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pK\[082/A$Ẑ 5_-&<&/A"ZX5i<2<02#Z:R\f2/$ZRNS<-0/@&"ZX\T)_R4C20/"ZUK[2/A$

$̀(a27<4.247S&''4A4Z,23425/264.7289ZX2034/ #I$*"$ZS<2/0h
"(:;<&&'&1p2&4/A2/44.2/AZ,23425/264.7289ZX2034/ #I$*"$ZS<2/0h

#(T;40/ 0/D a27<4.9p-.40- &1i<0/A=- S&-/89Zi<0/A=- #I#"**ZS<2/0b

56&%-.$%7L<4=0=4.78-D24D 8<44114;87&1144D2/A4/E93082;<9D.&'97084&1740;-;-3@4.A&/0D &/ 2/84782/0'32O
;.&@2&80&132;4@9jSnH]__N84;</2g-4(a218932;4c4.4.0/D&3'90/D 464/'9D262D4D 2/8&J A.&-=7Z2/;'-O
D2/A&/4;&/8.&'A.&-= 1̀44D2/A/&.30'70'2/4bZ8<.448.40834/8A.&-=7̀ 144D2/A'&cHZ32DD'4HZ0/D <2A< H
D&74&1<9D.&'97084Z.47=4;8264'9b0/D &/4%;144D2/AA.&-=(L<4.47-'872/D2;084D 8<088<432;.&@2&802/ 32;4
78&&'703='47302/'92/;'-D4D p0;84.&2D4847Zj.&@4&@4;84.20Za2.32;-847Z]414..2@0;84.470/D 5/2D4/82124D ;'&/47Z
2/ c<2;< 8<4p0;84.&2D48470/D j.&@4&@4;84.20c4.4D&32/0/8A.&-=7(̂ 28< 8<44?=4.234/8A&2/A&/Z8<4]__N
=.&12'47&18.40834/8A.&-=7;'-784.4D 8&A48<4.0/D 74=0.084D c28< 8<4;&/8.&'A.&-=Z0/D 8<4-/2D4/82124D ;'&/472/
8.40834/87A.&-=72/;.4074D(L<44114;87&1D2114.4/8144D2/AD&74&14/E93082;<9D.&'97084&/ 8<42/84782/0'32;.&O
@2&80&132;4c4.4D2114.4/8(̂ 28< 8<4144D2/A82344?84/72&/Z8<44114;8&1%;144D2/AA.&-= c07@4;&32/A0==0.O
4/8Z0/D 8<4%;144D2/AA.&-= ;'-784.4D c28< 7&34&18<4<9D.&'97084144D2/A703='47(L<4.47-'872/D2;084D 8<08



!! $ # ���& :# jSnH]__Nüz{W-��ÍZ�å��é­dx�u

<88=#>>?-4@0&@0/A&/ABC3-B4D-B;/>EF@

144D2/A4/E93082;<9D.&'97084&1740;-;-3@4.A&/0D ;&-'D 0'84.8<42/84782/0'32;.&@2&80&132;4(
8#9:'-;&7740;-;-3@4.&6-3h2/84782/0'32;.&@2&80h$I: .n)KA4/4hjSnH]__Nh32;4

*!RS
W-�Ñ®,W-¬ !R&'&8<-.&2D40" xW�­®)Z& ld�ÐØ@l=ØdEYZ17ßx

Zà& éW-l0* W-¯°* l±* ²P��:($) ' W-7ßZà=Ø�3h* ©Ö³´* ¯«
8µ`* �¶·* �¸�* ��¹* ¬�ºÒfìæ�Yf:MN(") & Ø +W4t-, ¡è(#) ' +W
-�, �W-Yj»�¼ !»W-x��½" x¾è' DO¿Ä9O����& W-�¨FÐØI
W-d¡´Rx²P��Iz(Q) & lÀÁ�(J) !tdÂÃxÁ2�" xÐ(Ä×i,d¡' *�&
Øp�©êW-�½�]Æ»Å* 0ÆÇ* È¢ßÉ�* ÊYËÌßÉ�* Í�Î¥Ï�ÐÑ:ÒÇ
xÓÔ<Ø�©xMN(I) ' .]& e&'(xW-°ä¾Ò4& Õ<lüxW-�FÚÛÖ×& ¨
FØÙªÃW-pÊ& ^�ªÃxY�ÔSÚIldxÛÜ' \]¯°W-pÊ�N�& ¿i½eÝ
°«& c���½¨iW-�Ê�N,@x9O'

W-�½���£Í& ÊP¾$9* ¾¸* mn* Þº:ò{ÆxÊÄk& �ýx�ÍfZe`
ßW-�PØàÁZàx2áè& ý�]ÎW-l0* l±\DEIâx7ßZà(G HM) & =ØOSq
új* ¬ã%~�xL6($*) ' .]& �W-��ÍZ4x7ßZàx�þ^ä9Ol:4e���
)Zxd��3h7ß�8µÏàx1£è' 9O��& W-l0qå¯«8µ`* ¹p¶·($$) &
W-l±=Ø¬�æ* �3h($" H$#):YÄ�q'

�é�YZ�çDxdE�Iÿz& �çDxYf* C8* èé�YÄOSØ²dExMN& Ø
+Fêëxöì, ¡è($Q) ' ¡¢íî�& �é�x­d¡¿ïô²)�Æðxµ{& òñÝaÆðµ
{Fòm& �é­dóµ& ôLÉ§çDÒÇ' 9O��& çDõíò�hY­* hYö�7ßZ
à& Ø÷,ïô�é­dÆð& «ø�µ¶�é�YZ¡¿xµ{' eé& ùúl0�j¦§ûü0
=Øfì�éØh­¯jxMN($J) $ iY(xý0�<þl0Ùfìóµxå��é­dxÿ
·($I) $ <þl0eÌõ�!xíî�Ù«øå�x�é�Y�ÔS($G) ' .]& W-��ÍZ���
)Z�é�YZ�u,@x9O^_:Çé'

º9OF��W-��ÍZxå���4¿ä�YZÕ])K& �NjSnH]__N*[Ëz{å�
�é­dx)�yh& F�é�YZx"wË9OW-��ÍZ4xYZ7ßZà�çDx�u& \
W�YZ7ßZàx�þ^äÒ¨C�N¿W�x#$' ²­& e¿�W-�%xÝ°«& fì&Z
�N& 'rÔSÛÜ:,@<=ØdE()'

$!TUVWX
$B$!YZ��

gW-�*Z�ì�+Þº,& -.2¾ Q* ./& e J* l* =RVGB* x���& °01���
!�»î $mJ*" #*** 5>A& �Í I <' gý�x�Í»©, MJ u$** l°2& $J 32/ 3h4�2Î
Q*** .>32/ $9 $J 32/' äè5`»¾çmn& Þºý�W-��ÍZ($+) '

À�}ä J* × Q uI ÷6& dd $+ u"" A& :ja�x7�aå�' 8gå�e :ja)Z9:Áò
÷& ¡k±oz\ J E���& �� $* ×' J �=d\# ��YÄJ£xï�� !;&/8.&'A.&-=& Î
�;<\ S"* ��W-��ÍZjY(� !'&cD&74A.&-=& Î�;<\ f"* ��W-��ÍZ4Y
(� !34D2-3D&74A.&-=& Î�;<\ U"* ��W-��ÍZiY(� !<2A< D&74A.&-=& Î�;<
\ R"& ÎÒ���n��� !%;A.&-=& Î�;<\ %"& x���Y(z¤\# S� $* 3A>FA* f
� *B# A>FA* U� *BI A>FA* R� $B" A>FA* %� $* 3A>FA' å�ez�kNÖ=2>?à*' �Ø
À�å��§¤­X¿ $ �& �� *B# 3f& Ìõ�� Q ÷'

-M-



:;<11Ç !/0)1È" ! "# "

<88=#>>?-4@0&@0/A&/ABC3-B4D-B;/>EF@

$B"!������� ])KD��
z¤e��å�x! ** G* $Q* "$* "+ §äå���&º& ����ä # EÆ�&z& �EÆ

�&zä # ×å�x��' �ä&z¼N§ÃYh)*Øáåæx��2¶� ])K¿äÀYÁì�
Õ ])Kx¿ä' ¿äxÕ ])K, H+* l@A`ÑBN'
$B#!jSnH]__N% O�Po� ¡&!le

jSnê¯# ¼Næ­ $I: .n)K2¶PNÉZ "Ga� $QM"nì�!òCjSnê¯& ê¯fZÝÞ
$* ôkM\>ß& Î _UJa� J$+n\ÉZì�DE jSnê¯' ÕÇvd{\ J* !f# N?L0g �
"J !f* _UJa$BJ !f!$* !3&'>f"* J$+n$BJ !f!$* !3&'>f"* >ß $ !f* F$Å£ "$ !f' Çv
��# Gyß MQ l J 32/$ MQ l $ 32/& I* l·ß $ 32/& G" l©H " 32/& ì� "J EÓÔ$ G" l©
H $* 32/' ê¯fZN,kõ ]__Nz{'

]__NÒ;£z{# eyßY´w\ Q*W uI*W& ÷æ I* %& �w I* lx���÷I $Q <' ÷
I�ÕkN _%H".�Ü�ÜJ #* 32/& ¡kNKL£MN $* 32/& 0ke¸²IOÜ�Pª' N
w-0/8289T/4Q�ì� ]__N;£¦âz{' +ú�E&z4�YZxl&ßÏü#�Rw!1" &Sx
Ïü!H" �TUw!5" ' l4 1 \�Rw& »�ò�Iéx�kü.($M) & H� 5x+úåÐ\#

H .! !&'/ !&& !&.I&JI& I&�ê&zè! &E�kx~�V@W& I�ê&z4�Ø�k~�

VxÕ@W' 5VHJ'/ 1'
F ]__N¸²4}ä�C�kì�X²Y�' ê¯Zhk[UèW;\YZ]¿)*Øáåæ

ì�£Å'
$BQ!efPo�¢£¤¥¦D§¨

£ýxÅÆI)Sp\üÄwì�î�& NS'-780'$B+# �ÅÆì�^îz{& �NUN_KJB* Q�
yN_Ûü !/42A<@&.OC&2/2/A348<&D" �'{ûC8`'

"!pqVPo
"B$!©ª�v���b3��9«Dzg

e Q ÷xaÁ­¿�& x�å�T¡¢ä!* 7bc)* dec��c* FfKg=Jhij&
|kf* lmì!* denoxcîCY' ¥���Zà�å�xYf* p!* ùhÒlZàOS|
©®�u' � $ �å�e�� Q ÷kdd¯fíî& l4��W-��ÍZxjY(�Ilb�´î
dd¯f�<& Üx�¿x¦§T_�©®£Æ !!?*B*J" '

` $!�v���b3��9«Dzg
!"#9$!<++%)20 *+23%%(=4/"2.) 341-*540"2%*+0%")')'/#%-6*("1*(#*14 :%.632*+/.)%

!!���
!!L478A.&-=

��kdd ^42A<80184.8478
!"B-," >A

��k¯d ^42A<8A02/ 0184.8478
!"B-," >A

ï�� S&/8.&'A.&-= #M(+J t"(J+ M(+I t$($"
jY(� f&cD&74A.&-= Q$(Q+ t"(### $$(J* t"(#*#

4Y(� U4D2-3D&74A.&-= #+("Q t"(MG M("* t"(+"
iY(� R2A< D&74A.&-= #+(++ t"($G M($# t*(MI
�n��� %;A.&-= #+(M+ t$("J +(M" t$(#J

!!¥�# #�êI�n���î�¦§©®& !<*>*J '
)&847# # \/D2;084772A/212;0/8D2114.4/;4;&3=0.4D c28< %;A.&-=& !<*>*J (

"B"!]__NO�Po
; $ ���W-��ÍZ! ** G* $Q* "$* "+ §kå���&z ])Kx jSnH]__N÷I;'

+úý�xx&zl&ßÏü:; "' FqdËr& å��é4�YZl&ß±²��ìÒsDòE

-*$-



!! $ # ���& :# jSnH]__Nüz{W-��ÍZ�å��é­dx�u

<88=#>>?-4@0&@0/A&/ABC3-B4D-B;/>EF@

8�ik¬jÊ�ix¾Ò& =x�&zT�D�´RxBC' ²òy&­¿�& ! "$* "+ §x4
Y(�î²­#ï��x 1 «©®¿i !%<*>*J" $ ! $Q* "+ §x4Y(�î²­#ï��xH«
©®¿i !%<*>*J" & lbÊÄ�I²­#ï��¡¿OØ¦§& ÜT_�©®£Æ' x¨²ÊÄ
�´î& ! G §x4Y(�I²­#jY(�x 1* H«´î©®¿i !%<*>*J" & ! "$ §x4Y
(�I²­#iY(�x 1* H«´î©®¿i !%<*>*J" ' �n���I²­#ï��* W-��
ÍZÊÄ�´îOØ¦§& ÜT_��©®£Æ' èt��¥�# ����mw !4Y(" xW-
��ÍZÙ�å��é�YZl&ßfY�u'

0 d 7 d 14 d

21 d 28 d

图 1 小鼠粪便样品中细菌 16S rRNA 基因片段的 DGGE 图谱

Fig.1 DGGE profiles of bacterial 16S rRNA gene fragments obtained from mice feces

说明：C、L、M、H、V 分别代表灌喂生理盐水的空白组、灌喂海参花酶解物的低、中、高剂量组和灌
喂抗坏血酸组；1、2、3 分别代表各组中的三个重复。
Notes： C indicates control group. L，M and H indicatestreatment groups feeding Low-，Medium-，High dose of enzy鄄
matic hydrolysate of sea cucumber gonad. V means feeding Vc group. 1,2 and 3 indicate three repeats of each group.
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图 2 DGGE 图谱多样性指数折线图

Fig.2 Line charts of diversity indices calculated from the DGGE banding profiles
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图 3 DGGE 图谱聚类分析

Fig.3 UPGMA clustering analysis of DGGE profiles
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图 4 小鼠粪便样品中微生物 16S rDNA 序列系统进化树

Fig.4 Phylogenetic tree based on 16S rDNA sequences derived from mice feces
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