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Short-chain fatty acids ameliorate liver injury induced by spinal cord injury”
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Abstract: Objective To explore the effects of short-chain fatty acids (SCFAs) on liver inflammation and
abnormal lipid metabolism in mice with spinal cord injury (SCI). Methods Totally 30 female C57BL/6 mice
were randomly divided into three groups:sham group,SCI group and SCI+SCFAs group,with 10 mice in each
group. Mouse model was prepared by contusion injury method at 10 thoracic segments (T,,) or T,, laminecto-
my. Real-time quantitative fluorescent PCR (RT-qPCR) was used to detect the levels of liver macrophages
(CD68) ,inflammatory cytokines (IL-1a,I1L-18 and TNFa),as well as the expressions of lipid metabolism-re-
lated genes (SREBP-1, ACC,LXRa and PPAR). In addition,serum TG,CHO and ALT levels were detected
by automatic biochemical analysis. Results Compared with SCI group,the mRNA levels of CD68 and TNFq
in SCI+SCFAs group significantly decreased (P <C0. 05), while the mRNA levels of IL-1a and IL-18 among
three groups were not statistically significant (P >0. 05). Compared with Sham group, body weight, the pro-
portion of liver and serum TG level in SCI group significantly decreased (P <C0. 05). Compared with SCI
group,body weight in SCI+ SCFAs group significantly increased (P <C0. 05),but there was no statistical dif-
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frence in serum TG level and the proportion of liver (P>>0. 05). Compared with Sham group,serum CHO lev-
el in SCI group decreased,but there was no statistical significance among three groups (P>0. 05). Compared
with Sham group, the mRNA levels of lipid metabolism-related genes SREBP-1 and ACC significantly de-
creased in SCI group (P <C0.05). Compared with SCI group,the mRNA levels of SREBP-1 and ACC in SCI+
SCFAs group significantly increased (P<C0. 05). There was no significant difference in mRNA levels of LXRa
and PPARq among three groups (P>>0. 05). Compared with the Sham group,the serum ALT level in the SCI
group increased (P <C0.05). Compared with SCI group,the ALT level significantly decreased in SCI+ SCFAs
group (P <C0.05). Conclusion SCFAs could inhibit liver inflammation and regulate lipid metabolism, thereby

improving liver function and contributing to the recovery of liver function after SCI.

Key words: spinal cord injury;

metabolism

A HE 7 (SCD S — F ™ F1 B8R M 9% . 1990 —
2016 4F [H) 4 3K ff 28 R 40 9 i 1Y 67 FH 0 9% B U L 2016
EARBRAA 93 T HE & SCLEE . EA 9.8 J1 Hi
BkmHE b E 2 373 ) SCT B H 45K
At S 0E R E K. SCLEIEI R G il E
I v Ak R R0 A T 5] kA B R
SR 5 3% Fl 4= B 0T S 8 SCT A Y 20 v 1 Ane 1k
WIS/ R G h R g . A W5 & B, SCL 5 T
U S5 5 G ok A o T ) 2 40 B R A
I R 4 FE B BT 7E SCI G 81 & FIE K 4 85 RIE N
THI A A S EEAE .

L 5 B 107 B2 (SCFAs) 2 ik Jit + 80/ T 6 Y 48 0
RITER , 2 I N DR S R B B B AR 4 55 N mT T A
KA EY = E LY, b L N R RN T R
SCFAs RN B 95 % LA . =H FEIR L 25°h 60 ¢
20+ 20", SCFAs J& 45 7 (i AR IR . duff N
KSAE 55012 5 18 32 (8 B RN S0 19 90 57, 4n 52 i A
FE I BE 4 B T8 BE R AE LR AR T e &L B
T2 B, SCFAs 3l 13 1 15 K 4R B0 28 41 i 4n B s 240 i
Hh R 20 i B AR 2 200 i ) SE S RE RS L Y T 440 i A
B 20 19 504k » 5 W G 8 I8 A8 R RE SR BE S A A bk
HAE T, SCF As 3 538 B FF A 355 k-6 922 1) AH B 4
S 2 R B AT R BR A5 . M F SCFAs 76k 3%
T 7 RS S5 e ) e R Y G 8 T TR RE IR AR L AR BE R
i 1 Mg SCFAs XF SCI /s BT IE 4 JE 41 M 3= 1 L 40
it B - 2 55 I g m AR gt i 5 ), 3k SCFAs X SCI
/)N BRURSE 7R I R 453 1 7 8 50 VR o
1 #R5AE
1.1 #k
1.1.1 S233h¥ MEME C57BL/6 /N 30 H (b ot 4k
RN D RE 18~22 g, 4 Fo 4% B LA 7 2 1k
Ay F B FA (Sham) 41 . SCI 41 Jz SCFAs T #i (SCI+
SCFAs) 4.5 10 H, gz T=EiR23£3)C,
AR (55 =100 % R BEH, 12 h = 12 h s ¢
LW E BRI L ST RN S R AR AT
G AR BB R 25 Bl W 40 RN AR I 22 5L S KL O

short-chain fatty acids;

liver damage; inflammation; lipid

HAHME (RS . AEET-2022-111) ,

112 EERH5E  RNA $2EURK (Servicebio
A F)) s HyPure™ Molecular Biology Grade Water
(HyClone N ] s Servicebio® RT First Strand ¢DNA
Synthesis Kit ( Servicebio /& &} ); 2 X SYBR Green
qPCR Master Mix (None ROX) (Servicebio A &]) ; 5]
Py (Servicebio A ) s N TR AL B (ALT) L Hh
ZHRCTG) A E FE CCHOD R I 55 8 QBRI B+ A Ay
BHEA D s =W b L S5 N B A T K & B CE 24 48 1A
2z R A BR 2 \]D 5 2¢O 3 5t PCR (RT-qPCR) X
(Bio-Rad 23 A]) ; Chemray420 4x [ 3l 4 4k 43 #r AL (I
DIER AL A= fi B 2 7)) 5 PST A5 8 6 45 47 i &% (Preci-
sion Systems and Instrumentation 2\ #)) ,

1.2 J5ik

1.2.1 /NESCIAEAITEE ST 206 53 fil e R e /N B, 1F
FPRAREEFAE. U T MhoNmino, 28
To~T M5 KHENR 4T T HEMRVIBR AR, 5% 85 6 .
FIHI TH-0400 4T #% #il 4 SCI #8147 J5 , A= H 3
IK Ve A B T 4 B R A A . B BRI R IR
FENBEZINE ARG KT IS MAR W 0.5 mL, ELE 5
do B K45 T 1 E AR % B B s 95 e 2 ~4 Y3 B HE PR A
HEME . 2 HER R .

1.2.2 L4 Sham HAUTHENR VIBRA . A 24T
HRETT o 5 SCT 41 2 52 HE A V) B A Fn 5 B8 47 o 32 4
SCI+SCFAs A7/ #E 1T i Ja 45 T SCFAs 1. B
TE/N R K a3 SCFAs(25. 9 mmol/L PR 4N, 40
mmol/L TEREIF 67. 5 mmol/L ZBREN) . F54%% 4 A,
1.2.3 RT-qPCR #9155 4 J& . BCd i E 4
AU PR BUFIE 20 21 p 5 RNAL F|  Nanodrop I & &
RNA (B 54, i B & vl W 1548 473k
ok LIS 3R cDNA B & S BEidlk, Bl 20 pI PCR
RN . PCR Y IGFEY Hy: 95 C UM 30 s, JFFR
1 K95 CA8 4 30 5,60 ‘CiB k 30 5,72 C R 30 s,
PEER 40 K, SR 27 wE i B W £k,
ACt=Ct(HMER)) —Ct(HZ), AACt= ACt (b 3
4D —ACt (X R4 . A A b CD6S, [ 4 i A &R



R i E¥ 4% 202345 A% 444 % 103 Int ] Lab Med,May 2023, Vol. 44,No. 10

« 1155 -

(IL)-To IL-18 M A SE B F o« CTNF o) | [ B 5 I8
144 8 1 1 (SREBP-1) ., Z Bt 4 B A 2 1R 1k i
(ACO) JIF X Z 1 o (LXRe) F1idd 42 4k 4y 1 4 38 52 9

EY % & o (PPARQ) ) mRNA 7K F % F§ RT-qPCR
TR BARS fE E LER 1,

1 Sl (5' —3")
S ] 4 Bk ER G AR ELRY]
CD68 GGATTCAAACAGGACCGACATCAG CTACAGAGTGGACTGGAGCAAATGC
1L-1« TCACTCGCATGGCATGTGCTGA TCGGGCTGGTTCCACTAGGCT
1L-18 GAAGATGGAAAAGCGGTTTG AACTATGTCCCGACCATTGC
TNF« TCGTAGCAAACCACCAAGCG ATGGCAGAGAGGAGGCTGACTTTC
SREBP-1 GAAACCCGAAGTGGTGGAGAC TGGGCTTTGACCTGGCTATC
ACC GCTAACCCAACTCAGCAAGACC CACCTGGTTGCTGTGGTAAAAA
LXRa TCATCAAGGGAGCACGCTATGT CTTGAGCCTGTTCCTCTTCTTGC
PPAR« CACTACGGAGTTCACGCATGT GTGACATCCCGACAGACAGGC
GAPDH TGTAGACCATGTAGTGAGGTCA AGGTCGGTGTGAACGGATTTG

1.2.4 MmygAfbisrateil  #Hidis 4 .5 23
WO RS 0.5 mL /N RIMEAR A .3 000 r/min fI§
250 10 min, B E G W 2k Chemray420 4 H 3)
AR A BT AR I i ¥ TGLCHO Fl ALT /K-, SE5:
PRAE A% 4 UL B AT .

1.3 Zit2#a3 FMH Graph Pad Prism 6. 0 X %%
PFT AT 2= M. B IEAS A H TRk L
rhs FoRVIBCR ¢ KB s K R 7 2 b, 2R
IEAS AR R LR I RR ARG 36 . A P <<0. 05 Ny 2=
SCENIES- S @

2 % ES

2.1 SCFAs X} SCI /N HE e 32 R AE 19 98 15 16 H
5 Sham 4 AH . SCT 4 iFAE CD68 mRNA ik i %
IR (P <C0.05) ;5 SCT 414 ke . SCI+ SCF As 41 Jif I
CD68 mRNA Fik i 2 F (P <C0. 05, W 1A, Jif
JUE 20 2 A 9 TR A DU 45 2R s, 3 A TL-1o R0 TL-18
KT 2 S G & L (P>>0.05), ILE 1B.C;
SCI 4 TNFa mRNA Fik# Sham 41 8 3% L (P <<
0.05),SCI+SCFAs 4] TNFa mRNA ik # SCI 41
BZET(P<<0.05, L& 1D,

2.2 SCFAs %F SCI /NEUIE B Al 52w SCI s

CD68

IL-1a
1.5+ I;l*_l 1.5=
B >
¥1.07 E10d
£ b2
& X
= ®
£0.5- 2054
E
0.0 0.0
A Sham  SCI SCI+SCFAs Sham  SCI SCI+SCFAs

3SA/NEMARTE R E TR P<<0.05, ZEKE S FFt
¥, 5 Sham 4 AH . SCT #4510 1 A H Rk
B Z L (P<<0.05);SCFAs TH#iJ5 21 d 1 28 d,
SCI+SCFAs 4 {A & 5 SCI 41 AH . 8 2 F+ 5 (P <
0.05), LI 2A, P HCE M TG A1 CHO KFH:
459 7R . 5 Sham 240 Fb . SCT 40 /)y BUFFIE BE
M3 TG 7K F 8 F AL (P <<0. 05);1H SCI 4 5
SCI+SCFAs #4 1.3 TG 7K - F1 AT e 8 22 7 481t
28 X (P>0.05), LK 2B.C;3 4H 113 CHO /K1
k2 R G X (P>>0.05) . WA 2D,

2.3 SCFAs X} SCI/NRARWI R R i
M) SCFAs 5% i i e fig A6 38 19 43 BL 1 A< BF 53
JFHE R 2 55 B AR Y 22 Fh 3 D4, G [ R Y e R A S
HEH 1(SREBP-1) . Z B4 filf A 3R B L il CACC) | JiF
X Z Ak o (LXRo) . i3 5 Ak W) Bl 1A 35 58 W0 3005 Z AR «
(PPAR) ) mRNA F k1§ L. SCI J5, SREBP1 #I
ACC mRNA 7K g 25 B AIK (P <C0. 05) 3 5 SCI 41 4
kb, SCI+SCFAs 41 SREBP1 fil ACC mRNA 7K i
FLWH.ERAERIE L (P<0.05), ILE 3A.B;
A 3 41 LXRa Al PPAR« mRNA 7k 3 22 53 ¥ 453t
228 (P >0.05), W& 3C.D,

IL-18 TNF a
1.5+ 1.5+ * ool
L S|
im 0 im 0
X £ )
#® #®
< <
20.5- Z0.54
E E
0.0~ 0. 04
c Sham SCI  SCI+SCFAs D Sham SCI  SCI+SCFAs

T A J CD68;B W 1L-1a;C. Wy IL-135D Jy TNFa; * P<C0.05," " P<<0.01,

&1

BAMEREHRXERE mRNA B RIZKFE



« 1156 -

EfrehE¥£F20234F5 A% 445% 108 Int ] Lab Med,May 2023, Vol. 44,No. 10

2.4 SCFAs % SCI /MR ALT ESER %t
N ALT 7K A6 0 45 5 88 . 5 Sham 4 [L#2,
SCI 4% ALT &2 FiH(P<<0.05), 5 SCI 4148 It ,

~®- Sham
= SCI
&= SCI+SCFAs
24 8 ¥ ns
T
22
# o
2720, ‘ i
ol B4
.&18- =)
*% o 'F”EZ
164
*kk
*kk
14— T xx T T T T 0-
A 0 1 3 7 14 21 28 B Sham SCI  SCI+SCFAs

SCI+SCFAs 44 ALT /K-F W25 T, 22 7 ¥ A g1t 2
BN (P<0.05), WE 4,

1.5+4 il ns 35
| B E—

—_ a
S 1.0+ >o 2
) £
© 0.5+ S 11

0.0- 04
C Sham SClI  SCI+SCFAs D Sham SCI SCI+SCFAs

WA IAE B RFNE T ;C 5 TG;D S CHO; * " P<<0.01,7 P<<0.05,7 7 P<<0.0l.ns #RESLEIT%E X,

& 2
1.59 X ol 1.5 ol *
| Y B | | Y B |

~ 1.0+ ™~ 1.0+
ﬁ X
: :
Z0s] % 0.5

0.0 0.0~
A Sham SCI SCI+SCFAs B Sham SCI SCI+SCFAs

A Jy SREBP-1;B % ACC;C 3y LXRa; D % PPARa; * P<<0. 05,
& 2R/ BB BEE RS B & BB X BB mRNA RiAKFE

7 3
80— Fok *
60
a
S
= 40
—
—
=
20+
0-
Sham SCI  SCI+SCFAs

W P<<0.05," " P<C0.01,
4 ZHEME ALT K F L

K it

A HEE 05 AT il & 4 B ARRE SN I 5 R A )G Ak &
PERERR 1 . R D) RE 2 2 % B BT 0 & 5 i 2
FR T R BB R BB IR R YL, T DA R B
SCI 2 #5455 JFFHIE 8 B 38 #2852 T 6 1 5 ) I A 1) 1
HUIRE . PR JFE I B 40 405 2 SCT L 1 11 IR
fiE. WF5E &I, SCT 5 . FFE N 1 40 i 4 A4 i 1
PG A 7 R | e L AN ;B U
T0% Yy SCI H8 % H BT UE i 5 oo As . A Ao
7~ SCLER H T R TR AL i B R 2358 A 7
FED L ARHESY 45 R B L SCI BE 515 5 BT IE 46 S A%
PR DS B G 4 J8 . SCT i S i T I s 2
AR Ak A 5 B A0 A A TS R E AN R T Y s T
s LA B AR i 58 5 T SCFAs 684235 7 1% % SCI
JEE DD RE SR . IF AL 20 19 R iR B A0
il Kupffer 4 ffd 5 JIF 40 i #6135 #2 5 % D) AH oG,
CD68 J& Kupffer i fifi 3% bR &4 » AT ) Bt Kupffer 4

BHNBREE FREILE. TG 1 CHO T4

1. 59 1.5+
£ 1.0 ¥ 1.07
i 2
¥ i
B =
€ 0.5 QZE: 0.5+
0. 0- 0.0-
c Sham SCl  SCI+SCFAs D Sham SCI  SCI+SCFAs
" P<0.01,

JiL P S AL KT o ARSI ST 4 R B SCF As 1] i 2 1K
SCI J& JiEE TNFo f1 CD68 mRNA 7K 3, 41 il JiF J0¥ 74
L W 240 0 355 A A0 36 AR 48 SR 20 M IR 1 7K - R P AR P T
Wk 2L AE .

JHFREAE > i I AR08 1) B R R R FE IR T Ak
W A il S A o B v R AR . MR AR
5 RAE K RV TR AR 5P 0 20 it 32 i 5 42 4R A
it R 7 2 3k T A R B I Ak O 1 R e B
A58 45 B 8, SCLE - /N BRI He 5 AN i 56 TG K
SR (P <20.05) . T i PR £ 4 42 3, 76 20 19 SCT &
HoahE D —IE AR S8R % . i TG.CHO,
135 B i 26 1 JIH [ B (LDL-C) 28 S 7 o, &
WFoE . SCLE IR BRI S HOF %A R T, il e S
P05 7 AR R SO R K A G, AMFRAS R B
/R .SCFAs T g MfLiE TG K- I8 R A B AR 5 A1
F%3 K SREBP1 fil ACC mRNA KT, £ 1 SC-
FAs 7] fg38 1 I #§ SREBP1 fil ACC mRNA /K 5%
Wi A A4 AR . X el BER S SCFAs Wi 2% i T T
JUE 0928 9 i N7« 38 338 98 45 g 7 AR A O 55 R i) 3R Gk
AT e i AR T TR S DT A a2 A i

M ALT 2 E o —F 3= a5 i A0 i & 9 H
VARG I JFE 453 45 A H A o JFF R 400 1t 52 46 3 8 ALT 7
PR R, MW ALT JF & 8w B W A N 2
B ARBEIE KB, SCLJE 4 JH Mg ALT KF 8%
T 5 o 3K 2 T Bt 25 T U 3505 9 L 2 o7 A i 1 P 9 3 2ok



Ellr i E Ak 2023 45 5 A& 44 %4 10 4

Int J Lab Med,May 2023, Vol. 44,No. 10

T P28 3 2 25 1 DU 4000 A S S S I RE . T
SCFAs T i Ji 8 i Ho Bt 2 Ay 55 g 15 /9 76 F - ok 4%
JHF 240 e 1) 46 R L B RRAIC ALT K-, 5% B ds
275, SCFAs ] g 3% SCI 5 iF 21 e 16 A5 » % BT J0E 352 15
BB PR . T IETE 4 5 R E IV Y 46 #ad
RS T EOCE B MR, gt SCI G I Ik T e 4T
ok 2 L I AR I & k3 S HoA R L

ARBFTE AT — B8R I 2 AL BF 5% 8 00 4 0 ok X
SCI J& SCFAs T Hls R 47T K I AR 5 J5 S2 ik 506 K
WL EE SCFAs X SCT JF WE B O/ 377 85058 IR A FR 1 H:
XiF SCI i H Al 5 & A i 98 55 75 .

W55 2, SCFAs 78 A #i 48 R Gy 1697 Hh
SARTEEAE DY L A K 3 TGz 3 Ak Kk T
S kAL v, SCF As 45 245 BE A% 310 1l /)N Jie Joi 41 i 4% 1k I
A G T 3 (1 e SR N | R I T i
HAEW A . 18 2 K VL AL i 8 %  #h 78 SCFASs,
A TR IL-10 KF L BRAR IL-17 Fy TR R K,
Wik Treg 4105 Th17 40 50 09 A V- . FRAC 42 B
P G B IS » 2 A RE AR

25 ik , SCEF As ] g 38 A 461 473 1 | 7S 1) S U 4t
155 5 X JE E B A AR B A . wT RE R R T A 2 ) RE Y
BE.

&%k

[1] GBD 2016 Neurology Collaborators. Global, regional, and
national burden of neurological disorders, 1990 — 2016: a
systematic analysis for the Global Burden of Disease
Study 2016[J]. Lancet Neurol,2019,18(5) :459-480.

GOODUS M T, CARSON K E, SAUERBECK A D,

et al. Liver inflammation at the time of spinal cord injury

(2]

enhances intraspinal pathology, liver injury, metabolic
syndrome and locomotor deficits[ J]. Exp Neurol, 2021,
342:113725.

ANJUM A,YAZID M D,FAUZI DAUD M, et al. Spinal

cord injury: pathophysiology, multimolecular interactions,

[3]

and underlying recovery mechanisms[]J]. Int J Mol Sci,
2020,21(20):7533.

YUAN B,LU X J,WU Q. Gut microbiota and acute cen-
tral nervous system injury:a new target for therapeutic
intervention[ J |. Front Immunol,2021,12:800796.
FLEMING J C,BAILEY C S,HUNDT H,et al. Remote

inflammatory response in liver is dependent on the seg-

(4]

mental level of spinal cord injury[J]. J] Trauma Acute
Care Surg,2012,72(5):1194-1201.

SILVA Y P,BERNARDI A,FROZZA R L. The role of short-
chain fatty acids from gut microbiota in gut-brain communica-
tion ] |. Front Endocrinol (Lausanne),2020,11:25.

HU J.LIN S,ZHENG B, et al. Short-chain fatty acids in
control of energy metabolism[J]. Crit Rev Food Sci Nutr,
2018,58(8):1243-1249.

KOH A,DE VADDER F,KOVATCHEVA -DATCHARY P,

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

. 1157 -

et al. From dietary fiber to host physiology: short-chain
fatty acids as key bacterial metabolites[J]. Cell,2016,165
(6):1332-1345.

MIRZAEI R,BOUZARI B, HOSSEINI-FARD S R, et al.
Role of microbiota-derived short-chain fatty acids in nerv-
ous system disorders[ ] ]. Biomed Pharmacother, 2021,
139:111661.

TRAPECAR M., COMMUNAL C, VELAZQUEZ ]J. et al.
Gut-liver physiomimetics reveal paradoxical modulation
of IBD-related inflammation by short-chain fatty acids
[J]. Cell Syst,2020,10(3) :223-239.

SAUERBECK A D,LAWS ] L,BANDARU V V,et al.
Spinal cord injury causes chronic liver pathology in rats
[J].] Neurotrauma,2015,32(3) :159-169.

SIPSKI M L,ESTORES I M, ALEXANDER C J,et al.
Lack of justification for routine abdominal ultrasonogra-
phy in patients with chronic spinal cord injury[J]. ] Re-
habil Res Dev,2004,41(1):101-108.

GOODUS M T,MCTIGUE D M. Hepatic dysfunction af-
ter spinal cord injury:a vicious cycle of central and pe-
ripheral pathology? [J]. Exp Neurol,2020,325:113160.
GATER D R ] R,FARKAS G J,TIOZZO E. Pathophysi-
ology of neurogenic obesity after spinal cord injury[]].
Top Spinal Cord Inj Rehabil,2021,27(1) . 1-10.

NASH M S, GATER D R J R. Cardiometabolic disease
and dysfunction following spinal cord injury: origins and
guideline-based countermeasures[ J]. Phys Med Rehabil
Clin N Am,2020,31(3) :415-436.

ZHANG C,JING Y,ZHANG W, et al. Dysbiosis of gut
microbiota is associated with serum lipid profiles in male
patients with chronic traumatic cervical spinal cord injury
[J]. Am J Transl Res,2019,11(8):4817-4834.

LU X,XUAN W,LIJ,et al. AMPK protects against alco-
hol-induced liver injury through UQCRC2 to up-regulate
mitophagy[J]. Autophagy,2021,17(11):3622-3643.
SADLER R, CRAMER J V, HEINDL S. et al. Short-
chain fatty acids improve poststroke recovery via immu-
nological mechanisms[J]. ] Neurosci, 2020,40(5):1162-
1173.

DUSCHA A,GISEVIUS B, HIRSCHBERG S.et al. Pro-
pionic acid shapes the multiple sclerosis disease course by
an immunomodulatory mechanism [ J ]. Cell, 2020, 180
(6):1067-1080.

VAN DE WOUW M, BOEHME M, LYTE ] M, et al.
Short-chain fatty acids: microbial metabolites that allevi-
ate stress-induced brain-gut axis alterations[ J]. ] Physi-
01,2018,596(20) :4923-4944.

WANG H,SONG W,WU Q,et al. Fecal transplantation
from db/db mice treated with sodium butyrate attenuates
ischemic stroke injury[J]. Microbiol Spectr,2021,2(9):
e0004221.

Gl iy B #1:2022-09-12 &[] H #]:2023-01-10)



