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To all participants: 

 

We would like to extend our warmest welcome to all participants of this training 

workshop. This workshop is specifically tailored for biology teachers who are 

interested in biotechnologies. 

 

As an important part of the New Senior Secondary School (NSS) curriculum, the 

biotechnology module in the science curriculum is not only a new domain of 

knowledge for students, but also a great challenge for teachers to teach the abstract 

science concepts. In view of these challenges and the availability of our expertise in 

the area, we have developed this training workshop that aims to equip participants 

with common practical skills in molecular biology and to enrich them with the 

essential knowledge to develop suitable experiments for their students. 

 

This one day training course is composed of both lecture and practical work. The 

intensive lecture session will introduce the major principles of recombinant DNA 

technology and their applications in medical and agricultural aspects. The practical 

work session comprises a series of exercises on common molecular techniques such 

as the extraction of DNA, polymerase chain reaction (PCR) and DNA finger-printing. 

Instructors will also share their experience in planning and conducting an experiment 

of molecular biology for students. 

 

Finally, we wish all participants a fruitful workshop and enjoyable stay in the campus. 

 

 

The Organizing Committee 

April 2010 

 

 

 

 

 

 

 

Preface 
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NSS Enriching Knowledge for the Biology Curriculum:  

(1) Biotechnology – Recombinant DNA Technology 

 

Date
*
:  9 Apr 2010 (Friday) / 23 Jun 2010 (Wednesday) / 29 Jun 2010 (Tuesday) 

Time:  8:45 - 17:00 

Venue: Room 619 - 620, Mong Man Wai Building, The Chinese University of Hong 

Kong, Shatin, New Territories. 

 

Time Programme 

8:45 - 9:00 Registration and briefing 

9:00 - 12:00 

 

 

 

Task 1: Extraction of Genomic DNA from buccal cells and 

amplification of D1S80 loci using polymerase chain reaction (PCR) 

 

Lecture 1: Principles of recombinant DNA technology 

 

12:00 - 13:00 

 

Task 2: Heat-shock transformation of DNA vectors into bacterial 

cells 

 

Task 3: Spreading transformed bacterial cells on agar plates  

 

 Lunch break 

14:00 - 16:00 

 

Lecture 2: Applications of recombinant DNA technology 

 

Task 4: Analysis of the PCR products by agarose-gel electrophoresis 

 

16:00 - 16:30 Demonstration 1: Bacterial colony selection and determination of 

transformation efficiency  

 

Demonstration 2: Detection of recombinant Orange Fluorescent 

Protein (OFP) 

 

16:30-17:00 Q&A Session 

 

* It is a one-day course. Each participant shall take one course only. 

Programme Schedule 
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Introduction 

 

In this exercise, you will learn to obtain your own DNA sample from the buccal cells 

using the MasterAMP
TM

 buccal swab DNA extraction kit. The sterile buccal swab 

brushes are provided in paper pouches for collection of tissue. The DNA extraction 

requires only heat treatment to lyse the epithelial cells. Following heat treatment and 

centrifugation to pellet debris, your DNA sample will be used as a template for PCR 

in the next exercise. 

 

Solutions / tools 

 

DNA extraction solution 

50 mM Tris-HCl (pH 10.5) 

1 mM EDTA 

MasterAMP PCR enhancer 

2 ml 

Buccal brushes 2 pieces 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Task 1 – Part A 

Extraction of Genomic DNA from buccal cells 

 

Brush 

DNA Extraction solution 
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Procedures 

You may obtain your own DNA samples for this exercise. 

1) Rinse mouth twice with water. 

2) Roll the Buccal Brush firmly on the inside of the cheek (about 30 times on 

each side).  

3) If you are getting samples 

from your relatives and 

do not extract the DNA 

immediately, air dry the 

brushes for 10–15 

minutes at room 

temperature and then 

store them at 4C 

refrigerator.  Pack them in a sealed plastic bag and bring them to the lab 

the following day. 

4) Place the Buccal Brush into DNA Extraction Solution and rotate the brush 

a minimum of 20 times.  

 

 

 

 

 

 

5) Press the brush against the side of 

the tube and rotate the brush while 

removing it from the tube to ensure 

most of the liquid remains in the 

tube. 

 

 



Programme Booklet 

PDP for teachers on "Practical Work in Biotechnology" 
40 

 

DEPARTMENT OF BIOCHEMISTRY 

6) Screw the cap on the tube tightly and vortex mix for 10 seconds.  

Incubate the tube at 60C for 30 minutes. 

7) Vortex mix for 15 seconds. 

 

 

 

 

 

 

 

  

8) Transfer the tube to 98C and incubate for 8 minutes. 

9) Vortex mix for 15 seconds.   

10) Return the tube to 98C and incubate for an additional 8 minutes. 

11) Vortex mix for 15 seconds.  Chill the tube on ice for 5 minutes to reduce 

the temperature. 

12) Pellet cellular debris by centrifugation at 4C for 5 minutes. 

 

 

 

 

 

 

 

 

 

13) Carefully transfer 50 μl of the DNA-containing supernatant to a clean tube 

without including any of the beads. 
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In this exercise, you will conduct a polymerase chain reaction (PCR) to amplify a 

segment of noncoding region of chromosome 1 called D1S80, which has a repeat unit 

of 16 base pairs.  At this locus, most individuals have alleles containing between 14 

and 40 repeats, which are inherited in Mendelian fashion from the maternal and 

paternal copies of chromosome.  

 

Solutions / chemicals (preparation list) 

 

Taq polymerase 

10 buffer 

3 μl 

20 μl 

Primer mix 10 μl 

dNTPs (2.5m M each) 10 μl 

DNA sample 10 μl 

dd H2O 200 μl 

 

Procedures 

1) In a reaction of 50l, add 

36.5 μl  dd H2O 

5 μl 10X buffer 

1 μl dNTPs (2.5 mM each) 

2 μl Primer mix (10 μM) 

0.5 μl Taq DNA Polymerase 

5ul DNA sample 

2) In this experiment, you can prepare a master mix for 3 reactions 

109.5 μl  dd H2O 

15 μl 10X buffer 

3 μl dNTPs (2.5 mM each) 

6 μl Primer mix (10 μM) 

1.5 μl Taq DNA Polymerase 

Task 1 – Part B 

Amplification of D1S80 Loci from buccal cell DNA using  

polymerase chain reaction (PCR) 

 

DNA ladder (100 bp) 

Question: How to choose a suitable ladder? 
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3) Add 5μl of the below templates into corresponding PCR tubes: 

 5 μl H2O (blank control, negative control) 

 5 μl DNA of Student A 

 5 μl DNA of Student B 

 

4) The reaction tubes are placed into a thermal cycling machine programmed to run 

38cycles with the following parameters. 

 1 cycle:     94°C for 1 minute 

 38 cycles:   94°C for 15 seconds (denaturation) 

55°C for 15 seconds (annealing) 

72°C for 45 seconds (elongation) 

 1 cycle:   72°C for 10 minutes 

 1 cycle:   4°C for indefinite period 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Remarks : 
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In this experiment, you will put a plasmid containing the Green Fluorescent Protein 

(GFP) or Orange Fluorescent Protein (OFP) into the bacteria (E. coli) by a process called 

transformation.   You will have your target DNA fragment, together with the plasmid, 

amplified by E. coli in order to obtain sufficient amount of DNA for subsequent use and/or 

analysis. 

 

Transformation is the process to acquire naked DNA by an organism like bacteria; 

competence is the state of the organism to be able to take up the naked DNA by 

transformation.  In certain bacterial strains, there is a natural mechanism in which bacterial 

cells acquire “competence” – the ability to take up DNA – as they grow.  It should be noted 

that certain bacteria in nature are capable of undergoing transformation, yet many other 

bacteria are not naturally competent; in other words, they are engineered to become 

competent by the exposure to a variety of artificial treatments such as high concentrations of 

divalent cations.  The mechanism of this artificial competence is still not very clear: but it 

has been suggested that divalent cations might play some roles:  (1) The divalent cations can 

shield the negative charges of DNA (in the phosphate groups) such that the DNA molecules 

to be transformed can come in close association with the cell surface;  (2) The combination 

of low temperature and divalent cations might facilitate the crystallization of certain regions 

of the plasma membrane to make channels for DNA uptake more accessible.   

 

E. coli cells are not naturally competent; they are made competent by culturing 

log-phase cells in calcium chloride solution.  These competent cells can be used immediately 

or frozen by liquid nitrogen and then stored at –70 
o
C freezer for later use.  

 

Transformation includes several steps:  

 

1) Adsorption of plasmid DNA onto E.coli cell surface.  Plasmid is mixed with E.coli 

competent cells and being adsorbed onto cell surface under low temperature (on ice).  

Do not disturb the cell in this process; 

 

2) Heat Shock.  The cells are exposed to a short period of elevated temperature (42
o
C) to 

trigger DNA uptake.  It is immediately followed by exposure at a low temperature (one 

ice) to close DNA uptake channels. 

Task 2 

Heat-shock transformation of DNA vectors into bacterial cells 
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3) Recovery of cell.  LB medium is added to the cell to repair the damage of the cells 

during the heat shock process.  The growth rate of cells and the expression of antibiotic 

gene in the cells during the recovery period are important factors for the subsequent 

antibiotics selection step on LBA plate. 

 

(I) Solutions / Chemicals 

 

Plasmid containing GFP/OFP    10 l 

Competent cells  (DH5)    1 tube (100 l per tube) 

LB medium   (autoclaved)    2 ml 

  Per liter: 

  Tryptone  10g 

  Yeast extract       5g 

  NaCl        10g 

LBK agar plates (containing 50g/ml kanamycine) 2 plates 

LBA agar plates (containing 10g/ml ampicilin) 2 plates 

(LBK agar plates for GFP; LBA agar plates for OFP) 

 

(II) Procedures for Green Fluorescent Protein (GFP) 

 

1) Gently thaw the competent cell (DH5) from -80C on ice. For each 

transformation, 100 l of competent cell is used. 

 

2) Prepare 2 big snap-cap tubes and add 100 l competent cell into each tube with 

the presence of open flame. 

 

3) Add 10 l of plasmid (pEGFP-c1) into each tube and incubate the mixture on ice 

for 10 minutes. 

 

4) Incubate the competent cell-plasmid mixture in 42C water bath for 90 seconds. 

Incubate the mixture immediately on ice for at least 2 minutes. 

 

5) Apply 900 l of LB medium to the tube with the presence of open flame, then 

incubate the tube at 37C for 1 hour with shaking at 250 rpm. 
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(III) Procedures for Orange Fluorescent Protein (OFP) 

 

6) Prepare for the competent cell (BL21 DE3). For each transformation, 100 l of 

competent cell is used. 

 

7) Prepare 2 big snap-cap tubes and add 100 l competent cell into each tube with 

the presence of open flame. 

 

8) Add 10 ng of plasmid into each tube and incubate the mixture on ice for 10 

minutes. 

 

9) Incubate the competent cell-plasmid mixture in 42C water bath for 40 – 60 

seconds. Incubate the mixture immediately on ice for at least 2 minutes. 

 

10) Apply 900 l of LB medium to the tube with the presence of open flame, then 

incubate the tube at 37C for 1 hour with shaking at 250 rpm. 

 

 

 

  
Remarks : 
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(A) Plating out the transformants 

 

11) During the incubation time, prepare two LBA plates (LB agar supplemented with 

kanamycins). Label one plate as 10 dilution and the other as 100 dilution as 

well as other essential information such as date, group name, strain of bacteria, 

contents of the plates, etc. 

 

12) Clean up the bench with 100% ethanol. Use open flame to sterilize the spreader. 

Make sure all the ethanol has been already burnt away. Then place the spreader 

near the flame until use. 

 

13) Plate 100 l of the transformed bacteria onto the LBK or LBA plate labeled 10. 

Cool down the spreader and spread the cells thoroughly and evenly by rotating 

the plates until the bacterial medium has been absorbed into the agar. 

 

14) Transfer 100 l of the transformed bacteria into 900 l of LB in an autoclaved 

1.5 ml microcentrifuge tube. Plate and spread 100 l of the mixture onto another 

LBK or LBA plate labeled 100. 

 

 

 

 

 

 

 

 

15) Leave the plates on bench for 5 minutes to let the agar absorb the liquid. Incubate 

the plates upside-down in a 37C air-bath overnight. 

 

 

 

Task 3 

Spreading transformed bacterial cells on agar plates for the 

estimation of transformation efficiency 

 

 

1x  

dilution 

100x  

dilution 

10x  

dilution 

0.1 ml cell to 0.9 ml LB +0.9 ml LB 

Transformed cell (~100 l)  

cells 

1 ml 

L broth 

1 ml 

L broth 
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(B) Estimating transformation efficiency 

 

16) On the next day, count and record the number of florescent colonies on each 

plate. 

 

17) Calculate the transformation efficiency from the plate with colony number 

statistically significant and countable.  

 

Some Important Information: 

 

(A) Preparation of liquid media for bacterial growth 

LB broth, per L: 

 10g tryptone 

 5g yeast extract 

 10g NaCl 

 1ml 1M NaOH 

Add water to 1L and autoclave. 

 

(B) Preparation of solid media for bacterial growth 

LB agar plates: 

 10g tryptone 

 5g yeast extract 

 10g NaCl 

 1ml 1M NaOH 

 15g agar 

Add water to a final volume of 1L, dissolve, and autoclave. 

To pour plates, allow agar to cool to 50
o
C.  Add antibiotics (or other additives) if 

needed, and mix.  Pour liquid agar (about 30 to 40ml) into 100-mm sterile disposable 

petri dishes and allow plates to cool, with consequent hardening of the agar.  It is 

generally advisable to pour plates at least 1 day in advance to allow time for the plates to 

dry at room temperature before use.  If more rapid drying is needed, incubate the 

solidified plates with the lids slightly ajar in a 37
 o

C incubator for about 1 hr.  After 

drying, store plates at 4
 o
C until needed. 

 

(C) Preparation of antibiotics (if required for selection of recombinant vectors with an 

antibiotic resistance gene) 

 

Ampicillin, 50mg/ml in water, sterile filtered (1000x stock) 

Tetracycline, 12mg/ml in 50% (v/v) ethanol (1000x stock) 

Chloramphenicol, 50mg/ml in ethanol (1000x stock) 

Kanamycin, 25mg/ml in water, sterile filtered (500x stock) 

 

Store antibiotic stock solutions at -20
 o
C until needed; they can be aliquoted for ease of 

use.  Add 1ml of 1000x stock or 2ml of 500x stock per L to broth for liquid culture, or 

agar solution (after cooling to 50
 o
C) before pouring plates. 
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(D) Growth of bacteria in liquid culture 

 

1. Overnight culture: 

The overnight culture is a small-scale liquid culture growth used to initiate a 

larger-scale growth.  Using sterile technique, 2ml liquid medium is transferred to a 

sterile 15-ml tube.  The liquid medium is inoculated with an isolated colony from 

an agar plate using a sterile inoculating loop.  The tube is capped and incubated at 

37
 o
C with shaking, or placed on a roller drum rotating slowly in a 37

 o
C incubator.  

The culture grows until saturation (1 to 2 x 10
9
 cells/ml), typically over an 8-hr to 

overnight period. 

 

2. Preparative culture: 

Preparative cultures are inoculated with cells from an overnight culture.  The 

overnight culture is diluted at least 100-fold during the inoculation to assure a 

uniform population of exponentially growing cells in the preparative growth.  The 

preparative culture is grown with vigorous orbital shaking (>200 rpm).  The 

volume of the flask should be at least four times the volume of the liquid media 

used for preparative growth to allow proper aeration. 

 

3. To measure bacterial density during growth 

For many procedures, the growth of the cells needs to be monitored.  The cell 

number per ml can be easily estimated by measuring the scattered light at 600nm 

using a visible spectrophotometer.  To measure bacterial density, blank a visible 

spectrophotometer at 600nm with a cuvette containing the bacteria growth medium 

(eg, LB broth).  Add 1ml of the growing bacteria to another cuvette and measure 

the optical density (OD). An OD reading of over 0.6 is beyond log phase.  An OD 

reading between 0.2 and 0.6 represents cells in late log-phase growth.  The OD 

reading is linear with cell number:  1 OD/ml = 8 x 10
8
 cells/ml. 

 

(E) Growth of bacteria on agar plates 

Single colonies of bacteria can be obtained by growing bacteria on agar plates.  

The technique employed include streaking, spreading and pouring plate. 

 

1. Streaking plate 

a) Sterilize a platinum transfer loop by flaming until it glows light red.  Allow it to cool in 

air.  (The loop may be cooled more rapidly by dipping it into sterile water or medium or 

by stabbing it into sterile agar medium.) 

b) Dip the cooled loop into the bacterial suspension.  Streak the bacteria adhering to the 

loop onto a segment of a plate containing agar medium. 

c) Resterilize the loop by flaming and cool it by stabbing into a region of the agar medium 

that is free of bacterial cells. 

d) Pass the loop once across one end of the primary streak and spread the bacteria that 

adhere to the loop into a fresh region of the agar medium. 

e) Sterilize and cool the loop again and streak from one of the secondary streak. 

f) Repeat step c twice more, serially. 

g) Replace the lid on the plate.  Label the bottom of the plate and incubate it in an inverted 

position at 37°C for 16-24 hours.  Well-separated colonies should be visible in the area 

of the final streak. 
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2. Spreading Technique 

a. Transfer bacteria from an agar slant or liquid culture to a tube containing 1ml of 

liquid medium.  Vortex thoroughly to disperse any clumps of bacteria. 

b. Dilute the cells by using a sterile micropipette to transfer 10l from the first 

tube to a fresh tube containing 1ml of medium. 

c. Repeat step b serially two or three times. 

d. Spot a small aliquot (10-50l) of each dilution in the centre of a plate containing 

hardened agar medium.  Spread the cells over the entire surface of the medium 

by moving a sterile, bent glass rod back and forth gently over the agar surface 

and, at the same time, rotating the plate by hand or using a rotating wheel.  The 

glass spreader can be sterilized by dipping it into a beaker containing 95% 

ethanol and then holding it in the flame of a bunsen burner to ignite the ethanol.  

The spreader should then be cooled first in air and then by touching the surface 

of a plate of sterile agar medium. 

 

(F) Preparation of Competent Cell 

1) Streak E.coli strain DH5 on fresh LB plate.  Grow overnight at 37
o
C. 

2) Inoculate a single colony into 5 ml LB.  Grow overnight, shaking at 37
o
C. 

3) Inoculate 50 ul overnight cell culture into 5ml LB (1% inoculation), shaking at 

37
o
C until OD600 = 0.5.  (This will take about 3 hours.) 

4) The cell culture is aliquot into 1.5ml centrifuge tube.  Each group will be given 

3 tubes of cell culture.  Centrifuge the cell at 6000rpm, 2 min. 

5) Decant medium and resuspend cells in 1ml ice-cold 50mM CaCl2. 

6) On ice, 15 min. 

7) Centrifuge the cells at 6000rpm, 2 min. 

8) Decant medium and resuspend cell pellet in 0.2ml ice-cold 50mM CaCl2. 

9) Cells are now ready for transformation. 

Primary streak Secondary streak 

Sterilize 

loop by 

flaming 

Sterilize 

loop by 

flaming 
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 (G) Short-term storage of bacterial strains 

Colonies of most strains of bacteria can be maintained for periods of a few weeks 

on the surface of agar media if the plates are tightly wrapped in parafilm and stored 

inverted at 4°C.  

 

(H)  Long-term storage of bacterial strains 

Bacteria can be stored for many years in media containing 15% glycerol at low 

temperature without significant loss of viability. 

1. Inoculate a culture flask containing 5-10ml of liquid medium with a single 

bacterial colony and grow the culture overnight. 

2. Transfer 0.85ml of the overnight culture to a sterile vial containing 0.15ml of 

sterile glycerol.  Place the cap on the vial and mix the contents thoroughly by 

vortexing. 

3. The glycerinated cultures can then be stored at -20°C for a few years without 

loss of viability.  Alternatively, the glycerinated suspension can be stored at  

-70°C.  In this case, viable bacteria can be recovered many years after the 

initial freezing.  Viable bacteria can be recovered by simply scratching the 

surface of the frozen stock with a sterile platinum loop or wire.  The frozen 

suspension can then be returned to the freezer.  Several vials of each strain 

should be frozen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Remarks : 
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In this exercise, the PCR products obtained from the previous experiment will be 

resolved and analyzed by agarose gel electrophoresis. You need to study the pattern of 

the bands, which correspond to different alleles and determine their relationships. 

 

Procedures 

 

1) Prepare a 2% agarose gel (0.6g agarose powder in 30ml 1X TBE buffer) with 2l 

10 mg/ml ethidium bromide solution added. 

 

2) Label a set of new microfuge tubes. When the PCR reaction is finished, add 4 l 

of 6X agarose gel loading buffer and 20 μl PCR product to each tube and then 

mix well.   

 

3) Load the following samples onto the 2% agarose gel, and electrophoresis at 100V 

until the loading dye runs to the edge of the gel. 

 

100 bp-ladder-DNA size marker (1 ug)   10ul 

   Negative control PCR product    24ul 

Student A‟s DNA PCR product    24ul 

Student B‟s DNA PCR product    24ul 

 

4) Slide the gel off the 

gel bed and observe 

the DNA with an UV 

transilluminator.  

Ultraviolet radiation 

can damage eyes and 

skin, so always wear 

a plastic face mask.  

Photograph the gel. 

 

 

Task 4 

Analysis of PCR products using agarose gel electrophoresis 
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Precautions:  Ethidium bromide is a suspected carcinogen.  Wear gloves to handle the 

gel with eithidium bromide and discard the gel in a special container.  

        

A)  Preparation of Agarose Gel (2%) 

 

1) Prepare the gel mould for an agarose gel as shown by the demonstrator.  

Three groups will share and prepare one gel. 

 

2) Add 0.6 g agarose powder and 30 ml 1X 

TBE buffer into a 250-ml conical flask.  

 

 

3) Use a microwave oven to melt the agarose. 

 

4) Allow the agarose 

solution to cool to 

hand-hot, then add 2l 

10 mg/ml eithidium 

bromide solution. 

 

5) Pour the agarose 

solution into the gel 

mould and place it 

aside to set at least 20 

minutes. 

 

 

Ethidium bromide 

Question: Why is the EB so carcinogenic?  
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(B) Agarose Gel Electrophoresis 

 

1) Mix the PCR products with 4 l of 6X agarose gel loading buffer. Spin 

down the solution. 

 

2) Put the gel bed into the gel tank and add TBE buffer until the gel is just 

immersed.  Load samples and the 100 bp DNA marker onto the 2% 

agarose gel, and electrophoresis at 100V until the loading dye runs to the 

edge of the gel. 

 

3) Slide the gel off the gel bed and observe the DNA with an UV 

transilluminator.  Ultraviolet radiation can damage eyes and skin, so 

always wear a plastic face mask.  Photograph the gel. 

 

 

 

 

Question: What is the function of loading buffer?  
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Question: Could you think of any way to speed up the DNA migration? What 

factors will you consider? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Make sure the cables have been correctly connected. Red cable has to be connected to the “+” 

socket. Black cable has to be connected to the “-” socket. If the connection is incorrect, the direction of 

DNA migration will be reversed leading to loss of DNA samples.   

 

Power Cable 

Start running Voltage indicator 

Agarose gel Screen 
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Agarose gel 

Screen 

Remarks : 
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Practical skills – 1 

 Micropipetting skills 

 Different types of pipettes (single channel / multi-channels) 

Many companies are manufacturing various types of pipettes, which suit 

different purposes. For example, there are single channel pipettes for 

manipulating one sample at one time; multi-channel pipettes are designed to 

handle 8 to 12 samples at one time. Auto-pipettes are designed for handling 

relatively larger amounts of volumes (10 – 50 mL). (Fig. 1) 

Fig. 1. Different types of micropipettes. (The first four items from the 

left hand side are single-channel pipettes, followed by an auto-pipette and a 

multi-channel pipettes) 

 

 Different sizes of pipettes 

Since in the experiments of molecular biology, regents with different 

volumes will be manipulated, pipettes designed for transferring different 

tiny volumes of reagents are designed to meet this purpose. Common 

volume include 0 – 2 μl, 0 – 10 μl, 2 – 20 μl, 20 – 200 μl, 200 – 1,000 μl, 

etc. (Fig. 2) 

Practical skills of molecular biology 

 



Programme Booklet 

PDP for teachers on "Practical Work in Biotechnology" 
57 

 

DEPARTMENT OF BIOCHEMISTRY 

Fig. 2. Different sizes of pipettes. (Starting from the left hand side, the maximum 

pipetting volumes are 1000 μl, 200 μl and 20 μl, respectively) 

 

 Different sizes of pipette tubes 

As there are different sizes of pipettes, there are different sizes of pipette 

tubes for the corresponding pipettes. In general, the smallest pipette tube 

(0 – 10 μl) is white in colour; yellow pipette tubes are suitable for pipetting 

volume from 2 – 200 μl; blue pipette tubes are suitable for pipetting 

volumes from 100 – 1,000 μl. (Fig. 3) 

Fig. 3. Different sizes of pipette tubes. (Starting from the left, the volumes 

of the pipette tips are 20 μl, 200 μl, 1000 μl, 5000 μl, respectively) 
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 Use of filtered tubes 

Some pipette tubes are equipped with a filter to prevent contamination. 

These tubes are designed for experiments handling delicate samples, such as 

DNAs and RNAs. It should be noted that with the filter present, the volume 

of reagents to be transferred should not exceed the maximum level and thus 

touching the filter inside the tube. (Fig. 4) 

Fig. 4. Filtered tips. A filter is fit inside a pipette tube to prevent 

potential contaminants of the pipette from reaching the reagents to be 

transferred; in the mean time, the interior of the pipette tube is 

prevented from contamination even though the pipette-tube box has 

been opened. 

 

 Important note to use the pipettes 

Since a small drop of reagent tends to reside on the tip of a pipette tube, 

there is a special design of a pipette to eliminate this problem. To press a 

pipette with your thumb, you can feel „two steps‟ with difference 

„resistance‟. To draw a reagent into the tube, only the „first step‟ is used; 

while to expel the reagent, you can see the reagent moving out as you are 

pressing the „first step‟ of the pipette. Finally, you will have to press the 

second step to remove the drop of residual reagent at the tip. 

  

Filter 
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 Before pressing 

 

 

Pressing to the first 

step: for drawing and 

expeling 

 

 

Pressing to the second 

step: for expeling only 

 

Fig 5. When pressing a pipette with your thumb, you can feel there are „two steps‟ 

with different resistance: the first step is light; while the second step is heavier. Use 

the first step only to draw a reagent; to expel a reagent from a pipette tube, press the 

first step to expel most of the reagent volume and the press the second step to remove 

the residual reagent at the tip of the pipette tube. 

 

 Consideration of pipetting small volumes 

In the experiments of molecular biology, small volumes of reagents (~ 1 μl) 

are often handled. Care should be taken when small volumes are to be 

transferred with the aid of a pipette. For example, air bubble or small 

amount of residue reagent on the outer wall of the tubes can significantly 

affect the accuracy of the volume to be transferred. 
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 Prevention of bubble build-up 

During the pipetting process, care should be taken to release the thumb 

slowly and gently to prevent the build-up of bubbles that will affect the 

accuracy of pipette volume of the reagent. 

Fig. 6. Prevention of bubble buildup during pipetting. If air bubbles are 

generated and get mixed with the reagent inside the pipette tube, the space 

occupied by the bubbles instead of reagents will affect the accuracy of the 

pipette volume. 

 

 Consideration of solution temperature 

Since the volume of reagents vary with temperature, for example, the 

volume is higher at higher temperature and vice versa, the reagents to be 

transferred should be at room temperature as possible to make sure a 

standardized volume to be transferred. 

 

Bubbles 
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 Calibration of pipettes 

Since the accuracy of pipettes may decline over prolonged use, the pipettes 

should be calibrated on a regular basis to ensure accurate pipetting. 

 

 Essential skills of working with DNA samples, primers and enzymes 

Storage 

 Effects of freeze-thaw cycle on the samples 

The term „freeze‟ indicates keeping the reagent below freezing point; while 

the term „thaw‟ indicates melting or warming of the reagents, which are 

previously kept below freezing point. Repeated freeze-thaw cycle is known 

to decrease the chemical stability of the active compounds in a reagent. It is 

recommended that in order to preserve the activity of the reagent, the 

number of freeze-thaw cycle should be minimized. 

 

 Storing samples in small aliquots 

To avoid massive contamination of reagents, it is recommended that all the 

stock reagents are divided into small aliquots for long term storage. 

Furthermore, if the reagents are stored below freezing point, small aliquot 

reduce the overall number of freeze-thaw cycle of the reagent. 

 

 Use of screw-cap microcentrifuge tubes to reduce evaporation 

Since the evaporation of solvent affects the concentration of the active  

ingredient(s) of a reagent during long term storage, it is recommended that 

the containers of the reagents should be air-tight; thus, in stead of using 

microcentrifuge tubes, screw-cap microcentrifuge tubes are recommended 

for storing reagents long term. 

 

 Storing samples in a refrigerator (-20℃ or lower) 

If a reagent has to be stored for long term, it is recommended that it should 

kept at a temperature as low as possible. As long as a freezer is available, 

the reagents should be kept at -20℃or below. 

 

 Don’t not use frost-free refrigerator 

Since a frost-free refrigerator may have fluctuating temperature, which may 

affect the quality of the stored reagents, during the de-froze process, it is 

recommended to store the reagents at a frost-free refrigerator. 
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 Proper labeling (use of oil-base markers) 

For any reagents to be stored term, they should be labeled properly. 

Essential information, such as the name of the reagent, storage time, user, 

volume, etc should be labeled on the container with a permanent marker. 

(Fig. 7 & 8) 

Fig. 7. An oil based marker. A permanent oil-based marker is recommended 

for label. The information written can remain clear after prolonged storage 

and even the containers get wet. 

 

 

 

 

 

Fig. 8. Proper labeling. Label each micro-centrifuge tube on rough surface 

with an oil-based marker, when necessary, write on a tape and then stick the 

tape on the containers. 
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Precaution of contamination 

 Use of gloves 

Since our skin contains a lot of contaminants such as enzymes, bacteria, 

etc, we should wear gloves during the experiments to avoid contamination 

of the samples. 

 

 Prevention of contamination from various sources (e.g. coughing, enzymes, 

bacteria) by improving personal hygiene 

Good practice of personal hygiene can help reducing the incidence of 

contamination. For example, avoid speaking and coughing during an 

experiment; wash the hands and tidy up the hair before experiment may 

help to reduce contamination. 

Fig. 9. An autoclave machine. 

 

 Use of autoclaved consumables (e.g. tubes, buffers) 

The apparatus and equipment to be used in an experiment can be sterilized 

by autoclave process. The use of sterilized apparatus and equipment can 

reduce contamination. (9 - 11) 
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Fig. 10. Two pipette tips boxes.  The pipette tips need to be autoclaved before 

use. 

 

Fig. 11. Autoclave indicator. A short segment of autoclave tape is usually put on 

the box. After the autoclave process, an indicator (e.g. word) on the tape will 

appear. 

  

Words appear on the tape. 
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 Use of fumehood and biosafety carbinet 

 

Fig. 12. Safety cabinet (left); Fumehood (right) 

 

For certain experiments requiring high cleanliness standard, they should be 

performed in a carbinet which provide a sterilized working environment. 

(Fig 12)  

 

 Use of log-book 

It is a general practice to record the activities in the laboratory; each person 

should keep a record on their daily activities in the laboratory. Important 

information like the date, the place, the chemicals handled should be clearly 

presented on the log-book such that the writer as well as other readers are 

able to understand the information after years. 

 

 Use of centrifuges 

 Use of mini-centrifuge, bench-top centrifuge (Beckman) 

Many different types of centrifuge machine are designed to suit different 

purposes, for example, there are different machine for centrifuging different 

volumes of samples. Care should be taken to ensure the right machine is 

used for an experiment. (Fig. 13) 
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Fig. 13. A bench-top centrifuge. Make sure proper balance is set up; all the 

caps and covered are securely fastened before the operation of the 

centrifuge (Maximum speed is 13,000 r.p.m.). 

 

 Place test tube in centrifuge holder 

Since the tubes will undergo high-speed rotation, it is recommended that the 

centrifuge tubes should be securely fit in a centrifuge holder during 

centrifugation process to avoid any flying tubes resulted from the centripetal 

force. 

 

 Balancing skills 

During centrifugation, a balance with another test tube filled to the same 

level in the opposite holder is essential to ensure smooth rational movement 

of the rotor. Imbalanced rotor will lead to vigorous vibration, which will 

otherwise damage the centrifuge. (Fig. 14) 
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Fig. 14. Balancing the centrifuge tubes. A balancing tube contains the same 

weight or same volume of liquid. 

 

 Covering the cap and cover 

Before centrifugation, it is essential to close the cover and turn the knob. 

Centrifugation might take some time, it should be noted that that the 

centrifuge is turned off with the switch and the spinning is completely 

stopped in order to open the cover and remove the samples. It ensures 

effective separation. 

 

 Choosing suitable tubes for different speeds 

During high-speed centrifugation, the centrifuge tubes might receive heavy 

centripetal force. It is recommended suitable tubes are used for 

centrifugation with different speeds, such that the tubes can withstand the 

force to avoid splashing and even damage of the tubes. 

 

 Lab safety measures 

 Access to the laboratory is limited to authorized personnel only during 

operations and to others at times and under such conditions as designated by 

written rules or as established by the laboratory supervisor.  

Same weight / volume 
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 All chemicals must be stored properly, according to compatibility. Any 

chemicals, which pose a special hazard or risk, should be limited to the 

minimum quantities needed for the research project, and materials not in 

actual use should be stored under appropriate safety conditions.  

 Updated animal and chemical data sheets must be kept in the laboratory.  

 An MSDS file will be maintained for all chemicals purchased in the 

laboratory for which they are available. These files should be accessible to 

the workers in the laboratory.  

 Organic and flammable solvents must be kept in the standard safety 

cabinets.  

 All chemical wastes should be disposed of through proper channels.  

 Any spills or accidents in the laboratory should be cleaned up or reported to 

the person-in charge immediately.  

 No eating, drinking or smoking is allowed in the laboratory.  

 Appropriate information, such as the telephone numbers of the 

person-in-charge, or any alternates should be posted on the outside of the 

laboratory door or the adjacent wall.  

 All work with hazardous kinds or quantities of materials should be 

performed in a fume hood, or in specially designed and totally enclosed 

systems.  

 Working with explosives, toxic chemicals, and hazardous materials should 

be limited to the minimum quantities needed.  

 Systems representing other physical hazards, such as high voltage, radiation, 

intense laser light beams, high pressure, etc. should be interlocked so as to 

prevent inadvertent injuries. The interlocks should be designed to be 

fail-safe such that no one failure of a component would render the safety 

interlock system inoperative.  

 It shall be mandatory to wear any personal safety equipment required for 

conducting operations safely in the laboratory, such as protective eye wear, 

face masks, and hand protection.  

 The facility should include a separation of workspaces and desk areas as 

well as a second exit, equivalent to the arrangement shown in the standard 

laboratory module. 

 Wear lab coat, googles, gloves. 

 No eating, hairs 

 Refer to the MSDS data sheet. 

For certain potentially hazardous materials, their MSDS data sheets should 

be obtained for guiding the handling of these materials. 
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Practical skills – 2 

 

 Reconstitution of chemicals from commercial testing kits 

 Dissolving powdered chemicals according to the manufacturer‟s 

instructions 

In some reagent kit, the components are stored in dry powder form for 

long term storage. Users of the kit are required to reconstitute the powder 

into solution form with the solvent suggested by the kit manufacture. (Fig. 

15) 

 

Fig. 15. DNA polymerase kit. Some reagents are manufactured and stored in 

powder form. These reagents need to be reconstituted according the 

instruction provided by the manufacturer. 

 

 Store samples and reagents in proper temperatures (ranging from 4℃ to -80

℃). 

In a reagent kit, different components may need to be stored at different 

temperature, for example, some components have to be stored at 4℃to 

avoid freezing; while others may require freezing at -20℃ for storage long 

term. 

 

 Some reagents need to be freshly prepared 

Certain components of a reagent kit are highly unstable once they are 

reconstituted. For these components, they should be freshly prepared before 

each experiment. 
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 Spectrophotometric determination of concentration and purity of nucleic 

acids. 

In certain kits involving the handling of nucleic acids, the concentration of 

the nucleic acids (DNA and/or RNA) can be determined with a spectrometer 

according to the manufacturer‟s instructions. 

 

Practical skills – 3 

Visualizing the DNA to be resolved by agarose gel electrophoresis 

 

 Pre-stain: EB & CYBR-safe 

The gel for electrophoresis can be pre-stained with DNA stains, such as 

ethidium bromide (EB) and CYBR-safe. The procedure is to apply these 

stain when the gel is being casted; as a result, the DNA samples will be 

stained as soon as they enter the gel. 

 

 Post-stain: Methylene Blue 

After being resolved by the gel, the DNA samples can be post-stained by 

methylene blue. The procedure is to immense the gel containing the DNA 

samples in a buffer containing the stain. Then the DNA samples in the gel 

will be stained and visualized. 

 

 Casting of agarose gel and acrylamide gel (refer to the appendix at the end 

of this booklet) 

 Real practice with agarose gel 

 Demonstration for acrylamide gel 

 

 

 

 

 

 

 

 

 

 

 

 

Remarks : 
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Fig. 16. Casting gel. A comb (Orange) has to be inserted into the melt agarose before 

it is cooled down to form a gel. The comb will be removed to leave on the gel eight 

wells that are used to hold DNA samples. 

 

 Skills of sample loading  

 Functions of sample loading dye 

There are two major functions of sample loading dye. The first 

function is to increase the density of the samples, such that the samples 

can sink into the wells during application; the second function is to 

visualize the progress of electrophoresis. With the aid of dye front, the 

progress of electrophoresis can be traced by simple visual recognition. 

(Fig 17) 
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Fig. 17. Sample loading. In case of sample spillage, some blue liquid will be left 

around the well.  

 

Practical skills – 4 

 

 Software for densitometry (Bio-Rad) 

Densitometry is a technique to qualify the intensity of the bands for the 

analysis of DNA gel electrophoresis. Briefly, the computer software is able 

to measure the band intensity and present the intensity in numerical values 

for direct comparison. Trial version of the software can be downloaded from 

Bio-Rad website (www.bio-rad.com) 

 

  

Spillage No spillage 

Remarks : 
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 Setting PCR machine 

 Set up thermal cycles. (Fig. 18) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18. Two sets of PCR machines. The keypad allows users to set the time, 

temperature and the number of cycles of the PCR reaction. 

 

 Waste handling and disposal 

 

Solvent wastes 

 Each lab is requested to set up three glass bottles for daily storage of 

solvent wastes (some 2.5-L bottles are recommended). These bottles 

should be clearly labeled for halogenated, non-halogenated and organic 

acid wastes, respectively.  

 Once these bottles have been set up at a secure place in the lab, every 

disposal of solvent wastes to these bottles should be recorded on the 

corresponding standard log sheets.  

 When these bottles are filled, the coordinator(s) of the laboratory may 

arrange transferring the wastes to the 25-L standard waste cans which 

are removed by specialized companies. 
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 Sharps 

 Each laboratory is requested to set up a special waste can for sharps 

and needles (top left photo). Please reduce the physical volume of this 

waste as much as you can. For example, do not put a long broken 

column in a small waste basket. Break it into small pieces before 

disposal. 

 

 Biohazardous Wastes 

 If the chemical waste is believed to be biohazardous (such as agar 

plates containing bacterial colonies), it should be handled with extra 

care and stored in an appropriate container with clear labeling (top 

right photo). A complete log sheet for disposal is required. All 

biological waste should be sterilized by autoclave (bottom photos) 

  

  

http://137.189.50.226/safety/biowaste.jpg
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 All the apparatus used in any experiment is assumed to be 

contaminated. The apparatus should be sterilized by bleach for at least 

one hour or by autoclave. After experiment, the bench should be 

disinfected by disinfectant (such as bleach solution). 

 In case of the spillage of potentially hazardous microorganisms, the 

spillage has to be handled by qualified teachers or technicians with full 

protective equipment on. The spills should be covered by a cloth 

containing disinfectant such as bleach solution for at least 15 minutes. 

Then, the cloth is used to remove the spill which will be kept in a 

sealed container for subsequent disposal. After the clearance, the area 

should be further cleansed up by disinfectant. In any case that the spills 

have make contact of the skin of the personnel, medical consultation 

will be necessary. 

 Further information is available on: 

http://cd1.edb.hkedcity.net/cd/science/laboratory/safety/SHB_2002e.pdf/ 

 

 Radioactive Wastes 

 Standard procedures for disposal of radioactive wastes should be 

closely monitored. In the meantime, please minimize the use of high 

activity radioisotopes and reduce the physical size of the waste.  

 

 Precaution of human samples 

 Keeping privacy for personal biological data 

 Seek agreement of donor 

 

 

 

 

 

 

 

 

 

 

 

 

 

Remarks : 
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Cat No. Item Unit Price Supplier Telephone no. Fax. No. 

MB100SP MASTERAMP BUCCAL SWAB BRUSH 

(SOFT PACK) 

HKD 540.90 GENE COMPANY 

LTD. 

2896 6283 2515 9371 

MB71030 EPICENTRE MASTERAMP BUCCAL 

SWAB DNA EXTRACTION KIT (WITH 

SOFT PACK BRUSHES), 30 PURIF 

HKD 822.60 GENE COMPANY 

LTD. 

2896 6283 2515 9371 

R0136S NEB: BAMHI, 10000 UNITS HKD 424.00 EASTWIN 

INTERNATIONAL 

TRADING LTD. 

2887 1786 2887 7369 

28-4065-60 DNTP SET -A,C,G,T, 500UL -25MM HKD 1,881.9

0 

GE MEDICAL 

SYSTEMS HONG 

KONG LTD. 

2100 6314 2100 6338 

M0267L NEB TAQ DNA POLYMERASE WITH 

THERMOPOL BUFFER, 2,000 UNITS 

5,000 UNITS/ML 

HKD 2,320.0

0 

VIKING 

MEDICARES 

LIMITED 

2649 9988 2635 0379 

75891-5LT TBE BUFFER-5X HKD 725.00 GE MEDICAL 

SYSTEMS HONG 

KONG LTD. 

2100 6314 2100 6338 

SD0061 FERMENTAS PUC19DNA 50UG/PK HKD 440.00 GOLD PACIFIC 

ENTERPRISES 

2543 8199 2543 8255 

N/A Primer synthesis HKD ~200 

per primer 

INVITROGEN HONG 

KONG LTD. 

2407 8450 2408 2280 

15510-027 AGAROSE HKD 2,898.9

0 

INVITROGEN HONG 

KONG LTD. 

2407 8450  2408 2280 

F167300 GILSON: PIPETMAN STARTER KIT HKD 3,024.0

0 

WORLD WAYS 

CO.(H.K.) LTD. 

2543 0760 2815 1767 

27-4007-01 100 BASEPAIR LADDER HKD 1,012.0

0 

GE MEDICAL 

SYSTEMS HONG 

KONG LTD. 

2100 6314 2100 6338 

 

Appendix 1  

Common reagent kits for molecular biology works 
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Company: EASTWIN INTERNATIONAL TRADING LTD. 

Address: 
Unit 1808, 18/F, Kodak House II, 39 Healthy Street East, 

North Point, Hong Kong. 

Tel: 2887 1786 

Fax: 2887 7369 

URL: www.eastwinhk.com 

 

Company: GE MEDICAL SYSTEMS HONG KONG LTD. 

Address: 
L12, Office Tower, Langham Place 8 Argyle Street, 

Mongkok, Kowloon, HONG KONG. 

Tel: 2100 6314 

Fax: 2100 6338 

URL: www.gehealthcare.com/worldwide.html 

 

Company: GENE COMPANY LTD. 

Address: 
Unit A, 8/F, Shell Industrial Building, 12 Lee Chung 

Street, Chai Wan, HONG KONG. 

Tel: 2896 6283 

Fax: 2515 9371 

Email: info@genehk.com 

URL: www.genehk.com 

 

  

Appendix 2  

List of vendors 

 

 

http://www.eastwinhk.com/
http://www.gehealthcare.com/worldwide.html
http://www.genehk.com/
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Company: INVITROGEN HONG KONG LTD 

Address: 7/F ADP pentagon Centre, 98 Texaco Road 

   Tsuen Wan, HONG KONG. 

Tel: 2407 8450 (ACCOUNTS: MS. PANG) 

Fax: 2408 2280 

Email: hkorder@invitrogen.com.hk 

URL: www.invitrogen.com 

 

Company: VIKING MEDICARES LIMITED 

Address: Rm 1116, 11/F., Metropole Square, 2 On Yiu Street, 

   Shatin, P.O. Box 50, Hong Kong. 

Tel: 2649 9988 

Fax: 2635 0379 

Email: viking@twcbiosearch.com 

 

Company: GOLD PACIFIC ENTERPRISES 

Address: 16B Casey Building, 38 Lok Ku Road 

   Sheung Wan, HONG KONG. 

Tel: 2543 8199 

Fax: 2543 8255 

Email: gpehk2@netvigator.com 

 

Company: WORLD WAYS CO.(H.K.) LTD. 

Address: 2/F, Winfull Commercial Building 

   172-176 Wing Lok Street 

   HONG KONG 

Tel: 2543 0760 

Fax: 2815 1767 

Email: wwhk@hkstar.com 

URL: www.gilson.com 

http://www.invitrogen.com/
http://www.gilson.com/
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Company: GRANDTECH SCIENTIFIC CHINA LTD. 

Address: Unit 18, 20/F, Grandtech Centre, 8 On Ping Street, 

   Shatin, HONG KONG. 

Tel: 3102 1978 

Fax: 3102 1976 

Email: info@grandtechsci.com 

 

  

Appendix 3  

Remarks on Q and A sessions 
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Ref: http://www.cuhk.edu.hk/v6/en/campus_map/campus_map.html 

Transport  

MTR (Recommended)  

 University Station of the MTR East Rail is located just outside the main campus.  

Bus / Mini-bus  

 Disembark at Chek Nai Ping station to enter through main entrance  

 Disembark at Chung Chi College station to go to Chung Chi College  

 Disembark at University Railway Station Bus Terminus to reach University Station of the MTR East Rail  

Driving  

 University Entrance (enter from Tai Po Road)  

 Chung Chi College Entrance (enter from Tai Po Road)  

 East Gate Entrance (enter from Tolo Highway)  

Mong Man Wai Building 

Appendix 5 

The Map of CUHK 

 

 

http://www.cuhk.edu.hk/v6/en/campus_map/campus_map.html
http://www.cuhk.edu.hk/english/university/visitors.html
http://www.cuhk.edu.hk/english/campus/cuhk-campus-map.html?area=mtr+station
http://www.cuhk.edu.hk/english/campus/cuhk-campus-map.html?area=bus+/+minibus
http://www.cuhk.edu.hk/english/campus/cuhk-campus-map.html?area=bus+%2F+minibus
http://www.cuhk.edu.hk/english/campus/cuhk-campus-map.html?area=bus+%2F+minibus
http://www.cuhk.edu.hk/english/campus/cuhk-campus-map.html
http://www.cuhk.edu.hk/english/campus/cuhk-campus-map.html
http://www.cuhk.edu.hk/english/campus/cuhk-campus-map.html
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Chairman, Department of Biochemistry, CUHK. 
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We thank the technical staff, including Dr. Winnie Poon, Miss Gigi Lee and Miss Ada 

Kong, from the Department of Biochemistry for their assistance in demonstrating the 

practical work of this training workshop. Special thank goes to Mr. Eric Liang for his 

contribution to the preparatory work of this training workshop. 

 

 

This Professional Development Programme is commissioned by the Education Bureau, 

Government of the Hong Kong Special Administrative Region. 

 

 

END 

 

Members of the Organizing Committee 

Acknowledgments 

 

For enquiry: 

E-mail:    biochemistry@cuhk.edu.hk  

Internet:   http://www.bch.cuhk.edu.hk  

Phone:    31634359 (Dr. Ngai / Dr. Lo) 

Fax :   2603-7732 

 


