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Abstract: Gut microbiota dysbiosis is closely related to a variety of host diseases. Recently, targeting the
metabolic pathways of gut microbiota for the prevention and treatment of host diseases has become a frontier strategy
and research hotspot. Inflammatory bowel disease (IBD) is a group of chronic progressive intestinal inflammatory
diseases of unknown etiology. The relationship between IBD and gut microbiota disorders and bacterial respiratory/
energy metabolism has been confirmed in recent research. This article will introduce the relationship among them,
and propose a new treatment strategy to alleviate host gut inflammation by regulating gut microbiota respiration
and energy metabolism based on the latest research progress. In the progression of IBD, the gut microbiota homeo-
stasis is disturbed. The main reasons include two aspects: on the one hand, when the intestinal inflammation of the
host occurs, with increasing of oxygen concentration in the intestinal cavity, facultative anaerobic bacteria, especially

Enterobacteriaceae bacteria would proliferate abnormally; while the growth of absolute anaerobic bacteria such as
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Firmicutes is inhibited. On the other hand, intestinal inflammation by-products also support the expansion of facul-

tative anaerobic bacteria, which ultimately exacerbates the imbalance of gut microbiota. Dysregulated intestinal

flora will further disturb intestinal immune homeostasis and exacerbate intestinal inflammation. The latest research

proposed the possibility that IBD can be alleviated by interfering with the respiration of bacteria, inhibiting the

abnormal proliferation of bacteria, or increasing the level of "beneficial" metabolites of gut microbiota. The above

studies suggest that alleviating host intestinal inflammation can be explored by focusing on the metabolic pathways

of gut microbiota and regulating the intestinal bacterial respiration and energy metabolism, which is of great signifi-

cance for the clinical treatment of IBD and the research of innovative drugs.
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Table 1 The changes of intestinal flora in inflammatory bowel disease (IBD)

Bacteria Phylum Class Family Genus Species Comment

Obligate anaerobic bacteria Firmicutes Clostridia ~ Ruminococcaceae  Faecalibacterium Faecalibacterium prausnitzii Decrease
Clostridiaceae Clostridium - Decrease

Lachnospiraceae Roseburia Roseburia hominis Decrease

Bacteroidetes ~ Bacteroidia Bacteroidaceae Bacteroides - Decrease

Facultative anaerobic bacteria Proteobacteria - Enterobacteriaceae  Escherichia Escherichia coli Increase
Klebsiella Klebsiella pneumoniae Increase
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Figure 1

During gut homeostasis or during gut inflammation, the f-oxidation mechanism diagram of the host colonic epithelial cells.

During gut homeostasis (left), f-oxidation of microbiota-derived butyrate causes epithelial hypoxia, which drives a dominance of obligate

anaerobic bacteria within the gut microbiota. During gut inflammation (right), epithelial dysfunction leads to increased epithelial oxygen-

ation and disrupts anaerobiasis in the lumen, thereby driving an expansion of facultative anaerobic Proteobacteria by aerobic respiration

b, UC &3 45 i vh A2 T2 0 1 T4l 1 = 52 39 nes), H. UC
FEATER H A G B R L CD & 2 . AT
15 T AT CD ARSI, AXAE [0 i v & I AR T B 1) 40 1
HeE 3G n, M B CD &3 b i ok 70 S 40 T 28 1l o L
UC B35 h 58 dmlse- 57,
2 IBD HRFEEMRSKESHNER

HIF 58 A0 2 g 1 B A P DA JEE R 3 45 & Ao 4 i [
1R 73 WA SR 5 T Jizp 1 B BECIRAS, AT IBD 1Y) %95 AL
il R0 A2 77 A 5 M s8-00) - Weng S5 IS4 KL T 5 Bk R 40
UL AU R R, fE UC B R, 5
R W AH R B @ AR BN £ 5 1T AE CD S8 3 ZE (R
W7, 2 56 USR5 T & 4R, T 2 5 ik
ERAT A B AR S o 9 T SCRE AN Oy T iR a FE R 1 AR
Y& BOSEAE CD B R E, S 2 R A KW
Ve A R 2D FER 1. DL R R KW, IBD &
HRN KRR A
21 BEREHXBASHERRSKEFMEBER
fE PUE i 20U (antigen-presenting cell, APC) = %
ALFE HAZ - B R A0 A% SR 48 Y (dendrritic cell, DC)+
B 4y 2 9 R A %5 . 7 TBD B IR], — 2695 5 4, 451
A P e S LMK Jig A B A0 R B L W DG AR B IR T A

JRER 4 TR HE R R R S TR A IR A DGR AR, T
B APCH 3R IR P 5t 2 25 T 20 i, B2 B4R 0E
bR A A A K DC H Toll #3244, 175 5 Ji 98 24 28 A 1
(tumour necrosis factor, TNF). [ 4l fii /> & (interleukin,
IL)-6IL-18 F1 IL-18 S {2 ¢ A F- By Rk o 4 S 1) bt
J5AZ 5 B AR I 20 R W] R 3k 4l HE CD4' T (naive
T cell, ThO) 4 A 734k 79 2452 T 4 B 48 i (T-helper cell,
Th)6366 41 Th1. Th2. Th17 8% Treg (regulatory T cells)
N7, Thi 400 3 B 43 WA IFN-y TNF £l IL-2; Th2 4
Ji 3 B 43 WA TL-4 . TL-5 T TL-13; Th17 41 45 1 A2 5 3
IL-17AIL-17F \TL-21 A1 TL-2208700, 3 86 58 55 K] - X
1 b 5 B B D e B SR, AT R B E R . 1T
Treg 4t AfLIE It 73 WAL 28 41 B A ¥ IL-10 A TGF-B (trans-
forming growth factor-p), 4 ¥ i i Fa 2 DLtk 4 i 18 %
i S NI, AT 38 A 1 B G PR B 1 R AE R T,

N T YERRIR N RS, R 8 1 i 18 40 T 2 R 2 AN [
T 40 S0 A A2 K (B 3). 91 4n Clostridia AT {2 it Treg
2 M () 3G FE 02, FE 0] Th A0 Th17 40 K /0 B 25030 i
55 4T 1 o 20 B 22 95 AT LLZ OE Th1/Th2 24804, 4
B J 41 TR 34 T 3@ I U 15 NF-«B (nuclear factor-«B) [
T AR IR BT 2 TS T DL, JEEE R 1] DA KA



- 2012 - 22224 Acta Pharmaceutica Sinica 2020, 55(9): 2008 —2018

Lumen

Inflammatory response

v

By-product

S-oxide N-oxide Nitrate Formate
DMSO TMAO Nitrate Formate
respiration  respiration  respiration oxidation

MPa!hogen

Bacteroidetes \¢I ¢

@
@ Firmicutes 2% W\ (
g Proteobacteria \(¢J “J\V‘sjj T
J  Enterobacteriaceae
Dysbiosis
Figure 2 During gut inflammation, the inflammatory factors

produced by the inflammatory response can stimulate the expres-
sion of related enzymes, thereby producing some inflammatory
response products such as S-oxide, N-oxide, nitrate, and formate.
These by-products can promote the growth of facultative anaerobic
bacteria (Proteobacteria, especially Enterobacteriaceae) during gut
inflammation. For example, Enterobacteriaceae can use these by-
products to support their DMSO respiration, TMAO respiration,
nitrate respiration, and formate oxidation, thereby promoting their
growth. While Bacteroidetes and Firmicutes bacteria lack the
ability to utilize these by-products, which puts their growth at a
disadvantage and ultimately leads to gut dysbiosis. DMSO:
Dimethyl S-oxide; TMAO: Trimethylamine N-oxide
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Figure 3 During IBD, some pathogenic microbial antigens can directly activate Toll-like receptors in intestinal epithelial cells or DCs,

inducing the expression of some pro-inflammatory factors. These microbial antigens can also promote the differentiation of naive CD4" T

cells into Th cells: Thl, Th2, Th17, or Treg cells. Inflammatory factors secreted by Thl, Th2, and Th17 cells have a negative effect on the

intestinal epithelial barrier function; while IL-10 and TGF-f secreted by Treg cells can help maintain intestinal homeostasis and avoid

excessive intestinal inflammation, which has a positive effect. In order to maintain homeostasis, certain gut bacteria is needed to promote the

growth of different T cell subgroups. Among them, Firmicutes and Bacteroidetes bacteria can inhibit the immune responses of Th1, Th2, and

Th17 cells, and Firmicutes bacteria can also promote the proliferation of Treg cells. And the Proteobacteria bacteria (AIEC, Klebsiella) can

aggravate host inflammation by promoting the secretion of inflammatory factors. In summary, the decreased abundance of Firmicutes and

Bacteroidetes, and the overgrowth of Enterobacteriaceae can further aggravate the gut inflammation. TLR: Toll-like receptor; DC: Dendritic

cell; AIEC: Adherent-invasive E. coli; TNF: Tumor necrosis factor; IL: Interleukin; ThO: Naive T cell; Th: T-helper cell; Treg: Regulatory T

cells; IFN-y: Interferon-y; TGF-f: Transforming growth factor-f
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Figure 4 Schematic diagram of regulation of intestinal inflamma-

/ Enterobacteriaceae

tion by interfering with the respiratory of Enterobacteriaceae bacte-
ria. As mentioned above, during IBD, facultative anaerobes such
as Enterobacteriaceae can utilize DMSO respiration, TMAO respi-
ration, nitrate respiration, and formate oxidation to support their
growth. Tungsten (W) and aminoguanidine hydrochloride (AG)
can inactivate nitrate reductase, TMAO reductase, formate dehy-
drogenase and therefore inhibit the growth of Enterobacteriaceae,

ultimately improving gut dysbiosis
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