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Synthesis and purification of MMP7–cleavable, non–cleavable ScrMMP7, and cyclic RGDS 

peptides. 

The MMP7 (PLELRA)–cleavable and non–cleavable scrambled MMP7 (ScrMMP7; 

PALLRE) peptides were synthesized manually on a 2 mmol scale using standard Fmoc solid 

phase peptide synthesis techniques as previously described [34]. For each coupling, the Fmoc 

protecting group was removed with 20% (v/v) piperidine in DMF followed by washing with 

DCM and DMF. Amino acids were activated by adding 4 molar equivalent of each Fmoc 

protected amino acid to 3.95 molar equivalent of HBTU and dissolved in DMF. Six molar 

equivalent of DIEA was added to the amino acid solution and the coupling solution added to 

the resin. The coupling reaction was allowed to proceed for 120–180 min before the resin was 

washed in DCM and DMF. Ninhydrin tests were performed after each Fmoc deprotection and 

coupling step to monitor the presence of free amines.  

Two Fmoc–Lys(Mtt)–OH were also coupled to the peptides at the N– and C– termini 

each using methods described above. The ninhydrin test for free amines was conducted at 

room temperature for 30 min since the Mtt protecting group is heat–labile. The Mtt protecting 

group was removed from the amine on the lysine side chain with 5% (v/v) TFA in DCM for 2 

min on the shaker. The solution turns bright yellow as the Mtt is removed, and this was 

repeated at least 5 times or until the solution was clear. The beads were washed thoroughly 

with DCM and DMF before running the ninhydrin test at room temperature for 30 min. To 

attach acrylate groups to the peptide, acryloyl chloride was activated by adding 10 molar 



equivalents of acryloyl chloride and 10 molar equivalents of DIEA in DCM. The coupling 

was verified with the ninhydrin test at room temperature for 30 min.  

Once the synthesis was completed, the peptides were cleaved in 95% (v/v) 

trifluoroacetic acid (TFA), 2.5% (v/v) triisopropyl silane (TIS), and 2.5% (v/v) H2O for 240 

min. TFA was removed using rotary evaporation, and the peptide residues were precipitated 

and washed with cold diethyl ether by centrifugation. The peptide precipitates were then 

allowed to dry under vacuum to remove residual ether. The peptides were purified (Fig. S1) 

using reversed phase preparative high performance liquid chromatography (HPLC; 

Shimadzu) in an acetonitrile/water gradient under acidic conditions on a Phenomenex C18 

Gemini NX column (5 µm pore size, 110 Å particle size, 150 x 21.2 mm). Following 

purification, the peptides were lyophilized on a freeze dryer (Labconco) for storage prior to 

use. The purified peptide masses were verified by matrix assisted laser desorption 

spectroscopy (MALDI; Waters). 

A cyclic RGDS peptide (GRGDSC) was synthesized at a 1 mmol scale on a 2–

chlorotrityl chloride resin (100–200 mesh; VWR). Fmoc–Cys(Trt)–OH (Novabiochem) was 

dissolved at 1 molar equivalent in DCM with a small amount of DMF added until fully 

solubilized. Half the solution was added to the resin along with 500 µL of DIEA for 15 min 

shaking on a wrist action shaker. This was repeated with the remaining solution followed by 

thorough washing with DMF and DCM. A ninhydrin test was performed to monitor the 

coupling by detecting the presence of free amines. The remaining free amines were capped by 

adding a solution of 5% (v/v) acetic anhydride with 2.5% (v/v) DIEA in DMF for 10 min with 

shaking, and repeated with 5 min shaking using fresh solution. The resin was then washed 

thoroughly with DCM and DMF before the ninhydrin test. The Fmoc protecting group was 

removed as described above and Fmoc–Asp(Otbu)–Ser(psiMe,Mepro)–OH (Merck) was 

coupled at 2 molar equivalents with 1.95 molar equivalents of HBTU and 3 molar equivalents 

of DIEA in DMF. The remaining free amines were capped, and all other amino acids were 

coupled as described above. The protected peptide was cleaved from the resin by adding 10 

mL of 5% (v/v) TFA in DCM for 10 min with shaking. The solution was drained into a round 



bottom flask and the resin rinsed with DCM until the solution in the synthesis vessel was 

clear. The DCM and TFA were removed carefully by rotary evaporation, leaving 

approximately 40 mL of solution to avoid cleaving the protecting groups from the peptide. 

Ammonium hydroxide (10 mL) was added to neutralize the TFA followed by acetonitrile to 

increase peptide solubility. The protected peptide was purified by reverse phase preparative 

HPLC running a mobile phase gradient of 80% ultrapure H2O and 20% (v/v) ACN to 100% 

(v/v) ACN with 0.1% (v/v) TFA. The solvent was removed by rotary evaporation until the 

protected peptide was completely dry, and then re–dissolved in DMF at 1 mg/mL. The 

peptide was cyclized by adding 2 equivalents of benzotriazol–1–yl–

oxytripyrrolidinophosphonium hexafluorophosphate (PyBop; AGTC Bioproducts) and 3 

equivalents of DIEA overnight. The DMF was removed by rotary evaporation and the 

remaining product was re–dissolved in acetonitrile/water until solubilized and purified by 

reverse phase preparative HPLC as described above. The remaining protecting groups were 

removed using 95% (v/v) TFA with 2.5% (v/v) H2O and 2.5% (v/v) TIS. The peptide was 

precipitated in cold DEE and purified by reverse phase preparative HPLC. Liquid 

chromatography–mass spectrometry (LC–MS) was performed on an Agilent 6130 

Quadrupole LC–MS coupled to an Agilent 1260 Infinity LC using a 150 x 4.6 mm 

Phenomenex Gemini NX C18 column with a 5 µm pore size and 100 Å particle size. 

Ultrapure H2O and acetonitrile each containing 0.1% (v/v) formic acid (VWR) by volume 

were used for the mobile phase at a flow rate of 1 mL/min. The peptide was eluted with a 

gradient of 95% (v/v) H2O to 95% (v/v) acetonitrile over 11 min. The electrospray source was 

operated with a capillary voltage of 3.2 kV and a cone voltage of 25 V with nitrogen used as 

the nebulizer and de–solvation gas at a total flow of 600 L/h. Although cyclic GRGDSC did 

not stick to the column, electrospray ionization (ESI) of an early elution confirmed the correct 

mass.  

 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. S1. Representative reversed phase high performance liquid chromatography (HPLC) 

chromatograms and electrospray ionization (ESI) spectra of (A, C) MMP7 (MW/2: 713.4 g/mol, MW: 

1426.8 g/mol) and (B) ScrMMP7 (MW/2: 713.4 g/mol, MW: 1426.8 g/mol) peptides, respectively. 
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Fig. S2. A fully annotated plasmid map of the pColdI vector system used to sub–clone the final 

DNA sequence for expression in E. coli.  

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. S3. Secondary structure of Scl2 proteins. (A) The ellipticity of the functionalized Scl2 

proteins monitored from 210 to 250 nm at 37 °C. (B) The ellipticity of the functionalized Scl2 

proteins monitored at 220 nm from 25 to 40 °C.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-30

-20

-10

0

10

20

30

220 230 240

θ 
x 

10
-3

 (d
eg

.c
m

2 /d
m

ol
)

Wavelength (nm)
-30

-20

-10

0

10

20

30

30 35

θ 
x 

10
-3

 (d
eg

.c
m

2 /d
m

ol
)

Temperature (°C)

(A) (B) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. S4. Representative Fourier transform infrared (FTIR) spectra of functionalized Scl2 

proteins confirming the conjugation of Scl2 with acrylate–functionalized MMP7–cleavable 

and non–cleavable ScrMMP7 peptides.  
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Fig. S5. Representative multi–photon second harmonic generation (MP–SHG) images of 

acellular (A) MMP7-HHACS-Scl2, (B) MMP7-HHACS-lowRGDS-Scl2, (C) MMP7-

HHACS-highRGDS-Scl2, (D) ScrMMP7-HHACS-Scl2, (E) ScrMMP7-HHACS-lowRGDS-

Scl2, and (F) ScrMMP7-HHACS-highRGDS-Scl2 hydrogels (scale bars are 10 µm).  
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Fig. S6. Representative photos of acellular and hMSC–seeded MMP7-HHACS-Scl2 hydrogel 

constructs (scale bars are 1 cm).	 
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Fig. S7. Mechanical properties of acellular functionalized Scl2 hydrogels. (A) Time to gelation 

determined at a temperature of 37 °C, angular frequency of 6.28 rad/s, and strain of 0.5% shown as G’ 
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and G’’. (B) Strain sweep at a temperature of 37 °C and an angular frequency of 6.28 rad/s shown as G’ 

and G’’. (C) Dynamic mechanical analysis (DMA) used to determine the elastic modulus in unconfined 

compression of hydrogels compressed to 10% strain at 0.5% strain/min from 0.1 to 10 Hz and (B). 

Values represent means ± SD (n = 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. S8. hMSC viability in Scl2 hydrogels. LIVE/DEAD® Viability/Cytotoxicity assay on 

hMSCs cultured for 6 weeks in hydrogels. Representative confocal images of cells in (A) 

MMP7-HHACS-Scl2, (B) MMP7-HHACS-lowRGDS-Scl2, (C) MMP7-HHACS-highRGDS-

Scl2, (D) ScrMMP7-HHACS-Scl2, (E) ScrMMP7-HHACS-lowRGDS-Scl2, and (F) 

ScrMMP7-HHACS-highRGDS-Scl2 hydrogels (scale bars are 50 µm).  
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Fig. S9. Dynamic mechanical analysis (DMA). Elastic compression moduli of cell–seeded 

Scl2 hydrogels compressed to 10% strain at 0.5% strain/min 0.1 to 10 Hz after 6 weeks of 

culture. Values represent means ± SD (n = 3 for each donor; 3 different bone marrow–derived 

hMSC donors).  
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Fig. S10. (A) hMSC gene expression in Scl2 hydrogels. SOX9, Runx2, and PPAR-γ gene 

expression of hMSCs encapsulated in hydrogels after 2 weeks in culture, as analyzed using the 

ΔΔCt method. Data presented as a fold difference relative to undifferentiated hMSCs 

(calibrator) prior to encapsulation and normalized to GAPDH (housekeeping gene). Values 

represent means ± SD. *p < 0.05 (n = 3 for each donor; 3 different bone marrow–derived 

hMSC donors). (B) High magnification images showing representative immunohistochemical 

examination of hMSC–seeded hydrogels after 14 days in culture. Hydrogels are stained for 

SOX9, PPAR-γ, and Runx2, respectively, from top to bottom. Scale bars are 100 µm. 
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