KR 4 IS8
EETWHER

WEE T Ay, #EE M K (Day 1), J6 1 01 514 bR
5, % AR M G R e (P>
0.05) ;M #EWH 25 2 K (Day 2) , it U0 L B 5 15
P 5% K G T o0 R ME I oy Ak HE K SRS TP ME S Iy
WEE T (P <0.05) , 1 M — #2415 X [ a] 47
T 25 (P >0.05) ; HE Ty b 7 51 515 BR K B
EFMSH S ERE S T A F o (P<
0.05) ;TR KMIEFEP ML mKFEE T
I LR KR (P <0.01) o W% ] (Day 21) &R
B &5 R (Day 42) B 019 549 Bk KBRS B T AR OK USSR
P H SR LR E ZR (P>0.05), (HE% K0
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Fig.1 Fecal equol concentration of rats treated with Daidzein, Equol and Daidzein + ZX7. * P <0.05 % * P <0.01.

22 XEHR - WEMEXEHT +HIM~%E
ZXT MM ERBERBFAXREFEHNE N

HH AN 7] &b B O 55 43 B R0 BT R K B 6 A A
DGGE &3y W (1 2) 5 AR 3 A 7 T 28 4l 187 114 4% ity
BOH AL E ORI — 5 22 e IX R WO S
3 T AR AN [ Ak X K B AT v 4R T ) o SRR B
FAAE—E ML . F145 DGGE &1 4%, ¥ A A Jk i
K 2% 2l 20 H A7 B R A A5 R AW A O 2 ot Bt
E&, R F 8% % 1 (Principal Components
Analysis, PCA) LU 01 555 B T R J A [R) 4b #1555 K
B M 3 R DX AR RS

PCA 73 BT 2 W1 O 3 405 B AECT AR B S E
(130 35 1 A A A T LA 2 DR 3RS T B b X oy I (I
3) 5 BT AR K BUAH B, O S5 B K B A B 1) A
(PR IR (A g TR e 4 v =~ ol 1 o I i 1 O

XEAN A SR B I 18] 26 K DGGE [ 3 7y 5 3t 47
PCA 73 #1 (B 4) KB, EW 25 1 K (90 A I T R )5
1 JE) I G S5 4 i R0 Al T AR K B S A A A v R
) CAFAE R W I 22 57 AE 58 2,21 Je 42 R
I IR ZE 7 — EAFAE 5 42 RIN AN [A] Ak B 22 JA) 3%
B T 0 WA A 2 5 O AE O SR R OK R P T

B . Lo O B S A MM b 2 (D) KR
FERE TP (0D A B 4 R X TR (@) 2 TR s B A A
S 25 S o E (@) AbEE S BR AL GE BR KRR
BT AR BRS04 B A 1 4 B R A IR Al
L
2.3 BEBEXEER MESMREXEHEHT +HEIEH~
W ZXT FEARME S KR EFEREEE KRB
BHHERTL

WS Fros, 50 AT, #EKG o S
Wy Je K G TG + S M)y 7 AR B ZXT 1) B S B oK
B, 2B b JSLRE B 1) 40 T LU i A T I e
1 1y 1) KB G S B R AR T RO B B
L AR 5L J0 + ME S W 7 AR ZXT 1K R AT
HpJELRE TR D10 L AR T X R

WEH RS o ME S By oK ST T + HE
AT ZXT R BFERE o LR BT A TR S R
ORI AR DN S R OR B K G T+ E D
FEAE B ZXT 1 OR B RE b SOURT R T A R AR X
P K 5 A% M AR T AR KR A #EH R ST T
19 KBRS T HOURT 81170 48 B AH X = B A B % R 5
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Fig.2 DGGE profile of fecal bacterial from rats treated with Daidzein, Equol and Daidzein + ZX7. A: OVX rats, B:

SHAM-OVX rats.

HE— 250 KB ZE A T R0 HE S 1y 5 R A )R BE T
FORF T B0 R AT AH DGR 8 oF 2 M R B, K B S
RO OHE 5 7y 25 R RLAT B 1) 40 R 80 (Log (copies/
g)) % W IF Ml 3% (Pearson Correlation Index =
0.508, P <0.01) (P 6) , 7 51§54 B A Bt w5 2% A1
KR 0.668 (P <0.01) , M /EARTF AR K F b by &
MK RECH 0.412,P <0.05) .
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Fig.3 PCA analysis of the fecal bacterial DGGE profiles from rats
treated by Control (@) , Estradiol (@) , Daidzein (%) , Equol (H)
and Daidzein + ZX7 (&) .
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T8V R AR B M B A e T (R AT M H T
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F5C > ISR N ) K S 76 R E T Ty BE 7 oA i E T
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SR FH AR T 32 it Ji v vk (DGGE) 52 I 5% 0l s &t
PCR BOARWFFTA 1 RE S B R &1 7o ME 5 1y Je K 6
oG + My = AR ZXT XK R E M AEY X R
iR NECR RN . AR, X P 3K 43 DGGE
WK PCA 23 A7 s » B S B K BRI T AR B
T8 VA R A AR WD 2 S B T O LA R TR S0 K
Bl P Y58 fE P8 3R K1 T B 3K 4 o e 3L 3 ) i T R
W20 BT B8 52 31 N U5 ME 3R K 1 AR A R S i E J
AL VR P L A R B o i AL B
X o TE W 2B LA AR T G DS AR 5% SCIBR 4R E S HE D
X 5 e R R AL A0 T M YR 0 LA AR A TR I
SEBL 5 0 AR 5 O 5E 2 1 O 5L 4 B K B P A [
Ak FHR ) Ji 3 A R ) X R 2 S R T R K B S )
V)1t — 25 3R W T P YREE P 3R K Y 0 T T Tk A A 4 K
7 AE 58 o

Bolca % 1% fF 55 A A b 15 HE 75 15 7 2 A 5 10 41
VRTINS 5 B0 g 3 v e 5 My £ 7 2 B R TRTR L AT R A
AU O 1 S B R O DR TR R B AT O H e A
VA HE L Py 5 A R i A R A (1)K ) A
RAEBEAT W R AE o AE AT 5 WE 15 E 5 iy A0
KGAF TG + ME 5 My ™ A2 B ZXT (1 K B3 A o 5 BE
PATT B0 EE A9 29 A0S 1 0] A B B A iy E R S
TG~ ME T 9 M K T + ME S Iy 7 AR B ZXT K
FERE R AUURT VR T 40 T A ) A 2 v T I X R W)
KL 0 M ME oy 335 A7 € B 00T B 170 4 v 2R A R A
F o 300 A7 0 KL S o R 0 LA T A B Rl E
BUHI A7 15 T 12D I 9T

CAE IR, ShYIE W e T )5 BE 5 1] I AT
®i )8 (Eubacterium) a7 , T %1 )& (Butyrivibrio) s
H B FF & ( Lactobacillus ) " Mmoo &
(Clostridium) ™ [f]— QI W H % 2 5 T KU H 610
B AL o 1y AS TG e B 5 K B S E 1 7y 5 8 R
FE BT 40 B ARDR = SR A A 25 1A % 1K 3R 7 SO 7
") B 40 P AT AT i T ME TS Iy ) AR A R R
T E R A0 P A O SRR IR KRR R A R
PER S F R T T AR K B — P e TR
DAY U5 M P33R A 1 X i S T A 2R R
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Fig.4 PCA analysis of the fecal bacterial DGGE profile from rats treated by Control (@) , Estradiol (®) , Daidzein (%), Equol (Hll) and Daidzein +
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Equol and Daidzein + ZX7. A: Firmicutes; B: Bacteroidetes.
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Microbial conversion of daidzein affects fecal equol
concentration and bacterial composition of rats with or
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Xun Zhang , Weijiang Zheng , Shana Huang , Wen Yao
' College of animal science and technology,” Key Laboratory of Animal Physiology and Biochemistry, Nanjing Agricultural
University, Nanjing 210095, China

Abstract: Equol is the end metabolite of daidzein by certain intestinal bacteria, which has stronger bioactivity comparing
with daidzein. [Objective] To evaluate the role of orally administrated equol-producing bacterium on increasing equol
production and shifting intestinal microbiota of embracer animal. [Methods] In total 60 rats with or without ovariectomy
at average bodyweight 211 = 9g were divided into 5 groups. The differences on equol concentration and bacterial
composition were compared in rats orally treated with distilled water, estradiol, daidzein, equol and daidzein + ZX7.
[Results] The fecal equol concentration in daidzein groups was significantly higher than that in control and estradiol
groups. The fecal equol concentration in daidzein + ZX7 groups was comparable to that in equol groups. Principal
Components Analysis (PCA) of fecal DGGE profiles showed clear difference of fecal microbiota between ovariectomy done
or undone rats. Fecal population of Bacteriodetes showed strong correlation with fecal equol concentration. [Conclusion]
Normal intestinal microbiota in rats might have the capacity to convert daidzein into equol. Dietary source of equol-
producing bacterium ZX7 might have the possibility to increase the equol production of embracer animal. Endogenous
estrogen concentration might shift the intestinal microbiota on rats. Bacteriodetes might have an important role on equol
production.

Keywords: rats, daidzein, equol, equol-producing bacterium ZX7, fecal bacteria
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