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Overview

Discovering Active Sites of Homologous Proteins by

Sequence Alignment

Y ou have developed a model of binding for alead compound in TB-PNP. Is
the lead compound also going to bind to the human PNP |eading to aloss of
selectivity and potential side effect?

Y ou need to determine how the ligand binds to human PNP so you can
understand whether the ligand will exhibit high selectivity. Ideally you want
to have acrystal structure of human PNP bound to the lead compound. But if
the compound is selective it won't bind and you can’t get a crystal structure.
On the other hand, neither failure to get a crystal structure or failure to get a
positive binding assay is not proof of selectivity because there are many
reasons that you might fail to get a crystal structure or a positive assay. Y ou
need to know why your compound fails to bind. Modeling provides the basis
for understanding the mechanism for selectivity.

In the case of PNP thereisacrystal structure for the human enzyme, but there
is no ligand bound to the protein. Y ou must therefore find the active site in
human PNP by comparison with the active site with TB-PNP and model
ligandsin the human PNP active sitein order to understand whether the ligand
is selective.

In this exercise, you will use CAChe to

® create acrevice surface of human PNP and quickly scan it for possible
binding regions

* align the sequence of human PNP with the sequence of the homologous
TB-PNP for which the active site is known

® identify the active site residues in human PNP from the alignment
® create a named atom group for the active site in human PNP
® compare human PNP's active site with the crevice surface

* dock aligand bound in the active site of TB-PNP into the active site of
human PNP.
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Background

The 2.75 Angstrom resolution crystal structure (1ULA) of homo sapiens
erythrocytes purine nucleoside phosphorylase (human-PNP) Lisavailable. In
aprevious exercise, you identified the active site in TB-PNP by locating the
residues adjacent to the bound ligand ImmH. This technique cannot be used
with the crystal structure for human-PNP (1ULA) because it lacks the bound
ligand.

Crevice surfaces are afirst quick step for locating regions of a protein that
might be good binding sites.? The crevice surface colors the protein surface
by the depth from an enclosing smooth surface. The result is that deep
crevices within the protein where ligands will bind are colored blue and other
areas are cream colored.

Human-PNP and TB-PNP? almost certai nly evolved from a common
ancestor. Both enzymes are trimeric, have a similar 3-dimension fold and
catalyze the same reaction. Once nature discovers how to catalyze areaction,
she tends to reuse the active site in enzymes of related species. Therefore,
active site residues and geometries are usually conserved in evolutionarily
related enzymes. Thus, it is reasonable to suppose that the catalytic residues
present in the human-PNP active site are the same as those of TB-PNP.

Multiple sequence alignment of human-PNP with other PNP enzymes related
toit by evolution can therefore be used to identify the human-PNP active site.

In this exercise, you will identify the residues in human-PNP that align with
the active site residues of TB-PNP and use superposition to confirm that the
3D structure of these residuesin human-PNP are the same asthat in TB-PNP.
The alignment and superposition allow you to identify the active sitein
hyman PNP.

Finally, youwill comparethe location of your active site with the crevice map
to check for consistency in the methods.

Using the crevice surface to scan for potential binding sites

Q{) To create and view the crevice surface

1. From the CAChe Workspace, chooseFile | Open and open 1ULA. csf .
The 3D Structure window for human-PNP (LULA) opens.

2. Fromthe 1ULA 3D Structure window, choose Analyze | Crevice
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Surface.

After afew seconds, the crevice surface appears.

Potential binding
site

The crevice surface is an accessible surface colored by the distance from a
smoother enclosing accessible surface. Blue is used to identify regions far
from an enclosing smoother outer surface.

Notice the largest crevice or “lake” on the surface isin the upper right hand
corner. Thisisaregion of the surface that might be a good ligand binding
region because of its large complex shape and its depth.

Thelargeirregular shape makesit likely that a site of this shapeis unique to
the 1ULA protein and does not occur in any other protein. Consequently, a
ligand that bound to this entire complex region would be selective.

The depth of the crevice suggeststhat there may be many binding interactions
on the bottom and sides of the crevice leading to strong binding.

At the end of this exercise, you will compare the active site located by
homology to the region suggested by the crevice surface.

t%{> To close the crevice surface

Protein Laboratory Exercise

1. When you have finished analyzing the crevice surface, choose Analyze |
Show Surfaces and uncheck crevice1.acs.
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The crevice surface disappears revealing the protein chemical sample.

Aligning sequences

First we will prepare human-PNP and TB-PNP for alignment by analyzing
them in the Sequence View.

t%{> To prepare human-PNP and TB-PNP for alignment
1. ChooseFile | Open and select TB- PNP+PNP030. csf .
TB- PNP+PNP030. csf opens and displays the cleaned structure.
2. Choose Analyze | Sequence.

The Sequence View window opens and the sequence of TB-PNP is
displayed.

3. ChooseWindow | ..\1ULA.csf.
The 1ULA. csf 3D Structure Window comes to the front.
4. Choose Analyze | Sequence.

The Sequence View window comes to the front and the sequence of
human-PNP (LULA) is displayed below that of TB-PNP.

Next align the sequences either automatically or manually do one of the
following:

S To automatically align human-PNP and TB-PNP
1. Inthe Sequence View, choose Edit | Align

The Align Sequence dialog appears.

2. Select human-PNP as the Target Sequence and TB-PNP as the Probe
Sequence and press OK.

Gaps appear in human-PNP and in TB-PNP that align the sequences
according to the maximum scoring alignment using the BLOSUM 501
substitution matrix in the Needleham-Wunsch alignment algorithmz.

t1{> To select the active site residues in TB-PNP
1. ChooseWindow |..\TB-PNP+PNP030.csf.
The 3D Structure Window for TB-PNP+PNP030 comes to the front.
2. Choose Edit | Group Atoms.

1. REFERENCE MISSING

2. Needleman, S. B. and Wunsch, C. D., “A General Method Applicable to the Search for Similaritiesin the
Amino Acid Sequence of Two Proteins’, J. Mol. Biol., 1970, 48, 443-453; Gotoh, O., “An Improved
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The Group Atoms dialog appears.
3. Choose ActiveSite from the Defined Groups: list.
ActiveSite appears in the Group Name: text box.
4. Choose G Only and then OK.

The Group Atoms dialog closes and active site residues are selected. The
rest of the chemical sample dims.

5. Choose Window | Sequence View.
The Sequence View window comes to the front.
6. Inthe Sequence View window, choose the Select Tool

The active site residues for TB-PNP+PNP030 are highlighted and
outlined with black boxes.

Next you will select the corresponding residues in human PNP.

L To select matching residues in human-PNP

1. Inthe Sequence View, choose Edit | Match Selection
The Match Sequence Selection dialog appears.

Match Sequence Selection X|
— Select Master Sequence and Sequence for Mew Selection
HMaster Sequence Mew Selection
|l 1L || 1uLe
|| TB-PHP+PHPO30 || TB-PNP+PHPO30
or | e

2. Choose TB-PNP+PNP030 as the Master Sequence and 1ULA asthe
New Selection.

The OK button highlights.
3. Choose OK.

Residuesin 1ULA are selected and a black border appears around the
newly selected residues. Note that the selected residuesin 1ULA and TB-
PNP+PNPO030 are identical with two exceptions. Examine the selected
residues in the 3D Structure Window for 1ULA.

4. Choose Window | ...\TULA.csf.

The 1ULA. csf 3D Structure Window comesto the front. Notice that the
selected residues form an open pocket ready to receive aligand. Thisis
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different from the pocket in TB-PNP+PNP030 which has already closed
around the PNP0O30 ligand. Apparently as aligand binds, the PNP active
site pocket closes to wrap the extended residues around the ligand.

L To create an active site group in human-PNP

NOTE

Y ou may see warning
dialogs about hybridization
and charge. Press the Save
button to dismiss each
dialog and continue saving
thefile.

1. Inthe 3D Structure Window for human-PNP, choose Edit | Group
Atoms.

The Group Atoms dialog opens.

2. TypeActiveSite-human into the Group Name text box, choose
>>Group>> and then OK.

A named group is created for the active sitein TULA. csf .
3. ChooseFile | Save.

1ULA. csf issaved. The gapsyou entered in the sequence and the named
active site are saved.

Y ou identified the active site residues by alignment of two proteins. Would
you have reached the same conclusions if multiple sequences had been used?
In the next section we examine the results of a multiple sequence alignment
to answer this question.

Protein Laboratory Exercise



Validating the alignment using multiple sequences
Clustal-W multiple sequence alignment of purine nucleoside phosphorylase homologs

VZWZIPIVSIMK UZEWZIWINSIMK UZWEWINSIML UZSWEZWINKSIM< UZSWEWINSIM< UZSWEWINLSTIM

pestis PNP
coli PNP
influenzae PNP
chol erae PNP
aur eus PNP
sapi ens PNP
taurus PNP
muscul us PNP
subtilis PNP|
tubercul osi s PNP
aer ophi | um PNP
pestis PNP
coli PNP
influenzae PNP
chol erae PNP
aur eus PNP
sapi ens PNP
taurus PNP
muscul us PNP
subtilis PNP|
tubercul osi s PNP
aer ophi | um PNP
pestis PNP
coli PNP
influenzae PNP
chol erae PNP
aur eus PNP
sapi ens PNP
taurus PNP
muscul us PNP
subtilis PNP|
tubercul osi s PNP
aer ophi | um PNP
pestis PNP
coli PNP
influenzae PNP
chol erae PNP
aur eus PNP
sapi ens PNP
taurus PNP
muscul us PNP
subtilis PNP|
tubercul osi s PNP
aer ophi | um PNP
pestis PNP
coli PNP

i nfluenzae PNP
chol erae PNP
aur eus PNP
sapi ens PNP
taurus PNP
muscul us PNP
subtilis PNP|
tubercul osi s PNP
aer ophi | um PNP
pestis PNP
coli PNP

i nfluenzae PNP
chol erae PNP
aur eus PNP
sapi ens PNP
taurus PNP
muscul us PNP
subtilis PNP|
tubercul osi s PNP
aer ophi | um PNP

............. MATPHI N- AEMGDFADVVLMPGDPLRAKFI AETFLQD 36
............. MATPHI N- AEMGDFADVVLMPGDPLRAKY! AETFLED 36
.............. MTPHI N- APEGAFADVVLMPGDPLRAKYI AETFLQD 35
............. MATPHI N- AQVIGDFADVVL MPGDPLRAKY! AENFLDN 36
............ MKSTPHI KPMNDVEI AETVLLPGDPLRAKFI AETYLDD 38
- MENGYTYEDYKNTAEWLL SHTK- - HRPQVAI | CGSG- LGGLTDKLTQAQ 46* *
- MONGYTYEDYQDTAKWLL SHTE- - QRPQVAVI CGSG- LGGLVNKLTQAQ 46
- MENEFTYEDYETTAKWLLQHTE- - YRPQVAVI CGSG- LGGLTAHLKEAQ 46
----- DRI ERAAAFI KONLP- - ESPKI GLI LGSG- LGl LADEI ENPV 41
I\/ADPRPDPDELARRAAQ\/I ADRTGlI GEHDVAVVLGSGW.PAVAALGSPTT 50++
-------- MVKLTNPPKSPKELGFDEFPSI Gl | GGiG- LYDPG FENAV 40

VREVNNVRGMLG:- - - - - - - - - - FTGTYKGRKI SVMG- - HGMGI PS- - - - - 69
AREVNNVRGMLG- - - - - - - - - - FTGTYKGRKI SVMG- - HGMGI PS- - - - - 69
VVEVTNVRNMLG: - - - - - - - - - FTGTYKGRKI SI MG- - HGMGI PS- - - - - 68
AVQVCDVRNMVFG- - - - - - - - - - YTGTYKGRKI SVMG- - HGMGl PS- - - - - 69
VEQFNTVRNMFG- - - - - - - - - - FTGTYKGKKVSVMG- - SGMGWPS- - - - - 71

| FDYGElI PNFPRSTVPGHAGRL VFGFLNGRACVMVY- - GRFEMYEGYPLW 94* *
TFDYSEI PNFPESTVPGHAGRLVFG LNGRACVMMY- - GRFEMYEGYPFW 94

| FDYNEI PNFPQSTVQGHAGRLVFGLLNGRCCVMMQY - GRFEMYEGYSLS 94
KLKYEDI PEFPVSTVEGHAGQLVLGTLEGVSVI AMQ - GRFHF YEGYSME 89
VLPQAEL PGFVPPTAAGHAGELL SVPI GAHRVLVLA- - GRI HAYEGHDLR 98++
EVQ HTPYGLPSDN- - - - - - - VI VGRVAGRVVAFL PRHGRGHKYPPHKI P 83
CSI YAKELI TDFGVKKI | RVGSCGAVRTDVKLRDVVI GMGACTDSKVNRM 119
CSI YTKELI TDFGVKKI | RVGSCGAVL PHVKLRDVVI GMGACTDSKVNRI 119
CSI YAKELI TEYGVKKI | RVGSCGTVRVMDVKVRDVI | GLGACTDSKVNRI 118
CSI YVTELI KDYGVKKI | RVGSCGAVNEG KVRDVVI GMGACTDSKVNRI 119

I Gl YSYELI HTFGCKKLI RVGSCGAMQENI DLYDVI | AQGASTDSNYVQQ 121
KVTFPVRVFHLLGVDTLVVTNAAGGLNPKFEVGDI MLI RDHI NLPGFSGQ 144* *
KVTFPVRVFRLLGVETLVVTNAAGGLNPNFEVGDI MLI RDHI NLPGFSGE 144
KVTFPVRVFHLLGVETLVVTNAAGGLNPNFEVGDI MLI RDHI NLPGFCGQ 144
KVTFPVRVMKALGVEALI VT GVNTEFRAGDLM | TDHI N- - - FMGT 136
YVVHPVRAARAAGAQI WLT GGLRADLQVGQPVLI SDHLN- - - LTAR 145++
YRAN- | YSLYMLGVRSI VAV: >SLRPDYAPGDFVVPDQFVDMIKGREY 132

RFKDH- - - - - - - ---- DYAAI ADFEMTRNAVDAAKAKG- - VNVRVGNLFS 156
RFKDH- - - - - - - ---- DFAAI ADFDMWRNAVDAAKALG- - | DARVGNLFS 156
RFKDN- - - - - - - ---- DFAAI ADFDVAQAAVQAAKAKG- - KVWRVGNLFS 155
RFKDH- - - - - - - ---- DFAAI ADYKMVKAAEEAAKARG- - | DVKVGNLFS 156
YQLPG ---------- HFAPI ASYQLLEKAVETARDKG- - VRHHVGNVLS 158

NPL RGPNDERFGDRFPAMSDAYDRT VRORAL STWKQVIGEQREL QEGTYVM 194 * *
NPL RGPNEERFGVRFPAMSDAY DRDVRQKAHSTVWKQVIGEQREL QEGTYVM 194
NPL RGPNDERFGVRFPAMSDAY DRDVROQKAFTAVKQVIGEQRKL QEGTYVM 194
NPLI GPNEADFGARFPDMSSAYDKDL SSLAEKI AKDLN- - | PI QKGVYTA 184
SPLVG- - ----- GEFVDLTDAYSPRLRELARQSD- - - - - - PQLAEGVYAG 182++
TFYDGPR- - - - TCHI Qf GLEPFTQEI RQI LI ETAKKYN- - RTHDGGCYVC 176
ADLFYTPDPQVFDVM EKYG LGVEMEAAGI CGVAAEFGAKALTI CTVSD 205
ADLFYSPDGEMFDVM- EKYG LGVEMEAAGH YGVAAEFGAKALTI CTVSD 205
ADLFYTPDVEMFDVM EKYG LGVEMEAAGH YGVAAEYGAKALTI CTVSD 204
AELFYTPDPSMFDVM DKYG VGVEMEAAGH YGVAAEYGAKALAI CTVSD 205
SDI FYNADTTASERW MRMGI LGVEMESAAL YMNAI YAGVEALGVFTVSD 207
VAGPSFETVAECRVL - QKLGADAVGMSTVPEVI VARHCGLRVFGFSLI TN 243* *
LGGPNFETVAECRLL- RNLGADAVGMSTVPEVI VARHCGLRVFGFSL
LAGPNFETVAESRLL- KMLGADAVGMSTVPEVI VARHCGLRVFGFSL
VTGPSYETPAEVRFL- RTMGSDA TVPEVI VANHAGVRVLG SCI

| EGPRTSTKAESRI VREVFGCDI T5117L VPE! NLARELGVCYGLI ALVTD 226
HI RTGEQTT- - - AAERQTTFNDM El ALESVLLGDNA- - - - - = == = = - - - 239
HI RTHEQTT- - - AAERQTTFNDM Kl ALESVLLGDKE- - - - - = = = = = - - - 239
HI RTHEQTT- - - AEERQLTFNDM El ALDSVLI GDAL- - - - - == === - - - 238
HI KTGEQTT- - - SEERQNTFNEM El ALDSVLI GDQAGY- - - - - - = = - - - 241
HLI HETSTT- - - PEERERAFTDM El ALSLV- - -« === === === === - 235
KVI MDYESL EK2NFEE VL AAGKQAAQKLEQFVSI LMASI PLPDKAS- - - - 289% *

KVI MDYESQGKANHEE VL EAGKQAAQKLEQFVSLLMASI PVSGHTG - - - 289
ME VL DAGKAAAQTLERFVSI LMESI PLPDRGS- - - - 289
DEVMEVTEKVKAGFLKLVKAI VAQYE- - - - - ----- 271
AEVLAAGAASATRMGALLADVI ARF- - - - - - - - - - - 268++

YDl WPHQP- - VTAEAVEKMMTEKLG | KKVI AEAVPKLPAELPKCSETL 274

The table above shows the Clustal-W multiple sequence alignment of
purine nucleoside phosphorylase (PNP) homologs (proteins related by
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evolution).The “**” line is the sequence of human PNP and the “++”
lineisthe sequence of TB-PNP. A multiple sequencealignment ismade
to discover portions of evolutionarily related proteins (homologs) that
are unchanged by evolution. These unchanged or conserved residues
arelikely to be important to the protein’s function. In particular the
active sites of enzyme homologs tend to be highly conserved.

The multiple sequence alignment shows that the active site of TB-PNP is
conserved in human, mouse, bovine and soil bacteria. The TB-PNP activesite
residues do not appear to be conserved E. coli, Y. pestis, H. influensae, V.
cholerae or S. aureus PNP. This suggests that these enzymes have a different
active site and can be classified into two sub-families by active site.

Within the TB-PNP sub-family, it appears that our analysisis correct and we
have found the conserved active site residues. Only two of sixteen residuesin
the active site of TB-PNP are different in human PNP. A strategy inthe design
of selective inhibitors would focus on the interactions of these two residues
with ligands.

Comparing the active site to the crevice surface

Y ou validate the crevice surface by checking that the active site islocated
near the crevice that you identified as a potential binding site at the beginning
of this exercise.

Q{) To view the crevice surface

1. Fromthe 1ULA 3D Structure window, choose Analyze | Show
Surfaces.

The Show Surfaces dialog opens.
2. Choose the surface crevice1.acs and click OK.
After afew seconds, the crevice surface isdrawn. Notice that largest 1ake
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on the crevice surface is near the active residues.
. )

Docking a bound ligand from one protein into a homologous protein

Y ou will dock PNPO30 into human-PNP by superimposing human-PNP onto
TB-PNP+PNP030 and then deleting TB-PNP.

& To superimpose human-PNP and TB-PNP
1. ChooseWindow | Sequence View.
The Sequence View window comes to the front.

2. Fromthe Sequence View window, verify that both TB-PNP+PNP030 and
1ULA sequences are displayed, that their sequences are aligned and that

NOTE only the active site residues are highlighted and outlined with black boxes.
Only protein chains and 3. From the Sequence View window, choose Edit | Superimpose

ligands containing sel ected

residues are superimposed Sequences.

ontozthe target. Thus, the The Superimpose Sequences dialog opens.

SO, in human-PNP are

”°t4superimposed in the 4. Choose the Probe Sequence to be 1ULA and the Target Sequence to
target window. be TB-PNP+PNPO030.
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5. Choose Superimpose Probe onto Target and click OK.
After approximately 1 minute, the Superimpose Sequences dialog closes.
6. Choose Window | ...\TB-PNP+PNP030.csf.

The TB-PNP+PNP030 3D Structure window comesto the front with both
TB-PNP and 1ULA superimposed.

7. Inthe 3D Structure window, choose the Select Molecule Tool and click
on TB-PNP (TB-PNP is the unselected and dimmed protein).

TB-PNP highlights. 1ULA, PNP030, PO4 and the water molecules dim.
8. Choose Edit | Delete.

TB-PNP disappears and the remaining portions of the structure highlight.
9. ChooseFile | Save As and name the new file 1ULA+PNP030. csf .

The result is PNP0O30 docked in human-PNP. At this point, you should
analyze the ligand in the active site by counting the number of hydrogen
bonds, checking for bumps, and viewing the adjacent surface asyou did in the
earlier exercise “Evaluating the docking”, p 3-7.

Y ou’ ve probably noticed that trying to evaluate ligand sel ectivity and contact
surface is an uncertain process. As aresult, there have been significant
research efforts to devel op automated and quantitative measurements of
protein-ligand interactions from athree-dimensional structure of a protein-
ligand complex. Y ou will apply one of these methods in the next exercise.
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