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Overview for the Teacher
This module is appropriate for use with Biology 1 students who have studied protein structure, synthesis, and function, and classification of organisms. It is designed as a one-week unit that would be an appropriate capstone to the study of DNA/RNA and protein synthesis, it requires asks the student to apply that knowledge to several species of spiders and draw conlusions. The module introduces the student to the rapidly emerging field of BioInfomatics by teaching the basic mathematical principles which underlie computer programs that align amino acids nearly instantaneously, and how to use one of those computer programs. The students become researchers in effect, and should begin to understand how computer modeling of biological problems can aid in the solution of those problems.

The first day of the module is devoted to becoming familiar with spiders, their webs and their silks. Day 2 develops the mathematics of optimal paths on which the computer programs are based. On day 3 students utilize the computer program “Biology Student Workbench”  (BSW) to align the amino acids of the same silk from two different species of spiders and decide how they differ. On day 4 students to use the BSW to add 3 additional silk proteins from different species and draw conclusions about how the chemical composition varies by species and which of them align most closely. Day 5 will consist of the wrap-up assessment of the module and the module evaluation.

All black line masters are included in the Materials section, and may be copied to paper and/or transparencies, or scanned for use with a computer and projector. Students will need computers and internet access.

The module can be used in its entirety in either a Biology class or a math class, or the math and computer part can be used separately as stand-alones, or can be team-taught between a math and a biology teacher.

Topics explored in the module:  

· Development of an algoritm to determine optimal alignment of protein sequences. 

· Computer modeling of the problem.

· Use of large computer databases to align sequences.

Target Audience: 9th and 10th grade mathematics and/or biology classes
Length: 5class period of 50 minutes each.

Prerequisites:
Math:
· 9th grade

· Addition of integers

Biology:

· DNA, RNA structure

· Protein composition and synthesis

· Amino Acids 

· Classification

Standards Alignment: Topics in this module align with the following:


NCTM Standards for School Mathematics:



Problem Solving



Reasoning and Proof



Communication



Connections



Representation


National Science Education Standards:



Biological Evolution



Molecular Basis of Heredity



Investigating and Analyzing Science Questions

Applying the results of experiments to scientific argument and explanations.

Goals:


The student will understand algorithmic thinking

· The student will be able to apply an algorithm to a matrix.

· The student will be able to analyze the result of applying the algorithm.

· The student will understand the computer’s ability to apply the algorithm quickly and easily.

· The student will understand the methods used by researchers to align protein sequences.

Synopsis of unit: 

Students will learn the algorithm for matching sequences by both guided and independent practice. When recognition of the easier computer tool is introduced, the students will utilize the tool to match strands within a species and between species. 

Teacher Timeline

	Day
	Topics
	Materials
	Homework

	1
	Spiders

Optimal paths

Matrices
	Video: Spider Web Building

Handout: Spider Background

Handout: Alignment
	Alignment Handout 1

	2
	Optimal paths

Matrices
	Handout: Alignment Handout 2
	Alignment Handout 3

	3
	Matching with BSW
	Computers with internet access for every two students

Handout: BSW 1
	Handout: Spider Silk research



	4
	Matching with BSW
	Computers with internet access for every two students

Handout: BSW 2
	Handout: Questions on Spider Silk and hand alignment

	5
	Assessment
	Computers with internet access for every two students

Handout: Alignment
	Handout: Evaluation


Day 1:

Open the discussion with the students “Know, Want to Know, and Want to Learn” or “KWL” about spiders and their silk. Show the Video: Spider Web Building and discuss what is happening and the types of silk that are being utilized by the spider. Handout: Spider Background and read in pairs. The reading should answer many of their questions. Handout: Allignment and Allignment Handout 1; read and do with the students as time permits; the remainder is homework. Remind students to keep track of their time to align the problems; this will become important in tomorrow’s discussion of the computer’s extreme capabilities.

Day 2:

Go over the homework so that everyone understands how the protein segments align. Review the concept of  folding of DNA in transposition, as well as breaking and misaligning. The alignment scoring rubrics are not arbitrary as are those used in the examples contained in this module. The real scoring matrix is determined through more complicated mathematics to render a more accurate reflection of nature’s intended match. The scoring rubrics used in these examples are, however, simple enough for most students to respond  correctly to an alignment, and to understand how a computer is able not only to model these alignments, but to do so in a blink of an eye. Handout: Spider Silk Research to read in pairs. Allignment Handout 2 can be started in class and finished for homework.

Day 3:

Go over the homework, clarifying the process. Discuss the algorithm for scoring : checking each of three paths for the optimal score in each box, and how the computer can do this very quickly, finding the entire optimal path for very long strands in much less time than it could be done by hand, and with many fewer errors. 

Introduce the Biology Student Workbench with Activity 1. It would be a good idea if you work through this activity before the students use it. Navigation in this web site is really quite easy but some practice will make helping the students much easier. In Activity 1 the students are asked to align two amino acid sequences and answer some analysis questions about the proteins.

Day 4:

Biology Student Workbench Activity 2 will be the focus on t his day. The main idea in this activity is for the students to access the session they set-up on Day 3 and add a silk protein from three more spider species. They will then align and analyze all five proteins. 

Day 5:

The goal for Day 5 is for a wrap-up assessment of the  module in which students are asked to understand the application of matrices to a biological comparison of species. In addition the students will be asked to complete and evaluation of the module.

Student Material

Biology Background Handout

As you have learned in science there is a relationship between deoxyribonucleic acid (DNA) and proteins. Proteins are made up of chains of amino acids, DNA carries the code that determines the order of the amino acids therefore it also determines what proteins will be produced by an organism. The differences between species of organisms as well as the differences between individuals of the same specie are a result of the types of proteins that are made in cells. In recent years humans have discovered many uses for comparing DNA, comparing proteins and comparing the sequence of amino acids that make up proteins. One interesting application of sequencing the amino acids of proteins involves spiders. 

Spiders are members of the animal kingdom and fall into the phylum Arthropoda, class Arachnida which also includes scorpions, mites and ticks. Spiders are in the order Araneae which is one of the 11 orders in the class Arachnida. Spiders are found worldwide and there are thousands of species which are mostly predators of insects. As predators, spiders play an important ecological role in controlling insect populations. Spiders have a variety of methods for capturing prey. Some produce toxins that immobilize prey, some physically catch prey while others build webs to trap their prey. The activities in this module will be dealing with a few of the web-building species. 

Most species of spiders produce several general types of silk (all made of protein) each having a specific purpose, such as constructing webs, capturing prey, movement, or protecting eggs. The silk is a solid fiber composed of proteins combined in such a way as to provide the mechanical properties necessary for those functions. Although all spiders produce the same general types of silk, each species of spider produces silk made up of a unique protein containing a high percentage of two amino acids – alanine and glycine. The thread of protein forming the silk is released from an internal gland and passes through structures called “spinnerettes” located on the abdomen. Usually each species of spider produces several types of silk, each produced by a different silk gland in the spider’s abdomen. The spinnerettes apparently align the amino acids produced by the gland’s cells into the sequence that makes that particular silk, removes moisture, and produces a solid fiber. It has been shown that it is the order of the amino acids in the protein sequence that gives the silk its amazing properties. 

In the most familiar type of spider, the orb-weaver, the web is a flat spiral anchored in several directions to a structure of some sort, perhaps a wall, branch, or leaf. Major ampullate (MaSP1), or dragline silk makes up the axes and anchors the web to a support. Minor ampullate (MaSP2) silk is applied to the support in a spiral starting in the middle where the draglines intersect. It is attached to the dragline silk with a Puriform silk that is glue-like. As the spiral increases in diameter, the silk changes from Minor ampullate to Flagelliform silk for the part of the web where insects are likely to impact. Flagelliform is much more elastic than Minor ampullate, so the insect does not bounce off, but becomes ensnared with the forward and backward stretching of the web. 

The mechanical properties of the silk are extraordinary and make scientists very interested in studying the protein composition. Spider silk has high tensile strength (is hard to break), is sticky, and is very elastic. Because of these properties artificially produced spider silk could be used to make things like a lightweight bullet-proof vest, wear-resistant clothes, artificial tendons, or sutures used in surgery. Dragline (MaSP1) silk is stronger than KEVLAR (used in bullet-proof vests) and the tendons in human joints. Flagelliform is also stronger than KEVLAR, 40 times more elastic than tendons, and one-third as elastic as rubber. The silk is also insoluble in water; webs stand up to rain storms and dew quite well. In fact, dragline (MaSP1) silk shrinks when wet to about 50 % it’s dry length.

How useful would it be to humans to be able to produce these strong fibers on a commercial level? Artificial tendons and ligaments are the prime target of current research. 

What would researchers have to know to do this? The key to being able to a produce synthetic material with the same properties as spider silk is a clear understanding of the sequence of amino acids that make up the protein. Then they would need to know which parts of the sequence give it the desired mechanical property, and which sequences could be left out without losing the ability to be spun into fibers. 

How does the researcher KNOW which amino acid sequences make the silk stronger, or more elastic? Current research on this problem consists of first extracting silk from the glands of spiders, sequencing it, and aligning amino acid sequences from the same silk from many spiders of the same species, then comparing spiders of different species, and finding the amino acid sequences that all have in common. Since the protein sequences may be 65 to 5000+ amino acids each, this is a long process. 

The alignment of amino acids in silk, or anything, is a guessing game in a way. The question of what nature intended is always there when sequences are aligned because they rarely, if ever, align perfectly. A perfect alignment would look like:

Sequence 1:  GLGGQGAGAAAAAAA

Sequence 2:  GLGGQGAGAAAAAAA.

Unfortunately, during the processes of DNA replication or protein synthesis, pieces of genetic information can be broken or lost. This creates alignments that may be close but not perfect. A close alignment might look like:      

Sequence 1:  GLGGRGAGA

Sequence 2:  GRGGL_ AAA

How close is this alignment to what nature intended? Could there be a better, more optimal, alignment? Biologists and mathematicians have studied this problem and have an “algorithm”, or procedure, for aligning strands that seems to work well. This procedure is what you will study in the activities that follow.

Alignment

Matrices are useful for finding the best possible match between two proteins. For example, think of the small binary problem of a traffic light. If the light is “red”, you must stop; if the light is “green” you can go.  If there are two traffic lights on a street on which you are driving, how many ways can you pass through them? If you are thinking of two ways, “stop,go”, and “go,stop”, can you think of any other possible ways? How about “stop, stop”, or “go,go” ?  A matrix can help to reveal all of the possible combinations. Let’s try it:

	
	1stLight
	Green
	
	Red
	

	2ndLight
	
	
	
	
	

	Green
	
	Go,Go
	
	Stop,Go
	

	
	
	
	
	
	

	Red
	
	Go,Stop
	
	Stop,Stop
	

	
	
	
	
	
	


The matrix shows that there are four possible ways we could travel through both lights. 

In the case of the stop lights, there are two ways in which we pass through by doing the same thing at each: “stop, stop” or “go, go”, and you can see in the matrix that those solutions where both actions are the same are located on the diagonal from top left to bottom right. These positions would be called “matches”, while the other positions would be termed “mismatches”. 

When we are interested in matching strands of amino acids, the big question is how many times can  the same amino acid occur in both positions. The matches would be more valuable to the researcher trying to align sequences of amino acids than the mismatches, so a point value system could be attached to the process, like +1 for a match (go), and -1 for a mismatch (stop).

. 

In the traffic light example above, the best or “optimal” path would be the matching diagonal with values of +1 and +1, with a sum of  +2.  

The column under “Green” would have a sum of 1 + -1 = 0.

The column under “Red” would have a sum of -1 + 1 = 0. 

The row to the right of “Green” would have a sum of 1 + -1 = 0. 

The row to the right of “Red” would have a sum of -1 + 1 = 0. 

The “optimal” path would be the largest sum path through the matrix from top left to bottom right.

	
	1stLight
	Green
	
	Red
	

	2ndLight
	
	
	
	
	

	Green
	
	1
	_
	-1
	=0

	
	
	|
	\
	
	

	Red
	
	-1
	
	1+1
	

	
	
	||

0
	
	
	\\

   2


By this definition then, optimal alignment of the two lights would look like this:  

green   red





              green   red,

even though most people when driving would prefer just the    green   part of the alignment!






         
              green

Lights to Proteins

Unlike the traffic lights above, proteins can be thousands of amino acids long, with many repetitions, reversals, gaps, and mismatches.  Let’s try the traffic light method of alignment on a short piece of an amino acid strand:

	
	
	A
	
	N
	
	E
	
	Q
	

	
	
	
	
	
	
	
	
	
	

	A
	
	A,A
	
	N,A
	
	E,A
	
	Q,A
	

	
	
	
	\
	
	
	
	
	
	

	N
	
	A,N
	
	N,N
	
	  E,N
	
	Q,N
	

	
	
	
	
	
	\
	
	
	
	

	E
	
	A,E
	
	N,E
	
	E,E
	
	Q,E
	

	
	
	
	
	
	
	
	\
	
	

	Q
	
	A,Q
	
	N,Q
	
	E,Q
	
	Q,Q
	

	
	
	
	
	
	
	
	
	
	



The best match of this sequence is again on the diagonal. Since 1 point is scored for each match, the value of the optimal path is 4. How can we evaluate the alternate paths to verify that the diagonal is the optimal (highest value; best match) path?

	
	
	A
	
	N
	
	E
	
	Q
	

	
	
	
	
	
	
	
	
	
	

	A
	
	1
	
	
	
	
	
	
	

	
	
	
	\
	
	
	
	
	
	

	N
	
	
	
	1+1
	
	
	
	
	

	
	
	
	
	
	\
	
	
	
	

	E
	
	
	
	
	
	1+1+1
	
	
	

	
	
	
	
	
	
	
	\
	
	

	Q
	
	
	
	
	
	
	
	1+1+1+1
	

	
	
	
	
	
	
	
	
	
	=4


· Handout 1

Gaps


In reality however, amino acids sequences rarely match exactly as they did in this example. In fact, many will have portions that align well, then a “gap”, then another portion that aligns with a few mismatches, then gaps, and so on, or there could be gaps at the beginning or end.  In these cases, a value score for a “gap” is needed in addition to the match and mismatch value scores.

Look at these strands:  GLAQ

                AAQ

These strands are of different length, so there will have to be a “gap” to align them. Where should the gap go for optimal alignment?

It could look like

 GLAQ 
           
           GLAQ
                       GLAQ

      GLAQ       

_AAQ

           AA_Q

          AAQ_

       A_AQ

A gap in the sequence might indicate a serious problem with the alignment, and therefore needs to be accounted for in the scoring matrix. This time let a match be +2, a mismatch –1, and a gap –2.  How would each of the above alignments be scored? 

 -2-1+2+2=1               -1-1-2+2= -2                    -1-1-1-2=-5             -1-2+2+2=1     

It looks like GLAQ   and     GLAD   are the optimal paths with a value of  1. 

                    _AAQ               A_AQ

Can that be proven with the matrix?

Each box is again scored diagonally for a match or mismatch, vertically for a gap in the first strand, and horizontally for a gap in the second strand, and the highest total recorded in the box. A horizontal and/or vertical move would be more costly because they indicate a gap, while the mismatch would cost only one point. The direction of each move is denoted with a line connecting one entry to the next in the sequence. This annotation helps record the reasoning behind the scoring. If the line comes from letter position (A or G), there is a gap at the beginning. If the optimal path ends on the bottom or right side, the gap(s) are at the end. 

	
	
	-
	
	G
	
	L
	
	A
	
	Q
	

	
	
	
	
	
	
	
	
	
	
	
	

	-
	
	0
	-
	-2
	-
	-4
	-
	-6
	-
	-8
	

	
	
	|
	
	
	
	
	
	
	
	
	

	A
	
	-2
	
	
	
	
	
	
	
	
	

	
	
	|
	
	
	
	
	
	
	
	
	

	A
	
	-4
	
	
	
	
	
	
	
	
	

	
	
	|
	
	
	
	
	
	
	
	
	

	Q
	
	-6
	
	
	
	
	
	
	
	
	


	
	
	-
	
	G
	
	L
	
	A
	
	Q
	

	
	
	
	
	
	
	
	
	
	
	
	

	-
	
	0
	-
	-2
	-
	-4
	-
	-6
	-
	-8
	

	
	
	|
	\
	
	\
	
	\
	
	\
	
	

	A
	
	-2
	-
	-1
	-
	-3
	
	-2
	
	-7
	

	
	
	|
	
	
	
	
	
	
	
	
	

	A
	
	-4
	
	
	
	
	
	
	
	
	

	
	
	|
	
	
	
	
	
	
	
	
	

	Q
	
	-6
	
	
	
	
	
	
	
	
	


The connections made and scores shown from inserting gaps and subtracting 2 each time the gap is used.

Remember to make only the best connection. The box with a -1 means that the G and the A are a mismatch, and that produces a higher score than taking a gap penalty of -2 from either the vertical or horizontal direction. Notice also that the -3 results from the diagonal mismatch as well as from the horizontal gap.

	
	
	-
	
	G
	
	L
	
	A
	
	Q
	

	
	
	
	
	
	
	
	
	
	
	
	

	-
	
	0
	-
	-2
	-
	-4
	-
	-6
	-
	-8
	

	
	
	|
	\
	
	\
	
	\
	
	\
	
	

	A
	
	-2
	-
	-1
	
	-3
	
	-2
	
	-7
	

	
	
	|
	\
	|
	
	
	
	
	
	
	

	A
	
	-4
	
	-3
	
	
	
	
	
	
	

	
	
	|
	\
	|
	
	
	
	
	
	
	

	Q
	
	-6
	
	-5
	
	
	
	
	
	
	


	
	
	-
	
	G
	
	L
	
	A
	
	Q
	

	
	
	
	
	
	
	
	
	
	
	
	

	-
	
	0
	-
	-2
	-
	-4
	-
	-6
	-
	-8
	

	
	
	|
	\
	
	\
	
	\
	
	\
	
	

	A
	
	-2
	-
	-1
	
	-3
	
	-2
	
	-7
	

	
	
	|
	\
	|
	\
	
	\
	
	\
	
	

	A
	
	-4
	
	-3
	
	-2
	
	-1
	-
	-3
	

	
	
	|
	\
	|
	
	
	
	
	
	
	

	Q
	
	-6
	
	-5
	
	
	
	
	
	
	


	
	
	-
	
	G
	
	L
	
	A
	
	Q
	

	
	
	
	
	
	
	
	
	
	
	
	

	-
	
	0
	-
	-2
	-
	-4
	-
	-6
	-
	-8
	

	
	
	|
	\
	
	\
	
	\
	
	\
	
	

	A
	
	-2
	
	-1
	-
	-3
	
	-2
	
	-7
	

	
	
	|
	\
	|
	\
	
	\
	
	\
	
	

	A
	
	-4
	
	-3
	
	-2
	
	-1
	-
	-3
	

	
	
	|
	\
	|
	\
	|
	\
	
	\
	
	

	Q
	
	-6
	
	-5
	
	-4
	
	-3
	
	1
	


For the -3 in the G column there was a tie for the best score and both are marked. The diagonal is a mismatch so -2 – 1 = -3, but the vertical is a gap, so -1 – 2 = -3 also.

In the A column, notice that A matches with A on the diagonal, so a score of -4 + 2 = -2 is recorded

Finally, the Q matches with the Q for a +2 on the diagonal, completing the optimal path

GLAQ

_AAQ, 

However, there is another path that is as optimal:  GLAQ

    A_AQ.

Strings of amino acids that exhibit similar properties would be expected to have much the same sequences of amino acids. In spider silk, it might be expected that the dragline silk and the cocooning silk would have different protein structure to create the different properties of tensile strength and elasticity, while the dragline silk of most species would differ only slightly. The amino acid strings for each of these types of silk are known to be anywhere from 65 to 250+ amino acids long. 

To align two strings of even 65 amino acids by the method shown above would not only be tedious, but probably error-filled since there are so many computations and decisions to be made. Fortunately, computers do not get bored with repetitive iterations, nor do they make errors if the algorithm for making each computation is correctly programmed. This algorithm has been successfully programmed in the Biology Student Workbench. The program will return an accurate alignment of multiple strings of amino acids in much less than one second.  The same alignments would take humans many hours, even days or years to complete accurately. The program utilizes the Super-Computer in San Diego to attain such speeds. It was originally designed for researchers and is used extensively by biologists all over the world on a pay as you go basis. Students are encouraged to use it for free!

Handout 1

Scoring: Match = +1

Mismatch = -1

1.

	
	
	A
	
	N
	
	E
	
	Q
	

	    
	
	
	
	
	
	
	
	
	

	A
	
	1
	-
	0
	-
	-1
	
	-1
	

	
	
	|
	\
	
	
	
	
	
	

	N
	
	0
	
	2
	-
	1
	-
	0
	

	
	
	|
	
	|
	\
	
	
	
	

	E
	
	-1
	
	1
	
	3
	-
	2
	

	
	
	
	
	|
	
	|
	\
	
	

	Q
	
	-1
	
	0
	
	2
	
	4
	

	
	
	
	
	
	
	
	
	
	4


The optimal path is:  ANEQ

                                  ANEQ

2.

	
	
	A
	
	N
	
	E
	
	Q
	

	
	
	
	
	
	
	
	
	
	

	A
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	S
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	G
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Q
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


The optimal path is:         Time________

3.

	
	
	A
	
	N
	
	G
	
	Q
	

	
	
	
	
	
	
	
	
	
	

	A
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	S
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	G
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Q
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


· Each space in the grid is scored from above and to the left, as well as on the diagonal. 

· The optimal of the three scores is recorded in the space, and a line is drawn to indicate from which direction that space was scored.

· If the same optimal score was derived from more than one direction, all are marked.

· Can you figure out where each score came from?

· When you have that one figured out, try the second with your teacher and third yourself.

· Your teacher will have the solutions.

· Record the time it takes you to finish each sequence.

Notice that all of these examples have their optimal path on the diagonal. This means that the DNA was not folded or reversed in the copying process.

The optimal path is:          Time_______ 

What would the optimal path look like if it had been folded, corrupted, or reversed?

4. This one has been partially reversed.

Can you finish it?

	
	
	A
	
	Q
	
	G
	
	S
	

	
	
	
	
	
	
	|
	
	|
	

	A
	
	+1
	-
	0
	
	-1
	
	-1
	

	
	
	|
	\
	
	
	
	
	
	

	S
	
	0
	
	0
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	G
	-
	-1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Q
	-
	-1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


The optimal path is:           Time_______

5. This one is larger and has been reversed and corrupted.

	
	
	A
	
	Q
	
	G
	
	N
	
	S

	
	
	
	
	
	
	
	
	
	
	

	A
	
	+1
	-
	
	
	
	
	
	
	

	
	
	|
	\
	
	
	
	
	
	
	

	S
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	G
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Q
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	N
	
	
	
	
	
	
	
	
	
	


The optimal path is:          Time_______

Your time to complete these should have been getting a little faster each time as you became familiar with the scoring rubric and the algorithm. As the alignments becomes more complex, will you still be able to complete them as quickly?

Did completing this reversal take longer to complete than the previous ones?

When the DNA strand is copied, it can become folded, which reverses the order, or broken, creating a misalignment.

                        [image: image2.wmf]
Teacher Solutions

Handout 1.

2.

        The optimal path is     ANEQ

                                            ASGQ.

3.

	
	
	A
	
	N
	
	G
	
	Q
	

	
	
	
	
	
	
	
	
	
	

	A
	
	1
	-
	0
	-
	-1
	
	-1
	

	
	
	|
	\
	
	
	
	\
	|
	

	S
	
	0
	
	0
	-
	-1
	-
	-2
	

	
	
	|
	\
	|
	\
	
	
	
	

	G
	
	-1
	
	-1
	
	1
	-
	0
	

	
	
	
	\
	|
	
	|
	\
	
	

	Q
	
	-1
	-
	-2
	
	0
	
	2
	

	
	
	
	
	
	
	
	
	
	2


        The optimal path is    ANGQ




       ASGQ.

4. This one has been partially reversed.

Can you finish it?

	
	
	A
	
	Q
	
	G
	
	S
	

	
	
	|
	
	
	
	|
	
	|
	

	A
	
	+1
	-
	0
	
	-1
	
	-1
	

	
	
	|
	\
	
	
	
	\
	|
	

	S
	
	0
	
	0
	-
	-1
	-
	0
	

	
	
	|
	\
	|
	\
	
	
	|
	

	G
	-
	-1
	
	-1
	
	+1
	
	-1
	

	
	
	
	\
	|
	
	
	\
	
	

	Q
	-
	-1
	-
	0
	-
	-1
	-


	0
	

	
	
	
	
	
	
	
	
	
	


The reversal in this one makes the optimal path harder to discern, because there are multiple paths to the lower right corner. The three possible optimal paths are:

AQGS        A_ Q_GS       A_ _QGS     

ASGQ        ASGQ_ _       ASGQ_ _

In this case, a decision would have to be made based on information from other aspects of the pairing.

5. This one is larger and has been reversed and corrupted.

	
	
	A
	
	Q
	
	G
	
	N
	
	S

	
	
	
	
	
	
	
	
	
	
	

	A
	
	+1
	-
	0
	-
	-1
	
	-1
	
	-1

	
	
	|
	\
	
	
	
	\
	|
	\
	|

	S
	
	0
	
	0
	-
	-1
	-
	-2
	
	-2

	
	
	|
	
	|
	\
	
	
	
	
	

	G
	
	-1
	
	-1
	
	1
	-
	0
	-
	-1

	
	
	
	\
	|
	
	|
	\
	
	\
	

	Q
	
	-1
	-
	0
	
	0
	
	0
	-
	-1

	
	
	
	
	|
	\
	|
	\
	|
	
	

	N
	
	-1
	
	-1
	
	-1
	
	1
	-
	0


The optimal path is:          Time_______

There are two possible optimal paths:

AQG_NS   

AQGN_S

ASGQN_                    ASGQN_

Handout 2

Scoring: Match = +2       Gap = -2       Mismatch = -1

Record the time it takes you to finish each matrix!

1.

	
	
	Gap
	
	A
	
	G
	
	A
	
	Q
	

	
	
	
	
	
	
	
	
	
	
	
	

	Gap
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	G
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	A
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	G
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Q
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


Optimal Path:                                                 Time:__________

2.

	
	
	Gap
	
	A
	
	G
	
	A
	
	Q
	

	
	
	
	
	
	
	
	
	
	
	
	

	Gap
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	G
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	G
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Handout 2 – Teachers Solution

Scoring: Match = +2       Gap = -2       Mismatch = -1

Record the time it takes you to finish each matrix!
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 Activity 1: Introduction to Using Biology Student Workbench.

Purpose: The purpose of this activity is to introduce you to the Biology Student Workbench and provide you with experience navigating on this web resource.

Introduction: 
The Biology Student Workbench is an archive of information about proteins from different species of organisms. This archive can be used by students such as you but is also used by professionals doing new research on protein structure! In this activity you will be looking at proteins that make up the silk of two species of spiders. In Activity 2 you will add information about three more species of spiders and compare all five proteins. 

Procedure:

· Go to the website Biology Student Workbench, the URL is:  http://bighorn.animal.uiuc.edu/cgi-bin/sib.py 

· You must set up an account for yourself by clicking on the button that says REGISTRATION. It will ask you for a user name and a password. 

· Click on NEW (see 1st arrow in Figure 1) to create a new session. Name this session Spider Silk.

Figure 1.
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	Create a NEW Session 
(You don't have to choose or create a session since you are already in Default Session. However, if you want to work in a different session for future, click the button to create your own sessions.) 
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	RESUME an existing session 
(If you have previously created sessions as shown in below, choose the session you want, and click the button. The resumed session will be high-lighted after a moment. After your session gets high-lighted, click one of the main menu buttons to use sequence searching tools and alignment tools) 
	[image: image8.wmf]RE

S

UME




· Scroll down to the bottom of the page and place a check (click) in the box to the left of the session you just created.

· Scroll back up to the top of the page and select the button labeled PROTEIN TOOLS (see 2nd arrow in Figure 1.).

· You should now see a new page. On the page that appears you should see a row that has a tool called Ndjinn (see 3rd arrow in Figure 2.).

· You are going to search for a specific protein. In the cell to the left of this tool type there is a search window (see 1st arrow in Figure 2.). Type in Araneus gemmoides 1 tubuliform spidroin mRNA. 


Figure 2.

	Tool Description 
	Click to Activate Tool

	Multiple database search for Protein sequences
(This tool may be your starting point to bring sequences into your session. Just enter your search, selected a least one database or organism and click on the Ndjinn button.) 
Enter your search in the box below:
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Select one or more Databases
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Genbank Bacterial Sequences



GenBank Invertebrate Sequences



GenBank Mamalian Sequences



GenBank Updates
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· Next select a database to search by highlighting. You should select GenBank Invertebrate Sequences (see 2nd arrow in Figure 2.). Then click on the button to the right that says Ndjinn (see 3rd arrow in Figure 2.).

· You should now have a screen that displays the results of your search that looks something like Figure 3 below. 

· Place a check in the box to the left of the match that has a rank of 0 (it should be the first option) (see 1st arrow in Figure 3.). Double check that the protein description matches what you typed into the search window – note that it has a rank of zero. 

Figure 3.

	Matches ( 0 to 3 ) / 3
	

	RESULTS OF ((((canis AND familiaris) AND pgn) AND ^A$) AND (((mRNA AND for) AND pepsinogen) AND ^A$))


	Rank
	Score
	Matching Database Record

	0
	25
	[image: image13.wmf]

GBMAM:9798659

	
	
	Canis familiaris pgnA mRNA for pepsinogen A, complete cds.

	1
	22
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GBMAM:89111565

	
	
	Canis familiaris PgnB mRNA for pepsinogen B isozyme, partial cds.

	2
	21
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	Canis familiaris PgnB mRNA for pepsinogen B, complete cds.
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· Scroll down to the bottom of the page and click on Import Sequence(s) (see 2nd arrow Figure 3).
· You should now be back on the Nucleic Tools page (see Figure 2.).

· Repeat steps the above steps to search for the protein Nephila clavipes tubuliform spidroin mRNA.
· Scroll down to the bottom of the page and select (click in the boxes) the 2 protein sequences that you just imported (See 1st arrow in Figure 4).

Figure 4
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	GBINV:61387243_61387244 
	Nephila clavipes tubuliform spidroin mRNA, partial cds.
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	GBINV:2911273_2911274 
	Nephila clavipes spidroin 1 mRNA, partial cds.


· To find out more about the animals these proteins come from click on the tool VIEW RECORDS in the right hand column. Use the information on this page to answer the following questions about these animals:

1. What is the tubuliform silk used for in both species of spider?

2. Who was the researcher(s) who posted the amino acid sequence for both types of spider?

3. Where were these researchers working when they submitted this imformation to this web site?

4. What type of molecule is the source of this protein?

5. How many start codons does it contain?

6. Are the molecule type, number of start codons, gene name and protein name the same for both species?

· Now click the RETURN at the top of the page. This should return you to the Protein Tools page.

· You will now compare the 2 proteins you have selected. Scroll down to the bottom of the page and make sure both protein sequences are still selected. Then click in the row labeled CLUSTALW (see 1st arrow in Figure 5).
Figure 5.

	Align multiple protein sequences with each other
Provides an alignment of multiple sequences. Heuristic algorithm that provides a profile-based progressive multiple alignment based on all pairwise alignments and a guide neighbor-joining derived phylogenetic tree (Feng and Doolittle, 1987, Thompson et al., 1994). (If you already have multiple sequences you want to compare, choose the two or more sequences below and click the button. With this tool, you can generate and import the aligned sequences for Alignment Tools.) 
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· This page shows you a comparison of the sequence of amino acids from the 2 species. Answer the following questions from this page:

7. What do the blue letters mean?

8. What do the asterisk, colons and periods at the bottom of the alignment mean?

9. How many amino acids are there in each protein?

10. What is the alignment score?

· Before exiting this screen click on the button IMPORT SEQUENCE(S), this should take you to a new screen that looks similar to Figure 6.
Figure 6.

	Tool Description 
	Click to activate Tool

	Color code a sequence alignment 
Select Box if using a nucleic alignment [image: image23.wmf]
Displays previously aligned sequences based on user-defined similarity criteria (Hofmann and Baron, 199?). (If you want to see the sequence alignment with color-coding, please select one from the alignment checklists below and click the button.) 
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· On the new screen select the button BOXSHADE (see 1st arrow in Figure 6).
· This display is a color-coded view of the alignment you saw on the previous page.

· Answer the following questions about this page:

11. What does the blue color mean?

12. What does the green color mean?

13. What does the yellow color mean? 

14. What does consensus mean?

Activity 2: Comparing Spider Silk Protein.

Purpose: To compare the protein structure of silk from five species of spiders.

Introduction: 

Procedure:

· Open the Biology Student Workbench. 

                 http://bighorn.animal.uiuc.edu/cgi-bin/sib.py
· Login and open the session called Spider Silk that you created in Activity 1 by following the directions in the RESUME row (see 1st arrow in Figure 1).

Figure 1.
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Preferences Tools with Current Session: Spiders
'Preferences' manages user profiles.   High-lighted session below is the session you are currently in. You can also customize the tools you use and the background color. 

	Create a NEW Session 
(You don't have to choose or create a session since you are already in Default Session. However, if you want to work in a different session for future, click the button to create your own sessions.) 
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	RESUME an existing session 
(If you have previously created sessions as shown in below, choose the session you want, and click the button. The resumed session will be high-lighted after a moment. After your session gets high-lighted, click one of the main menu buttons to use sequence searching tools and alignment tools) 
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	-Default- 
	Default Session 
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	Mon Jul 24 14:12:40 2006 
	Spiders 
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	Tue Jul 25 15:12:36 2006 
	Practice 


· Click on the button that says Protein Tools at the top of the screen (see 4th arrow in Figure 1). 

· You should now see a screen that looks like Figure 2.
· In the box labeled “Ndjinn” select the following data base: Genbank Invertebrate Sequences (see 1st arrow in Figure 2).
· Type Uloborus diversus isolate US 110 tubuliform spirdroin 1 mRNA into the box that says “Enter your search in the box below” (See 2nd arrow in Figure 2).
· Click on the button labeled “Ndjinn” (See 3rd arrow in Figure 2).
Figure 2.

	Tool Description 
	Click to Activate Tool

	Multiple database search for Protein sequences
(This tool may be your starting point to bring sequences into your session. Just enter your search, selected a least one database or organism and click on the Ndjinn button.) 
Enter your search in the box below:
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Select one or more Databases
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GenBank Updates
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· Place each this sequence into your session labeled Spider Silk by placing a check (click) in the box to the left of the protein selected (See 1st arrow of Figure 3).


 Figure 3.
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	GBINV:63054332_63054333 
	Deinopis spinosa isolate DS20 tubuliform spidroin 1 mRNA, partial
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	GBINV:63054330_63054331 
	Uloborus diversus isolate US110 tubuliform spidroin 1 mRNA, partial
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	GBINV:61387243_61387244 
	Nephila clavipes tubuliform spidroin mRNA, partial cds.
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 HTMLCONTROL Forms.HTML:Submitbutton.1 [image: image42.wmf]Return


· Go to the bottom of the page and click on Import Sequences(s) (See 2nd arrow of Figure 3).
· Repeat the procedure above for the following 3 protein sequences: 1): Argiope aurantiaisolate 1 tubliform spidron mRNA: 2) Deinopis spinosa isolate DS 20 tubliform spidroin 1 mRNA.
· To compare the 5 sequences that are now in your Spider Silk session, at the bottom of the page check all 5 sequences by placing a check (click) next to each.

· Now click on CLUSTALW in the tool column (See 1st arrow of Figure 4). This is a comparison of the sequences of amino acids in spider silk for the three species of spiders.

Figure 4.

	Align multiple protein sequences with each other
Provides an alignment of multiple sequences. Heuristic algorithm that provides a profile-based progressive multiple alignment based on all pairwise alignments and a guide neighbor-joining derived phylogenetic tree (Feng and Doolittle, 1987, Thompson et al., 1994). (If you already have multiple sequences you want to compare, choose the two or more sequences below and click the button. With this tool, you can generate and import the aligned sequences for Alignment Tools.) 
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· Answer the following questions about the display on this page.

1. What is the “gap penalty” for this alignment matrix?

2. Rank these 5 sequences of amino acids in order from the smallest to the largest protein.

3. Which 2 of the 5 species have silk proteins that are most closely aligned?

4. Which 2 of the 5 species have silk proteins that are least closely aligned?

5. How much time did it take the computer program to align these 5 sequences?

· Click on the Return buttons at the top of the current page (See 1st arrow of Figure 5). 
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· This action should have returned you to the Protein Tools page.

· Scroll to the bottom of this page – if the 5 spider silk proteins that you previously imported are not still checked – check them all again (See Figure 6).

Figure 6. 
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	GBINV:63054332_63054333 
	Deinopis spinosa isolate DS20 tubuliform spidroin 1 mRNA, partial
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	GBINV:63054330_63054331 
	Uloborus diversus isolate US110 tubuliform spidroin 1 mRNA, partial
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	GBINV:61387243_61387244 
	Nephila clavipes tubuliform spidroin mRNA, partial cds.
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	GBINV:61387236_61387237 
	Araneus gemmoides isolate 1 tubuliform spidroin mRNA, partial cds.

	[image: image50.wmf]
	GBINV:61387230_61387231 
	Argiope aurantia isolate 1 tubuliform spidroin mRNA, partial cds.


· Scroll up the page and click on the button labeled AASTATS (See 1st arrow of Figure 7).
Figure 7.

	Amino Acid Statistics of a protein sequence
Computes some basic statistics of a protein. (If you want to know the percentage of each amino acid in the protein sequence, choose protein sequence(s) below and click the button.) 
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· Use the information on this page to answer the questions below.

6. For each of the 5 spider species list the 2 amino acids that appear the most  

          frequently and how many times that amino acid appears in the spider silk  

          protein.

7. According to the list you generated in question #6, which 2 species are most alike?

8. According to the list generated in questions #6, which 2 species are least alike?

9. Is your answer to question #3 the same as your answer to question #7?

10. Is your answer to questions #4 the same as your answer to question #8?

11. What are 2 other pieces of information about spider silk protein that you can learn 

          from this page?

Activity 3: Wrap-up of Matrices and Spider Silk
1. Explain the relationship between matrices and the Biology Student Workbench.

2. Compare the amount of time it took you to align a sequence of 4 amino acids to the amount of time it took the computer to align 5 sequences of amino acids from the spider silk.

3. Why is the computer more efficient at aligning amino acid sequences than humans?

4. Explain why researchers are interested in sequencing amino acids from spider silk.

5. Explain in a short paragraph the relationship between the 5 species of spiders based on the protein alignment you did on the Biology Student Workbench.

6. Explain other possible uses of aligning proteins using Biology Student Workbench.

Activity 3: Student Evaluation

	
	Strongly Agree
	Agree
	Neither
	Disagree
	Strongly Disagree

	1. This module was interesting.


	
	
	
	
	

	2. The matrix part of this module was understandable.
	
	
	
	
	

	3. The connection between the alignment by matrix and the computer program was not clear.
	
	
	
	
	

	4. The instructions for the Biology Student Workbench were clear.
	
	
	
	
	

	5. The applications of the BSW to research on proteins and DNA were not explained adequately.
	
	
	
	
	

	6. Learning how to align amino acids by matrices helped me to understand how the BSW works.
	
	
	
	
	

	7. Learning the alignment algorithm in the context of spider silk helped me understand the alignment algorithm.
	
	
	
	
	

	8. Learning the BSW in the context of spider silk helped me understand how researchers solve problems in making synthetic materials.
	
	
	
	
	


Extensions
1. Students could be introduced to spiders: their physical characteristics, habits, prey, and silk types and their uses by whatever means you choose. Many web resources, speakers, books and videos are available. Homework could be a choice of one of the following:

· Collect, identify, and bring to class a specimen of a spider, a web, or both.

· Research a type of spider and it’s web geometry and do a small poster and report to the class.

· Research the various types of silk, how they are produced and how they are used by the spider.

· Research types of webs and web construction techniques.

· Research silk glands and/or spinneretes and their relation to types of silk produced by the spider.

· Collect spiders and prepare a habitat suitable for web building in the classroom.

· Sources:

www.freefoto.com/browse.jsp?id=01-17-0 - 15k - Cached - Similar pages
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Contento, Antonio L.,PhD Thesis; Variations in Major and Minor Ampullate Silk Proteins from Araneus gemmoides; University of Wyoming; December, 2001
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