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Fig.1 Schematic diagram of the experimental period
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2.6 16S rDNA M
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Fig.2 The changes in body weight growth rate

of mice in each group

3 BHENRERX THREHULEBER
Fig.3 Immunohistochemical staining results of TH

in the substantia nigra of mice in each group
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Fig.4 Effect of Antarctic krill oil on the structure

of colon tissue in mice
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BRL235 1 20 R S5 H B AR
3.4 EgAR AR X A E E A 5 XM

H 45 45 5256 2 feature M 2252, FF42 1] Venn
Bl5, K5 SR, 6 A3 3360 4~ OUTs, HiAE
H OUTs B ez, 2063 1 ;PD 4 &4 2903
A~ OUTs, Hp 1 870 4~ 554 ;KO_PD 4 & A
2 276 4~ OUTs, HFEA OUTs S e/, 2 1 170
A~ KO 4154 3260 4 OUTs, Hib 1968 4~ M
Ao 4 AR ILFEAFAER OUTs by 396 4, ifi PD 41

KO_PD KO

Control

B 5 &HK Venn B4

Fig.5 Venn diagram comparison of all groups

KO_PD 411 KO 41 5 %} FZH A 7 OUTs £ & 4K
R 722,773 F1 955 A, WML ATAL, AT PD
4,2 KO T i) KO_PD 41/ KU i & i fh 2k 5
X BERZH TR 2

3.5 EIHR AR X A 8 B S IR B R I

351 a ZFEMESIT o SRR BUR FALH B
P B A R 25 B 48 b5, Chaol L BLAEA h
PP AR B, AR5 TR AW Rl A 3 5] B ; Shan-
non I Simpson WYY ZHEAE 1T & SR 2
FEVE S IEAR O, 5 3 5 Wb 2 HE v 2 R OGS,
T8 A HE 22 FF 1 A3 BT 45 R S R R AR N A G A
99% LA |, K BIREAS I o B2 55 5 B0 AT B R )
MrEisk, S4U/NEIGE R o ZREES P2

UL 1, PD 400 KO_PD 41/ fUi% a8 B i o 24
PEFE B B A BT B R, R W] MPTP 8 5 1 5
HUAE /N R T8 B RE I Z AR R T

®1 BHNMRBERH a ZHEEHSHR

Table 1 Analysis of intestinal microflora diversity index of rats in each group

28 %) Shannon Simpson Chaol
xt R8. 28 7.77 +£0.28 0.986 + 0.0036 1101.0 £217.52
PD 7.46 £0.37 0.979 £ 0.0064 911.6 + 258.95
KO_PD 6.99 +0.16 0.978 + 0.0025 820.2 + 139.52
KO 7.46 £0.38 0.977 £ 0.0086 1094.0 £ 179.62

3.52 BN 5 a ZHMEDIAR,LB £
REE 23 BT 32 2 A (] AR AR ] 1 2 o ) A L 7
B . SR H 443 H (Principal component analy-

sis,PCA) A [R] S 56 20 /N B 8 1A W) BE VR 4540
SR ULE 6, F A 1(PCL) MR 5 225 5 1Y 51 Bk 8
H52.05% , F R4 2 (PC2) % FE i 22 5 1 5T Bk (A
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Fig.6  Principal component analysis of gut microbiome
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3.6.1 TIKFRBEFEET & /NRTETTK
LB R 2 R BT, N B I
THPATE T (Bacteroidetes) . JEBE R ] (Firmi-

ZH /0N B TR R AR TR T B A X R B (72.59%)
RN (P < 0.05), 17 JEEE TR ] (23.12% ) Fil Ep-
silonbacteraeota (0.35% ) A XJ 3= JiF & 2 9 2> (P <
0.05).

Mo R, JERETR RS TR R ] 3 8 A 5
PAE SN AT G, ARTE RT3 I B2 7 g 18 TR 2k
PEFN SR RN AAIF ST v PD 2H /)N UV 3 BRI
JELRE A 1AL AR B8 1] (FUB) FE B R 0.86, & & & T
XFHRZH (0.69,P < 0.05);PD 2H /)N B A 1 A v AR
TEBR T TAUFF BT T (PIB) FeAE A 0.031, 53 i T %
M4 (0.0161,P < 0.05), i KO_PD 41 F/B I PIB
Fe B # PD 41 % 35 [l 3R W] MPTP B8 Jis v 5 51 i
PD /NEU B T B 455 , 110 KO + WA B T Bl 38 % —
ML,

~ 6 ' .
T * ? * = B3 control
~ 8 B3 ko
T 5 l- B8 ko_PD
# g 4 : ‘ PD
# 2
i
-5 2
g2 Hl"' ! .
g - -—-h L+
0 . o = . - Ll
UAFETT  BEEET]  ZWED] Epsilonbacteracota HEEE] ARELHE]

17K
Phylum level

B7 EFIIKENBERFHEN

Fig.7 Composition of gut microbiome based on the phylum level

3.62 BOUKFRBEEESH BOKF B PD 4/
B Muribaculaceae A1 X1 3= (33.42%) . &K T
XF 4L (50.80% ,P < 0.05), Til 6 ¥ i #} (Lach-
R IR R BE (Prevotellaceae ) M2 JiE
¥T & £l (Helicobacteraceae ) F1 # i 1 #} (Rikenel-
laceae ) FH X 4= B2 W08 35 & T X HEZH (P < 0.05) . Ik
A, P+ 7 22 1 B} (Erysipelotrichaceae ) F1 5% 2k B4 £

nospiraceae

(Streptococcaceae ) AHXF 3= & B W AR F X 41, 1
ZSAHRA G E X, KO_PD 4 /) i
Muribaculaceae (64.69%) . F} 7 22 b B} Fll 4% BK 135 B
FIXS 2 3 2 PD 44 3 T 55 (P < 0.05) , 1 & 42 4
Bl U E R B R (Clostridiaceae ) A1 HE #1- 1
FHAR XS F B2 PD 2H 1 3 T % (P < 0.05) . KO 4
TEEER R IR AR X T RO IR R
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Fig.8 Composition of gut microbiome based on family level
R (P <0.05), 1% & IR KR BE W F (Saccha-
rimonadaceae ) . K% 5L {&F} (Anaeroplasmataceae ) 188 o I
s Ty e Muribaculum
3 24 B Bl (Tannerellaceae ) A X} =F B 5 35 1#4 n 563% unclassifed os

(P<0.05), #5241/ U 8 R REKCOE 22 5540 B
SR 8,

3.63 JEACFEBEFESHT oA A RS2 Ak A
T/ BB R R K BRI AR
5 S 36 2 /)N B T TR R 40 A1 0 AR DL AT TR K P
B2 9 FrR KO 4145 KO_PD 41/ 18
REGE M 3T, e R —28 R X IR R
— K&, T PD 4/ B 8 A RS e
FEAERCR 22 5 AR S — 26 BRI &, PD )y
KER (Alistipes) . BIREFR _ K EJE (Lach-
nospiraceae_unclassified) . X %8 P& 18 J& (Anaerotig-
num) MEFF T JE (Helicobacter) JE B 42 1 J& (Ru-
miniclostridium) . # W H £ % & J& (Clostridi-
ales_unclassified) . % 5= [ J& (Robinsoniella) . T
1% 8K 0 J& (Butyricicoccus ) i ¥ 1 J& (Enterorhab-
dus) 1 & 5 K K B J& _UCG -001 (Prevotel-
laceae_UCG-001) 451 J& AH %] 4= B 2. 2 5 T %) [
20 (P < 0.05), 11 #L & AT % J& (Dubosiella) Murib-
aculaceae_unclassified F15% 3K 7 J& (Streptococcus)
A5 PR A R B AR TR 2 (P<0.05) . 45 PD
M, KO_PD 4 Muribaculaceae_unclassified .
T3 BCE JE | BK R JE AL IO ®# 8 | Paramuribacu-
lum BIRER _ RAE R R E HARREE KA
o TR RV AT T U 45 TR R A X 3 1 (P<

Eubacterium_xylanophilum_group
JFESERI]_KANER Firmicutes_unclassified
Lachnospiraceae_NK4A136_group
EILER_9 Ruminiclostridium_9
TREHERR Anaerotignum

BEELHE Robinsoniella

EERER Ruminiclostridium

BHAECHEE Roseburia
Clostr ,

ZECEE Tyzzerella

E4ZERL_KHNER Lachnospiraceae_unclassified
#%EE_RKE/RE Clostridiales_unclassified
EEXEER_UCG-001 Prevotellaceae_UCG-001
[BESNEE/R Desulfovibrio

FUFFER Lactobacillus
SZHFEIR Helicobacter
IBHTEIR Enterorhabdus
SHE/E Alistipes
Paramuribaculum

HEEKEE Streptococcus

[
LoL L o
-
o

_group._t

JE K

Genus level

Rikenellaceae_RC9_gut_group
Muribaculaceae_unclassified
#LECHE /R Dubosiella
Parabacteroides
Ruminococcaceae_UCG-014
Eubacterium_coprostanoligenes_group

Ko

Control  KO_PD

D
Zigl
Group

B9 BANRBEAREAEETEXE)
Fig.9 Heatmap of gut microbiome of mice

in each groups (based on genus level)

0.05),

IRANTR 3 BRI S B 45 SRR U] MPTP [
i 575 /)N B ki R S5 22 U e 8 A 8 DT 7 TN
TG AR R I 5 | Ak /)N B 38 T AR A A
MIZEHEL, T KO 7] I 2 w0 /) BRUG 28 i 22 1
JeRe e ocii vy, IR 4ERE/N R 18 2 450 F
S=K T A R T
3.7 PICRUSt2 mhge i

X 45 20 i 1 o BEE AT PICRUSH2 DI Re Tl | 2%
RILE 10, KO /4 3 AT g % iy 3 N 7k 2 R
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R #2 i (Oxaloacetate decarboxylase) ,.UDP-N-Z,
P B T T AT 20 R N (6)— T4 = R % A% i [UDP-N -
acetylmuramoylpentapeptide —lysine N (6)—alanyl-
B M B P (Undecaprenol ki-
nase ) . — P9t H ¥ A5 115 i (Triacylglycerol lipase) . =
WEIR N L WETR M A 5l (Triphosphoribosyl—
T H O (ATP)
[Diacylglycerol kinase (ATP)]. %45k [ SE A A Bt
2§ (Short—chain acyl-CoA dehydrogenase) 5"~
Wi MR & WLl (5 —phosphate synthase) | [ ¥7 5 g

transferase] .

dephospho—CoA synthase) |

D-glycero-alpha-D-manno-heptose-7-phosphate kinase
168 rRNA (BEIREIZ(1402)-N(4)) -REIEASES
Precorrin-6AZ/FES

Coball-precorrln-GAiﬂﬁg

(pro—3S) - 24 fift it | 7% $ 1 (| Citrate  (pro—3S)-lyase]
ligase) .y =D — 4+ 2 TR A 5 = 2 KL 8 1% IR K i
(Gamma—-D —glutamyl —meso —diaminopimelate pep-
tidase) 3—F2 3 T 3 —CoA i Z i (3-Hydroxybu-
tyryl-CoA dehydrogenase) . #7165 2 24 fift I —[ It 55
HILE ] 58§ (Citrate lyase holo—[acyl—carrier
protein] synthase) .6 2 S B #  (6—phospho-
fructokinase) \DNA #i b5+t (ATP /K fii ) [DNA
topoisomerase (ATP-hydrolyzing ) |55 fiff (1Y) D1 fig 7= A
ES AN

95%E(AXE
95% confidence intervals

DNAJRINRAGES (ATP?)(WJ

R P3RS

Spolvﬁﬂm

EOREARBE

PEEHBRAE
G-HESRBLIES
AR BB EO) S
3SR TR-CoAlR SIS
V-D-BEEN S S EMTKEIE
(#7158 (pro- 35) BUREIERTEG
- EOREEE
Rubvedoxln-NAD(+)reductase
S-BHEEMES

ARG RS
L-iditol 2-dehydrogenase
SRS EEESA S

ZREEGHRES (ATP)
SHBREARREAGEE
FROMH GRS

_ﬁk ENHAERAES
naﬁsﬁm&mugsg
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HERZ B
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Description

i
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e
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Mean proportions

P-value (t—test)
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E 10 KO_PD 4% PD A seFill = R o1
Fig.10  Functional differences between KO_PD group and PD group

4 iTig
i 388t 2 W B R S i T P 22 R AR B 4N R R
ARG, HAEIEmIE N, 464535 il A B moF
fir, H 5 AR Mg B UG, BLA T R, gl
T DA %) L SR = 8 A A 2 2 R AT R s i i
P2 2248 (ENS) R AR 28 2248 (CNS) , TTT75 &
SOMVER A A 2 RGBT T P A R R ik =2 [
(R AH B AR FH B 8 FR R i — i " il (GBA ) 3L 1S,
FH AT 0 Il 252 e 8 7 1 g 308 T B 5 K ki T g
IR FROCHE . 2SR PD B Il i AE S
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Abstract To investigate the effect of Antarctic krill oil (KO) on dopaminergic neurons and gut microbiome in
Parkinson’s disease (PD) mice, the method of intraperitoneal injection of 1-methyl-4—phenyl-1,2,3,6—tetrahydropyridine
(MPTP) were used to construct PD subacute model in mice. The mice were divided into Control group, PD group,
KO_PD group and KO group. The immunohistochemical technique of TH was used to evaluate the protective effect of
Antarctic krill oil on dopaminergic neurons and nerve fibers in PD mice. Combined with HE staining of colon and 16S
rDNA high—throughput sequencing of feces, the effect of KO on the intestinal structure and intestinal microecology of PD
mice was studied. The results indicated that, compared with the PD group, the number of TH —positive cells in the
substantia nigra of the brain was significantly increased by about 5 —fold, the number of epithelial cuprocytes was
increased by about 2—fold, and the phenomena such as thinning of colonic intestinal glands were improved in the
KO_PD group of mice. The gut microbiota of PD group mice was disrupted, while KO intervention significantly increased
the relative abundance of Bacteroidetes phylum, Dubosiella genus, and Muribaculaceae _unclassified genus, Streptococcus
genus, ete, and significantly downregulated the relative abundance of Firmicutes phylum, Alistipes genus, Clostridiales_
unclassified genus and Helicobacter genus, etc. To sum up, oral administration of KO can effectively improve the loss of
dopaminergic neurons in the substantia nigra and structural changes in the colon tissue of mice induced by MPTP
injection, and maintain the homeostasis of mice gut microbiota at various levels. This effect may be related to the
regulation of glucose metabolism, amino acid metabolism, and lipid metabolism, etc., in gut microbiota.

Keywords Antarctic krill oil; dopaminergic neurons; gut microbiome; 16S rDNA; B diversity



