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Abstract. Efficient dissociation of retinal cells requires careful selection of pro-

teases to preserve surface epitopes critical for downstream analyses. This study 

aimed to identify the most suitable protease for murine retina dissociation without 

compromising key surface markers. Retinas were harvested from normal 

C57BL/6 mice and treated with various proteases, including papain, trypsin, 

Liberase (consisting of collagenase and thermolysin), elastase, and proteinase K. 

In silico analyses using Expasy Peptide Cutter, Rapid Peptide Generator, and 

HADDOCK docking. This in silico analysis was followed by experimental vali-

dation through retinal tissue dissociation and assessment of cell viability. Results 

showed that trypsin produced the highest cell yield, followed by Liberase, while 

papain and trypsin minimally cleaved surface epitopes. Immunofluorescence 

confirmed that Liberase preserved the SSEA-1, CD73, and CD147 epitopes best, 

followed by papain. These findings underscore the significance of protease se-

lection for retinal cell dissociation and provide a framework for optimizing pro-

cedures to preserve functional surface proteins in downstream applications. 

Keywords: FACS, Machine Learning, In Silico, Cell Dissociation, Specific 

Protease. 
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1 Introduction 

Tissue dissociation is a routine procedure used in various analyses, including flow cy-

tometry and Single-cell RNA sequencing (scRNA-seq). To prepare single-cell suspen-

sions from tissue samples, various proteases with different specificities are used. Many 

studies also compare lists of proteases for specific tissues, such as brain tissue [3], fish 

retina [1,2], or use a cold-activated protease for tissue dissociation to reduce artificial 

stress in single-cell RNA sequencing studies [4,5]. 

The retina is considered a good model to study protease cleavage activity on surface 

proteins, a complex tissue consisting of many cell types connected by various types of 

cell junctions [6]. Well-documented cell-cell junctions include zonula adherens at RPE 

and N-cadherin and retinal-cadherin [7,8]. Retinal cells are delicate and thus require 

smooth cell dissociation. Several studies utilized various types of proteases for cell dis-

sociation, such as papain [9], proteinase K [10], Liberase [11], trypsin [12], and colla-

genase [13]. 

Each retinal cell subtype has distinct specific epitopes; for example, rod and cone 

cells express CD73 and CD133 [14-17], while Müller cells possess CD44 and CD29 

[18]. These epitopes are beneficial for cell sorting and must be preserved. An optimi-

zation study should be conducted to evaluate several proteases to maintain the integrity 

of these epitopes. By using available virtual structures of both the epitope and the pro-

tease, potential cleavage sites can be identified. The findings will be verified using an 

Immunofluorescent (IF) microscope. Flow cytometry technology relies on epitope clus-

ter differentiation (CD), so the epitope(s) must remain intact. Excessive or improperly 

selected proteases could annihilate the recognized site of an epitope, rendering it unde-

tectable by FACS. An example of excessive protease activity is the red blood cell sur-

face antigen eraser that utilizes papain [19,20].  

Several studies have shown that the type of protease used in tissue dissociation can 

differentially affect the integrity of cell surface epitopes. Previous research has shown 

that dissociating human lung tissue with dispase decreases the expression of the im-

mune markers CD4, CD8, CD69, and CD103 and alters the composition of epithelial 

and immune cell populations. This research also demonstrated that collagenase pro-

duces a distinct profile, with an increase in AT1/AT2 cells and a decrease in endothelial 

cells [21]. Other studies have reported that dispase treatment significantly impairs the 

detection of surface molecules important for identifying immune cell subsets. This ef-

fect can persist for more than 24 hours and impact T cell proliferation [22]. Further-

more, epitope sensitivity to proteases varies. Specific epitopes can be resistant to tryp-

sin but susceptible to other enzymes, thus affecting the accuracy of antibody detection 

[23]. In flow cytometry-based proteomic analysis, mild trypsin treatment does allow 

most surface proteins to remain detectable. However, approximately 7.9 % of epitopes 

exhibit signal loss, potentially leading to false-negative results, particularly for proteins 

with multiple potential cleavage sites (>30). Both enzymatic and mechanical dissocia-

tion have been shown to produce significant variations in the presence of surface anti-

gens and can introduce experimental bias [24]. 

Despite their importance, there have been no systematic studies addressing the effects 

of proteases such as papain, trypsin, collagenase, elastase, and liberase on the integrity 
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of retinal surface markers. Therefore, optimization studies are needed to identify pro-

teases that maximize live cell yield without damaging epitopes essential for cell identi-

fication and function. Potential cleavage sites can be identified using virtual structures 

of available epitopes and proteases.  

This study aims to investigate the most appropriate protease for the dissociation of 

mouse retinal tissue. An in silico approach will be employed to predict the cleavage 

susceptibility of retinal surface proteins, followed by experimental validation through 

retinal tissue dissociation, assessment of cell viability, and CD marker detection. 

2 Methods 

2.1 Animal Model 

Six C57BL mice were provided by a local supplier and then placed in an animal facility 

at the Faculty of Medicine, Universitas Gadjah Mada. The mice were maintained ac-

cording to standard procedures. Five adult mice were randomly assigned to five exper-

imental groups, each corresponding to a specific protease for activity assessment. The 

control group underwent mechanical dissociation. Before retinal enucleation, the mice 

were euthanized by cervical dislocation. In each mouse, both retinas (right and left) 

were collected and pooled to be used as a tissue sample per treatment group. Ethics for 

this study involving animal models (No KE/FK/0482/EC/2024) was issued by the Eth-

ical Committee, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah 

Mada (FMPHN UGM). 

 

 
 

Fig. 1. Schematic diagram of the computational study of a selected protease. Figure created by 

the author based on references [25-29]. 

 

 

2.2 Computational Protease-Substrate Binding Analysis  

Screening of potentially cleave sites of CD73 (PDB ID: 6TVG_1; uniport: Q61503), 

CD44 (PDB ID: 4mre; P15379), CD147 (PDB ID: 3qqn; P18572), CD133 (PDB ID: 

6DUM; O54990), CD29 (PDB ID: 7NWL_2; P09055) was done using Rapid peptides 

generator (RPG) [29] and Expasy peptide cutter [27]. Each epitope's Solvent-accessible 
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surface area (SASA) data were retrieved using PyMOL (The PyMOL Molecular 

Graphics System, Version 3.0, Schrödinger, LLC). The data of intercepted, cleaved, 

and exposed sites were stored (Fig. 1). 

The protease evaluated, including papain (9PAP), Liberase® consisting of [colla-

genase I (966C), collagenase II, and thermolysin (8TLN)], elastase I (1ESB), proteinase 

K (2PRK), and trypsin (2PTN) catalytic triad, were acquired from the Merops database 

and various publications. The pdb_selaltloc function at the PDB-tool website was used 

to fix residue or atom duplicates before uploading to HADDOCK3 installed on the 

cloud [28]. An “expert” assessment allowed a simulation without prior knowledge.  

2.3 Retina Collection and Retinal Tissue Dissociation  

Following euthanasia, ocular enucleation was performed under cold conditions to pre-

serve tissue integrity. Retinal isolation was conducted under a dissection microscope 

using Vannas scissors. Retinas from both eyes of each mouse were pooled into a petri 

dish containing cold Dulbecco's Phosphate-Buffered Saline (D-PBS) for subsequent 

analysis. 

Retinas were incubated with different protease solutions; each was prepared in a 

final volume of 250 µL using D-PBS. Concentrations for each protease were based on 

laboratory optimization. The conditions included 20 U · mL 

-1  Papain (Worthington), 9 

µL of Elastase (E1250-10MG; Sigma-Aldrich), 100 µg · mL 

-1  Trypsin (Trypsin/Lys-C 

Mix V5071; Promega), 20 µL of Liberase™ TL Research Grade (100 µg/mL; 

5401020001; Sigma-Aldrich), and 5.2 µL of Proteinase K (D3001-2-5; Zymo Re-

search) diluted in 244.8 µL D-PBS. Liberase™ is a purified enzyme blend containing 

collagenase and thermolysin. Retinal samples were incubated at 8 °C for 40 minutes 

with each respective enzyme. For each sample, mechanical trituration was carried out 

by pipetting the suspension 10 to 15 times using a P1000 pipette. Trituration was halted 

once the retinal tissue appeared fully dissociated, after which 700 µl of ice-cold wash-

ing solution was carefully added beneath the cell suspension. Each dissociated retinal 

suspension was centrifuged at 200 × g for 5 minutes at 4 °C using a swing-bucket rotor, 

followed by removal of the supernatant; the cell pellet was resuspended in 500 µl of 

DPBS supplemented with 0.04 % BSA and DNase I (100 μg · ml 

-1 , E1010; Zymo Re-

search), then filtered through a 40 μm cell strainer. Cell viability was assessed by add-

ing 10 µL of the sample to 10 µL of trypan blue (T8154-20ML; Sigma-Aldrich). 

2.4 Cell Sorting 

As many as 100 μL of each dissociated retinal cell was transferred into individual 5 mL 

round-bottom tubes. The cells were labeled with antibodies against CD73, CD133, 

CD147, CD29, SSEA-1, and CD44, following the manufacturer’s instructions (see sup-

plementary file). The prepared samples were examined using the BD FACSAria III 

flow cytometer, located in the Integrated Research Laboratory at FMPHN UGM. Sorted 

cells were collected in cold PBS and subsequently subjected to intracellular biomarker 

staining. 
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3 Results 

3.1 Computational Study of Protease-Substrate Binding 

The result of the first stage of the computational analysis can be seen in Fig. 2. Papain 

and trypsin are predicted to cause the least harm to the epitopes. On the other hand, 

proteinase K and elastase 1 can cleave the epitopes at many cleavage sites. Liberase as 

protease, bends of collagenase and thermolysin, in this research was represented by 

thermolysin. Based on the evaluated epitopes, the most prone epitope was CD133, 

while CD147 was the least prone epitope. 

Liberase at 40 µL achieved the highest cell viability (97 %), followed by Trypsin 

(88 %) and Mechanical dissociation (84 %). In contrast, Papain at 40 µL showed the 

lowest viability (28 %). Lower concentrations of Liberase, Papain, and Elastase 

produced moderate viability levels, while Proteinase K and Elastase showed around 78 

% and 53 % – 78 % viability (Fig. 3). 

 

 

Fig. 2. The number of cleavage sites per protease of each CD marker. 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. 3. Cell viability percentage after different dissociation methods. 

 

The cell viability obtained from various dissociation methods is shown in Fig. 4, 

which presents the results of the Trypan Blue test on retinal cells using six different 

treatments, including the mechanical method. Overall, these results indicate that the 
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type and concentration of enzyme greatly influence the efficiency of retinal dissociation 

and the number of cells that can be obtained. 

Among the dissociation methods tested, Papain yielded the highest cell viability (87 

%) and consistently high marker expression (CD44: 97 %, CD73: 86 %). Trypsin and 

mechanical dissociation produced moderate viability (32 % and 48 %, respectively) 

with relatively high CD44 and CD73 expression. In contrast, Liberase resulted in 

complete cell death (0 % viability) and minimal marker expression. 

It should be noted that Proteinase K and Elastase samples have not yet been 

processed for FACS analysis. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 4. Percentage of cells expressing different CD markers after various dissociation methods. 

 

3.2 Retinal Cell Yield After Enzymatic Dissociation 

The total number of dissociated retinal cells was determined manually using a Neubauer 

chamber. The results showed that the viability of dissociated retinal cells varied be-

tween 28 % – 97 %, with the lowest viability observed in cells dissociated using Papain 

40 µL, and the highest viability (97 %) obtained from cells dissociated using Liberase 

40 µL, which was comparable to that achieved through mechanical dissociation. Based 

on cell counts (Table 1), Trypsin produced the highest number of cells, reaching 1.6 × 

10⁷, indicating a very high efficiency in dissociating retinal tissue. Liberase was used 

at a volume of 40 µL, which resulted in 8.3 × 10 

6  cells. In comparison, a lower volume 

of 20 µL yielded only 2.2 × 10⁶ cells, indicating a positive correlation between enzyme 

volume and the number of cells obtained. Elastase at 9 µL yielded 3.7 × 10⁶ cells, which 

was higher than the 1.4 × 10⁶ cells obtained at 18 µL, indicating that the effectiveness 

of this enzyme does not always increase with a larger volume. Proteinase K yielded 1.6 

× 10⁶ cells, while Papain at 40 µL and 20 µL resulted in substantially lower yields of 

3.3 × 10⁵ and 1.0 × 10⁶ cells, respectively. 
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Table 1. Number of Retinal Cells Obtained from Two Retinas Based on Dissociation Methods. 

 

Methods Total of Retina Cells 

Enzymatic Dissociation 

Elastase 18 µL 1.4x10 

6 

Elastase 9 µL 3.7x10 

6 

Papain 40 µL 3.3x10 

5 

Papain 20 µL 1.0x10 

6 

Proteinase K 1.6x10 

6 

Liberase 40 µL 8.3x10 

6 

Liberase 20 µL 2.2x10 

6 

Trypsin 1.6x10 

7 

Mechanical Dissociation 

Mechanic 7.2 × 10⁶ 

 

 

3.3 Dissociation Computational Study of Protease-Substrate Binding  

Liberase at 40 µL achieved the highest cell viability (97 %), followed by Trypsin (88 

%) and Mechanical dissociation (84 %). In contrast, Papain at 40 µL showed the lowest 

viability (28%). Lower concentrations of Liberase, Papain, and Elastase produced mod-

erate viability levels, while Proteinase K and Elastase showed around 78 % and 53 % 

– 78 % viability (Fig. 3). 

3.4 Retinal Cell Yield After Enzymatic Dissociation  

The cell viability obtained from various dissociation methods is shown in Fig. 4, which 

presents the results of the Trypan Blue test on retinal cells using six different treatments, 

including the mechanical method. Overall, these results indicate that the type and con-

centration of enzyme greatly influence the efficiency of retinal dissociation and the 

number of cells that can be obtained. 

Among the dissociation methods tested, Papain yielded the highest cell viability (87 

%) and consistently high marker expression (CD44: 97 %, CD73: 86 %). Trypsin and 

mechanical dissociation produced moderate viability (32 % and 48 %, respectively) 

with relatively high CD44 and CD73 expression. In contrast, Liberase resulted in com-

plete cell death (0 % viability) and minimal marker expression (Fig. 5). 
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4 Discussion 

Our study demonstrates that the combination of CD markers with immunofluorescence 

validation provides reliable evidence that sufficient cell numbers and intact surface pro-

teins can be obtained after protease treatment. Among the enzymes tested, trypsin and 

papain offered the most favorable balance between dissociation efficiency and preser-

vation of cell surface markers. The sorted rod, cone, and Müller cells yielded RNA of 

high integrity, suitable for both short-read and long-read RNA sequencing. These find-

ings suggest that protease selection is a critical parameter in retinal cell dissociation 

protocols, not only for ensuring effective FACS-based isolation but also for maintain-

ing the biological relevance of downstream transcriptomic analyses. 

Aligning the computational predictions with in vitro experimental results is crucial 

for validating the model. A close match between predictions and experimental out-

comes indicates robust computational performance. CD147 exhibited a clear linear re-

lationship, whereas CD133 showed no such trend. CD73, in contrast, demonstrated 

moderate linearity. Thermolysin on Liberase, which is also comparable to papain spec-

ificity (Table 1), aligns with in vitro validation.  

The results of computational studies indicate that each protease has a different ten-

dency to recognize and cleave epitopes. Initial evaluation based on solvent-accessible 

surface area (SASA) values showed that papain and trypsin were predicted to have the 

lowest potential to damage epitopes. In contrast, proteinase K and elastase showed a 

tendency to cleave epitopes at many sites. This indicates a more aggressive proteolytic 

activity. Among the epitopes evaluated, CD133 was the most susceptible to degrada-

tion, while CD147 was the most resistant. 

These results are in line with in vitro experimental data, where the number of retinal 

cells successfully isolated from the two retinas was highly dependent on the type and 

concentration of protease used. Among the tested enzymes, trypsin emerged as the most 

efficient protease, as reflected by both in silico and in vitro findings. Computational 

analysis predicted minimal cleavage sites on key epitopes such as CD73 and CD133, 

indicating low potential for surface marker degradation.  

This prediction is consistent with the results of trypsin dissociation, which yielded 

the highest number of viable retinal cells (1.6 × 10⁷ cells from two retinas) while main-

taining the integrity of CD markers. These results are in agreement with previous stud-

ies, which have shown that trypsin digestion of primary cortical neurons from neonatal 

rats yields higher neuron numbers, larger cell bodies, longer axons, and fewer impuri-

ties compared to papain. Neurons dissociated with trypsin showed slightly higher trans-

fection efficiency and better morphology after several days in culture 26. 

In contrast, although computationally, papain enzyme appears to be less aggressive, 

the number of viable cells is much lower (3.3 × 10⁵–1.0 × 10⁶ cells). Factors that may 

influence this include suboptimal enzymatic conditions or incubation times in vitro 

[31,32]. Papain remains relevant despite its relatively low yield, as it exerts a gentle 

action with minimal epitope disruption. This is supported by AO/PI staining results 

showing that papain-digested suspensions display low agglomeration rates and reduced 

cellular adhesions compared to mechanical grinding or Liberase + DNase I digestion 

[33]. Flow cytometric analysis further confirmed that papain, similar to trypsin, facili-
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tates single-cell dispersal, but without the risk of impairing antibody binding often as-

sociated with trypsin digestion. Moreover, papain has been shown in CNS dissociation 

studies to achieve cell viabilities above 80 % and reliable recovery of mononuclear cells 

[34]. From a biochemical perspective, papain is highly stable across a broad range of 

pH and temperature conditions [35]. Thus, although yield may initially be lower than 

trypsin or Liberase, papain’s gentle enzymatic activity and tunable conditions (e.g., in-

cubation time, enzyme concentration) underscore its reliability and potential for refine-

ment in preparing fragile tissues for flow cytometry or transcriptomic analyses. 

In silico, proteinase K and elastase tend to recognize multiple cleavage sites. Both 

enzymes produce a moderate number of cells (1.4 × 10⁶ cells  – 3.7 × 10⁶ cells). In other 

words, both enzymes cause degradation that may be excessive or non-selective.  

Liberase, a mixture of collagenase and thermolysin, consistently produced the high-

est number of viable cells. From these results, Liberase can be selected as an effective 

option for retinal tissue dissociation. The addition of thermolysin can increase dissoci-

ation efficiency. However, its activity must be carefully controlled, as higher concen-

trations or prolonged incubation have been shown to degrade proteolysis-sensitive 

epitopes such as B220, CD4, and CD62L [36]. Collagenases cleave the rigid triple helix 

structure of collagen, which is resistant to common proteases, thereby allowing efficient 

release of cells from the extracellular matrix [37,38]. However, only thermolysin could 

be evaluated through in silico analysis, as structural data for collagenase were not avail-

able for modelling. This represents a limitation, since the role of collagenase in epitope 

preservation cannot yet be computationally validated, even though its enzymatic prop-

erties are well established in the literature. Taken together, the in vitro evidence 

strongly supports Liberase as a robust dissociation enzyme, while the combination of 

computational and experimental approaches underscores the importance of selecting 

the appropriate protease. For fluorescence-activated cell sorting (FACS), either 

Liberase or papain can be recommended, particularly when working with fragile retinal 

tissues. 

The researchers hypothesized that the use of a broad-spectrum protease, such as elas-

tase, would damage most surface proteins (epitopes), including CD markers. This con-

dition would affect the staining results. However, immunofluorescence (IF) results 

showed that the intensity of the light signal produced was relatively uniform for all 

proteases tested. This indicates that epitope damage by proteases may not be as severe 

as previously thought. Furthermore, the detection method used may have limitations in 

distinguishing these differences. It is worth noting that confocal microscopy is qualita-

tive and has limitations in detecting and distinguishing multiple fluorochrome labels 

simultaneously. In this context, the instrument cannot effectively read eight fluoro-

chrome labels due to the limited number of excitation and emission wavelengths that 

can be captured simultaneously. Therefore, not all CD marker expression can be fully 

elucidated using this approach. 

Given the cellular heterogeneity of the retina, uniform binding across all CD markers 

cannot be assumed. To minimize bias, our screening approach was designed to cover 

the entire slide area, ensuring comprehensive spatial representation. Further evidence 

from higher-resolution experiments is necessary to strengthen these findings. The de-

tection capabilities of the IF microscope constrain the integrity of the epitope. The light 
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intensities of the fluorochromes across different protease-treated groups are indistin-

guishable. However, a more refined and quantitative assessment can be achieved using 

FACS. 

This study used only murine retinas without disease induction. Further research in 

degenerative models such as RP could help determine the influence of disease-induced 

changes in the extracellular matrix or cell fragility on protease performance. Further-

more, functional assays beyond antibody detection, such as signaling or electrophysio-

logical assays, are also needed to ensure that cells remain biologically intact. 

5 Conclusion 

Computational and experimental integration suggests that trypsin and Liberase are op-

timal for retinal dissociation. Papain can also be used with appropriate optimization to 

increase cell viability. Protease selection should consider dissociation efficiency and 

functional epitope integrity to achieve accurate cell sorting and transcriptomic profil-

ing. 
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