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ABSTRACT Objective: Detect the gut microbiota change in mice caused by 10 % short-chain inulin addition in high fat diet
condition. Methods: 8-week-old male C57/B6J mice, 5 mice were fed with high fat diets, 5 mice were fed with high fat diets with 10 %
short-chain inulin addition. Fed 8 weeks and then collected fresh feces. Detected the three main short chain fatty acids in fresh feces.
Extracted gut bacteria genome DNA for 16S rRNA V4 region sequencing. Principal Coordinate Analysis (PCoA), Alpha diversity and
LEfSe analysis were performed to detect gut microbiota changes induced by short chain inulin. Results: Gut bacterial DNA amount and
SCFAs amount per gram feces increased. PCoA analysis demonstrated fecal microbiota from inulin and control group mice had
distinctive different features and clustered well. Inulin group owned lower fecal microbiota diversity compared with control group. LEfSe
analysis revealed that in family level, S24_7 increased, Deferribacteraceae, Lachnospiraceae and Ruminococcaceae decreased. PICRUSt
predicted that 22 level 2 KEGG Orthology groups changed. Conclusions: Inulin addition altered the gut microbiota composition in mice
in high fat diet condition and impact the gut microbiota gene function.
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Fig. 1 A) Fecal bacteria DNA amount B) Metabolites SCFAs amount in inulin and control group
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Table 1 Data process and quality control
Sample Raw Tags Clean Tags  Effective .
Raw PE(#) Base(nt)  AvgLen(nt) Q20 Q30 GC% Eftective%
Name #) #) Tags(#)
HFDI1 57,807 56,537 55,862 54,072 13,668,040 253 99.23 98.56 53.05 93.54
HFD2 64,927 63,380 62,610 60,714 15,349,296 253 99.16 98.46 53.78 93.51
HFD3 52,380 51,157 50,492 49,400 12,489,941 253 99.13 98.4 52.26 94.31
HFD4 60,890 59,139 58,374 55,644 14,062,427 253 99.15 98.43 51.16 91.38
HFD5 58,345 56,919 56,149 54,745 13,835,906 253 99.13 98.42 52.02 93.83
HFD+I1 68,815 67,322 66,375 65,052 16,440,577 253 99.12 98.39 52.61 94.53
HFD+I2 64,544 63,044 62,168 60,979 15,414,590 253 99.14 98.41 51.91 94.48
HFD+I3 59,961 58,504 57,636 56,489 14,283,048 253 99.11 98.37 52.72 94.21
HFD+14 61,945 60,432 59,602 58,477 14,776,106 253 99.09 98.34 52.01 94.4
HFD+IS 68,516 66,790 65,842 64,406 16,278,159 253 99.09 98.35 52.44 94
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Fig. 2 Relative abundance of bacteria taxa in phylum level in inulin and control group
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Fig. 3 PCoA analysis of gut bacterial communities of inulin and control group mice
% 2 Alpha B #EEEHE
Table 2 Alpha diversity index
Groups Observed species Shannon Simpson Chaol ACE Goods coverage
HFD 570 6.337 0.9644 607.3694 610.9362 0.9986
HFD-+Inulin 374 5.721 0.9536 404.5358 407.3074 0.999
P value 0.00493 0.014468 0.183485 0.005416 0.005504 0.141113
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Fig. 4 LEfSe analysis identified biomarker bacteria between inulin and control group
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Fig. 5 16S predict the bacterial gene function difference between inulin and control group

ORI 2 (T R ST S MRl R RFIETE ETHAEERE 4 Bacteroidetes(M T 1 1)) Bacteroidales(4L)

VR HE — R 3 U s e G i RO R . AR TRRATLL R £
o F AL BRI | A AR > B o A R
WD AT R, 2R L A0 R R Sk — AP R A B AT i
o BEEEr AT LI—E R 0 el i i i A A 1 O, 28RV R
— T AT AR A BRIl AR R M D B O D LR Y
[miEE RSB , R T8 5 R R AR R TEAR SR, Wl
PREAE LT BSOS I g A R R T A g AU
FEBENRITIR NG 2 | i A5 AR A LR W] AR . BIFSER IR
PRSI AT AT LRI AR A T 1A A, 0 AR 3 T ) RE LD T Dk
R TEJAE" 5 T LAl AP J DR R A ) 95 4 I TR 1) DRI,
(95 AT L3 o ok g R E L A TR ) B A T LA
TR, B AR IR S AR LT A s T LA
A TP o LA 4 DU 212 PRTIEG , <2 TR T T ARG 4
Horxh BRI ZEL IS M T AT P B B B e RV PR — 20
LEfSe 4} Hr i AHE 500 BRZH /NG, B0 4/ R4 4 18

FFi# ), Bacteroidales(#FF P4 H ) 1) S24 7 PARL , iR R &
BEREREOT a0 S24_7 HEREERE TR 4N T35,
S24 7 FJE B F;S24 7 FER KR BER Y NOD /N b
FER s | TR & B PR 09 NOD /N R 2 BEAR AR, Ak,
Bkl N RS = B N PREALSE Firmicutes (JERERHT]))H
) Clostridiales (#2 # H ), Clostridiales (#: % H) " A Lach-
nospiraceae( G2 & F}) Ml Ruminococcaceae(J8 & i F#1), Defer-
ribacteres(i AT 1) Deferribacteraceae(flil AT B Bl W 1Y
Mucispirillum.schaedle, Mucispirillum. schaedleri J&—F 2 g
T, S A TN 3 IR UZ , oA BR R i 20 11 2 1 e
AT ke T- 20 AR SN B ACK 52 RN R S ik 4
KNG T MM R AAET P9, B J8RE S 3= B & ™), Mu-
cispirillum. schaedle 7¢/|N 525 % 4 1% BRI 28 rp 2 00 o, i
(EL S5 SRR /NS P E IR (T ™, 4% Mucispiriflum,
schaedle FLAH | TC R /N 51 & 7B AR R ) ™), Ruminococ-



- 4206 -

DREYES#HE wwwshengwuyixue.com Progressin Modern Biomedicine Vol17 NO.22 AUG.2017

caceae {547 JRE M BB IR T 9415 5 O 205 M 2 /)N B A rp 252 1
FHEOT P2 g Mded i vh = B v TR AFAPY, Lachnospiraceae
H1 Ruminococcus 78 % & JyBi R 1) NOD /N iU HP =F BERe =7, T
AR JSORE PR B4 /I8 B b 2 BERSAER™ i el s /s AL 4
R 7SO R A SR T IE R R
flERR . A 168 T ERE K D RE BN LW w1 00 T 4k s
ey ¥ BRI RE DR D RE o SR, Fh T 400 A ) BTk 2 B B9 22 5 ARK
AWK FE K P B A ARAMEE— PR I e £l
R A B SCP, H G, E— 2P ORI A A TR TR P KF
EEEEMOCHIHRTT . A, FEASI AN B A e R A
B AEZREPEA T R, DN AT BRI phy T 4 b Ak LA G
Fo AL, AR NI T E AR AL Y B A AT
S W

S IR DL T b IE R BE A R N TR 25
FISELR TR, I ELIRTREAT t A P A B B s 1 14 A4 g o

& # 3 R (References)

[1] Brussow H. How stable is the human gut microbiota? And why this
question matters [J]. Environmental Microbiology, 2016, 18 (9):
2779-2783

[2] Voreades N, Kozil A, Weir T L. Diet and the development of the
human intestinal microbiome [J]. Frontiers in Microbiology, 2014, 5:
494

[3] Lange K, Buerger M, Stallmach A, et al. Effects of Antibiotics on Gut
Microbiota[J]. Digestive Diseases (Basel, Switzerland), 2016, 34(3):
260-268

[4] Goodrich J K, Waters J L, Poole A C, et al. Human Genetics Shape the
Gut Microbiome[J]. Cell, 2014, 159(4): 789-799

[S] Donia M S, Fischbach M A. HUMAN MICROBIOTA. Small
molecules from the human microbiota[J]. Science (New York, N.Y.),
2015, 349(6246): 1254766

[6] Tremaroli V, Bickhed F. Functional interactions between the gut
microbiota and host metabolism([J]. Nature, 2012, 489(7415): 242-249

[7] Daniel H, Gholami A M, Berry D, et al. High-fat diet alters gut
microbiota physiology in mice[J]. The ISME journal, 2014, 8(2): 295-
308

[8] Mensink M A, Frijlink H W, Van Der Voort Maarschalk K, et al.
Inulin, a flexible oligosaccharide I: Review of its physicochemical
characteristics[J]. Carbohydrate Polymers, 2015, 130: 405-419

[9] Roberfroid M B. Introducing inulin-type fructans [J]. The British
Journal of Nutrition, 2005, 93(Suppl 1): S13-25

[10] Van De Wiele T, Boon N, Possemiers S, et al. Inulin-type fructans of
longer degree of polymerization exert more pronounced in vitro
prebiotic effects [J]. Journal of Applied Microbiology, 2007, 102(2):
452-460

[11] Han K-H, Tsuchihira H, Nakamura Y, et al. Inulin-type fructans with
different degrees of polymerization improve lipid metabolism but not
glucose metabolism in rats fed a high-fat diet under energy restriction
[J]. Digestive Diseases and Sciences, 2013, 58(8): 2177-2186

[12] Ito H, Wada T, Ohguchi M, et al. The degree of polymerization of
inulin-like fructans affects cecal mucin and immunoglobulin A in rats
[J]. Journal of Food Science, 2008, 73(3): H36-41

[13] Ito H, Takemura N, Sonoyama K, et al. Degree of Polymerization of

Inulin-Type Fructans Differentially Affects Number of Lactic Acid
Bacteria, Intestinal Immune Functions, and Immunoglobulin A
Secretion in the Rat Cecum [J]. Journal of Agricultural and Food
Chemistry, 2011, 59(10): 5771-5778

[14] Coudray C, Tressol J C, Gueux E, et al. Effects of inulin-type fructans
of different chain length and type of branching on intestinal
absorption and balance of calcium and magnesium in rats [J].
European Journal of Nutrition, 2003, 42(2): 91-98

[15] Han J, Lin K, Sequeira C, et al. An isotope-labeled chemical
derivatization method for the quantitation of short-chain fatty acids in
human feces by liquid chromatography-tandem mass spectrometry[J].
Analytica Chimica Acta, 2015, 854: 86-94

[16] Langille M G I, Zaneveld J, Caporaso J G, et al. Predictive functional
profiling of microbial communities using 16S rRNA marker gene
sequences[J]. Nature Biotechnology, 2013, 31(9): 814-821

[17] Guarner F. Studies with inulin-type fructans on intestinal infections,
permeability, and inflammation [J]. The Journal of Nutrition, 2007,
137(11 Suppl): 2568S-25718

[18] Pool-Zobel B L, Sauer J. Overview of experimental data on reduction
of colorectal cancer risk by inulin-type fructans [J]. The Journal of
Nutrition, 2007, 137(11 Suppl): 2580S-2584S

[19] Scholz-Ahrens K E, Schrezenmeir J. Inulin and oligofructose and
mineral metabolism: the evidence from animal trials [J]. The Journal
of Nutrition, 2007, 137(11 Suppl): 2513S-2523S

[20] REIS S A Dos, CONCEICAO L L Da, ROSA D D, et al. Mechanisms
used by inulin-type fructans to improve the lipid profile [J]. Nutricion
Hospitalaria, 2014, 31(2): 528-534

[21] Mitchell C M, Davy B M, Halliday T M, et al. The effect of prebiotic
supplementation with inulin on cardiometabolic health: Rationale,
design, and methods of a controlled feeding efficacy trial in adults at
risk of type 2 diabetes [J]. Contemporary Clinical Trials, 2015, 45(Pt
B): 328-337

[22] Aliasgharzadeh A, Khalili M, Mirtaheri E, et al. A Combination of
Prebiotic Inulin and Oligofructose Improve Some of Cardiovascular
Disease Risk Factors in Women with Type 2 Diabetes: A Randomized
Controlled Clinical Trial
2015, 5(4): 507-514

[23] Tomas J, Mulet C, Saffarian A, et al. High-fat diet modifies the

[J]. Advanced Pharmaceutical Bulletin,

PPAR-y pathway leading to disruption of microbial and physiological
ecosystem in murine small intestine [J]. Proceedings of the National
Academy of Sciences of the United States of America, 2016, 113(40):
E5934-E5943

[24] Krych f, Nielsen D S, Hansen A K, et al. Gut microbial markers are
associated with diabetes onset, regulatory imbalance, and IFN-y level
in NOD mice[J]. Gut Microbes, 2015, 6(2): 101-109

[25] Robertson B R, O'Rourke J L, Neilan B A, et al. Mucispirillum
schaedleri gen. nov., sp. nov., a spiral-shaped bacterium colonizing
the mucus layer of the gastrointestinal tract of laboratory rodents[J].
International Journal of Systematic and Evolutionary Microbiology,
2005, 55(Pt 3): 1199-1204

[26] Bunker J J, Flynn T M, Koval J C, et al. Innate and adaptive humoral
responses coat distinct commensal bacteria with immunoglobulin A

[J]. Immunity, 2015, 43(3): 541-553 (T4 4258 TT)



-+ 4258 -

DREYES#HE wwwshengwuyixue.com Progressin Modern Biomedicine Vol17 NO.22 AUG.2017

JUOEH, 2007, 29(1): 27-38

[6] Yurko Y'Y, Scerbo M W, Prabhu A S, et al. Higher mental workload is
associated with poorer laparoscopic performance as measured by the
NASA-TLX tool[J]. Simul Healthc, 2010, 5(5): 267-271

[7] Mazur L M, Mosaly P R, Jackson M, et al. Quantitative assessment of
workload and stressors in clinical radiation oncology [J]. Int J Radiat
Oncol Biol Phys, 2012, 83(5): e571-e576

[8] Dey A, Mann D D. Sensitivity and diagnosticity of NASA-TLX and
simplified SWAT to assess the mental workload associated with
operating an agricultural sprayer[J]. Ergonomics, 2010, 53(7): 848-85 7

[91 Avni N, Avni I, Barenboim E, et al. Brief posturographic test as an
indicator of fatigue[J]. Psychiatry Clin Neurosci, 2006, 60(3): 340-346

[10] Widyanti A, de Waard D, Johnson A, et al. National culture
moderates the influence of mental effort on subjective and
cardiovascular measures[J]. Ergonomics, 2013, 56(2): 182-194

[11] Mal, Yao Y J, Ma R M, et al. Effects of sleep deprivation on human
postural control, subjective fatigue assessment and psychomotor
performance[J]. J Int Med Res, 2009, 37(5): 1311-1320

[12] Patel M, Gomez S, Berg S, et al. Effects of 24-h and 36-h sleep
deprivation on human postural control and adaptation [J]. Exp Brain
Res, 2008, 185(2): 165-173

[13] Nam H S, Park D S, Kim D H, et al. The relationship between muscle
fatigue and balance in the elderly [J]. Ann Rehabil Med, 2013, 37(3):
389-395

[14] Akkaya N, Akkaya S, Atalay N S, et al. Assessment of the
relationship between postural stability and sleep quality in patients
with fibromyalgia[J]. Clin Rheumatol, 2013, 32(3): 325-331

[15] Ek, Bk, IRAVH), 5. H 8 AR § 4757 8 A 9 57 *8# &F #F
B h B Feall] MR EF S E S T4, 2012, 25(04): 251-255
Wang Bin, Ma Jin, Zhang Li-li, et al. Effects of mental fatigue
induced by continuous workload on posturographic changes[J]. Space
Medicine & Medical Engineering, 2012, 25(4): 251-255

[16] A2, Byitt, FME R, . AWM RATAES S AT AT AR E S I H Y
e [J]. AR A B it &, 2015, 15(09): 1735-1739

Cheng Shan, Ma Jin, Sun Ji-cheng, et al. The effect of simulated flight
tasks on postural control [J]. Progress in Modern Biomedicine, 2015,
15(9): 1735-1739

[17] Barozzi S, Soi D, Gagliardi C, et al. Balance function in patients with
Williams syndrome[J]. Gait Posture, 2013, 38(2): 221-225

[18] Hill M W, Oxford S W, Duncan M J, et al. The effects of arm crank
ergometry, cycle ergometry and treadmill walking on postural sway in
healthy older females[J]. Gait Posture, 2015, 41(1): 252-257

[19] Ceyte H, Lion A, Caudron S, et al. Does calculating impair postural
stabilization allowed by visual cues?[J]. Exp Brain Res, 2014, 232(7):
2221-2228

[20] Kanakis I, Hatzitaki V, Patikas D, et al. Postural leaning direction
challenges the manifestation of tendon vibration responses at the
ankle joint[J]. Hum Mov Sci, 2014, 33: 251-262

[21] Janssens L, Brumagne S, McConnell A K, et al. Proprioceptive
changes impair balance control in individuals with chronic
obstructive pulmonary disease[J]. PLoS One, 2013, 8(3): €57949

[22] Wiggermann N, Keyserling W M. Effects of anti-fatigue mats on
perceived discomfort and weight-shifting during prolonged standing
[J]. Hum Factors, 2013, 55(4): 764-775

[23] Putilov A A, Donskaya O G, Verevkin E G. Quantification of
sleepiness through principal component analysis of the electroence-
phalographic spectrum[J]. Chronobiol Int, 2012, 29(4): 509-522

[24] Putilov A A. Principal components of electroencephalographic
spectrum as markers of opponent processes underlying ultradian sleep
cycles[J]. Chronobiol Int, 2011, 28(4): 287-299

[25] Krisciukaitis A, Simoliuniene R, Tamosiunas M, et al. Efficiency
evaluation of autonomic heart control by using the principal
component analysis of ECG P-wave [J]. Methods Inf Med, 2010, 49
(2): 161-167

[26] Forsman P, Haeggstrom E, Wallin A E, et al. Principal component
analysis detects sleepiness-related changes in balance control[J]. Gait

Posture, 2010, 32(3): 419-421

(3% 4206 TT)

[27] Berry D, Kuzyk O, Rauch I, et al. Intestinal Microbiota Signatures
Associated with Inflammation History in Mice Experiencing
Recurring Colitis[J]. Frontiers in Microbiology, 2015, 6

[28] Rooks M G, Veiga P, Wardwell-Scott L H, et al. Gut microbiome
composition and function in experimental colitis during active disease
and treatment-induced remission [J]. The ISME journal, 2014, 8(7):
1403-1417

[29] El Aidy S, Derrien M, Aardema R, et al. Transient inflammatory-like
state and microbial dysbiosis are pivotal in establishment of mucosal

homeostasis during colonisation of germ-free mice [J]. Beneficial

Microbes, 2014, 5(1): 67-77

[30] Berry D, Schwab C, Milinovich G, et al. Phylotype-level 16S rRNA
analysis reveals new bacterial indicators of health state in acute
murine colitis[J]. The ISME journal, 2012, 6(11): 2091-2106

[31] Zackular J P, Rogers M A M, Ruffin M T, et al. The human gut
microbiome as a screening tool for colorectal cancer [J]. Cancer
Prevention Research (Philadelphia, Pa.), 2014, 7(11): 1112-1121

[32] Zhang C, Zhao L. Strain-level dissection of the contribution of the gut
microbiome to human metabolic disease[J]. Genome Medicine, 2016,

8(1): 41



