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The vacuole vs. the lysosome
When size matters
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The morphometric examination of autophagic bodies pro-
vides useful information about the mechanism and magnitude
of macroautophagy, and yeast researchers frequently utilize
various measurements of these structures as part of their
quantification of the process. The utility of this approach, how-
ever, has led to the common misconception that autophagic
bodies can be found in the mammalian lysosome, which is
generally not correct.

Yeast is a very useful model system that has certain advantages
over other organisms for studying autophagy; however, the pur-
pose of this article is not to extoll the virtues of yeast, per se, but
rather to clear up a point of confusion. One of the morphologi-
cal features of macroautophagy in yeast is the formation of auto-
phagic bodies—the single-membrane vesicles that are generated
upon fusion of an autophagosome with the vacuole. Autophagic
bodies can accumulate in the vacuole lumen when their degrada-
tion is blocked by genetic (for example, the deletion of PEP4) or
pharmacological (for example, treatment with the Prbl inhibitor
PMSF) means (Fig. 1). Because they accumulate in the vacuole,
which is typically quite large, it is generally easier to identify and
quantify autophagic bodies than autophagosomes. Furthermore,
depending on the strain background and the fixation and stain-
ing protocol used for electron microscopy, the vacuole can
appear as an essentially white, empty structure, further simplify-
ing morphometric analyses. As a result, autophagic bodies can
be measured with regard to size and number, providing useful
information about the mechanism of autophagy following per-
turbation to the system, such as that resulting from a particular
mutation. Autophagic bodies can also be monitored through flu-
orescence microscopy, allowing a less exact, but simpler estima-
tion of autophagic flux. Unfortunately, the simple fact is that, asa
general rule, autophagic bodies do not form in higher eukaryotes,
other than plants, and some rare cell types in other species.’

Unfortunately, we occasionally see references to autophagic
bodies when people are discussing mammalian cell lysosomes,
or the lysosomes of other eukaryotic systems, and in most cases
this is not correct. Similarly, on several occasions we have noted
schematic figures illustrating the presence of autophagic bodies
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Figure 1. Autophagic bodies in the yeast vacuole. A yeast strain harbor-
ing a deletion of the PEP4 gene was grown in rich medium and shifted to
nitrogen-starvation conditions for 4 h. Scale bar: 500 nm.

within the lysosome. In most cases these errors have been cor-
rected for papers published in Autophagy, but of course not all
papers that concern autophagy are published in our journal;
hence, the purpose of this article.

What it largely comes down to is that the yeast vacuole, is big.
Actually, big is an understatement—this is a gigantic organelle.
That is why researchers in the yeast field are speaking tongue-
in-cheek when they refer to something as being “close to” or “in
proximity of” the vacuole with respect to subcellular localization.
After all, that is not a lot different than saying a particular human
being is close to, or in proximity of, the earth as if that provided
any useful information regarding that person’s whereabouts.
The point is, almost everything in the yeast cell is close to the
vacuole—it is just that big. An average Saccharomyces cerevisiae
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the permission of Springer.

Figure 2. Single-membrane compartments in mouse embryonic fibroblasts. The “autophagic bodies” are likely generated by the fusion of an auto-
phagosome with a late endosome/multivesicular body. This figure was reproduced from Figure 5B of Eskelinen, E-L. Meth Mol Biol, 2008; 445:11-28 with

Figure 3. Mammalian lysosomes are too small to accommodate autophagic bodies. Mouse embryonic fibroblasts showing an autophagosome next to
(A) or fusing with (B) an electron dense lysosome. Scale bars: 600 nm (A) and 200 nm (B).

cell is approximately 5-10 wm in diameter, vacuoles are in
the range of 2-3 wm,"? and autophagic bodies are typically
0.4-0.8 wm.* Thus, an average vacuole can easily accommodate
20-30 autophagic bodies, and perhaps more than 100 (think
3-dimensionally), depending on their respective sizes (Fig. 1).
In contrast, mammalian lysosomes are approximately 0.5 wm in
diameter (really quite small by comparison to the vacuole), and
mammalian autophagosomes are 0.5-2 wm. Thus, the average
lysosome cannot accommodate even a single autophagic body
(Fig. 3). This point is illustrated quite dramatically by the mixed
media sculpture “Macroautophagy.”

Thus, do not make the mistake of referring to autophagic
bodies when describing the steps of macroautophagy in higher
eukaryotes other than plants. Remember, as a general rule, lyso-
somes do not contain autophagic bodies (Fig. 4).
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Footnote

Structures that may be similar to autophagic bodies have been
detected in mouse embryonic stem cells, and occasionally in
mouse embryonic fibroblasts. In this case, however, these single-
membrane compartments are probably generated by the fusion
of autophagosomes with late endosomes, which are usually larger
than lysosomes (Fig. 2).
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Autophagic bodies can accumulate
within the yeast vacuole:

(Many of these can fit inside one of these)

Autophagic body

Yeast autophagosome

Mammalian autophagosome

Yeast vacuole

Autophagic bodies cannot accumulate
within a mammalian lysosome:

Mammalian lysosome

(One of these cannot fit inside one of these)

Figure 4. Autophagic bodies can accumulate within the yeast vacuole, but not the mammalian lysosome. In this schematic diagram, the relative sizes of
yeast and mammalian autophagosomes are shown compared with the vacuole and lysosome. Even smaller mammalian autophagosomes are typically

too large to allow the release of the inner vesicle into the lysosome lumen.
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