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H AR Z T P R iR97 MR 25 A 2S00 6
R A B, 2R LU 200 mg #6 AT EP
B R T AR, -80 CIRAE .
1.1.3 i E.ZNA. ® Soil DNA Kit fli 42145
&, 92 Omega Bio-Tek /A ] ;/NR B ZAEA K
F -1 (Insulin-like growth factor—1, IGF-1)
ELISA i & , h E R Y28 w5/ USRS R
AR 454 11-3 (In—sulin-like growth factor
binding protein-3, IGFBP-3)ELISA &3 & , 3% [
RD 24+ ;C10:0 AEINTAER (Fatty acid, FA) C16:0
FA .C17:0 FA C18:0 FA C18:1 FA #5ih,
Sigma /A A ; FEE & ke OB IECHE &
JiE VIEBEBE (A 29 ), K BRERHE A | 5 oK
TR AN BRBR PR T R R (ST s g, B4 T ik
FI(CFHE) A R B MRS 33558 b 5t flipe £ R ik
WA RRAF
12 UE{HEHF

TCwR R B 2% e h Rl K2 CP21G 1T Ry i v
WEOHL, HAL A A TAER , By ESCO
o] AR VKA CHM325 4 ) AL, £ E
Thermo 2% 7] ; PPTHK-21B # %% A Hl . PPDB-21C
HL i R 4 A UL AL, e e A T AR
ECLIPSE % 5% , 52 B Je B 7l ;K3 B pn A, L1
W 5 52 6 4% 45 A PR A ) MX =S AT R R A0, 28
SCILOGEX A 7] ;1-Class = 8% AR {63k, 35
Waters /A 7] ; TARGA C18 {43+ (20 mmx2.1
mm,5.0 wm), E[E Higgins Analytical 2 7 ; SCIEX
QTRAP 4500 ¥ iz Jit ik H4X , 3£ E AB SCIEX 2y
Al L FE MR A Al 5 ABL GeneAmp® 9700 74
PCR 1%, 25 E ABI A+,

1.3 Fik

1.3.1 SL®AE WK1 EBREER (KRR
10~15 g) Boxd i B SRBEHLE T 2 & B & 28 b (5
B 9 FATEL) , 40 T 8 3 N5 8 A
B (HMC) FTC /D BRUBERS (GFC) 5250 F 1 oy 7
JA AR B3 SR I L SRk B B, S g 0 1)) B
170 T B 5 4 b B R R (R HOR) FROK 45
il B AE (23+2)°C, P57 AH X8 FEE (555) %2
) ,12 h BAREAS = R0, il 1 e, ARWFSE 0 30
W25 T ARAG AR rp R L R 2 S Sh Y AR R A2 2R
B2 s b HE (A HfE S 5 . HZAUMO -2020 -
0054 ), If H.j™ #& 32 fi A8 rp ol K 2 52 55 3h ) 4 Al
1O BE A 23 B3 25 1S BB OR UEA T SE IR 41

PR RS A AP BRAN T B 1 4 200 mg 17 7L 07 22
JLEAFREA , F 37 CARB PG IR, SR 5 5 A G
/N RS RS Y, N 2 mL JC AR B K IR S B
B KUk, 7 S min B L VETROE H B HEER
(F7Ja 1 R EOHE S 0.2 mL; ¥ H 5, K R A
R B T R 7 RESR AW 12 IS N W i e
B RRAE LR BRAE LRI T —E S SR, &
Ze1 A, B/ REMBETE 2R A, IR
MRS 55 3% 5 DA% 7% | AR 95 A6 00 285 SR D7 A5 784 4
R R,

AN S RER 2 RN AR 1 IR
WCAE P I 2 TR R K 3 S AT B S A RE A —80
CIRATF .8 AR I /NS B 12 h, FRER Sh 4 4 5
J& R F IR BR B 2R 4R B R/ BRI 1.5 mLL, 33
MESBE F 3 A B8 /N B, K BT 45 1 25 3R 5 E 40 min
2L E,3 500 r/min B0 10 min, BUEJZ L7 T80 0
EP &1 ,-80 CI-1F
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Fig.1 Schematic of experimental design
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Fie LA A0 BREU/IN BRUZH SUREAS | il 3/ B B2
MGG, FARII AN, — 2 D)
(Optimal cutting temperature, OCT) 3, -80 C
TRAF s 5 — P AR R ThobR [ |, = AR A . BBURFIIE ik
ANURAEE, 31 BV RGR VR | Bl 5 7% 7 %2 -80 “CIRAF .
W45 1, PBS 15 Uk, #6 /K MR |, 2 I AR AT .
1.3.2 &0 v b 2H 3 T s
1.3.2.1 DNA i #£F1 PCR ¥ AR ¥ 15d 07 45 i
AT A W) B V% 5 DNA fil 42 5 {1 338F ((57-
ACTCCTACGGGAGGCAGCAG-3") HI 806R (5°—
GGACTACHVGGGTWTCTAAT-3") %} 16S rRNA
FEH V3-V4 A[ A5 X 1T PCR #7348
1.3.2.2 Tllumina Miseq )% | H Mlumina 2\ 7]
(1) Miseq PE300 V- & #4705 (i EE AW
GRHEA AR,
1.3.2.3  #HEab e ff A fastp (version 0.20.0)1
B B s I 81 R AT 4% 4l FLASH (ver-
sion 1.2.7)M #AFi A7 PR . i ] UPARSE (ver-
sion 7.1)UHK A AR5 979%1"> i A B JEE X6} 51 E
17 OTU LI AIBR e G . FIH RDP classifier
(version 2.2)MXJ B3 25 7 S HEAT W o0 2 B, 1L
%f Silva 16S rRNA (¥ JEE (version 138), 1% & L
XTERH R 70%

1.3.3 i h A ZURN4E i 41 40 HE Y €655 BELAG )
1.3.3.1 ALV K AR R S AR [ 2 4 7 41 21
ARG R A T0%IKS , i 7 ; 4% 1] 80% & I
95% T 1 \95% LT 11 [ 100% B 1 . 100% & 1
I .100% 2B+ — WA (1) T WA,
A1 (54~56 C) . A I (56~58 °C) A 5 1T
(58~60 °C )7 %f 40 LR A7 AL B
1332 H40h ¥HNHITESY A 3
wm) ,64 CH F 30 min, TR
1.3.3.3 HE 4t Kl 2800) J oE 47 i s /K £k ; Bl
Ja FIRARE YLt 15 min, FRAKVE, E R RS 01k
2s, HORAKIR W 15 min, 85 F W8S AR prar
Yeft, 3 min; LA 100%54 1T 5 min, 100%i 44 11
S5min, “HAE T 10 min, —HFE I 10 min; &5
i PR e AT B R (B e A v R sl A
7= ) s A T AR TR TR R
1.3.4 1f#E HFAE IGF-1 5 IGFBP-3 & &l 2

K FH &0 ELISA J5 kil K4 1 i Jt 5 [ A

BRI TP B ARBTA , PE MR BR LR 45 G bt st
B2 T, AR DUAE & B 5 A BT IR 25 & OB L
AP R PTIAR S S 5 S8 5 I B R c B A, 5 AH 42
JEE AW L PUR S bR LIRSS A Y B4
[EAE - 0 Wl A S ) B A ), I IR
2k 5 A6 SN IE T 450 nm AR EEE OD A,
1.3.5  KMifg Mg & = i il e
1.3.5.1 B FEA A 8 M AR i S A K
W, 0B W R 100 mg/mL, L 100 WL &) % W &
F 1.5mL EP & ; MIA 400 wL IEC ke, WWiE 1
min, 10 000xg 250> 10 min, B [ 95 250 wl i€
T, 1 mL HEEE S, i€ 3 min, B EIE 800
wL F AN H F LC-ESI MS &l FA
1352 i & 1F TARGA CI18 {4 i ¥ (20
mmx2.1 mm,5.0 wm), i s0A A A (ZK, & 5 mmol/
L ZWRE )M B(LNE ), 55 B eI (0~10 min,30%
A). TN 0.2 mL/min, A 35 C, #EFEE R 5
wL, B S B R 4 °C
1.3.5.3 Bk st &0 ESLR, A6 DA =
Ry R AR AL, RUA R (CUR ) 172 kPa, filf
F(CAD) 45 B 1R 1(GS1)310 kPa, &2+ I
. 2(GS2)345 kPa, L 55 HL K —4 500 V, i #4248
HLEE 350 °C, REfE T (CE)-5 'V, ¥ & fE 35
ms,

ZIN B K 0G AS [7] i 07 B2 i LC—Qtrap MS A6 i
WAL,
1.3.5.4 FA bRUEfhZR A2 2 RS S FREL FA
PRifEdl (C17:0 FA)IE 5% T H B W, T vk Ji2
10 mmol/L A BEHE . HUE & FA BRRIR A, T
% 4 Bl 50,25,10,2,0.4,0.08 wmol/L A
0.016 wmol/L IR A bRl S id i, 4% B8 1 T iYW
JOT A I 26 A R AT BB A . DA FA AR fE S D
ol A b, U TET R R AR B, 22 TAE R ER , M BE S
HFA B AT ST AR I R
1.3.6  SEil2:a it AN b, Ui il g6 35
SLEE Z D 3 W L B bR E T 22 B R OR
gL KR T SPSS 17.0 B kAT B A
E 2 (One—way ANOVA), B EMHA
Duncan’s ¥ 5443, P < 0.05 £ 25 RAES 1%
AAREEZER
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%1 FAH LC-Qtrap MS # il £
Table 1 LC-Qtrap MS detection conditions for FA

B/ EEEE

A S Q1 Q3 s (DPYV
C10:0 FA 171 171 35 -120
C12:0 FA 199 199 35 -120
C13:0 FA 213 213 35 -120
C14:0 FA 227 227 35 -120
C14:1 FA 225 225 35 -120
C15:0 FA 241 241 35 -120
C15:1 FA 239 239 35 -120
C16:0 FA 255 255 35 -120
C16:1 FA 253 253 35 -120
C16:2 FA 251 251 35 -120
C17:0 FA 269 269 35 -120
C17:1 FA 267 267 35 -120
C18:0 FA 283 283 35 -120
C18:1 FA 281 281 35 -120
C18:2 FA 279 279 35 -120
C18:3 FA 2717 277 35 -120
C20:0 FA 311 311 35 -120
C20:1 FA 309 309 35 -120
C20:2 FA 307 307 35 -120
C20:3 FA 305 305 35 -120

C20:4 FA(AA) 303 303 35 -120
C20:5 FA(EPA) 301 301 35 -120
C21:0 FA 325 325 35 -120
(€22:0 FA 339 339 35 -120
C22:1 FA 337 337 35 -120
C22:2 FA 335 335 35 -120
(€22:5 FA(DPA) 329 329 35 -120
(C22:6 FA(DHA) 327 327 35 -120
(€23:0 FA 353 353 35 -120
C24:0 FA 367 367 35 -140
C24:1 FA 365 365 35 -140
C26:0 FA 395 395 35 -160
C28:0 FA 423 423 35 -160

HELAA. R VUM ER  (Arachidonic acid) ;EPA. — 6k 104 B2
(Eicosapentaenoic acid); DHA. -+ Zfik 7S 4 2 (Docosahexenoic
acid) ;DPA. -+ kL% R (Docosapentaenoic acid); Q1. MU 2%
FF1;Q3. TUZFF 3,

2 HRE5HMH
21 NRERFEBEEENRITEMG
2,11 3 A /NREEE RIS K 3 RN
FEE AT 2L QYL B4, W& 2 IR

M 2 WLV, GFC 4/ RS B4 N TG
W, HMC 21708 BROS A A s g B, R JC
/NSRS (GFC) i JE s R E 9

HMC /MR ZE(E 22 MRS B F2 5 R A 85 9% 24 h
Jo SE RN 3 R

(a)GFC 4 (b)HMC

2 3AKRNMNREFEZREE

Fig.2 Gram staining of feces of mice aged 3 weeks

B3 HMC A3 EA#/NREFEPNEFHEFRER
Fig.3 Culture results of Bifidobacteria in feces
of 3-weeks—old mice in HMC group

M 3 T LUE H HMC 2/ B AE b A7 7
WERF B o RUBCRT A g 22 ) L T8 T A 0 Q3 T
Z— IR A 2 2 W I LN IR B R
I
2.1.2 WHFARI T N 4 AT LUAR H BEFLIR
TR 6 H it 2 )L I 18 T R L SUSCAT B A3
[l % B AT T R 1 BRI BT 5 SR KT
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G MAERERAE 1 JEE R A 9 H 3 Ja i W LA
/N B 38 B R P DK AT R s AR
BRI R AR A DU AT R 5 SRR 4
X H A RIS L . WARERAE 1 S B 9
T3P i W LA TR R g 3 T AR 4 A S K —

SE I RRARLRE | R ) MU AT T 1 A S L Mgy 1 T
AR A W e/ SR E B e A, UE B TR
R AE AT, W L 300 AR R /N B s A, BE A8 0
OISV FL Y 2L i R R

HMC_1 BN W w s
) W R
HMC_2 N B 0N Beisiige
W AR BT
HMC_3 B D mrserRnE
TR
HMC_4 I w U
O W i Bk B
0= 2 HMC_S B Bl wcorEE
# 5 i AR
* HMC_6 I D w R R
B BRI
HMC_7 B D w ok
AR R
HMC_8 I D o
W s R
HMC_9 o 0 B
1T
HMC-MS e BT
HE
WL | I T Emna
0.0 0.2 0.4 0.6 0.8 1.0
J&IKF EREE W

Community abundance on genus level

B4 MBI BRMEIAEHREKTHBFAKR

Fig4 The microbial composition of weaning infants, mother mice and weaned model mice at the genus level

22 IMRERE WERS, ULV I8 B R AN S ) B

e 2 BTRLE 2 A/ BRURSE AU 44 S5 i i 1)
Fr B[R] AE 4 2 W Tt . R SPSS 17.0 %4l 4b 3
BAF AT G2 e, AL IR S B L R o K 0
SRR AN RS AL /N BRUAEAS [R) 4 35 5 19 20 8] T

IR, TSI, A AR RN R AR L R, T
RS AL A R R R BN A s A A
FET

®2 MREFRETE(N=9)
Table 2 The change of body weight in mice (n=9)
J& ¥/ )R] 2 4 6 8
GFClg 20.11 = 1.90 28.97 = 1.63 3175+ 1.75 36.11 +1.95
HMC/g 23.16 = 1.18 29.36 + 1.33 3295 +1.54 34.59 + 1.87
23 MRAEMERE HMC 41 3k B 45 4 28 50 5 fl 18] B2 76 50037 25 [1] P
2.3.1 /NS CAL KBS B S ATRL AR R 2 T GFC 415 3k Fris i A, H HMC

A,/ CAL XM 2 o4 i Il 25 W] ek 22
5o HMC 2140 fHES S5, 20 320 % 0 b , 2 M 7Y
BB @R BARTE A M 7E GFC 41, 41 i i %
TR, 40K, RN 3 AN B, X 3 W HMC
AL GFC 2/ R 20 M A A HE R AT TG 7, it
Sh, T MR A W2 fER 5,

AR T RAF, Sl KR R B2 R AT B A
T GFC A%, X R HMC 4/ BRI i
L2 UM 2 ou 0 L b GFC 41 28 o0 40 M B A7 3%
J1 AR SEGEERRHE . DL b X U i R
XF /N RS CAT X R B 200 %
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(a)GFC 4 (b)HMC 4
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Fig.5 HE staining of hippocampal CA1l region in mice

232 /NERKIWENIRE & & MK 6 fTLFE I,
PRSI /N B o A B D R 5 i AP AE X ), Herp
HMC 4 /9 B AN AR i iR C16:1(P < 0.001) .C18:
1(P<0.01)F1 Z A0 AR D5 R C18:3 (P < 0.05) .

—_ =
(=2 ]

NI 3 R
Fatty acid content/pg-g™

(= S AN

C10:0 FA C12:0 FA C14:0 FA C14:1 FA C15:1 FA C18:3FA C20:5FA 21:0FA C22:0FA C22:1FA

lisiesill
Fatty acid category
(a)

1
[ 5]
W
(=)

C20:3(P<0.01).C20:4(P<0.001) .C22:5(P<0.05) .
C22:6(P<0.01) & &4 GFC 41 18 A%, 1 Ffig
iR . s AR AR TR (C14:1.C15:1 ,C18:2,

C20:5,C22:1) & a4l A 22 5 ¥R 3 . DHA(C22:
6) 1 AA (C20:4 ) J2 K Jii H 32 2 9 K 55 2 AN i A
2 ,DHA AA I EPA (C20:5) & HiAii L ¥ 2 5 ik
R AIE R B, e HE M 2 8 1 G Ll 22 2
LA, X Aol 2 4l 2 1 S e R HT 5 ik 1 T G
HEEAEN, IS5 KN4 IS4 IE il #20,

M b SCRT D FE B SRR AR R RIS O T A A SR L
Jo 38 R R ) HMC 28 /N BRI & & 8808 B 8 & 1
GFC 41,1 HMC 2H /N BRUK i v 2 8 AN 1 TR 5 ik
WA T GFC 41, mIRe s i T/ ORI & & o 72
HhIE FE K 22 BN RN TR D R S B0

T

o0 IGFC " HMC

§25

= 20

=

2

= 15

g *
= 10

&5

=)

Lg C16:1FA C182FA C20:0FA C203FA C22:5FA (DPA)

Jhi s 1 4 51
Fatty acid category
(b)

IN.) *k
) NGFC ®HMC
= 200
E
41 = 150
s
~ 100
9z E
25
= | i..
ol
£ 0
C16:0FA CI18:0FA C18:1FA C20:4FA (AA)  C22:6FA (DHA)
Jig 17 T2 24 331)

Fatty acid category

(c)

TE o RN B 2 53 W35 (P < 0.05) 3%, RN 2H ] 22 57 I 3 (P < 0.01) 5, 327 2 0] 22 53 W b B 35 (P < 0.001), I,

& 6

NRKIAERER & & (n=6)

Fig.6 Brain fatty acid content in mice (n=06)
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/N 1) i 20T o R S A /N Mg A IR W T RE
M EE AR bR o IR 7 FTLUAE A/ BUBE R 25
LGV B 5 B 2540 S8 B0 I, IRAR RS 82 5, T
HRAE A LIS I HMC /U AL E & B K
A BEZAL T GFC 24, AT BEJE i T W7 3 N300 /)

2.4

U B L SRR MR, AR B2 A
TR BRE I W T b B R AR R e
I UAZA ML (ARAR 20 ) 385 22 W ACRE ) T R, R A
NS R HR AR SO AT 1 458 4 AE T RE A8 4t 2F 52 46
AR, BT RN, FEsE
.
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(a)GFC 41 (h)HMC 41
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Fig.7 HE staining of colon tissue sections in mice

25 /INREEERE

/N BUFIE IGF—1 IGFBP3 & 4 I 45 5 |
Rl 8 iR,

i E 8 vl LLE i, HMC 4 AFIE P i) IGF-1 &
R FE T GFC 41 (P<0.05) , % W H #E#4 AE A%
B 3 42 v N BRUFFIDE R A8 IGF-1 & &, HMC 2 AT JE
Y IGFBP3 & ity GFC A2 7 A%

/NI IGF-1 IGFBP3 A& il 5 5%, K 9
10 Fis

H &9 A1 10 o] LA HMC 41 1 3
IGF-1 & B F % T GFC 41 (P<0.05), & WA
B M BE A% B 42 N BRIV i IGF-1 & &
HMC #1175 P &9 IGFBP3 & & 5 GFC 2= % A
ETE

IGF-1 BAT (R dE bk Ll 2338 A= | 9845 T 4
AR AR RN RIONE 8 B A5 i R 3R ) 68 A S g 1A
AR, g 5 O 3 R AT DA R ) 1
F R EERE S,

3 %Ki

K W LA 22 L o A A A 2 G R /D B
57 W PR R /N BB Y, 5 TR R/ B R
HEAT X EE, A R AR RS AR X /N BROR i Mg 1 A
B B AL AR SCAR PR A E A, 455 R W FLI A
DR /N BB RRCIR B0 R4, BE SIS 351 205 4L DBy 7L 401
B2 LN R 5 1 T R AR X /N SRR 4 M R K
e PERE S AR AR A B R, WL R
FERERY RS, O WL 0T LM 3 T R 1 2 A
IR R A K A 25 WA AR T 5T
SR T A R SRR

w0 4.0 .
3.0
iG]
& 2.5

LRl
Detection content/ng-mg™
0o
=

1GF-1 IGFBP3

K4 b

Detection index
8 HMrREs IGF-1.IGFBP3 & E#ill 4 #
Fig.8 The determination results of liver I1GF-1
and IGFBP3 content

_ 70
= 60
w250 ’
CE 4
5‘§30
T 20
= m
0
GFC HMC

A6 241 531
Detection group

B9 miEFE®IGF-1 a2 MNER

Fig.9 The determination results of serum IGF-1 content

GFC HMC

A6 I 4531

Detection group
10 MmiE+ IGFBP3 & =il R
Fig.10 The determination results of serum
IGFBP3 content
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Abstract Objective: To establish a model of weaning human floral-associated mice and study on the effect of intestinal
flora on the grouth and development of mice. Methods: The intestinal flora of weaned infants was transplanted into germ
free. Kunming mice to establish a model of weaning human floral-associated mice. Weaning mice with human flora and
germ free mice (n=9, for each group) were fed with basic diet until 8 weeks old. The body weight, brain fatty acid
content, insulin-like growth factor-1 (IGF-1) and in-sulin-like growth factor binding protein-3 (IGFBP3) contents in
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serum and liver were measured. The development of hippocampal CA1 area and colon were observed by HE staining. The
differences of indexes between the two groups were compared, and the effects of intestinal flora on brain, intestinal de-
velopment and immunity were analyzed. Results: The weaning human floral —associated mice were in good health and
could partially simulate the intestinal flora of weaning infants. Intestinal flora had significant effects on the development of
mice brain neuronal cells, synapses and colonic villi. The contents of monounsaturated fatty acids C16:1 (P < 0.001),
C18:1 (P<0.01) and polyunsaturated fatty acids C18:3 (P<0.05), C20:3 (P<0.01), C20:4 (P<0.001), C22:5 (P<
0.05) and C22:6 (P<0.01) in mouse brain were significantly affected. It had a significant effect on the content of IGF-
1 in serum and liver of mice. Conclusion: The weaning human floral-associated mice provides an effective animal model
for the study of the effect of intestinal flora on host physiological function in weaning infants.

Keywords human floral-associated mice; weaning; intestinal microflora; development; immunity



