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With great interest, I have read the article “Ten Approaches That Improve Immunos-
taining: A Review of the Latest Advances for the Optimization of Immunofluorescence”
written by Pifia et al. and published in the International Journal of Molecular Sciences on
26 January 2022 [1]. The authors described several new methods that overcome the differ-
ent limitations of immunofluorescent staining and, in particular, discuss the problem of
protein detection inside nucleoli using immunofluorescence. The nucleolus is the densest
nuclear substructure, and it is formed by three compartments: fibrillar centers, a dense
fibrillar component and a granular component. The granular component occupies most of
the nucleolar volume, and when detecting granular component proteins using antibodies,
in most cases, the entire volume of the nucleolus is stained except for small vacuoles, which
correspond to the fibrillar centers. However, some antibodies to the proteins of granular
components only label proteins at the nucleolar periphery (rim localization). Previously,
we presented data that indicated that this staining pattern may be an artifact related to
the low availability of structures with high concentrations of an antigen recognized by
antibodies used in immunofluorescence studies [2,3]. It is important to emphasize that our
experiments have shown that the obstacle to antibody penetration is not the density of the
structure but rather the antigen concentration.

To achieve correct immunostaining, we tried to reduce the antigen concentration
using a limited proteolytic treatment of cells fixed with paraformaldehyde. As a result,
we developed a protocol that allowed us to detect one of the major nucleolar proteins,
B23 (nucleophosmin, NPM1) in the entire volume of the granular component [3]. Modifi-
cations of this method have been used in several works with cultured cells [4,5], and our
protocol was also adapted to work with murine oocytes [6].

The article by Pifia et al. analyzes this approach and describes the protocol in detail [1].
However, when describing the protocol, it states that methanol should be used for fixation.
In our work, we indeed describe the case of methanol fixation. However, after methanol
fixation, the protein was detected in the inner regions of the nucleus without protease
treatment, probably due to partial extraction of the protein. Protease treatment was used
for fixation with paraformaldehyde (3.7% paraformaldehyde at room temperature for
10 min), which is important for preserving cell structures (fixation with paraformaldehyde
is much better than fixation with methanol in regard to the preservation of cell structures).

In conclusion, it is important to note that published literature has made some important
points regarding the artifactuality of peripheral staining of the nucleolus by antibodies. In
particular, Stenstrom et al. presented data on the possible existence of a group of proteins
that are indeed localized in the nucleolar rim [7]. Further studies are required to definitively
clarify the situation of nucleolar peripheral staining, and it is important to consider different
reasons for the low availability of cellular structures to antibodies.

Int. . Mol. Sci. 2022, 23, 4372. https:/ /doi.org/10.3390/ijms23084372

https:/ /www.mdpi.com/journal/ijms


https://doi.org/10.3390/ijms23084372
https://doi.org/10.3390/ijms23084372
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0003-1687-1321
https://doi.org/10.3390/ijms23084372
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms23084372?type=check_update&version=1

Int. . Mol. Sci. 2022, 23, 4372 20f2

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References

1.

Pifa, R.; Santos-Diaz, A.L; Orta-Salazar, E.; Aguilar-Vazquez, A.R.; Mantellero, C.A.; Acosta-Galeana, I.; Estrada-Mondragon, A;
Prior-Gonzalez, M.; Martinez-Cruz, J.I.; Rosas-Arellano, A. Ten Approaches That Improve Immunostaining: A Review of the
Latest Advances for the Optimization of Immunofluorescence. Int. J. Mol. Sci. 2022, 23, 1426. [CrossRef] [PubMed]

Sheval, E.V.; Polzikov, M.A.; Olson, M.O.].; Zatsepina, O.V. A Higher Concentration of an Antigen within the Nucleolus May
Prevent Its Proper Recognition by Specific Antibodies. Eur. . Histochem. 2005, 49, 117-123. [PubMed]

Svistunova, D.M.; Musinova, Y.R.; Polyakov, V.Y.; Sheval, E.V. A Simple Method for the Immunocytochemical Detection of
Proteins inside Nuclear Structures That Are Inaccessible to Specific Antibodies. ]. Histochem. Cytochem. 2012, 60, 152-158.
[CrossRef] [PubMed]

Earley, L.E; Kawano, Y.; Adachi, K.; Sun, X.-X.; Dai, M.-S.; Nakai, H. Identification and Characterization of Nuclear and Nucleolar
Localization Signals in the Adeno-Associated Virus Serotype 2 Assembly-Activating Protein. . Virol. 2015, 89, 3038-3048.
[CrossRef] [PubMed]

Miyamoto, S.; Nakano, M.; Morikawa, T.; Hirabayashi, A.; Tamura, R.; Fujita-Fujiharu, Y.; Hirose, N.; Muramoto, Y.; Noda, T.;
Fearns, R. Migration of Influenza Virus Nucleoprotein into the Nucleolus Is Essential for Ribonucleoprotein Complex Formation.
mBio 2022, 13, e03315-e03321. [CrossRef]

Shishova, K.V,; Lavrentyeva, E.A.; Dobrucki, ] W.; Zatsepina, O.V. Nucleolus-like Bodies of Fully-Grown Mouse Oocytes Contain
Key Nucleolar Proteins but Are Impoverished for rRNA. Dev. Biol. 2015, 397, 267-281. [CrossRef] [PubMed]

Stenstrom, L.; Mahdessian, D.; Gnann, C.; Cesnik, A.].; Ouyang, W.; Leonetti, M.D.; Uhlén, M.; Cuylen-Haering, S.; Thul, PJ.;
Lundberg, E. Mapping the Nucleolar Proteome Reveals a Spatiotemporal Organization Related to Intrinsic Protein Disorder. Mol.
Syst. Biol. 2020, 16, €9469. [CrossRef] [PubMed]


http://doi.org/10.3390/ijms23031426
http://www.ncbi.nlm.nih.gov/pubmed/35163349
http://www.ncbi.nlm.nih.gov/pubmed/15967739
http://doi.org/10.1369/0022155411429704
http://www.ncbi.nlm.nih.gov/pubmed/22114257
http://doi.org/10.1128/JVI.03125-14
http://www.ncbi.nlm.nih.gov/pubmed/25552709
http://doi.org/10.1128/mbio.03315-21
http://doi.org/10.1016/j.ydbio.2014.11.022
http://www.ncbi.nlm.nih.gov/pubmed/25481757
http://doi.org/10.15252/msb.20209469
http://www.ncbi.nlm.nih.gov/pubmed/32744794

	References

