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ABSTRACT

Numerous gut microflora reside in the gastrointestinal tract to form mutualistic
symbiosis with host animals. However, it remains unknown about how food
composition allects mutualistic symbiosis of gut microflora and also how changes in
gut microflora control the activity of mucosal immunity. To address these problems,
we compared the changes in the phylogenetic composition of gut microflora in mice
fed three dilerent kinds of diets: a 60 kcal% high-fat (HF) diet, a 45 kcal% HF diet,
and a carbohydrate-rich control diet (10 kcal% fat). C57BL/6 mice fed HF diets after
weaning gained body weight more rapidly compared to those fed the control diet.
Quantitative analyses of blood plasma showed a significant increase in the level of
total cholesterol and triglycerides in groups fed HF diets. Quantitative real-time
PCR revealed that the ratio of the Firmicutes phylum to eubacteria increased in the
60 kcal% HF diet group, but not in the 45 kcal% HF diet group, despite the fact that
mice of both groups had almost the same body weights at 20 weeks of age. On the
other hand, the ratio of the Bacteroides genus decreased in all three diet groups.
Flow cytometric analyses demonstrated that the frequency of CD3" T cells and

061100110 000000000

0O000o0ododdvol 18120120 61



CD103" dendritic cells in mesenteric lymph nodes significantly decreased with the
increase in fat concentration in the diets. When soy peptide Hi-nute AM was given
at the concentration of 5% in drinking water, the ratio of the Bacteroides genus in
60 kcal% HF diet group rapidly dropped even at 8 weeks of age, suggesting the
possible control of phylogenetic components of gut microflora by soy peptide. Soy

Protein Research, Japan 15, 61-67, 2012.
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Table 1. Ingredients and chemical composition of experimental diets

Formula 10 kcal% fat diet 45 kcal% fat diet 60 kcal% fat diet
% g kcal g kcal g kcal
Protein 19 20 24 20 26 20
Carbohydrate 67 70 41 35 26 20
Fat 4 10 24 45 35 60
Total 100 100 100
kcal/g 3.8 4.7 5.2
Ingredient g kcal g kcal g kcal
Casein 200 800 200 800 200 800
L-cysteine 3 12 3 12 3 12
Corn starch 315 1,260 728 291 0 0
Maltodextrin 10 35 140 100 400 125 500
Sucrose 350 1,400 1728 691 68.8 272
Cellulose, BW 200 50 0 50 0 50 0
Soybean oil 25 225 25 225 25 225
Lard 20 180 1775 1,598 245 2,205
Mineral mix S10026 10 0 10 0 10 0
Dicalcium phosphate 13 0 13 0 13 0
Calcium carbonate 55 0 55 0 55 0
Potassium citrate, 1 H,0 165 0 165 0 16.5 0
Vitamin mix V10001 10 40 10 40 10 40
Choline bitartrate 2 0 2 0 2 0
FD&C yellow dye 0.05 0 0 0 0 0
FD&C red dye 0 0 0.05 0 0 0
FD&C blue dye 0 0 0 0 0.05 0
Total 1,055.05 4,057 858.15 4,057 773.85 4,057
Table 2. Sequences of oligonucleotide primers
Target organism  Primer set Sequence (5-3) Product size (bp) Reference
All eubacteria Uni331F TCCTACGGGAGGCAGCAGT 466 9)
Uni797R GGACTACCAGGGTATCTAATCCTGTT
Bacteroides Bac303F GAAGGTCCCCCACATTG 418 (10)
Bac708R CAATCGGAGTTCTTCGTG
Firmicutes Firm350 GGCAGCAGTRGGGAATCTTC 464 (11)
Firm814R ACACYTAGYACTCATCGTTT
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Fig. 1. Changes in body weight of mice. A symbol
indicates the average of body weight of mice
in each group. Green diamond shows the
average of body weight of mice fed CHO. Red
circle and blue square show those of mice
fed 45 kcal% (Red) and 60 kcal% (Blue) HF,
respectively. Four mice were used for each
diet group (N=4).
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Fig. 2. Changes of metabolic parameters in plasma
samples. Total cholesterol (A), free-fatty acids
(B), triglycerides (C), and glucose concentration
(D) in plasma samples were determined using
commercially available Kkits provided by Wako
according to the manufacturer's directions.
Statistical difference was determined by
Turkey test with a 5% level of probability,
and denoted by **p<0.01, compared with the
control group of mice fed CHO.

000000000 Vol 18120120



0000000000000 DO dBacteroidest] O
Firmicutes0 O D O 0DOO0O0OOOOOOOOOODO
O0OOO0OO0OOOPCROQRT-PCROOOOOOOODO
0 Fig. 3[1J Bacteroides0 0 0 0 0040 0 0O 0120 O
0000000000000 U00O0O0OHFOOODOO
0oo0o0o0o0o0o0O0000o0o0ooOoo7oooog
gooooooooboobbooooooooooood
O0OFirmicutes0 000000000 DOODOOOO
goodcHoOOO45 kealo HFO O O60 0D OO O OO
0000OO000D0O0O0O0Ooe0 kealvo HFO OO O OO
000000000000 00120000060 keal%
HFOOOOOOOOOOOOODOO45 keal HFO O
oooooooooooo
O0o000o0oooooooooog

60 kcal%O O 045 kcal% HFO O O 0O O O MLNsO
goOocps'000O0ooOooOoocHoOOOOOO
O000p<001000000FIg 4AD O 000000
OO00TOOOIiTregs0 00000000 DOODOOO
00oo0cb1o3"00000DCcsOO0O0O00OOooon
000000000 00000cCD103"besO 000
Oo0oOocHOO OO ODODO45 keal% HFO O 60 kcal%
HFOOOOOOODODOO p<0.050p<0010 0 00
0 O Fig. 4B0J

Bacteroides

gooooooooooooobooooooo

0o0o0oo0oooooobO0O0O0DOooHinute
AMOOOOOOOOOOOOOOOOOOOOOO
00000000060 kecaw HFOOOOOOODODO
ooooooooswooooooooooooooo
200000000000000000¢9RT-PCROO
00004000800 OBacteroides 000000
oooooooobooboooobooobooboooos
go0O000000BacteroidesO 00O O00O0OOODODO
gooooooooooOoobooooooobooooo
OBacteroides0 00000000000 O00O0OO
gooooboobooooocHoOoO1wooooooo
oobooooooooobooOooOoooboooooo
gooooooooooooobooooooooooo
goooooooooooobooooooooooon
ooooooooobooo

0 u

goooooooooOooooooooooooo
gooooooooobooobooooobobooboo
gooooooooooooooooooboooboo
ooooooooooooobooooooooooo

10 kcal% HF

70 70 B 70 C
8\0/ 60 60 60
o 50 50 50
& 40 40 40
8
S 30 30 30
g 20 20 20 -
o 10 101 =—= 1w %@
o : 0 5 o P
4 6 12 17 20 4 6 12 17 20 4 6 12 17 20
Firmicutes 60 kcal% HF 45 kcal% HF
70 D 70 - E 70 F
S oo 60 <
o 50 50 -
40 40 A
IS
S 30 30 -
% 20 20 _
a 10 . 10 A \\o—//’”
0 0 ]

4 6 12 17 20 4 6

12 17 20 4 6 12 17 20

Weeks after birth

Fig. 3. Changes of gut microbial ecology by high-fat diets. (A, D) Changes of Bacteroides (A) or Firmicutes
(D) in all eubacteria of mice fed 60 kcal% HF; (B, E) Changes of Bacteroides (B) or Firmicutes (E) in all
eubacteria of mice fed 45 kcal% HF; (C, F) Changes of Bacteroides (C) or Firmicutes (F) in all eubacteria
in mice fed CHO. Four mice were used for each diet group (N=4). In each diet group, red square, blue
diamond, green triangle, and purple cross indicate the individual mouse.
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Fig. 4. Elects of high-fat diets on MLN-derived T cells and dendritic cells. Fluorescence was analyzed for living
cells gated in the presence of 7-AAD using a FACSCalibur (BD Biosciences). The frequencies of CD3" T
cells (A) and CD103" dendritic cells (B) was analyzed with FlowJo software (Tomy Digital Biology Co.,,
Ltd). A bar indicates the average of percentage of immune cells in each group. Statistical dillerence was
determined by Tukey test with a 5% level of probability, and denoted by *p<0.05; *p<0.01, compared

with the control group of mice fed HF.
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