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BIOEN 337 
Taylor, A.

Lab 1:  Electrical Analog of a Biological System
Introduction:
Analog computers are useful in a variety of applications.  Although the electronic digital computer has replaced the older analog computer for most tasks, the analog computer is well-suited for the solving of differential equations, specifically non-linear differential equations and systems of equations.  Analog computers are comprised of circuits that can perform addition, subtraction, multiplication, division, integration, and differentiation.  Specific mathematical operations needed to solve the overall equation are performed by connecting these circuits in the proper sequence.  Inputs to the circuit are voltages which usually vary with time in a prescribed manner.  Measurement of the output voltage yields the equation’s solution.  In this lab, you will learn how to design and implement an analog computer to solve a particular differential equation and to simulate a biological process.  You will then compare the electrical analog solution to the analytical and MATLAB solver solution.

Biological Relevance:  Glucose Transport and Conversion to Lactate
The synthesis of lactate from glucose starts with the transport of glucose across the plasma membrane of a hepatocyte, skeletal muscle cell, or astrocyte.  Once glucose moves across the plasma membrane via the GLUT transporter, it undergoes metabolism and can be converted to various products.  In skeletal muscle cells, the uptake of glucose is promoted after a meal by the elevation of blood glucose concentration and the subsequent insulin-induced translocation of the GLUT glucose transporter to the cell’s surface.  
In this lab, we are focusing on the conversion of glucose to lactate (via an intermediary pyruvate product), which occurs when oxygen is low or in short supply.  For example, this reaction occurs in skeletal muscle cells during exercise.  This conversion is also a key component of glucose metabolism in the retina.  

Physiological Process to Simulate with Electrical Analog:
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In this lab, we will be modeling the process of glucose transport and conversion in red blood cells (Fig. 1).  
This process can be expressed as:
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The rate of change of S1 concentration over time, or dS1/dt, can be expressed as:

dS1/dt = (k1Xo – k2S1) – k3S1 		(eqn. 1)

where V1 = (k1Xo – k2S1) and V2 = k3S1

In this lab, we are interested in the concentration profile of S1 as it changes over time.  
How can we solve for S1 as a function of time?

To solve this differential equation (eqn. 1), we will construct an analog computer to compute S1.
Procedures:
	This lab will be completed in groups of 3.
I.  Analog Computer Design:  Lab Session 1
Goal:  Design analog computer to ultimately measure S1 as a function of time.
Hints: k1Xo will be treated as a constant, applied as a constant input voltage to the circuit.  Assume an initial condition of S1 concentration at time zero = 0 (this is relevant for the integration stage of your circuit).  The mathematical operations stage depicted below will involve 1) multiplication by constants via the use of potentiometers, 2)  an inverting op-amp, and 3) a summer.
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-Use excerpts from Batten, George.  Design and Application of Linear Computational Circuits) to design the circuit, and/or BIOEN 336 text.

-Questions: (To think about now as you design your analog computer, and to answer in your lab reports)
1.  What assumptions are we making about Xo?
2.  What is the purpose of the switch in the integrator stage?  3.  In the integration stage, why are the RC values important?
4.  Examining the equation for the rate of change in S1 over time, what do you expect the profile of S1 vs. time to look like?  What will the general shape of the response be? 

We will provide you with a design during Lab Session 2, so that we can all have a standard circuit to complete.  This will facilitate execution and debugging.  However, gaining practice with the concepts you’re learning in BIOEN 336 is very important, hence the dedicated time during Session 1 for circuit design.  During Lab Session 2, your circuit design (one per group) will be checked and signed by the instructor or TA, which will count towards your lab report score.


II. Build Circuit and Acquire Data:  Lab Session 2 and 3
-Come with your circuit design already completed; get your design checked off.
-There are multiple possible designs, but we will be using a standard design for easier debugging and cross-team collaboration.  Thus, refer to handout of standard design.
-Generate wiring diagram (one per group).
-Assemble circuit.  
	Note:  Each group will assemble a portion of the overall circuit.  (stage 1 or stage 2)  Once groups have their stages assembled, stages will be combined in order to measure S1.
If there is enough time, groups will assemble a complete circuit.
-Testing your integrator:  apply a constant voltage to the input of the integrator stage.  First, think about:  What do you expect to measure from the integrator’s output if a constant voltage is applied to the input??  You should already know this from your knowledge of calculus.
-Consider the constants in the circuits.
	What values will you use?  Note:  k1Xo can be considered as a one lumped constant.
	Can you determine the values for k2 and k3?  Remember, these are determined by the potentiometer.   As such, what is the range of possible values for k2 and k3?
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-Review your circuit diagram   The pushbutton switch will be used to discharge the capacitor or to start integration, depending on the switch’s position.  This switch is a single throw double pole (STDP) switch, which also has an “off” position.  (How will you determine the position of the switch?)




-The ultimate goal is to measure S1 output over time.  Over what time span can you integrate??  Recall your reading from Lab Handout II.  Be careful not to saturate the op-amp!  What is the maximum output voltage that you can measure before the op-amp becomes saturated??  This will affect your time scale of integration!

-Record, save the output signal.

If time, repeat for different constant values.
	-Adjust and determine new values for k1Xo, k2, and k3.
	-Reset circuit (discharge capacitor).
	-Measure S1 output.



III.  Post-lab Analysis
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1.  Using calculus, solve for S1 analytically.   Include your work in the Appendix.

2.  Use MATLAB to solve the differential equation using an ode solver and plot this along with the analytical solution (S1 concentration vs. time).

3.  How do these results compare to your electrical analog results?

4.  Biological Relevance:  Can you find values for Xo in humans in the literature?  What is a normal concentration, recognizing of course that this will fluctuate with food intake, etc?  On a related note, why can we assume Xo is constant for our model?  How reasonable is our assumption that the initial condition for S1 is equal to zero?    
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Fig. 2 Transport and conversion of glucose in red blood
cells.  Glucose in the circulating blood plasma is
transported across the plasma membrane of the red
blood cell at a rate expressed by V,. Intracellular
glucose (S,) is converted to lactate (X;) at a rate
expressed by V,.
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