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Summary

Oyster (Crassostrea gigas) extract (OE) contains many nutritional and functional components, including glycogen,
taurine, and zinc. Our previous study showed that dietary OE increased the relative composition of Lactobacillus in
cecal contents of rats. However, it was not clear whether this increase in Lactobacillus following the addition of
dietary OE also occurs in mice. The present study demonstrated the effects of dietary OE on the composition of the
microbiota and short-chain fatty acids in the feces of mice. Male C57BL/6] mice were divided into four groups and
fed an AIN-93G diet (LF diet), AIN-93G modified high-fat diet (HF diet), LF diet containing 5% (w/w) OE (LFOE
diet), and 5% (w/w) HF diet containing OE (HFOE diet) for 56 days. The composition of the fecal microbiota was
compared between groups following high-throughput 16S rRNA gene amplicon sequencing using the Ion PGM system.
The relative abundance of Lactobacillus in the feces of OE fed mice was significantly higher than in mice fed an
OE free diet. These results suggest that dietary OE increased the relative composition of Lactobacillus not only in

rats but also in mice.
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Table 1 Composition of experimental diets

610 g/100g, M ¥ > % 7 B 281g/100g, Hl g i
20g/100 g, /K% 39g/100g, k%154 g/100 g TH - 72,
$72, WFAIFAITIENaCIA3824g/100 g & T W
720 FEFHZ, AIN-93G ALK @ NaCl & 2 8% L 72 4% 051
fgRt (LF, KEM7%, w/w) &, ZOLF % 20%
BN (KEM7%+ 99— F13%, w/w) KWL L
PeiifEE (HF) #3872, ¥ 512, LF B X 0 HF ##
125% (w/w) ZIX¥HWIFAZEML, BE, ¥ V32 H,
B L O NaCl®AYLF $7213 HE B & S 12 25 X 9
2 LFOE 3 X O' HFOE fi ¥ & J i U 720 KR oMK %,
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C57BL/6] ¥ A2 (HAZ ATV ¥ —kealatt, &) %
vy, 2408% 6 L3O FREDFFICH S LI T4
2T 720 = AR 22C = 1T, WIRE 12 B A 2
Vo (8:00~20:00) OFHTTHE LIz, FEEAFEL X
ORIZHBEBEIE L, 56 HMH Lz, SENM&E T,
AV T7NT v G BSERRASH, D) 2 X 2 EEET
TTITRERE DRIML, WK SHEB L OA ik
(WAT) Z$HHL 7z, Mg, Mm% 2,000 x g, 15 45
EE L TRz BFlE B X OB AR E R I C Al

LF LFOE HF HFOE

Dextrinized corn starch 132 132 92.1 92.1
Corn starch 397.486 366.486 277.386 246.386
Sucrose 9847 100 9847 100
Cellulose 50 50 50 50
Casein 200 182.3 230 212.3
L-Cystine 3 3 3 3
Choline bitartrate 25 25 2.5 25
AIN-93G mineral mixture 35 - 35

NaCl-free AIN-93G mineral mixture 35 - 35
AIN-93 vitamin mixture 10 10 10 10
Soybean oil 70 68.7 70 68.7
Lard 130 130
Oyster-extract 50 - 50
NaCl 153 - 153

tert-Butylhydroquinone 0.014 0.014 0.014 0.014

"Oyster-extract was provided by Japan Clinic Co., Ltd. (Kyoto, Japan). The composition of oyster-ex-
tract was as follows (% w/w): carbohydrate, 49.1; protein, 28.1; fat, 2.0; moisture, 3.9; ash, 15.4; NaCl,

8.24.

AIN, American Institute of Nutrition; HF, high-fat; HFOE, high-fat diet containing oyster-extract; LF,

low-fat; LFOE, low-fat diet containing oyster-extract.
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72912, 16S rRNA #E1xT? V2-4-8, V3-6 B X O° V7-9
#H 3. %, Ion 16S Metagenomics Kit (Thermo Fisher
Scientific, Massachusetts, USA) # W T PCREIZE D
R & & 72 PCR FEWE AMPure XP ¥ — X (Beckman
Coulter, California, USA) %MW CTHB L7z, MR L2
PCR ¥ 1%, Ton Plus Fragment Library kit 3 & 0" Ion
Xpress Barcode Adaptors 1-16 kit ( & % 2 Thermo
Fisher Scientific) % >, Ion PGM system T ® f#AHT
LB T 5Ty —EH B X ORKEB O 7z 0N —a—
FEAIZAIn& &, DNA A 75 2E#l L7, O
AMPure XP ¥ —=ZXZ W TDNA 54 75 #FEHL
RAWTHDNATATITVREENAFTT FI7 4% —
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L Ion OneTouch 2 & Ion OneTouch ES systems (& 3
12 Thermo Fisher Scientific) THT - 72 ## L 72 16S
(RNABIZTF 7T 7 AV NI4T F)DY—7 I Af@HT
12 1%, Ton PGM System, Ion PGM 400 sequencing re-
agents, Ion 318 v2 chips 3 & U Torrent Suit Software
ver5.6 (3 XT Thermo Fisher Scientific) % Hv 7z,

o nE5 7 — % 1k, MicroSEQ 16S Reference
Library v2013.1 (Thermo Fisher Scientific) &
Greengenes v13.5 (The Greengenes Database
Consortium, http://greengenes.secondgenome.com/) %
Z W B % & 3 % Ion Reporter Software 16S
Metagenomics Workflow ver.5.10 (Thermo Fisher
Scientific) % B\ THENT L 72, Ion Reporter Software 2
XoT, £V TNVoMB X OEOGHEREW TRE SNz
MEEZD) — FEOT—¥ 24472, f3oh/z) — Fx
AT, &8P COMN ORI Z KD 72,

L7772 Y a Ui (chaol #EsER B & OF simpson 1§
# ) &, QIIME # H \ 7z Ion Reporter Software 16S
Metagenomics Workflow ver51012 & W kK72, F 72,
BEROMB LR LV oRBEE b L2, RY 2w
THEEW S 9 A5 ¥ 7 %4757z, & 51, Linear dis-
criminant analysis effect size (LEfSe) 4#7 (http://hut-
tenhower.sph.harvard.edu/galaxy/)™® %17 - C, & O
MR #E DN A+~ — o — & TR,
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Y51y —7% 5 24 (30m x 025mm id x 025um df,
Merck KGaA, Darmstadt, Germany) % fifi 2 72 /K FE %A
F bk EE GC (GC-2014, RNtk EdS/ERT, HUHR)
EHWTSCFA 25 L7z AT 24 —T7 ViRETO s
Z A0, WUREIL A0CIZEEE L, 0k, 180CITET
5 F TiE%E 20C/ 4 LA &4, 180T T 15 4 fjkiE L 72
Fr YT HAREANY T LATImL/ H5OHREE L. %
SCFA %45 1% Volatile Free Acid Mix certified reference
material (Merck KGaA) # AW THE L7z
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Table 2 Growth parameters and organ weights

WBOVT 7727 a YENFERZR LT WiEEICBW
T, ZSHMCTHEELREMIAON oz FD720, ]
BHREIFRES X O R X AL, BAMREEZEOL M
WCIIEB LG 2 hho72EZObNA, EHIT, WiEkE
BIZ3 ) — FETTRANCEL, AN ZRY—F
BRIt I N EZ BN 5L, Fig 212 (A) BX
OB (B) LAV O 55RO MR 5 ORERL R & RE R
W75 7 %RLE. MBIUREEDBIZ, LF I
BOWTHRILEOE WO HR L, M 0.5 % I
DML Others IZF L D720 ML RNVOREILEL K5
&, Firmicutes, Bacteroidetes, Actinobacteria 8 & O
Proteobacteria '] T 98% MM SN CT\wize 77 A% Y

Groups Two-way ANOVA (P value)
LF LFOE HF HFOE Diet OE Diet x OE
Growth parameters
Initial body weight (g) 153 = 04 153 = 0.3 1563 = 05 153 = 0.3 0.961 0.961 0.987
Final body weight (g) 289 =08 286 + 0.8 30.1 £ 04 300 = 1.1 0135  0.788 0.929
Body weight gain (g/day) 024 = 0.01 0.23 = 0.01 0.26 = 0.01 0.26 = 0.02 0104  0.791 0917
Food intake (g/day) 300 = 0.06 294 + 0.06 2.86 + 0.10 272 = 0.08 0030 0211 0.630
Food efficiency (g/ kcal))r 0.080 = 0.004 0.079 = 0.003 0.091 = 0.003 0.094 = 0.005 0.002 0.718 0.617
Organ weights (g/100g BW)
Liver 425 £ 0.10 456 + 0.14 373 £ 0.17 416 = 0.04 0.001 0.006 0611
Epididymal WAT 255 +0.23 276 + 0.23 359 = 0.20 352 = 0.37 0.002  0.796 0.607
f:;;ggfiltzggal WAT 108 013 114 +014 147 010 128 = 015 0057 0648  0.366
Mesentery WAT 1.82 = 0.09 1.80 = 0.09 1.88 = 0.12 1.95 £ 0.15 0348 0828 0.696
Inguinal WAT 082 = 0.08 085 + 0.17 1.07 = 0.10 074 =012 0535  0.233 0.152

Data represent means + SEM. Values in the same row not sharing a common superscript are significantly different at p < 0.05 using

Tukey’s multiple comparison test.
"Food efficiency (g/g) = BW gain (g/day) / food intake (g/day).

ANOVA, analysis of variance; BW, body weight; HF, high-fat; HFOE, high-fat diet containing oyster-extract; LF, low-fat; LFOE, low-fat
diet containing oyster-extract; OE, oyster-extract, WAT, white adipose tissue.
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Fig. 1 Bacterial rarefaction curves based on Chao 1 (A) and Simpson (B) in genus level

The data are shown as mean value £ SEM.

HF, high-fat; HFOE, high-fat diet containing oyster-extract; LF, low-fat; LFOE, low-fat diet

containing oyster-extract.
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Fig. 2 Relative abundance of fecal microbiota on the phylum (A) and genus (B) levels
Graphs are stacked from higher relative abundance in LF groups, and those with less than
0.5% of the relative abundance are summarized as Others.
HF, high-fat; HFOE, high-fat diet containing oyster-extract; LF, low-fat; LFOE, low-fat diet
containing oyster-extract.
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Fig. 3 Relative abundance of predominant microbes on the genus level
Data represent mean = SEM. Different letters indicate significant differences at P < 0.05 using
Tukey's multiple comparison test.
ANOVA, analysis of variance; BW, body weight; HF, high-fat; HFOE, high-fat diet containing
oyster-extract; LF, low-fat; LFOE, low-fat diet containing oyster-extract; OE, oyster-extract,
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Fig. 4 Comparisons of gut bacteria using linear discriminant analysis effect size (LEfSe)
HF, high-fat; HFOE, high-fat diet containing oyster-extract; LF, low-fat; LFOE, low-fat diet

containing oyster-extract.
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Fig. 5 Fecal short-chain fatty acid (SCFA) composition
(A) SCFA composition in feces, (B) Total SCFA content in feces.
Data represent mean + SEM. Different letters indicate significant differences at P <0.05 using

Tukey’s multiple comparison test.

ANOVA, analysis of variance; HF, high-fat; HFOE, high-fat diet containing oyster-extract; LF,
low-fat; LFOE, low-fat diet containing oyster-extract; SCFA, Short-chain fatty acid.
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