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Abstract: The high molecular weight of collagen and the high uncommon amino
acid composition (proline and hydroxyproline) make the protein particular at
structural and physicochemical levels compared to others. Polyacrylamide gel
electrophoresis (PAGE) is a simple and inexpensive method to identify 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 chamber 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 sodium dodecyl sulphate-PAGE.
This advantage could be useful when the electrophoresed native collagen is used
by Western blotting for recognition with antibodies.

Keywords:  extracellular matrix; native protein separation methods;
polyacrylamide gel electrophoresis; protein electric charge.

INTRODUCTION
Collagen is a superfamily of proteins characterised by triple-a helical
domains, where the most abundant member in vertebrates is type 1. Type I collagen

plays structural and informational roles in connective tissues, and its heterotrimeric
structure [ai(I)]2,02(I)], gives collagen its particular helical shape with the Gly-X-
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Y sequence (where X and Y are frequently proline and hydroxyproline,
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 evident 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.>* For example, NaCl can dissolve or precipitate
neutral collagen solutions at concentrations less than or greater than 1 M/I,
respectively,® where ionic strength and pH contribute to fibrillogenesis in vitro.>
Among the different methods for the identification, semiquantification and
separation 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 biochemistry. However, the method is based on the ability of collagen to
be negatively 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 native gel electrophoresis typically requires the optimisation of the separation
conditions 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.!® Briefly, 5.5 pg of heat-denatured collagen were
loaded onto Mini Protean III Cell (Bio-Rad, Hercules, CA, USA) in a 0.75 mm thick
discontinuous 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
dissolved in 0.1 M aqueous lactic acid containing 10 % sucrose. Samples were dissolved in 5 X
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
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min at 70 mA in 0.1 M lactic acid as cathode buffer and 50 mM Tris-HC1 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 destained
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
copolymers,'? so we face the need to evaluate collagen using a simple method such
as PAGE. When attempting to replicate previously published methods, we
encountered 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 proteinin the acidic range (Table I).

Table I: Relationship between pH and collagen charge

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

Charge = average of triplicates, fC = femtocoulombs, SD = standard deviation

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 (Figures 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).
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Figure 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.

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
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 (Figure 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 JA and Werkmeister JA., 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.!! Furthermore, Ricard-
Blum S et al. published an electrophoretic method to assess various homo- or
heterotrimeric collagens using a Phast System apparatus with a reversed polarity
electrode assembly.® However, they never provided insight into the rationale
behind reversing the polarity of the system, and their gel images exhibit blurriness
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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 present in
the continuously turnover collagen. This strategy allows us to easily assess native
collagen in cell-derived matrices,'? to evaluate the real effect of biologically active
enzymes from different sources on collagen'* or to evaluate the collagenolytic
enzymes involved in pathological conditions,'> with the advantage 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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Bucoka Momnexkyiacka Maca M HeyoDM4YajeHHM cacTaB aMHWHOKHCETWHA (NPOIMH M
XUIPOKCHUIIPOJIMH) YMHE KolareH nocedHMM mely nporeMHuma y nornefy CTpykType U (pU3H4IKo-
XeMUjCKUX cBojcTaBa. Enexrpodopesa y nonuaxpunamupHom reny (PAGE) je jenHocTaBHa U
jedTHHa MeTofa 3a MIOEHTH(UKALHMjy HMHTETpUTETa KolareHa, MehyTHM, IPUPOJHHU OONHMLH
NPOTEMHA TEHEPAJIHO NOKa3yjy HH3aK KBAJIUTET Tpaka. Y OBOM Dafy je y3eTo y 003Hp
Hae/lleKTpUCale IPOTEMHA 3a H3BODEHmE BP0 jeJHOCTaBHE METOLE 3a HIEHTUDUKaALUjy
NpUPOJHOTr 00/KKa KosareHa tumna I, koju nokasyje onrosapajyhy enekrpodopeTcky pe3onyuujy.
I1pBo je onmpeheHo HaenexkTpucame KojareHa NMpH pasnuyuTUM pH BpenHocTHMa, a 3aTUM je
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IIPETXOAHO O0jaB/beHa METOfla MOIM(UKOBAHA IPOMEHOM Iy(EepCcKor reaa U IPOMEHOM
TI0JIapUTETa KOMODE 3a eJIeKTPo(dOope3y OKpeTameM Kab/l0Ba 3a Hallajame yC/Ies Yera ce IpOTEUuH
caja Kpetao of aHoze ka karogu. Ha oBaj HauuH cy modujeHe modpo pasnBojeHe MPOTEHHCKe
Tpake Koje Cy 3aip)ajie CBOjy KIacH4Hy CTPYKTypy Oe3 merpamauuje HakoH PAGE, mto je
NOTBPHEHO EKCTPaKLMjoM HpOoTeMHa M3 HaTUBHOT PAGE M enexTpodope3oM y HaTpUjyM-
nomeuun-cyndar-PAGE. Opa mpenHocT 61 Morna OUTH KOpHCHA Kkafa Ce IMPUPONHU KOJIareH
HOIBPTHYT eneKkTpodopesu kopuctu y Western blot aHanusy 3a NPENO3HABAkE aHTUTEIUMA.

(ITpumsbeHo 5. jynu; peBUAUPaHO 5. HoBemOpa; npuxsaheHo 9. HoBemOpa 2024.)

REFERENCES

1. S.Ricard-Blum, Cold Spring Harb, Perspect. Biol.3 (2011) a004978
(https://doi.org/10.1101%2Fcshperspect.a004978)

2. M. Shenoy, N. S. Abdul, Z. Qamar, B. M. A. Bahri, K. Z. K. Al Ghalayini, A. Kakti,
Cureus 14 (2022) €24856 (https://doi.org/10.7759/cureus.24856)

3. I N. Amirrah, Y. Lokanathan, 1. Zulkiflee, M. F. M. R. Wee, A. Motta, M. B. Fauzi,
Biomedicines 10 (2022) 2307 (https://doi.org/10.3390/biomedicines10092307)

4. Z.Deyl, M. Adam, J. Chrom. B: Biomed. Sci. App. 488 (1989) 161
(https://doi.org/10.1016/s0378-4347(00)82945-x)

5. J.R. Harris, A. Soliakov, R. J Lewis, Micron 49 (2013) 60
(https://doi.org/10.1016/j.micron.2013.03.004)

6. B.J. Bielajew, J. C. Hu, K. A. Athanasiou, Nat. Rev. Mater. 5 (2020) 730
(https://doi.org/10.1038/s41578-020-0213-1)

7. A.B. Nowakowski, W. ] Wobig, D. H. Petering, Metallomics 6 (2014) 1068
(https://doiorg/10.1039/c4mt00033a)

8. S.Ricard-Blum, D.J. Hartmann, G. Ville, J. Chrom. B: Biomed. Sci. App. 530
(1990) 432 (https://doi.org/10.1016/s0378-4347(00)82346-4)

9. C.Arndt, S. Koristka, A. Feldmann, M. Bachmann, Native Polyacrylamide Gels. In:
B. Kurien, R. Scofield, (eds): Electrophoretic Separation of Proteins. Methods in
Molecular Biology, 1855 (2019) Humana Press, New York, NY
(https://doi.org/10.1007/978-1-4939-8793-1_8)

10. U. K. Laemmli, Nature.+ 227 (1970) 680 (https://doi.org/10.1038/2276802a0)

11. J. A. Ramshaw, J. A Werkmeister, Anal. Biochem. 168 (1988) 82
(https://doi.org/10.1016/0003-2697(88)90013-9)

12. G. Leyva-Gomez, E. Lima, G. Krotzsch, R. Pacheco-Marin R. N. Rodriguez-
Fuentes, D. Quintanar-Guerrero, E. Krotzsch, J. Phys. Chem. B. 118 (2014) 9272
(https://doi.org/10.1021/jp502476x%).

13. D. Shendi, J. Marzi, W. Linthicum, AJ. Rickards, DM. Dolivo, S. Keller, MA.
Kauss, Q. Wen, TC. McDevitt, T. Dominko, K. Schenke-Layland, MW. Rolle. Acta
Biomater.100 (2019) 292 (https://doi.org/10.1016/j.actbio.2019.09.042).

14. L. Kumar, W. Colomb, J. Czerski, CR. Cox, SK. Sarkar. Protein Expr Purif. 148
(2018) 59 (https://doi.org/10.1016/j.pep.2018.04.001).

15. W. Kafienah, DJ. Buttle, D. Burnett, AP. Hollander. Biochem J. 330 (Pt 2) (1998)
897 (https://doi.org/10.1042/bj3300897).



https://doi.org/10.1101%2Fcshperspect.a004978
https://doi.org/10.7759/cureus.24856
https://doi.org/10.3390/biomedicines10092307
https://doi.org/10.1016/s0378-4347(00)82945-x
https://doi.org/10.1016/j.micron.2013.03.004
https://doi.org/10.1038/s41578-020-0213-1
https://doi.org/10.1039/c4mt00033a
https://doi.org/10.1016/s0378-4347(00)82346-4
https://doi.org/10.1007/978-1-4939-8793-1_8
https://doi.org/10.1038/227680a0
https://doi.org/10.1016/0003-2697(88)90013-9
https://doi.org/10.1021/jp502476x
https://doi.org/10.1016/j.actbio.2019.09.042
https://doi.org/10.1016/j.pep.2018.04.001
https://doi.org/10.1042/bj3300897

