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Introduction
The methylotropic yeast Pichia pastoris is a model organism for the study of autophagy1 and
peroxisome biogenesis2. Being able to look at the organism via transmission electron
microscopy (TEM) can yield valuable data on the morphology of the secretory pathway and
many other organelles of interest3. However, preparing the yeast for TEM work can be very
arduous and costly. One of the reasons P. pastoris is so hard to prepare for visualization is
because its cell wall is very thick and tough compared to the membrane of a mammalian cell.
Thus, P. pastoris is notoriously difficult to infiltrate with fixatives, a step necessary to maintain
its ultrastructure4. This article outlines an efficient and cost effective way to prepare P.
pastoris for TEM without the need for certain specialized equipment. With this protocol,
excellent pictures can be obtained by using the buffers, KMnO4, sorbitol, and PIPES, along
with glutaraldehyde. These components preserve the ultrastructure of the yeast without any
apparent artifactual change in morphology4.

Materials and Methods
Culturing procedure for P. pastoris grown in YPD

Inoculate 5 mL of YPD broth in a sterile 50 mL conical with P. pastoris colony grown from a
plate, and grow overnight in a 30 degrees C shaker/incubator. Check the OD600 of the overnight
culture, and then add the correct amount of the culture to 100 mL of the YPD (1% Yeast extract,
2% Peptone, 2% Dextrose) in a 500 mL sterile baffled Erlenmeyer flask so that the
concentration is 0.01 OD600/ mL. Place the diluted culture in the shaker for approximately 12
hours. This will ensure that the culture will have an end OD600 reading between 0.5-1.0. Place
yeast on ice before starting the fixation procedure.

Culturing procedure for P. pastoris grown in BMMY
Inoculate 5 mL of YPD broth in a sterile 50 mL conical with P. pastoris colony grown from a
plate, and grow overnight in a 30 degrees C shaker/incubator. Check the OD600 of the overnight
culture. Calculate the amount of the culture to add to 100 mL of the BMMY (Buffered
Methanol-complex Medium with 1% Yeast extract, 0.5% methanol) so that the concentration
is 0.012 OD600/ mL. Pipette the exact amount of the overnight culture into a 1.5 mL microfuge
tube. Centrifuge for 1 minute at 5,000 × g. Remove the supernatant, resuspend in 1 mL BMMY,
and add the cells to the 500 mL sterile baffled Erlenmeyer flask containing 100 mL of BMMY.
Place the diluted culture in the shaker for approximately 24 hours. This will ensure that the
culture will have an end OD600 reading between 0.5-1.0. Place yeast on ice before starting the
fixation procedure.
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Fixation—Using a procedure originally designed for S. cerevisiae, we have developed a
fixation protocol to address the limitations of P. pastoris4. Measure 7.5 mL of culture into a
15 mL conical tube. Pour the culture into an equal volume of 2× fixative (7.50 mL 0.4M PIPES
buffer + 1.25 mL 2.4M sorbitol + 0.03 mL 1.0M MgCl2 + 0.03 mL 1.0M CaCl2 + 7.50 mL
8% glutaraldehyde + ddH20 to 20 mL). Incubate at room temperature (∼25 degrees C) for 5
minutes. Spin down cells at 1060 × g for 10 minutes, and decant supernatant. Resuspend the
cells in 9.5 mL of 1X (1:1 H2O) fixative. Incubate overnight at 4 degrees C. Centrifuge cells
at 1060 × g for 5 minutes, and then aspirate fixative. Resuspend the cells in 8 mL of H2O and
incubate for 10 minutes. Centrifuge at 1060 × g for 5 minutes. Repeat water wash 3 times. For
the last centrifugation, aspirate off the supernatant and resuspend the pellet in the tiny residual
amount of water (∼100 μL) that remains. Add 5 mL of 2% KMnO4, and incubate 5 minutes at
room temperature. Pellet cells at 1060 × g for 5 minutes. Aspirate fixative and overlay with
fresh 2% KMnO4. Incubate for 45 minutes at room temperature. Centrifuge cells at 1060 × g
for 5 minutes. Aspirate permanganate solution, making sure not to disturb the pellet. Fill the
15 mL conical with ddH2O, remove water, and repeat until no purple color is evident. Add 1%
uranyl acetate and incubate at 4° C overnight. Remove the uranyl acetate with an aspirator.
Add 5 mL H2O, mix, and centrifuge at 1060 × g until pellet is settled. Repeat this step 3 times.
Dehydrate in a graded series of ethanol from 25%-100% EtOH. Resuspend pellet in 2:1 EtOH:
Spurr’s resin (3 mL:1.5 mL) in a 20 mL glass scintillation vial. Rotate at slow speed (∼175
rpm) for 2 hours at room temperature. Remove the resin and replace with 1:1 EtOH: Spurr’s
resin (1.5 mL:1.5 mL). Allow to rotate at slow speed uncapped overnight at room temperature.
Remove the resin and add 2 mL of 100% resin. Rotate uncapped for 1 hour, and then remove
resin after centrifugation by pipetting. Add 100% resin and rotate for 2 hours capped. Transfer
the resin containing the cells into 1.5 mL microfuge tubes and centrifuge at 2000 × g for 10
minutes. Remove resin. Add 2 drops of pellet to each micromold with a Pasteur pipette and
fill with additional 100% resin in micromolds. Place the micromolds in a 60 degrees C oven
for 24 hours.

Post-fixation—Trim the blocks to a 0.5 mm trapezoid face, and section. Use an Emcorp
Diamond knife for sectioning at a speed of 1.6 mm/s and at a thickness of 55-60 nm on a Leica
Ultracut R microtome. Retrieve sections on 200 mesh copper grids, and capture the images on
a computer. In our lab images were captured using a Zeiss 109 TEM with a Micromax ccd
digital camera (Princeton Instruments, Roper Scientific, Trenton, NJ), with the software
program Winview (Princeton Instruments, Acton, Trenton, NJ).

Results
This method allows researchers to look at various aspects of the morphology of P. pastoris.
Structures commonly observed are: mitochondria, nuclei, vacuoles, peroxisomes (under
methanol-growth conditions), endoplasmic reticuli, and Golgi (Figures 1 and 2). One of the
most crucial aspects of working with P. pastoris for TEM work is the preparation of the cultures.
The cell density should be between 0.5-1.0 OD600. When there was an optical density greater
than 1.0, the following problems occurred: a) budding scars were present on the cells; b) the
cells were poorly infiltrated; c) when sectioning, the cells were ripped out of the resin because
they cut at a different rate than the resin in which they were embedded; and d) there were many
holes in the specimen so that when the electron beam came in contact with these holes, the
sample was destroyed. In addition, the correct thickness of the sections is also important for
capturing clear pictures. When the sections were too thick, sharp focus was extremely difficult,
and when they were too thin, the sections disintegrated under the beam. When the samples had
the optimal concentration of cells and the sections were the correct thickness, clear images
were obtained.
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Conclusion
There are many possible research projects that can be carried out with the use of this protocol.
For instance, organelle and cell structure can be investigated as a function of nutrition or the
mutant background of a strain6. Although several methodologies are available for TEM of
yeast, this protocol has been optimized specifically for P. pastoris. Starting with a culture
inoculated with P. pastoris to ending with electron micrographs of the organism will take
approximately 9 days using this protocol. Strict adherence to the protocol is essential. Skipping
or changing one step can potentially ruin one’s results. For instance, using formaldehyde in
place of glutaraldehyde will cause poor fixation, leading to various problems described above.
Using the traditional sodium cacodylate-osmium tetroxide fixation5 resulted in little to no
fixation of P. pastoris. In addition, the use of counter stains, such as Reynold’s lead citrate and
uranyl acetate, is not necessary to increase the contrast of the samples because there was no
apparent change in the pictures with or without these counter stains. Another attribute of this
method is its minimal investment in advanced instrumentation, such as a speed vac or a
specialized microwave oven. Thus, this method is particularly suitable for a research scientist
with limited resources and time.
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Figure 1.
Electron micrograph of P. pastoris grown in YPD medium. G = Golgi vesicles; N = nucleus;
ER = endoplasmic reticulum; M = mitochondria. Scale bar = 1 μm
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Figure 2.
Electron micrograph of P. pastoris grown in BMMY medium. Methanol selectively induces
the production of peroxisomes. G = Golgi vesicles; N = nucleus; ER = endoplasmic reticulum;
M = mitochondria; P = peroxisome. Scale bar = 1 μm
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