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Abstract: The aim of the study was to investigate patterns within and among α1 and α2 chains of 
Homo Sapiens type I collagen. The sequences of amino acids on alpha 1 and alpha 2 chains of type I 
collagen were taken from the National Center for Biotechnology Information. The CLC Proteine 
Workbench software was used in the investigation of amino acids patterns on type I collagen 
(within and among chains). Forty-seven patterns of 2 to 7 amino acids were identified on each 
chain. The patterns comprised the top-three frequent amino acids: glycine, proline and alanine on 
both chains. Seventeen out of forty-seven patterns (36%) were common on both chains. The 
patterns identified on the α2 chain comprise more amino acids compared with the patterns 
identified on α1 chain. The analysis among type I collagen chains identified patterns of 3 to up to 7 
amino acids. Almost 13% of patterns identified on analysis among chains were seen on both chains. 
Future researcher will be necessary for studying the existence of the same patterns on type I 
collagen on different species as well as the usefulness of start and end position of the pattern in 
characterization of repetition and/or cyclicity of amino acids. 
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Introduction 

The main protein of the extracellular matrix is collagen, the protein that comprise almost one 
quarter of all of the protein in the mammals’ body [1] and which is continuously synthesized and 
depredated throughout the lifetime. More than 20 genetically different types of collagen have been 
identified [2,3]. 

Type I collagen is composed of two identical alpha 1 polypeptide chains (α1) and one alpha 2 
polypeptides chain (α2). Two distinct genes are responsible by production of these polypeptide 
chains (COL1A1 [4], chromosome 17, and COL1A2 [5], chromosome 7), their expression being 
inactivated in adult tissues but stimulated after injury. 

Type I collagen is involved in many human diseases (osteogenesis imperfecta [6], fibrosis [7,8], 
osteoporosis [9,10], melanoma [11], lung cancer [12], pancreatic cancer [13], atherosclerosis [14], 
etc). The degradation products of type I collagen molecule are used as diagnostic [15,16] as well as 
monitoring tools [17-19] in various pathological conditions due to its widely distribution in the 
body. 

Gelatin, translucent, colourless, brittle, nearly tasteless solid substance extracted from collagen 
connective tissues of animals is used as an emulsifier in food (E441), pharmaceutical [20,21], 
photography and cosmetic manufacturing [22,23]. Moreover, the type I collagen is used for 
developments of: surface for cell interaction [24-26], cartilage biomaterials [27], implant surface 
microstructures [28], bone graft materials [29], urethral reconstruction biomaterial [30], etc.  

The aim of the study was to investigate patterns within and among α1 and α2 chains of type I 
collagen of Homo Sapiens. 
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Material and Method 

Amino Acids on Type I Collagen 

The sequences of amino acids on alpha 1 (α1) and alpha 2 (α2) chains of type I collagen (TIC) 
for Homo Sapiens were taken from the National Center for Biotechnology Information 
[http://www.ncbi.nlm.nih.gov/] [31]. 

Twenty standard amino acids are in composition of type I collagen: alanine (A), arginine (R), 
asparagine (N), aspartate (D), cysteine (C), glutamine (Q), glutamate (E), glycine (G), histidine (H), 
isoleucine (I), leucine (L), lysine (K), methionine (M), phenylalanine (F), proline (P), serine (S), 
threonine (T), tryptophan (W), tyrosine (Y), and valine (V). These amino acids follows a certain 
distribution, glycine being the most frequent one [32]. 

Pattern Analysis 

The CLC Proteine Workbench software was used in the investigation of amino acids patterns 
on type I collagen. Both chains (α1 and α2) were investigated. Three steps applied in the analysis 
were as follows: 
÷ Step 1: identification of most frequent patterns of 2, 3, 4, 5, 6, and 7 amino acids on each t 

chain. The maximum of seven amino acids in patters was imposed due to the time needed for 
searching.  

÷ Step 2: identification and analysis of patterns when the range of 1 to up to 9 amino acids is 
imposed. 

÷ Step 3:  identification and analysis of most frequent patterns present simultaneously on both 
chains. In this analysis classes of pattern were search (e.g. class of pattern of 3 amino acids). 

Results 

The general sequence information regarding the investigated chains of type I collagen on Homo 
Sapiens is presented in Table 1. The absolute frequency distribution of amino acids on the chains is 
graphically represented in Figure 1.  

 

Table 1. Chains characteristics 

Characteristic α1 chain α2 chain 
Sequence type Protein Protein 
Length (amino acids) 1069 1336 
N-terminal amino acid Methionine Methionine 
Hydrophobic residue (A, F, G, I, L, M, P, V, W) 764 927 
Hydrophilic residue (C, N,  Q, S, T, Y) 115 193 
Other residue 190 246 

 
Forty-seven patterns were identified in investigation of α1 chain (see Table 2), cumulating a total 

number of five-hundred twenty-seven repetitions. The patterns of four amino acids presented in 
Table 2 were identified when the range of 1 to 9 amino acids is imposed in searching.  
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Figure 1. Amino acids distribution on type I collagen chains 

 

Table 2. Patterns on α1 chain of type I collagen  

No Pattern fpattern Length  No Pattern fpattern Length 
1 AG 31 2  25 GPAGP 5 5 
2 GP 107 2  26 GPPGA 5 5 
3 PG 70 2  27 GPPGE 3 5 
4 GAP 19 3  28 GPPGP 20 5 
5 GEP 11 3  29 PGAKG 5 5 
6 GLP 11 3  30 AGPPGA 2 6 
7 GPP 38 3  31 ANGAPG 2 6 
8 GSP 9 3  32 APGAPG 2 6 
9 PAG 20 3  33 LPGPPG 2 6 

10 GAPG 15 4  34 PAGPKG 2 6 
11 GEAG 3 4  35 PAGPPG 5 6 
12 GEPG 6 4  36 PPGPAG 8 6 
13 GERG 4 4  37 PPGPPG 6 6 
14 GFPG 4 4  38 RGPPGP 2 6 
15 GLPG 9 4  39 GANGAPG 2 7 
16 GPAG 8 4  40 GAPGAPG 2 7 
17 GPPG 32 4  41 GERGFPG 2 7 
18 GPRG 5 4  42 GERGPPG 2 7 
19 GRPG 4 4  43 GLPGPPG 3 7 
20 GSPG 9 4  44 GPAGPKG 2 7 
21 AGAPG 4 5  45 GPAGPPG 4 7 
22 AGPKG 2 5  46 GPPGPAG 8 7 
23 GAPGP 3 5  47 GPPGPPG 5 7 
24 GLPGP 4 5  fpattern  = absolute frequency of pattern 
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Forty-seven pattern were identified in investigation of α2 chain (see Table 3), cumulating a total 
number of five-hundred and thirty repetitions. The same phenomena as was observed on α1 chain 
is also seen on α2 chain when the range of pattern searching was from 1 to 9 amino acids.  

Table 3. Patterns on α2 chain type I collagen 

No Pattern fpattern Length  No Pattern fpattern Length 
1 GE 35 2  25 GPAGP 10 5 
2 GP 120 2  26 GPPGP 12 5 
3 PG 69 2  27 GPSGP 4 5 
4 AGP 24 3  28 GPVGP 2 5 
5 EPG 9 3  29 RGLPG 5 5 
6 LPG 12 3  30 RGPPG 3 5 
7 PGP 31 3  31 GPAGAR 3 6 
8 PPG 3 3  32 PAGPPG 2 6 
9 RGP 13 3  33 PAGPRG 4 6 

10 SGP 9 3  34 PPGPPG 7 6 
11 VGP 12 3  35 PPGPSG 2 6 
12 GAPG 9 4  36 PVGAAG 3 6 
13 GEPG 9 4  37 PVGPAG 2 6 
14 GLPG 14 4  38 GAPGPAG 2 7 
15 GPAG 25 4  39 GARGAPG 2 7 
16 GPPG 25 4  40 GNKGEPG 2 7 
17 GPQG 4 4  41 GPAGPAG 2 7 
18 GPRG 3 4  42 GPAGPPG 3 7 
19 GPSG 3 4  43 GPPGPAG 2 7 
20 GPTG 3 4  44 GPPGPPG 4 7 
21 GPVG 4 4  45 GPRGLPG 2 7 
22 AGPPG 3 5  46 GPSGPAG 2 7 
23 GAPGE 2 5  47 GPVGPAG 3 7 
24 GAPGP 6 5  fpattern  = absolute frequency of pattern 

 
The pattern investigation on both type I collagen chains revealed a number of one-hundred and 

eighteen distinct patterns of 3 to up to 7 amino acids.  Almost 13% of the identified patterns were 
seen on both chains (see Table 4). The patterns identified among type I collagen chains is 
represented in Figure 2 and 3. 

 
Table 4. Patterns among α1 and α2 chains: type I collagen 

Frequency
No. Pattern Length α1 α2 

1 DLRL 4 1 1
2 GAPGPAG 7 1 2
3 GAPGPQG 7 1 1
4 GEPGAPG 7 1 1
5 GFPGAAG 7 1 1
6 GPAGPPG 7 4 3
7 GPPGPAG 7 10 2
8 GPPGPPG 7 3 4
9 GPPGPQG 7 1 1

10 GPPGPSG 7 1 2
11 GPRGLPG 7 1 2
12 GPSGPAG 7 1 2
13 GPSGPQG 7 1 1
14 GPVGPAG 7 1 3
15 GSAGPPG 7 1 1
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Figure 2. Patterns of amino acids on α1 chain 

 

Figure 3. Patterns of amino acids on α2 chain 
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Discussion 

The present study was intended to be the first step in an approach to analyze the distribution of 
amino acids within and among type I collagen chains. The aim of the research was accomplished, 
the most frequent patterns of amino acids on length of 2 to 7 were identified and analyzed within 
and among chains of type I collagen. Note that, the similarity between α1 and α2 chains is of 
40.49% [32] even if a similar distribution of amino acids in the chains is present (see Figure 1). 

The number of distinct patterns was the same on both chains (forty-seven, see Table 2 and 3), 
even if the length of α2 chain contains more amino acids (with 267) compared α1 chain.  

The top three most frequent amino acids on both chains are glycine, proline, and alanine as it 
can be observed from the graphical representation presented in Figure 1. Thus, it was expected to 
see these three amino acids on the patterns. With few exceptions (pattern no. 1 - α1 chain (Table 2), 
pattern no. 1 - α3 chain (Table 3)), the sequences patterns contains glycine and proline. The 
presence of all three amino acids in the same pattern varied from 38% (Table 3) to 53% (Table 4). 

Seventeen out of forty-seven patterns (36%) are common on both chains: GP, PG, GAPG, 
GEPG, GLPG, GPAG, GPPG, GPRG, GAPGP, GPAGP, GPPGP, PPGPAG, PPGPPG, 
GERGPPG, GPAGPPG, GPPGPAG, and GPPGPPG. The most frequent 2 amino acids pattern 
on both chains was GP (107 apparitions on α1 and 120 apparitions on α2 chain), followed by the 
mirror pattern PG (70 apparitions on α1 and 69 apparitions on α2 chain).  

Glycine and proline amino acids are found  into the composition of the most frequent 3 amino 
acids pattern, but their order is different on the α1 (GPP) and α2 (PGP) chains. The two most 
frequent amino acids had also been found on the most frequent 4 amino acid pattern (GPPG - 32 
apparitions on α1 chain and 25 apparitions on α2 chain).  

The most frequent 5 amino acids pattern on the investigated chains was GPPGP (20 apparitions 
on α1 and 12 apparitions on α2 chain). A combination of glycine, proline, and alanine is also found 
on the most frequent pattern with 7 amino acids (GPPGPAG with 10 apparitions on α1 chain and 
2 apparitions on α2 chain).  

Beside the top three most frequent amino acids, the patterns identified on both chains also 
contain: glutamate (E), lysine (K), leucine (L), arginine (R), and serine (S). The similar distribution at 
the level of proportion of these amino acids could explain the presence of them into the patterns of 
both chains. Even if similar proportions of phenylalanine (F) are seen on both chains, this amino 
acid appears twice just on the α1 chain.  Valine (V), threonine (T) and glutamine (Q) are found just 
in the patterns of α2 chain. The relative differences of the distribution of V, T, and Q varied from 
0.33% to 1.50 %. This lead to the conclusion that the similar distribution of amino acids in the type 
I collagen is not related with the apparition of amino acids into the patterns. 

A series of questions arises from the pattern investigation on type I collagen: “Is any explanation 
of apparition on patterns of certain amino acid?”, “The start and end position of pattern could be a 
useful variable in characterization of repetition and/or cyclicity of identified patterns?”, “If the α1 
and/or α2 type I collagen chains of other species are analyzed, will the patterns be the same?”. 
These will require future research. 

Conclusions 

A similar number of patterns with 2 to up to 7 amino acids were identified on both type I 
collagen chains. The main amino acids on these patterns were represented by the top three ones: 
glycine, proline and alanine. 

The most frequent pattern on both chains was one with 2 amino acids (GP). The patterns 
identified on the α2 chain comprise more amino acids compared with the patterns identified on α1 
chain. 

Future researcher will be necessary for studying the existence of the same patterns on type I 
collagen on different species as well as the usefulness of start and end position of the pattern in 
characterization of repetition and/or cyclicity of amino acids. 
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