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Biogelx: Cell Culture on Gels based on Aromatic Peptide 

Amphiphiles 

 

Mhairi M. Harper, Michael L. Connolly, Laura Goldie, Eleanore J. Irvine, 

Joshua E. Shaw, Vineetha Jayawarna, Stephen M. Richardson, Matthew 

J. Dalby, David Lightbody and Rein V. Ulijn   

 

Summary  

 

Aromatic peptide amphiphiles can form self-supporting nanostructured hydrogels with 

tunable mechanical properties and chemical compositions. These hydrogels are increasingly 

applied in two-dimensional (2D) and three-dimensional (3D) cell culture, where there is a 

rapidly growing need to store, grow, proliferate and manipulate naturally derived cells 

within a hydrated, 3D matrix. Biogelx Limited is a biomaterials company, created to 

commercialize these bio-inspired hydrogels to cell biologists for a range of cell culture 

applications. This chapter describes methods of various characterisation and cell culture 

techniques specifically optimized for compatibility with Biogelx products.  

 

Key words - Hydrogels, Self-assembly, Cell culture, Biomaterials. 

  

1. Introduction 

 

Molecular gels have enormous potential as supramolecular biomaterials with precisely 

tunable properties.1-6 There have been major developments in particular in the application of 

self-assembled peptide based materials as instructive matrices for cell growth.  These 

peptide-based biomaterials are of particular interest as a result of their programmability, 

bioactivity and biodegradability.  A number of strategies exist to design supramolecular 

biomaterials based on self-assembled peptides and their derivatives.7 These are typically 

inspired by structural motifs found in biological systems, including coiled-coils, β-sheets 

and β-hairpins.  Other designs combine peptides with non-peptidic components such as 

polymers or aliphatic/aromatic tails to induce self-assembly.8 Significant progress in 

applying these systems in three-dimensional cell culture and tissue engineering has been 

made by the groups of Zhang9 (resulting in the commercial product Puramatrix™), Stupp10 

(focused on peptide amphiphiles which display high densities of bioactive epitopes) and 

others.11-13 

 

The above examples typically use peptide sequences of at least 10 residues.  While they are 

much simpler compared to naturally occurring protein based materials, they are still 

relatively complex, expensive and not easily scalable as they rely on solid-phase synthesis 

techniques for their production.  Much simpler peptide derivatives provide a potentially 

useful alternative as cell culture scaffolds.  In particular, low molecular weight 
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hydrogelators composed of short (di- or tri-) peptides modified at the N-terminus with 

aromatic structures (such as fluorenylmethoxycarbonyl, Fmoc) can form self-supporting 

nanostructured hydrogels which are much simpler in composition. The first example of this 

type of self-assembling systems was reported in 1995.14 Since then a number of research 

groups have contributed to the further development of fundamental understanding and 

application of these materials.15-17 Aromatic peptide amphiphiles are now a relatively mature 

separate class of building blocks for low molecular weight hydrogels.18 Some of these 

hydrogels are stable at physiological conditions and have been shown to support 2D and 3D 

cell culture by mimicking features of the extracellular matrix.  In particular, Fmoc-di-

phenylalanine (Fmoc-FF) forms nanostructured gels at physiological conditions by a 

combination of H-bonding and π-stacking interactions.  These gels were shown to hold 

promise as matrices for cell growth, especially when co-assembled with functional 

surfactant-like components that carry hydrophilic chemical groups, such as Fmoc-serine, or 

cell adhesive peptides, such as Fmoc-RGD.19-22 

 

Since the potential of these gels as matrices for cell growth was demonstrated, a range of 

cell culture applications have been studied.11,12 Biogelx Limited, a UK based biomaterials 

company that designs tuneable peptide hydrogels, was established to commercialize these 

hydrogels. Biogelx currently develops and supplies highly tuneable, cell-matched 

biomaterials, capable of revolutionising the way cell biologists control and manipulate cell 

behaviour in the laboratory. It offers a range of hydrogel platforms that are three-

dimensional, hold 90-99 % water and are composed of a nanoscale matrix structure that 

morphologically resembles that of the extracellular matrix (Figure 1). Biogelx gels are 

composed of short, yet simple di- or tri-peptides modified at the N-terminus with the 

aromatic structure, Fmoc.  Through a combination of H-bonding and π-stacking interactions 

these peptide building blocks co-assemble to form nanoscale fibres.  The gels’ fibre density 

controls the gel stiffness which allows the cell biologist a level of control of cell behaviour, 

as the gels can be tuned to meet the needs of a given cell type. 

 

 
 

 

Figure 1: Example images of a range of Biogelx’s 3D in vitro hydrogels, tuned to match different tissue type 

environments 
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Biogelx products are supplied as lyophilised powder (Biogelx Powder).  These powders are 

rehydrated with water to form a Pre-gel solution.  The gelation of these products is triggered 

by divalent cations, such as calcium, which crosslink the gel fibres to set the gel. The 

gelation process is triggered instantly when the Biogelx Pre-gel solution comes into contact 

with cell culture medium. 

 

Cell types successfully tested with these hydrogels include human/bovine chondrocytes, 

human dermal fibroblasts, 3T3 cells, MG64 cells, human bone marrow stem cells, human 

adipose derived stem cells, embryonic stem cells and human pericytes.23 

 

This chapter details the methods used for cell culture preparation and applications of 

Biogelx Powder.  This includes techniques such as microscopy imaging and cell viability 

techniques as well as cell recovery, immunostaining and RNA extraction methods. 

 

2. Materials  

 

2.1 Biogelx Powder – Preparation and Guidelines for Use Materials 

1. Biogelx Powder (Biogelx, UK) 

2. Cell incubator (conditions 37 °C with a humidified atmosphere of 5 % CO2) 

3. Cell culture multi-well inserts with 1.0 µm pore size (Greiner Bio-One, UK)  

4. Cell culture plates (96, 48, 24, 12 or 6 well) 

5. Tissue culture medium for cells of interest. 

6. Sterile water 

7. Parafilm 

 

2.2 AFM Materials 

 

1. Mica Sheet 

2. Distilled water 

3. AFM (in our case a Veeco MultiMode with NanoScope IIID Controller Scanning 

Probe Microscope (Digital Instruments, Santa Barbara, CA, USA; Veeco software 

Version 6.14r1) 

4. The AFM measurements should be obtained using a sharp silicon probe (TESP; 

nominal length (lnom) = 125 µm, width (wnom) = 40 µm, tip radius (Rnom) = 8 nm, 

resonant frequency (υnom) = 320 kHz, spring constant (knom) = 42 N m-1; Veeco 

Instruments SAS, Dourdan, France).  

 

2.3 TEM Materials 

 

1. Carbon-coated copper grids (No. 400) 

2. Filter Paper 

3. Negative Stain - Nanovan: 1% aqueous methylamine vanadate, obtained from 

Nanoprobes)  
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4. TEM (in our case a LEO 912 energy filtering transmission electron microscope 

operating at 120kV fitted with 14 bit/2 K Proscan CCD camera). 

 

2.4 LIVE/DEAD® Staining Materials  

 

1. 1x Phosphate Buffer Saline (PBS) 

2. LIVE/DEAD® Viability/Cytotoxicity assay kit for mammalian cells (Life 

Technologies Cat. # L3224) 

3. Staining solution contains 4 µM ethidium homodimer-1 (EthD-1) and 2 µM calcein 

AM in PBS (10 ml PBS to 20 µl EthD-1 and 5 µl calcein AM).  This solution must 

be protected from light. 

4. Foil 

5. Glass Slide 

6. Coverslip 

7. Mounting Agent - Prolong® Gold Antifade Reagent (Molecular Probes, Cat. # 

P36930) 

8. Fluorescence microscope 

 

2.5 Phalloidin Staining 

 

1. 1x Phosphate Buffered Saline (PBS) 

2. 4 % paraformaldehyde (PFA) 
3. Permeabilisation (Perm) buffer: 0.25 % Triton-X in PBS 

4. BSA solution: 1 g Bovine Serum Albumin (BSA) in 100 mL of 1 x PBS with Triton-

X solution. 

5. Foil 

6. Distilled water 

7. Phalloidin solution: Phalloidin Dylight 594 (Thermo) or any equivalent Phalloidin 

staining solution.  DyLight working solution is prepared by diluting 1 µL stock 

solution in 300 µL PBS. Each sample requires approximately 600 µL. 

8. Mounting agent: Prolong® Gold Antifade reagent with DAPI (Thermo) or use any 

glycerol-based mounting medium for preserving fluorescence containing DAPI for 

nucleic acid staining.  DAPI stained mounting agent is recommended as opposed to 

separate DAPI staining as these give optimised staining results. 

9. Glass Slide 

10. Coverslip 

 

2.6 MTS Assay Materials 

 

1. CellTiter 96® Aqueous One Solution Cell Proliferation Assay (MTS) (Promega Cat. 

# G3582) 

2. Eppendorf tube (1.5 mL) 

3. Tissue culture medium for cells of interest. 

4. Cell culture medium (users desired medium) 

5. Cell incubator (conditions 37 °C with a humidified atmosphere of 5 % CO2) 

6. Centrifuge 
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7. 96-well cell culture plates  

8. Plate reader 

 

2.7 Cell Recovery Materials 

 

1. Centrifuge tube (15 mL) 

2. Phosphate Buffered Saline (PBS) 

3. 1 % BSA solution: 1 g Bovine Serum Albumin (BSA) in 100 mL of 1 x PBS 

solution Centrifuge Trypsin 

 

2.8 RNA Extraction Materials 

This method is based on using a combination of the Invitrogen TRIzol and Purelink 

protocols. 

1. Eppendorf tube (1.5 mL) 

2. TRIzol (Invitrogen) 

3. Cell incubator (conditions 37 °C with a humidified atmosphere of 5 % CO2) 

4. Centrifuge 

5. Chloroform 

6. Glycoblue 

7. Isopropanol 

8. Ethanol 

9. Distilled RNAse-free water 

2.9 RNA Extraction Method using Columns Materials 

This method is based on using a combination of the Qiagen QIAshredder and RNeasy plus 

mini kit. 

1. RNA stabiliser - RNAlater® solution (Thermo Fisher Scientific) 

2. Qiagen QIAshredder (Qiagen) 

3. RNeasy plus mini kit (Qiagen) 
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3. Methods 

 

Biogelx gels are supplied as a lyophilised powder (Biogelx Powder), which is rehydrated 

with water to prepare a Pre-gel solution of the user’s desired concentration. This Pre-gel is 

added to a well plate, along with cell culture medium which promotes gelation. Cells can be 

cultured inside the gel (3D culture) or on top (2D culture).  Gelation is initiated by cell 

culture medium and/or salt-containing buffers. The material will remain in the “Pre-gel” 

state until medium and/or salt-containing buffers is added. 

All procedures should be carried out at room temperature unless otherwise specified. 

Additional notes are provided where further information about procedures is required. 

 

3.1 Biogelx Powder – Preparation and Guidelines for Use 

3.1.1 Preparation of Pre-gels from Biogelx Powders 

1. Remove glass vial containing Biogelx Powder from freezer, ensure the outside of the 

vial is dry and allow the powder to reach room temperature before opening the vial. 

2. To open, remove the flip-tear-up seal and rubber stopper. 

3. In a new sterile vial, weigh the required quantity of Biogelx Powder (Table 1).  

Should a gel be required that is of lower or higher stiffness than those detailed in the 

table, the quantity of Biogelx Powder may be scaled appropriately at the user’s 

discretion. 

TABLE 1 

4. Ensure that all of the Biogelx Powder is located at the bottom of the vial and then 

carefully pipette 5 mL of sterile water to prepare the Pre-gel Solution (Figure 2).  

Volume of Pre-gel Solution prepared can be scaled up or down as required. 

 

Figure 2: Schematic of the preparation of Pre-gel Solution from Biogelx Powder 

 

5. Fully dissolve the Biogelx Powder by applying vortex mixing and sonication for 

approximately 30 seconds. If any air bubbles are present in the Pre-gel Solution, 
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remove these by applying sonication to the solution for 10 seconds.  

6. Store the Pre-gel Solution at 4 °C until required for cell culture. 

7. Replace the unused Biogelx Powder in the -20 ˚C freezer by first replacing the 

rubber stopper and then wrapping in Parafilm or similar material to ensure the 

container is protected against moisture and air contamination. 

3.1.2 Plating Volume Protocol Structure  

Cell culture using Biogelx Powder can be carried out using both 2D and 3D cell culture 

methods (Figure 3).  When performing 2D culture, two formats can be used; the insert and 

well method.  Alternatively, when culturing cell within a 3D format three methods are 

available; insert, well and sphere methods.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Organisation chart demonstration the formats available for both 2D and 3D cell culture using 

Biogelx Powder. 

 

3.1.3 2D Cell Culture Method 

 

3.1.3.1 Gel Preparation Method  

 

1. Prior to use, place the cell medium and Pre-gel solution in an incubator or water bath 

for 30 minutes until the solution(s) reaches 37 °C.  

2. Gently mix the Pre-gel solution using a pipette to produce a homogeneous solution. 

During mixing the pipette tip should not be removed from the solution.  If air 

bubbles are present in the solution, remove these by placing the solution in a bath 

sonicator for 10 seconds.  

3.1.3.2 2D Cell Culture Method (Insert Format) 
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1. Gently pipette the required volume of Pre-gel solution into each well plate insert.  

Volumes of Pre-gel solution and cell culture medium required are shown in Table 2 

for each plate size.  Add cell medium into each well outside of the insert, so that the 

Pre-gel solution in each insert is in contact (through the membrane) with medium 

from underneath. Refer to Figure 4 for guidance. 

 

Figure 4: Schematic of preparation for 2D cell culture in Biogelx gels using insert format  

 

2. Place the culture plate containing the inserts, medium outside of each insert and Pre-

gel solution in the cell incubator at 37 °C with a humidified atmosphere of 5 % CO2 

for 15 minutes.  At this stage, complete gelation has not occurred. 

3. To promote gelation, gently pipette cell medium dropwise onto the centre of 

the gel (Refer to Table 2 for cell culture medium volumes). 

4. Place the culture plate in the incubator for a minimum of 2 hours without adding 

cells. During this time, the medium will diffuse through the Pre-gel promoting 

gelation.  

TABLE 2 

5. Centrifuge the trypsinised cells and re-suspend the cell pellet with cell medium, to an 

appropriate concentration of cells in a final volume, typically 4 – 16 x 104 cells/cm2 

final concentration for most cell types (see Note 2).    

6. Remove the old medium from the gel surface within the insert making sure the 

pipette tip does not touch the surface of the gel (see Note 1).  

7. Gently pipette the prepared cell suspension onto the top of the gel in each insert.  

Replace the old cell medium outside the insert with fresh medium. Volumes are 

shown in Table 3 for each well plate size (see Note 1). 

TABLE 3 

8. Medium should be replaced every 24 hours during the first two days of incubation 

then every second day after that (see Note 1). 

9. The gels in these well plates can be kept in the incubator for further use. 
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3.1.3.3 2D Cell Culture Method (Well Format)  

1. Pipette the Pre-gel solution into the bottom of the well plate.  Volumes of Pre-gel 

solution required are shown in Table 4 for each plate size used.  Refer to Figure 5 for 

guidance. 

 

Figure 5: Schematic of preparation for 2D cell culture in Biogelx gels using well format  

 

2. Place the well plate containing the Pre-gel solution in the cell incubator at 37 °C with 

a humidified atmosphere of 5 % CO2 for 15 minutes.   At this stage, gelation has not 

occurred.  

3. To promote gelation, gently pipette cell medium dropwise onto the centre of the gel 

(Refer to Table 4 for cell culture medium volumes). The Pre-gel and medium should 

form two distinct layers.  

4. Place the culture plate in the incubator for a minimum of 2 hours without adding 

cells. During this time, the medium will diffuse through the Pre-gel promoting 

gelation. 

TABLE 4 

5. Centrifuge trypsinised cells and re-suspend the cell pellet with cell culture medium 

at an appropriate concentration of cells in a final volume, typically 4 – 16 x 104 

cells/cm2 final concentration for most cell types (see Note 2).    

6. After the appropriate incubation period, gently remove the cell medium from top of 

the gel and replace with the prepared cell suspension.  Cell suspension volumes 

required are shown in Table 5 for each plate size used. 

TABLE 5 

7. Medium should be replaced with fresh medium every 24 hours during the first two 

days of incubation then every second day after that. 
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3.1.4 3D Cell Culture Method 

  

Pre-gel and Cell Preparation 

1. Prior to use, place the cell medium and Pre-gel solution in an incubator or water bath 

for 30 minutes until the solution(s) reaches 37 °C.   

2. Gently mix the Pre-gel solution using a pipette to produce a homogeneous solution. 

During mixing the pipette tip should not be removed from the solution.  If air 

bubbles are present in the solution, remove these by placing the solution in a bath 

sonicator for 10 seconds.  

3. Meanwhile, trypsinise cells and centrifuge so as to obtain a cell pellet. Determine the 

cell density. 

4. Remove the required volume of cells to a sterile tube to give a final cell density of 

0.5 – 1 x 106 cells/mL in Pre-gel solution (see Note 2). 

5. Centrifuge the cell-medium mix for 5 minutes at 12,000 g to again obtain a cell 

pellet and remove medium, leaving a maximum of 10 % medium in which to re-

suspend the cell pellet.  

6. Disturb the pellet through heavy shaking to allow breaking up of the cell mass. To 

this, add the required volume of Pre-gel solution (0.5 – 1 x 106 cells/mL of Pre-gel 

solution).   

7. Mix by carefully pipetting up and down to allow even distribution of cells in the Pre-

gel solution (see Note 3).  

3D Cell Culture Method (Insert Format) 

1. Gently pipette the prepared Pre-gel/cell solution to each well plate insert required. 

Add cell culture medium into the well (outside the insert) and incubate at 37 C with 

a humidified atmosphere of 5 % CO2 for 15 minutes.  At this stage, gelation has not 

occurred.  

2. Volumes for Pre-gel/cell solution and medium for each culture plate size are shown 

in Table 6. Refer to Figure 4 for guidance. 

TABLE 6 

3. After this period, add medium gently to the surface of the gel (Refer to Table 7 for 

cell culture medium volumes) and continue incubation.  

4. Replace the medium surrounding the insert (Table 6) and on the surface of the gel 

(Table 7) after 2 hours (see Note 1). 

TABLE 7 
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5. Incubate the prepared well plates at 37 C with a humidified atmosphere of 5 % CO2. 

After 24 hours of incubation, replace medium with fresh medium (surface of the gel 

and outside the inserts).  

6. Replace the medium every 24 hours during the first two days of incubation then 

every second day after that. 

3D Cell Culture Method (Well Format) 

1. Gently pipette the prepared Pre-gel/cell solution into the bottom of the well plate 

required.  Volumes required for each plate size used are shown in Table 8.  Refer to 

Figure 5 for guidance. 

TABLE 8 

2. Place the culture plate containing the Pre-gel/cell solution in the cell incubator at 37 

°C with a humidified atmosphere of 5 % CO2 for 15 minutes.  At this stage, gelation 

has not occurred. 

3. To promote complete gelation, gently add medium dropwise onto the centre of the 

gel (Refer to Table 9 for cell culture medium volumes). The Pre-gel and medium 

should form two distinct layers.  Incubate the prepared well plates at 37 C with a 

humidified atmosphere of 5 % CO2. 

4. Replace the medium on the surface of the gel after 2 hours (see Note 1).  

TABLE 9 

5. Incubate the prepared well plates at 37 C with a humidified atmosphere of 5 % CO2.  

After 24 hours of incubation, replace the medium.  

6. Replace medium every 24 hours during the first two days of incubation then every 

second day after that. 

3D Cell Culture Method (Sphere Format) 

1. Add cell medium to each of the desired wells in the required well plate (Table 10 

shows volume required for each well plate size).  

2. Then gently add the Pre-gel/cell solution to each well, using a pipette in which the 

tip has had 1 cm of the end cut from it. This allows for the Pre-gel/cell solution to be 

delivered to the well in a ball-like structure (see Note 4). Refer to Figure 6 for 

guidance. 
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Figure 6: Schematic of preparation for 3D cell culture in Biogelx gels using sphere format  

3. Incubate the prepared well plates at 37 °C with a humidified atmosphere of 5 % CO2 

for 1 hour until gel is fully formed.  

TABLE 10 

4. After 24 hours of incubation, replace the medium in the well (see Note 1). Replace 

the medium every 48 hours thereafter. 

3.2 Microscopy Imaging Techniques for Biogelx Gel 

 

3.2.1 Atomic Force Microscopy (AFM) 

 

1. To image the fibres in the Biogelx Pre-gel, rehydrate the Biogelx Powder according 

to section 3.1.1.   

 

2. Place 100 µL of solution on a trimmed, freshly cleaved mica sheet attached to an 

AFM support stub.  

 

3. After 1 minute remove any excess sample by capillary action and rinse the surface 

with 200 µL of distilled water.  

 

4. To image the Biogelx gel structure (prepare according to section 3.1), place the gel 

on mica sheet for 1 min and rinse twice with 200 µL of distilled water.  

 

5. Leave the samples to air-dry overnight in a dust-free environment, prior to imaging.  

 

6. Scan the mica surface in air under ambient conditions using an AFM, operated in 

tapping mode.  Typical scanning parameters are as follows: tapping frequency 308 

kHz, integral and proportional gains 0.3 and 0.5, respectively, set point 0.5 – 0.8 V 

and scanning speed 1.0 Hz. 

 

Figure 7 shows AFM images of the fibrous morphologies of Biogelx gels comprising of 3 

different strengths. 
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Figure 7: AFM images of A) soft, B) stiff and C) rigid gel demonstrate differential fibrous morphologies. 

   

 

3.2.2 Transmission Electron Microscopy (TEM) 

 

1. Glow discharge carbon-coated copper grids (No. 400) for 30 seconds before making 

contact with the hydrogels. 

 

2. Place the shiny side down on the surface of the pre-gel solution or gel (gels should 

be prepared according to Section 3.1) for less than 5 seconds.  

 

3. Remove the excess sample by blotting with a filter paper and then place 10 mL of 

negative stain on the top of the sample on the grid and allow to dry for 10 minutes. 

 

4. Image the dried sample using a TEM. 

 

Figure 8 shows images obtained using TEM of Biogelx pre-gel solutions demonstrating the 

fibrous morphologies of the hydrogel. 

 

 
Figure 8: TEM images of 4 kPa Biogelx pre-gel solution 

 

3.3 Cell Viability Assay Methods 

 

3.3.1 LIVE/DEAD® Staining for Biogelx Gel 

 

LIVE/DEAD® Staining should be carried out after cell culture has been performed (Section 

3.1).   

 

A B  C 
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1. Remove the medium from the gel surface and then wash the gel with 1x PBS, warm (37 

˚C) 

 

2. Add LIVE/DEAD® staining to the top of the gel ensuring surface is fully covered and 

wrap the plate with foil.   

 

3. Incubate the gels with staining solution for 20 minutes at 37 ˚C.  

 

4. Remove the stain and wash with 1x PBS to remove unbound reagents. 

5. Remove the gel and place on a glass slide.  

6. Put a drop of mounting agent on top of the gel and place another coverslip on top 

ensuring all air bubbles are removed.  

7. Immediately observe hydrogels with cells using a fluorescence microscope.  Live cells 

will show green fluorescent calcein, while dead cells will be detected by red EthD-1 

binding to DNA. 

Figure 9 shows the cell viability of stem cells grown in 2D culture using Biogelx gels and 

visualised by LIVE/DEAD® staining.  A comparable number of live human mesenchymal 

stem cells hMSCs were observed on hydrogel as were on the plastic surface. 

 

 
 

Figure 9: LIVE/DEAD® staining images of human mesenchymal stem cells (hMSCs) at plastic – hydrogel 

interface (hydrogel shown in red for visualisation). Scale bar represents 200 µm 

3.3.2 Phalloidin Staining for Biogelx Gel 

 

Phalloidin Staining should be carried out after cell culture has been performed (Section 3.1).   

 

1. Remove the cell culture medium from the gels and wash twice in 1 x phosphate buffered 

saline (PBS). 

2. To fix the cells, cover the gel with 4 % paraformaldehyde (PFA) in the well plate for 15 
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minutes at 4 °C. 

3. Wash with 2 mL PBS for 3 x 5 minutes. 

4. Permeabilise the cells in 0.25 % Triton-X in PBS for 5 minutes at room temperature. 

5. Wash with 2 mL PBS for 3 x 5 minutes. 

6. To block the cells, add 1 % BSA in PBST to the gel surface for between 30 – 60 minutes 

and incubate at 37 °C.  Wash once with PBS. 

7. Remove BSA solution and add the phalloidin solution (F-actin), ensuring the solution 

covers the gel surface.  Cover with foil and incubate at room temperature for 20 minutes.   

8. Remove staining solution and wash with 2 mL PBS for 3 x 5 minutes.  Then, wash once 

with distilled water and remove any excess by blotting. 

9. Mount samples using a drop of mounting agent on a coverslip for imaging.   

 

 
 

Figure 10: Phalloidin staining of bone marrow stem cells following culture in Biogelx gel using Phalloidin 

488 staining solution and DAPI mounting agent. Scale bar represents 10 µm. 

 

3.3.3 MTS (Cell Metabolic Assay) for Biogelx Gel 

 

MTS assay should be carried out after cell culture has been performed (Section 3.1).   

 

1. Prior to use thaw the CellTiter 96® Aqueous One Solution Reagent. 

2. Remove the medium surrounding the hydrogel and transfer the gel into an eppendorf 

tube. 

3. Add 300 µL of cell culture medium to each eppendorf tube and mix thoroughly 

using a pipette to break up the gel (see Note 5). 

4. Add 60 µL of CellTiter 96® Aqueous One Solution Reagent into each eppendorf 

tube and mix thoroughly using a pipette.  One sample without cells (only with 

culture medium and CellTiter 96® Aqueous One Solution Reagent) should be used 

as control to correct for any background absorbance.  
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5. Incubate the eppendorf tube at 37 ˚C with a humidified atmosphere of 5 % CO2 

atmosphere for 4 hours (see Note 6). 

6. After 4 hours, centrifuge the eppendorf tube at 12,000 g for 4 minutes. 

7. Transfer 120 µL of supernatant from each sample into a 96 well plate. 

8. Record the absorbance at 490 nm using a 96-well plate reader. 

9. Use a calibration curve (with different cell densities) to convert the optical density 

values (absorbance) into actual cell number.  

 

3.4 Cell Recovery from Biogelx Gel  

 

Cell recovery should be carried out after cell culture has been performed (Section 3.1).   

 
1. After culture period transfer the gels into 15 mL centrifuge tube.  

 

2. Add 10 mL of PBS or 1 % BSA in PBS and mechanically disrupt the hydrogel by 

gently pipetting the mixture (see Note 5).  

 

3. Centrifuge the tube (12,000 g for 5 minutes) and discard the supernatant (see Note 

7).   

 

4. Resuspend the pellet in 3 mL trypsin and incubate at 37 °C for 5 minutes.  This will 

encourage cells that remain attached to hydrogel to separate.  

 

5. After 5 minutes, add 10 mL of fresh PBS and gently agitate the trypsin and PBS 

mixture using a pipette.  

 

6. Centrifuge the tube again at 12,000 g for 5 minutes.  

 

7. Discard the supernatant, the cells will remain in the bottom of the centrifuge tube as 

a pellet. 

 
Figure 11 shows bone marrow stem cells recovered from Biogelx gels after 3 days in 

culture.  

 

 
Figure 11: LIVE/DEAD® staining results of recovered bone marrow stem cells after one day in monolayer 

culture following culture in Biogelx gel for 3 days. Scale bar represents 50 µm.  
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3.6. RNA Extraction for Biogelx Gel 

RNA Extraction Method without using columns 

This method is based on using a combination of the Invitrogen TRIzol and Purelink 

protocols. 

1. Transfer the cell seeded hydrogel samples into an eppendorf tube and add TRIzol.  

TRIzol volumes should be adapted depending on cell number.  Vortex the tube in 

order to disrupt the gel (see Note 9). 

2. Incubate the prepared samples at room temperature for a minimum of 10 minutes to 

allow for cell lysis.  

3. Centrifuge samples at 12,000 g for 15 minutes at 4 °C to pellet the excess gel, whilst 

retaining RNA in solution. 

4. Transfer the supernatant to a clean tube and add 100 μL of chloroform.  Subject the 

tube to vigorous mixing for 20 seconds and incubate the sample at room temperature 

for 3 minutes.  

5. Centrifuge the sample at 12,000 g for 15 minutes at 4 °C to enable phase separation.  

Transfer the upper aqueous phase of the sample to a clean tube and mix 5 μL of 

glycoblue (3 mg/mL) and 250 μL of isopropanol to the sample.   

6. Incubate the sample at – 20 °C for at least 1 hour and further centrifuge at 12,000 g 

for 15 minutes at 4 °C.  

7. Remove the supernatant using a pipette without disturbing the resultant blue pellet in 

the bottom of the tube.  

8. Wash the precipitated RNA pellet twice with ethanol (70 %) and centrifuged at 

7,500 g for 5 minutes at 4 °C.  

9. Without disturbing the pellet, remove the ethanol by pipette.  Ensure that all ethanol 

in the tube is removed by air-drying the pellet in the tube.  

10. Re-suspend the pellet in distilled RNAse-free water (20 μL) and incubated at 60 °C 

for 10 minutes to enable the pellet to fully re-suspend.  

11. Store samples at -80 ˚C overnight and then heat at 60 °C for 10 minutes for a better 

solubilisation before the determination of RNA concentration (see Note 10).  

RNA Extraction Method using columns 

This method is based on using a combination of the Qiagen QIAshredder and RNeasy plus 

mini kit. 
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1. Aspirate the medium from the gel surface and add an RNA stabiliser. 

2. Freeze the culture plate at – 20 °C until ready to proceed with extraction.  

3. Follow instructions as per column based kit (for example Qiagen QIAshredder kit) to 

collect the homogenized lysate, through loading the gel onto the QIAshredder 

homogeniser and centrifuge to collect the RNA.  

4. Follow instructions as per RNA purification kit (for example RNAeasy plus mini kit) 

to purify collected RNA. 

 

The quality and quantity of this extracted RNA should be assessed before it is subjected to 

cDNA synthesis. 

 

4. Notes 

 

1. Care should be taken when removing the medium on top of the gel; to avoid direct 

contact with the gel, carefully place the pipette tip at the top of the medium and 

remove the medium slowly. Do not use an aspirator at any point.  

2. The cell number stated is a recommend guideline and can be adjusted depending on 

the user’s cell type or application. 

3. Ensure the pipette tip does not leave the Pre-gel solution when mixing as this can 

introduce air bubbles into the gel structure.   

4. Pipette tip should be fully immersed before Pre-gel/cell solution is released into the 

medium, and the plunger of the pipette depressed in one smooth motion to form a 

single gel “sphere” - do not add drop-wise.   

5. Volumes mentioned in here are for the gels made in 12 well plate inserts, therefore 

volumes need to be adjusted for the other well plates or insert gels accordingly. 

6. Recommend mixing of the solution by pipette is performed every hour to ensure 

uniform distribution of CellTiter 96® Aqueous One Solution Reagent. 

7. The pellet at the bottom of the tube contains cells and at this stage some hydrogel 

may remain attached to the cell pellet. 

8. RNA extraction requires the use of a phenol-based solvent, chloroform, isopropyl 

alcohol and ethanol.  Appropriate care should be taken.  Gloves and lab coat should 

be worn at all times and phenol and chloroform should be handled in a fume 

cupboard/laminar flow hood.   

9. The quality and quantity of extracted RNA should be assessed before it is subjected 

to cDNA synthesis. 
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Tables 

 
Table 1: Weight of Biogelx Powder to prepare gels of a certain stiffness. 

 

Table 2: Volumes of Pre-gel solution and Cell Culture Medium required for well plate sizes performing 2D 

cell culture with inserts. 

Culture Plate 

Size 

Volume of Pre-gel per 

Insert (µL) 

Volume of Cell Culture 

Medium (µL) added 

outside the insert 

Volume of Cell 

Culture Medium (µL) 

added to surface of gel 

24 Well 100 1000 100 

12 Well 300 1400 300 

6 Well 1000 2000 1000 

 

Table 3: Volumes of Cell Suspension required for well plate sizes using 2D cell culture with inserts. 

Culture Plate Size Volume of prepared Cell Suspension 

(µL) on top of gel 

Volume of Cell Culture 

Medium (µL) added outside 

the insert 

24 Well 100 1000 

12 Well 300 1400 

6 Well 1000 2000 

Stiffness range of gel required 

(kPa) 

Weight of Biogelx Powder (milligrams) for 5 mL 

volumes. 

0.8 – 1.1 22 mg 

3.0 – 4.0 43 mg 

8.0 – 9.2 67 mg 

http://dx.doi.org/10.1016/j.actbio.2009.01.006
http://dx.doi.org/10.1016/j.actbio.2009.01.006
http://dx.doi.org/10.1016/j.actbio.2009.01.006
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Table 4: Volumes of Pre-gel solution and Cell Culture Medium required for well plate sizes performing 2D 

cell culture in well format. 

Culture Plate Size 
Volume of Pre-gel solution per 

Well (µL) 

Volume of Cell Culture 

Medium (µL) onto surface of 

gel 

96 Well 100 150 

48 Well 200 250 

24 Well 500 600 

12 Well 800 1000 

6 Well 3000 4000 

 

Table 5: Volumes of Cell Suspension required for well plate sizes using 2D cell culture in well format. 

Culture Plate Size Volume of Prepared Cell Suspension (µL) on top of gel 

96 Well 150 

48 Well 250  

24 Well 600 

12 Well 1000 

6 Well 4000 

 

Table 6: Volumes of Pre-gel/cell solution and Cell Culture Medium required for performing 3D cell culture 

with inserts. 

Culture Plate Size 
Volume of Pre-gel/Cell Solution 

per Insert (µL) 

Volume of Cell Culture Medium 

(µL) outside the insert 

24 Well 100 1000 

12 Well 300 1400 

6 Well 1000 2000 

 

 

Table 7: Volumes of Cell Culture Medium required for 3D cell culture with inserts. 

 

Table 8: Volumes of Pre-gel/cell solution required for well plate sizes performing 3D cell culture in well 

format. 

Culture Plate Size Volume of Pre-gel/Cell Solution per Well (µL) 

96 Well 100 

48 Well 200 

24 Well 500 

12 Well 800 

Culture Plate Size Volume of Cell Culture Medium added to the gel surface (µL) 

24 Well 100 

12 Well 300 

6 Well 1000 
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6 Well 2500 

 

Table 9: Volumes of Cell Culture Medium required for well plate sizes using 3D cell culture in well 

format. 

 

Table 10: Volumes of Cell Culture Medium and Pre-gel/Cell solution required for performing 3D cell 

culture in sphere format. 

 

Culture Plate Size Volume of Cell Culture Medium added to the gel surface (µL) 

96 Well 150 

48 Well 250 

24 Well 600 

12 Well 1000 

6 Well 3000 

Culture Plate Size Volume of Cell Culture Medium 

(µL) in the well 

Volume of Pre-gel Cell 

Solution per well (µL) 

96 Well 150 50 

48 Well 500 100 

24 Well 1500 300 

12 Well 2000 300 


