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Super-resolution microscopy includes multiple techniques in optical microscopy that

enable sub-diffraction resolution fluorescence imaging of cellular structures. Expansion

microscopy (EXM) is a method of physical expansion to obtain super-resolution images of

a biological sample on conventional microscopy. We present images of yeast organelles,

applying the combination of super-resolution and ExM techniques. When preparing pre-

expanded samples, conventional methods lead to breakage of dividing yeast cells and

difficulties in studying division-related proteins. Here, we describe an improved sample

preparation technique that avoids such damage. ExM in combination with Airyscan

and structured illumination microscopy (SIM) collected sub-cellular structural images of

nuclear pore complex, septin, and a-tubulin in yeast. Our method of expansion in yeast

is well-suited for super-resolution imaging study of yeast.

Keywords: expansion super-resolution, yeast, nuclear pore complex, septin, tubulin

INTRODUCTION

Optical microscopy is one of the most important tools in the fields of biology and
medicine. However, owing to diffraction limits, the resolution of conventional optical systems
is limited to roughly 250 nm. In recent years, different methods have emerged to achieve
optical super-resolution imaging, breaking the limits of diffraction. These super-resolution
microscopy techniques can be divided into two categories—light source modulation and single-
molecule modulation.

A classic example of the former is stimulated emission depletion (STED) [1], in which a
physical process is used to reduce the spot size of the excitation light, thereby directly reducing
the half-height width of the spot diffusion function to improve resolution. However, compared
to general optical microscopes, STED causes more damage to the sample owing to the higher
excitation light power used [2]. Super-resolution microscopes belonging to this type of technology
also include structured illumination microscopy (SIM) [3–5] and Airyscan microscopy [6]. SIM
applies a modulated illumination light to the sample to obtain images with different phases and
orientations, which are then reconstructed to a super-resolution image. An obvious advantage
of SIM is the improved imaging speed, and the technique has been applied for measuring gene
sizes with high precision [7]. Airyscan microscopy is a new detector design that optimizes classic
components, consisting of 32 elements acting as its own small pinhole in an Airyscan with
positional information. This design increases the contrast of the high spatial frequency information
but extends the imaging time [8]. Single-molecular-based techniques such as STORM [9], can
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achieve multicolor super-resolution images. But STORMmethod
requires random activation of single fluorophores, making
experiments difficult to perform. Each of the aforementioned
super-resolution techniques have its own advantages and
disadvantages, which are applicable to different types of samples
for increased resolution.

In addition to microscopy, resolution can be improved from
the perspective of the sample. For example, the sample can
be magnified by expansion microscopy (ExM) to visualize the
finer cellular sub-organ structures [10]. By immobilizing the
fluorescent molecules of a labeled protein in a polyacrylamide
hydrogel, the molecular structure of the sample is also spatially
amplified as the hydrogel physically expands isotopically, thus
indirectly improving resolution. In just a few years, many
studies have optimized the ExM from the Edward S. Boyden’s
group to obtain a series of new expansion technologies based
on different experimental needs. For example, combined with
existing super-resolution microscopy systems, protein-retention
expansion microscopy (proExM) [11] has been validated in
different cells and tissues to achieve imaging at the nanoscale
by retaining the target molecule (e.g., antibody tags, fluorescent
proteins) [12]. The magnified analysis of the proteome (MAP),
partially optimizes the experimental procedure to control the
distance between proteins in the gel for expansion of tissue [13].
Additional methods include ExFISH, with in situ hybridization
labeled probes for fluorescent RNA imaging [14], iExM, which
further expands the resolution through iterative sample swelling
[15], and ExPath, for the medical study of human specimen
expansion [16]. The combination of ExM and different super-
resolution techniques such as SIM and Airyscan has made an
outstanding contribution to the study of biological structures and
provides good examples of the compatibility of ExM [17–19].

There are many techniques available to apply ExM to different
types of cells and tissues, even to bacterial and fungal spores [18,
20]. However, it has not been described in yeast. Yeast has many
similarities with some of the functional structures of mammalian
cells, and it is convenient to cultivate as a model microorganism,
although the smaller size of its functional structures hinders
imaging at the nanoscale. Fortunately, ExM is suited for super-
resolution imaging of yeast. As a classical model microorganism,
many studies have reported on the various functional structures
of yeast. The integrated structure of the yeast nuclear pore
complex (NPC) was determined by electron microscopy (EM)
[21], with the diameter of rings and the distance between the
bilayer being observed. However, few articles ever collected
the dimensional data directly on single nuclear pores via light
microscopy. In addition, septins are essential GTP-binding
proteins that are found in almost all eukaryotes and are involved
in the process of cytokinesis. From polarization data, it is inferred
that septins polymerize into filaments and form an ordered array
that can polymerize into long filaments and bundle laterally
[22, 23]. Previous studies indirectly speculated that septin is
linearly aligned [24]. Finally, α-tubulin plays a crucial role in a
variety of cellular processes including cell division, motility, and
vesicle transport [25].

In conventional yeast immunofluorescence methods [26], the
fixed yeast walls are usually processed into individual protoplasts

by special digestion and then collected by centrifugation. Next,
the protoplasts are adhered to slides coating with poly-L-lysine,
followed by the conventional immunofluorescence steps. The
protoplasts obtained by this method may break up the dividing
cell, thereby destroying the division-related structures. Therefore,
although this approach enables fluorescent labeling of proteins
in yeast, it is not suitable for studying the relevant proteins
located at the division site. For this reason, we improved
the immunofluorescence procedure by immobilizing cells on
concanavalin A (ConA) coated slides prior to digestion [27].
Combined with ExM and super-resolution microscopy, our
methods allow for the study of a wider range of protein structures.

In this study, we applied our improved ExM method to
the structural components of NPCs, septin and α-tubulin, of
yeast using an expansion Airyscan imaging database of Nup84,
an essential scaffolding component of the NPC containing 16
copies and two rings [21], a GFP fusion protein of CDC12, an
indispensable part of septin filament formation [24, 28], and z-
stack images of antibody-labeled α-tubulin with 3D-SIM. Our
results indicate that ExM technology can be applied for imaging
of different structures in yeast.

MATERIALS AND METHODS

Materials
The Saccharomyces cerevisiae strains of Nup84-GFP used were
generated by Huh et al. [29]. The septin CDC12-GFP yeast strain
was a gift from the Juntao Gao group. The GFP-tag was added at
the C-terminus of the target protein [30].

Cultivation of Yeast Cells
In the first pre-culture, cells were incubated in a fresh YPD
Agar media (YPD Agar, A507023, Sangon Biotech, Shanghai,
China) for 16 h at 30◦C. Cells were then inoculated in a second
pre-culture in 6mL YPD-media (YPD broth, A507022, Sangon
Biotech, Shanghai, China) and cultured to the logarithmic phase
of growth at 30◦C and 220 rpm of agitation. Yeast cell culture
was centrifuged at 3,000× g for 5min, followed by washing three
times with sorbitol buffer and resuspending in sorbitol culture
medium (1M sorbitol solution in YPD broth). The sorbitol
buffer was composed of 1.2M sorbitol solution (D-Sorbitol,
A100691, Sangon Biotech, Shanghai, China) in 0.1M KH2PO4

(Potassium dihydrogen phosphate, A100781, Sangon Biotech,
Shanghai, China).

Preparation of Coverslips
Coverslips were sonicated in acetone at 30◦C for 30min, washed
more than three times with double-distilled H2O (ddH20), and
dried to remove residual solvents. Next, coverslips were washed
in 10mg/mLConA (ConA, 11028-71-0, Sigma-Aldrich, St. Louis,
MO, USA) more than three times and then submerged in the
same solution for 10min. After drying for 2 h, coverslips were
washed in nuclease-free water (Water nuclease-free, B300591,
Sangon Biotech, Shanghai, China) and dried again to uniformly
distribute the ConA.
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FIGURE 1 | Expansion microscopy of yeast. (A) Schematic diagram of the steps in the yeast expansion protocol. (B) Illustration representing axial imaging with views

of Nups located at the equator. (C) Pre-expansion wide-field imaging of Nup84. (D) Post-expansion wide-field imaging of Nup84. (E) Diagram of septin structural

illumination during division. (F) Pre-expansion wide-field imaging of septin CDC12. (G) Post-expansion wide-field imaging of septin CDC12. (H) Graphical

demonstration of α-tubulin in yeast. (I) Pre-expansion wide-field imaging of α-tubulin. (J) Post-expansion wide-field imaging of α-tubulin. Scale bars, 2µm (C, D, F, G,

I, J). All bars were physical scales before correction with expansion factor.

Cell Fixing and Digesting
Yeast culture in sorbitol medium was placed on ConA-coated
coverslips and incubated for 30min at room temperate. After
washing with PBS, the coverslip with the sample was fixed
for 30min in 4% formaldehyde (157-8, Electron Microscopy
Sciences, Hatfield, PA) at 4◦C and unbound cells were removed
by washingmore than three times with phosphate-buffered saline
(PBS, 311-010-CL, Wisent, Quebec, Canada). Add 50 µL of
digestion solution containing Lyticase (Lyticase, L2524, Sigma-
Aldrich, St. Louis, MO, USA), 1M sorbitol, and 50mM Tris-
buffer (Tris, A610195, Sangon Biotech, Shanghai, China) to each
sample, and the mixture was incubated for 30min at 30◦C
with gentle shaking. Next, the samples were immersed in cold
methanol for 5min to stop the reaction and then incubated in
acetone for 30 s. At each step, the sample was gently washed
more than three times in PBS. All samples were inspected
with microscopy to confirm the number of attached yeast cells
before labeling.

Immunofluorescence Staining
Digested cells were immersed in 0.5% v/v Triton X-100 (Triton
X-100, A110694, Sango Biotech, Shanghai, China) for 5min
and blocked with 1% bovine serum albumin (BSA, 001-000-161,

Jackson ImmunoResearch Laboratories, West Grove, PA) and
0.5% v/v Triton X-100 for 30min. The blocked cells were
carefully washed 3–5 times for 10min in PBS, taking care
not to dry out the cover plate. Samples were incubated with
primary anti-GFP antibody (ab13970, Abcam, Cambridge, MA,
USA) for 1 h and then with secondary antibody (ab150173,
Abcam, Cambridge, MA, USA) for 1 h. After removing the
unbounded secondary antibody, the samples were inspected
with microscopy. All staining treatments were performed at
room temperature.

ExM
Gelation was performed as previously described [31]. Before
polymerization, the sample was incubated with 0.25%
glutaraldehyde (A600875-0025, BBI Life Sciences, Shanghai,
China) for 10min at room temperature and washed several
times in PBS. A monomer solution [8.625% sodium acrylate
(w/w) (408220, Sigma-Aldrich), 2M NaCl (S5886, Sigma),
2.5% acrylamide (w/w) (A4058, Sigma-Aldrich), 0.15% N, N,
-methylenbisacrylamide (w/w) (M7279, Sigma-Aldrich), and 1
× PBS] was added with 0.2% (w/w) tetramethylethylenediamine
(TEMED, 17919, Thermo Fisher Scientific, Waltham, MA) and
0.2% (w/w) ammonium persulfate (APS, 17874, Thermo Fisher
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FIGURE 2 | NPC visualized by Airyscan microscopy. (A) Diagram of a radial distribution. (B) Bottom surface imaging of the expansion in Nup84. (C) Images of a radial

individual nuclear pore. (D) Diameter histogram of the number of Nup84 molecules. (E) Schematic diagram of the radial view. (F) Post-expanded Nup84 images in the

axial view at the equator. (G) Images of single nuclear pore in the axis. (H) Histogram of the separation between rings. Scale bars, 1µm (B,F) and 0.1µm (C,G). All

bars were physical scales before correction with expansion factor. The expansion factor is 4.0.

Scientific, Waltham, MA) to the coverslip with fixed yeast cells.
After 2 h of polymerization, the size of the gelated samples
was measured. The gel was digested in 8 U/mL proteinase K
(EO0491, Thermo Fisher Scientific, Waltham, MA) in digestion
buffer (50mM Tris pH 8.0, 0.5% Triton X-100, 1mM EDTA,
and 0.8M guanidine HCl) for isotopical expansion. Digested
gels were completely submerged in fresh ddH20 every 0.5 h 3–5
times unless the gel size did not increase. An additional fixation
process may be performed for better imaging. This method used
3% agarose (Agarose, A620014, Sango Biotech, Shanghai, China)
to immobilize the sample.

Imaging
Wide-field images were collected using an EMCCD camera
(Evolve 512 Delta Photometrics) equipped with an oil-immersed
objective (150×/1.45, Olympus). The pixel size of wide-field
images was ∼106 nm and the exposure time was set at 50ms.
Emissions were passed through the same objective and filtered by
a 520 nm band-pass filter (FF01-520/35-25, Semrock) for Alexa
488. Samples stained with Alexa488 were excited using a 488 nm
laser. Airyscan imaging was captured with a confocal microscope
(ZEISS, LSM880, Germany) and a Plan-Apochromat 63×/1.4NA
oil objective (Zeiss; Plan-Apochromat 63×/1.4 Oil DIC M27).
Emissions were passed through a 495–550 nm band-pass filter,
then through a 570 nm long-pass filter, and collected with a 32-
Channel GaAsP area detector. Sim imaging was performed using
a SIM Black system (Zeiss ELYRA S.1 SR-SIM) equipped with

a 63×/1.4NA oil objective (Zeiss; Plan-Apochromat 63×/1.4 Oil
DIC M27).

Image Processing and Analysis
Airyscan and SIM images of the high-resolution acquisition were
applied automatically for Alexa Fluor 488 Channel using ZEN
software. To correct for imaging drift, the StackReg plugin of the
ImageJ software was used to align an image stack with the target
image. Next, processed images were measured and analyzed
using ImageJ and Origin. The stack of 2D α-tubulin SIM images
was reconstructed into a three-dimensional model using Avizo
(Version 2019.1), the solution for 3D visualization and analysis
of scientific and industrial data.

RESULTS

Optimization of the ExM Method in Yeast
Using ExM, many researchers obtained outstanding outcomes in
various organisms except yeast. In this study, we firstly applied
ExM to yeast and analyzed some of its structures. The traditional
immunofluorescence approach may result in structures such
as septin being severely damaged during the preparation of
spheroplasts and centrifugation. To solve this problem, we
developed an improved method for yeast immunofluorescence
combined with ExM as shown schematically in Figure 1A. Yeast
in a logarithmic growth phase was attached to slides specially
treated with ConA, and continued to grow and divide on coated
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FIGURE 3 | Expansion images of septin-CDC12 in three different stages. (A) Pre-expansion wide-field imaging of septin CDC12. (B) Post-expansion Airyscan

imaging of septin CDC 12. Diagram (C) and Airyscan image (D) of the early stages of yeast cell division. Graph (E) and image via Airyscan (F) of septin in the transition

stage prior to ring splitting. Illustration (G) and Airyscan image (H) represented septin during the double-ring stage. The green dots in this figure (D,H) were

pseudo-colors stand for the cdc12 at the division interface. Scale bar, 2µm (A,B) and 1µm (D,F,H). All bars were physical scales before correction with expansion

factor. The expansion factor is 4.1.

slides. After a period of growth, all samples are fixed and wall-
digested so that some dividing yeast cells were captured on the
slide. Finally, our samples were immunostained and then swelled,
and the expansion factor range from 4.0 to 4.1.

ExM Results in Yeast
Using this method, we collected images of three structures:
NPC, septin, and α-tubulin (Figures 1B,E,H). We illuminated
the NPCs located on the equator of the yeast nucleus, which
display a circular distribution of nuclear pore spots (Figure 1B).
Wide-field imaging of GFP-labeled Nups was recognized well by
antibodies (Figure 1C). The results show that the NPCs’ axial
view, located at the equator under Nup84 labeling, was observed
as a roughly circular pre-expansion. The circular structure of
the nucleus in cross-sectional shots post-expansion was more
obvious under the same imaging conditions (Figure 1D). Using
GFP-labeled septin targeted by antibodies, we observed linear
septin structures at the junctions of cell divisions (Figure 1F).
Although the septin size was enlarged after swelling (Figure 1G),
no further structural information was visible and therefore
required imaging in combination with higher resolution
microscopy such as Airyscan. Afterwards, we proceeded in the
same way with α-tubulin of yeast. After expansion, the needle-
like structures with uneven tips observed in the α-tubulin images
were more visible than before (Figures 1I,J).

Analysis of the NPC
The structure of NPC was analyzed using ExM and Airyscan
microscopy. A diagram shows the bottom structure of the nuclear
envelope and the radial view of a single NPC (Figure 2A).
From this view, the yeast NPC complexes normally consist of
eight spokes arranged around a central channel. The top view
of yeast NPC at the bottom of the cell nucleus was imaged
using Airyscan microscopy, which shows some nuclear pores
as hollow spaces (Figure 2B). Using the Airyscan images, we
chose single nuclear pores observed with a clear hollow structure
and five points (Figure 2C). After center positioning, these
nuclear holes with distinct hollow structures were measured
and counted. The statistical measurement of the ring diameter
data yields a histogram shown in Figure 2D. Analysis of the
statistical data results in an average diameter of ∼67 ± 15 nm
for the Nup 84-GFP fusion protein labeled with antibody after
correction with expansion factor. The axial view of the NPC
at the equator of the nuclear envelope was illustrated in a
diagram in Figure 2E, and two-layer images should be observed
in theory [32]. Based on the collected images, two parallel line
structures were observed on some nuclear pores (Figure 2F).
Likewise, the individual nuclear pores with two linear structures
clearly apart and arranged in parallel (Figure 2G) were selected
from the lateral images. From the statistical results, the absolute
distance between the two parallel rings was recorded, with an
average value of 45 ± 12 nm (Figure 2H). We measured 81
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FIGURE 4 | Three-dimensional reconstruction of α-tubulin. (A) SIM images

views at different z-levels. (B) Three-dimensional reconstruction using Avizo

software. Scale bar, 2µm (A,B). All bars were physical scales before

correction with expansion factor. The expansion factor is 4.0.

pores for diameter and 109 pores for the distance between the
two rings.

Different Septin Stages
As the septin structure (Figure 3A) obtained before expansion
imaging by wide-field microscopy did not show more detail
compared to the pre-expansion sample, the post-expansion
sample was photographed in Airyscan mode. From the Airyscan
images, septin labeled with CDC12 was found to have a
punctuated distribution, which provides additional structural
information (Figure 3B). The structure of septin is arranged
differently depending on the period of division based on
EM studies [33]. From the EM results, there are three
different periods of yeast budding: (1) the early hourglass stage
(Figure 3C), (2) the transition stage (Figure 3E), and (3) the
double-ring stage (Figure 3G). In the early stage of yeast division
(Figure 3C), we found that the fluorescence signals of septin
structures were arranged as short parallel lines perpendicular to
the division interface (Figure 3D). During this period, the short
septin filaments supporting the buds appeared to be arranged in
parallel. In the transition stage prior to ring splitting (Figure 3E),
the septin structures were arranged in a grid-like pattern during
yeast division (Figure 3F), which are supposed to be composed of
intersected filaments. The transitional septin complex structure
seemed to be made up of horizontally and vertically interwoven
septin filaments. At the later, double-ring stage (Figure 3G),
the signals were also arranged in lines, but parallel to the
division interface (Figure 3H). Compared with the first stage,
septin filaments were reoriented by 90 degrees during the whole

transition. This observation is in agreement with themodel based
on polarized fluorescence microscopy studies [22, 23].

Three-Dimensional Reconstruction of
α-Tubulin
After labeling the yeast α-tubulin, we observed the expansion
map of the α-tubulin structure. In SIM mode, we obtained
images at different z-axis positions. These images represent the
same xy interface with z-axis heights of 0, 0.77, 1.54, 2.31, and
3.19µm (Figure 4A). All z-axis heights and bars of Figure 4were
physical scales. A single long α-tubulin can be seen connecting
multiple branches that were indistinguishable with wide-field
imaging (Figures 1I,J and Supplementary Figure 2). However,
in SIM imaging, five more clearly detailed branches were visible
after inflation (Figure 4A). This observation is consistent with
previously reported fluorescence images and EM results of yeast
α-tubulin [25]. The α-tubulin structure was analyzed using
graphs from different levels, and its three-dimensional view was
reconstructed using Avizo software (Figure 4B).

DISCUSSION

Advances in super-resolution microscopy have overcame the
limits of optical resolution, and offer researchers more visual
information [34, 35]. However, super-resolution strategies are
not based on a single optical technology, and the combination
of different methods allowed us to gain insight into the function
of the cell. The ExM technology is simple to operate, with a
wide range of applications and compatibility with a wide range
of super-resolution microscopy systems. As a result, numerous
groups have made great strides in their fields by merging ExM
with other super-resolution techniques. Here we show that the
application of expansion technology is suitable for use in yeast,
and that biological structures can be imaged at the single nuclear
pore size level using expansion Airyscan and SIM microscopy.
Combined with ExM, the standard Airyscan and SIMmicroscopy
achieved an up to 4-fold improvement in resolution, from 120
to 30 nm (Supplementary Figure 1). Our method is designed
to physically expand the yeast cell by immobilizing it and then
digesting its cell walls, followed by conventional sample swelling
methods. Using this technique, we carried out a structural
analysis of the NPC, septin, and α-tubulin in yeast.

Conventional immunofluorescence procedures, which may
lead to rupture of dividing yeast cells or even destruction
of associated structures, have been optimized in our method.
Typical yeast immunofluorescence methods use poly-L-lysine,
a cellular non-specific attachment factor that immobilizes cells
onto the slide by enhancing the electrostatic interaction between
the cell membrane and the slide surface. However, it does not
work for all cells, including yeast. Therefore, in the traditional
method, the yeast cell walls need to be digested to obtain
spheroplasts before it can be adhered to the slide. In these cases,
ConA, a coagulant used as an immobilizer, was tried in our
approach. Importantly, it also allows yeast to germinate in these
conditions and in the presence of sorbitol. After the yeast cell was
successfully attached to the ConA-coated slide and cultured in
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YPD growth medium with sorbitol for a short time, the structure
of dividing yeast cells was harvested from dividing cells. This
approach allowed us to successfully apply the swelling super-
resolution technique to septin in yeast to study the structure
of the relevant proteins in the splitting position (shown in the
schematic diagram of Figure 1E). This optimization enabled us
to apply ExM to some structures in yeast, including septin, which
is a structure located at the division site.

We applied our method to the molecular organization of the
yeast NPC scaffold, which is generally assumed to be similar
to the organization of the human subcomplex [36]. With ExM,
the hollow and double-ring structure of individual yeast nuclear
pores was observed via Airyscan microscopy. We measured
nuclear pores that had a distinctly hollow structure and obtained
a mean pore diameter of 67 ± 15 nm. In the same way, the
absolute distance between two pore rings in the lateral view
was 45 ± 12 nm. More than one factor should be considered
regarding the deviation. As resolution increases, the error caused
by the size of the antibody itself increases. The error close to the
size of the GFP protein and the antibodies is ∼15 nm. However,
we located the position of the center of the pore with intensity
information over five points from the same nuclear pore, which
reduces the error to below 7 nm [37]. For further improvements
in resolution, small tags such as nanobody or snap [38] can be
used in the future to obtain more accurate data in combination
with our protocol.

Applying the ExM method to yeast, we showed that septin
had different morphologies at the three stages of the cell cycle
when imaged with Airyscan. This observation is consistent
with models based on EM studies [33]. According to many
traditional optical microscopy studies, the septin organization
is presented as a long bar in the side-view throughout the
period of division, and a detailed distribution of its structure
cannot be visualized. In contrast, our Airyscan imaging of septin
enabled us to determine that it was linearly aligned both at
the early budding and double-ring stages, but with a 90-degree
change of direction (Figures 3D,H). This result is consistent
with previous polarized fluorescence microscopy studies [22,
39]. In the transition period, however, we observed a grid-
like arrangement (Figure 3F). Moreover, our protocol allowed
for tagging of multiple proteins, and thus it is potentially
valuable to address other issues such as septin order. Admittedly,
the distance between two septin proteins is hard to measure
accurately owing to the loss of fluorescence during expansion
processing [11]. The structure of septin could be further explored
if the labeling density were increased.

CONCLUSIONS

In summary, the combination of the ExM technique with
Airyscan or SIM was suitable to study different yeast structures.
As a demonstration, we applied ConA to allow yeast cells
to divide on a slide and collected structural images of NPC,
septin, and α-tubulin. Our improved method provides access
to the analysis of division-related structures located at the

placement of the division site, and therefore extends the range
of ExM applications in yeast. Compared to conventional optical
microscopy, the combination of ExM and super-resolution
imaging techniques increase the resolution for observing sub-
cellular structures. Because ExM is independent and compatible
with many super-resolution microscopes, cutting-edge imaging
techniques such as STED and STORM can also be used to solve
even smaller biological structural questions in yeast. In addition,
ExM can be used flexibly in combination with various techniques,
such as small molecule labeling or multiple labeling, to further
examine the layout of protein complexes in yeast. Based on our
method, other optimized yeast ExM protocols will allow further
advances in yeast research.
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