Lab 1: Human Mitotic Chromosomes


LAB 1:  PREPARATION OF HUMAN MITOTIC CHROMOSOMES

I.  Introduction

This protocol was adapted from the methods of the TC Chromosome Microtest Kit (Difco Laboratories) for use with Gibco’s PB-MAX Karyotyping Media.  The chromosomes to be examined are derived from cultured lymphocytes obtained from a few drops of blood.  Proper procedures for the handling of human blood will be explained in detail prior to the lab and must be followed throughout the protocol.     

II. Background Reading 
A. The Basics (for week 2)
Read the following article. Download the PDF version, but be patient, it may take some time to fully download.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1921310/
B. Preparation of Karyotypes (for week 6) 

http://www.molecularstation.com/molecular-biology-images/502-dna-pictures/95-human-karyotype.html
III.  Materials

· Gibco’s PB-MAX Karyotyping Media (2 ml aliquots in sterile culture tubes)

· Giemsa staining solution 

· Trypsin solution

· Dulbecco’s phosphate buffered saline (PBS)
· Colchicine solution (4 mg/ml in H2O)
· Hank’s solution

· Methanol : acetic acid fixative (3:1, chilled)
· Sterile blood lancets

· Sterile heparinized capillary tubes and suction device
· Rubbing alcohol and cotton swaps or prepackaged sterile swabs

· Band-aids

· Microscope slides

· Ice buckets and ice

· 37oC Incubator

· ddH20, prewarmed to 37oC

· Pasteur pipettes with bulbs

· 10 ml disposable pipettes and fillers

· Swinging bucket clinical table top centrifuge
· 15 ml conical centrifuge tubes (clear polystyrene)
· slide staining and rinsing dishes

· slide warming oven

IV.  Procedure

A. Day 1: Preparation and Incubation of Culture

1.  Obtain a tube containing 2 ml of PB-MAX Karyotyping Media.  Label the tube in two places with your initials and group letter (A or B).  

2.  Bring tube to the blood workstation.  Clean finger with sterile swab soaked with rubbing alcohol and let dry completely.

3.  Prick finger with sterile lancet.  

4.  Collect 2 capillary tubes of blood and transfer to medium in culture tube.

5.  Close vial securely and mix tube by inverting 2-3 times.

6.  Put culture tube into test tube rack.  When all the cultures have been prepared, the instructor will put the tubes in the 37oC incubator.  Incubate for 3-5 days (5 days is best).   

7.  Every day or so, the instructor or TAs will check the color of the cultures.  They should be pink before, during, and after the incubation period.  If color becomes amber, the caps will be loosened to release CO2 that accumulates during cell growth.  

8.  Two hours before processing the cells the instructor or TA will add 20 l of a 4 mg/ml solution of colchicine to each culture (final concentration = 40 g/ml). 

9.  Continue incubating the cultures at 37oC until class.

B.  Day 2: Harvesting and Fixing Cells

Note:  When resuspending cells, disrupt the pellet by gently pipetting fluid onto the pellet.  As clumps are dislodged, pipette them up and down gently but sufficiently to break up the aggregates. When pipetting with a Pasteur pipette, never suck or discharge an excess of air. The pressures generating by bubbling air can damage the cells.
10. Obtain a clean 15 ml conical tube (clear polystyrene). Label it with your initials and mark the tube at the level of 0.75 ml. Transfer your culture to the 15 ml tube with a clean Pasteur pipette. Save your pipette.   

11. Collect cells by spinning for 10 min at setting 7 in the clinical centrifuge.  (You should get a 0.2 to 0.3 ml reddish pellet.)

12.  With your Pasteur pipette, carefully remove and discard all but 0.75 ml of supernatant above the pellet. 
13.  Add 4 ml of Hank’s solution.

14.  Resuspend cells by gently pipetting fluid up and down over pellet with the same Pasteur pipette.

15.  Collect cells again by centrifugation for 5 min at setting 7. (The pellet should look the same as before.)

16.  Remove all but 0.75 ml of the supernatant. (Do not leave more than 0.75 ml, less is even better.)
17.  Add Hank’s solution to a final volume of 1 ml.

18.  Resuspend cells as before with the same Pasteur pipette.

19.  Add 3 ml of 37oC water, in 3 1-ml aliquots, with gentle agitation after each addition. The agitations are done by slowly and gently pipetting fluid and cells up and down three times. Begin timing a 10 min incubation period as soon as the first aliquot of water is added. When 3 ml of water has been added, continue incubating at 37oC for a total of 10 min.  Do not exceed 10 min.

20.  Collect the cells by centrifugation for 10 min, setting 5. Carefully remove tubes from the centrifuge without disturbing the pellets and let tubes sit at room temperature for 5 min before proceeding to the next step. (The pellets should be white and much smaller then before.  Because the red blood cells were lysed by the addition of the warm water, the supernatant should be reddish with hemoglobin.) 

21. Carefully remove all but 0.75 ml of the supernatant without disturbing the pellet (again, do not leave more than 0.75 ml, and less is even better).  

22.  Add 4 ml of fresh, chilled, fixative carefully so as not to disturb the pellet.  This is best done by pipetting the solution slowly down the side of the tube.

23.  Incubate cells in fixative for 10 min at 4oC (or on ice).  

24.  Resuspend the cells as before using the same Pasteur pipette.

25.  Collect cells by centrifugation for 5 min at setting 5.  

26.  Being careful not to disturb this fragile pellet by shaking or jolting the tube, put tube on ice for 5 min. This allows more of the white blood cells to settle to the bottom of the tube. 

27.  Carefully remove all but 0.75 ml of the fixative. This pellet is extremely fragile and loose, so do not put your pipette tip below the 0.75 ml mark or anywhere near the pellet. You may see white material streaked up the side of the tube above the pellet. Try not to remove this material with the supernatant. These are white blood cells.
28.  Gently add 4 ml of fresh fixative. 
29. Gently resuspend cells in the fixative, and put tubes at 4oC until next class period.   

C. Day 3: Preparation of Slides

30.  Spin cells for 5 min at setting 5. Let sit for 5 min.
31. Remove all but 0.75 ml of fixative, again being very careful not to disturb the pellet.

32.  Resuspend the cells as before.  Keep cells at 4oC or on ice.

33.  Obtain a clean microscope slide and label the frosted edge with your initials and the number 1. Place the slide in clean, chilled water on ice.

34.  In rapid succession, shake excess water from the slide, wipe the underside of the slide with a Kimwipe, rest the slide at an angle by propping the end with your initials on a microtube rack, and add 2 drops of the cell suspension onto the top center of the slide by dropping from a distance of 5-10 inches above the slide.

35.  Tip slide back and forth a few times to spread cells.

36.  Ignite the fixative by bringing the slide into momentary contact with a flame.  Your instructor or TA will demonstrate the proper technique. This is a critical step in determining the quality of your slides, so pay close attention to the instructions. The integrity of your chromosomes will be compromised by either too much flaming or not enough flaming.
37.  As soon as the fixative is burned off, wave the slide vigorously a few times and then prop slide up at an angle to hasten drying.  

Giemsa Staining of Slides

38.  Place slide in staining dish with freshly prepared Giemsa staining solution for 12 min.  

39.  Rinse the slide through three dishes of distilled water and then air dry.

40.  When slide is completely dry, put on microscope and examine with standard light optics. Scan slide with the 10x objective and take a closer look at chromosomes with the 40x objective. Be very methodical in how you scan the slide. You may not have a lot of cells on the slide, but if you spend time looking, you should find some very nice chromosome spreads. 

Additional directions for using the microscopes will be given to you before starting the lab. The parts of the microscope that you need to become familiar with for observing your slides are:



the on/off switch



the mechanisms to adjust the eyepiece focus and diameter 



the coarse and fine focus knobs



the knob to raise and lower the condenser



the diaphragm on the condenser



the diaphragm on the base of the unit



the knobs to move the slide in two dimensions  

41. If your slide is not satisfactory, try preparing another by repeating steps 33-40.
42. Once you have prepared a slide that you are satisfied with, search for 1 or two of the best spreads, and have your TA or instructor mark their location on the slide. When you are done, hand your slide into the instructor of TA.

The following steps are performed only if G-Banding with trypsin is desired.  

(Do not use cells that are more than ~1 week old for this procedure. The cells need to be at a high density and as fresh as possible.)
43. Follow steps 33-37 to prepare two more slides (numbered 2 and 3) which will be used for G-banding. When those slides are dry, give them to your TA or instructor. 
D. Day 4: G-Banding with Trypsin 

44. The slides will be incubated overnight at 57oC and then left at room temperature until you perform G-banding.
45. You should have 2 slides labeled with your initials and the numbers 2 and 3. Soak both slides in 0.2% trypsin solution warmed to 24oC for 5-20 seconds (we are currently using 12 seconds). 

46. Remove the slides from the trypsin solution and rapidly transfer them to cold Dulbecco’s PBS. Dip them 3 times in the Dulbecco’s solution to rinse off the trypsin.

47. Remove slides from Dulbecco’s PBS, shake off any excess buffer, and transfer them to freshly made Giemsa stain. Incubate in the stain for 12 minutes.

48. After staining is complete, rinse slides through two trays of distilled water.

49. Shake off excess water and prop slides at an angle to facilitate drying.

50. When slides are completely dry, examine under the microscope. Look for chromosomes that are well spread AND have good banding patterns (distinct regions of light and dark staining along the length of the chromosomes). Have your instructor or TA mark one or two of your best spreads.
V.  Solutions

· PB-MAX Karyotyping Medium is purchased from Gibco

· 100X Colchicine (MW = 399.4, 1X = 40 g/ml)


dissolve 40 mg of colchicine in 10 ml H2O


(Put 40 mg into 15 ml conical tube at –20oC, and then add H2O just before use)

· Fixative


3 : 1     methanol : acetic acid  (for 200 ml, 150:50)
· Giemsa Staining Solution


First prepare Giemsa stain, 0.2 M Na2HPO4, and 0.1 M sodium citrate:


Giemsa Stain 


0.7415 g dry stain in 100 ml methanol


filter through Watman #1


0.2 M Na2HPO4

dissolve 2.84 g in 100 ml H2O (anhydrous MW = 141.96)


0.1 M sodium citrate 



dissolve 2.94 g in 100 ml H2O (dihydrate MW = 294.1)


Giemsa Staining Solution


Giemsa stain  
  
10 ml


0.2 M Na2HPO4  
    
  6 ml


0.1 M sodium citrate 
  6 ml


methanol     
    
  6 ml


ddH2O    

          200 ml 

· Hank’s Solution  

Start by preparing Hank’s 20X Stock I and Hank’s 20X Stock II

Hank’s 20X Stock I

a)
NaCl    
 40 g  
(MW = 58.44, 1X = 137mM)

    
KCl     
2.0 g
(MW = 74.56, 1X = 5.4 mM)


     
MgSO4          0.36 g
(anhydrous MW = 120.37, 1X = 0.6 mM)

   
MgCl2.6H2O   0.5 g
(MW = 203.31, 1X = 0.5 mM)

 
Dissolve in ~ 200 ml H2O 

b) 
CaCl2.2H2O 
0.96 g
(MW = 147, 1X = 1.3 mM)

   
Dissolve in ~30 ml H2O 

Mix solutions a and b and bring to final volume of 250 ml

Add 0.5 ml of chloroform

Hank’s 20X Stock II


Na2HPO4
0.21 g
(anhydrous MW = 141.96, 1X = 0.3 mM)



KH2PO4   
0.3  g
(MW = 136.09, 1X = 0.4 mM)


Dextrose   
5.0  g
(MW = 180.16, 1X = 5.6 mM)


Dissolve in ~200 ml H2O


Bring volume to 250 ml


Add 0.5 ml of chloroform
Final dilution

      1 : 1 : 18     Stock I : Stock II : H2O

           (For 200 ml, 10 : 10 : 180)


pH to 7.4 with 0.1N NaOH


· 10x Dulbecco’s Phosphate Buffered Saline (500 ml)

KCl
1 g


KH2PO4
1 g


NaCl                   40 g


Na2HPO4            
5.75 g (or 21.7 g of Na2HPO4.7H2O) 



Bring volume to 500 ml with H2O. The pH of 10x should be ~6.8. When dilute with water to make 1x, the pH should be ~7.4.

· Trypsin Solution


Trypsin (1:250)
400 mg


Dulbecco’s PBS 
200 ml
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