BIOL 3100  -  Cell Biology Laboratory Methods  -  Spring 2001

 

Meets TR 12:30-5pm in F-005; some additional visits to the lab will be necessary for projects.

Instructors: Roz Herlands, C-107, rherlands@Stockton.edu, ext. 4402, (office hours: M1-2, W2:15-3:15, F9-9:45), and


Dick Colby, C-120, Dick.Colby@Stockton.edu, ext. 4355, office MWF 10-11.

 

Tentative schedule of exercises:

week
date (T)

exercise
  1a
16 Jan

Microscopy:
1. Refraction optics; ray tracing; tele-microscope kits

    b




2. Diffraction optics; brightfield, darkfield microscopy

  2a
23 Jan



3. Phase contrast microscopy; cleaning; measurements

    b




4. Dissecting microscope; Hydra exercise

  3a
30 Jan



5. Polarized light microscopy; Nomarski (DIC); project

    b




6. Fluorescence microscopy; photography; project

  4a
6 Feb



7. Finish project; review microscopy

    b




8. Exam on microscopy, including practical demonstrations

 

  5a
13 Feb

Histology:
1. Introduction; fixation, paraffin embedding, sectioning

    b




2. Start first project

  6a
20 Feb



3. Staining; start second project

    b




4. Histochemistry; continue projects

  7a
27 Feb



5. Histochemistry; continue projects

    b




6. Immunocytochemistry; frozen sections

  8a
6 Mar



7. Finish projects

    b




8. Tissue types in plants and animals

(Spring break) ----------------------------------------------------------------------------------------------------

  9a       20 Mar              Workshop I      Radioactivity (LSC); cell fractionation by density gradient

    b                                 Workshop II    Column chromatography; spectrophotometry; biotechnology

 10a 
27 Mar

(preceptorial advising)

    b


Cell culture
1. Introduction; sterility exercise

 11a
3 Apr



2. Established cell lines; start cultures

    b




3. Subculturing; start nutritional project

 12a
10 Apr



4. Primary cultures from chick embryos

    b




5. PAGE?; start project

 13a
17 Apr



6. Finish PAGE?; continue project

    b




7. Finish project; report to the class

 14a
24 Apr

Workshop III 
tba

    b


review

 15a
1 May

exam

 

 

Grading:    25% for each of the three major components (microscopy, histology, cell culture)


     25% based on a final exam, short reports on the workshop exercises, participation, etc.

 

Materials:   in-house lab manual (purchase from bookstore)


      Chapt. 18 of Karp’s ICB textbook (2/e) - see instructors

USE the library! microscopy QH201-279; photomicrography QH251; histology QM550-576 & RB24-33; cell culture QH585; autoradiography, centrifugation, spectrophotometry, electrophoresis, RIA, ELISA all at QP519.9; scintillation counting QH324.9 & QC787; gene manipulation QH442.


journals: Cell, J Cell Biol, J Cell Sci, Bioessays, In Vitro, Cur Op in Cell Biol.
 

Course handouts - Microscopy:
 

Electromagnetic spectrum:
 


Some wavelength ranges (probably well illustrated in the “photosynthesis” chapter of your C&M textbook):
UV 150-380 nm (nucleic acids absorb maximally at 260 nm; proteins at 280 nm)



violet 380-460
blue 460-500
green 500-550
yellow 560-600
orange 600-630



red 640-760
IR 760 nm - 100 (m.

 


c (speed of light in vacuum) = 3x1010 cm/sec


to convert from wavelength (() to frequency ((): (( = c

 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

 

first problem set: optics of refraction: 1/d1 + 1/d2 = 1/f 



(equation 1).

 

1. Using the Sargent-Welsh telemicroscope kit:

a) determine and report the actual focal lengths of convex (converging) lenses A, B, D and E (Expt. #1 in the manual).  The incident light must be parallel, meaning that the light source must be set well back from the lens.

 

b) function of a 10x converging lens as a microscope objective, producing a real, inverted image magnified 10x (Expt. #5):  Use lens E.  d1 > f. Magnification = 10 = d2/d1. You just measured f.  So solve equation 1 for d1, place a “specimen” (the 1 mm grid) that (d1) distance from the lens, and see if there’s an inverted image at d2: 
1/d1 + 1/10d1 = 1/f. 


multiply through by d1f:            f + 0.1f = d1 

d1 = 1.1f

b1) measure and report the distance d2 and the magnification.

b2) replace the grid with an actual specimen (a diatom slide) and comment on the magnified image.

 

c) function of a 10x converging lens as a microscope eyepiece (ocular), producing a virtual, upright image magnified 10x (Expt. #6): Use lens A.  This time d2 is negative.  Again, magnification = 10 = -d2/d1.  Again, we’ll solve equation 1 for d1, place the grid there, and this time look through the lens to hopefully “see” a magnified image at a distance d2 away.  The principle is that of a magnifying glass: d1 < f.
1/d1 - 1/10d1 = 1/f.
same operation:
f - 0.1f = d1
d1 = 0.9f

c1) try to estimate the distance d2 and the magnification.

c2) again replace the grid with the diatom specimen and comment on the magnified image.

 

d) combine steps (b) and (c), just as a compound microscope does, to produce a total of 100x magnification, first observing the grid and then the diatom slide.

 

2. Ray tracing: an independent way to understand geometrical (refractive) optics.  We’ll use graph paper.  Report what total magnification you get in each of the two cases.  First the “rules”:

 

a) draw a horizontal “optic axis” on which you can locate the objective lens, the specimen, and eventually the eyepiece.  Mark off the distance -2f, -f, +f and +2f for just the objective lens.  Then locate the specimen (at d1) relative to the objective lens.

 

b) Trace three rays emanating from one point in the specimen, and entering the objective lens:  The first ray emanates parallel to the optic axis, and is bent by the lens straight through the focal point (f) on the far side.  The second ray emanates straight through the center of the objective lens, unbent.  The third ray emanates through the focal point on the near side of the lens, and is bent by the lens to exit parallel to the optic axis.  The three rays should all intersect at d2, which is where the real inverted image is.

 

c) Knowing now where the primary (real, inverted) image is, we can forget about the objective lens (and specimen), and explore just how the eyepiece will further magnify the primary image.  Locate it at a distance d1(eyepiece) relative now to the eyepiece’s values of -2f, -f, +f, and +2f.

 

d) Finally, draw the three rays that will converge at the final, fully magnified, position of the virtual image: they will all diverge into your eye, which will be located on the far side of the lens, so that by tracing the rays backwards to the near side of the lens, they will appear to converge (at d2(eyepiece) ): The first ray emanates (as before) parallel to the optic axis, and is bent by the lens through the focal point on the far side.  The second ray emanates straight through the center of the eyepiece and keeps going.  The third ray (as before) emanates through the “near-side” focal point until it strikes the lens, where it is bent parallel.

 


Now perform the tracing for each of the following two microscopes:



microscope 1: d1(objective) = 1.5f;

d1(eyepiece) = 0.9f



microscope 2: d1(objective) = 1.3f;

d1(eyepiece) = 0.9f

What total magnification do you get in each case?

 

 

Second problem set: optics of diffraction; brightfield and darkfield microscopy:

 

1. Set up an “E series” Olympus microscope (which has a field diaphragm) for K(hler illumination, observing a diatom test slide at 100x total magnification.

a) Describe what happens to the image when you open and close the condenser iris diaphragm.  Notice both the resolution of the image and its clarity (contrast).  The relationship should be reciprocal!

b) Say what you think is the optimum setting of the iris diaphragm.  Define optimum!  Use a “telescope” to observe the iris diaphragm at its “optimum” setting.  Remember to make this adjustment of the iris diaphragm, from now on, every time you use a microscope, including every time you change objective lenses.

 

2. Note whether the resolution and/or contrast is altered by varying the adjustment of the field diaphragm.  Again, what is the optimum setting?  Remember to make this adjustment from now on, including every time you change objective lenses.

 

3. Take advantage of the diatom test slide to compare the resolution of your “E” series microscope with that of the more recent CH series, or newer series microscopes.

 

4. Prepare a wet vaseline mount of some of your own buccal (cheek epithelium) cells, and compare the image produced by brightfield, darkfield and phase contrast optical conditions.  Look for relative contrast, sharpness of edges, and organelle resolution.  Make some sketches, labelling the structures.

 

5. Homework: resolution = 0.6(/NA = 0.6(/nsin(, where n is the refractive index of the space between the specimen and the cover slip, and ( is the largest angle of diffracted light that can be “captured” by the objective lens.  The NA of our 100x objective lenses is said to be 1.25, the same as that of our condensers.  Such a value can only be achieved if there is immersion oil (n = 1.5) in place.  Using simple geometrical diagrams and algebraic calculations, determine the “actual” NA that would result from failure to use immersion oil (nair = 1).  Calculate the fractional loss in resolution, compared to the presence of immersion oil.  Also, comment on how much resolution would be lost by failure to oil the slide to the condenser.

 

 

Third problem set: measurements, phase contrast optics:

 

Summary of ways to measure the sizes of specimens:

(1) Ocular micrometer: for Olympus microscopes the calibration is:



Objective magnification:

100x
40x
20x
10x
4x



(m per smallest ocular spacing:

1
2.5
5
10
25




Note that each pair of numbers multiplies to 100.

(2) Filar adjustable ocular micrometer: must be calibrated against a stage micrometer.

(3) Eyeball method: knowing total magnification of microscope, estimate magnified size of specimen using one eye to look through the microscope, and one eye to look at a ruler placed at stage level.  The divide the magnified size by the magnification.

(4) Vertical distances in the specimen: use a calibrated fine-focus knob.  Focus through the specimen, noting the calibration marks above and below the specimen’s plane of focus.

(5) Use a drawing attachment (camera lucida): Draw an outline of the specimen, measure its size, and divide by the magnification.

(6) Photography: photograph both the specimen and a stage micrometer.  Then use a ruler.

 

1. Exercise in measuring vertical distances: first calibrate the fine focus knob by using a 40x objective to focus between the top- and bottom-sides of a #1.5 coverslip, which is 0.17mm thick.  Then measure the depth of field of each of the lower-power objectives by focusing “through” a single plane of specimen.

 

2. Again compare brightfield, darkfield and phase contrast images of some motile cells: ciliates, flagellates and/or ameboid cells.  Measure cell sizes and speeds of locomotion.  Use coverslip perfusion to observe responses to change in ionic strength, divalent cations, and stains such as methylene blue and acridine orange.  We might show you how to observe ameboid movement in side view!  Darkfield is especially good for revealing the internal flow of cytoplasmic crystals in the movement of Ameba proteus.

 

3. If there is time, and if weather conditions permit, we’ll examine some pond water for protists.

 

 

Fourth problem set (devised by Roz Herlands): grafting Hydra - an exercise using the dissecting microscope:

 


Hydra are relatively simple animals in both their morphology and their tissue organization, and they are thus easy to manipulate experimentally.  Grafting pieces of hydra body segments together in all sorts of combinations allows us to probe how the animal may control its distinctive form and finite size.  And it’s a wonderfully easy exercise to do using a few “tools” and the dissecting microscope.

 

PROCEDURE: (as an example)

 

1. Cut animal into two or more pieces, with cuts perpendicular to the longitudinal axis.

 

2. Using two pair of fine forceps and much patience and determination, thread pieces together onto a short segment of hair (all under water, and of course under the microscope).

 

(In this example, top and bottom halves have been exchanged between two hydra.)

 

3. Using both forceps, lift the piece of hair with the hydra segments carefully out of the water for 10 seconds, then very carefully place the hair onto the surface of the water.  The surface tension of the bubble of water will hold the cut surfaces together and allow healing to take place.  About three hours later, remove the grafted animals from the hair by lifting one end of the hair.  The graft will slide gently down into the water.  Or you can simply “sink” the hair: the animal(s) will slide free without further help.

 

Tools needed: 
Petri dish with spring water and hydra (“operating dish”)



second dish with spring water (“recovery dish”)



scalpel for “di”-secting hydra (we’ll make them!)



hair segments (roughly 2cm) with diagonally cut ends (blonde hair is finest!)



two pair of fine (jewelers’) forceps

dissecting microscope and lamps (we’ll experiment with various lighting arrangements)

 

Try some of these “graft” combinations:

a) two tops (“neck-to-neck”)

b) two bottoms (“neck-to-neck”)

c) an extra body segment (or two) between a top and a bottom, with at least one segment in “reverse” orientation

d) top and bottom segments from different species of hydra (brown and green)

 

Work with a partner if you like, and write up your results in a brief but standardly organized report: abstract, objectives (combinations attempted), results, significance.

 

 

Fifth problem set: polarization and Nomarski (Differential Interference Contrast) optics:

 

1. Grow some crystals by drying slowly, on a microscope slide, solutions of ascorbic acid (Vitamin C), sodium ascorbate, urea, benzoic acid, or any of a wide variety of other organic molecules (sugars, amino acids, etc.).  Report on the shapes of any individual crystals you see, or their degrees of anisotropy (birefringence: color between crossed polars).

 

2. Exercises on muscle myofibrils: prepare perfusable Vaseline mounts with homogenized myofibrils at 400x total magnification.  Using the following supplies:


low salt (rinse): .04M KCl, .001M MgCl2, .01M phosphate, pH 7.0


ATP: .025% in low salt (about 4 x 10-4 M)


high salt (extracts myosin): .6M KCl, .001M MgCl2, phosphate at pH 6.5


KI (extracts actin first, then myosin): .6M 


ATP with EDTA (chelator for Ca++ and Mg++): EDTA at .002M,

try to answer some of these questions:

a) What’s the minimum concentration of ATP necessary for contraction? (make dropwise dilutions with low salt)

b) How is birefringence altered by the extraction of myosin? of actin?

c) Can myofibrils still contact when myosin and/or actin have been extracted?

d) Are Ca++ and Mg++ necessary for contraction?  (use ATP with EDTA)

 

3. We have only one Nomarski microscope, but take a few minutes to compare its image (say for buccal cells) with that given by other optical systems we have used.

 

Mini-projects for our sixth and seventh sessions:

 

Formulate questions using any of the specimens available, and any of the optical systems available. You’ll probably be able to think of additional specimens.  Available for microscopic observation: textile fibers (wool, cotton, nylon), parrot feathers (down feathers, covert feathers), many prepared slides of botanical, protistan, animal, fungal, moneran, and non-biological specimens.  There are old lab manuals available with many suggestions for projects.  Discuss your project in advance with Roz and/or Dick.  Compete a brief report.

 

Fluorescence: You can make perfusion slides to investigate the staining of living cells (buccal, ameboid) with fluorescent stains such as acridine orange, procion yellow, and Hoechst 33258.  Some of the prepared botanical material displays autofluorescence.  A possible third option is microbiological preparations from soil samples used for study of the effect of the College’s geothermal wellfield on soil “flora.”  Or some geological slides of rock “tissues.”

 

A camera will be available for photographs.

 

Preparation for an exam on microscopy:

 

Practical part:
Know how to set up K(hler illumination quickly and confidently.



Know how to “correct” a microscope that has been set up improperly.

 

Written part:
Know how to do ray tracing (i.e. how lenses form images).

Know the difference between refraction and diffraction, with respect to image quality.



Know the principles, and advantages and disadvantages of each optical system.

Know how to measure sizes (and the units in which scientific sizes are measured).

Lecture Notes on Microscopy
 

Principle: Use lenses to bend light rays so as to form magnified images.  Light also bends in the specimen.

Requires understanding of the physics of light: photons (quanta), with both particle and wave properties.

Use particle property to understand magnification.  Use wave property to understand resolution.

 

Types of microscope: simple (magnifying glass), compound (two lenses), stereo (two light paths), electron.

 

GEOMETRICAL OPTICS
First “type” of bending: refraction: when light enters a different “substance,” such as glass, oil, protein, or air.  Governed by Snell’s Law: n1sin(1 = n2sin(2. n (“refractive index”) ( c/v, a measure of the speed of light through a substance.  nvac ( 1; nair = 1.003; nwater = 1.33; nglass = 1.51; nprotein = 1.57; ndiamond = 2.42.  Note that light “slows down” in “substances.”  Why?

 

Define focal length (f): the distance beyond a lens where parallel incident light converges (at the “focal point.”  fhuman eye = 30-40mm; fcamera = 55mm; feyeglasses = 250-1000mm; fobjective = 1-25mm.  f is related to n and the radius of curvature (r) to which a lens is ground by the “lensmaker’s equation”: f = r/2n.  The focal lengths of eyeglass lenses are measured in diopters: 1/f, where f is in meters.

 

Ray tracing: to show how a converging lens works to form a magnified image: problem set 1.  Every point in a specimen can be “mapped” into every point in an image, by using three easy-to-predict rays.  The objective lens works differently from the ocular lens (eyepiece) but both generate magnified images, and the two separate magnification steps are multiplied.  Definitions for ray tracing: d1 = distance from specimen to lens.  d2 = distance from lens to image.  Optic axis: along which lenses, specimen and the eye are located, and along which distances (d1, d2, -2f, -f, f, 2f) are laid out.  h1, h2 = sizes of specimen and image.  Note that the two triangles formed along the optic axis by d1,h1 and d2,h2 are similar, so that magnification M = h2/h1 = d2/d1. 

 

Microscope lamps emanate parallel light by being located at -f.

 

Note: from geometric optics alone, there is no theoretical limit to magnification.

 

Analytical (algebraic) equivalent of ray tracing: 1/d1 + 1/d2 = 1/f.  So, knowing any desired magnification (d2/d1), you can calculate exactly where to place the specimen (d1).

 

PHYSICAL OPTICS
Bending of light by diffraction: based on wave properties of photons.  Photons bend when they pass through narrow openings (openings with sizes approximating the wavelength of light).  Water waves do the same thing; for example, waves entering a harbor, through a narrow slit in a seawall, fan out radially (by Huygen’s principle).  The narrower the slit, the greater the angle of diffraction.  If a spacing in a specimen is small enough, the light photons passing through it will diffract out beyond the objective lens, so the spacing will not be seen.  I.e. to “resolve” a structure in a specimen, the light coming through it must diffract at an angle small enough to be “captured” by the objective lens.  This angle ( is a property of the objective lens reported as its numerical aperture (NA) ( nsin(, such that  the lens’s resolving power (resolution) ( .6(/NA = .6(/nsin( ( 0.2(m (with oil immersion).  Some typical values of NA are: 100x objective (oil) = 1.25; 40x objective = 0.65; 10x objective = 0.25.  The value of n is that of the “slowest” substance between the slide and coverslip, usually air (n=1.003).  The advantage of immersion oil is so that n=1.51: increased NA: lower value of resolving power: better resolution.

 

Other ways to improve resolution: lenses with higher values of NA (more expensive!), shorter wavelength (blue light, ultraviolet light, electrons (EM: (electron ( 1()), oblique illumination (larger (), Optical “trick”: base image on scattering rather than diffraction (dark field optics).

 

Ways to improve contrast: eliminate stray light, by adjusting both the iris diaphragm and, if available, the field diaphragm.  Optical “tricks”: phase contrast, Nomarski, polarization optics, fluorescence.  Improve lens quality to eliminate chromatic and spherical aberration: achromats, apochromats, plan lenses, fluorite lenses. Coverslip thickness: must be 0.17 mm (#1().  Let electronic cameras (CCD cameras) observe the specimen.

 

Most common mistakes made by students:


1. Condenser too low.


2. Failure to adjust iris diaphragm.


3. Failure to adjust field diaphragm.


4. Dirty lenses.


5. Lamp intensity too high.


6. Phase contrast alignment or mismatch.

 

Darkfield Microscopy: three methods: (1) phase contrast mismatch (100x annulus + 10 or 20x objective)


(2) condenser insert; (3) use cardioid condenser.

 

