
 

S-1 

 

A Crosslinked Collagen Hydrogel Matrix Resisting 

Contraction to Facilitate Full-thickness Skin 

Equivalents  

‡Christian Lotz
1
, ‡Freia F. Schmid

2
, Eva Oechsle

2
, Michael G. Monaghan

3,4,5
, Heike 

Walles
1,2
, Florian Groeber-Becker

2*
 

‡Both authors contributed equally 

1 Department Tissue Engineering & Regenerative Medicine (TERM), University Hospital Würzburg; Würzburg 97070, 

Germany 

2 Translational Center Würzburg ´Regenerative therapies in oncology and musculoskeletal diseases` Würzburg branch of the 

Fraunhofer Institute for Interfacial Engineering and Biotechnology; Würzburg 97070, Germany 

3. Department of Cell and Tissue Engineering, Fraunhofer Institute for Interfacial Engineering and Biotechnology, Stuttgart 

70569, Germany 

4.Trinity Centre for Bioengineering, Trinity Biomedical Sciences Institute, Trinity College Dublin, Dublin 2, Ireland 

5. Department of Mechanical and Manufacturing Engineering, School of Engineering, Trinity College Dublin, Dublin 2, 

Ireland 

  



 

S-2 

 

SUPPORTING INFOMRATION 

Calculation of the Molar Ratio of Collagen Primary Amine Groups and the N-

hydroxysuccinimide Ester of PEG-SG  

The cross-linking reaction is based on the reaction of primary amines and the n-

hydroxysuccinimide ester of PEG-SG. To generate cross-linked collagen hydrogels the 

corresponding quantity of the PEG-SG had to be determined. Lysines in the primary amino 

acid sequence of collagen and the N-termini provide the amine groups. Therefore the 

quantities of lysine in rat tail collagen type I had to be defined. The number of lysine in rat tail 

collagen was determined by using the database http://www.uniprot.org (Universal Protein 

Resource). Rat tail collagen I is composed of two alpha 1 chains (CO1A1_RAT; P02454) and 

one alpha 2 chain (CO1A2_RAT; P02466). The pre-pro-peptide of alpha 1 chain has 1453 

amino acids, which is processed post translational to 1057 amino acids with 38 Lysines 

(Marked Sequence). The molecular weight of the resulting α-1 chain is 95016 g/mol. The pre-

pro-peptide of the alpha 2 chain is composed of 1372 amino acids and results in 1041 amino 

acids with 32 lysines (Marked Sequence) and a molecular weight of 93607 g/mol after post 

translational processing. Summarized, a collagen molecule with a molecular weight of 283639 

g/mol consists of 108 residues of lysine and 3 N-termini. In 1 g of collagen 3.526 x 10
−6

 

moles of collagen are present. Thus, there are 111 NH2 groups (108 lysine residues and three 

N-termini) or 3.913 x 10
−4

 moles of free amines. Subsequently, 1 mg of collagen corresponds 

to 3.913 x 10
-7

 mol of free amines. One molecule of PEG-SG can theoretically react with four 

amine groups. PEG-SG has a molecular weight of 10000 g/mol. So, to achieve a theoretical 

crosslinking of 100% of the free amines in 1 mg of collagen, 1 mg PEG-SG has to be applied. 

  



 

S-3 

 

Table 1. Alpha 1 Chain P02454 (CO1A1_RAT). 

Feature key Position Lysines 

Signal peptide 1 – 22 0 

N-terminal propeptide 23 – 151 4 

Collagen alpha-2(I) 152 – 1207 38 

C-terminal propeptide 1208 – 1453 15 

 

Alpha 1 Chain P02454 (CO1A1_RAT) amino acid sequence: 

MFSFVDLRLLLLLGATALLTHGQEDIPEVSCIHNGLRVPNGETWKPDVCLICICHNGT

AVCDGVLCKEDLDCPNPQKREGECCPFCPEEYVSPDAEVIGVEGPKGDPGPQGPRGP

VGPPGQDGIPGQPGLPGPPGPPGPPGPPGLGGNFASQMSYGYDEKSAGVSVPGPMGP

SGPRGLPGPPGAPGPQGFQGPPGEPGEPGASGPMGPRGPPGPPGKNGDDGEAGKPGR

PGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDTGPAGPKGEPGSPGENG

APGQMGPRGLPGERGRPGPPGSAGARGNDGAVGAAGPPGPTGPTGPPGFPGAAGAK

GEAGPQGARGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGA

PGFPGARGPSGPQGPSGAPGPKGNSGEPGAPGNKGDTGAKGEPGPAGVQGPPGPAGE

EGKRGARGEPGPSGLPGPPGERGGPGSRGFPGADGVAGPKGPAGERGSPGPAGPKGS

PGEAGRPGEAGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPAGPPGARGQAG

VMGFPGPKGTAGEPGKAGERGVPGPPGAVGPAGKDGEAGAQGAPGPAGPAGERGE

QGPAGSPGFQGLPGPAGPPGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGP

PGPAGPRGNNGAPGNDGAKGDTGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDR

GDAGPKGADGSPGKDGVRGLTGPIGPPGPAGAPGDKGETGPSGPAGPTGARGAPGD

RGEPGPPGPAGFAGPPGADGQPGAKGEPGDTGVKGDAGPPGPAGPAGPPGPIGNVGA

PGPKGSRGAAGPPGATGFPGAAGRVGPPGPSGNAGPPGPPGPVGKEGGKGPRGETGP

AGRPGEVGPPGPPGPAGEKGSPGADGPAGSPGTPGPQGIAGQRGVVGLPGQRGERGF

PGLPGPSGEPGKQGPSGASGERGPPGPMGPPGLAGPPGESGREGSPGAEGSPGRDGAP

GAKGDRGETGPAGPPGAPGAPGAPGPVGPAGKNGDRGETGPAGPAGPIGPAGARGP

AGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGSPGSPGEQGPSGASGPAGPRGP

PGSAGSPGKDGLNGLPGPIGPPGPRGRTGDSGPAGPPGPPGPPGPPGPPSGGYDFSFLP

QPPQEKSQDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGSRKNPARTC

RDLKMCHSDWKSGEYWIDPNQGCNLDAIKVYCNMETGQTCVFPTQPSVPQKNWYIS

PNPKEKKHVWFGESMTDGFQFEYGSEGSDPADVAIQLTFLRLMSTEASQNITYHCKN

SVAYMDQQTGNLKKSLLLQGSNEIELRGEGNSRFTYSTLVDGCTSHTGTWGKTVIEY

KTTKTSRLPIIDVAPLDIGAPDQEFGMDIGPACFV 
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Table 2. Alpha 2 Chain P02466 (CO1A2_RAT). 

Feature key Position Lysines 

Signal peptide 1 – 22 0 

N-terminal propeptide 23 – 85 1 

Collagen alpha-2(I) 86 – 1125 32 

C-terminal propeptide 1126 – 1372 16 

 

Alpha 2 Chain P02466 (CO1A2_RAT) amino acid sequence: 

MLSFVDTRTLLLLAVTSCLATCQSLQMGSVRKGPTGDRGPRGQRGPAGPRGRDGVD

GPVGPPGPPGAPGPPGPPGPPGLTGNFAAQYSDKGVSAGPGPMGLMGPRGPPGAVGA

PGPQGFQGPAGEPGEPGQTGPAGSRGPAGPPGKAGEDGHPGKPGRPGERGVVGPQG

ARGFPGTPGLPGFKGIRGHNGLDGLKGQPGAQGVKGEPGAPGENGTPGQAGARGLP

GERGRVGAPGPAGARGSDGSVGPVGPAGPIGSAGPPGFPGAPGPKGELGPVGNPGPA

GPAGPRGEAGLPGLSGPVGPPGNPGANGLTGAKGATGLPGVAGAPGLPGPRGIPGPV

GAAGATGPRGLVGEPGPAGSKGETGNKGEPGSAGAQGPPGPSGEEGKRGSPGEPGSA

GPAGPPGLRGSPGSRGLPGADGRAGVMGPPGNRGSTGPAGVRGPNGDAGRPGEPGL

MGPRGLPGSPGNVGPAGKEGPVGLPGIDGRPGPIGPAGPRGEAGNIGFPGPKGPSGDP

GKPGEKGHPGLAGARGAPGPDGNNGAQGPPGPQGVQGGKGEQGPAGPPGFQGLPGP

SGTAGEVGKPGERGLPGEFGLPGPAGPRGERGPPGESGAAGPSGPIGIRGPSGAPGPD

GNKGEAGAVGAPGSAGASGPGGLPGERGAAGIPGGKGEKGETGLRGEIGNPGRDGA

RGAPGAIGAPGPAGASGDRGEAGAAGPSGPAGPRGSPGERGEVGPAGPNGFAGPAGS

AGQPGAKGEKGTKGPKGENGIVGPTGPVGAAGPSGPNGPPGPAGSRGDGGPPGMTG

FPGAAGRTGPPGPSGITGPPGPPGAAGKEGIRGPRGDQGPVGRTGEIGASGPPGFAGE

KGPSGEPGTTGPPGTAGPQGLLGAPGILGLPGSRGERGQPGIAGALGEPGPLGIAGPPG

ARGPPGAVGSPGVNGAPGEAGRDGNPGSDGPPGRDGQPGHKGERGYPGNIGPTGAA

GAPGPHGSVGPAGKHGNRGEPGPAGSVGPVGAVGPRGPSGPQGIRGDKGEPGDKGA

RGLPGLKGHNGLQGLPGLAGLHGDQGAPGPVGPAGPRGPAGPSGPIGKDGRSGHPGP

VGPAGVRGSQGSQGPAGPPGPPGPPGPPGVSGGGYDFGFEGGFYRADQPRSQPSLRP

KDYEVDATLKSLNNQIETLLTPEGSRKNPARTCRDLRLSHPEWKSDYYWIDPNQGCT

MDAIKVYCDFSTGETCIQAQPVNTPAKNAYSRAQANKHVWLGETINGGSQFEYNAE

GVSSKEMATQLAFMRLLANRASQNITYHCKNSIAYLDEETGRLNKAVILQGSNDVEL

VAEGNSRFTYTVLVDGCSKKTNEWDKTVIEYKTNKPSRLPFLDIAPLDIGGTNQEFRV

EVGPVCFK 

 

Table 3. Composition of crosslinked hydrogels. 

Hydrogel 

Abbreviations 

Collagen 

solution [mg/ml] 

PEG-SG 

solution [mg/ml] 

Volumetric 

ratio 

NH2:PEG-SG 

ratio 

CHG 6 0 1:1 - 

CHG PEG-SG50 6 3 1:1 2:1 

CHG PEG-SG100 6 6 1:1 1:1 
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