A quantitative characterization of the yeast heterotrimeric G protein cycle

Equipment used: Fluorometer
Description


Fluorometer is an instrument that measures the amount of fluorescent radiation produced by a sample exposed to monochromatic radiation. A fluorometer contains two filters, one for excitation and one for emission, but no wavelength scanning. When a sample is tested by fluorometer, a light is projected to the sample, and the scattered light is collected at different angles form the incident light direction. 
The intensity, wavelength and angel scattered from the sample will be sent to a computer connected to the fluorometer for calculation. Below figure shows a model of fluorometer which is typically used in laboratory.  
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Fig.1 A picture of a fluorometer

Fluorometer is a very accurate and instrument for quantifying and detecting a compound or substance, especially common among organic molecules, including groups of strongly fluorescent dyes. Examples are fluorescein (absorbs blue, emits yellow-green light), the rhodamines (absorb green light, emit orange-red). It is a useful tool to quantify molecular dynamics in biophysics and biochemistry, such as protein-protein interactions, protein-DNA interactions, and protein conformational changes. Fluorescence has been commonly used in many research fields, such as molecular and cell biology, food processing, environment assessment, pharmaceutics and biohazard detection. 


Common features for fluorometers include shutters, microscope, automatic temperature compensation ability, temperature measurement ability, programmability, self-calibration and alarms. Modern fluorometers are capable of detecting fluorescent molecule concentrations al low as 1 part per trillion. 
What fluorometer measures typically and in our project?


A typical fluorometer is usually used to measure the amount of fluorescence resonance energy transfer (FRET). FRET can be quantified in cuvette based experiments or in microscopy images on a pixel by pixel basis. This quantification can be based directly (sensitized emission method) on detecting two emission channels under two different excitation conditions (primarily donor and primarily acceptor). However, for robustness reasons, FRET quantification is most often based on measuring changes in fluorescence intensity or fluorescence lifetime upon changing the experimental conditions, which are what we are going to measure in this topic. 

In the topic of this project, the association state of cyan fluorescent protein (CFP)-G[image: image2.png]


 and G[image: image3.png]
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-yellow fluorescent protein (YFP) was monitored by fluorescence resonance energy transfer. The result showed that a loss of fluorescence resonance energy transfer was produced by receptor-mediated G protein activation, which is able to be measured by a fluorometer. 
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Fig.2. Reaction diagram of heterotrimeric G protein cycle

The above figure is the reaction diagram of heterotrimeric G protein cycle, which is used to estimate the rates of G protein activation and inactivation. The heterotrimeric G protein cycle comprise of four ordinary differential equations (ODEs), describing the dynamics of the four state variables: free receptor (R), receptor bound to ligand (RL), inactive heterotrimeric G protein (G), and active G[image: image6.png]


-GTP (Ga). The output is the level of free G[image: image7.png]
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 ([Gbg] = Gt – [G]) and the input is the concentration of α-factor (L). 

The level of G[image: image9.png]


-GDP (Gd) is determined by the conservation relationship [Gd] = Gt – [G] – [Ga].


The ODEs of the model are as follows: 

(i) d[R]/dt = –kRL [L][R] + kRLm [RL] – kRd0 [R] + kRs; 

(ii) d[RL]/dt = kRL [L][R] – kRLm [RL] – kRd1[RL]; 
(iii) d[G]/dt = –kGa [RL][G] + kG1 [Gd][Gbg]; and 
(iv) d[Ga]/dt = kGa [RL][G] – kGd [Ga].
The ODEs contain ten parameters; seven of them can be determined by direct experiments measurement and information from literature. The other three, which are the rates of G protein activation (kGa), Sst2p catalyzed G protein deactivation (kGd1) and uncatalyzed G protein deactivation (kGd0), were identified from the FRET time course and dose–response data.

In our project 2, we will estimate the effect by changing the amount/concentration of agonist alpha-factor (L). Since the loss of fluorescence resonance energy transfer can be measured by fluorometer. By measuring the loss in fluorescence resonance energy transfer, its effect on the cell cycle can be estimated. 
Theory of using fluorescence resonance energy transfer
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Fig.3. Diagram of resonance energy transfer 
The above diagram shows how fluorescence resonance energy transfers. Generally speaking, FRET describes an energy transfer mechanism between two substances, namely chromophores; one is called donor, and the other called acceptor. Although FRET is commonly called “Fluorescence” resonance energy transfer, it is not always detected with fluorescence. 

When a light with specific wavelength (in this project, the wavelength is ~430nm) is incident on the donor, the donor would absorbed the light and transit to excited state (indicated by green arrow). After a very short time the donor absorbed the energy of the incident light, the donor transits to its original state, the ground state (indicated by red arrow), which is most stable state, by an emission of light with longer wavelength than the incident light. The energy of the emission is called excited energy, and its value is smaller than the energy of the incident light. 
If there is an acceptor close to the donor, say 1-10 nanometres, the excited energy would be transferred directly and nonradiatively to the acceptor through long-range dipole-dipole intermolecular coupling, without an emission of photon (indicated by blue arrow), and this energy is called resonance energy transfer. Again, the acceptor would transit to its excited state and back to its original state by emit another light which wavelength is much larger than the wavelength of the incident light and light form the donor. Thus, there is a significant loss in fluorescence resonance energy transfer. 
In order for the occurrence of resonance energy transfer, several criteria must be satisfied, they are listed below:
1. Overlapping emission and absorption spectra of the donor and acceptor molecules.

2. The distance between donor and acceptor must be within a certain range, about 1 to 10 nanometres.
3. The relative orientation of the donor emission dipole moment and the acceptor absorption dipole moment.
During the process of the FRET, several data were collected. Most importantly, are the fluorescence of the emitted light with respect to wavelength, and the loss of FRET with respect to time. Other data may be required, such as the angle of the light emitted from the acceptor make with the incident light. With the help of the data collected, the rate (KT), and the efficiency (E) of the FRET can be determined by several equations:
For rate of energy transfer;

KT = (1/τD) • [R0/r] 6 


(1)
τD = donor lifetime in the absence of the acceptor
r = distance separating the donor and acceptor chromophores
  R0 = donor separation radius

 = 2.11 x 10-2 • [κ2 • J (λ) • η-4 • QD]1/6
κ2 = actor describing the relative orientation in space between the transition dipoles of the donor and acceptor
J (λ) = overlap integral in the region of the donor emission and acceptor absorbance spectra (with the wavelength expressed in nanometers)

η = refractive index of the medium

QD = quantum yield of the donor
For efficiency of energy transfer;
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(2)
τ'D = donor lifetime in the present of the acceptor


If donor lifetime is not use, it can be replace by other parameters, below are the expression: 
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(3)

 Where  



F'D = donor fluorescence intensities with an acceptor




FD = donor fluorescence intensities without an acceptor
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[image: image14.png]11 (/R






(4) 

E depends on the donor-to-acceptor separation distance r with an inverse 6th order law due to the dipole-dipole coupling mechanism.
In quantitative characterization of the yeast heterotrimeric G protein cycle, several measurement based on FRET are used. They include FRET measurement, Time Course and Dose-Response FRET Experiments and Pheromone Response Assays.
In FRET measurement, exponentially growing cells was treated with [image: image15.png]


-factor for a specified period, then [image: image16.png]


4 OD600 units of cells were removed from the YPAD medium, wash and resuspend with PBS. Quantification was performed on single wave-length readings with excitation at 430 nm and emissions monitored at 466 and 600 nm.  

In time course experiments, 1 µM [image: image17.png]


-factor was added to cells in YPAD medium (30°C) at t = 0. At different time points, the cells were quenched by placing in the ice-cold formaldehyde-PBS solution, and single-wavelength fluorescence measurements were made at 475 and 530 nm.
In the dose–response experiments, a single time point was picked near the peak of the time course response for the relevant range of [image: image18.png]


-factor concentrations. Different doses of [image: image19.png]


-factor were added to separate cultures, and the cells were then quenched in the formaldehyde-PBS solution after the specified time.

In Pheromone Response Assays, A pheromone-responsive reporter gene (PFUS1-GFP) was constructed by using the promoter from the FUS1 gene fused to GFP on the single-copy pRS316 plasmid. This plasmid was transformed into the various strains. The cells in YPAD medium were treated with the different doses of [image: image20.png]


-factor for 2 h. Approximately 1 OD600 unit of cells was harvested, resuspended in 100 µl of PBS, placed into a 96-well plate, and read by using the Gemini fluorometer with the excitation at 470 nm and emission at 510 nm. 
Cell-cycle arrest was quantitated by treating exponentially growing cells with different doses of [image: image21.png]


-factor for 4 h and then measuring the cell density (OD600) in a spectrophotometer.


Below are the graphic results of the above measurements.
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Fig.4. G protein activation results in a loss of FRET
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Fig.5. Kinetics of G protein activation by time course experiment
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Fig.6. Overalap of different dose-response curves in G protein signaling
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