Biology 290 Exam Notes

Dean Unit

1-7. Spectrophotomety 

· Transmittance (T) is the fraction of the incident light that passes through (is transmitted by the sample). 

T= I/IO, where IO is the amount shined on the sample, and I is the amount of light that passes through the sample. 

· Absorbance (A)- is the amount of light absorbed by the sample. 

· Lambert’s Law- Thin layers of materials will absorb a constant amount of light, regardless of how much light is shined on it. Light quality decreases exponentially as it passes through the sample. Therefore absorbance, A, is a logarithmic function of transmittance. 

A= log 1/T = log IO​/I

If all the incident light is transmitted though the sample, A= log 1/1= 0. 

· The amount of radiant energy transmitted by a substance at different wavelengths, and therefore the amount of light absorbed by it, can be measured by placing a solution of the substance in a spectrophotometer. 

· We usually use absorbance values instead of transmittance values because there is a linear relationship between absorbance and solution concentration.

· Beer’s Law- absorbance of a solution is proportional to the number of absorbing particles (or concentration of the absorbing material) in solution. 

A= E x l x c

A= absorbance (no units)
E= absorption coefficient (L/mol/cm). E is a measure of the probability that a given type of photon will be absorbed by a given type of molecule. E varies with wavelength and the solvent used. 

c= concentration of the solution (mol/L)

l= path length through the spectrophotometer tube (usually 1 cm)

In the Spectronic 20, radiant energy of wavelengths 340- 900 nm is supplied by a tungsten lamp. The light is focused onto a diffraction grating, which like a glass prism, splits the light into its component wavelengths. Different wavelengths are selected by changing the position of the diffraction grating so that light of a very narrow range of wavelength passes through a slit before it reaches the sample. It is the wavelength cam that is responsible for changing the direction of the diffraction grating. 

Any light transmitted by the sample reaches a phototube which transduces the light energy to an electric current. The current produced is measured by a galvanometer (amp meter) which is calibrated in terms of how much light of a given wavelength the sample transmits, and how much is absorbed by the sample. The spec 20 does not measure absorbance even though it gives an absorbance reading, it measures the amount of light transmitted by a sample. The transmittance is then compared with the transmittance of a reference ‘blank’ to determine how much light has been absorbed by the sample. The blank should contain all of the substances in the sample except for the material whose absorbance you wish to measure. The blank is inserted into the sample holder and the meter is adjusted to 100% T. This compensates for any absorbance by the solvent in which the sample is dissolved and for the reflection of light from the surface of the tube which holds the sample. Therefore the difference between the reference and the sample is the absorbance. 

The major uses of the spectrophotometer are:

1. to produce absorption spectra that can be used to characterize or identify compounds in solution

2. to make quantitative determinations of the concentration of materials in solution by reference to your own standard curves

3. to study the rate at which biochemical reactions proceed. 

Absorption Spectrums

Spectrophotometry can be used as a means to identify or characterize compounds in solution by producing a characteristic absorption spectrum. An absorption spectrum is a graph of the absorption values for a substance measured at a series of different wavelengths. 

· Generate a graph of absorbance vs. concentration. The graph will exemplify Beer’s law which states “the absorbance of light is proportional to the number of absorbing particles in solution”. Spectrophotometry can therefore be used to measure an unknown solution concentration given a standard curve of known concentrations of that substance vs. absorbance. The absorbance coefficient, E, can be calculated from the slope of the standard curve. E= A/c
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Standard Curve of Absorbance Versus Various Concentrations of DCPIP

· The spectrophotometer can also allow us to determine the rate of a biochemical reaction. 

· Calculate the (A values at a given point (1 min). This (A value represents a change in oxidized DCPIP concentration. 

· Given the absorption coefficient, E, the change in DCPIP concentration/minute ((c/min) can be calculated:

(c/min= (A/min/E= moles/L of DCPIP reduced/min

· Multiply (c/min x total volume of reaction mixture (mL)/ 1000mL used to get the moles of DCPIP reduced/minute which is the average rate. 

· As the initial concentration of the reducing agent Sodium Hydrosulphite increases, the average rate increases linearly. 
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The relationship between moles of DCPIP reduced per minute and the initial concentration of Sodium Hydrosulphite 

8. Resolution in Microscopy

Resolution (d) is the smallest distance by which two objects must be separated in order to allow them to be imaged as two separate objects instead of one. 
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A) When a particle is examined with a light microscope its periphery appears blurry at high magnification because of diffraction

B) When two adjacent particles are separated by about 0.2 μm, their images will overlap but their individual character can still be seen, i.e. they can be resolved

C) When two adjacent particles are separated by less than 0.2 μm, the images of the two particles fuse. The same image would appear if the particle was actually a single oblong structure. These particles therefore cannot be resolved. 

Abbe’s equation gives the theoretical limit of resolution in an optical system.

d = the limit of resolution, i.e., the limiting distance between two points such that they are still resolvable as separate points.


d = 0.612 λ

       n sin α

0.612 = a constant derived from experimental studies of diffraction at the plane of the specimen

λ = wavelength of image-forming radiation (light in this case)

n sin α = numerical aperture of the lens. It is a measure of the light gathering capacity of the lens. 

The aperture angle (α) is the angle subtended by the optical axis and the outermost rays that enter the objective lens. The numerical aperture value is obtained by multiplying the sin of α by the refractive index (n) of the medium filling the space between the cover slip and the lens. i.e. numerical aperture = n sin α. 

Air has a refractive index of 1 (n=1) so it can be ignored when dry objective lenses are used. Immersion oil can be used to fill the space between the cover slip and the objective of an oil immersion lens. The oil has a refractive index of 1.515 and this can produce a considerable gain in numerical aperture. 

From Abbe’s equation, it is clear that to attain maximum resolution with a light microscope (i.e. a minimum value for d), the value for λ should be minimized and the value for n sin α should be maximized. To do this:

(1) n must be increased as far as possible beyond the value of that for air (n=1) by using an immersion lens and immersion oil

(2) α must be as close to 90° as possible although this limiting angle cannot be obtained because the specimen must be placed at some finite distance from the lens. 

3) λ must be near 400nm (violet light) which is the shortest wavelength to which the average eye is sensitive. (In practice, yellow-green light (520-580 nm) is used since the eye is more sensitive to this part of the spectrum).

Example: If n = 1.515 and sin α = 0.87 and λ = 400 nm, the theoretical resolution attainable is:


d = (0.612)(400)
= 186 nm or 0.186 μm


      (1.515)(0.87)

The actual practical limit of resolution for biological specimens in a light microscope is about 0.5 – 1.0 μm. 

9. Estimating the number of cells

i) Haemocytometer

Direct counts of the number of cells in a sample of culture medium can be made using a particular kind of microscope slide, the haemacytometer. The haemacytometer is a thick glass slide with lines etched precisely on the surface to form two counting grids. At the centre of each grid is a 1mm x 1mm square. This square is divided into 25 smaller squares (5 rows x 5 columns) that are surrounded by triple lines. Each smaller square is again divided into 16 even smaller squares.

To optimize the sampling of cells with the haemacytometer, you need to find a dilution of your cell suspension that will produce about 20 cells per square to be counted (10-15 cells per square is O.K., 40-60 cells per square is O.K.). This is done empirically. 
Place the cover on the haemacytometer and then draw up a small amount of cell suspension into a pipette. Place the pipette tip carefully at the edge of the cover and gently expel the suspension so that both counting chambers are filled by capillary action. Do not overfill or underfill the chambers. Allow the cells to settle for 1 minute.

With an appropriate type of cover in place, a known volume of fluid is enclosed above each square. Therefore, if the number of cells contained in the liquid above each square is counted, the number of cells in a given volume of the culture from which the sample was taken can be calculated.

 The cells lying within 5 of the 25 squares in the centre squares of each chamber are counted. We will count the cells in each corner square and those in the middle square. Cells that touch the triple-ruled line at the top of, and at the left boundary are not counted. Cells that touch the bottom and right hand boundary of the square are included in the count. Then take an average of the number of cells counted in the five boxes (total divided by 5). This procedure is repeated with the second grid to give the average number of cells in 10 squares. 

Each square has an area of 1/25 mm2 = 0.04 mm2. The depth of the chamber is 0.1mm therefore the volume of suspension counted in each square = 0.04 x 0.1 = 0.004 mm3. To find the number of cells/mm3 of suspension, multiply the average cell count/square by 250; (multiple by 250 because that is 1 / 0.004). Since there are 1000mm3 in 1 cm3 (i.e. 1mL), multiply the number cells/ mm3 by 1000 to give the number of cells per mL of suspension. 

ii) Spectrophotometer

Rapid estimates of cell numbers per unit volume of culture can be made with a spectrophotometer. A beam of light passing through a suspension of cells is scattered in proportion to the turbidity of the suspension. The turbidity of the suspension, over a limited range of cell concentration, is proportional to the number of cells per unit volume of suspension. To use this method, it is first necessary to make a standard curve of absorbance at a given wavelength versus the number of cells per millilitre. The number of cells per ml must be determined by some other method such as haemacytometry.

#cells/mL must be derived for using a haemacytometer (a.k.a average of 10 counts x 250,000). This gives (for example) 1.46 x 107. Using C1V1 = C2V2 you can now calculate the number of cells/mL in your culture. Use C1 = this number from the haemacytometer (1.46 x 107), V​1 = the number of mL of diluted culture, V2 = total volume (mL diluted culture + mL dH​2O), and solve for C2 = ?


e.g. C1V1 = C2V2


(1.46 x 107 ​mol/L)(0.003L) = (C2)(0.005L)


C​2 = 8.76 x 10​6 cells/mL

# cells/mL = 
.
A400

         .


Slope of the standard curve

10. Photon fluence rate

In photosynthesis, there is a direct relationship between the number of molecules that are photochemically altered and the number of photons within the 380-700 nm range that are absorbed, regardless of the photon energy. It is therefore essential to know how many photons impinge upon a surface rather than how much energy they deliver. The preferred measurement of Photosythetically Active Radiation (PAR) is photosynthetic photon flux (flux = the rate of flow of particles, fluid or energy). Photosynthetic photon fluc is the number of photons in the 380-700 nm range incident per unit of time on a unit surface.

Photon flux can be measured with a quantum sensor and is expressed as micromoles of photons per second per square metre or: 


μmoles photons x 
1
 x 
1

OR: 
μmoles s-1 m-2



        second             metre2


Note: 1 mole of photons contains 6.02 x 1023 (Avogadro’s number) photons

Therefore 1 μmole of photons contains 6.02 x 1017 photons

11. pH- related equations

Ionic Product of Water

H2O ( H+ + OH-

Equilibrium constant (K) for ionization of water is as follows:

K = [H+][OH-]   =  1.8 x 10-16 mol/L (at 25°C)

         [H2O]

Kw = [H+][OH-] = 1 x 10-14 M2

pH

[H+][OH-] = 1.0x10-14

[H+] = 10-pH


pH = -log[H+]

[OH-] = 10-pOH


OH = -log[OH-​​]

pH + pOH = 14

Buffer solutions

pH = pKa + log10​  [A-]



     [HA]

Dilutions

Dilution factor =   Final volume of solution



     Original volume of solution

Dilution factor = Concentration of original solution



     Concentration of required solution

C1V1 = C2V2

12. Buffers

A buffer solution maintains a fairly constant pH when small quantities of acid or alkali are added to it. All intracellular and many extracellular fluids (e.g. blood) are buffers that maintain pH within a very limited range.

Weak acids (generally denoted as HA) only partially dissociate into ions when dissolved in water. In solution, the weak acid is in equilibrium with its conjugate base (A-) and protons (H+).

HA ( A- + H+
Three common examples:


Weak Acid
(
Conjugate base   +
Proton


Tris H+

(
Tris

     +
H+


Phosphate-
(
phosphate2-           +    H+
Acetic acid CH3COOH (
CH3COO-
      +
H+

As an example, acetic acid, which dissociates as shown above, acts as a buffer that resists pH change when H+ or OH- ions are added. When H+ is added, the equilibrium shifts to the left because some of the H+ reacts with the acetate ions to produce acetic acid. When OH- is added, the equilibrium shifts to the right because some of the OH- ​ions react with H+ to form water. To compensate, more acetic acid dissociates to replace the H+ ions. Both effects tend to prevent changes in pH. 

Biological reactions are extremely pH sensitive. Many reactions produce of consume H+ and OH- ions that may alter the pH of the reaction mixture. Consequently, experimental ractions are always run in the presence of a buffer solution to maintain a constant pH. 

In solution, the weak acid (tricineH+) partially dissociates to its conjugate base (tricine) and protons:
tricineH+
(
tricine 
+
H+

When sodium hydroxide is added to adjust the pH, some of the OH-​​ ions combine with H+ to form water. This drives the equilibrium to the right and more tricineH+ dissociates to maintain a constant H+ concentration in the solution. (Remember, the ionic product of water is a constant). As you add more sodium hydroxide, the concentrations of tricineH+ and tricine in solution become increasingly more equal and the buffering capacity of the solution increases. (Remember that when [tricineH+] = [tricine], the pH is equal to the pKa for the buffer. At this point, the buffering capacity of the solution is at its greatest). At pH 7.5 the pH of your solution is within 1.0 pH unit of the pKa for tricine so it will be an effective buffer. When you use your buffer in the reactions, protons generated by the reaction will combine with tricine in solution to form tricineH+ (i.e. the equilibrium will be driven toward the left side) and the pH will remain constant. 

To find the required weight (g) for each reagent to be added to make the buffer, calculate:



g = g/mol x L x mol/L

Therefore to make 50mL of a 250mM solution of tricine (M.W. = 179.2 g/mol):



g = 179.2 g/mol x 0.05 L x 0.25 mol/L = 2.24 g

Choosing an effective buffer:

1) The pH of use for the buffer should lie within 1.0 pH unit on either side of the pKa for that buffer. In this range, the buffering capacity of the solution is at its greatest

2) All of the components of the buffer solution should be compatible. For example, if you need magnesium ions in your reaction mixture, you would not use a phosphate buffer because these two ions will react and precipitate as magnesium phosphate

3) The buffer compound chosen should not affect the biological system of interest. For example, you would not use phosphate buffers to study phosphatase enzymes because phosphate ions competitively inhibit these enzymes. Buffers containing tris are not usually used in measuring rates of electron transport through chloroplasts because this reagent damages the oxygen evolving complex of photosystem II.

4) We frequently make concentrated stock solutions of buffers and dilute them in the reaction mixtures. The effect of dilution on pH depends on the buffering system. Those in which the weak acid is negatively charge (e.g. tricineH+) decreases in pH with dilution. Those in which the weak acid is negatively charged (e.g. phosphate) or uncharged (e.g. acetic acid) increase in pH with dilution. The degree of change with dilution depends on the buffer in question. If the buffer of choice is sensitive to dilution, stock buffers should be made at a pH that will change to the required pH when diluted to adjusted for pH after dilution.

5) The pH of the majority of buffers decreases with increasing temperature. The magnitude of the change is buffer specific. Consequently, buffers are usually prepared at the temperature at which they are to be used.

6) If additional salts are included in the buffer solution (e.g. your tricine buffer contains MgCl2 and KCl), these should be added before the pH and volume are adjusted. 

Krajnyk Unit

1, 2, 3. Scientific Experiments

The Scientific Method:

The scientific method is a scientific orderly, arranged approach used to study nature, and it is also a process used to gain new knowledge. 

Observation: The first step in the scientific method is to make observations about things in nature. This then enables the scientist to formulate questions about what was observed. 

Experimentation: An experiment is a planned investigation designed to obtain new scientific information. 

1. Requires a clear statement of the objectives of the study

2. Statements of HO and HA​ are made prior to the design and implementation of an experiment

Hypotheses:

A hypothesis is a tentative explanation about measured or observed phenomena in nature. 

· Null Hypothesis; HO- a hypothesis of no difference/ no change/ no effect. This assumes that the independent variable had no effect on the dependent variable, or that there was no difference between the observed and the expected results. 

· Alternative Hypothesis; HA- a hypothesis showing a difference/ a change/ an effect. This hypothesis indicates that the independent variable had some kind of effect on the dependent variable, or that there was a difference between the observed and expected results. 

· Hypotheses must include:
· scientific name of the organism

· part of the organism

· stage in the life cycle of the organism

· independent variable/ treatments

· dependent variable/ what we measure

· kind of effect

3. Designing the experiment:

· Experiments are based on the principles of control, replication, and randomization

· Important aspects- sample size, choice of organism (experimental unit), treatments (independent variable), what will be measured (dependent variable), appropriate experimental parameters, the number and frequency of observations, duration of the experiment, solutions, all apparatus and materials. 

· Statistical technique

· Detailed protocol that outlines the structure of the experiment, the materials, methods and the choice of statistical technique to be used. 

4. Implementing the experiment

· Conducting the experiment

· Collecting data which will be used in the statistical analysis

· Recording data in an organized manner

· Scientists may need to account for experimental error

5. Statistical Analysis:

· Once the experiment is completed the appropriate statistical technique is employed on the experimental data and the scientist is then able to obtain results about the data by statistically comparing the treatments used in the experiment

· A scientist can objectively interpret the data by evaluating if the results were similar to previous studies etc. 

· Statistical inference allows scientists to make conclusions about the results. A comparison of these conclusions is always made with the hypothesis- do the results support the hypothesis, yes/no/why/why not?

Communication:

This includes writing a scientific paper for a peer reviewed journal, doing an oral presentation at a conference, or doing a poster presentation. 

Important Terms:

· Descriptive statistics- Statistics that describe or summarize the data, ie the mean, variance, standard deviation, standard error. They are not statistical tests. 
· Null hypothesis- This is always tested because a hypothesis can never be proven, they can only be supported or disproved. 
· Alternative hypothesis- This is the hypothesis of the scientist. 
· Treatment- Independent variable
· Protocol- Chronologically detailed account of the experiment.  

· Bare observations- Make measurements, no treatments, study the organism in its natural state
· Controlled observations- one or more treatments, change in the conditions/ response of organisms. 
· Significant level- In biological investigations scientists must chose a significance level (α) to test their experimental data. In most of these investigations the experimental data are tested at a significant level of 0.05. The establishment of the significant level provides the scientists with an objective criterion for accepting or rejecting the HO. 
· Randomization- To ensure that the sample is representative of the population, individuals must be chosen at random so that every individual in the population has an equal chance of being selected. 
· Controls- Given no treatment, this is the baseline of comparison. 
· Replication- Repetition of a treatment. Replications are important because they reduce experimental error. There must be more replications that treatments. Because of the variation amongst organisms, we need to use various organisms to reduce error in observing responses.  # Replications= total number of treatments + 1. 
· Statistical analysis- 

· Obtain results- accept or reject HO
· Objectively interpret

· Conclusions about results ( do they support the hypothesis?

· This is used by scientists so that they can obtain an objective interpretation of the results and be able to explain the biological significance of the organism with respect to the experimental objectives. 

4. Statistical Techniques

In order to determine which of the basic hypotheses answers the question posed in an experiment, we need to perform statistical analysis on the collected data. Regardless of which statistical test is used, the null hypothesis is the one which is always tested. The reasons for this choice are that hypotheses can never be proved, they can only be supported or disproved and scientists must be careful when making conclusions about their results. 

In a statistical test the null hypothesis will be accepted or rejected. If the null hypothesis is accepted then we can infer that no significant difference was found (i.e. the H0 is supported). However, if we reject the null hypothesis then we have detected a significant result (i.e. the H0 has been disproved and the alternate hypothesis is supported). 

ANOVA (one-way analysis of variance)

This statistical technique is used when we are dealing with experiments that have three or more treatments. The one way analysis of variance tests for the effect of one factor on the variable being measured. This is a parametric test which looks at differences between means of three or more treatments. One of the objectives of the model is to test whether the treatment means could have been obtained from populations with the same parametric mean with respect to a given variable. Each statistical technique has its own set of hypotheses and the hypotheses for ANOVA are given below. In each statistical technique we always test the H0. 


Null hypothesis (H0): μA = μB = μC… μi, where μi is the population mean in treatment i


Alternate hypothesis (HA): all the means are not all equal

If in the ANOVA test the null hypothesis is rejected, the treatment means are not all equal and have significant differences. Then, we proceed to determine where specifically significant difference exists between means. There are a number of statistical tests that can perform this task. A commonly used test is known as the Tukey test (also referred to as HSD- honestly significant difference test). This test examines all pairwise comparisons of treatment means and considers H0: μA = μB versus HA: μA ≠ μB where the subscripts (A, B) denote any possible pair of treatment means. 

5, 6 & 7. Tables and Figures

Descriptive statistics: statistics which describe or summarize the data

	Treatments
	Replications

N
	Mean
	S.D.

Std. Deviation
	S.E.

Std. Error

	0
	8
	2.4
	0.31
	0.11

	25
	8
	2.1
	0.21
	0.08

	50
	8
	2.1
	0.19
	0.07

	75
	8
	1.1
	0.32
	0.11

	100
	8
	1.1
	0.12
	0.04

	Total
	40
	1.96
	0.517
	0.08


Both standard deviation and standard error further describe the mean. Which do you use for your experimental data? If 1 replicate is 1 value than use standard deviation. If 1 replicate consists of more than 1 value averaged or summed together, than use standard error. E.g. if 1 replicate is 1 plant that has 1 flower providing 1 value, than use standard deviation. But if 1 replicate is 1 plant with 3 flowers that are averaged together to give that 1 value, then use standard error.

ANOVA

	
	Sum of squares
	Df
	Mean square
	F
	P value

Sig

	Between treatments
	8.3
	4
	2.09
	34.9
	0.001

	Within treatments
	2.1
	35
	0.06
	
	

	Total
	10.4
	39
	
	
	


Tukey HSDa
	Defoliation intensity (%)
	Replications
	Subset for alpha = 0.05

	
	
	1
	2
	3

	100 c
	8
	1.09 c
	
	

	75 b
	8
	
	2.01 b
	

	50 ab
	8
	
	2.10 b
	2.10 a

	25 ab 
	8
	
	2.18 b
	2.18 a 

	0 a
	8
	
	
	2.42 a

	Sig.
	
	1.000
	0.681
	0.094


- This table is never published

- All means within the same column are given the same letter. Letter “a” goes to the highest mean, then “b”, “c” etc. All means within a column are not significantly different from each other. Anything with the same letter is not significantly different from each other. Therefore in this example, control (0%) is significantly different from 75% and 100%, and 25% and 50% are significantly different from 100%. 25% and 50% are not significantly different from 75% because all have the letter “b”. Overall, there were significant differences in the mean biomass among the 0, 75, and 100%.

Once all the data have been analyzed it is up to the researcher to decide how best to present these results in the Results section. These results can be in the form of a Table or a Figure but not both. Using relevant information from the above tables, the same experimental results are presented below in table and figure formats:

Table 5. Mean plant biomass (g ± SD) and height (cm ± SD) of Cakile edentula var. lacustris defoliated at various intensities (%).

	Defoliation intensity (%)
	Total biomass per plant (g)
	Plant height (cm)

	0
	2.42 ± 0.31 a
	38.13 ± 2.99 a

	25
	2.17 ± 0.21 ab
	35.32 ± 3.04 ab

	50
	2.10 ± 0.18 ab
	33.90 ± 2.11 b

	75
	2.01 ± 0.32 b
	33.86 ± 1.97 b

	100
	1.08 ± 0.12 c
	28.26 ± 0.78 c


Note: Means in each column followed by the same letter are not significantly different 

(P < 0.05) according to Tukey’s HSD test. 
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Fig. 1. Effect of different defoliation intensities (%) on the mean ± SD of total biomass per plant (g) and plant height (cm) of Cakile edentula var. lacustris. Means followed by the same letter within each variable are not significantly different (P<0.05) according to Tukey’s HSD test. 

Text for results section

In general, as defoliation intensity increased there was a decrease in total biomass and plant height. When all leaves of plants were removed a significant decrease (F = 34.985, P < 0.001) in biomass production occurred (Table 5 or Fig.1). The maximum height reached by plants decline significantly (F = 18.996, P < 0.001) with increasing leaf removal intensities (Table 5 or Fig. 1).

*You would not include both the table & figure. You would choose one, just showing both.

Effective Tables

Table = record of numerical data presented in rows and columns

· Do not use vertical lines; a few horizontal lines to separate the various parts within a Table will suffice

· Be consistent in the use of number of decimal places for data

· Include appropriate column headings

· Do not underline the word ‘Table’

· The title for the table goes above the table, should be self-explanatory, do not write the word ‘title’, and do not underline the title

· Results of statistical analyses placed in the table are always explained below the table as a ‘Note:’

· Footnotes in a table (and below the table) should be designated by symbols in the following order: *, †, ‡, §, ||, |P|, #; do not write the word ‘footnote’

· Not all tables require a ‘Note:’ or footnote

Effective Figures

A figure is an illustration and it may be in several forms. Refer to it only as “Figure”. Most graphs are drawn with two axes: y-axis (ordinate) and x-axis (abscissa). When drawing graphs do not extend the axes beyond what the graph requires. Use appropriate increments for the axes. Each axis should be clearly labeled with a short centered statement which includes units of measure.

· The word ‘Figure’ is abbreviated as ‘Fig. 2.’; do not underline this

· The legend goes below the figure; should be self-explanatory, do not underline the legend, do not write the word ‘legend’.

· Use standard symbols in the following order: 
[image: image1]
· Make sure the data fills the entire area

· Remove the grey automatic background

· Do not use any gridlines

· Write titles and axes labels in sentence case
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Zabulionis Unit

1. The biology/ chemistry underlying the various steps of plasmids transformation:

A few genera of bacteria have natural mechanisms for taking up DNA from the environment. This process is called transformation and forms the basis for much of modern microbial and molecular genetics. In the fundamental “cloning” step of recombinant DNA technology, plasmids are transformed into E. coli host cells and replicate as the cells divide. E. coli cells must be artificially induced to become competent for transformation. 

The pGEM plasmid is very large. There are approximately 400 perforations in the cell wall of E. coli JM101. E. coli also has an inner and outer membrane and at points they come together. These points are called the adhesion zone. The adhesion zone is composed of a lipid bilayer that has proteins imbedded in it. Stuck to these proteins are thorny structures that project outwards, called lipopolysaccharides (LPS). Creating favorable conditions to allow the pGEM plasmid to enter the E. coli cell:

Temperature

At 37°C, LPS is in constant motion and serves functions such as keeping viruses away, chemical receptors and communication. It is also responsible for keeping the pGEM plasmid away from the adhesion zone. When the E. coli cells are placed in ice, however, the LPS becomes static and restricted in movement. Immediately after placing the cells in ice, they are transferred to a 45°C heat pulse. This heat pulse causes the lipids to become mushy and creates a thermal imbalance across the memrane that physically pumps (DNA) the pGEM plasmid through the adhesion zones. 

Charge

Another thing to consider is electric charges: LPS has a phosphate group that results in a negative charge all along the membrane. The pGEM plasmid also has a negative charge. This is an unfavorable condition for promoting the pGEM into the cell. However, exposing the E. coli cells to a CaCl​2 solution fixes this problem. Ca has a 2+ charge and thus creates an ionic solution. This neutralizes the negative charges on the membrane, creating favorable conditions for pGEM to adhere to the membrane. 

-E. coli cell now has the ampicillin resistance gene but before it becomes useful and actually provides antibiotic resistance, it must be transcribed into mRNA and then must be translated into the resistance protein. The protein must then get to proper site before the cell actually gains antibiotic resistance. This single cell must then be replicated into thousand of cells, all having antibiotic resistance, before the resistance becomes noticeable, and in order to be stably inherited by daughter cells. 

- The R (resistance) plasmid is made by recombination. It is not incorporated into the chromosome. DNA molecules that have origins of replication can replicate independently of the host chromosome. DNA molecules lacking a replication origin might be incorporated onto the host chromosome by recombination (crossing over) or perhaps by transposition (“jumping genes”).  

Genes carried into a cell by transformation may confer a new trait on the cell after transcription and translation. The time necessary for expression of newly acquired traits is called “phenotypic lag”. 

Transformation experimental procedure:

· Control plates (x2)– consists of just E. coli JM 101 cells and buffer, no plasmid

· Positive control = vitality, expect growth. 100 µL of buffer onto yellow plate with just LB broth. Cells divided and multiplied until growth covered the entire plate = confluent growth. No individual colonies, completely covered. The positive control tells us that our protocol was OK, and that the cells survived the treatment that we gave to them. 

· Negative control = don’t expect growth. 100 µL of buffer onto pink plate with LB broth and ampicillin. No growth occurred. 

· Bacterial cells were destroyed by the antibiotic by:

· Preventing protein synthesis in bacteria. Stopped transcription

· DNA synthesis in bacteria stopped 

· -Ampicillin, specifically, stops production of peptidoglycan which is a structural component of bacterial cell well. Because it is the major building block of the cell walls, bacterial cells may start growing but without a cell wall they get weaker and weaker and due to increases in osmotic pressure they eventually burst. 

· Experimental plates (x2) – Experimental/comparison control. A group of subjects that are not exposed to the experimental treatment so can be used as a comparison against treated cells. 

· In this experiment consisted of E. coli JM101 cells + pGEM plasmid.

· Both experimental treatments were the same and consisted of 100 µL of the above solution (E.coli and pGEM) on a pink plate with LB broth and ampicillin.

· Transformants – also known as transformed colonies or resistant colonies. They are circles that represent a single cell that gained resistance to ampicillin by picking up a single molecule of pGEM (which possessed a resistant protein). That cell multiplied and grew. There are approximately 100:1,000,000 resistant cells to non resistant cells. This shows that this method of transformation is a rare event. 

· Satellite colonies = spheres around transformants. They exist because:


1. pGEM degrades ampicillin so decreases the amount of ampicillin around it

2. Ampicillin only inhibits growing cells. Cells that are not currently growing don’t need to manufacture new cell walls and therefore don’t need peptidoglycan. Therefore ampicillin has no detrimental effect on dormant cells

3. The sample that was used consisted of E. coli cells all with the same genetic mutation. This means that they are genetically identical. However, they could be physiologically different. In a given population, some cells will be actively growing while others are dormant. Dormant cells are not building cell walls and therefore won’t be affected by the ampicillin. If the dormant cells wake up after the pGEM plasmid has already degraded all the nearby ampicillin they can grow freely using the LB broth. Had the dormant woken up earlier, the pGEM may not have destroyed the ampicillin and the ampicillin would have killed the E. coli (as is the case in the areas without satellite colonies). Satellite colonies are not fully developed yet and are not counted as “growth”. Growth is counted by the number of transformants. 

2. The design, controls, and biological mechanisms underlying the independent experiments:

Biological background: An antibiotic is a chemical compound, produced by certain species of bacteria and fungi, that inhibits bacterial growth. Ampicillin is a β-lactam antibiotic which operates by inhibiting the synthesis of peptidoglycan in bacterial cell walls. Kanamycin is a member of the aminoglycoside class of antibiotics which operate by binding to sites on rRNA which interferes with the process of translation. The degree of antibiotic usage has increased substantially in the past fifty years and consequently bacteria have developed mechanisms of resistance. In this experiment, the antibiotic resistance is conferred by R- plasmids. 

Experimental design: A serial dilution was performed on two types of bacteria. The bacteria in different test tubes were subjected to different concentrations of ampicillin. After an incubation period, the test tubes were analyzed using a spectrophotometer to determine the amount of bacterial cells present. A high absorbance reading indicates a high level of bacterial cells present, and therefore a high level of antibiotic resistance. 

Controls: There were control test tubes which were not subjected to ampicillin. This was a negative control, because with antibiotic physiology the definition of a positive or negative control is based on what we are/ are not adding. In this case we are not adding the antibiotic, therefore it is a negative control. This control is important because it indicates if the protocol was effective, for example if the cells were able to grow even without being subjected to the antibiotic ampicillin. 

Antibiotic action and resistance:

Most antibiotics function by one of four mechanisms: inhibition of cell wall synthesis (penicillins), alteration of membrane permeability (nystatin), inhibition of protein synthesis (kanamycin, tetracycline), inhibition of nucleic acid synthesis (nalidixic acid, rifampin). 

Resistant strains of microorganisms are often encountered that exhibit one of four common mechanisms to counteract the effects of the antibiotics: enzymatically destroying or detoxifying the antibiotic, decreasing the membrane permeability for the antibiotic, developing an altered molecular target that the antibiotic no longer binds to, developing an altered metabolic pathway to bypass the antibiotic-induced block. 

· Ampicillin- an antibiotic derived from penicillin that interferes with cell wall biosynthesis. A transpeptidase enzyme necessary for crosslinking new peptidoglycan chains in the growing cell wall is irreiversibly inactivated by ampicillin binding. Since ampicillin clocks new cell wall synthesis, only actively growing cells are affected. Resistance to ampicillin is often conferred by genes that code for an enzyme that degrades the antibiotic. 

· Chloraphenicol- inhibits protein synthesis by binding to the 50S ribosomal subunit and blocks peptidyl transferase. It is a bacteriostatic antibiotic; it inhibits growth of bacteria but does not necessarily kill them. Plasmid-borne resistance to this antibiotic is conferred by chloamphenicol acetyl transferases) a cat gene. Resistant cells are able to chemically modify the antibiotic such that it no longer binds to the target site. 

· Kanamycin- it is an aminoglycoside antibiotic that kills bacterial cells (bactericidal) by binding irreversibly to the 70S subunit of ribosomes causing misreading of mRNA. Resistance is often conferred by genes that code for enzymes that modify the antibiotic molecule by adding phosphate groups or acetyl groups. The modified antibiotic can no longer bind to the ribosome. 

· Tetracycline- a bacteriostatic antibiotic inhibiting protein synthesis (elongation) by preventing the binding of aminoacyl-tRNA to the 30S ribosomal subunit. The mode of resistance is the tet gene which specifies a protein that modifies the bacterial membrane and prevents the transport of tetracycline into the cell. The tetA gene specifies an efflux pump that removes tetracycline from the cell. 

5. Interpreting transformation data

During the transformation experiment in the first class, a sample of the “control” mix was plated on LB plates containing the antibiotic ampicillin

(1) What type of control are these plates?

Negative, because we are not expecting any growth

(2) After overnight incubation of these plates growth was observed on them. What might be reasons for growth?

- When the plates were made maybe the antibiotic wasn’t spread over the whole plate

- The bacteria could have mutated: the procedure could have made a few cells resistant

- The tops used to transfer the bacteria could have been contaminated

In class we determined the concentration of cells in a liquid culture by diluting, plating, counting colonies (each colony represents one cell from the original culture) and the calculation of concentration taking into consideration the dilution factors. Does this methods account for all of the cells in the original culture?

- Perhaps the original culture was not mixed well so the sample we took out may not have been the same concentration as the original culture

- Perhaps we did not pipette accurately

- If 2 cells started out close together and grew close together, they may be miscalculated as 1 cell.

- We are only counting the cells that grew therefore we are not accounting for cells from the original culture that are dormant.

What type of control is plating buffer samples onto a plate with LB and ampicillin?
- Buffer samples were plated onto plates with LB and ampicillin to act as a negative control. This means that this was a control to compare our experimental plates to, where we expected there to be no growth. The cells that were plated had no form of resistance to the antibiotic ampicillin and as such were not expected to grow. In contrast, the samples with some form of resistance (plasmid) were expected to have resistance and therefore grow. The importance of this negative control is to clearly prove that the only reason for growth in the experimental plates (bacteria with plasmids) was that they had this resistance-providing plasmid, because this is the only difference between them and the negative control which showed no growth.

EDTA removes 2+ charges. What effect would this have on the number of transformants?

-If EDTA is added to a transformation mix prior to adding cells, the number of transformants will decrease. In order for transformants to be made, the first step is that the pGEM plasmid must enter the cell. This is difficult for several reasons including the electric charge interactions between the plasmid and the cell. Specifically, both the plasmid and the cell membrane (more specifically, the lipid bilayer) have negative charges, making the plasmid approaching and entering the cell very unfavorable. To counteract this repulsion, the cells are placed in a solution of CaCl2. Calcium ions have a 2+ charge (Ca2+) and these 2+ charges coat the membrane making it positively charged and thus favoring the plasmid to enter the cell. Therefore, if EDA (which removes the 2+ charges from the solution) was added to the transformation mix, it would decrease the pGEM plasmids’ ability to enter the E. coli cell by once again making both things negative and therefore repel each other, and therefore decrease the number of transformants. 

Why might there be no growth on transformation antibiotic plates?

- The plates might be contaminated with some harmful substance (e.g. ethanol) that would prevent cell growth

- Experimental error, i.e. forgot to add the CaCl2 or forgot to cool the cells etc.

- There might be an unusually high level of dormant cells in the culture

Events that must occur in the cell to give rise to a colony on an antibiotic plate are:

- The plasmid must be taken up by the cell (this involves countering the charge interaction and size restrictions)

- Once inside the cell, the plasmid must be translated to make and ampicillin-resistant protein

-The ampicillin-resistant protein must move to the proper location in the cell to be effective

- The cell must replicate its own genome as well as the plasmid, to increase the number of resistant cells in order for a colony to form. 

6. Dilutions

- E. coli grown in a flask; very dense: millions of cells per mL. You want to know the concentration of cells. Plating this won’t work because will be so many cells on your plate. Dilutions are used to bring the concentration down and then find out original density of cells. There are two sizes of test tubes: 4.5 mL and 9.9 mL. Ideally want 30-300 colonies on a plate. So want 30-300 colonies per mL. Therefore when diluting want final concentration to be either 10-5 or 10-6.

Serial Dilutions

Ex 1) Start with 2 x 109 cells/ mL. Plate 100 μL to get 200 cells. Cells/ mL at end?


200 cells  x   1000 μL
= 2000 cells/ mL at end = 2 x 103 cells/mL at end


100 μL

1 mL


Ex 2) Start with 8 x 107 cells/ mL. Plate 100 μL to get 8000 cells. Cells/ mL at end?


8000 cells  x   1000 μL
= 80,000 cells/ mL at end = 8 x 104 cells/mL at end


100 μL

1 mL
Ex 3) Start with 6 x 105 cells/mL. Plate 100 μL to get 60 cells. Cells/ mL at end?


60 cells  x   1000 μL
= 600 cells/ mL at end = 6 x 102 cells/mL at end


100 μL

1 mL


Ex 4) There are 218 cells on a plate and they were diluted by a factor of 10-8. What was the original concentration (cells/mL)?


218 cells  x   1000 μL
= 2.18 x 1011 cells/mL at end


100 μL

1 mL


Therefore original cells/mL = 2.18 x 1011 cells/mL x 108 = 2.18 x 1011 cells/mL

Stock Dilutions

Dilute stock concentration to working concentration using C1V1 = C2V2
Ex 1) Original concentration (C1) = 10 mg/mL, want working concentration (C2) = 100μg/mL and want total volume (V2) = 1L. How much of stock solution nand how much of distilled water must we add?

C1V1 = C2V2
(10,000 μg/mL)(V1) = (100 μg/mL)(1000mL) 

V1 = 10 mL

Therefore must add 10 mL of stock solution and (1L – 10mL =) 990 mL of dH2O.
< 0.2 μ





> 0.2 μ
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