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Table 1. The information of volunteers

Sample Gender Age Stature/cm Body weight’kg BMI
HN1 male 20 171 72 24.62
HN2 male 20 168 65 23.03
HN3 male 21 165 61 22.41
HN4 male 20 170 75 25.95
HN5 male 20 162 65 24.77
HN6 male 21 166 61 22.14
HN7 male 21 170 62 21.45
HN8 male 23 173 83 27.73
HN9 male 21 182 95 28.68
HN10 female 20 161 56 21.60
HN11 female 21 158 52 20.83
HN12 female 20 155 50 20.81
HN13 female 23 161 50 19.29
HN14 female 21 152 48 20.78
HN15 female 21 155 46 19.15
HN16 female 23 155 48 19.98
HN17 female 21 168 49 17.36
HN18 female 21 162 55 20.96
HN19 female 20 160 53 20.70
HN20 female 21 153 45 19.22
HN21 female 21 158 51 20.43
HN22 female 21 160 49 19.14
HN23 female 23 155 46 19.15
HN24 female 24 165 55 20.20
HN25 female 24 159 48 18.99
HN26 female 24 166 51 18.51
HN27 female 24 159 46 18.20
HN28 female 23 161 50 19.29
HN29 male 23 173 83 27.73
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HWAMEEINZR 20 I A G EE DRI 3 I SRR,
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SRR IR 25 SRR T O
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Table 2. Dietary questionnaires
Protein/  Fat/ Carbohydrate/ Dietary fiber/

SaMPle - day)  (o/day)  (o/day) (g/day)
HN1 54.07 38.24 137.76 23.80
HN2 59.48 37.90 209.85 14.60
HN3 63.09 32.87 187.42 16.44
HN4 56.48 35.55 192.23 23.88
HN5 63.69 32.20 192.23 14.60
HNG6 51.81 24.48 234.74 13.65
HN7 61.96 25.42 296.39 21.94
HN8 65.49 33.21 164.99 16.50
HN9 55.28 28.51 187.42 28.70
HN10 79.91 34.55 158.59 38.30
HN11 51.28 23.78 310.62 16.75
HN12 95.35 25.19 296.39 14.60
HN13 75.10 41.59 166.60 14.60
HN14 55.88 35.55 150.58 19.00
HN15 53.62 27.94 159.31 13.97
HN16 77.51 41.26 168.20 18.30
HN17 48.01 30.22 163.39 20.30
HN18 69.70 40.25 203.44 20.05
HN19 54.67 44.61 160.19 22.88
HN20 76.30 43.27 208.25 17.75
HN21 81.04 21.41 251.93 12.41
HN22 76.30 43.27 147.37 23.20
HN23 75.10 29.85 152.18 20.20
HN24 65.88 35.07 142.97 15.56
HN25 60.36 30.13 296.39 21.67
HN26 49.14 29.90 312.99 24.06
HN27 46.47 37.92 136.16 19.45
HN28 63.84 25.37 129.35 17.17
HN29 41.77 25.41 266.04 20.45
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Sample Protector for RNA/DNA, Ki&F4W)
THAMRAF; QlAamp®Fast DNA Stool Mini Kit
54, 5E QIAGEN /A Fl; KAPA HiFi Hotstart
Ready Mix PCR Kit, 3£ KAPA A H]; SMRT &
J5 17 £ (DNA Template Prep Kit 1.0). il iat 5]
(DNA/Polymerase Bingding Kit P6 v2), JEE K
ARl F] . PacBio SMRT RS I ¥ F- 4,
3£ [ Pacific Biosciences /A F] ; Applied Biosystems
PCR X, EENHIEM RS A Qubit 2.0, £
] A A HR AT BR 23 v
13 FRAhREE

REEH 0, 14, 28 RIFEMEMEM, FEACRE
Bl EN AN, A CEE REY
15 g BYHTEEZEERE S, A DNA {3 (sample
protector of RNA/DNA)F &%, F/RXPLE R S2E0 = .
14 FEEMBERFEEH DNA I

AR MR AIEE 0.3 g &, K
QlAamp®Fast DNA Stool Mini Kit i7] &6 W 5 1
A PRPREAN R 2 5 41 DNA, Fl ND-1000 Y faf 5
ORI TS DNA 5L IR
15 #AE 16S rRNA ZEHE LK1

i/ 16S rRNA 8 FH 515X T A+ i 7 i ]
2 DNA 1 16S rRNA JER & K743, 145
Y K 27F(5'-AGAGTTTGATCMTG-GCTCAG-3)
1 1492R(5'-ACCTTGTTACGACTT-3")8! | BRI 5
I AN SCRE TG BE45 SRR 12 MRS, BTN TIX
O3 [ — A SCHE R [RRE &, A A U AR 48
(barcode) ) 51 W Xf A L AT PCR 974, LU
DX A3 SCHE AR R i, (3G S5 S BRI 1
PCR FYUFIE H: 95°C 3 min; 98°C 205, 58 °C 4555,
72 °C 1 min, ¥ 28 ¥k; 72°C 1 min, 4°C &k,
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1.6 SCEEFEEAN PacBio SMRT =AUl fF

B AN SCE PR AL Y PCR P 4lifl 5 25 i
TRAT, K4 SMRT e 150 £ i U6 B 5 A 8 SO
K A 1 SO, il a0 )5 (] PacBio RS
N ALES ALY
17 ®EERFIIHHRR

ffi ] RS_ReadsOfinsert.1 XT )54k 5403447 i
¥, KRG DL ARER T SI0RER - (1) HiA A B
SEMFRIEL=5; (2) S/ NIRRTy 90%:;
(KA AF S K 1400 bp; (4) Rl AfiAFF
HH A 1800 bp.
1.8 AWfE B AmEE b2

RPEFRICH Barcode {7 B 5 A v 514 4331
BAFEM T, B QUME 4 (v1.70) % & 5 2 Y
FEB AT G B fr . (1) SRIT PYNAST £
WA PR HEST IR 7E 97% AR F HEFT UCLUST
A, Bl e B S AR ARLPE R o 4 o 28 BT
(operational taxonomic units, OTU), L Chimera
Slayer #illix &K 51 378 QUME ~F-5 T £Bk.
(2) 45 OTU it 1 5AURMEFS, 435I
RDP (Ribosomal database project) . Greengenes
(V13.8)F1 Silva (Livingtree project)¥i#ii 72 %} Hik
o R LEXT, B 3 B e L X4 2R i
K0 —A~, BiE AR OTU BT B4
RIGIHATIGE253 T o 35T OTU table 155 45 FF 5 T4
FELEANER ] L J& AR K- A4 (3) ] FastTree
(V2.1.3) L T OTU AR E 41 By Ak
Bt I 115345 K i A AR 45 2 (Shannon index) . i 1
F5%4(Chaol index). A& Fi¥Fh%i(Observed species
index) il ¢ 3 #% #5 % (Simpson index) , >k A
Mann-whitney U #5536 F1 Wilcoxon 46 56 P4k 45 K i

9 400 1 F B F 2 B, SR Origin 8.6 %
GraphPad 7.0 1 R i & #/:(v3.3.2)%f QIIME ™k
AR T A AR IR
19 BRFINERS

ARG B A I e B e 2 2 B AL B MG-
RAST 4% (http://metagenomics.anl.gov/), Hi H
24 mgp90631.,

2 HERFHH

2.1 WFPHRETE K o RSB

oL FH = AR PF- 5 XA TR 16S rRNA JEHF
Ky, WFESd g, WARPR
() 87 ANFE kL 345 541848 45 i i 16S rRNA %t
K8, PR B P 5150k 6228 25 :
3058-16195, SD=2546). H:¥i4r75%] 178130 4
OTUs #47 T —200#r, P OTU %L
ok 2047 4~(FE . 571-3859, SD=698).

A5 22 i i it 2 AN A it 2 T PRSI
e e il 2 e A (8] 1) o 1R AT REHBATZR
Z RIS AR R B TR, AR 73 OTU I
K F T2 2 B 4E (de novo) iy 7 R4 T o A4 A B
RAENMIARZ IR IIR 1% OTU X437 X, AR
it 11 2k Bl 2 D o 1 0 38 JE 9k 6 B 58 4 KPR
AN B AR R REAS A B KRS, )
TP 2 O RE S AR it vh 2 R 2 B T2
o B 1 AL A th R th & Rk AP
W, EERIMACEETGW, R ERKEE N
JPUREE BXE N, A5 T RE & BUB A, E S i
Jp i OB A TR RS o B U E AR S, R DA
JESE BT T 2
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N TPHEEA LCZ XS E IIE R
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Rarefaction curves (A) and Shannon diversity index (B).

Mann-whitney U 5 e Az 4218 LCZ 55 0. 14,
28 K1) o ZREMHEEL, KPUBEA LCZ A WL
HIEEE R ZAEP>0.05), W13k 3 iR,

F* 3. Mmoo ZHMEELK

Table 3. a-diversity in all samples
a-diversity Day 0 Day 14 Day 28 P-value
Shannon index 7.78£1.22 7.94+1.20 7.56£1.16 0.37
Chaol index 7715.72+3747.72 7556.72+3431.48 7176.40+£2907.06 0.95
Observed species index 1098.74+320.95 1148.26+301.12 1071.16+287.28 0.74
Simpson index 0.96+0.04 0.96+0.05 0.95+0.04 0.22

2.2 HEEGEERA AR S

KT HE— 0 LCZ X i T S A ) 5
W, AW 58 3 F N AL UniFrac 5 2 (weighted
UniFrac distances) & A 3= 15370 B P4k i i & 78
P g A2 TR LCZ Tij J W B B E S5 1 1) 22 7= (81 2)),
K& i ARG EREERA LCZ AN I
B, TP AT LUE B EE S 0. 1.
28 RMYZEMFEMAAEALBNS, L RMERE
G
2.3 WX FEAGER AR

AHFEXTEE 0 K78 AT 437
gE R oRTE 1K |, Firmicutes, Bacteroidetes .,
Proteobacteria il Actinobacteria Jj& 4 ™z £ Z [ 4fl
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Figure 2. The PCA of gut microbiota population
structure.



WHIE | ZEY#, 2020, 60(10)

2189

DU, ECB L e A AN BT Y 85% L | fEJ& K
V- I, Bacteroides & A Xf % & ik £ 1 8 |

Faecalibacterium . Eubacterium . Clostridium .

Phascolarctobacterium 1
Ruminococcus SEAHXT & KT 1%, FEFIKF
I+, Faecalibacterium prausnitzii (9.72%) 5L # 4
i, BRIz X AT AR A 1 S 2 p 3k
A= R4 A . Eubacterium rectal (6.98%) . Prevotella
copri (6.07%) . Bacteroides plebeius (4.72%) .

Bacteroides vulgates (4.27%)4:FH %t & &8 m, N

K 3 FiR.
2.4 LCZ W& IEA il w4 U5

PRI TR 94 0] 61T e DX 7 4 A R Y
JE IR LH AR 25 A B LCZ X 7k B W T 4 1 2
FEMEBA B, FEMEERE EdE—2 500 LCZ

Prevotella

Xﬁlm\ﬁ%% QHHIQEEJZE’JE”UF] BT HEE
KT8, i Mann-whitney U #6556 % BLZE
A LCZ H1H], MF%%% LR E A 2

AR, H—-RFERE,

Flavonifractor .

n Akkermansia
Howardella . Oscillospira #
(P<0.05), 1fii Aeromonas
fl Fusicatenibacter 2 2% T [ (P<0.05), Nk 4
FIis

TEANRMOK-, A58 & RS iE e
PRFP AR BB AR A, (R
FhAsAk B . 2 mann-whitney U #36 & B, HEAZE
AR LCZ Ja B8 BB ) Alistipes indistinctus

Flavonifractor

Parabacteroides ‘i #¥ 5

plautii , Lactobacillus casei .

Lactobacillus prepcasei . Parabacteroides distasonis
11 Parabacteroides johnsonii FIAHXT &2 i &80,
Fusicatenibacter saccharivorans AR XT &1 5. 2 %

%(P<0.01), EAZSLUNZ 5 Fis . M7E 6 &

) S5 46 g T TR R R A 2] Lactobacillus paracasei,
HARXT & 5 7E 0.001%—-0.01% o b Jit iy ids B 3 g 1
b Lactobacillus paracasei /5511 LCZ A9 ¥4

ITHeXT, BB EMIMFEIFFA—3, A
LCZ J5 #:1l 21| /) Lactobacillus paracasei i) ¥ %1 5
LCZ )7 H A7 ekt , & Bz i oA I 3 i
Lactobacillus paracasei [} 89%)¥ 41 5 LCZ (17 41|
M, TEfEIEEEA LCZ 5, hal#mz s Lez
SEe—EW P, K LCZ T‘AD\E%E’J% ]
DIfETE 2 AL b

25 LCZ X HEIEEHIEF Lactobacillus FIEENH

Lactobacillus J& A fAH i WA #5 B2 —, 4
WF 58 o — 20 43 B 13 5 W ) A g
Lactobacillus FHX} 3= 1284k . I E EREA R 2R
B LCZ J5, HiEH Lactobacillus A8 fk a3 It
A . fEEA LCZ J5, 15 AEEE i
Lactobacillus 7 & 314, 5 #4584 i
Lactobacillus /4% it 3508 /0, Hoar 9 BEIEE W
1B Lactobacillus 14w A 284k, WKl 4 s
5 FiRgE R, ¥ Lactobacillus & &3
15 Z¥ R EE AR A 4, FREEE (A5 4
Erat MR 9 A R )
F°4 B 41 ., 4 mann-whitney U 56 & B8 A 4H 7
a5 W E

Lactobacillus casei .

Lactobacillus
Butyricicoccus  pullicaecorum
Lactobacillus prepcasei
raffinolactis 1  Parabacteroides
distasoni {9 J&F i E AN (5% 6), TMTE B HH %A
&I Bl K 25 4k (P<0.05), B 41 Clostridium
disporicum FI Fusicatenibacter saccharivorans ¥
FRERZE WD (R 7)# XA LCZ 14 d BF 2
Bt R, A AEEEWIET Lactobacillus
HE (R 8).

Lactococcus

casei F1 Lactobacillus prepcasei A%

http://journals.im.ac.cn/actamicrocn



2190 Lingling Shen et al. | Acta Microbiologica Sinica, 2020, 60(10)

(A) 100
mm Others

mm Unclassified
mm Actinobacteria
50t .
mm Proteobacteria
mm Bacteroidetes

B Firmicutes

Relative abundance/%

(B) 100 -
mm Others
mm Unclassified

‘ mm Klebsiella
-

1 Alistipes
mm Phascolarctobacterium
Collinsella

w Parabacteroides
mm Fusicatenibacter
mm Coprococcus

| wm Dorea

50 + mm Dialister

mm Streptococcus
mm Roseburia

mm Megamonas

mm Ruminococcus
mm [scherichia

mm Prevotella

mm Clostridium

mm Eubacterium

mm [aecalibacterium
mm Bacteroides

I I I = Others
=1 Unclassified
| B Ruminococcus faecis

= Coprococcus eutactus
wm Collinsella aerofaciens

| | =

] |
= ||
‘I

Relative abundance/%

0
() 100

mm Klebsiella pneumoniae
== Dorea longicatena
mm Bacteroides uniformis
mm Streptococcus gallolyticus
W [ysicatenibacter saccharivorans
mm Dialister succinatiphilus
mm Bacteroides dorei
= mm FEscherichia fergusonii
= mm Bacteroides vulgatus
= I I mm Bacteroides plebeius
mm Prevotella copri
mm Fubacterium rectale
mm [aecalibacterium prausnitzii

50(
|
B

Relative abundance/%

3. HEREEMEBEERAEMN
Figure 3. The gut bacterial composition of volunteers. A: Phylum; B: Genus; C: Species.

actamicro@im.ac.cn



WHIE | ZEY#, 2020, 60(10)

2191

x4 BANEEEAESEEMETHERLTK
Table 4. Changes in the genus in the volunteers’ intestines after supplement probiotic
Relative contribution/% P-value
Genus Day 14 Day 28 Day 28 Day 0 Day 14 Day 0
VSO0 VS 14 VSO0 VS 14 VS 28 VS 28
Aeromonas l 1 l 0.04 0.18 0.40
Akkermansia 1 l 1 0.12 0.88 0.03
Flavonifractor 1 l l 0.05 0.17 0.27
Fusicatenibacter l 1 l 0.01 0.27 0.20
Howardella 1 l 1 0.04 0.12 0.72
Oscillospira 0 l 0 0.01 0.41 0.02
Parabacteroides 0 l 0 0.04 0.73 0.97
#5. BADmEEAIREEZEFEPHREM LS
Table 5.  Comparison of species in the intestines of the volunteers after supplement probiotic
Relative contribution/% P-value
Species Day 14 Day 28 Day 28 Day 0 Day 14 Day 0
VSO0 VS 14 VSO0 VS 14 VS 28 VS 28
Akkermansia muciniphila 0 1 1 0.12 0.88 0.03
Alistipes indistinctus 1 1 l 0.02 0.09 0.47
Flavonifractor plautii 1 1 l 0.05 0.17 0.27
Fusicatenibacter saccharivorans l 1 l 0.01 0.27 0.20
Lactobacillus casei i l 1 0.01 0.05 0.68
Lactobacillus prepcasei 1 l 1 0.01 0.04 0.67
Parabacteroides distasonis 1 l l 0.01 0.38 0.93
Parabacteroides johnsonii 1 l 1 0.01 0.33 0.05
0.25 —=— N1 —=—HNI6
=T —=—[N2 - HNI17
-0- HN3 —s=—HNI8
2 0.20f -<o- HN4 --o- HNI9
= —a— HN5 - HN20
2 -o- HN6 -<o- HN2I
2 015¢F -o- HN7 -<o HN22
E —=— HN8 - HN23
g -o- HN9 —=—HN24
o 0107 —=— [IN10 —=—HN25
= —=— HNI11 —=—FHN26
o 0.05 -<0- HNI12 —=—HN27
S -0~ HNI3 - o- HN28
—a— HN14 —a—HN29
0.00 —s— HNI15

td
4.

28

Lactobacilluss B9 4k,

Figure 4. Changes in the Lactobacillus.

http://journals.im.ac.cn/actamicrocn



2192

Lingling Shen et al. | Acta Microbiologica Sinica, 2020, 60(10)

6. ABREEEMETHEMILESH
Table 6. comparison of species in the intestines of
group A volunteers

Relative contribution/%

Species Day 0 Day 14 P-value
Alistipes onderdonkii 0.02 0.07 0.028
Bacteroides plebeius 8.39 2.54 0.050
Blautia faecis 0.06 0.02 0.028
Butyricicoccus pullicaecorum 0.00 0.02 0.028
Curvibacter lanceolatus 0.03 0.00 0.038
Lactobacillus casei 0.01 0.06 0.001
Lactobacillus prepcasei 0.01 0.07 0.001
Lactococcus raffinolactis 0.00 0.01 0.043
Parabacteroides distasonis  0.87 1.28 0.048
Weissella confusa 0.08 0.00 0.043

x7. BHEREBETHAEM LR
Table 7. Comparison of species in the intestines of
group B volunteers

. Relative contribution/%
Species P-value
Day 0 Day 14
Clostridium disporicum  0.04 0.01 0.036
Fusicatenibacter
saccharivorans
Paraprevotella clara 0.05 0.13 0.028

Parasutterella

1.42 0.17 0.009

excrementihominis 0.18 041 0.013
Roseburia hominis 0.11 0.43 0.041
Ruminococcus torques 0.08 0.12 0.025
Streptococcus vestibularis 0.01 0.00 0.043
Thermus scotoductus 0.01 0.00 0.028

*8. AWM BLABANLCZI4d EEEBEFHEEM
ELa o 4R

Table 8. Comparison of species in the intestines of
volunteers between group A and B during taking LCZ
for 14 days

Relative contribution/%

Species Agroup B group P-value
Alistipes shahii 0.1 0.16 0.036
Bacteroides salyersiae 0.07 0.14 0.019
Lactobacillus casei 0.06 0.04 0.001
Lactobacillus prepcasei 0.07 0.01 0.001
Paraprevotella clara 0.07 0.13 0.03
Phascolarctobacterium 0 0.37 0.014

succinatutens
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Effect of probiotics Lactobacillus paracasei subsp. paracasei
Zhang on gut microbiota composition of young people living in
Hainan

Lingling Shen, Haiyan Xu, Qiangchuan Hou, Feiyan Zhao, Yahua Liu, Jiao Wang,
Zhihong Sun, Heping Zhang”

Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education, Key Laboratory of Dairy Products Processing,
Ministry of Agriculture, Inner Mongolia Key Laboratory of Dairy Biotechnology and Engineering, Inner Mongolia Agricultural
University, Hohhot 010018, Inner Mongolia Autonomous Region, China

Abstract: [Objective] Twenty-nine healthy young volunteers from Hainan were selected as the research objects to
analyze the diversity of gut microbes and to explore the effects of Lactobacillus paracasei subsp. paracasei Zhang
on the fecal microbiota. [Methods] Volunteers were supplemented with 1x10'° CFU LCZ powders per day for 14
days. Fecal samples were collected on 0, 14 and 28 days. Microbial composition and structure of fecal were
analyzed by PacBio SMRT. [Results] Firmicutes and Bacteroidetes were the most abundant phylum. Meanwhile,
Bacteroides were the predominant genus. At the species level, the dominant bacteria species were Faecalibacterium
prausnitzii, Eubacterium rectale and Prevotella copri. After taking LCZ for 14 days, the dominant bacteria did not
change significantly, while low-abundance bacteria such as Oscillospira and Parabacteroides were significantly
increased (P<0.05). In addition, volunteers were divided into two groups according to the changes of Lactobacillus.
Butyricicoccus pullicaecorum, Lactococcus raffinolactis and Parabacteroides distasoni were significantly
increased in samples of those with significantly increased content of Lactobacillus. Inversely, volunteers with no
significant changes in the Lactobacillus content in their gut did not find similar changes. [Conclusion] Continuous
consumption of probiotics LCZ for 2 weeks had no significant effect on the relative abundance of dominant bacteria
in fecal microbiota of volunteers, while the low-abundance bacteria change significantly.

Keywords: Young people in Hainan province, gut microbiota, bacterial diversity, Lactobacillus paracasei subsp.
paracasei Zhang
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