
ANALYSIS OF COLLAGEN TYPE I CHAINS

SORANA-DANIELA BOLBOACĂ AND LORENTZ JÄNTSCHI

Collagen type I, consists of a heterotrimer of two α1(I) and one
α2(I) chains, is the most common form of fibrillar collagen, being a
major constituent of bone and skin. The research presents a correla-
tion analysis of amino acids within and between collagen types I chains
in the same specie and in different species. The collagen type I chains
from the following species were included into analysis: Rattus norvegi-
cus (Orjel at al., 2006), Bos taurus (Shirai et al., 1998), Danio rerio
(Howden, 2007), Canis lupus (Lowe et al., 2003), and Homo sapiens
(Strausberg et al., 2002). The correlation obtained were analyzed in
accordance with the distribution of amino acids in the collagen type
I chains [1],[2]. A perfect correlation (r = 1) was obtained between
species on the same α chain for cysteine, tryptophan, tyrosine, and
lysine. The highest correlation on different collagen type I chains (r =
0.763) of the same species was obtained for Canis lupus.
Acknowledgments: CNCSIS Romania supports the research through
project AT93/2007.
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o
 

The main protein of connective tissues (fibrous 
protein, inextensible, which can be found at the 
level of connective tissues) 

o
 

Twenty-eight types of collagens known (Veit
 

et 
al., 2006)

o
 

Use: gelatin (food, pharmaceutical, cosmetic, 
and

 
photography

 
industries)
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o
 

Most abundant
 

collagen
 

of 
the

 
human

 
body

o

 

Main component of bone 
(organic part of bones

 
and

 teeth)
o

 

Scar tissue
 

& Skin
o

 

Tendons
o

 

Artery
 

walls
o

 

Endomysium
 

of myofibrils
o

 

Fibrocartilage

o
 

2 α1 and 1 α2 chains
o

 
COL1A1

 
(17q21.33) &

 COL1A2
 

(7q21.3)
o

 

osteogenesis

 

imperfecta (Lee

 

et

 
al., 2006)

o

 

osteoporosis

 

(Ralston

 

et

 

al., 
2006)

o

 

Ehlers-Danlos

 

syndrome

 
(Pollitt

 

et

 

al, 2006)
o

 

Caffey

 

disease

 

(Gensure

 

et

 

al., 
2005), 

o

 

intracranial

 

aneurysms

 
(Yoneyama

 

et

 

al., 2004)
o

 

bone metastasis

 

(Fukumitsu

 

et

 
al., 2003)
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(Orgel
 

et al., 2006):
o

 
Amino acids sequence in α

 
chain (0.84 

nm)
o

 
Triple helix (↔10 nm; ⁄

 
~ 1.1 nm)

o
 

Collagen molecule (~ 298.8 nm)
o

 
Collagen sub-fibril (↔ ~67.8 nm & ↕

 
~ 

2.7 nm & ↔ ~3.9 nm) 
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AAIMIM

o
 

Amino acids distribution in type I collagen 
chains (α1

 

and α2

 

) on species
o

 
Identify regularities within and between chains 
and/or species
o

 
Similarity analysis

o
 

Rank correlation analysis
o

 
Autocorrelation analysis
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Rattus norvegicus (Orjel
 

at al., 2006):
o

 
Uses in science: since 1895 (Clark University, Massachusetts 
(United States) studied the effects of diet).

o
 
Experimental studies: understanding genetic -

 
diseases –

 effects of drugs
 

-
 

psychological studies of learning and other 
mental processes (Barnett, 2002)

»
 

Rat Genome Database
»

 
Rattus

 
norvegicus

 
genome
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Bos taurus (Shirai
 

et al., 1998)
o

 
Wild ancestors: northern Africa, 
Europe, and southern Asia (Nowak, 
1997).

o
 

Economic Importance for Humans:
o

 
Positive: dairy products, medicine, 
glue, soap, leather

o
 

Negative: Bovine Spongiform 
Encephalopathy (Mad Cow 
Disease)

o
 

Bos taurus genome

http://www.ensembl.org/Bos_taurus/index.html
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Danio rerio (Howden, 2007)
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o
 

It is native to the streams of the southeastern Himalayan 
region (Mayden

 
et al., 2007)

o
 

Useful model organism for studies of vertebrate development 
and gene function (George Streisinger

 
-

 
University of 

Oregon): genetic screens
o

 

The Zebrafish
 

Model Organism Database
o

 

Zebrafish
 

International Resource Center
o

 

FishMap: Zebrafish
 

Genomics Knowledgedatabase)

http://zfin.org/cgi-bin/webdriver?MIval=aa-ZDB_home.apg
http://zebrafish.org/zirc/home/guide.php
http://miracle.igib.res.in/cgi-bin/fishmap/gbrowse/fishmap/


August 12-18, 2008
10Sorana D. BOLBOACĂ Lorentz JÄNTSCHI

CCOLLAGENOLLAGEN
 

TTYPEYPE
 

I I ––
 

IINVESTIGATED NVESTIGATED SSPECIESPECIES

CCORRELATIONORRELATION

 

AANALYSIS ONNALYSIS ON

 

CCOLLAGENOLLAGEN

 

TTYPEYPE

 

I CI CHAINSHAINS

FICAMC’08 FICAMC’08 PlovdivPlovdiv, Bulgaria , Bulgaria --

 

20082008

Canis lupus (Lowe et al., 2003)
o

 
Originating during the Late Pleistocene 
around 300,000 years ago (Nowak, 
1992).

o
 

DNA sequencing and genetic drift 
studies indicate that the gray wolf 
shares a common ancestry with the 
domestic dog, (Canis

 
lupus familiaris) 

and might be its ancestor (Lindblad-
 Toh

 
et al. 2005).
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Homo sapiens (Strausberg
 

et al., 2002)
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o
 
"sapiens" = wise or intelligent

o
 
has lived from about 250,000

o
 
publication of name: 1758 (H. 
sapiens sapiens)

o
 
Homo sapiens Genome

o
 
Ensembl

 
Human Genome

o
 
Homo sapiens genome view

o
 
KEGG GENOME

http://genome.ucsc.edu/cgi-bin/hgGateway
http://www.ensembl.org/Homo_sapiens/index.html
http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?taxid=9606
http://www.genome.ad.jp/kegg-bin/show_organism?org=hsa
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National Center for Biotechnology Information
http://www.ncbi.nlm.nih.gov/
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MMETHOD: ETHOD: RRANK ANK CCORRELATIONORRELATION

o
 

Step 1: matrix representation
o

 
Columns: the amino acid of interest (SP_α1/2_Z)

o
 

Rows:  the number of amino acid in the chains (from 0 
-

 
when the amino acid was not present on the 

investigated specie to 390 –
 

glycine on Canis lupus -
 α1 chain).

o
 

Step 2: calculation of Spearman rank correlation (the 
rank of each amino acid was correlated with the rank 
of all other amino acids on the chain for the same 
specie)
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MMETHOD: ETHOD: AAUTOCORRELATIONUTOCORRELATION

o
 

between adjacent entries (an autocorrelation by 
order k = 1). 
o

 
The autocorrelation with an offset of 1 correlate 
the data set {aa2

 

, aa3

 

, aa4

 

, aa5

 

,…, aan

 

} with the 
data set {aa1

 

, aa2

 

, aa3

 

, aa4

 

,…, aan-1

 

}. 
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MMETHOD: ETHOD: IIMPLEMENTATIONMPLEMENTATION

o
 

Distribution of aa
 

on type I collagen chains on 
species: http://l.academicdirect.org/Agriculture/Colagen/Chains/

o
 

aa
 

matrix on specie
o

 
Rank correlation matrix

o
 

Autocorrelation matrix
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RRESULTS: ESULTS: RRANKANK
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WWITHINITHIN

o
 
Min:

o
 
0.2789: DRα1 L (37 leucine on the chain) -

 
Y (9 

tyrosine on the chain)
o

 
0.4905: BTα1 V (42 valine on the chain) -

 
Y (16 

tyrosine on the chain) –when all amino acids with 
appearance less than 10 are excluded

o
 
Max (1.0000):

o
 
RNα1 V (18 valine on the chain) -

 
H (3 histidine on 

the chain)
o

 
HSα1 S (35 serine on the chain) -

 
Y (3 tyrosine on 

the chain)
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Perfect correlation (1.0000)
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1.00
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BT_α1

BT_α2

CL_α1
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RRESULTS: ESULTS: RRANKANK
 

CCORRELATIONORRELATION
 

BBETWEENETWEEN

Weak correlations (0.50 < r < 0.75)
o

 
Histidine:

o

 

BTα1-HSα1
o

 

0.666
o

 

BT 0.62% -
 

HS 0.28% 
o

 
Thyrosine

 
–

 
Histidine

o

 

BTα2-RNα1
o

 

0.577
o

 

BT 0.95% -
 

RN 0.28%
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RRESULTS: ESULTS: AAUTOCORRELATIONUTOCORRELATION

o
 

Fifty-six out of one-hundred positive autocorrelations 
were identified

o
 

The maximum number of amino acids identified on 
autocorrelation analysis:
o

 
alanine -

 
type I collagen α1 chain for Canis lupus

o
 

9 out of 20 45% -
 

95%-fa

 

CI [5 -
 

14]. 
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RRESULTS: ESULTS: AAUTOCORRELATIONUTOCORRELATION

o
 

α1 type I collagen of Bos Taurus and α2 type I 
collagen of Homo sapiens
o

 
8 out of 20

o
 

40% 95%-fa

 

CI [5 -
 

14]
o

 
The lowest performances: 
o

 
type I collagen chains for Ratus norvegicus

o
 

One positive autocorrelation
o

 
Alanine for α1 chain

o
 

Glycine for α2 chain 
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RRESULTS: ESULTS: AAUTOCORRELATIONUTOCORRELATION
o

 
The dimension of the type I collagen substructures that 
autocorrelated:
o

 

7 amino acids (Ratus norvegicus α2 chain of type I collagen -
 

glycine; r = 0.7300)
o

 

1462 amino acids (Bos Taurus α1 chain of type I collagen -
 

leucine; r = 0.012). 

o
 

The number of simultaneously presence of amino acid of 
interest in the same position on both substructures varied from 
2 to 18
o

 

0.012  -
 

Danio rerio on 1037 amino acids
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RRESULTS: ESULTS: AAUTOCORRELATIONUTOCORRELATION
o

 
r = 0.5390:
o

 

Bos taurus and Homo sapines α1 chain of type I collagen -
 leucine. 

o

 

Dimension: 43 aa, 5 leucine simultaneously in the same position.
o

 
r = 0.5280:
o

 

Canis lupus α1 chain of type I collagen –
 

leucine
o

 

Dimension: 39 aa, 5 leucine simultaneously in the same position.
o

 
r = 0.5190:
o

 

Bos taurus and Canis lupus α1 chain of type I collagen -
 glutamate 

o

 

Dimension: 28, 2 glutamate simultaneously in the same position
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CCONCLUDINGONCLUDING
 

RREMARKSEMARKS

o
 

The rank correlation analysis revealed the existence of 
a moderate to a very good correlation between ranks 
of standard amino acids position in the investigated 
type I collagen chains on all species.

o
 

The autocorrelation is not related with the frequency 
distribution of amino acids. 
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