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Abstract. Obesity is a global problem that has had a serious impact on the health of many people 
around the world. Recently, scientists have discovered that the gut microbiome has a significant 
influence on human obesity. The objective of this article is to synthesize and examine the existing 
state of research, evolving trends, and critical problems related to the relationship between gut 
microbiota and obesity. This review summarizes the intestinal flora species that have an impact on 
obesity discovered in recent studies, the metabolic products of the intestinal flora that have a direct 
impact on obesity and their mechanisms of action, the therapies for modifying the intestinal flora 
based on synthetic biology for the treatment of obesity, their limitations, and prospects. 
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1. Introduction 

Today, it has been reported that overweight or obesity affects 40% of the global population. Based 
on the data from the Obesity Federation, it is expected that overweight or obesity will have an impact 
on more than 4 billion people by 2035. Clearly, obesity poses a significant threat to public health. It 
leads to metabolic disorders in the human body. For example, excessive accumulation of fat has a 
destructive effect on glucose metabolism, leading to dysfunction of multiple metabolic pathways 
involving adipose tissue, liver, heart, pancreas, and muscle [1]. Concentration of fat also leads to 
chronic inflammation, which continuously affects fat storage and metabolism[2]. Although numerous 
studies have sought to elucidate the physiopathologic mechanisms of obesity, the exact workings of 
this condition remain unclear, particularly regarding the connection of the intestinal microbiome and 
obesity. In previous studies, an increase in phylum Firmicutes, the genus Clostridium, as well as the 
species Clostridium coccoides, Eubacterium rectale, Lactobacillus reuteri, Clostridium histolyticum, 
Akkermansia muciniphila, and Staphylococcus aureus was often found to be associated with 
obesity.[3], which will influence energy metabolism through countless methods. In the following 
article, we will introduce the types of bacteria that can regulate obesity, specifically the metabolic 
products of the gut microbiota used to regulate obesity, as well as the therapies for obesity developed 
based on the gut microbiota. 

2. The intestinal microbiota affects host obesity through specific metabolic 
products or metabolic pathways. 

Increasing research suggests that microbiota is related to obesity. For example, in obese children, 
the Firmicutes in the gut increased, while that of Bacteroidetes went down.[4] Another research 
revealed that the Firmicutes/Bacteroidetes ratio rose with increasing BMI.[5] However, contrary 
results have emerged from some studies—scientists detected no substantial variation in Bacteroidetes 
abundance between obese populations and individuals with a normal body weight.[6]  

It has been recently discovered that the Christensenellaceae is related to weight-loss.[7] 
Akkermansia muciniphila serves as a crucial bacterium when it comes to weight loss. Supplementing 
with Akkermansia muciniphila can enhance metabolic parameters among overweight and obese 
individuals.[8] Obesity is negatively correlated with the Lactobacillus paracasei (L. paracasei), while 
the abundances of L. reuteri and L. gasseri are significantly associated with obesity. Evidence of the 
anti-obesity effect of Bifidobacterium has been obtained. In dietary obesity animal models, its 
administration showed strain-dependent obesity effects.[9] Nevertheless, obesity is linked to a 
reduction in the abundance of Bifidobacterium in the gut.[10] Million et al. discovered that M. smithii 
and B. animalis were linked to normal weight, whereas Lactobacillus reuteri was related to 



 

1157 

Advances in Engineering Technology Research AIMMEE 2025
ISSN:2790-1688 Volume-15-(2025)

obesity.[11] What these findings reveal is that microorganisms linked to obesity have species 
specificity: even bacteria in the same genus may exert opposing effects, which is presumably tied to 
the complex metabolic mechanism that drives obesity. Additionally, scientists found that Clostridium 
argentinoides can produce a relatively high level of 4-hydroxyphenylacetic acid (4HPAA), which 
inhibits obesity in mice bearing a diet with high-fat.[12] 

2.1 Short-chain fatty acids(SCFAs) 

Intestinal microbiota allow humans to obtain energy from indigestible foods. They convert those 
indigestible foods into SCFAs, which supply 10% of the daily energy requirement for humans.[13] 
Scientists found that germ-free mice weighed less and excreted more calories in feces and urine than 
ordinary mice. This finding supports idea that the intestinal microbiota can assist humans in extracting 
more energy, achieving better energy balance, and maintaining weight.[14]. In another study, it shows 
that normal-weight adults who follow high-calorie diets have more stool energy loss than those who 
are overweight [15]. In a previous study, SCFAs were involved in several pathways that affect 
metabolism. One of the pathways is that SCFAs function as signaling molecules. In this way, they 
can modulate the secretion of various hormones[16]. Moreover, SCFAs can interact with G-protein-
coupled receptors, stimulating the secretion of gut peptides [16], and induce intracellular signaling 
pathways that ultimately affect energy metabolism, insulin sensitivity, and inflammation.[17]. For 
instance, SCFA supplementation can improve insulin resistance and obesity in mice with diet-induced 
obesity[18]. Interestingly, there is contradictory evidence regarding the function of SCFAs. For 
example, a study shows that individuals with obesity have more SCFAs than normal weight 
individuals, thus suggesting that obesity contributes to increased energy harvest. Some studies have 
shown that humans can benefit from SCFAs as they function. However, the specific mechanism 
underlying how gut microbiota affects energy harvest is still unknown. 

2.2 LPS and other pathogen-associated molecules 

One characteristic of obesity and metabolic disorders is Low-grade inflammation[19], which was 
initially found to be related to gut microbiota because of the occurrence of metabolic 
endotoxaemia[20]. Metabolic endotoxaemia refers to an elevation in the levels of circulating 
lipopolysaccharides (LPS) in the blood resultting in low-grade chronic inflammation as well as 
metabolic dysfunction [21]. LPS are some Gram-negative bacteria’s outer membrane molecules. 
Ordinarily, FPS’ transportation from gut to blood can be prevented by the gut barrier[21, 22]. 
However, numerous factors are capable of undermining the integrity of the gut barrier, such as a high-
fat diet[23], common infections or inflammatory bowel diseases, excessive alcohol consumption[24], 
a lack of dietary fiber [25], and obesity[23]. Those factors result in a multitude of changes, involving 
modifications in the position and arrangement of tight proteins, fluctuations in antimicrobial peptides 
production, and mucus layer transition[26, 27]. 

Many mechanisms can account for how the compounds secreted by the gut influence the adipose 
tissue mechanism. The first one involves the activation of inflammatory pathways by TLR4 together 
with CD14, which then initiates the immune responses of the adipose tissue. [20]. Upon exposure to 
LPS, changes will occur in adipocytes and preadipocytes, disrupting the normal course of 
adipogenesis. LPS can modulate gene expression and the secretion of cytokines to suppress the 
diversification of mouse preadipocytes into mature adipocytes.[20].  

Nevertheless, the interplay among LPS, fat tissue, and metabolic disorders is intricate and 
continues to be an area that is under intense research. To ascertain whether LPS in the gut can induce 
glucose and insulin resistance and macrophage accumulation in white adipose tissue (WAT). A 
research found that once the gut of the mice was colonized by this bacterium capable of generating 
LPS, it gave rise to disrupted glucose metabolism, augmented macrophage accumulation, and a 
tendency towards the M1 phenotype in the WAT. In contrast, when GF mice were mono-colonized 
with an E. coli strain that expresses LPS but has reduced immunogenicity, it did not cause macrophage 
accumulation or inflammation in the WAT[28]. Also, statistic suggests that LPS from specific 
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bacteria can have an antagonistic effect on TLR4 but still contribute to endotoxaemia. Anhê et al. 
Found that LPS from E.coli injures the gut barrier and aggravates glycaemic control in mice. But the 
LPS, which is secreted by other bacteria, doesn’t have the same negative effects in obese mice; they 
can even counteract the dysglycaemia caused by LPS from E.coli[29]. Those discoveries suggest that 
metabolic endotoxaemia ought to go beyond just the LPS load and take into account the specific 
features of LPS molecules. 

2.3 Bioactive lipids 

Bioactive lipids are a category of signaling molecules and they play vital roles in a multitude of 
both physiological and pathological processes [30]. Besides, they take part in many biological 
activities, including regulating blood pressure, influencing inflammation, facilitating cell growth, and 
participating in immune responses[31, 32]. Bioactive lipids are secreted by both the host and gut 
microbiota, and such lipids have the ability to impact the microbiota’s composition and activity, along 
with multiple metabolic processes of the host.[33, 34]. We will introduce several kinds of bioactive 
lipids. 

Although bile acids are produced by the liver, the activities and composition of the microbiota 
have an impact on their production. [35]. When humans consume foods, the bile acids stored in the 
gallbladder will be released into the gut to assist in the digestion and absorption of dietary fat. 

Endocannabinoids(eCB) are produced by digestive tract cells when on a high-fat diet. They are 
capable of modulating glucose, appetite, and lipid metabolism, and contributing to immunity.[33, 36]. 

Research proves that when our tongue tastes the fat in food, it produces a signal that is transmitted 
to the cerebrum. Then the cerebrum separates the signal to the gut through the vagus, and the signal 
in the gut stimulates eCB’s productivity. In the role of the eCB system, the human body begins to 
secrete digestive substances, which cause the feeling of hunger, leading to a greater urge for high-fat 
foods.[37] This process is essentially an addictive response caused by eCB. This finding provides a 
method for humans to solve the problem. For instance, controlling the cell reception of eCB through 
drugs to interfere with addiction signal transmission[38]. Although people will feel anxious and upset 
when eCB is blocked in the cerebrum, it causes an addictive response outside the cerebrum, so the 
block of eCB won’t trigger other side effects. Furthermore, scientists have uncovered another finding 
which suggests that the eCB system contributes to the function of the gut barrier, the regulation of 
intestinal microbiota, and the metabolism of adipose tissue. Specifically, an increase in anandamide 
in obesity or diabetes mice leads to increased gut permeability based on  CB1[36]. Moreover, when 
the eCB system was activated by means of a powerful eCB agonist, adipogenesis was boosted, and 
the integrity was impaired[39]. These changes go on to enhance the levels of LPS in the blood, disrupt 
the gut barrier, and have an impact on both the endocannabinoid system in adipose tissue and the 
whole intestine. ultimately shaping a harmful circulation and altering the metabolism of adipose tissue. 
This finding demonstrates that adipogenesis is influenced by the backfeed loop of LPS and the eCB 
system. 

2.4 Tryptophan derivatives 

Tryptophan is capable of being metabolized into a variety of metabolites within the intestinal 
microbiota and tissue cells. Compared to healthy people, the levels of tryptophan metabolites in the 
blood samples of obese individuals are lower. Nevertheless, kynurenine (Kyn), which is another 
metabolite of tryptophan, presents a high level in obese individuals. This is likely due to the elevated 
enzymatic activity of indoleamine 2,3-dioxygenase 1 (IDO1).[40] Studies have shown that an 
increase in the enzyme activity of IDO1 has been witnessed in obesity, implying that obesity is related 
to the enzyme activity of IDO1 in the intestine. Deleting or inhibiting IDO1 can maintain the gut 
mucosal barrier, enhance insulin sensitivity, modify lipid metabolism in the liver and adipose tissues 
and alleviate metabolic endotoxaemia and inflammation.[41] 

Some enzymes encoded by the intestinal microbiota are homologous to the ones in the eukaryotic 
Kyn pathway. These enzymes can regulate the aryl hydrocarbon receptor (AHR) pathway by means 
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of tryptophan derivatives and indole, promoting the specialization of preadipocytes into mature 
adipocytes in order to regulate the growth of adipose tissue. Moreover, the AHR pathway plays a part 
in regulating adipogenesis and adipocyte metabolism.[42, 43] Consequently, it inhibits weight gain 
in mice fed a high-fat diet and enhances glucose tolerance.[44] Kyna and GPR5 increased the 
expression of PGC1α, thereby enhancing the expression level of the Rgs14 gene, which resulted in 
an increase in signal conduction of β-adrenergic receptors. Instead, the deletion of the GPR5 gene led 
to an increase in weight, glucose intolerance, and greater susceptibility to a fatty diet. Moreover, it 
was revealed that GPR5-knockout mice had a functional deficiency in the browning of adipose tissue 
that was induced by exercise. This discovery reveals a new pathway that can modulate energy 
homeostasis via the interaction among gut microbiota-derived metabolites.[44] 

Furthermore, research indicates that gut microbiota influences energy expenditure and insulin 
resistance by regulating the expression of the miR-181 family via the tryptophan-derived metabolite 
they generate. Besides, the improper regulation of the miR-181 axis plays a part in obesity, insulin 
resistance, and inflammation in WAT. Among a group of children categorized according to their 
weight percentiles (19 vs 19 children being obese), it was discovered that the expression of miR-181 
in WAT and the plasma levels of tryptophan-derived metabolites were abnormally regulated in cases 
of obesity.[45]. 

Serotonin is a derivative of tryptophan. In research, scientists have observed that mice on a fatty 
diet exhibit two different phenotypes (one fat and one thin). It was discovered that Bacteroides 
common plays a key regulatory role in the body weight of mice. The content of serotonin in 
Bacteroides vulnificus was significantly changed by immunofluorescence detection. On this basis, 
they treated mice on a high-fat diet with serotonin and found that the mice lost weight.[46] 

2.5 Aromatic metabolites 

Aromatic compounds constitute a category of compounds possessing a benzene ring structure. 
They have a stable structure and are not easy to decompose. and some of the members (mainly 
4HPAA, 3HPP, 4HPP and Tyrosol) can regulate the occurrence of obesity. In a recent study, scientists 
analyzed body fat, blood lipids, and fecal microbiome in a large-scale cohort study (with over 4,000 
samples from Guangzhou), and found that the aromatic metabolites of microorganisms (mainly 
4HPAA, 3HPP, 4HPP, and Tyrosol) were associated with the accumulation of body fat. Afterwards, 
they conducted animal experiments based on this discovery, feeding the same group of mice either a 
regular diet or a fatty diet. Among them, some mice from the fatty diet group were also extracted and 
treated with one of the substances, respectively. It was noticed that the weights of the mice to which 
a single substance was added were all lower than those of the mice on the high-fat diet without any 
substance added.[12] 

Afterwards, they analyzed the mechanism of action of these four substances. It turned out that the 
addition of these four substances had no impact on the appetite of mice and scarcely influenced the 
energy consumption of mice, but the absorption of food by mice was significantly affected (the 
absorption rate was lower compared to untreated mice), and scientists found that mice that were 
treated with these four substances for a long time would also show symptoms of insulin resistance. 
In addition, they found that these four substances could upregulate the B-cell immune response, 
thereby reducing the inflammatory response in mice.[12] 

Through extensive metabolomics analysis, scientists have discovered that Bacteroides and 
Clostridium butyricum are closely related to the weight changes of mice. Scientists artificially altered 
the content of two types of bacteria in the intestines, observed the weight changes of mice, and 
conducted product analysis. They found that para-aminobenzoic acid could limit the weight gain of 
mice.[47] 
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3. The method of synthetic biology for modifying the intestinal flora to treat 
obesity 

Because the gut microbiota has many influences on obesity, scientists have developed probiotic 
therapy. However, traditional probiotic therapies often have inconsistent effects and cause adverse 
reactions.[48] This restriction prompted scientists to seek a new pathway for treating the disease.  

Recently, Scientists have carried out gene reprogramming on the bacteria in the gut microbiome, 
equipping them with new enzyme activities or regulatory circuits so that they are capable of executing 
enhanced or novel biochemical functions which are advantageous to the host. In this manner, 
therapeutic effects surpassing those that the natural microbiota can attain have been realized.[49] 
Compared to unmodified microbiota therapy, live bacteria therapy methods have several obvious 
advantages: it is possible to design them to carry out functions that are absent in natural gut bacteria, 
like rapid detoxification, decomposition of metabolites, or the delivery of human cytokines.[49] 

The rapid development of gut microbiota design is attributed to the discoveries of synthetic biology 
techniques and enzyme engineering. In the field of synthetic biology, scientists have successfully 
precisely edited microorganisms through the CRISPR-Cas system. For instance, a genome editing 
approach targeting various Bacteroides species in the human gut, based on CRISPR/Cas12, has been 
demonstrated. Moreover, researchers are able to simulate the metabolic network of bacteria by 
making use of sophisticated genome-scale metabolic models of gut bacteria and microbiota. Through 
this method, they can anticipate which gene deletions or additions will lead to production that 
corresponds to the expected result.[50] In the field of enzyme engineering, a study conducted in 2024 
offered a series of molecular tools for the protein secretion of Bacteroides. These tools aided in 
identifying signal peptides and secretion pathways that can enhance the process of exporting 
therapeutic proteins.[51] Moreover, researchers utilized directed evolution and computational 
enzyme design to boost the catalytic efficiency within the gastrointestinal environment. 

3.1 Modify a single strain to produce beneficial substances. 

Lacto-N-triose II (LNT II) has garnered significant attention due to its potential as a nutraceutical, 
as it facilitates the production of more intricate foods at levels analogous to those in human milk.[52] 
Owing to these remarkable traits, there is a strong inclination to utilize engineered microorganisms 
for the production of LNT II. By modifying the metabolic engineering of E. coli Nissle 1917 (EcN), 
such as overexpressing the lgtA glycosyltransferase, intensifying the supply of UDP-GlcNAc, 
mitigating feedback inhibition, and eliminating competing pathways, scientists obtained high-yield 
LNT II strains.[53] Scientists have proved through computer models that eliminating specific 
fermentation pathways in Escherichia coli will divert carbon to enhance butyrate synthesis. This 
provided information for the generation of strains knocked out in the lactic acid and succinic acid 
production pathways, thereby increasing the yield of butyrate in the experiment.[54] Praveschotinunt 
et al. made modifications to E.coli Nissle to enable it to secrete biologically active anti-TNF 
nanobodies that are linked to the cell surface via matrix-binding domains. In the model of 
Inflammatory Bowel Disease , this customized anti-TNF administration mitigated the inflammatory 
signal in the colonic mucosa, thereby reducing the severity of the disease.[55] Wang et al. engineered 
Escherichia coli Nissle to secrete a parasitic worm protein known as Sj16, which is capable of 
inducing regulatory immune cells. When this strain is administered orally, it can help restore butyrate-
producing commensal bacteria and boost the level of retinoic acid, consequently improving colitis in 
mice.[56] Palmer et al. made modifications to E.coli Nissle so that it could produce microamycin H47 
in response to the biomarker tetrathionate of Salmonella infection.[57] In the mouse intestinal 
infection model, this modified strain selectively eliminated Salmonella, leading to a significant 
reduction in the pathogen load.[51] To address metabolic syndrome, Ma et al. altered E.coli Nissle to 
enable it to secrete glucagon-like peptide 1 mimics. As a result, this led to a reduction in weight gain 
among obese mice and an improvement in glucose tolerance.[55] 
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3.2 Modify multiple strains for combined treatment. 

Scientists have developed a genetically modified yeast strain capable of detecting and binding to 
Clostridium difficile toxin protein in the colon, thereby reducing its impact. Riglar et al. introduced 
two strains within a two-strain system. One of the strains is an Escherichia coli strain secreting anti-
inflammatory effectors, while the other strain serves as a live diagnostic to monitor inflammation. It 
is likely that one strain can identify inflammatory markers and then trigger the other strain to dispense 
the drug.[58] 

3.3 Degrading harmful compounds or eliminating harmful bacteria 

The utilization of targeted active biological therapy is capable of specifically eliminating 
antibiotic-resistant bacteria or harmful pathogens while safeguarding the integrity of the rest of the 
microbiota. In this way, it can lessen the dependence on broad-spectrum antibiotics.[59] Scientists 
have developed a genetically modified yeast strain for detecting and binding Clostridium difficile 
toxin protein in the colon, thereby reducing its effects.[58] 

Synlogic's strain SYNB8802 is a type of E.coli that has been modified to metabolize oxalate
（Excessive accumulation of oxalate can cause kidney stones).[60] In contrast, Novome 's strain 
(NB1000) with an oxalic acid degradation pathway and a dependent circuit, which could stably 
implant in the intestine when specific polysaccharides were given.[55] Engineered bacteria have been 
developed to absorb excessive trimethylamine or choline in the gut, thereby reducing trimethylamine-
N-oxide.[61] 

3.4 Inhibit the proliferation of harmful bacteria. 

Hwang et al. modified E.coli Nissel specifically against Pseudomonas aeruginosa. The modified 
Escherichia coli is equipped with a genetic circuit that can recognize the population signal of 
Pseudomonas aeruginosa and then produce customized bacteriocins and lysate peptides to eliminate 
Pseudomonas. This probiotic can eliminate Pseudomonas aeruginosa infection present and prevent 
its formation during preventive administration.[62] Meanwhile, the safety, dose standardization, and 
host-specific variability of microbial therapy still need further optimization and confirmation.[59] 

4. Conclusion 

Although scientists have discovered many cases of intestinal microbiota regulating obesity, there 
are still many unclear mechanisms of action, and changes in many substances may have opposite 
effects in different individuals. However, therapies for obesity developed based on the gut microbiota 
also face numerous challenges, including poor viability and persistence of strains, as well as reduced 
therapeutic effects due to differences between humans and experimental animals. On this path, further 
exploration by scientists is still needed. 

Although engineered bacteria are more controllable and adjustable compared to traditional 
therapies, engineered strains are also facing severe challenges. One of the principal problems is the 
variable implantation and persistence of microorganisms in the gastrointestinal environment, which 
are influenced by factors, the makeup of the natural microbiota, and diverse immune responses among 
individuals. This variability affects the reproducibility and treatment outcomes among various 
populations.[59] 
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