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1. Objective: 

The key objective in this lab is to have you critically think about, and understand, ―life at the 

cellular level.‖ The cell is as fundamental to biology as the atom is to chemistry. Truly, 

everything an organism does, occurs fundamentally, at the cellular level. Think about 

yourself, for example.  When you exercise, red blood cells are transporting oxygen to all of 

your body cells for aerobic cellular respiration, myocytes are working to shorten their 

sarcomeres so that your heart beats faster and your skeletal muscles contract, pancreatic beta 

cells are regulating glucose concentration in your blood by way of insulin secretion, and 

neurons are secreting neurotransmitters to stimulate your sweat glands to cool off your body. 

You, the cell biology student in this class, must appreciate that cells are alive! Today‘s cell 

biologists are the researchers who are devising the newest medicines against cancer cells, 

cardiovascular disease, and hypertension; developing vaccines against viruses that invade 

normal, healthy cells; and growing stem cell lines in cell culture to differentiate neurons, 

blood cells, and muscle cells to help fight specific diseases— to name just a few of research 

undertakings cell biologists are presently involved in. The crucial point being made here is 

that today‘s scientist must be able to critically think about the ever-so-intriguing ―life‖ of 

each and every cell they are investigating.  

Video: Stem Cells Breakthrough:   

http://www.pbs.org/wgbh/nova/body/stem-cells-breakthrough.html 

Herein, you will grow a specific cell line in cell culture and plot its growth curve in order to 

investigate cellular life. The cells under investigation will be placed in fresh nutrient-rich 

media on day 0, and then allowed to grow in culture without media change for eight days. 

Your task is to: 1) hypothesize what will happen to these cells over the allotted time in cell 

culture given limited nutrients, growth factors, buffering capacity, and space; 2) design and 

carry-out an experiment to test your hypothesis utilizing cell culture techniques; and 3) 

interpret, then present your results in the form of a research paper. 

2. Background Information: 

Animal or plant cells, after removal from specified tissues, will continue to grow if supplied 

with the appropriate nutrients and conditions. When carried out in a laboratory, the process is 

called cell culture. It occurs in vitro (‗in glass or plastic‘) as opposed to in vivo (‗in the 

multicellular organism‘). The culture process allows single cells to act as independent units 

that ―live‖ off of the nutrients supplied in a liquid or semi-liquid growth medium.  

  

http://www.pbs.org/wgbh/nova/body/stem-cells-breakthrough.html
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Milestones of Cell Culture 

The history of cell culture dates back to early twentieth century, when Ross Harrison, in 

1910, published his findings on the growth of nerve fibers (axons and dendrites) in vitro. 

Using expert surgical and aseptic technique developed from successfully operating on tiny 

frog embryos, Harrison explanted embryonic frog neural tube fragments into a drop of fresh 

frog lymph on a sterile coverslip. Once the lymph clotted, he inverted the coverslip over the 

well in a glass depression slide creating a hanging drop culture, a technique often used by 

microbiologists for studying bacteria. He then watched the development of frog nerve fibers 

in vitro from the neurons in the explanted tissue.  

Read: Cell Culture Solves a Problem: 

http://www.corning.com/lifesciences/us_canada/en/about_us/cell_culture_history_1907.aspx 

Many scientists have stated that his paper, ―The outgrowth of the nerve fiber as a mode of 

protoplasmic movement,” is likely the most important paper ever published in the Journal 

of Experimental Zoology (Harrison, 1910). Others have said that it is also among the most 

important papers published in the field of neuroscience during the first half of the 20
th

 

century. In a single stroke Harrison invented the method of cell culture, and then used it to 

support the neuron doctrine.  

Following Harrison‘s simple, but elegant experiments, cell culture evolved and with the 

development of antibiotics in the late 1940s to the early 1950s contamination problems were 

avoided. Other breakthroughs included: the development of enzymatic techniques to remove 

adherent cells from culture vessels so as to continuously grow cell lines (such as HeLa cells); 

and, the development of standardized, chemically defined culture media that made it far 

easier to grow cells for research. 

Types of Mammalian Cultures 

Freshly isolated cultures of cells from mammalian tissues are known as primary cultures 

until sub-cultured. At this stage, cells usually represent their parent cell types as well as the 

expression of tissue specific properties. When the cells in the primary culture vessel have 

grown and fill up all the available culture substrate, they must be subcultured (aka 

―passed‖) to give them room to continue growth. For cells grown in media, this is usually 

done by removing the cells from their culture flask, centrifuging them into a pellet, re-

suspending and simultaneously diluting them in fresh culture media, and then placing them in 

a new flask and back in the incubator. After several sub-cultures into fresh media, the cell is 

considered a cell line.  

Importantly, two basic culture systems are used for growing cells. These are based primarily 

upon the ability of the cells to either grow attached to a glass or treated substrate (monolayer 

or adherent cell culture systems) or floating free in the culture medium (suspension cell 

culture systems). 

Video:  Sterile technique:   http://media.invitrogen.com.edgesuite.net/Cell-

Culture/videos/SterileTechnique.html?CID=ccbvid2 

http://www.corning.com/lifesciences/us_canada/en/about_us/cell_culture_history_1907.aspx
http://media.invitrogen.com.edgesuite.net/Cell-Culture/videos/SterileTechnique.html?CID=ccbvid2
http://media.invitrogen.com.edgesuite.net/Cell-Culture/videos/SterileTechnique.html?CID=ccbvid2
http://media.invitrogen.com.edgesuite.net/Cell-Culture/videos/SterileTechnique.html?CID=ccbvid2
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Video: Passaging cells:  http://media.invitrogen.com.edgesuite.net/Cell-

Culture/videos/4CellPassagingCells.html?CID=ccbvid3 

Video: Cell Counting:   http://www.abnova.com/ 

Cell Culture Conditions 

To grow cells in cell culture is the complex process. Cells are typically maintained at an 

appropriate temperature and gas mixture (typically 37°C and 5% CO2 for mammalian cells) 

in a carefully calibrated, and frequently checked, incubator. Culture conditions vary widely 

for each cell type, and variation of conditions for a particular cell type can result in different 

phenotypes being expressed. 

Aside from temperature and gas mixture, the most commonly varied factor in culture systems 

is the chosen culture media. Recipes for so-called “media” can vary in pH, glucose 

concentration, growth factors, buffers, electrolytes, amino acids and ion composition, and 

vitamins and minerals. Moreover, growth factors may be used to supplement media and these 

are often derived from animal blood, such as fetal or calf serum. To cell culturists, an ideal 

cell culture environment is one that does more than just allow cells to increase in number by 

undergoing cell division (mitosis). Even better, is an environment that allows for mitosis and 

cellular expression of in vivo physiological and cellular functions, such as hemoglobin 

expression in red blood cells or secretion of insulin by beta, pancreatic cells. 

Vero cells 

Vero cells are epithelial cells that were derived from the kidney of a normal adult African 

green monkey in 1962 by Y. Yasumura and Y. Kawakita at Chiba University in Japan. 

Although these cells were derived from a normal kidney, they present with an abnormal 

chromosome number, or aneuploidy (ATCC, 2012). Because these adherent cells can be 

grown as a continuous cell line, they are commonly used in microbiology and cell biology 

research. Some of the more common applications include virology studies, viral vaccine 

production, toxicity studies, and propagation and study of intracellular bacteria and parasites 

(Ammerman, Beier-Sexton, & Azad, 2008).  

3.  Laboratory Assignment: 

1. Learn select experimental techniques including the following: basic cell culture 

techniques; Vero cell culture conditions and passage; and cell counting (viable and non-

viable cells) technique using a hemocytometer. 

2. Devise a hypothesis which explains the changes (life versus death) in freshly passed Vero 

cells at 10
5 

cells/mL that remain in culture for an eight day period without media change 

when all other culture conditions are kept constant. 

3. Envision a research strategy based on the above hypothesis that includes these 

components: Purpose (which includes background information, hypothesis under 

investigation, and scientific reasoning), Materials, Procedure, Data Interpretation, and 

References (using a standard ―protocol‖ format). Importantly, on each day over an eight-

http://media.invitrogen.com.edgesuite.net/Cell-Culture/videos/4CellPassagingCells.html?CID=ccbvid3
http://www.youtube.com/watch?feature=player_embedded&v=-cGPS5ryg14
http://www.abnova.com/
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day period, microscopic observations of Vero cell density and morphology, and counts of 

viable and dead cells must be noted. 

4. Undertake the experiment as per research design, collect data, and present research 

findings in the form of a scientific paper.  

Website:  Scientific Writing:  http://www2.lv.psu.edu/jxm57/irp/sciwrit.html 

  

http://www2.lv.psu.edu/jxm57/irp/sciwrit.html
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4. Techniques 

I. Vero Cell Passage 

Materials and Equipment  

 Vero cells, confluent monolayer, in tissue culture flask 

 Growth Media, RPMI 1640 (1X), supplemented with 5% fetal bovine serum 

(FBS), 1% penicillin-streptomycin 

 Trypsin-EDTA (1X) or cell scrapers 

 Phosphate Buffered Saline (PBS) (1X), without calcium or magnesium 

 15mL conical tubes, sterile 

 25cm
2
 tissue culture flasks, sterile (T25) 

 Serological pipettes, sterile 

 70% ethanol solution (used for decontamination of hood and objects brought into 

the hood) 

 Waterbath, setpoint 37ºC  

 CO2 incubator, setpoint 37ºC and 5%CO2 

 Inverted light microscope (used to check cell morphology) 

 Biological safety cabinet (hood) 

Procedure:   

1. Remove growth medium from monolayer of Vero cells. 

2. Wash flask 2X with PBS (no Ca
2+

 or Mg
2+

). Use 2mL for each wash making sure 

to wash the bottom of the flask. Decant wash into waste beaker. 

3. Add 2ml trypsin to the flask.   

4. Rock the flask back and forth for 60 sec. Put the flask in the 37°C incubator for 1-

2 minutes. 

5. Strike the flask sharply against the palm of the hand to dislodge the cells and then 

look at the flask under the microscope.  If the cells remain attached, warm the 

flask in the palm of the hand for 30 sec. and then strike the flask again. 

6. Add 4.5mL fresh media flask (the FBS in the growth media inactivates the 

trypsin).  Mix with pipette, then add the media to a separate 15mL centrifuge 

tube. 

7. Centrifuge for 5 minutes at 500rpm. 

8. Remove and discard supernatant. 
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9. Re-suspend cells in 5mL RPMI with 5% FBS. 

10. Prepare desired dilution of cells in RPMI with 5% FBS and add to 25cm
2
 (T25) 

cell culture flasks. 

11. Incubate flasks in 37°C incubator with 5%CO2. 

Note: Monitor cells daily or every other day. Change media every few days. When 

cells reach a 70-90% confluent monolayer, passage cells again. 

II. Vero Cell Counting Using a Hemocytometer 

Materials and Equipment 

 Hemocytometer 

 Weighted coverslip 

 Trypan Blue, 0.4% solution 

 PBS (1X) 

 70% ethanol solution (to clean slide and coverslip) 

 Lens wipes 

 Microscope 

 Pipette and tips 

 Biological safety cabinet (hood) 

 Centrifuge 

Procedure  

1. Decant media from Vero cell stock flask into 15 mL centrifuge tube. 

2. Wash flask 2X with PBS (no Ca
2+

 or Mg
2+

).  Use 2mL for each wash making sure 

to wash the bottom of the flask.  Decant wash into waste beaker. 

3. Add 2ml trypsin to the flask.   

4. Rock the flask back and forth for 60 sec. Put the flask in the 37°C incubator for 1-

2 minutes. 

5. Strike the flask sharply against the palm of the hand to dislodge the cells and then 

look at the flask under the microscope. If the cells remain attached, warm the 

flask in the palm of the hand for 30 sec. and then strike the flask again. 

6. Add 4.5mL fresh media flask (the FBS in the growth media inactivates the 

trypsin). Mix with pipette, then add the media to a separate 15mL centrifuge tube. 
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7. Centrifuge for 5 minutes at 500rpm. Pipette off supernatant (discard) and re-

suspend pellet in 1mL growth media. Transfer 1mL cells to microcentrifuge tube 

for cell count. 

8. In a fresh dilution tube, mix 400μl PBS 1X (or fresh cell growth medium), 50μl 

trypan blue, and 50μl cell suspension. This constitutes a ten-fold dilution (dilution 

factor = 10).   

9. Carefully load 10μL to both sides of the hemocytometer (counting chamber). 

Take care not to flood either side of the slide. 

10. Count and record the total number of live (clear) and dead (blue) cells in five 

squares. Repeat the process for the cells loaded on the other side of the 

hemocytometer. 

11. Calculate the number of cells per ml, the number of live cells per flask, the 

number of dead cells per flask, and the percent viability. 

12. Dispose of all cell culture flasks and pipettes in a biohazard bag. 

Calculations 

[cells/mL]  =   # cells in squares      x  10
4
  x  dilution factor 

      # squares counted 

 

  %viability      =  #unstained cells (live)   x  100 

                  total # cells 

 

Figure 1. Diagram of hemocytometer (Counting cells with a hemocytometer protocol, 2006) 
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Figure 2. Counting cells and grids of a hemocytometer (Counting cells with a 

hemocytometer protocol, 2006) 
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