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Abstract 

The increasing prevalence of obesity is closely related to excessive energy consumption. Clinical 
intervention of energy intake is an attractive strategy to fight obesity. However, the current 
FDA-approved weight-loss drugs all have significant side effects. Here we show that ribose 
upregulates gut motility and suppresses mice body weight gain. Ribokinase, which is encoded by 
Rbks gene, is the first enzyme for ribose metabolism in vivo. Rbks mutation resulted in ribose 
accumulation in the small intestine, which accelerated gut movement. Ribose oral treatment in 
wild type mice also enhanced bowel motility and rendered mice resistance to high fat diets. The 
suppressed weight gain was resulted from enhanced ingested food excretion. In addition, the 
effective dose of ribose didn’t cause any known side effects (i.e. diarrhea and hypoglycemia). 
Overall, our results show that ribose can regulate gut motility and energy homeostasis in mice, and 
suggest that administration of ribose and its analogs could regulate gastrointestinal motility, 
providing a novel therapeutic approach for gastrointestinal dysfunction and weight control. 
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Introduction 
Obesity and overweight have become a global 

health concern in the past few decades. 
Obesity-related morbidities, such as diabetes, 
hypertension and cardiovascular diseases, 
dramatically decrease life expectancy [1-4]. The 
increasing prevalence of obesity in recent years is 
closely related to the changes of eating behavior, 
expanded energy intake and disturbed energy 
homeostasis. Interference of energy intake becomes an 
attractive approach for fighting obesity. There are 
currently three FDA-approved long-term-use weight 
loss drugs, targeting either the hypothalamus or the 
digestive tract [5, 6]. Qsymia and Lorcaserin targets 
neurotransmitter receptors in the central nervous 
system (CNS) to reduce appetite, but also leads to 
non-specific effects in several organ systems, e.g. 
blurred vision, dizziness, cognitive impairments and 

depression [7-9]. Comparing with the CNS which 
affects various organs, the digestive tract may be a 
better drug target. Nevertheless, orlistat, which 
inhibits fat absorption in the gut, may result in 
gastrointestinal disorder (e.g. steatorrhea and 
irregular bowel movements) and serious hepatic 
adverse events [10, 11]. It may also interfere with 
many other drugs and affect their bioavailabilities 
[12-14]. Thus, there are demands for new therapeutic 
strategies targeting energy homeostasis in the 
digestive tract.  

Nucleic acid, carbohydrates, fat and protein are 
the major nutrition components derived from food. 
Although the metabolism of carbohydrates, fat and 
protein in energy homeostasis has been studied for 
decades [15-17], the roles of nucleic acid and its 
digestive products in regulating energy balance are 
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poorly understood. D-ribose, a naturally occurring 
pentose monosaccharide, is a product of dietary 
nucleic acid digestion [18]. Previous studies indicated 
that ribose is a promising supplement in improving 
heart and skeletal muscle performances [19-23]. 
However, as one of the most abundant digestive 
products of nucleic acid, the function of ribose in the 
digestive tract and energy homeostasis is poorly 
understood. 

Ribokinase is known as the first enzyme 
responsible for ribose metabolism in mammals. It 
belongs to the PfkB family of carbohydrate kinase, 
and can phosphorylate ribose into 
ribose-5-phosphate. Ribokinase is highly 
evolutionally conserved from bacteria, insects to 
mammals [24]. It is encoded by the Rbks gene, which 
has only one homolog in mice and human. Although 
ribokinase activity was firstly identified in in vitro 
assay using calf liver extracts more than 50 years ago 
[25], little work had been carried out on its function in 
mammals. 

To better understand the role of ribose and 
ribokinase in mammals, we generated Rbks gene 
knock-out mice. Our data showed that after Rbks gene 
depletion, the motility of the small intestine enhanced. 
The accelerated gut movement was induced by 
disrupted ribose homeostasis, which was confirmed 
in wild type mice using ribose oral administration. In 
addition, when wild type mice were challenged by a 
high fat diet, the enhanced gut motility induced by 
ribose oral treatment lead to increased energy 
excretion and, in turn, affected body weight. Our 
study revealed, for the first time, the function of 
ribose in the digestive tract and energy homeostasis. 
Administration of ribose and its analogs could 
regulate gastrointestinal motility, providing a novel 
therapeutic approach for gastrointestinal dysfunction 
and weight control.   

Results 
Generation of Rbks knock-out mice 

The murine ribokinase protein contains 323 
amino acids (a.a.), with the substrate binding sites 
(26-308 a.a.), the dimer interface sites (29-181 a.a.), and 
the ATP binding sites (200-303 a.a.). The Rbks gene 
knock-out mice were generated by removing exon2, 
which results in deleting 31-76 a.a. encoded by exon2 
and frame shift after 76 a.a. from splicing exon1 to 
exon3 (Fig. S1; Materials and Methods). Rbks gene 
targeted embryonic stem cells purchased from 
European Conditional Mouse Mutagenesis Program 
were injected into C57BL/6 blastocysts. The targeting 
construct contained an E. coli β-galactosidase reporter 
and a neomycin expression cassette (galeo cassette) 

flanked by FRT sites. Immediate after the galeo 
cassette, the Rbks exon2 was flanked by loxP sites (Fig. 
S1A). The chimeric Rbksgaleo/+ male mice were mated 
with C57BL/6 females to generate stable colonies for 
LacZ gene expression assay and for further Rbks 
knock-out mice breeding (Fig. S1B). The galeo reporter 
cassette was removed by mating with ubiquitously 
active CAG-flpe mice to produce RbksF/+ mutants. 
RbksF/+ mice were mated with Actin-cre mice to delete 
exon2 by cre-loxP recombination (Fig. S1A; Materials 
and Methods). Homozygous Rbks knock-out 
(Rbks∆2/∆2) mice were generated by mating of 
heterozygous animals. The deletion of exon2 was 
verified by genotyping-PCR and RT-PCR with 
primers locating on exon2 (Fig. S1C, D). The Rbks 
knock-out mice are viable, fertile, and have no 
obvious morphological defects.  

High expression level of the Rbks gene in the 
gut 

Using quantitative real-time PCR, Rbks 
expression level was measured in multiple mouse 
tissues (Fig. 1A). A high level of Rbks RNA was 
detected in the kidney, liver, testis, small intestine 
(duodenum, jejunum and ileum) and cecum. The Rbks 
expression in these tissues was confirmed by whole 
mount X-gal staining with Rbksgaleo/ galeo mice tissues 
(Fig. 1B), in which the β-galactosidase reporter is 
driven by the endogenous Rbks promoter. The 
β-galactosidase activity was also detected in the brain, 
heart, skeletal muscle and lung (Fig. 1B). To determine 
the cellular expression of Rbks in the gut, the whole 
mount X-gal stained tissues were fixed and prepared 
for paraffin sections. Rbks promoter-driven 
β-galactosidase signals were localized to the intestine 
villi (Fig. 1C).  

Enhanced gut motility in Rbks targeting mice 
Ribose is one of the major digestive products of 

dietary nucleic acids [18]. The high expression level of 
Rbks gene implied potential roles of ribose and its 
metabolites in the digestive tract. However, no overt 
changes in small intestine length and gut morphology 
were observed after Rbks gene depletion (Fig S2). 

We further examined whether gut function was 
affected after Rbks depletion. Firstly, the whole gut 
motility was assessed by the whole gut transition time 
(WGTT) test. We found WGTT was significantly 
decreased by 32% in Rbks knock-out mice when 
compared to wild type controls (n=8, P<0.05) (Fig. 
2A), which indicated that whole gut motility was 
enhanced. To further locate which part of the 
digestive tract caused the increased motility, 
gastrointestinal (GI) transition rate was measured at 
30 minutes after charcoal gavage. The GI transition 
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rate refers to the upper gut (gastric-small intestine) 
movements, and the rate was dramatically increased 
in Rbks knock-out mice by 33% when compared to 
wild type controls (n=4, P<0.05) (Fig. 2B). In addition, 
30 minutes after charcoal gavage, there was not 
significant differences in gastric weight, which 
indicated during 30 minutes, the gastric empty was 
not affected (Fig. 2C). 

Accelerated gut movement in wild type mice 
with ribose administration 

Ribokinase phosphorylates ribose to 
ribose-5-phosphate (R-5-P), which is the first step of 
ribose metabolism in vivo. Hence, the Rbks knock-out 

would result in ribose accumulation. Consistent with 
this notion, the ribose/ribose-5-phosphate ratio was 
dramatically increased in the small intestines after 
Rbks mutation (Fig. 2D) (n=10, P<0.05). We therefore 
assumed the increased ribose proportion may lead to 
the enhanced bowel motility in the mutants. The 
assumption was demonstrated using ribose oral 
administration in wild type mice. The ribose oral 
gavage decreased WGTT and up-regulated GI 
transition rate, while the other sugar controls (xylose 
or glucose) with the same concentrations did not 
affect gut motility (Fig. 3A, 3B).  

 
Figure 1. Expression pattern of Rbks gene in mice. (A) Quantitative real-time (qRT) PCR revealed a high RNA level of Rbks gene in kidney, liver, testis, small intestine 
(duodenum, jejunum and ileum) and cecum of wild type mice. Primers for qRT PCR located on exon5 and exon6. (B) The expression pattern of Rbks gene was also revealed by 
whole mount X-gal staining with Rbksgaleo/galeo mice tissues. The wild type litter mates served as controls. Black bar: 1cm. (C) The whole mount staining intestines were further 
processed for paraffin sections, and the cellular β-galactosidase signals were identified in intestinal brush boarders. Black bar: 100μm.  
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Figure 2. Gut motility enhanced in Rbks gene targeting mice. After Rbks exon2 depletion, the whole gut transition time was significantly decreased (A), while the 
gastrointestinal transition rate increased (B) in Rbks∆2/∆2 mice when compared with their litter mates. (C) There was not overt changes in gastric weight after charcoal gavage 
between knock-out mice and controls. (D) The ribose/ribose-5-phosphate ratio was elevated in the small intestines of Rbks∆2/∆2 mice. *=P<0.05, **=P<0.01. Significances indicated 
are based on Student’s t-test. Data represent the average ± s.e.m.  

 
Figure 3. Ribose oral administration increased gut motility in wild type mice. (A) Ribose oral administration (50 mg/ml and 75 mg/ml) dramatically reduced whole gut 
transition time when compared with ddH2O controls, while the same concentration of xylose control didn’t affect the transition time. (B) Ribose oral gavage (25 mg/ml, 50 mg/ml 
and 75 mg/ml) significantly accelerate gastrointesintal transition rate, while there’s no obvious change in the glucose group. *=P<0.05, **=P<0.01. Significances indicated are based 
on Student’s t-test. Data represent the average ± s.e.m.  

 

Suppressed weight gain with ribose 5 weeks 
treatment 

Enhanced gut motility may result in 
malabsorption and accelerated defecation, and, in 
turn, disturbed energy homeostasis [26]. Thus, we 
hypothesized that ribose long-term administration in 
wild type mice may influence body weight. To test 
this, we gave ribose to wild type mice via drinking 

water for 5 weeks. We found that ribose 
administration (75 mg/ml) dramatically depressed 
body weight gain in wild type mice when fed with 
high fat diets, while lower concentrations (10 mg/ml, 
25 mg/ml, 50 mg/ml) did not affect body weight (Fig. 
4A). To investigate the cause of the suppressed weight 
gain, we checked the gut motility and the defecation 
rate. 75 mg/ml ribose treatment led to shorter whole 
gut transition time and more fecal outputs when 
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compared to the distilled water controls (Fig. 4C, 4D). 
In addition, the fecal energy was also slightly 
enhanced (3886 ± 24 cal/g in 75 mg/ml group, 3830 ± 
20 cal/g in ddH2O group), although the difference 
was not statistically significance (n=12) (Fig. 4E). The 
increased defecation and fecal energy resulted in 
more energy lost in excreta. Since food consumption is 
not changed between ribose treated and wild type 
mice (Fig. 4F), more energy excretion leads to less 
energy storage and in turn suppressed body weight. 
Previous reports in human revealed that high dose of 
ribose may result in diarrhea or hypoglycemia [21, 27, 
28]. To exclude the possibility that the body weight 
change was caused by these adverse effects, the blood 
glucose level and fecal water content was measured. 
After 5 weeks of ribose drinking, the fecal water 
content was not obviously changed in 75 mg/ml 

ribose-treated mice when compared to the distilled 
water controls (Fig. S3A). Also, the blood glucose 
level was not obviously affected (Fig. S3B).  

Discussion 
Ribose is a naturally occurring pentose that is 

provided through various dietary sources. As a good 
supplement for ATP synthesis, ribose has been used 
in human for improving the cardiac functions and 
enhancing the skeletal muscle performances [19-23]. 
While oral administration of ribose is generally safe, 
these studies also revealed that high dose ribose may 
induce diarrhea [21, 22], suggesting a potential role of 
ribose in the gut. However, little is known about the 
function of ribose in the digestive tract. 

 

 
Figure 4. Ribose disturbed metabolism balance and suppressed mouse body weight gain. (A) Ribose (75 mg/ml) 5 weeks administration in drinking water rendered 
wild type mice resistance to high-fat diets. (B) Ribose (75 mg/ml) administration in drinking water for 48 days resulted in weight loss in obese mice (6 week old Lepr mutant male 
mice). (C and D) The whole gut transit time and the dry weight of fecal outputs within 5 hours were dramatically changed after 5 weeks 75 mg/ml ribose treatments. (E) Fecal 
energy was slightly increased with 75 mg/ml ribose treatment, while no statistic significances were detected. (F) Food consumption per week (the 5th week) was not altered with 
ribose administration. **=P<0.01, ***=P<0.001. Significances indicated are based on Student’s t-test. Data represent the average ± s.e.m. 
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Ribokinase (Rbks) is the first enzyme responsible 
for ribose metabolism in mammalians. It converts 
ribose into ribose-5-phosphate, which can be further 
incorporated into pentose phosphate pathway or 
nucleotides biosynthesis [29]. However, 
ribose-5-phosphate could also be generated from 
glucose through the de novo nucleotide synthesis 
pathway. Indeed, we established the Rbks gene 
knock-out mice and found that the mutant animals 
are viable and fertile. However, accelerated motility of 
the intestine was observed in the mutants. Both 
quantitative real-time PCR and X-gal staining 
experiments revealed that Rbks gene has a high 
expression level in the murine digestive tract. Whole 
gut motility has been increased about 32% in the 
mutants in comparison to the wild-type litter mate 
controls. Furthermore, gastrointestinal transition 
assay also revealed an increase in transition rate by 
33%. Together, these data showed accelerated bowl 
movements after Rbks gene depletion. 

Rbks knock-out mice exhibited an enhanced 
ribose/ribose-5-phosphate ratio in the small intestine. 
To investigate whether the ribose accumulation was 
responsible for the increased bowel motility, we orally 
administrated C57BL/6 wild type mice with ribose. 
By measuring the whole gut transition time and 
gastrointestinal transition rate, we found that ribose 
upregulates gut movements. This finding provides an 
explanation for diarrhea in humans with high dose 
ribose oral administration.  

One possible interpretation for how ribose 
affects the intestinal movement is that concentrated 
sugars may disturb the osmotic balance inside the 
intestines [30, 31]. However, oral administration of 
other monosaccharide, i.e. xylose and glucose, at 
similar concentrations didn’t influence gut motility. 
Thus, the effect of ribose oral administration on gut 
motility could not be simply attributed to a 
hyperosmotic pressure. It raises the possibility that 
ribose could act as a signal for regulating gut motility. 

Efficiency of digestion is correlated with the 
length of food transition time in the gut. Increased gut 
motility, thus, could reduce digestion efficiency and 
therefore acting as a way for weight control. It has 
been reported that weight loss in Huntington patients 
could be attributed to deregulation of gut motility 
[26]. The toxicological studies of ribose oral 
administration in rats did not observe any irreversible 
adverse effects, however, the 13 weeks study did note 
a weight loss [32, 33]. Our finding that ribose oral 
administration can enhance gut motility suggests that 
it could be used as a weight control agent. Indeed, our 
data showed that when the wild type mice were 
challenged with high-fat diets, ribose treatment (75 
mg/ml) for 5 weeks via drinking water suppressed 

body weight gain. Similar result was also observed 
with Lepr mutant mice (Fig. 4B). Furthermore, 
consistent with our hypothesis, the disruption of 
energy balance in these animals was the result of a 
significant increase in energy excretion. Finally, the 
effective ribose dose didn’t lead to any known 
adverse effect, i.e. hypoglycemia and diarrhea [21, 22, 
27, 28].  

In addition, although Rbks gene revealed a high 
expression level in the liver, no overt liver impairment 
was observed after gene depletion (Fig. S4A, 4B). 
Also, ribose administration didn’t alter the lipid 
metabolism in the liver (Fig. S4C – 4F). Similarly, no 
overt kidney impairments were observed after gene 
depletion (Fig. S5A, 5B).  

Overall, our study has indicated a significant 
role of ribose in regulating intestinal motility and 
energy homeostasis and suggested ribose as a 
potential weight-loss drug targeting this new 
mechanism. 

Materials and methods 
Ethics Statement 

All experiments were approved by and 
conducted in compliance with the Yale Animal 
Resources Center and the Institutional Animal Care 
and Use Committee under protocol number 11050 
and 11250. 

Generation of Rbks targeting mice 
Rbks targeting embryonic stem (ES) cell clone 

was purchased from the European Mouse Mutant Cell 
Repository (EuMMCR, product ID:24874, clone 
number: EPD0116_3_A10) [34]. The Rbks mutated ES 
cell clones containing the Rbksgaleo allele were injected 
into C57BL/6 blastocysts to generate Rbksgaleo/+ 
chimeric mice. The chimeric Rbksgaleo/+ mice were 
identified by genotyping PCR using primer pairs 
Rbks-F (CAAAGGCGGCCATAGTCTGCAAGG) and 
Rbks-R (TGAACTGATGGCGAGCTCAGACC) to 
detect the loxP locus, and using 5’A 
(CCCAAACTTAGTACTTAGCGCTCC), 3’A 
(TATCAAGTGTGGGACTTGAAGAGG) and LAR3 
(CAACGGGTTCTTCTGTTAGTCC) for the galeo 
cassette. Male Rbksgaleo/+ mice were bred with C57BL/6 
female mice to produce stable Rbks targeting colonies. 
The galeo reporter cassette was depleted by mating 
with ubiquitously active CAG-flpe mice (Taconic, 
stock number: 7089) to generate RbksF/+ mice. In order 
to delete Rbks exon2 by cre-loxP recombination, 
RbksF/+ were bred with Actin-cre mice to produce 
Rbks∆2/+ heterozygous mutants. Homozygous Rbks 
gene targeting mice (Rbks ∆2/∆2) were obtained by 
heterozygous mating. The progenies were genotyped 
by PCR with 2F (TGAGTCTAAGTGCTGAGTGG) 
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and 2R (GGTTCATAGAGGCAGAATGTAG) to 
detect the exon2-depleted allele, and with 5’A and 3’A 
to detect the exon2 wild type allele.  

RT-PCR 
Total RNAs were isolated from progenitors of 

Rbks∆2/+ mice heterozygous mating. The RNA samples 
were treated with TURBO DNA-free kit (Life tech, 
AM1907) to digest the genomic DNA contamination. 
cDNA templates were prepared using iScript cDNA 
synthesis kit (BIORAD, 170-8891) and amplified with 
the combination of specific primers for Rbks exon2 
and exon7, or for 18s rRNA as an internal control. The 
primer pairs are: Rbks-RT-F (TCGCTTGCCAAAAAC
TGG) and Rbks-RT-R (TGGTGTCTACAGCCTTGAC
AG) for Rbks gene, and 18s-F 
(AGGGGAGAGCGGGTAAGAGA) and 18s-R 
(GGACAGGACTAGGCGGAACA) for 18s rRNA. 

Quantitative real-time PCR 
To detect the expression pattern of the Rbks gene, 

total RNAs were isolated from C57BL/6 mice (stock 
no. 000664, Jackson lab). The candidate tissues were 
stomach, duodenum, jejunum, ileum, cecum, colon, 
kidney, heart, fat, liver, testis, thymus, brain, lung and 
spleen. cDNAs were prepared using iScript cDNA 
synthesis kit (BioRad) to serve as templates for the 
quantitative real-time (qRT) PCR. The qRT PCR was 
performed on step one real-time PCR system (Applied 
biosystem) with iTaq universal SYBR green supermix 
(BioRad). Primers to detect Rbks gene located on 
exon5 (GCCGAGCCAAAGTGATGATATG) and 
exon6 (TGGAGAGGGTATAGAACTGGGG). 18s 
rRNA was used as a baseline standard for qRT PCR to 
normalize the samples. The expression level of Rbks in 
each tissue was normalized by the folds of gene 
expression level in kidney. For the measurements of 
the lipid metabolism gene expression level, total 
RNAs were isolated from the liver. Primer sequences 
for the lipid metabolism genes are as followed: 
CD36-L1 (ATGGGCTGTGATCGGAACTG); CD36-R1 
(TTTGCCACGTCATCTGGGTTT); Cpt1a-L1 (CTCCG 
CCTGAGCCATGAAG); Cpt1a-R1 (CACCAGTGAT 
GATGCCATTCT); LPL-L1 (GGGAGTTTGGCTCC 
AGAGTTT); LPL-R1 (TGTGTCTTCAGGGGTCC 
TTAG).  

Whole mount X-gal staining 
The tissue whole mount X-gal staining was 

followed by the previous protocol with a little 
modification [35]. Rbksgaleo/galeo mice and the wild type 
control tissues were isolated immediately after 
euthanization. After being briefly rinsed in the ice 
cold PBS, tissues were fixed by 4% PFA for 1 hour on 
ice, and washed with the wash buffer (2mM MgCl2, 
0.02% NP40, 0.05% deoxycholate, PBS, pH7.4) for 

three times, 10 minutes each on ice. Tissues were 
immersed in the X-gal staining buffer (20 mg/ml 
X-gal (in DMSO), 5mM potassium ferrocyanide and 
5mM potassium ferricyanide in wash buffer) in 37 ºC 
until blue signals were observed in Rbksgaleo/galeo mice 
tissues. The control wild type tissues were incubated 
in the staining buffer for the same time as the 
Rbksgaleo/galeo tissues (e.g. wild type kidney was treated 
for the same time with the Rbksgaleo/galeo kidney). For 
paraffin sections preparation, the X-gal stained tissues 
were briefly rinsed in ice cold PBS, and then 
post-fixed in 4% PFA in 4  ̊C overnight. The paraffin 
sections were cut at 10μm. Nuclear fast red was used 
for counterstaining.  

Measurement of small intestine length  
Male Rbks∆2/∆2 mice (9 weeks old) were 

euthanized by cervical dislocation. After recording 
body weights, the small intestine was isolated. The 
mesentery was carefully removed without stretching 
the small intestine. The total length of the small 
intestine was measured from the pyloric junction to 
the caecal end. 

Measurement of ribose/ribose-5-phosphate 
ratio  

Male mice (8~10 weeks) small intestine 
specimens were briefly washed with ice cold PBS and 
fully diced in a 2 ml Eppendorf tube by scissors. After 
the addition of ice cold 75% methanol (500 μl for 100 
mg tissues), the tissues were homogenized at 30 Hz 
for 4 minutes using 5 mm stainless steel balls on a 
tissuelyser (Tissuelyser LT, Qiagen), followed by 
centrifugation at 12500 rpm for 10 minutes in 4 °C. 
The clear supernatants were diluted in 75% methanol 
by 50 times for measurements. The ribose and 
ribose-5-phosphate ratio was detected by the mass 
spectrometer (4000 QTRAP LC/MS/MS, AB SCIEX), 
using ribose (Sigma-Aldrich) and ribose-5-phoshpate 
(Sigma-Aldrich) dilutions to set up the standard 
curve.  

Whole gut transition time 
The whole gut transit time was measured 

following the previous report with a little 
modification [36]. Male mice (8 weeks) were fasted for 
18 hours before the experiment with free access to 
water. The carmine dye was employed as a marker, 
and 0.3 ml carmine solution (6% carmine in 0.5% 
methylcellulose) was orally administered to each 
mouse. After oral gavage, mice were returned to the 
individually housed mesh bottom cages, which were 
placed on a white sheet. Whole gut transit time is the 
time taken from carmine meal gavage to the 
appearance of the first red fecal pellets. For wild type 
mice experiments, C57BL/6 mice (The Jackson 
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laboratory, stock number 000664) were orally treated 
with ribose (50 mg/ml, 75 mg/ml), xylose (75 mg/ml) 
or ddH2O mixed with the carmine meal.  

Gastrointestinal transition rate 
The gastrointestinal transition rate was 

measured using the charcoal gavage as described 
before [36], with some modifications. Male mice (8 
weeks) were fasted individually for 18 hours with free 
access to water, and then received an orally force 
feeding with 0.15 ml of a suspension of charcoal meal 
(10% charcoal in 5% gum arabic). Thirty minutes after 
the gavage, mice were euthanized by cervical 
dislocation. The stomach weights were recorded. The 
small intestine was removed from the pyloric junction 
to the caecal end. Gastrointestinal transition rate was 
the leading edge of charcoal transition length divided 
by the total length of small intestine. For wild type 
mice experiments, C57BL/6 mice were orally treated 
with ribose (25 mg/ml, 50 mg/ml, 75 mg/ml), 
glucose (50 mg/ml) or ddH2O mixed with the 
charcoal meal. 

Ribose long-term feeding trail  
C57BL/6 male mice (8 weeks) were housed 

individually and were divided into 4 groups, 
receiving drinking water with ribose (10 mg/ml, 25 
mg/ml, 50 mg/ml, 75 mg/ml) or ddH2O for 5 weeks. 
Mice were fed with high fat diets. The body weights 
and the amount of food consumption were monitored 
every week. After 3 weeks treatments, mice were 
transferred to individually-house clean cages for one 
day housing. The fecal pellets were collected and 
dried in 56 ºC for 24 hours. The dried fecal pellets 
were used for fecal energy test using C500 calorimeter 
(IKA). Mice were returned to the ribose treating trial 
for another 2 weeks. After 5 weeks ribose drinking in 
total, mice were euthanized by cervical dislocation. 
The blood glucose levels were recorded and the 3.5 
cm distal rectums were isolated. The rectum fecal 
contents were collected to measure the fecal number 
and fecal wet weight. After being dried in 56 ºC for 24 
hours, the rectum fecal content dry weights were 
recorded. Fecal water content (%) = (wet weight-dry 
weight)/wet weight×100. After 5 weeks ribose 
drinking, the gut motility and fecal outputs were 
measured. Gut motility was indicated by measuring 
the whole gut transit time using the method described 
above. The fecal pellets within 5 hours were collected 
and dried in 56 ºC for 24 hours to measure the dry 
weights. When testing ribose in obese mice, Lepr 
mutants were used as the obese model. Lepr mutant 
male mice were generated by Piggybac mutagenesis 
system in FVB background. 6 weeks old male mutants 
received 75 mg/ml ribose via drinking water for 48 

days and the body weights were monitored every 
four days. Body composition (fat mass) was measured 
before and after the 48 days drinking trial.  

The liver triglyceride level measurements 
The liver triglyceride level was measured 

followed the manufacture’s protocol (Meilun, China). 
The triglyceride level (mmol) was normalized by the 
tissue weight (g).  

Statistics analyses  
All data, presented as average ± s.e.m. were 

analyzed with GraphPad Prism 6. Unpaired Student’s 
t test was used to determine differences between 
groups in each panel. A value of * (p<0.05) or ** 
(p<0.01) denoted statistical significance. 

Supplementary Material  
Supplementary figures. 
http://www.ijbs.com/v12p0701s1.pdf    
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