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Abstract
AIM: To investigate the differences in cultivable gut 
bacteria and peroxisome proliferator-activated recep-
tor γ2 (PPAR-γ2) gene Pro12Ala variation in obese and 
normal-weight Chinese people.

METHODS: Using culture methods, the amounts of 
Escherichia coli , Enterococci , Bacteroides, Lactobacilli , Bi-
fidobacteria  and Clostridium perfringens (C. perfringens) 
in the feces of 52 obese participants [body mass index 
(BMI): ≥ 28 kg/m2] and 52 participants of normal-
weight (BMI: 18.5-24 kg/m2) were obtained. Study 
participants completed comprehensive questionnaires 
and underwent clinical laboratory tests. The polymerase 
chain reaction-restriction fragment length polymorphism 
(PCR-PFLP) assay was used to analyze PPAR-γ2  gene 
Pro12Ala variation.

RESULTS: The obese group exhibited a lower amount 
of C. perfringens (6.54 ± 0.65 vs 6.94 ± 0.57, P = 0.001) 

and Bacteroides  (9.81 ± 0.58 vs  10.06 ± 0.39, P  = 
0.012) than their normal-weight counterparts. No major 
differences were observed in Pro12Ala genotype distri-
bution between the two groups; however, obese indi-
viduals with a Pro/Ala genotype had a significantly lower 
level of Bacteroides  (9.45 ± 0.62 vs  9.93 ± 0.51, P  = 
0.027) than those with a Pro/Pro genotype. In addition, 
the obese group demonstrated a higher stool frequency 
(U = 975, P  < 0.001) and a looser stool (U = 1062, P  = 
0.015) than the normal-weight group.

CONCLUSION: Our results indicated interactions among 
cultivable gut flora, host genetic factors and obese phe-
notype and this might be helpful for obesity prevention.
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INTRODUCTION
Obesity and its concomitant consequences are a major 
cause of  metabolic disease in both developed and devel-
oping countries[1]. Its occurrence is attributed to a variety 
of  factors. Recent studies have revealed that gut flora, as 
an environmental factor, might play an important role in 
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the development of  obesity[2-6]. However, the majority 
of  these results are based on animal experiments or on 
studies that involved a small number of  human samples. 
Although molecular methods can detect the majority of  
uncultivable gut flora, microorganisms present in low 
numbers but with critical functions are usually omitted; 
thus, molecular methods provide only a rough profile of  
gut microbial ecology[7]. This prompted us to consider 
using culture methods to reveal differences in cultivable 
gut bacteria. Moreover, culture methods can demonstrate 
differences in predominantly cultivable bacteria and pro-
vide isolates for further characterization and potential ap-
plication in animal models, which is important for uncov-
ering the relationship between obesity and gut flora.

Along with gut flora, genetic factors are thought to 
be important in initiating obesity[8]. Previous studies have 
suggested that the nuclear hormone receptor peroxisome 
proliferator-activated receptor γ2 (PPAR-γ2) modulates 
cellular differentiation and lipid accumulation during 
adipogenesis[9-12], which is essential for the development 
of  obesity. Although it is widely accepted that obesity is 
caused by various environmental and genetic factors, as 
well as the complex interactions between them, how envi-
ronmental and genetic factors interact with each other in 
obesity remains to be elucidated.

Thus, the aim of  this study was to analyze the compo-
sition of  cultivable bacteria in obese individuals and their 
normal-weight counterparts to obtain cultivable, obesity-
related gut bacteria for further study, and to investigate 
the potential relationship between the PPAR-γ2 gene Pro-
12Ala polymorphism and cultivable gut bacteria.

MATERIALS AND METHODS
Participant recruitment and clinical laboratory tests
Participants were randomly recruited from Chengdu, a 
city located in southwest China. All subjects were Cheng-
du residents. Participants who were taking antibiotics or 
microecological modulators, and those who had had a 
gastrointestinal disease during the preceding month, were 
excluded from the study. Pregnant or lactating women and 
individuals with major systemic disorders or a history of  
malignant tumors were also excluded from the study.

The body height and weight of  study participants 
were measured to determine their body mass index (BMI; 
kg/m2). According to the definition of  obesity and nor-
mal-weight recommended by the Chinese guidelines for 
prevention and management of  overweight and obesity 
in Chinese adults, subjects were divided into obese (BMI 
≥ 28 kg/m2) and normal-weight (BMI 18.5-24 kg/m2) 
groups[13]. Routine blood, hepatic and renal function tests 
and electrocardiogram and B-mode ultrasonic abdominal 
examinations were performed to assess the health status 
of  each participant. Ultimately, 104 volunteers were in-
cluded in the study: 52 obese and 52 normal-weight sub-
jects. The study was approved by the Ethics Committee 
of  Sichuan University and informed consent was obtained 
from all participants before data collection.

Questionnaire survey
A comprehensive questionnaire was used to gather ba-
sic information as well as information on dietary intake, 
physical activity and defecation conditions for each par-
ticipant. In the questionnaire, a 72-h diet recall for each 
participant was recorded, which was used to assess macro-
nutrient intake from food composition tables for Chinese 
diets[14]. For each food, participants selected their serving 
size, which was represented by standard cups and spoons. 
Questions about stool form scales and bowel frequency 
were also included. According to the Bristol stool scale[15], 
stool forms are classified into three categories: type 1, 
emerging stools exhibiting fluffy pieces with ragged edges 
or soft blobs (transit fast, defecate easily); type 2, emerging 
stools exhibiting a smooth snake or sausage shape with 
cracks in the surface (transit normally, defecate normally); 
and type 3, stools that appear as separate, hard or even 
nut-like lumps (transit slowly, defecate with difficulty).

Fecal sample preparation, bacterial cultivation and 
counting
Fecal samples were obtained in the morning and quantita-
tively cultured for aerobic, facultative and anaerobic bac-
teria using the methods defined by the Chinese Ministry 
of  Health[16]. Briefly, freshly voided feces were collected 
in a sterile box. Fecal samples (10 g) were homogenized 
and serially diluted in sterile anaerobic solution. Appropri-
ate dilutions were incubated aerobically or anaerobically 
at 37℃ in duplicate using selective media within 2 h after 
collection. The culture times and conditions are shown in 
Table 1. The target bacterial colonies on each medium at 
the corresponding dilution were counted, and the bacteria 
were subsequently characterized by Gram staining and 
analytical profile index (API) fermentation tests (bioMéri-
eux, France). Colony counts were expressed as the log of  
colony forming units per gram of  wet feces.

DNA extraction and PPAR-γ2 genotyping
The Pro12Ala polymorphism of  the PPAR-γ2 gene was 
characterized using the polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) assay accord-
ing to the previously published methods with minor modi-
fications[17]. Briefly, peripheral blood was collected into 
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Table 1  Culture media and incubation conditions

Medium Time (d) Culture conditions Bacterial group

EMB agar1 1 Aerobic Escherichia coli
BEA agar2 1 Aerobic Enterococci
LBS agar2 2 Aerobic with 5% CO2 Lactobacilli
BBL agar1 2 Anaerobic Bifidobacteria
SPS agar1 2 Anaerobic Clostridium perfringens
GAM agar2 2 Anaerobic Bacteroides

1Purchased from Beijing Land Bridge Technology Co. Ltd., China; 
2Prepared in the laboratory according to methods defined by the Chinese 
Ministry of Health[16]. EMB: Eosin methylene blue; BEA: Bile esculin azide; 
LBS: Lactobacillus selection; BBL: Bifidobacterium culture; SPS: Sulfite-
polymyxin-sulfadiazine; GAM: Gifu anaerobic medium.



EDTA-coated tubes. Genomic DNA was isolated using 
a genomic DNA purification kit (SBS Genetech, China). 
PCR was performed in a total volume of  50 μL, contain-
ing 30 ng of  DNA, 0.4 μmol/L of  each primer (forward: 
5′-GCCAATTCAAGCCCAGTC-3′; reverse: 5′-GATAT-
GTTTGCAGACAGTGTATCAGTGAAGGAA-3′), 1 × 
PCR buffer, 2 mmol/L of  MgCl2, 0.2 mmol/L of  dNTP, 
and 4 U of  Taq DNA polymerase (SBS Genetech, China). 
The PCR cycle conditions consisted of  an initial denatur-
ation at 94℃ for 2 min followed by 35 cycles of  denatur-
ation at 95℃ for 15 s, annealing at 58℃ for 30 s and ex-
tension at 72℃ for 30 s, with a final extension at 72℃ for 
10 min. Then, the PCR product (267 bp) was incubated 
with 1 U of  Hpa Ⅱ (Fermentas Life Sciences, Canada) for 
4 h and digested fragments were separated by electropho-
resis in a 3.5% agarose gel and visualized by staining with 
GoldView I (Solarbio, China). To improve the genotyping 
quality and validation, all samples were re-genotyped and 
the results were reproduced with no discrepancies.

Statistical analysis
The populations of  six different types of  bacteria were 
log-transformed for further analysis. Quantitative data 
were expressed as the mean ± SD. The Student’s t test 
was used to compare the amounts of  cultivable bacteria 
in obese and normal-weight groups. Chi-squared tests 
were performed to analyze differences in qualitative data 
between the two groups. Abnormal distribution data were 
analyzed using nonparametric tests. The Hardy-Weinberg 
equilibrium was tested using the χ2 test with one degree 
of  freedom. Two-tailed P values less than 0.05 were con-
sidered statistically significant. The Statistical Program for 
Social Sciences 13.0 software (SPSS Inc., Chicago, IL) was 
used for all statistical analyses.

RESULTS
Clinical laboratory tests
A total of  104 participants were recruited for the study: 
52 obese (18 females) and 52 normal-weight (26 females) 
individuals. A homogeneity test indicated that the two 
groups were comparable with respect to age and sex 
(Table 2). With regard to the results of  the clinical labora-
tory examination, total cholesterol, triglycerides and fast-
ing glucose in the obese group were considerably higher 
than those in the normal-weight group (P < 0.01). Leu-
kocyte counts, granulocytes and intermediate cell counts 
in the obese group were significantly lower than those of  
normal-weight subjects (P < 0.05). No obvious differ-
ences between the obese and normal-weight groups were 
detected in other parameters (data not shown).

Questionnaire analysis
Physical activity and dietary intake of  energy and macro-
nutrients demonstrated no statistical differences between 
the two groups (data not shown). The results obtained 
for stool frequency and stool form scales are shown in 
Figures 1 and 2, respectively. For most people in the 
obese (44 of  52) and normal-weight (40 of  52) groups, 

stool frequency was once a day. However, stool frequency 
was higher in the obese group than in the normal-weight 
group (Figure 1; U = 975, P < 0.001). Furthermore, a 
notable difference in stool form scales was observed be-
tween the two groups (Figure 2; U = 1062, P = 0.015). 
In general, obese participants produced looser stools and 
defecated more easily than normal-weight controls.

Bacterial cultivation and counting
Quantitative bacterial studies (Table 3) demonstrated that 
the amount of  Bacteroides and Clostridium perfringens (C. per-
fringens) in feces was significantly lower (Bacteroides, 9.81 ± 
0.58 vs 10.06 ± 0.39, P = 0.012; C. perfringens, 6.54 ± 0.65 
vs 6.94 ± 0.57, P = 0.001) in the obese group than in the 
normal-weight participants. No differences in the concen-
trations of  Escherichia coli, Enterococci, Lactobacilli or Bifido-
bacteria were observed. However, there was a tendency for 
the amount of  Enterococci to be higher in the obese group, 
despite the five other target bacteria demonstrating the 
reverse trend (Table 3).

Pro12Ala polymorphism in PPAR-γ2 gene
The PPAR-γ2 gene polymorphism was analyzed in 88 sub-
jects. The genotype frequencies were in Hardy-Weinberg 
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Table 2  Descriptive characteristics of the study groups (mean 
± SD)

Obese (n  = 52) Normal-weight 
(n  = 52)

Age (yr)  34.65 ± 11.91   33.02 ± 10.37
Sex
   Male 34 26
   Female 18 26
Body mass index (kg/m2) 30.79 ± 2.80b 20.26 ± 1.50
Total cholesterol (mmol/L)   4.91 ± 0.80b   4.26 ± 0.75
Triglycerides (mmol/L)   2.33 ± 1.22b   0.95 ± 0.37
Fasting glucose (mmol/L)   5.42 ± 0.88b   4.90 ± 0.45
Leukocyte counts (× 109/L)   6.96 ± 1.71b   5.85 ± 1.49
Intermediate cells (× 109/L)   0.48 ± 0.12a   0.43 ± 0.10
Granulocytes (× 109/L)   4.44 ± 1.24b   3.59 ± 1.14

aP < 0.05, bP ≤ 0.01 vs the normal-weight group. 

Once every 3 d

Every other day

Once a day

Twice a day

Three times a day

0         20        40        60        80       100
                            %

Obese                  Normal-weight

0                           4

0                           6

              44                          40

                       7                            2

                             1                           0

Figure 1  Stool frequency in obese and normal-weight groups. The obese 
group demonstrated a higher stool frequency (U = 975, P < 0.001).
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equilibrium (χ2 = 0.764, P = 0.382). Pro/Pro and Pro/Ala 
were found in both obese and normal-weight groups; 
however, Ala/Ala was not detected in either group. No 
differences were observed in the distribution of  Pro12Ala 
genotypes (χ2 = 0.107, P = 0.743) or allele frequencies (χ2 
= 0.300, P = 0.584) between the groups (Table 4). A typi-
cal electrophoresis of  the PPAR-γ 2 Pro12Ala polymor-
phism PCR product digested by Hpa Ⅱ is presented in 
Figure 3.

Relationship between PPAR-γ2 gene polymorphism and 
cultivable gut bacteria
The genetic effects of  the Pro12Ala variant on the six gut 
bacteria were analyzed in the obese and normal-weight 
groups. No significant differences between the genotype 
groups, with respect to the six types of  gut bacteria, were 
observed (data not shown) except in the obese group. 
Obese individuals with a Pro/Ala genotype had a lower 
amount of  Bacteroides than those with a Pro/Pro genotype 

(9.45 ± 0.62 vs 9.93 ± 0.51, P = 0.027). Moreover, in our 
study, obese Ala allele carriers had a slightly higher BMI 
value than obese participants without the Ala allele (31.88 
± 3.26 vs 31.01 ± 2.37, P = 0.393); however, the difference 
was not statistically significant.

DISCUSSION
Since the first publication on obesity and gut bacteria in 
2004[3], molecular analysis assays have been used to reveal 
differences in gut bacteria between obese and non-obese 
individuals as well as in animal models. Although 6 years 
have passed, data from large-scale human studies using 
culture methods are lacking, possibly because it is a time-
consuming and labor-intensive process. However, culture 
methods are indispensable for studying the relationship 
between obesity and gut bacteria.

Our study is the first to use culture methods to analyze 
differences in fecal bacteria in more than 100 participants 
(52 obese and 52 normal-weight individuals). Our results 
demonstrated that the obese people had fewer cultivable 
Bacteroides than normal-weight individuals, which is con-
sistent with previous studies that detected fewer Bacteroides 
in obese rodent models and humans using different mo-
lecular detection methods[4,6,18,19]. Other studies indicated 
that the abundance of  Bacteroides could promote the gen-
eration of  propionate, which limits lipid synthesis from 
acetate and may contribute to a lean phenotype[20,21]. Our 
study supports this by showing that a larger amount of  
cultivable Bacteroides occurs in normal-weight people; thus, 
altering the amount of  this cultivable bacterium in obese 
individuals may help them lose weight.

Bacteroides are the most dominant group of  bacteria in 
the gut and comprise at least four key species (B. thetaiotao-
micron, B. vulgatus, B. distasonis and B. fragilis)[22,23]. B. thetaiotao-
micron salvages energy by breaking down numerous types 
of  otherwise indigestible polysaccharides and helps shape 
the metabolic milieu of  the intestinal ecosystem[24-26]; 
however, symbiotic roles for other members of  Bacteroides 
remain unclear. In vitro and in vivo culture methods, such as 
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Figure 2  Stool form scale in obese and normal-weight groups. A substan-
tial difference was observed in the stool form scale between the obese and 
normal-weight groups (U = 1062, P < 0.05). A greater number of participants 
in the normal-weight group demonstrated a type 2 (stools exhibiting a smooth 
snake or sausage shape with cracks in the surface) and type 3 (stools appear-
ing in separate, hard lumps or even in a nut-like form) stool form compared with 
their obese counterparts (42 vs 34, 3 vs 1).

Table 3  Viable counts of the six gut bacteria in obese and 
normal-weight groups (mean ± SD)

Bacterial groups Obese (n  = 52) Normal-weight (n  = 52)

Bacteroidesa 9.81 ± 0.58 10.06 ± 0.39
Escherichia coli 7.76 ± 0.92   8.09 ± 0.81
Enterococci 7.53 ± 1.05   7.27 ± 2.07
Lactobacilli 7.98 ± 1.38   8.26 ± 0.70
Bifidobacteria 8.75 ± 1.50   9.17 ± 0.80
Clostridium perfringensb 6.54 ± 0.65   6.94 ± 0.57

aP < 0.05, bP < 0.005 vs the normal-weight group.

Table 4  Genotype distribution and allele frequency of per-
oxisome proliferator-activated receptor γ2 Pro12Ala  n  (%)

Group Genotype Allele

Pro/Pro Pro/Ala Ala/Ala Pro Ala

Obese group 
(n = 41)

33 (80.5) 8 (19.5) 0 (0) 74 (90.2) 8 (9.8)

Normal-weight 
group (n = 47)

40 (85.1) 7 (14.9) 0 (0) 87 (92.6) 7 (7.4)

Figure 3  Genotyping analysis of peroxisome proliferator-activated recep-
tor γ2 Pro12Ala polymorphism by polymerase chain reaction-restriction 
fragment length polymorphism. M: Molecular marker; PA: Pro/Ala heterozy-
gote; PP: Pro/Pro homozygote.

267 bp

224 bp

600 bp

400 bp

300 bp

200 bp

100 bp

M                   PP                  PA
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the inoculation of  target species of Bacteroides into animal 
models, could facilitate further studies on the role of  the 
different Bacteroides. Culture methods can also help isolate 
and characterize specific cultivable Bacteroides, and strains 
with desirable traits may be applied in animal models to 
elucidate how their mechanisms of  action may be associ-
ated with obesity.

In our study, the obese group also demonstrated a low-
er amount of  C. perfringens than the normal-weight group. 
This ubiquitous bacterium is a normal inhabitant of  the 
mammalian colon[27]. A previous study demonstrated that 
Clostridia produces medium-length fatty acids that increase 
water absorption, dry up feces, weaken stool mobility and 
eventually result in constipation[28]. Another study found 
that lower numbers of  C. perfringens might enhance fecal 
moisture content[29]. These results may help interpret our 
findings that the obese group had looser feces and higher 
stool frequencies (Figures 1 and 2), along with lower levels 
of  C. perfringens. However, no study has previously shown 
that C. perfringens interferes with host energy balance, and 
the role of  this bacteria in the development of  obesity re-
quires further studies.

Our study also found that the amount of  Enterococci 
in the obese group was higher than that in the normal-
weight group. Enterococci are the most controversial group 
of  gut bacteria because of  their beneficial and virulent 
characteristics[30], and their role in the development of  
obesity remains unknown. The abundance of  Enterococci in 
the obese group in our study indicates that they may play 
a role in the development of  obesity; however, this has yet 
to be conclusively demonstrated.

Genetic variations and gut flora could both affect 
obesity status. Recent evidence[31] suggests that factors 
related to host genotype have an important effect on 
determining the bacterial composition of  the gastrointes-
tinal tract. Our study evaluated the possible relationship 
between polymorphism of  the PPAR-γ 2 gene and gut 
bacteria, and found that the obese Ala allele carriers had a 
lower amount of  Bacteroides than their obese counterparts 
without the Ala allele. This may indicate an association 
between reduced Bacteroides in the gut and the obese Ala 
allele carriers (Pro/Ala, BMI ≥ 28 kg/m2).

Of  the potential thrifty genes, PPAR-γ 2 plays a key 
role in modulating adipogenic differentiation[11,12]. Dur-
ing the past decade, the relationship between Pro12Ala 
variants of  the PPAR-γ 2 gene and the obese phenotype 
has been investigated. However, conclusions from the 
different studies have been inconsistent. To resolve the 
apparent discrepancies, a meta-analysis was carried out 
to evaluate data from 19 136 subjects in 30 independent 
studies. This analysis demonstrated that Ala allele carriers 
in a recessive model with a BMI above 27 kg/m2 had a 
significantly higher BMI than noncarriers[32]. As described 
above, a lower level of  Bacteroides might be associated with 
obesity. Thus, the Pro12Ala variant of  the PPAR-γ2 gene 
may only have an effect on individuals with a higher BMI 
because of  the collective actions of  decreased Bacteroides 
levels in the gut, the Pro12Ala polymorphism and their 
complex interactions on obesity status.

In this study, we tested a relatively larger sample (52 
participants for each group) and decreased numbers of  
Bacteroides and C. perfringens were found in the obese group. 
However, further studies are needed to make a clear 
conclusion on the relationship between gut bacteria and 
obesity. Our study also found that obese individuals with a 
Pro/Ala genotype had a statistically lower level of  Bacteroi-
des than obese participants with a Pro/Pro genotype. How-
ever, the relationship between genotype and gut bacteria 
requires further elucidation. Furthermore, as this study was 
only confined to a Chinese population, caution should be 
taken when extrapolating these results to other races.

In conclusion, this study provides for the first time 
the data on the differences between six types of  gut bac-
teria in obese and normal-weight Chinese individuals in a 
large sample (104 participants) using culture methods. We 
found that the obese group exhibited a lower amount of  
Bacteroides and C. perfringens, and a slightly higher amount 
of  Enterococci than the normal-weight group. This suggests 
that obesity may be combated through alteration of  spe-
cific cultivable gut bacteria. Moreover, our results found 
that gut bacteria (Bacteroides) might be affected by varia-
tions in human genetic factors. These results indicate that 
interactions between gut flora, host genetic factors and 
the obese phenotype might lead to development of  new 
measures for the prevention, intervention and treatment 
of  obesity.
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