Problem Set 2: Protein Crystallography
BMB 170 2007 Due November 1 to Justin

Part I: Understanding a Structure Paper

In thefirst part of thishomework you will answer questionsregarding the determinaion of the
structure of apotassum channd. The pape isinduded as channd.pdf in thefiles for this
problem set, or you can find it by the citation Science 280:69-77, 1998 For this structure and
other work Rodeick Mackinnonwas awarded theNobd Prize in Chemistry in 2003.Read
throughthelast paragraph of thefirst pageas wellsthe captionfor Table 1 on page 72

1) Thelast sentence of thefirst paagraph says tha thedaabeween 3.3 A and 3.2 A were only
67% complete. Describe onereason for thisincompleteness that is presented by the authors.

2) Briefly, wha isthe crystallographic R-factor a measure of? How is free R-factor different
from this? Why it important to minimize the difference between free R-factor and
crystallographic R-factor during refinement? Wha were the values of crystallographic R factor
and free R factor in the potassum channd structure?

3) Wha isthevaluefor Ryerge for thenéive daa set, and wha is this statistic represent? What
aboutl/cl?

4) Wha methodwas used to determine phases? Why were multiple cysteine mutants required for
phasing?Would these mutants be necessary if additiond metals were used?

Part II: Assessing the Quality of a Model

In November 2006 three indgoendent structures of the complement protein C3b were published
simultaneoudy in Nature. This protein is an activated form of C3 andisinvolved in the
activation of the human immundogical complement respon by binding avariety of
downdream proteins In geneal, two of thethree structures were in close agreement with each
other. However, thethird structure showed significant structural differencesin two of the 12
domainsof theprotein. In Augug 2007a communication in Nature questionad thevalidity of
this structure. Read thisletter, which is provided in thefilesfor this problem set as C3b pdf, or
locate it onlineat:

http://www.naure.conynaure/joumd/v448h7154pdf/naure06102pdf

In this part of the homework you will examinethe C3b structure in question and its assodated
experimental electron dengty map in theprogram COOT. Theingrucionsgiven are for use
with the Braun computer lab, butwill apply if youingall COOT onyour own computer.
Take alookat theindruction manud for COOT to familiarize yourself with navigation:

http://www.ysbl.york.ac.uk/~emsley/coot/doduser-manud.html



Once a PDB file has been opened the mos common navigaion methodsare:

Left-mouse Drag Rotate view

Ctrl Left-Mouse Trandates view

Shift Left-Mouse Labd Atom

RightMous Drag Zoomin and out

Ctrl Shift Right-Mous Drag Rotate View aroundScreen Z axis
Middle-mouse Centre on atom

Scroll-whedl (or keyboad +/-) Increase/Decrease map contour level

You can us either COOT for Linux or WinCOOT for Windows. Theingructionsgiven bdow
arefor navigaingin Linux Once COOT has been opened, however, itisidentical oneither
platform. COOT for Linuxtendsto bemore stable.

All computersin thelab bootboth Linux and Windows. Turn on the machine and themonitor.
When you@e offered achaice of operating systems, press the down arrow to boat Linux. Type
your login and password, then type Xtart and select 2 to start the Ghome environment. In
subsequent loginsstartx should then start Gnome directly. Whenever you are dore usng any of
these computers, you should completely shut down by using @hut down&from themenu bar in
Gnome or by typing poweroff in aterminad window or after exiting Ghome. Pressing the power
button will dso shut down, even if thekeyboad and mouse are locked out, but should not be
used otherwise.

To start aterminal, right click on the desktop and select Open Terminal. To start aweb
browser, type firefox in the termind. To create a new working directory caled Prob2,type
mkdir Prob2. To change to that directory, type cd Prob2. To beagin, copy al filesfromthe TA
directory into your directory by typing Qp /ulhhmi/bil70ta/Prob2/* .ODon®neglect the dot at
theend, it means you want to keep the names the same and put thefilesin the current directory.
Typels -alrt to view alist of dl thefilesin thecurrent directory in reverse chrondogical order.

Quick summary of some Linux/UNIX commands:
cd newdirectory change to a new working directory
cp filename newfilename copy afile

Is list filesin the current working directory

mkdir newdirname make anew directory

mv filename newfilename change the name and/or directory of afile
pwd print theworking directory

rm filename remove afile pemanently

rmdir dirname remove adirectory

nedit run text editor caled nedit

firefox run web browser



Coot:

To start COOT, type Gsetup cootOin an open termind. Subsequently typing coot in that open
terminal will start the program. To open a PDB File, go to File > Open Coordinates, and click
OK after selecting the desired PDB file. To activate the stereo vison,go to Draw - Stereo...
and then sdlect Hardware Stereo and click OK. To go back to nomad vison, return to this menu
andclick Mono. (Note: do NOT use stereo in WinCoat, it will cause the program to freeze
soone or later.)

Open COOT and load thecoordinaes for C3b

% setup coot
% coot
File > Open Coordinates
Select 2HRO0.pdb and click OK

First examinethelattice contacts by displaying crystallographic symmetry related molecules.

Draw - Cell & Symmetry...
Select Yes in the Master Switch box
Set the Symmetry Atom Display Radius to 1000 A (Do NOT click apply yet!).
Click onthe Symmetry by Molecule... box
Make sure that Show Symmetry is checked unde 2HRO.pdb
Unde display optionsselect Display as CAs. Click OK
Now you can click Apply.

5) Rotate thefield of view by left clicking and dragging in the viewer windowand zoomin and
out by right clicking and dragging. Orient theview so tha theY -arrow in thetop left corner of
theviewer is pointed towardsyou. Is there anything unusud aboutthe packingin this
orientation?Does this crystal |attice make sene?

Turn off the symmetry molecules.

Draw = Cell & Symmetry...
Sdlect No in theMaster Switch box

Now examinethe Ramachandran plot for this model.
Validate > Ramachandran Plot = ...2HRO0.pdb

6) Briefly describewha you see in the plot. Asarefined 2.3 Angdrom structure, does the plot
give you confidence in the modd? Why or why not?

Now you will examinethe 2Fo-Fc electron dendty map for this structure. Thisisamap in which
the oberved structure factors calculated from the X-ray diffractionimages are multiplied by two
and the calculated structure factors from themodd are subtracted. Phases are taken fromthe



modd and additiond weighting isused to redua modd bias. Thisisastandad map used in
crystallographic refinement and is often the electron dengty shown in pgper figures.

File & Open Map...
Select 2HR0.map and click OK

Draw = Go To Atom...
In the Chain boxenter A, inthe Residue Number box enter 622.Hit apply.

7) Theviewer should now be centered onleudane 622 of the A chan. Describethe postionand
seconday structure of L622with regardsto therest of the protein. What kindsof resdues are
surrounding L622 and what environment does this create? Would you expect thisto beavery
flexible region?Using your knowledgeof X-ray crystallography, would you expect thisto have
strongobserved electron dendty?

Electron densty mapsare three-dimensond contour maps much like atopological map of a
mountin. The AeéightOof themap, in this case thedensty of electrons isreferred to as sigma,
and usudly only onesigmalevel isdisplayed at onetime. Y ou can changethe contour level
usngthemouse whedl. Pulling thewheel towardsyou will reduce the contour level and pughing
away will increase the contour level, and thelevel in sigmawill bedisplayed in thetop right
corner of the viewer window. Notice tha asthesigmalevel isreduced bdow 1 themap it
becomes difficult to distinguish protein electron dengty from surrounding nase, and as the
sigmaincreases dengty eventudly disappears altogether.

8) Slowly increase thesigmalevel to around6. In genera, which regionsof the structure have
the highest electron densty, or in other words, which regionsdisappear last asthe contouris
increased?What is achemical explandion for your observation?

9) Now still looking at L622 aroundwha sigmalevel doesthe side chan begin to disappear?

10) Usingthe Go To Atom... command, center on Residue1288of Chan B. Theviewer should
now be centered on an arginine Describethelocation of theresiduein regardsto therest of the
protein. Does thisregion have any seconday structure, and would you consder thisregionto be
folded or unfolded? Are there any residues nearby that interact with the R1288sidechan?
Would you expect thisregion to beflexible? Would you expect strongdendty to beobserved in
thisregion?

Modd bias can bea significant problem in protein crystallography. It is manifested as dendty
aroundamodd even if no experimental dendty would be otherwise observed. Oneway
crystallographeas sort out bias from true densty is verify make sure that themodd is congstent
with known propeties of pdypeptides.

11) Look at the conformation of R1288and theresidues tha immediately surroundit in
sequance. Do you observe anything in themodd tha is sugiciouswith regardsto your
descriptionson fold?Describe



12) Now increase and decrease the contour level. At wha sigmalevel doesthedensty for the
arginineside chan disappear? Using the environment of R1288as well as wha you learned from
examining L622,describewhy or why not this result was expected.

13) Read thereply by Ajees et . to thecriticism of Janssen et al. tha is onthesame .pdf asthe
criticism by Janssen et al. What modd do the authors present to accountfor theunusud packing
and surface features of ther structure?

Part II1: Building a Model Into Experimental Electron Density

In thefind exercise of this problem set you will learn howto build andfit a protein modd into
experimental electron densty mapsusng COOT. Y ou are given two electron dengty maps one
tha indudesinformation fromreflectionsoutto 2.0 ¢ resolution (map2.map) and oneto only
3.5+« (map35.map). Usethe2.0« map for themodd building,andthe3.5+ map to ansver the
find question onthe problem set. Both of the maps were made with experimental intengties and
calculated phases after refinement.

Theregionto betraced isa 20 resduesequence of an dphahdix and beta strand tha islocated
within thefollowing sequence, and oneof your tasks will beto determineitsidentity:

LGKLAHRLKNEGTKVLMAAGDTFRAAASDQLEIWAERTGCEIVVAEGDKAKAATVLS

It iseasiest to close COOT if itisstill open fromthe previousquestion. Reopen COOT and load
map2.map the same way you opened the electron dengty map in the previousquestion.

% setup coot if in new terminal window
% coot
File & Open Map
Select map2.map, click OK
Edit & Map Parameters...
Map radius 10.0 = 20.0, click OK
File = Open coordinates, select center.pdb, click OK centers on map
File = Close Molecule/Map
Check center.pdb, click Delete Marked Molecules and images

Make sure you are centered in thedensty in all dimendons(you can check by rotating around
the dengty by holding down theleft mouse button and dragging). Zoom in and out of the
fragment to familiarize yourself with its shgpe If necessary increase the contour level untl you
can trace the chan. Make sure you can identify thehdix and strand.



Place a poly-alanine hdix into the densty. Then mutate it to match the sequence above

First make sure that the pink box in the center of the viewer iswithin the hdix dengty. It should
be after you opened center.pdb
Calculate = Other Modelling Tools...
click onPlace Helix Here
Draw = Sequence View = Helix
mouse ove the sequence, write down theresiduenumbers of thetermini, click Close

There will nowbeahdix of 15aanines modded into thedengty. This should make it easier to
distinguish main chan dengty from side chan density. At this point youwill need to identify
which rangein the sequence on the previouspagethis densty represents. Look at thesidechan
dendty and find aresidueor two tha you can identify with confidence (thereis at least oneside
chan tha is unanbiguousin thismap). Then, findit in thesequence and see if theresidues
surrounding it will match the dengty you observe. Once you are in register with the sequence
you can identify al 15residues of thehdix.

Shift-left click onthetermind residues of the hdix and note theresiduenunber that is displayed
onthelabd that appears.
Calculate > Mutate Residue Range...
Select the Helix, enter thetermini ressduenumbes from the preceding step, enter the
sequence you have identified, check Autofit the mutated residues, click OK.

COOT will nowtake afew moments to replace the polyalanine sequence with your input
sequence. Asyou will see, it fitsthe correct rotamers into place automaticaly.
However, this still requires some refinement. First recenter theview onthefirst resdue

Draw = Go To Atom...
In thebotom left pane Click onthe+ next to Chain, select thefirst residue click Apply.

Now, for each residueyou need to fit it into thedendty propely. Thisis also easily donein
COQT by goingto Calculate = Model/Fit/Refine. Once centered onthefirst residue, you can
click (Real Space Refine ZoneOor (Rigid Body Fit ZoneOand doubk click on theresidueyou
wish to refine Click Accept or Reject based on thechanges. You can also use the (Regularize
ZoneOfeature to fix the geometry, as sometimes the other refinement tools lead to incorrect
geometry. [Note: Thereis possibly a bugin theprogram regarding the Qeal space refinezoned
and Qegularize zonelfeatures. Try to use them butif you receive an error concerning an mmcCIF
dictionay, donotworry- jug use the other toolsmanud refinement indead.] A zoneof afew
residues can aso berefined, by clicking thefirst and last residues of thedesired rangeonce after
selecting Qreal space refine zoneOor Qrigid body fit zone.OY ou can aways undoan action by
clicking Undo, also in the Model/Fit/Refine menu. Y ou can aso manudly movetheresidues
aroundusng the Rotate/Translate Zonefeature, and look at different rotamers with Auto Fit
Rotamer or Rotamers... Expaiment usng these refinement optionsfor each resdug moving
between residues usng the space ba to go forward or shift+space ba to go backwards Refine
each residueeither usng oneof theautomatic tools or manudly untl you are satisfied with the
oveall fit of thehdix into thedengty.



Save your hdix periodically. To do so:
File 2 Save Coordinates...

Now build the connecting beta strand. Make sure tha the side chain of thelast resdueof your
hdix isin sdechan dendty and notmain chan densty. Changeyour modd if required.

In the Calculate = Model/Fit/Refine window, click onthe Add Terminal Residue button and
click onthelast resdueof your hdix going towards the sheet. A white alanineresiduewill
appear in thewindow Y ou can postion theresidueby dragging, and when you are hgppy with
itslocation hit OK in the pop-up window Use the Rotate/Translate command in the
Model/Fit/Refine windowto roughly orient thesidechan into sidechan dengty, and theamine
and carbonyl groupsaligned with thedirectiondity of thechan. At this point do notworry if
there are clashes or imprope bondsdisplayed. Then use Mutate & Auto Fit... to changethe
alanineto the correct residue Continuedoingthisthroughthe beta strand, occasiondly uang the
Qonedtools to refineregions

When you are completely done puta copy of your pdbfile in your home directory
with:

% cp whateveryoucalledit.pdb ~firstnamelastname.pdb
(iefor Jugin Chatrontha would be ~juginchartron.pdb).

14) Once you have finished yourtracing, look at the 3.5« map and your traced chain. Wha
features from your modd would have been hardest to trace with the3.5+ map?Which side
chansmightyou have traced incorrectly had youused the3.5« map?



