S 483

Assignment 4:*"Minimjzation problems

Due dates: Tues. Mar. IBaurs. Mar. 10 (to get 6 bonus marks).

Very often in a structural analysis, we want toragpnate a secondary structural element with a
single straight line. In this exercise you willa#ate the inertial axes for the consecutive
secondary structures (helix, strand and turn) bad tise these axes to define the end points of
“tubes” that are drawn within the secondary streegu If the secondary structure ribbons are
drawn in “licorice” form, your final display shouldok something like this:

As in the previous assignment, you will be usirsjater script that the instructor has set up on
the course website. When you run the startertsgoiyp should get a display that looks like this:
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You should study the code in the mainline to discdww the end points of these three objects
are passed over to the vr_tube function. In tRés@se, your mission is to generate a “tube
point list” and pass it to the VRML function (caller_tube) so that the display can generate a
model with the tubes set up among the secondargtatal elements of a protein structure. The
function will draw thin green tubes for strands lehhe helix structures will correspond to wider
golden tubesThe rounded end of a tube corresponds to the resiéuof the secondary
structure that is farther along in the primary sequence

This exercise involves the following steps:

a)

b)

Generate a tube display Write a Python script that can open a PDB fild generate a
sequence of inertial axis lines, one for each sgmgnstructure element (helix and

strand) of the protein. While not necessary, yay ehoose to handle the turn secondary
structure (the above figure does not show tubdisariurn structures). Caution: Be
careful in the handling of protein chains; you ad want a tube that starts in one chain
and continues into the next chain. The atoms tnriing to the computation of an

inertial axis will be back bone atoms only (N, Gd C).

The code should also generate the end points dgfthe 3D positions of tubes that are
to be drawn in the display. This is done as folowhe residues at the beginning and at
the end of a secondary structure contain a nitragem in the backbone. You might use
code such as: chain[resBegin].findAtom('N").coord@r example, when you want to get
the PDB coordinates of that atom object. Yourx®ahould have a function that will

find the vertical projection of this atom onto thertial axis. Doing this for both the
begin residue and the end residue will get two fgaam the inertial axes that define the
end points of a tube. After all the end pointssaeup in the tube point list, they can be
passed to vr_tube for display. Hand in the s&iphg with session files for IMBO and
2FIF.

Recursive tubing While the inertial axis provides a simple appmnoxtion for a
secondary structural element, it does not do wh#mthe secondary structure involves a
sudden bend. In the IMBO display on the previagepyou will notice that there is a
tube that is, at times, outside of its helix stmuet In this part of the exercise you are to
modify the previous script so that it uses a divaded conquer approach to the placement
of tubes within secondary structures. The go#d get a display such as:



Note that the front most helix now has two tubeglace of the single tube generated in
the previous 1MBO display. There are several vayschieve this and you should use
your own ingenuity to devise a reasonable stratéfgyou are running out of time, here

is the simple divide and conquer strategy thaedus

For each secondary structure, compute the distdeteseen the alpha carbon atoms and
the inertial axis. If the maximum distance is l#sn some pre-specified tolerance (say
3.5 Angstroms) then the axis is considered to taétlaful representation of the secondary
structure. If the maximum distance is greater tih@ntolerance, then the set of residues
in the secondary structure is split into two shohntices and the end point generation
function is called for each one.

For this exercise, hand in the scripts and the@edtes for LMBO and 2FIF.

In biochemistry, we have seen several structurggioh the atoms are almost coplanar, for
example, aromatic rings and heme rings. The lemthele is seen in the myoglobin protein:
1MBO. In this exercise, we wish to calculate thheaion of the “best” plane that goes among
the “almost planar” atoms. In this case, the pkste will be the plane that minimizes the sum
of the squares of the distances between the alplarsdr atoms and the plane. We call this the
least squares plane

Suppose we wish to find the equation of the leqsases plane for the heme ring of LIMBO. We
know that three points can define a plane, but wthecee should we pick? Since making a
choice of some particular set of three atoms wouwldlve some bias, a reasonable approach
would be to use more than three atoms, the idewlieifind a plane that goes among the atoms



of the heme ring and minimizes the sum of the seplidistances measured from the atoms to
that plane.

If you use Chimera to view the heme ring of LMB ‘®dge”, you will see that most of the
atoms are coplanar except for nitrogen ‘NA’ whielesis to be pulled out of the plane, probably
due to the chain ending in ‘O1A’ and ‘O2A’. So, wél make the somewhat arbitrary decision

to go with 12 carbon atoms, as specified in thiosvahg Python “hit list”:
hitList = ['"CHA", "C1A", "C4A", "CHB", "C1B", "C4B", "CHC", "C1C", "C4C", "CHD", "C1D", "C4D"]

In the discussion to follow, we will designate thielist atoms asa’ i=1,2, 1. Thei"™atom

in the list,a” will have coordinate vectcéas), ag),a(zi))T. The goal of this exercise is go through

a sequence of steps that will derive the formutdtfe least squares plane. The derivation will
be somewhat similar to the derivation of the irzixis seen in the last part of Unit 08. We
wish to minimize:

s= |dI’
i=1

where||d| represents the perpendicular distance between afbiand the least squares plane.

Note that, using vector notation, we can deriveciipgation of a plane as follows: Rbe a
vector going from the origin to the plane meetinig iperpendicular fashion, i.Ris normal to

the plane. Considérto be any point in the plane. Then the veBtetR can be considered to

lie in the plane and hence perpendicular to Rhags in the next figure. Sinde—Ris
perpendicular t&k we have the inner product B~ R andR equal to zero. This is the equation of
the plane since it characterizes all polis the plane:

(P- R R= 0.
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The derivation strategy can now proceed as follo@izen a' calculate||di||2 in terms oR and
then expresSin terms ofR. We would then seek to find the componentR dfat minimizeS.
If we assume thaR = ( L, ry,rz)T , this minimization can be attempted by calculapagtial

derivatives with respect to the componentRahd then setting these partial derivatives to.zero
Unfortunately, the equations arising from the @édudierivatives are quite complicated and
difficult to solve. You might want to verify thiglthough it is not part of the assignment).

L .
It so happens that a better representatidRieR = mNwhereN = (rg( n, nz) IS a unit vector

that essentially specifies the directiorRofmuch likew did for the inertial axis in Unit 08) and
mis a simple scalar that specifies the lengtR.ofl his representation &is somewhat counter-

intuitive because, instead of only three varia(rtgsy,rz), we are now concerned with four

variablesny, ny, n,, andm. Note that sincé\ is a unit vector we have'N = 1 which is a
constraintacting onN. The presence of a constraint turns this intagrange multiplier

problem which has a reasonably straightforwardtsmiu You should now proceed by providing
answers for the following questions:

a) Supposea(i) represents the coordinates of an atom thabdi®n the plane defined = mN
Derive the formula foﬂd(i)u in terms ofm, N, anda' . Provide a diagram that shows how

R, d¥, a, and the plane are related to one another.

b) Considering the definition of S and the constraint®Ived, clearly state the minimization
problem that we are trying to solve. Then givelthgrange formulation of the problem.

c) Continue working with the Lagrange multiplier prdaee by calculating the usual patrtial
derivatives which are then set to zero. What isstiigation defining the value of the scaté&



d) Now suppose that the coordinates of all #ibi=12, 1n are notthe coordinates given by

the PDB file but instead the PDB coordinates translatedatahey are in a frame of
reference with the origin at the centroid of the hit lishao That isa® = p” —C was
computed prior to the beginning of our discussion. I—téPei =1,2, ,narethe PDB
coordinates of the hit list atoms a@ds the centroid of all these atoms. In other words:
1"
C=- p( ),
Nz

Show that this gives us al = 0. Considering this last equation, show timat O.
i=1

e) Consider the equation that you derived when yosgN =0. What does this equation
become when you sat=07? Now, definé\ to be the 3 by matrix with columni given by
coordinate vectoa”. Use thefL/IN =0 equation to derive a relationship betweeand
N. It should be an eigenvector equation.

f) Now that you have derived the eigenvector equasbow how you would use one of its
eigenvectors to define the least squares planesuBeto explain which eigenvector is
needed for the solution.

g) To test your derivation, write a Python script tHaes the following:
Open the PDB file for LMBO, a protein that contaaniseme ring.

Access all atoms in the hit list and use them tomoate the unit direction vectdl which
defines the orientation of the required least sgmiatane.

Compute the 12 points in the plane that are thgegtions of the hit list atoms onto this
plane.

To verify that you code is working, the script sltbdraw 12 blue triangles. Each
triangle has an edge that is a straight line batvi@e consecutive projection points. In
this case, “consecutive” is defined by the hitdéiat, of course, we consider ‘CHA’ to be
after ‘C4D’. All triangles share a common vertaamely the centroid of the atoms in the
hit list. To generate these triangles in the digplou should use the triangle generation
code described in the Surface Specification sectfdhe page at the following URL:
http://www.cgl.ucsf.edu/chimera/docs/Programmersiéfiteference/surface.html

The heme ring within the myoglobin molecule shoeddtain a blue plane with an
appearance like that of the first figure in thigeise.

Hand in your derivation, the script and a sessien f



Section 2.2.3.2 of your text discusses the tersémycture of myoglobin. Recall that the bond
within the oxygen molecule is tilted so that the twxygen atoms and the iron atom ao#
collinear. Let us suppose that we want to mea$sigrangle made by the bond in thg O
molecule with the plane of the heme ring:

The anglea may be determined using the equation:

sina =(g- h)/b

whereb is the bond lengtt is the distance of O1 to the plane and the distance of O2 to the

plane.

You can also use a cosine formula if ymt ilompute the distance between the points

representing the intersections of these perperatewlith the plane.

This exercise involves the following steps:

a) Add code to the script of Exercise 2 allowing ictdculate the angle between the least
squares plane and the molecule (as described at the beginning of thes@se).
Return the angle measured in degrees.

b) As discussed earlier in the course, heme ring$oared in both hemoglobin and
myoglobin. The iron in the heme ring can alsorext¢ with carbon monoxide and
cyanide. In each of the latter two cases, the otide molecule also makes an angle
with the heme plane, but it tends to be closelOtdé€grees. Fill in the following table:

Scurce Molecule PDB ID Angle
Corynebacteriundiphtheriz Heme oxygena: 1v8X
Human oxyhemoglobin 1HHO
Sperm Whal oxymyoglobin 1MBO
Human carbonmonoxy hemoglok 1BBB
mycobacterium tuberculo: Hemoglobin with cyanid 1RTE




Describe the function of 1V8X.

Hand in: Send in your documented script file (wattough information to show that your
program works). You will need to send in an imégepart (b) similar to the above figure (the
extra black lines and labels are not needed). @dather with session files since Chimera does
not seem to retain these triangles in a sessiomailEhe following to the TA: the script, table

and text (description of 1V8X functionality).

End of Assignment 4.

Marks:

Exercise 1: [15+8 = 23]

Exercise 2: [5+2+5+2+5+3+10 = 32]
Exercise 3: [4+7 =11]

Total: 66

The assignment will be marked out of 60.



