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Abstract

AIM: To investigate the proteins involved in colonic
adaptation and molecular mechanisms of colonic adap-
tation in rats with ultra-short bowel syndrome (USBS).

METHODS: Sprague Dawley rats were randomly as-
signed to three groups: USBS group (10 rats) undergo-
ing an approximately 90%-95% small bowel resection;
sham-operation group (10 rats) undergoing small bow-
el transaction and anastomosis; and control group (ten
normal rats). Colon morphology and differential protein
expression was analyzed after rats were given post-
surgical enteral nutrition for 21 d. Protein expression in
the colonic mucosa was analyzed by two-dimensional
electrophoresis (2-DE) in all groups. Differential protein
spots were detected by ImageMaster 2D Platinum soft-
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ware and were further analyzed with matrix-assisted
laser desorption/ionization-time-of-flight/time-of-flight-
mass spectrometric (MALDI-TOF/TOF-MS) analysis.

RESULTS: The colonic mucosal thickness significantly
increased in the USBS group compared with the con-
trol group (302.1 £ 16.9 ym vs 273.7 £ 16.0 um, P <
0.05). There was no statistically significant difference
between the sham-operation group and control group (P
> 0.05). The height of colon plica markedly improved
in USBS group compared with the control group (998.4
+ 81.2 um vs 883.4 £ 39.0 um, # < 0.05). There was
no statistically significant difference between the sham-
operation and control groups (P > 0.05). A total of 141
differential protein spots were found in the USBS group.
Forty-nine of these spots were down-regulated while 92
protein spots were up-regulated by over 2-folds. There
were 133 differential protein spots in USBS group. Thirty
of these spots were down-regulated and 103 were up-
regulated. There were 47 common differential protein
spots among the three groups, including 17 down-
regulated protein spots and 30 up-regulated spots.
Among 47 differential spots, eight up-regulated proteins
were identified by MALDI-TOF/TOF-MS. These proteins
were previously reported to be involved in sugar and fat
metabolism, protein synthesis and oxidation reduction,
which are associated with colonic adaption.

CONCLUSION: Eight proteins found in this study play
important roles in colonic compensation and are asso-
ciated with sugar and fat metabolism, protein synthe-
sis, and molecular chaperoning
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INTRODUCTION

Short bowel syndrome (SBS) is a chronic malabsorp-
tive syndrome resulting from extensive small bowel
tesections!!. Residual small bowel less than 30 cm from
proximal end or distal end is termed ultra-short bowel
syndrome (USBS)". It occurs when the bowl is less than
200 cm i sita”. The estimated population prevalence is
approximately one per million”. In adults, SBS usually
results from resection of unviable intestine secondary to
vascular insufficiency, Crohn’s disease, malignancy or ra-
diation”, In children with congenital intestinal anomalies,
such as gastroschisis or atresia, necrotizing enterocolitis
leads to insufficient intestinal lengthw. Malabsorption of
macronutrients and micronutrients may predominate as a
clinical manifestation, whereas other patients may struggle
to maintain fluid and electrolytes homeostasis”. These pa-
tients may become dependent on parenteral nutrition (PN)
support to maintain their energy balance. A study showed
that the colon could undergo adaptation like the small
intestine”. Epithelial hyperplasia occurred 24-48 h after
small intestinal resection in experimental models””. Ani-
mal models showed that adaptation process is stimulated
by enteral nutrition for enterocyte reproduction, resulting
in the release of trophic factors'. Our previous studies
have also found changes in morphology and ultrastructure
of rat colon and adaptation of absorption functions'".
However, the proteins and molecular mechanisms associ-
ated with the colonic adaptation are still unknown. In this
study, we used a proteomics approach to identify the pro-
teins associated with colonic adaptation in USBS rats, and
discussed the molecular roles of the identified proteins in
colonic adaptation.

MATERIALS AND METHODS

Laboratory animals grouping

Thirty healthy male Sprague Dawley rats (aged 3-4 mo,
weighing 250-300 g) were randomly assigned to three
groups (10 rats in each group): USBS group undergoing
an approximately 90%-95% small bowel resection; sham-
operation group undergoing small bowel transaction and
anastomosis; and normal control group.

USBS model and postoperative feeding

On the day of operation, animals were fasted from solid
food, but with unrestricted access to water. Animals in the
USBS group were anesthetized with chloral hydrate
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(0.3 mL/100 g) for sutgical resection of the small bowel.
The entire small intestine was resected from 1 cm distal to
the Treitz ligament to 1 cm proximal to the ileocecal valve.
End-to-end anastomosis of the jejunum to the ileum was
performed.

After recovery from anesthesia, rats were fed Peptisorb
(Holland Nutricia). The nutrient fluid had an osmotic pres-
sure of 410 mosm/L and a concentration of 25.2%. The
nutrient mix could provide 413.82 J of energy per 100 mL.
The fluid contained carbohydrates and 85% protein made
up the short-chain hydrolytic lactalbumin, including 50%
medium-chain triglycerides and 50% long-chain triglyc-
erides. Both the USBS group and sham-operation group
wete fed with 12.6% Peptisotb on days 1-3 after surgery.
Intake was increased to 16.8% on days 4-6 and to 25.2%
from day 7 after surgery to the end of the experiment on
day 21. Rats were fed 80 mL nutrient mixture daily using a
special bottle. Diphenoxylate (0.75 mg/kg daily) was added
to the feeding solution to reduce diarrhea.

Morphologic observation

All rats were anesthetized using chloral hydrate (0.3 mL/
100 g) prior to a terminal surgical procedure. A 0.5 cm
colon was resected from near the ileocecal valve and HE
stained in paraffin. The thickness of tunica mucosa coli
and the height of plica were measured with an automatic
image analysis. Five non-serial sections were measured
from each specimen. Average value and standard devia-
tion (SD) were calculated.

Extraction of colonic mucosa

A 1-cm segment of colon was removed from near the
ileocecal valve and incised longitudinally after enteral
nutrition for 21 d. After being repeatedly washed with
double-distilled water, the colon was quickly scraped with
glass slides in an ice bath to collect intestinal mucosa. The
intestinal mucosa were stored at -80°C or used for imme-
diate schizolysis to extract protein.

Protein extraction and quantification

Total mucosa was obtained by mixing colonic mucosa
from rats in each group. The combined intestinal mucosa
was then triturated in liquid nitrogen and lyzed in ice-cold
lysis buffer (7 mol/L urea, 2 mol/L thiourea, 4% (w/v)
CHAPS, 1 mmol/L DTT, 10 mmol/L PMSF and protease
inhibitor cocktail). The cellular lysate was centrifuged at 13
200 r/mim for 30 min. The supernatant was collected and
stored at -80°C. Protein concentration was determined us-

ing the Bradford assay, as previously described (REF).

Two-dimensional electrophoresis (2-DE) analysis

Protein from intestinal mucosa (150 pg) was applied by
2-DE analysis. 2-DE was performed as previously de-
sctibed. Briefly, one-dimensional isoelectric focusing (IEF)
was performed on 13-cm gel strips, pH 3-10 NL (Am-
ersham Ettan IPGPhor IEF system). The following IEF
protocol was used at 20°C: rehydration at 30 V for 16 h;
500 V for 1 h; 1000 V for 1 h; and 8000 V for 64000 Vh.
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After IEF, the strips were incubated for 15 min with 10 mL
equilibration solution A [2% sodium dodecyl sulfate (SDS),
50 mmol/L Tris-HCl pH 8.8, 6 Murea, 30% v/v glycerol,
0.002% bromophenol blue, and 100 mg dithiothreitol
(DTT)]. The strips were further equilibrated for 15 min
with equilibration solution B, which was identical to solu-
tion A except that 250 mg iodoacetamide replaced the
DTT. Samples were then transferred onto 12.5% SDS-
PAGE for 2-D separation. Proteins in 2-DE gels were
stained with silver. Images were scanned using Image-
scanner. Each sample was analyzed three times.

Gel image analysis

The protein spots and their differential expressions were
analyzed using ImageMaster 2D Platinum software. USBS
group gel was compared with the other two groups. Two
groups of differentially acquired protein spots were com-
pared to find common differential protein spots. Protein
spots achieving a > 2-fold increase in spot intensity and
observed in three replicate gels from three independent
experiments were scored and subjected to matrix-assisted
laser desorption/ionization-time-of-flight/time-of-flight-
mass spectromettic MALDI-TOF/TOF-MS) analysis.

In-gel digestion and protein identification by mass
spectrometry

The differential protein spots were in-gel digested, with
minor modifications. In brief, the differential protein
spots were destained using 15 mmol/L KsFe(CN)s and
50 mmol/L sodium thiosulfate. Spots were digested with
trypsin at 37°C for 16 h. Peptide mixtures were extracted
from the gel spots. The extracted peptide mixtures were
dried using the SpeedVac Centrifuge.

The peptide mixtures were analyzed on an ABI 4800
plus MALDI-TOF/TOF-MS (ABI, CA). Each spectrum
was produced by accumulating the data from 500 consecu-
tive laser shots in the mass range of 900-3500 Da. Seven
maximum precursor ions with a signal-to-noise ratio > 50
were chosen for tandem mass spectrometry (MS-MS). The
obtained MS and MS-MS data were processed by GPS
Explorer software (V3.6). Proteins were identified by the
MASCOT search engine (V2.1) in the IPI mouse database
based on these MS and MS/MS spectra. Proteins were con-
sidered a match if the error for peptide mass was 100 ppm
ot lower and the mass accuracy was 0.2 Da or lower. Scores
> 59 were considered statistically significant (P < 0.05).

Class of differentially expressed proteins

Using information from the European Bioinformatics
Institute (http://www.ebi.ac.uk), the differential proteins
were classified based on function. The relationship be-
tween protein expression and biological function in the
USBS group was further analyzed, as described below.

Bioinformatics analysis of protein-protein interaction
network

The protein-protein interaction network was analyzed by
the Search Tool for the Rettieval of Interacting Genes/Pro-
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teins (STRING) system. The following sets of STRING
programs were employed: organism, required confidence
(score), interactions, and additional nodes shown as “homo
sapiens,” “low confidence (0.150),” “no more than 10 in-
teractions,” and “0.” For other parameters, default settings
wete used.

Statistical analysis

One-way analysis of variance and the Student-Newman-
Keuls test were performed using SPSS 13.0 statistical
software. Data were expressed as mean £ SD. P values
less than 0.05 were considered statistically significant.

RESULTS

Colonic plica and thickness increased in USBS rats
Among USBS rats, the survival rate was over 90%. Only
one rat died of intestinal obstruction 6 d after operation.
Rats were observed with dull coats and severe hair loss,
especially within the first two weeks after the operation.
Rats gradually regained a dense, shiny coat. Rats experi-
enced severe diarrhea, rectal eversion, perineal eczema
and infections, and perianal and tail skin ulcers forming
ringtail disease.

The colonic mucosal thickness was 302.1 £ 16.9, 276.6
T 19.1 and 273.7 £ 16.0 um in the USBS group, sham-
operation group and control group, respectively. The
colonic mucosal thickness was significantly higher in the
USBS group than in other two groups (' = 7.46, P = 0.003).
The colonic mucosal thickness was not significantly differ-
ent between the sham-operation and control groups (P =
0.717). The height of colon plica of the three groups was
998.4 £ 81.2 um, 893.7 £ 20.2 um, and 883.4 + 39.0 um,
respectively. The height of colon plica markedly improved
in the USBS group compared with the control group (F =
13.96, P < 0.001). There were no significant differences in
plica height between sham-operation and control groups (P
= 0.665, Figure 1).

Proteome profile alterations in ultra-short intestine
mucosa

To identify the proteins involved in colonic adaptation,
total proteins isolated from colonic mucosa of the three
groups were separated on a 2-D gel (pH 3-10 NL), re-
spectively. The gels were visualized by silver staining (Figure
2). In total, approximately 700 protein spots were detected
in each of the silver-stained gels using ImageMaster soft-
ware. Differential spots were scored when there was a >
2-fold change in spot intensity in three replicate gels from
three independent experiments. The analysis revealed 141
differential protein spots, including 49 increased spots in
USBS group and 92 decreased spots in the control group;
and 133 differential protein spots, including 103 increased
spots in USBS group and 30 decreased spots in the sham-
operation groups. Among these differential protein spots,
47 differential protein spots were frequently observed in
all three groups, including 30 increased spots and 17 de-
creased spots.
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Figure 1 Change in colonic mucosal thickness and height of colon plica in ultra-short bowel syndrome, sham-operation, and control rats. A: Normal group,
25 x; B: Normal group, 50 x; C: Sham group, 25 x; D: Ultra-short bowel syndrome group, (USBS) 25 x; E: USBS group, 50 x.
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Figure 2 Image of 2-DE gels for proteins extracted from the colon mucosa of ultra-short bowel syndrome, sham-operation, and control rats. Representative
results from three independent experiments are shown. A: Normal group; B: Sham group; C: Ultra-short bowel syndrome group.

Identification of proteins associated with colonic
adaptation

Protein spots were subjected to in-gel digestion with trypsin.
Protein identities were determined with MS and MS-MS
by searching the IPI mouse database using the MASCOT
program. This allowed us to identify eight proteins from 43
differential spots, including protein disulfide-isomerase A3,
phosphoglycerate kinase 1, pyruvate kinase isoforms M1/
M2, alcohol dehydrogenase class-3, mitochondrial ribosomal
proteins, pancreatic triacylglycerol lipase, Hnrph1, and Lamb-
da-crystallin homolog, These proteins are listed in Table 1,
along with their IPI accession number, molecular weight,
isoelectric point, scotes and fold changes among the groups.
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Functional classification of differential proteins

Eight differential proteins were preliminarily classified by
functions using the European Bioinformatics Institute
Bioinformatics Database (http://www.ebi.ac.uk). Pro-
tein disulfide-isomerase A3 is associated with molecular
chaperoning. Phosphoglycerate kinase 1 and pyruvate
kinase 3 isoforms M1/M2 are associated with glucose
metabolism. Pancreatic triacylglycerol lipase is associated
with fat metabolism. Lambda-crystallin homolog and
alcohol dehydrogenase class-3 are associated with oxida-
tion and reduction. Hnrphl protein, and mitochondrial
ribosomal protein L12 are associated with protein syn-
thesis.
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No. Spot No. Protein name Accession No. Protein MW/PI Protein score FD (24 h)
1 528 Phosphoglycerate kinase 1 1P100231426 44510 /8.02 243 1000000
2 725 Pancreatic triacylglycerol lipase 1P100198916 51407/36.31 60 1000000
3 946 Hnrphl protein IP100650124 20567/3 5.2 172 1000000
4 331 Protein disulfide-isomerase A3 1P100324741 57043 /5.88 391 24+0.2
5 599 Pyruvate kinase isoforms M1/M2 1P100231929 57938.9/6.63 67 20+05
6 603 Alcohol dehydrogenase class-3 TP100568787 39550.2/7.45 70 22+03
7 746 Lambda-crystallin homolog 1P100213610 35318/5.94 222 21+04
8 1033 Mitochondrial ribosomal protein L12 1P100203773 29422/99.7 122 23+0.2

Protein names and accession numbers are from the International Protein Index rat database. MW: Molecular weight; PI: Isoelectric point; FD: The average

fold change among; USBS group: Sham-operation group and control group.

PDIA3

MRPL 12

PNLIP

ADH5
HNRPH1

Figure 3 Protein-protein interaction networks involved in colonic adapta-
tion predicted by the STRING program.

Protein-protein interaction networks involved in colonic
adaptation

STRING is a system for mapping protein-protein interac-
tion networks. We used the STRING system to construct
the protein-protein interaction network of the differential
proteins associated with colonic adaptation. Five (phos-
phoglycerate kinase 1, Hnrphl, protein disulfide-isomerase
A3, pyruvate kinase 3 isoforms M1/M2, and alcohol de-
hyogenase 5) of the eight identified proteins were directly
involved in the protein-protein interactions (Figure 3).
Notably, phosphoglycerate kinase 1 was found to be a sig-
nal node in the network, suggesting that phosphoglycerate
kinase 1 may be crucially involved in colonic adaptation.
Previous studies have shown that the five proteins played
an important role in energy metabolism in cells. It is well
known that quickly-grown cells frequently exhibit increases
in glycolytic metabolic pathway for adenosine triphosphate
(ATP) generation to meet their energetic needs. Therefore,
over-expression of these five proteins resulted in increased
ATP production, rapid growth of colonic musocal cells
and thickness of colonic musocal thickness.
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DISCUSSION

Experiments have demonstrated that the colon can com-
pensate after the extensive removal of the small intestine,
with thickening of the colonic mucosa and heightening
of the colon plica“’s]. Epithelial hyperplasia was found
24-48 h after small intestinal resection” . Adaption pro-
cess is stimulated by enteral nutrition by providing energy
for enterocyte reproduction, stimulating the release of tro-
phic factors". Our previous experiments have shown that
nutritional absorption of the colon can be increased by
adaptation, and microvilli became more abundant, longer
and thicket"". The colon may adapt to the absorption of
a large volume of solutes*". Absorptive cell hyperplasia
of colonic mucosa was found in the USBS rats assessed
under electron microscope. These results showed that the
colonic absorption area was greatly increased in the USBS
rats. There were less apoptosis, less goblet cells and more
absorptive epithelial cells in the USBS rats under trans-
mission electron microscope. Adjacent cell membranes
merged tightly and formed a rugged structure. There was
an increase in cell connections and connection complexes
in USBS rats. The junctions, bridge corpuscles, endoplas-
mic reticulum, Golgi apparatus, and mitochondrion were
all increased. This resulted in improvement in the absorp-
tive functions of water, xylose and 15N-glycine!"”.,

In this study, the entire small intestines of rats were
removed to ensure maximum colonic adaptation. We
tried to determine how the colon could compensate when
the small intestine was lost. We found that USBS rats
could survive using colonic compensation after all small
intestines were lost, since rats were fed only with enteral
nutrition and had a postoperative survival rate over 90%.
The length, diameter and height of the mucosal fold in
the mucosal thickness of the colon were increased in the
USBS rats compared with the control group.

The colon can undergo adaptations in USBS patients
and rats. Some materials have been shown to improve the
adaptation. In recent years, the more studies of intestinal
compensation have focused on compensatory mecha-
nisms, adsorptive function, and cellular hyperplasia of
short bowel syndrome (SBS) remnant intestines. Under-
standing of the mechanisms and ultimate treatment of the
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disease will eventually be reflected in protein expression
levels and changes in post-translational modifications. We
used a proteomics approach to observe differential pro-
tein expressions to fully understand the molecular mecha-
nisms of colon adaptation in an attempt to help develop
drugs that can promote colon compensation.

The term proteome was first proposed by Mac Wilkins
and Keith Williams in 1994" to describe the complete set
of proteins that are expressed and modified by an entire
genome or cell. The intracellular and dynamic changes in
protein composition, expression levels and modification
states should be analyzed to observe protein-protein in-
teractions and relationship with the disease, revealing the
protein functions and activities important in the disease
development.

In the diseases of the digestive system, proteomics
have not been as widely used to study the USBS as gastric
cancer, esophageal cancer and liver cancer' ™, A number
of other growth and trophic factors have been implicated
in animal models including enteroglucagon, epidermal
growth factor, glutamine, growth hormone, chole-cysto-
kinin, gastrin, neurotensin, leptin and insulin-like growth
factors” . Fat-stimulated glucagon-like peptide-1I may
lead to hyperplasiam’zsj. In this study, 47 protein spots
were found to be expressed nonrepetitively, including 30
upregulations and 17 downregulations. Their functions
were reported to be associated with metabolism of sugar,
protein and fat, oxidation-reduction and molecular chap-
erones. This implied that multiple proteins might affect
the metabolism pathway involved in increasing absorptive
functions and compensation.

Among these up-regulated proteins, protein disulfide-
isomerase A3 is a special multifunctional protein rich in
the endocytoplasmic reticulum. It has a strong non-specif-
ic peptide binding ability, and acts as both an enzyme and
a chaperone™. As an enzyme, protein disulfide-isomerase
A3 can assist in protein folding by catalyzing covalent
bond changes that directly affect protein folding and func-
tional conformations.

As a chaperone, protein disulfide-isomerase A3 may
have acquired a new function during evolution to increase
catalytic efficiency and assist in protein folding. It was up-
regulated in carcinoma of the large intestine™”. Ryu et al™
found that protein disulfide-isomerase A3 was over-
expressed when gastric cancer and paraneoplastic mucosal
biological markers were studied with proteomics. This
study indirectly demonstrated that protein disulfide-isom-
erase A3 is associated with hyperplasia of mucosa. Our
previous experiments demonstrated that the endoplasmic
reticulum in USBS rat colon was rich in protein disulfide-
isomerase A3, suggesting that it was closely related to the
adaptation of tunica mucosal coli cells and compensation
of the colon.

Another up-regulated protein is pyruvate kinase, which
participates in the last step of glycolysis, catalyzing phos-
phoenolpyruvate and adenosine diphosphate (ADP) into
pyruvate and adenosine triphosphate (ATP). Pyruvate can
generate ATP by zymolysis or by entering tricarboxylic acid
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(T'CA) circulation. In animals, pyruvate kinase may serve
as a gene, promoter, mRINA splicer, and signal transducer
with polyadenylic acid. In this study, the pyruvate kinase
was up-regulated in ultra-short intestinal mucosa. This im-
plies that pentose phosphate shunts may be improved by
pyruvate kinase. The excessive ribose-5-phosphate and one
carbon unit produced by protein decomposition synthesize
purine nucleosidase, improving the hyperplasia of tunica
mucosa coli cells.

In this study, phosphoglycerate kinase 1 was richly ex-
pressed. Phosphoglycerate kinase 1 is the key enzyme of
glycolysis and is also an essential enzyme for living, The
main function of phosphoglycerate kinase 1 is to pat-
ticipate in the glycolysis procedure. It can catalyze 1,3-di-
phosphoglyceric acid into 3-phosphoglyceric acid. Some
studies have shown that phosphoglycerate kinase 1 can
affect DNA replication and repair the cell nucleus. It can
also serve as an mRNA binding protein®. Other studies
showed that phosphoglycerate kinase 1 up-regulation can
cause carcinoma and vasculatization. The oxidation status
of larvaceous intra-cellular protein is a biological marker
in human colon carcinoma®”. These studies indicated that
overexpressed phosphoglycerate kinase 1 can promote
cellular proliferation, suggesting that phosphoglycerate
kinase 1 is involved in colon compensation by inducing
cell proliferation. The bioinformatics analysis in this study
showed that phosphoglycerate kinase 1 acts as a hub in
the protein-protein interaction networks involved in colon
adaptation, suggesting that phosphoglycerate kinase 1
played a key role in colon adaptation and compensation.

Mitochondrial ribosomal proteins were also richly
expressed in this study. Some studies have shown that
mitochondrial ribosomal proteins can be regulated in
translation as chondriogene mRNA. Up-regulation of
mitochondrial ribosomal proteins is related to dell differ-
entiation in tunica mucosal coli and colon carcinoma®. Tt
has also been implied that mitochondrial ribosomal pro-
teins participate in colon compensation since the number
of chondriosomes is markedly increased in USBS rats.

Bioinformatics analysis and previous reports showed
that eight proteins were closely related to sugar, fat me-
tabolism, protein synthesis, redox, and molecular chap-
erones. These proteins likely play an important role in
colonic compensation in USBS rats. Further studies to
understand the characteristics of these differential pro-
teins will help elucidate the molecular mechanisms of
colonic compensation in USBS, and develop drugs to
promote adaptation and alimentation.
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COMMENTS

Background

People with short small bowel may have difficulties in nutritious absorption and
may struggle to maintain nutritious balance. The increased morbility in intestinal
tumors, traumas and mesenteric vascular thrombosis resulted in the increased
incidence of short small bowel. It has been evidenced that rats can live without
small intestine for a long period as their colon can undergo compensation.

Research frontiers

More studies of intestinal compensation have focused on compensatory
mechanisms, adsorptive function and cellular hyperplasia of remnant intestines.
Mechanism and treatment of the disease will eventually be reflected in the pro-
tein expression levels and changes of post-translational modifications.

Innovations and breakthroughs

The protein expression changes in normal rats and short bowel rats have been
studied based on mass spectrometric analysis and other advanced technolo-
gies. Eight proteins were found to be closely related with sugar, fat metabolism,
protein synthesis, redox, and molecular chaperone. They might play important
roles in nutritious absorption, and treatment of short bowel patients.

Applications

The authors offered the methodology for exploring the proteins in short bowel
rats. Besides mass spectrometry, immunohistochemistry may be also a smart
choice. Once the mechanism is clear and the therapeutic target is established,
the malabsorption resulting from extensive small bowel loss will be hopefully
solved.

Terminology

Short bowel syndrome is a chronic malabsorptive syndrome resulting from
extensive small bowel resections. Mass spectrometry is an analytical technique
that measures the mass-to-charge ratio of charged particles. It is used for deter-
mining masses of particles, the elemental composition of a sample or molecule,
and for elucidating the chemical structures of molecules, such as peptides and
other chemical compounds.

Peer review

This study combines proteomics with short bowel syndrome systematically. And
it may form the theoretic foundation for treating short bowel syndrome.
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