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1. Supplemental Material  
1.1. Confocal Laser Scanning Microscopy (CLSM) image-based analysis 

 
Figure S1. Confocal Laser Scanning Microscopy (CLSM) image-based analysis showing the roughness distribution profile 
(upper) acquired of the analysis of the respective optical scanning image (500×) (lower). From left to right collagen mem-
brane incubated with HEPES buffer, with papain; with NanoBro and NanoBro in the presence of E-64. 

CLSM is a technique that has been widely used in Material Science to characterize 
surface roughness of various materials after undergoing degradation treatments or pro-
cesses [1–3]. It has also been employed to obtain in-depth and high-resolution images of 
complex biological tissues[1–3] due to the ability to selectively collect information from a 
specific plane and then to group it for three-dimensional reconstruction of the topogra-
phy. As different focal planes can be chosen, it is possible to produce Z-stacks by 3D scan-
ning of horizontal planes and in this case, presenting the overlapping planes from the 
surface to a maximum chosen depth. Thus, in the present study, this technique was em-
ployed with the objective of, from this image, construct the roughness profile of the colla-
gen membrane, quantifying the surface roughness through several parameters. The con-
trast in the images is a result of differences in the refractive index of materials, which, 
although typically small in biological tissues, becomes very useful after working on equip-
ment-specific software. So, because this technique enables the elimination of out-of-focus 
information from the image, it favors the acquisition of images from thicker samples, such 
as bacterial biofilms and collagen membranes[1–3]. 

It is important to note that the width of the base of the curve representative of the 
roughness distribution profile is related to the heterogeneity of the roughness pattern in 



 

relation to the peak height. Thus, the narrower and closer to the shape of a Gaussian curve, 
the smaller the depth difference between the roughness and, therefore, the membrane has 
a smoother appearance. The greater the displacement of this distribution profile towards 
the red of the lateral color scale, the greater the height of the peaks, just as the displace-
ment towards the violet indicates a greater presence of deeper valleys. However, due to 
the complexity of the topography of the collagen membrane and the different selectivity 
in the activity of free enzymes and associated with nanostructures, the analysis performed 
is of the semi-quantitative type and related to the enzyme's mode of action and not the 
amount of activity. 
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