BioS368 Cell Biology Laboratory at Lehigh University: Cell Culture and Fluorescence Microscopy
Cell culture and fluorescence staining/labeling techniques that allow observing
organelles, proteins and nucleic acids in cells are important techniques that are
applied by Cell Biologists all over the world. The Cell Biology Laboratory at Lehigh
is a unique experience to learn and apply state-of-the-art fluorescence microscopy
techniques. The course has four main sections: (1) Students thoroughly learn how to
culture immortalized cell lines, (2) to stain sub-cellular structures in fixed and living
cells using specific probes and antibodies (including double and triple color labeling),
(3) to express and observe proteins tagged with fluorescent protein probes (GFP
and derivatives, RFPs) in living cells, and (4) to interfere with cellular processes
using specific drugs. Pursued experiments are not standard experiments available
commercially in kit form, but are based on actual, unique research projects pursued
in the instructor’s laboratory that have been adapted to the classroom. Students
maintain their own cells during the entire course and grow cells in dishes and on
cover slips for experimental manipulation and microscopic examination. The course is
designed to give students a hands-on experience in cell biological experimentation,
and even to contribute directly to discovery! Interested? Note, that all cell images
presented here were acquired by previous BioS368 Cell Bio Lab students.
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The Golgi apparatus of living HeLa cells stained with BODIPY TR-labeled
Ceramide. Note the cap-like appearance of the Golgi cisternae (red) preferentially on one side of the
nucleus. Cell nuclei were stained with Hoechst33342 (blue). Merged fluorescence and DIC image.
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Stains in Fixed Cells
Cell/extracellular matrix interactions (Focal Adhesions)

visualized by staining
fixed HeLA cells with monoclonal anti-human vinculin (a protein of focal adhesion sites) and secondary
Cy3-labeled goat anti-mouse specific antibodies (red), Alexa488-conjugated phalloidin (green), and
nuclear chromatin (DAPI, blue). Note the localization of vinculin at the end of actin stress-fibers
especially in the cdell periphery.

Counting cells with a hemocytometer
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Functional Assays
Microtubule dynamics. HeLa cells were incubated

in nocodazole (a microtubule depolimerizing drug).
Nocodazole was then washed out and after 5 minutes cells
were processed
for immunofluorescence using anti
α- (green) and
γ-tubulin (red) antibodies, and
DAPI (blue).
Note the newly polimerizing
microtubules growing out from the centrioles.

Cancer therapy drug action.

HeLa cells were
incubated with Vinblastine (an chemotherapy anti-cancer
drug derived from the plant perywinkle), then processed
for immunofluorescence with anti α- tubulin antibodies
(red). Note the short, spike-like alternative tubulin
assemblies that prevent spindle formation, mitosis, and
thus cell division.

Two of the three cytoskeletal
elements, actin and microtubules.

Actin
filaments were stained with Alexa488-Phalloidin
(green) in living HeLa cells. Next, cells were fixed and
stained with α-tubulin antibodies (red), and DAPI
(nuclear chromatin, blue). Note the actin stress fibers
that cris-cros the cells cytoplasm, the peripheral
actin fibers, and the difuse actin stain in lamellipodia.

Cell cycle stages.

HeLa cells were stained with
anti-α- and γ-tubulin antibodies (green and red) and
DAPI (chromatin, blue). Centrioles (red) dublicate during
S-Phase and migrate to opposite sites of the nucleus to
form the mitotic spindle poles. Note cells with one (G1)
or two centrioles (S/G2) located at different distances
to each other. Two cells are at Prophase.

HeLa cells seeded on different matrices

Cryopreserving cells/
starting a culture from
frozen cells

Contaminations:

Mold

Triple live-cell stain.

Mitochondria (green), Golgi (red), and cell nuclei (blue) stained with
MitoTracker, BODIPY-TR-Ceramide, and Hoechst33342 in live human epitheloid HeLa cells. Note the
spatial organization of Golgi and Mitochondria in the cytoplasm and tubular mitochondria extending all
the way out to the plasma membrane.

Mitosis. Methaphase (bottom left), early Anaphase (top left and bottom right), and Cytokinesis (top
right) visualized in Fixed HeLa cells processed for immunofluorescence analysis using anti a-tubulin
(green) and anti g-tubulin (red) antibodies and DAPI (blue) to stain nuclear chromatin. Note the
condensed chromosomes, the spindle, and the spindle poles in the mitotic cells, and the
midbody in the cytokinesis cells.

Cell-to-cell communication via gap junction channels

examined using a
scrape-loading dye-transfer assay. HeLa cells were transiently transfected with connexin43-GFP
(gap junction protein). Cells were then incubated in a sulfo-rhodamine (a gap junction permeable
small red dye) solution, scraped with a razor blade and incubated for 5 minutes before washing
away excessive dye. Note the green gap junctions between cells and the red dye that spread from
the injured cells away from the cut via gap junctions. Merged fluorescence/Phase Contrast image.

Lots of cells in the incubator

Yeast

Cell Bio Lab Members, Fall 2015

Mitochondria-Microtubule interaction.

Mitochondria (red) were stained with
MitoTracker in live HeLA cells. Cells were then fixed and stained with anti α-tubulin antibodies (green),
and DAPI (nuclear chromatin, blue). Note the close association of microtubules with mitochondria that
that localize the mitochondria in the cytoplasm.

Counting cells

Fluorescent Proteins (GFP, RFP, Dendra2, etc.)
Expression of green (GFP) and red (DsRed) fluorescent proteins

in
transiently transfected HeLa cells. Note cells that took up and express GFP (green), cells that took
up and express DsRed (red), and cells that took up band both cDNAs and express both fluorescent
proteins (yellow). Combined fluorescence and DIC image.

Photoconversion.

HeLa cells were transiently transfected with Histone H2B-tagged Dendra2
cDNA (green). The two cell nuclei at the bottom were then permanently photoconverted from
green to red fluorescence by exposing to UV excitation light (DAPI filter cube). Merged
fluorescence and DIC image.
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