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1. Introduction

All dietary proteins were hypothesized by scientists to be too large and complex for the small 

intestine to absorb. Recent studies, however, refute these hypotheses. Studies have demonstrated that 

proteins are both absorbed as amino acids and as small peptides. This recent advancement in 

physiology and biochemistry has aided scientists in understanding the intestinal peptide transport 

system. The intestinal peptide transport system functions to maintain protein nutrition and interacts 

with drugs containing peptide-like chemical structures [9].  The matter lies in characterizing and 

detecting which peptides are absorbed and determining the mechanism by which they are absorbed. 

2. Background

2.1 Collagen and its Fragments

Collagen is a polypeptide whose peptides are absorbed by the small intestine [3]. There are  

fourteen types of collagen with type I, II, and III the most common in the body [16]. It is the primary 

component of connective tissues such as bone, cartilage, skin, and blood. Predominant amino acids that

makeup collagen are glycine, proline, and hydroxyproline. These amino acids constitute 50% of 

collagen's total amino acid content [11]. Collagen's molecular conformation is a left-handed triple helix

made of three polypeptide chains [14]. This molecular conformation is referred as tropocollagen [17].

One of the benefits of collagen includes delaying the signs of aging of the skin [12]. Collagen 

functions in adding strength and elasticity to the skin and protects cartilage and synovial fluid from 

degenerating [13]. Collagen peptide (CP), gelatin hydrosylate (GH), and collagen hydrosylate (CH)  are

peptides produced when collagen undergoes hydrolysis; a chemical process involving the addition of 

water and/or heat to a substance. Hydrolysis is achieved by endopeptidases in the duodenum; 

proteolytic peptidases that function in catalyzing the peptide bonds of nonterminal amino acids [15].  

2.2 Transportation of Collagen's Peptides Into the Intestinal Epithelial Layer by PEPT1



CP, GH, and CH are transported into intestinal cells or enterocytes, by a proton-coupled 

oligosaccharide transporter; PEPT1. PEPT1 functions as a cotransporter; a carrier protein that 

transports a molecule with its concentration gradient while another molecule is transported against it 

[4].  Di- and tripeptides are observed to be most commonly transported by PEPT1 [5]. This mechanism 

co-occurs with an H+ gradient within the intestinal epithelial layer. Amino acid transportation, in 

contrast, does not co-occur with the use of PEPT1 and an H+ gradient, but uses a sodium-chloride 

electrochemical gradient and sodium-dependent amino acid transporters (SDAAT) [1]. Both gradients; 

H+ and the sodium-chloride gradients, are referred as secondary active transport systems and rely on an

electrochemical gradient [5].

2.3 Structure of PEPT1

The structure of PEPT1 is hypothesized to consist of 12 transmembrane helices where both the 

N- and C-terminal face the cytoplasm of the enterocyte (Figure 1A) [19]. A study by Newstand et. al. 

Studied a crystal structure of a mammalian homologue of PEPT1 located within Echerichia coli.. The 

homologue was termed PEPTso and aided the researchers in hypothesizing the structure of mammalian 

PEPT1 [19]. From the study, it was observed that PEPTso contained 14 transmembrane helices; 2 

transmembrane helices more than PEPT1 (Figure 1B). Helices 1-6 and helices 7-12 join together to 

form hydrophillic cavities (Figure 1C). The study was performed using crystallography of PEPTso 

where the imaging of the structure was observed using  PyMOL Molecular Graphics System [19]. The 

mechanism of PEPT1 transporting a di-or tripeptide does not consist of a conformational change of the 

ligand but the protein carrier itself undergoing a conformational change (Fig. 3). PEPT1 contains three 

hydrophillic cavities where within these cavities peptides enter and leave. These three cavities are 

referred as the extracellular, central, and the intracellular cavity [18]. These cavities are sterically 

restrictive to larger peptides [18]. On the extracellular side of the enterocyte, the outward-facing cavity 

of PEPT1 faces the extracellular side of the enterocyte and awaits a proton; H+, and a peptide. The 



proton and ligand binding sites within the cavities contain negatively charged side group amino acids 

such as glutamate (Glu222) and aspartate (Asp 316). Glutamate is used  for the binding of protons 

whereas aspartate is used for the binding of ligands [18]. 

Figure 1 Structure of PepTSo. 

Image credit to Newstead, et. al [1] 

 



Figure 2 – Imaged credited to The Textbook of Gastroenterology [9]

Figure 3 – Transportation of H+ and a peptide by PEPT1

Image credited to Newstead, et. al. [18]

2.3 Substrate Specificity of PEPT1



Within the enterocyte, further enzymatic activity occurs where di-and tripeptides that are 

unintentionally absorbed are further hydrolyzed into amino acids. Hydrolysis is achieved by trypsin; an

endopeptidase located within the cytosol of the cell of the enterocyte [7]. Exceptions have been 

observed that peptides possessing certain amino acid compositions evade hydrolysis, thus, these are 

peptides that are transported into the cell by PEPT1 the most.

 A study by Kawaguchi, et. al. Observed that dipeptides containing hydroxyproline (Hyp); an 

imino acid, evaded hydrolysis by trypsin and were transported into enterocytes [7]. Few examples of 

dipeptides containing Hyp included Pro-Hyp, Hyp-Gly, and Ala-Hyp.  The study consisted of 

administering radiolabeled dipeptides (with Carbon-14) into six-week old Sprague-Dawley rats. An 

example of a radiolabeled compound used was [14C] Pro-Hyp. A whole-body autoradiograph was 

performed to determine the percent of [14C] Pro-Hyp within the enterocytes of the small intestine at 30 

minutes and at 24 hours after oral administration. 

[14C] Pro was orally administered as a control against Hyp-Pro. Results demonstrated that [14C] 

Hyp-Pro was absorbed by enterocytes and distributed to the skin, bones, and the gastrointestinal 

mucosa [6] at 30 minutes and 24 hours after oral administration of both [14C] Pro and [14C] Hyp-Pro 

[6]. Another control, contrast to [14C] Pro; an amino acid, was [14C] Gly-Gly; a dipeptide. Results of the

whole-body autoradiograph demonstrated that [14C] Gly-Gly was not absorbed by enterocytes and 

distributed. It is presumed within this study that Gly-Gly was hydrolyzed by trypsin within the 

enterocyte [6] and was not distributrd intact such as [14C] Pro and [14C] Hyp-Pro. 

Conclusion

 Studies are currently being done to determine if there are other amino acid pairings that evade 

hydrolysis of trypsin, why this phenomenon occurs, how they exit enterocytes, and how they are 

transported by red blood cells to tissues. Collagen is an example of a polypeptide whose peptides are 



transported by PEPT1. Collagen's peptides have been observed to enter an enterocyte and remain intact

by evading trypsin's digestion till it enters the bloodstream and reaches a connective tissue. Studies 

suggest that this is due to collagen possessing hydroxyproline where when bounded to other amino 

acids, the peptide becomes transported by PEPT1. How collagen's peptides leave the enterocyte into 

the bloodstream is not fully understood. Further research, therefore, is necessary to understand how 

these processes occur to fully understand how the intestinal peptide transport system within the small 

intestine functions. 



Figure 4 – Whole-body autoradiograph of rats after administration of [14C]Pro and [14C] Hyp-Pro

Image credited to Kawaguchi et.al [6] 
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