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Abstract: The high molecular weight of collagen and the high uncommon
amino acid composition (proline and hydroxyproline) make the protein parti-
cular at structural and physicochemical levels compared to others. Polyacryl-
amide gel electrophoresis (PAGE) is a simple and inexpensive method to iden-
tify collagen integrity; however, native forms of proteins generally show low
quality bands. In this work, we considered the charge of the protein to perform
a very simple method to identify the native form of type I collagen, exhibiting
an appropriate electrophoretic resolution. First, we determined the collagen
charge at different pHs and then modified a previously published method by
changing the gel buffer and reversing the polarity of the electrophoresis cham-
ber by turning the power cords; now the protein was moved from the anode to
the cathode. The result was well-resolved protein bands that maintained their
classical structure without degradation after PAGE, which were confirmed by
extracting the protein from the native-PAGE and electrophoresing it in a sod-
ium dodecyl sulphate-PAGE. This advantage could be useful when the electro-
phoresed native collagen is used by Western blotting for recognition with anti-
bodies.

Keywords: extracellular matrix; native protein separation methods; polyacryl-
amide gel electrophoresis; protein electric charge.
INTRODUCTION

Collagen is a superfamily of proteins characterised by triple-a helical dom-
ains, where the most abundant member in vertebrates is type 1. Type I collagen
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plays structural and informational roles in connective tissues, and its hetero-
trimeric structure [a(I)]o,a0(1)], gives collagen its particular helical shape with
the Gly-X-Y sequence (where X and Y are frequently proline and hydroxy-
proline, respectively).! Furthermore, the protein is considered to be among the
fibril-forming colloid group of the superfamily,? therefore its physicochemical
properties should be considered when handling it. The salting-out effect is evi-
dent for collagens; the high molecular weight of the protein and the electrostatic
interactions between collagen fibres can be easily modified by neutralising the
surface charge of the protein.3#* For example, NaCl can dissolve or precipitate
neutral collagen solutions at concentrations less than or greater than 1 M/I, res-
pectively,> where ionic strength and pH contribute to fibrillogenesis in vitro.>
Among the different methods for the identification, semiquantification and separ-
ation of collagens, sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) is the most commonly used,® because it is easy and inexpensive to
perform and the required device is regularly part of a laboratory of general bio-
chemistry. However, the method is based on the ability of collagen to be negat-
ively charged by SDS, which ultimately also denatures the protein.” So, when it
is necessary to identify collagen under native conditions, a non-denaturing PAGE
method is the choice. In this process, SDS is excluded and acidic conditions must
be used.® Unfortunately, non-denaturing or native-PAGE shows some limitations
due to the resolution of the collagen bands in the gel, contrary to the excellent
images observed after SDS-PAGE. Unlike SDS-PAGE protocols, the use of nat-
ive gel electrophoresis typically requires the optimisation of the separation con-
ditions for specific samples (i.e., collagens).® In this work, we introduce a simple
method for performing native-PAGE to enhance the resolution of native collagen
molecules by reversing the polarity of the electrophoretic chamber.

EXPERIMENTAL

We used type I pepsinized collagen (10 mg ml!), obtained from porcine sources (DSM
Branch Pentapharm, Aesch, Switzerland) that was dialysed against 5 mM acetic acid to have a
lower strength sample; collagen samples were diluted with 50 mM acetic acid. To measure the
protein charge, 0.66 mg ml-! collagen were evaluated in triplicates in a pH range of 3—7, with
Nanotrac Wave equipment (Verder Scientific, Haan, Germany). Denaturing SDS-PAGE was
conducted following the Laemmli method.!0 Briefly, 5.5 pug of heat-denatured collagen were
loaded onto Mini Protean IIT Cell (Bio-Rad, Hercules, CA, USA) in a 0.75 mm thick discon-
tinuous gel (4 % stacking gel, pH 6.8, and 6 % resolving gel, pH 8.8). The gel was stained
with a 0.2 % Coomassie brilliant blue R-250 solution, 50 % methanol and 10 % glacial acetic
acid for 2 h, and destained with a solution of 20 % methanol and 10 % glacial acetic acid for
at least 4 h. Images of the bands were captured using the Gel Doc XR Gel Documentation
System (Bio-Rad).

On the other hand, native-PAGE was performed according to the method described by
Ramshaw JA and Werkmeister JA,!! with some modifications. The collagen sample was dis-
solved in 0.1 M aqueous lactic acid containing 10 % sucrose. Samples were dissolved in 5 X
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loading buffer (5 ml of 0.1 M lactic acid buffer with 10 ml of glycerol). Then, 8.3 pg of native
or 1 h heat hydrolysed collagen samples were loaded into Mini Protean III Cell (Bio-Rad) in a
1.0 mm thick continuous gel, 3.2 %, pH 6.6. Before loading the samples, the gel was run for
30 min at 70 mA in 0.1 M lactic acid as cathode buffer and 50 mM Tris-HCI pH 6.6 as anode
buffer. The loaded gel was run with running buffer (50 mM Tris-HCI pH 6.6) and reversed the
chamber polarity for 6.5 h and 70 V in a cold room (3—4 °C). The gel was stained and des-
tained as before. Finally, after staining, protein bands were excised and isolated from gel
using 200 pl of elution buffer (50 mM Tris, pH 7.9, 0.1 mM EDTA, 0.15 M NaCl, 0.1 %
SDS) for 24 h at 30 °C in a water bath. The eluate was concentrated five times using a
CentriVap Concentrator (Labconco, Kansas City, MO, USA) and electrophoresed by SDS-PAGE.

RESULTS AND DISCUSSION

Native collagen evaluation by PAGE is much less frequent as a result of the
particular physicochemical properties of the protein or the need for sophisticated
devices. Our group has been working with native collagen and collagen copoly-
mers,12 so we face the need to evaluate collagen using a simple method such as
PAGE. When attempting to replicate previously published methods, we encount-
ered challenges, such as difficulty in reproduction, as a result of the lack of
reagents or devices, and issues such as the resolution of bands in the published
gel photographs.

In an attempt to adapt the Ramshaw JA and Werkmeister JA methods, by
modifying the gel buffer, we observed the absence of collagen bands, leading us
to suspect the involvement of the protein charge. Consequently, we conducted
collagen charge determinations at different pHs. Our findings revealed a positive
charge for the protein in the acidic range (Table I).

TABLE 1. Relationship between pH and collagen charge; charge = average of triplicates, fC =
femtocoulombs, SD = standard deviation

pH Charge, fC SD
3.06 +3.07 0.81
4.05 +3.22 0.89
4.95 +5.20 1.20
6.50 +5.71 0.41
7.12 +6.91 0.08

With this insight, we decided to reverse the polarity of the chamber by
simply switching the power cords in the power supply. The result was a well-
-defined band of commercially purified type I collagen, as was also observed in
the SDS-PAGE bands (Fig. 1a and b). The rationale for the polarity reversal was
based on the positive charge of collagen, which facilitates protein migration from
the anode (+) to the cathode (-) under acidic conditions (loading buffer, gel
matrix and running buffer).

To demonstrate possible structural modifications in the protein as a result of
the method, we recovered it from the native-PAGE gel and subjected it to extended

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



308 CHOPIN-DOROTEO et al.

-
¥
T

a

Fig. 1. Images of type I collagen subjected to PAGE. In (a), the electrophoretic pattern of
collagen is observed under denaturing conditions (SDS-PAGE). The left lane is the molecular
weight (MW) ladder in kDa, and the middle and right lanes (Clg 1 and Clg 2) show the pattern

of denatured collagen samples. In (b), after the native-PAGE method described here, the first
two lanes are single bands corresponding to native collagens (Clg 1 and Clg 2), and the third
and fourth lanes exhibit the smear pattern corresponding to the heat-hydrolysed collagen
samples (H-Clg 1 and H-Clg 2). Gel image (c) shows the SDS-PAGE of the collagen eluate
bands (Clg 1), previously electrophoresed under native conditions. The left lane shows the
typical pattern of denatured collagen, whereas the hydrolysed protein was absent in the right
lane due to the small size of the protein fragments.

electrophoresis by SDS-PAGE. The goal was to highlight additional protein
bands that might be in proximity to the main band, perhaps by degradation. The
result revealed the typical electrophoretic pattern of type I collagen, where the al
and a2 bands were evident, together with the § and y bands (Fig. 1c). Despite the
need to know the integrity of collagens, which has been a concern for researchers
long time ago, the different works in which the protein was shown exhibited
different issues. For example, in the work of Ramshaw and Werkmeister, 1988,
the authors proposed a method for electrophoretic identification of native
collagen, although their work only shows the electroblots, leaving out the
possibility of knowing the electrophoretic pattern of the native proteins.!! Fur-
thermore, Ricard-Blum et a/. published an electrophoretic method to assess vari-
ous homo- or heterotrimeric collagens using a Phast System apparatus with a rev-
ersed polarity electrode assembly.8 However, they never provided insight into the
rationale behind reversing the polarity of the system, and their gel images exhibit
blurriness with multiple small protein bands. Otherwise, with the method shown
in this work, it was evident that the electrophoresed collagen was not degraded,
which is important when the protein was Western blotted for recognition with
antibodies. Also, with this approach, it becomes possible to analyse the extracted
native collagen from the different tissues, in order to know the real proportion of
the entire molecule, without the interference of the contamination of the o bands
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present in the continuously turnover collagen. This strategy allows us to easily
assess native collagen in cell-derived matrices,!3 to evaluate the real effect of
biologically active enzymes from different sources on collagen!4 or to evaluate
the collagenolytic enzymes involved in pathological conditions,!> with the adv-
antage that the analytical method would be focused on obtaining the effects on
the real substrate, which can only be observed by native-PAGE, instead of the
regular use of the typical denaturing SDS-PAGE. An additional advantage is that
by this method, the protein in the native or denatured state could be easily semi-
quantified by densitometry.

CONCLUSION

The method shown here was carried out taking advantage of the electrical
properties of collagen under acidic conditions. Identification of native collagen
by reversed-polarity electrophoresis is now a straightforward method that utilises
common reagents and devices readily available to any laboratory conducting

basic biochemical analyses.
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Bucoxa mornekxyscka Maca U HeyoOMYajeHU cacTaB aMHHOKHCEIWHA (IPOJIMH M XUIPO-
KCUIIPOJIMH) YMHE KojareH nmocefHUM Mely MpOTEHHHMA y TIOTIefy CTPYKType U (U3HYKO—
—XEMHUjCKUX cBojcTaBa. Enextpodopesa y nonnakpunamugiom reiny (PAGE) je jenHocTaBHa U
jedTrHA MeTona 3a MIeHTH(UKALWjY MHTErpuUTeTa KonareHa, MehyTum, IpuUpomHU 0OmuIH
NpOTerHa reHepaiHo MoKasyjy HU3aK KBaJIUTET Tpaka. Y OBOM pafy je y3eTo y 003up Haesek-
TpHUCame MpPOTeHHa 3a U3Boheme BPJIO jeHHOCTaBHE MeTofe 3a WAEeHTH(UKALHjy MPUPOTHOT
odnrka KonareHa tuna I, koju moxasyje oprosapajyhy enexrpodgopercky pesonyuujy. I[Ipso je
onpeheHo HaeneKkTpUcawe KojlareHa IPH paslnuuyuTUM pPH BpeoHOCTHMa, a 3aTHUM je IpeT-
XO0[HO 0djaB/beHa MeTofla MOSU(HUKOBaHA TPOMEHOM IydepcKor rejia ¥ MIPOMEHOM MOJIapU-
TeTa KOMOpe 3a e/lIeKTpodope3y OKpeTameM KadloBa 3a Halajame ycilef 4yera ce NpOoTeUH
cajia Kpetao o aHone ka karond. Ha oBaj HauwH cy nobujeHe nodpo paspBojeHe MPOTEHHCKe
Tpake Koje Cy 3aIpskaje CBQjy KJIACHYHy CTPYKTypy Oe3 nerpamauuje HakoH PAGE, mto je
noTBpheHo exkcTpakuujoM nporenHa u3 HatusHor PAGE u enextpodope3om y HaTpHjyM-fio-
neuun-cyngat-PAGE. Opa npegHocT 1 Morna OMTH KOPHCHA Kafja C€ MPUPOJHU KOJIAreH,
NOAIBPTHYT enieKTpodopesu, Kopuctu y Western blot aHanu3H 3a NpeNo3HaBabe aHTUTEINMA.

(ITpumbeHo 5. jyna, peBunupano 5. HoeMbpa, mpuxsaheno 9. HoBembpa 2024)
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