Chimera EM Map Tutorial: RNA Polymerase Il

May 1, 2007

This tutorial focuses on display of volume data from single particle EM reconstructions. We'll look at maps of two conformations
of human RNA polymerase Il and a crystal structure of the homologous complex in yeast. This 12 protein complex walks along
chromosome DNA making an RNA copy. The EM maps are described in the following article:

Kostek SA, Grob P, De Carlo S, Lipscomb JS, Garczarek F, Nogales E.
Molecular architecture and conformational flexibility of human RNA polymerase |I.
Structure. 2006 Nov;14(11):1691-700.

Data sets and the most recent version of this tutorial (html, pdf) are online. The tutorial has been used with Chimera versions
1.2304, 1.2309, and 1.2382 and should work with more recent versions.

Topics
The 6 parts of the tutorial can be done in any order. They are ordered from simple to complex. Time required: ~2 hours.

Basic map display options ®0e6 X| UCSE Chimera
Choosing contour level

Coloring parts of a map

Morphing between two maps
Fitting crystal structure in map
Human / yeast structure differences

File Select Actions Tools Fayvorites Help

ookwb=

Part 1: Basic map display options

Use menu entry File / Open to open emd_1283.map found in the data
directory of the downloaded tutorial files.

Movement

o Left mouse button - rotate map.
¢ Middle button - move map in X, y, or z (hold ctrl key).
¢ Right button - zoom in and out.

On a Mac with a one button mouse hold the option key down for middle no selectic
mouse button, and the apple key down for right mouse button.

Holding the shift key down makes smaller motions for finer control.

Step size
P e 06 X! Volume Viewer
The volume viewer dialog indicates the map size is 120 by 120 by 120. File Features

The step size of 2 2 2 indicates that every other data plane is being used

along the x, y and z axes. Data emd_1283.map Size (120,120,120) Step 222 -

Show @ surface mesh solid
Change the step size to 1 1 1 to show the full resolution data. The surface Ctrl-click on histogram to add or delete thresholds
will appear smoother.

Contour level
The volume dialog shows a histogram of the data values. Move the Range -0.154 - 0.587 Level [0.398 Color l—
vertical bar on the histogram to change the contour level.

The displayed surface represents the positions in the map having value
equal to the contour level. Higher contour level produces a smaller
surface.

Show Unshow Center Orient Close Help |



Surface color

Press the square color button in the volume dialog to change the surface
color. Move the black boxes on the color bars of the color dialog to adjust

red, green and blue components of color.

Press the Opacity button on the color dialog and adjust the opacity
(bottom color bar labeled with A) to make the surface transparent.

Surface smoothing
Use volume dialog menu entry
Features / Surface and Mesh Options
to display additional options and turn on option

Surface smoothing iterations 2, factor 0.3

This gives the surface a smoother appearance by moving each surface
vertex a 0.3 of the way towards the average position of its neighbor

vertices 2 times.

Mesh

Click the Mesh switch on the second line of the volume dialog.

Click on the

Square mesh

option in the Features / Surface and Mesh Options panel. Turn off surface
smoothing. In square mesh mode with no smoothing the displayed mesh
corresponds to the intersection of volume xy, yz and xz grid planes with

the surface.
Click on

Smooth mesh lines

This enables antialiasing, a method for blurring the jagged pixel jumps on
each line segment. Zoom in close to see the effect. With some graphics

cards this may not change the appearance.
Grid plane spacing
Use volume menu entry

Features / Origin and Scale

The voxel size gives the spacing between grid planes along x, y and z

axes. For this map it is 2.5 Angstroms.

Often a map file will not contain the grid plane spacing and in those cases
you can enter correct values here. Correct scale is needed for fitting

atomic models.

W Surface smoothing iterations |2 factor[ﬁ x|
_| Subdivide surface |1 times

1 Smooth mesh lines

W Square mesh

Mesh line thickness|1_pixels

W Dim transparent surface/mesh

W Mesh lighting

W Two-sided surface lighting

W Light flip side for thresholds < 0

Position and size of data in (x,y,2) coordinate space: X

Origin |60 |60 |60 Original origin
Voxel size|2.5 [2.5 |2.5 Original size




Part 2: Choosing contour level

Open emd_1283.map if it is not already opened. We will set the contour e 06 X! Measure Volume and Area
I::;I:;“that thelz sur;ace enclosesltheﬁsgg?t:g \_/rc;]lume of the 12 pr1ot§,;nA3 Surface emd_1283.map (#0) — |

complex of approximately 544, . The estimate uses 1. Surf 4 1283 0): volume = 545762405 - 50920
per dalton (Harpaz 1994) and molecular weight of 450 kDa. B0 CLIC A 9 AR ETRID o G o8 00100,

Compute Volume and Area | Close | Help ]

Use menu entry
Tools / Volume Data / Measure Volume and Area
and press the Compute Volume and Area button. Adjust the contour level and recompute the volume to find the contour level

giving the desired volume. In Chimera version 1.2382 and newer the enclosed volume will automatically update as you vary
the contour level.

Part 3: Coloring parts of a map

The RNA polymerase complex has features called the "stalk", "clamp" and "jaws". We
will color and label these parts of the map. Open emd_1283.map if it is not already
opened.

Placing markers

First we will place markers and then color the map near those markers. Open the
marker placement dialog with menu entry

Tools / Volume Data / Volume Path Tracer

Click on the map stalk with the middle mouse button to place a marker. Display the
map as a mesh so the marker can be seen within the surface.

When a marker is placed its z position (perpendicular to the screen) is the first density
maximum along the line of sight through the mouse position.

Deleting markers

To delete a marker first select it by holding the ctrl key and clicking on it with the left
mouse button. Then use path tracer dialog menu entry

Actions / Delete markers

You can select more than one marker by dragging a box while holding the ctrl key. Or
you can hold the shift and ctrl keys to to add individual markers to the selection.
® O O (X Volume Path Tracer

Connected markers File Actions Mouse Features |

When you place additional markers they will be connected by cylindrical links. To Marker set  marker set1 —
delete a link first select it (ctr left mouse button) then use path tracer dialog menu entry w e putton 2 — | to placesmove markers

Actions / Delete links Marker color l_ and radius |5

To disable automatic connection of markers use menu entry Link color and radius |1.25

Close | Help |

Mouse / Link new marker to selected marker

Moving markers
To enable moving markers use menu entry
Mouse / Move markers with mouse

Then use the the middle mouse button to drag the markers. To move them
perpendicular to the screen hold the shift key while dragging.



Marker color

Change the color of the marker by selecting it (ctrl left mouse button) and pressing the
square Marker color button in the path tracer dialog.

Marker radius

Increase the sphere radius of a selected marker to 5 Angstroms by typing 5 in the
marker radius entry and pressing the Return key.

Coloring map surface
g P e 06 X! Color Zone

To color the map surface near the markers use main menu entry Surface emd_1283.map (#0) — [

Coloring radius [25.0 | I

Tools / Volume Data / Color Zone

The color zone tool colors the surface within a specified radius of the markers to match Color | Ut | Close | Help |
the color of the nearest marker.

Select all of the markers by holding the ctrl key and dragging a box around all of them
with the left mouse button. Press the Color button on the color zone dialog and move
the radius slider to about 25 Angstroms. Change the map display to surface in the
volume dialog.

Restoring mouse behaviour
To reenable moving maps with the middle mouse button turn off

Use button 2 to place move markers

in the path tracer dialog.
Text labels
To place text labels on the color regions use main menu entry
Tools / Utilities / 2D Labels
Click in the graphics window and then type to create a text label. Labels can be
repositioned with the mouse. They can be deleted using the 2D label dialog. These 2D

labels do not move when the map is rotated. They are primarily used for making
figures with menu entry

File / Save Image

To reenable rotating maps with the left mouse button close the 2D label dialog.

Part 4: Morphing between two maps

The human RNA polymerase Il was seen in two conformations. We will now look at the difference between the maps by
morphing one map into the other.

Open second map

Open emd_1283.map if it is not already opened. Open the second map emd_1284.map using menu entry File / Open. It is
useful to make this map a different color, and display one map in mesh style and the other in surface style to see both clearly.



Installing morph map tool e 06 X| Preferences

Category: Tools
You have to tell Chimera where to find the map morphing tool. It

is a plug-in that is not distributed with Chimera but is included in [ _>°tn4® —
the extensions directory of the downloaded tutorial files. Tt Auto Start| On Toolbar| In Favortes])
General Controls
Use menu entry Command Line O ] =
Model Panel O O ]
Favorites / Preferences PseudoBond Panel 0 0O O
Accelerators On O O |
select
Accelerators Off O | |
Category Tools Accelerator List O O |
IDLE O O 0
and press the button Viewing Controls
Add... : Locations
near the bottom of the preferences dialog and choose the < AR = AR e B
directory called
extensions Add...

that contains a directory called MorphMap. You add the
extensions directory and Chimera finds all plug-ins in that

: Reset Restore Save Close | Help
directory.

If you do not have the morph map tool you can obtain it online from the Chimera experimental features web page.

Morphing between maps 006 X| Morph Map
Interpolate hetween two maps
To display the morph map dialog use main menu entry First map emd_1283.map Browse...
Tools / Volume Data / Morph Map Second map emd_1284.map Browse... |
Fraction |0.3

Choose emd_1283.map as the first map and emd_1284.map as the second map, and

press Movie start |0.0 end 1.0 step |0.1

W Undisplay original maps.
Play Multiplier for second map |1.0

Add to first map instead of interpolating.
at the bottom of the dialog. i p .

Normalizing maps Play | Record | Close | Help

The two maps are not identically normalized, they do not enclose the same volume at

the same contour level. A contour level of 0.339 gives volume 540,000 A3 for map
emd_1283 but a lower contour level of 0.326 is needed for map emd_1284. To morph
between equal volume end-points turn on the option

Muiltiplier for second map 1.04

using 1.04 (= 0.339 / 0.326) as the multiplier for the second map.

Saving an animation

The morph animation can be saved in several formats (Quicktime, MPEG-2, ...). Press
the Record button to save the animation.

You may wish to decrease the step value to create a smoother animation. A step of 0.1
creates 20 frames in going from an interpolation parameter of 0 (first map shown) to 1
(second map shown) and back to 0. A step of 0.02 would produce an animation of 100
frames.




Part 5: Fitting crystal structure in map

We will fit a crystal structure of yeast RNA polymerase Il into the EMmap @ 0 © X! Viewing
of the human complex. Currently no crystal structure of the human

i X i Side view | Lighti
complex is available. Camera | Effects | Rotation | Side Vie I Lighting_ |

Close your current Chimera models using menu entry
File / Close Session

and open 1y1v.pdb and emd_1283.map.

Put model and map in view

The PDB model and map are far apart. To see both use menu entry

Favorites / Side View

View All Resolution: high

The side view window shows the models from the side (perpendicular to
the view in the main window). Move the vertical yellow lines which Close | Help |
represent clip planes so both the map and model lie between them. The

yellow square on the left in the side view represents your eye. Move it left

or right to zoom out or in.

Move model and map close to each other

To move the model closer to the map use menu entry 0 06 X' Model Panel
i tivate all
Favorites / Model Panel EIJ hame | Active] shovn | R e
0 [1y1v.pdb actwate unly
Lock the map position by clicking off the checkbutton in the Active column | T emd_1283map [] frequently used —

next to emd_1283.map. Then move the PDB model so that it overlaps the
map. Then turn back on the Active checkbutton so the map and model Configure... | Close | Help |
can both be moved.

Color the PDB model

To color the distinct proteins of the PDB model first display the Chimera
command line using menu entry

Favorites / Command Line

then type the command ‘\

rainbow chain

in the entry field at the bottom of the Chimera graphics window. P
Hand align model and map W
Orient the map so its stalk is pointing up and you look into the cleft. Then

lock the map position using the model panel dialog and rotate the PDB
model so it is similarly oriented and superimposed on the map.

Note that ctrl middle mouse button moves the model perpendicular to the
screen.

e 06 |X! Fit Models in Maps
Move model to maximize map values at selected atom positions.
Allow W rotation W shift
Average map value = 0.3531 for 31803 atoms

Optimize the fit

Do a computational optimization of the fit of the model in the map using
menu entry

Fit | I Average map value I Close I Help I

Tools / Volume Data / Fit Model in Map

Select all atoms by dragging a box around them using the ctrl key and



the left mouse button. Then press the Fit button. After a few seconds of
steepest descent optimization the PDB model is moved to its optimized
position. Sometimes pressing Fit again will improve the fit further.

Unselect all atoms by clicking with ctr/ left mouse button on the black
background in the Chimera graphics window.

Atoms as spheres

If you have fast graphics you can display atoms as spheres using menu
entry

Actions / Atoms+Bonds / sphere

If rotating the map and model is too slow return to the default display style
with

Actions / Atoms+Bonds / wire

Alternate fitting method

An alternate approach to fitting is to create a theoretical density for the PDB model at the experimental map resolution (22 A)
using the pdb2mrc program in the EMAN package. Then fit that map into the experimental map. Chimera version 1.2318 and
newer versions can optimize the fit of one density map in another map using

Tools / Volume Data / Fit Map in Map

and report the correlation.

Part 6: Human / yeast structure differences

Chain S of 1y1v shown in red (when colored with command rainbow chain) is an elongation factor that was not present in the
EM sample. To delete it, hold the ctrl key and click on a single red atom to select it. Then press the up arrow key to extend that
selection to all of chain S. Then use menu entry

Actions / Atoms+Bonds / delete

Human stalk crystal structure e 06 X| MatchMaker

Reference structure: Structure(s) to match:
A crystal structure is available for the human RNA polymerase Il [1y1v.pdb (#0) | 1y1v.pdb (#0)
stalk that we will compare to the yeast stalk. Open 2¢35.pdb, color |2C35.pdb {#2) 2C35.pdb (#2)

its chains with Chimera command Sequence alignment

Chain pairing
~ Specific chain(s) in reference structure
’ with specific chain(s) in match structure

rainbow chain

and delete all chains except A and B with command ) o
~ Specific chain in reference structure

delete #2:.C-V with best-aligning chain in match structure
¢ Best-aligning pair of chains
(delete model number 2 chains C through V). The asymmetric unit hetween reference andimatch structure
of this crystal structure contained four copies of the stalk dimer, alignment algorithm: Needleman-Wunsch — | Matrix: BLOSUM-62 -

three of which you just deleted (chains C,D,E,F,G,H), plus 4 chains

. Gap extensi ity 1
(S,T,U,V) containing water molecules. ap exiension penaty)

¥ Include secondary structure score (30%)  Show parameters |

Align human and yeast stalks W Compute secondary structure assignments
W Show alignmentis) in Multalign Viewer
To align the human stalk (2c35) with the yeast stalk (1y1v) use Matching
menu entry W Iterate by pruning long atom pairs until no pair exceeds:

. 2.0 angstroms
Tools / Structure Comparison / MatchMaker

OK Apply Cancel Help
select reference structure 1y1v and structure to match 2¢35 and -

press Apply. This will do a sequence-based structure alignment,
move the human stalk model to align it with the yeast model, and
display a sequence alignment of the best matching pair of chains.



Show the models with ribbons using the two menu entries

Actions / Atoms+Bonds / hide
Actions / Ribbon / show

and for better looking ribbons
Actions / Ribbon / round
While the structures are very similar notice that one alpha helix of

the yeast stalk (cyan) that is far out of the density is not part of the
human structure (dark blue).

Sequence alignment

The sequence alignment shown by the match maker tool is for the
human and yeast chains that matched best (B and G). To look at a
sequence alignment of the other pair of chains where yeast has an extra helix use the match maker chain palrlng option

Specific chain in reference structure with best-aligning chain in match structure

choose 1ylvchainDasthe & O © X MultAlignViewer
match maker reference chain

File Edit Structure Headers Tools Preferences
and press Ok.

1 " 21 31 41
: COonsensus . . . . ... ..o e e .. ..gqedgsqg gikgiehgta Eeel ......
Dragging a box grounq the  onearvation
yeaSt sequence insertion ;l():‘!’lép(:'l;, CI;““I:\ STSTFQTRRR RLEKY M AATLOL i F IE L ?\] ||(H ?; B| A 5 LlIaLML
m : ! ind ... 5 6 o B 54 | T V5L 6 6 6 0 0 o
(positions 75 - 91) in the pdb, chain .
MultAlignViewer sequence . 51 — 61h - ) 71 . 81 at Cekd Kk
window will highlight the cgﬂizfﬁﬁon ..rseihma ehfikganksa g T .els
corresponding residues (the 1ylvpdb, chainD EARLY | KEAL VERRRAFKRS OKK T'F.’__'R_ ELE " SIDVITEQTT " TGIGNNKDLKNT
Loy . 2C35.pdb, chain& . . N SEVHML L HRKQANESA EDEQ...... .......... .ELSEVFMKT
extra helix) in the graphics
windows. 101 11 121 131 141
Consensus mgY¥larFSRF kdgETiaaVi gLLkgkkLHp FEIl AqLaslLa peTAeEaKal
Conservation
For a closer view of this helix, e N VI ARFORF  KNAETIASVA SLLLOKKLHK FELAGLANLE FETAEESKAL
. { I S 5 a A L C A
select it and use menu entry -
151 161 171
Consensus IPSLegkisD eELgglLkei gtkrsly.
Tools / Focus Conservation
1ylv.pdb, chainD | © 5 LK |5 LERILKEL SNLETLY.
to zoom in, set the near and 2C35.pdb, chain & | ~ S L R F LaalL | ATKRSFAQY
far clip planes, and set the
c<tanter of rotation about those Quit ‘ Hide ‘ Help |
atoms.
Data Sets

The data sets for this tutorial are included in the data directory of the tutorial files (chimera-tutorial.zip), or can be obtained from
public databases:

¢ EM Databank 1283 and 1284
¢ Protein Databank 1Y1V and 2C35

The map files will have to be uncompressed using command-line program gunzip on Linux or Stuffit Expander on Mac OS X.
On Windows XP you have to install decompression software such as Win-GZ.

More Chimera volume features

For more information about Chimera volume display capabilities look at the

Guide to Volume Data Display

Also see additional tutorials, experimental features, image gallery, animations, examples, user's quide, and the Chimera home
page http://www.cgl.ucsf.edu/chimera.




