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Box1. The challenge of visualizing and quantifying MCSs.

Many MCS studies assume that any region at which two organelles come within a
certain distance, often 30 nm or less, is a contact site; we have used this criterium in a studyl.
However, this assumption may not be correct. A definitive demonstration that a membrane
contact site (MCS) has formed requires not just showing that two membranes are close to
another but also proof that the contact alters the properties of the organelles. This proof
involves demonstrating that proteins or lipids are enriched at the MCS or that enzymes are
activated (or inhibited) there.

Visualizing potential MCSs is challenging because the size of most MSCs is below the
limit of resolution of light microscopy, including most super resolution microscopes. Therefore,
electron microscopy (EM) remains the best way to visualize contact sites. However, there are
some drawbacks to EM: it cannot be performed on live cells and localizing proteins by
immunogold labeling or other techniques can be challenging. Moreover, only a 3 dimensional
reconstruction allows assessment of the whole interface at which two organelles are in contact.

Various techniques have been used to visualize MCSs by light microscopy. One approach
is to use a fluorescent reporter that has affinity for two organelles, which enriches the reporter
at regions where the organelles are in close apposition’>. Other techniques use reporters
localized in two different organelles that only fluoresce when the reporters interact with each
other at contact sites. One example is seen with bimolecular fluorescence
complementation (also known as BiFC), in which two halves of GFP are fused to proteins in
different organelles and only form a functional GFP when they interact®. One caveat of this
approach and related approaches is that the reporters can themselves drive contact formation;
for BiFC, the two halves of GFP have high affinity for one another® and may stabilize and expand
contacts. To avoid this problem, some techniques for visualizing MCSs use approaches that do
not promote contact. One technique, called proximity ligation, identifies proteins close to one
another at MCSs by determining regions where antibodies against the proteins can be
crosslinked®. However, this technique requires cell fixation and cannot be used on live cells.
Another method is to use dimerization-dependent fluorescent proteins that only fluoresce
when the pairs are in close proximity’. An alternative method for assessing organelle proximity
in live cells without perturbing them or fostering contact is to use Férster resonance energy
transfer (FRET)- fluorescence lifetime imaging microscopy (FLIM) between two endogenously
tagged fluorescent proteins that are localized in different organelless. However, the limited
sensitivity of this technique in live cells makes it challenging to use, particularly for detecting
subtle changes in MCSs over time.

Quantifying MCSs remains another important challenge for the field. Addressing this
challenge is particularly important because many studies on MCSs hinge on correlating changes
in contact size or number with alterations in organelle function, dynamics, composition, or
signaling. How MCS size and number are quantifed varies between studies. Thus, there is a



pressing need for the development of algorithms to quantify contacts from imaging data,
particularly 3D data.

Quantifying protein enrichment at MCSs can also be challenging, at least for proteins
that are not highly enriched at these sites. Cell fractionation is widely employed to quantify
proteins and particularly to estimate protein enrichment at ER—mitochondria contacts. A
fraction called mitochondrial associated membranes (MAMs), which is isolated by density-
gradient centrifugation, is commonly used to determine protein enrichment at ER—
mitochondria contacts. However, some proteins that are highly enriched in MAMSs are less
enriched at ER—mitochondria contacts when visualized by light microscopy; for example, the ER
oxidoreductase Ero10’. Therefore, the accurate quantification of protein enrichment at
contacts sites may require more than one method.

1 Lahiri, S. et al. A conserved endoplasmic reticulum membrane protein complex (EMC)
facilitates phospholipid transfer from the ER to mitochondria. PLoS Biol 12, e1001969,
doi:10.1371/journal.pbio.1001969 (2014).

2 Varnai, P., Toth, B., Toth, D. J., Hunyady, L. & Balla, T. Visualization and manipulation of
plasma membrane-endoplasmic reticulum contact sites indicates the presence of
additional molecular components within the STIM1-Orail Complex. J Biol Chem 282,
29678-29690, doi:10.1074/jbc.M704339200 (2007).

3 Chang, C. L. et al. Feedback regulation of receptor-induced Ca2+ signaling mediated by
E-Syt1l and Nir2 at endoplasmic reticulum-plasma membrane junctions. Cell Rep 5, 813-
825, d0i:10.1016/j.celrep.2013.09.038 (2013).

4 Toulmay, A. & Prinz, W. A. A conserved membrane-binding domain targets proteins to
organelle contact sites. J Cell Sci 125, 49-58, doi:10.1242/jcs.085118 (2012).

5 Shyu, Y. J. & Hu, C. D. Fluorescence complementation: an emerging tool for biological
research. Trends Biotechnol 26, 622-630, doi:10.1016/j.tibtech.2008.07.006 (2008).

6 Fan, J., Li, X., Issop, L., Culty, M. & Papadopoulos, V. ACBD2/ECI2-Mediated Peroxisome-

Mitochondria Interactions in Leydig Cell Steroid Biosynthesis. Mol Endocrinol 30, 763-
782, d0i:10.1210/me.2016-1008 (2016).

7 Ding, Y. et al. Ratiometric biosensors based on dimerization-dependent fluorescent
protein exchange. Nat Methods 12, 195-198, doi:10.1038/nmeth.3261 (2015).

8 Venditti, R. et al. Molecular determinants of ER-Golgi contacts identified through a new
FRET-FLIM system. J Cell Biol 218, 1055-1065, doi:10.1083/jcb.201812020 (2019).

9 Gilady, S. Y. et al. Erolalpha requires oxidizing and normoxic conditions to localize to the

mitochondria-associated membrane (MAM). Cell Stress Chaperones 15, 619-629,
doi:10.1007/s12192-010-0174-1 (2010).



	The functional universe of membrane contact sites


