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1 INTRODUCTION
FromtheoriginalProteinDataBankentry(PDB id 1brl):
Title: Three-dimensionalstructureof bacterialluciferasefrom vibrio
harveyi at2.4angstromsresolution
Compound: Mol id: 1; molecule:bacterialluciferase;chain:a,c; ec:
1.14.14.3;otherdetails:apo(no fmn); mol id: 2; molecule:bacterial
luciferase;chain:b, d; ec:1.14.14.3;otherdetails:apo(no fmn)
Organism,scienti�c name:Vibrio Harveyi

1brl containsuniquechains1brlA (340 residues)and1brlB (319
residues)1brlCis ahomologueof chain1brlA. 1brlD is ahomologue
of chain1brlB.

2 CHAIN 1BRLA

2.1 Q91UU4overview
FromSwissProt,id Q91UU4,92%identicalto 1brlA:
Description: LuxA protein.
Organism,scienti�c name:PlasmidpIPO2T.
Taxonomy:othersequences;broadhostrangeplasmids.

2.2 Multiple sequencealignment for 1brlA
For the chain 1brlA, the alignment1brlA.msf (attached)with 54
sequenceswasused.Thealignmentwasdownloadedfrom theHSSP
database,and fragmentsshorterthan 75% of the query as well as
duplicatesequenceswereremoved.It canbefoundin theattachment
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Fig. 1. Residues1-170 in 1brlA coloredby their relative importance.(See
Appendix,Fig.15,for thecoloringscheme.)

Fig. 2. Residues171-355in 1brlA coloredby their relative importance.(See
Appendix,Fig.15,for thecoloringscheme.)

to this report, underthe nameof 1brlA.msf. Its statistics,from the
alistat programarethefollowing:

Format: MSF
Number of sequences: 54
Total number of residues: 15307
Smallest: 131
Largest: 340
Average length: 283.5
Alignment length: 340
Average identity: 46%
Most related pair: 99%
Most unrelated pair: 17%
Most distant seq: 46%

Furthermore,1%of residuesshow asconservedin thisalignment.
Thealignmentconsistsof 79%prokaryoticsequences.(Descripti-

onsof somesequenceswerenot readily available.)The �le contai-
ning thesequencedescriptionscanbefoundin theattachment,under
thename1brlA.descr.

2.3 Residueranking in 1brlA
The1brlA sequenceis shown in Figs.1–2,with eachresiduecolored
accordingto its estimatedimportance. The full listing of residues
in 1brlA can be found in the �le called 1brlA.rankssortedin the
attachment.

2.4 Top ranking residuesin 1brlA and their position on
the structur e

In thefollowing weconsiderresiduesrankingamongtop25%of resi-
duesin theprotein. Figure3 showsresiduesin 1brlA coloredby their
importance:brightredandyellow indicatemoreconserved/important
residues(seeAppendixfor thecoloringscheme).A Pymolscriptfor
producingthis �gure canbefoundin theattachment.

Fig. 3. Residuesin 1brlA, coloredby their relative importance.Clockwise:
front, back,topandbottomviews.

2.4.1 Clusteringof residuesat 25% coverage. Fig. 4 shows the
top 25%of all residues,this time coloredaccordingto clustersthey
belongto. The clustersin Fig.4 arecomposedof the residueslisted
in Table1.

Table1.
cluster size member
color residues
red 84 43,44,45,46,50,53,63,64,66

71,72,73,74,79,80,82,83,85
88,93,94,95,97,99,100,101
104,107,108,112,113,114,116
117,118,124,125,131,132,135
138,142,153,154,156,158,160
171,172,174,175,176,179,180
182,183,184,187,188,189,190
191,192,193,194,195,196,201
204,207,208,212,216,218,224
229,231,235,239,242,246,247
250,254

Table 1. Clustersof top rankingresiduesin 1brlA.
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Fig. 4. Residuesin 1brlA, coloredaccordingto the clusterthey belongto:
red, followed by blue andyellow arethe largestclusters(seeAppendix for
the coloring scheme).Clockwise: front, back, top and bottom views. The
correspondingPymolscriptis attached.

2.4.2 Overlap with known functional surfacesat 25% coverage.
The nameof the ligand is composedof the sourcePDB identi�er
andtheheteroatomnameusedin that�le.

Phosphateion binding site. Table2 lists thetop 25%of residues
at the interfacewith 1brlPO41(phosphateion). The following table
(Table3) suggestspossibledisruptivereplacementsfor theseresidues
(seeSection4.6).

Table2.
res type subst's cvg noc/ dist

(%) bb ( 	A)
176 S S(100) 0.01 22/13 2.33
174 A A(96) 0.02 7/6 3.86

C(3)
175 E E(55) 0.12 17/12 2.70

S(16)
T(27)

179 T T(57) 0.15 13/1 3.31
V(33)
.(1)
I(3)
S(3)

107 R R(59) 0.17 14/1 3.11
D(35)
.(3)
N(1)

Table 2. Thetop25%of residuesin 1brlA at theinterfacewith phosphate
ion.(Field names:res: residuenumberin the PDB entry; type: amino acid
type;substs:substitutionsseenin thealignment;with thepercentageof each

typein thebracket;noc/bb:numberof contactswith theligand,with thenum-
ber of contactsrealizedthroughbackboneatomsgiven in the bracket; dist:
distanceof closestapporachto theligand.)

Table3.
res type disrupti ve

mutations
176 S (KR)(FQMWH)(NYELPI)(D)
174 A (KER)(Y)(QHD)(N)
175 E (FWH)(R)(Y)(K)
179 T (R)(K)(H)(Q)
107 R (T)(YVCAG)(SD)(FLWPI)

Table 3. List of disruptivemutationsfor thetop25%of residuesin 1brlA,
thatareat theinterfacewith phosphateion.

Fig. 5. Residuesin 1brlA, at the interfacewith phosphateion, coloredby
their relative importance.Theligand(phosphateion) is coloredgreen.Atoms
furtherthan30	A away from thegeometriccenterof theligand,aswell ason
the line of sight to the ligandwereremoved.(SeeAppendixfor thecoloring
schemefor theproteinchain1brlA.)

Figure5 shows residuesin 1brlA coloredby their importance,at the
interfacewith 1brlPO41.

Interface with 1brlB.Table4 lists the top 25%of residuesat the
interfacewith 1brlB. Thefollowing table(Table5) suggestspossible
disruptive replacementsfor theseresidues(seeSection4.6).

Table4.
res type subst's cvg noc/ dist

(%) bb ( 	A)
153 F F(100) 0.01 27/5 3.08

continuedin next column

3



Table4. continued
res type subst's cvg noc/ dist

(%) bb ( 	A)
160 P P(100) 0.01 25/9 3.26
117 F F(98) 0.03 57/8 3.23

.(1)
154 P P(88) 0.04 12/6 3.42

R(5)
H(5)

82 H H(96) 0.07 20/0 3.56
.(3)

88 E E(96) 0.07 33/0 2.56
.(3)

93 L L(96) 0.07 2/0 4.39
.(3)

97 S S(96) 0.07 6/5 4.13
.(3)

100 R R(96) 0.07 2/0 4.58
.(3)

80 T T(94) 0.09 8/5 3.46
.(3)
N(1)

63 L L(94) 0.13 11/8 3.76
.(5)

64 G G(94) 0.13 42/42 3.43
.(5)

156 I V(62) 0.14 38/6 2.99
I(37)

116 V V(61) 0.16 37/16 2.95
F(35)
.(1)
L(1)

45 H H(92) 0.17 19/1 3.01
.(7)

46 F F(92) 0.17 48/24 3.36
.(7)

50 G G(92) 0.17 1/1 4.41
.(7)

85 R R(88) 0.18 64/0 3.03
.(3)
A(7)

43 E E(90) 0.21 3/0 4.15
.(7)
N(1)

95 Q Q(90) 0.22 21/2 3.14
.(3)
E(1)
L(1)
V(1)

53 G G(85) 0.24 10/10 3.73
.(7)
P(5)
A(1)

159 N Y(38) 0.25 29/5 3.22
N(48)

continuedin next column

Table4. continued
res type subst's cvg noc/ dist

(%) bb ( 	A)
Q(1)
V(5)
L(1)
H(1)
S(1)

Table 4. The top 25% of residuesin 1brlA at the interfacewith 1brlB.
(Field names:res: residuenumberin thePDB entry; type: aminoacid type;
substs:substitutionsseenin thealignment;with thepercentageof eachtype
in thebracket;noc/bb:numberof contactswith theligand,with thenumberof
contactsrealizedthroughbackboneatomsgivenin thebracket; dist: distance
of closestapporachto theligand.)

Table5.
res type disrupti ve

mutations
153 F (KE)(TQD)(SNCRG)(M)
160 P (YR)(TH)(SKECG)(FQWD)
117 F (KE)(TQD)(SNCG)(R)
154 P (TY)(E)(CG)(S)

82 H (E)(TQMD)(SNVCLAPIG)(K)
88 E (FWH)(VCAG)(YR)(T)
93 L (YR)(TH)(SCG)(KE)
97 S (KR)(FQMWH)(NLPI)(YE)

100 R (TD)(SVCLAPIG)(YE)(FMW)
80 T (R)(K)(FWH)(M)
63 L (YR)(TH)(SCG)(KE)
64 G (KER)(FQMWHD)(NLPI)(Y)

156 I (YR)(H)(TKE)(SQCDG)
116 V (KER)(Y)(QD)(H)

45 H (E)(TQMD)(SNVCLAPIG)(K)
46 F (KE)(TQD)(SNCG)(R)
50 G (KER)(FQMWHD)(NLPI)(Y)
85 R (D)(T)(YE)(CLPIG)
43 E (FWH)(YVCAG)(R)(T)
95 Q (Y)(H)(FW)(T)
53 G (R)(KE)(H)(QD)

159 N (Y)(TH)(FEW)(R)

Table 5. List of disruptivemutationsfor thetop25%of residuesin 1brlA,
thatareat theinterfacewith 1brlB.

Figure6 shows residuesin 1brlA coloredby their importance,at the
interfacewith 1brlB.

2.4.3 Possiblenovel functional surfacesat 25% coverage. One
groupof residuesis conserved on the1brlA surface,away from (or
susbtantiallylarger than)other functionalsitesand interfacesreco-
gnizablein PDB entry 1brl. It is shown in Fig. 7. The right panel
shows (in blue) the restof the largerclusterthis surfacebelongsto.
The residuesbelongingto this surface”patch” are listed in Table
6, while Table7 suggestspossibledisruptive replacementsfor these
residues(seeSection4.6).
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Fig. 6. Residuesin 1brlA, attheinterfacewith 1brlB,coloredby theirrelative
importance.1brlB is shown in backbonerepresentation(SeeAppendixfor the
coloringschemefor theproteinchain1brlA.)

Fig. 7. A possibleactive surfaceon the chain 1brlA. The larger cluster it
belongsto is shown in blue.

Table6.
res type substitutions(%) cvg

153 F F(100) 0.01
160 P P(100) 0.01
176 S S(100) 0.01
194 W W(94)M(5) 0.01
174 A A(96)C(3) 0.02
117 F F(98).(1) 0.03
189 P P(96)S(3) 0.03
154 P P(88)R(5)H(5) 0.04
224 H H(98)G(1) 0.04
142 G G(79)A(1)N(14) 0.05

P(3)
187 G G(77)A(22) 0.05

continuedin next column

Table6. continued
res type substitutions(%) cvg
82 H H(96).(3) 0.07
88 E E(96).(3) 0.07
93 L L(96).(3) 0.07
97 S S(96).(3) 0.07

100 R R(96).(3) 0.07
114 F F(55)M(37).(1) 0.08

L(5)
207 L L(75)R(24) 0.08

80 T T(94).(3)N(1) 0.09
171 Y C(38)Y(50)F(5) 0.10

W(1)V(3)
182 W W(85)L(3)Y(9) 0.11

M(1)
196 I I(50)D(38)A(1) 0.11

V(9)
204 Q Q(55)Y(29)L(11) 0.11

M(3)
175 E E(55)S(16)T(27) 0.12
246 F F(61)Y(33)A(3) 0.12

L(1)
250 W W(57)Y(31)F(7) 0.12

L(1)I(1)
63 L L(94).(5) 0.13
64 G G(94).(5) 0.13
66 T T(94).(5) 0.13

112 K K(55)D(7).(1) 0.14
V(5)F(25)A(3)

156 I V(62)I(37) 0.14
229 I I(68)L(29)S(1) 0.14
125 R R(55)Q(33).(1) 0.15

H(1)F(3)E(3)
179 T T(57)V(33).(1) 0.15

I(3)S(3)
195 I I(55)D(16)H(5) 0.15

E(7)S(14)
116 V V(61)F(35).(1) 0.16

L(1)
188 L L(83)M(3)Y(7) 0.16

I(5)
193 S S(55)K(22)G(5) 0.16

R(16)
45 H H(92).(7) 0.17
46 F F(92).(7) 0.17

107 R R(59)D(35).(3) 0.17
N(1)

85 R R(88).(3)A(7) 0.18
99 G G(87).(3)S(9) 0.18

192 L L(55)F(24)M(5) 0.18
Y(14)

131 W F(38)C(37).(1) 0.19
W(16)A(1)S(3)

191 I V(44)T(25)I(24) 0.19
continuedin next column
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Table6. continued
res type substitutions(%) cvg

L(5)
242 I V(38)E(38)I(16) 0.20

D(1)T(1)A(1)
247 L L(85)V(1)I(11) 0.20

M(1)
43 E E(90).(7)N(1) 0.21
74 A M(38)L(37).(3) 0.21

A(20)
138 G S(7)A(46)G(40) 0.21

W(5)
95 Q Q(90).(3)E(1) 0.22

L(1)V(1)
118 G G(61)N(11).(1) 0.22

K(24)R(1)
124 S S(55)Q(27).(1) 0.22

F(1)R(9)Y(3)
132 Y Y(62)H(29).(1) 0.23

L(5)
135 M I(77).(1)L(11) 0.23

M(9)
254 Y Y(57)R(1)S(5) 0.23

T(1).(27)M(1)
G(3)

53 G G(85).(7)P(5) 0.24
A(1)

158 L V(70)I(22)L(7) 0.24
108 G G(61)C(29).(1) 0.25

S(7)
134 L M(38)I(37).(1) 0.25

L(20)V(1)
159 N Y(38)N(48)Q(1) 0.25

V(5)L(1)H(1)
S(1)

Table 6. Residuesformingsurface”patch” in 1brlA.

Table7.
res type disrupti ve

mutations
153 F (KE)(TQD)(SNCRG)(M)
160 P (YR)(TH)(SKECG)(FQWD)
176 S (KR)(FQMWH)(NYELPI)(D)
194 W (TKE)(D)(SQCRG)(N)
174 A (KER)(Y)(QHD)(N)
117 F (KE)(TQD)(SNCG)(R)
189 P (R)(Y)(H)(K)
154 P (TY)(E)(CG)(S)
224 H (E)(QMD)(K)(TNLPI)
142 G (R)(E)(K)(H)
187 G (KER)(QHD)(FYMW)(N)

82 H (E)(TQMD)(SNVCLAPIG)(K)
88 E (FWH)(VCAG)(YR)(T)

continuedin next column

Table7. continued
res type disrupti ve

mutations
93 L (YR)(TH)(SCG)(KE)
97 S (KR)(FQMWH)(NLPI)(YE)

100 R (TD)(SVCLAPIG)(YE)(FMW)
114 F (TKE)(D)(SQCRG)(N)
207 L (Y)(T)(SECHRG)(D)

80 T (R)(K)(FWH)(M)
171 Y (K)(Q)(E)(M)
182 W (K)(E)(T)(QDR)
196 I (R)(Y)(H)(K)
204 Q (Y)(TH)(FW)(SCG)
175 E (FWH)(R)(Y)(K)
246 F (K)(E)(Q)(DR)
250 W (K)(E)(TQ)(DR)

63 L (YR)(TH)(SCG)(KE)
64 G (KER)(FQMWHD)(NLPI)(Y)
66 T (KR)(FQMWH)(NLPI)(E)

112 K (Y)(T)(FW)(CG)
156 I (YR)(H)(TKE)(SQCDG)
229 I (R)(Y)(H)(K)
125 R (T)(D)(CG)(VA)
179 T (R)(K)(H)(Q)
195 I (R)(Y)(H)(T)
116 V (KER)(Y)(QD)(H)
188 L (R)(Y)(TH)(K)
193 S (FW)(KYMHR)(E)(QLPI)

45 H (E)(TQMD)(SNVCLAPIG)(K)
46 F (KE)(TQD)(SNCG)(R)

107 R (T)(YVCAG)(SD)(FLWPI)
85 R (D)(T)(YE)(CLPIG)
99 G (KR)(E)(FMWH)(Q)

192 L (R)(TY)(K)(EH)
131 W (K)(E)(Q)(D)
191 I (R)(Y)(H)(K)
242 I (R)(Y)(H)(K)
247 L (Y)(R)(H)(T)

43 E (FWH)(YVCAG)(R)(T)
74 A (Y)(R)(KEH)(D)

138 G (K)(ER)(Q)(D)
95 Q (Y)(H)(FW)(T)

118 G (E)(FW)(D)(YH)
124 S (K)(R)(M)(Q)
132 Y (K)(Q)(M)(E)
135 M (Y)(TH)(R)(SCG)
254 Y (K)(M)(Q)(E)

53 G (R)(KE)(H)(QD)
158 L (YR)(H)(T)(KE)
108 G (KR)(E)(FQMWH)(D)
134 L (Y)(R)(H)(T)
159 N (Y)(TH)(FEW)(R)

Table 7. Disruptivemutationsfor thesurfacepatchin 1brlA.
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Fig. 8. Residues1-159 in 1brlB coloredby their relative importance.(See
Appendix,Fig.15,for thecoloringscheme.)

3 CHAIN 1BRLB

3.1 Q91UU5overview
FromSwissProt,id Q91UU5,100%identicalto 1brlB:
Description: LuxB protein.
Organism,scienti�c name:PlasmidpIPO2T.
Taxonomy:othersequences;broadhostrangeplasmids.

3.2 Multiple sequencealignment for 1brlB
For the chain 1brlB, the alignment1brlB.msf (attached)with 34
sequenceswasused.Thealignmentwasdownloadedfrom theHSSP
database,and fragmentsshorterthan 75% of the query as well as
duplicatesequenceswereremoved.It canbefoundin theattachment
to this report, underthe nameof 1brlB.msf. Its statistics,from the
alistat programarethefollowing:

Format: MSF
Number of sequences: 34
Total number of residues: 10090
Smallest: 167
Largest: 319
Average length: 296.8
Alignment length: 319
Average identity: 46%
Most related pair: 99%
Most unrelated pair: 17%
Most distant seq: 65%

Furthermore,3%of residuesshow asconservedin thisalignment.
Thealignmentconsistsof 76%prokaryoticsequences.(Descripti-

onsof somesequenceswerenot readily available.)The �le contai-
ning thesequencedescriptionscanbefoundin theattachment,under
thename1brlB.descr.

3.3 Residueranking in 1brlB
The1brlB sequenceis shown in Figs.8–9,with eachresiduecolored
accordingto its estimatedimportance. The full listing of residues
in 1brlB can be found in the �le called 1brlB.rankssortedin the
attachment.

3.4 Top ranking residuesin 1brlB and their position on
the structur e

In the following we considerresiduesranking amongtop 25% of
residuesin the protein. Figure10 shows residuesin 1brlB colored

Fig. 9. Residues160-319in 1brlB coloredby their relative importance.(See
Appendix,Fig.15,for thecoloringscheme.)

by their importance:bright red and yellow indicatemore conser-
ved/importantresidues(seeAppendix for the coloring scheme).A
Pymolscriptfor producingthis�gure canbefoundin theattachment.

Fig. 10. Residuesin 1brlB, coloredby their relative importance.Clockwise:
front, back,topandbottomviews.

3.4.1 Clusteringof residuesat 25%coverage. Fig. 11 shows the
top 25%of all residues,this time coloredaccordingto clustersthey
belongto. Theclustersin Fig.11arecomposedof theresidueslisted
in Table8.

Table8.
cluster size member
color residues
red 76 113,114,116,117,119,125,131

132,136,138,141,142,143,144
continuedin next column
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Fig. 11. Residuesin 1brlB, coloredaccordingto the clusterthey belongto:
red, followed by blue andyellow arethe largestclusters(seeAppendix for
the coloring scheme).Clockwise: front, back, top and bottom views. The
correspondingPymolscriptis attached.

Table8. continued
cluster size member
color residues

146,148,149,150,151,153,154
155,156,171,172,174,175,176
179,180,182,183,184,187,188
189,190,192,193,194,195,196
198,201,202,204,207,208,212
216,218,224,225,226,229,230
231,232,235,239,242,246,247
250,253,263,271,272,274,286
290,291,296,298,299,300

blue 5 159,160,162,164,167

Table 8. Clustersof top rankingresiduesin 1brlB.

3.4.2 Overlap with known functional surfacesat 25% coverage.
The nameof the ligand is composedof the sourcePDB identi�er
andtheheteroatomnameusedin that�le.

Interface with 1brlA.Table 9 lists the top 25% of residuesat
the interfacewith 1brlA. The following table (Table 10) suggests
possibledisruptive replacementsfor theseresidues(seeSection4.6).

Table9.
res type subst's cvg noc/ dist

(%) bb ( 	A)
153 F F(100) 0.04 31/6 3.91
160 P P(100) 0.04 24/14 2.89

continuedin next column

Table9. continued
res type subst's cvg noc/ dist

(%) bb ( 	A)
117 F F(97) 0.08 28/0 3.56

.(2)
154 P P(91) 0.10 27/6 3.21

H(8)
149 D D(64) 0.17 9/5 2.97

Q(2)
E(26)
K(5)

159 N N(82) 0.18 61/13 2.91
Y(11)
L(2)
H(2)

155 K K(64) 0.19 1/1 4.43
R(23)
D(8)
E(2)

116 F F(58) 0.23 61/2 3.08
.(2)
V(35)
L(2)

156 I I(64) 0.25 15/0 4.43
V(35)

Table 9. The top 25% of residuesin 1brlB at the interfacewith 1brlA.
(Field names:res: residuenumberin thePDB entry; type: aminoacid type;
substs:substitutionsseenin thealignment;with thepercentageof eachtype
in thebracket;noc/bb:numberof contactswith theligand,with thenumberof
contactsrealizedthroughbackboneatomsgivenin thebracket; dist: distance
of closestapporachto theligand.)

Table10.
res type disrupti ve

mutations
153 F (KE)(TQD)(SNCRG)(M)
160 P (YR)(TH)(SKECG)(FQWD)
117 F (KE)(TQD)(SNCG)(R)
154 P (TYR)(E)(SKCG)(QHD)
149 D (FW)(H)(YR)(VCAG)
159 N (TY)(E)(R)(SFVCAWHG)
155 K (Y)(FW)(T)(VCAG)
116 F (KE)(TQD)(R)(SNCG)
156 I (YR)(H)(TKE)(SQCDG)

Table 10. List of disruptive mutationsfor the top 25% of residuesin
1brlB, thatareat theinterfacewith 1brlA.

Figure12showsresiduesin 1brlB coloredby their importance,at the
interfacewith 1brlA.

3.4.3 Possiblenovel functional surfacesat 25% coverage. One
groupof residuesis conserved on the 1brlB surface,away from (or
susbtantiallylarger than)other functionalsitesand interfacesreco-
gnizablein PDB entry 1brl. It is shown in Fig. 13. The residues
belongingto this surface”patch” arelisted in Table11, while Table

8



Fig. 12. Residuesin 1brlB, at theinterfacewith 1brlA, coloredby their rela-
tive importance.1brlA is shown in backbonerepresentation(SeeAppendix
for thecoloringschemefor theproteinchain1brlB.)

Fig. 13. A possibleactivesurfaceon thechain1brlB.

12 suggestspossibledisruptive replacementsfor theseresidues(see
Section4.6).

Table11.
res type substitutions(%) cvg

160 P P(100) 0.04
continuedin next column

Table11.continued
res type substitutions(%) cvg

162 A C(47)A(52) 0.09
159 N N(82)Y(11)L(2) 0.18

H(2)
167 G G(61)N(20)I(11) 0.19

K(5)
164 T T(35)S(55)L(8) 0.23

Table 11. Residuesformingsurface”patch” in 1brlB.

Table12.
res type disrupti ve

mutations
160 P (YR)(TH)(SKECG)(FQWD)
162 A (KER)(Y)(QHD)(N)
159 N (TY)(E)(R)(SFVCAWHG)
167 G (ER)(FYWH)(KD)(M)
164 T (R)(K)(H)(FQW)

Table 12. Disruptivemutationsfor thesurfacepatchin 1brlB.

Anothergroupof surfaceresiduesis shown in Fig.14.Theright panel
shows (in blue) the restof the largerclusterthis surfacebelongsto.

Fig. 14. Anotherpossibleactivesurfaceonthechain1brlB.Thelargercluster
it belongsto is shown in blue.

Theresiduesbelongingto this surface”patch” arelistedin Table13,
while Table14 suggestspossibledisruptive replacementsfor these
residues(seeSection4.6).

Table13.
res type substitutions(%) cvg

153 F F(100) 0.04
176 S S(100) 0.04
182 W W(100) 0.04
194 W W(100) 0.04
208 Y Y(100) 0.04
224 H H(100) 0.04
196 D D(64)I(35) 0.05
138 A A(61)G(38) 0.06

continuedin next column
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Table13.continued
res type substitutions(%) cvg

188 L L(91)I(8) 0.06
246 Y Y(55)F(44) 0.06
189 P P(94)S(5) 0.07
198 N N(20)L(44)T(35) 0.07
242 E E(64)V(11)I(23) 0.07
117 F F(97).(2) 0.08
142 G G(73)N(26) 0.08
150 F F(64)N(8)H(26) 0.09
229 L L(47)I(52) 0.09
154 P P(91)H(8) 0.10
250 F Y(55)F(8)W(35) 0.10
141 T T(67)S(8)E(23) 0.11
171 F Y(79)F(8)C(11) 0.11
204 Y Y(47)L(17)Q(35) 0.12
207 L R(38)L(61) 0.12
187 G A(38)G(61) 0.13
300 E E(82).(17) 0.13
136 N N(64)M(11)R(2) 0.14

K(20)
143 Y Y(85)F(2)V(8) 0.14

R(2)
253 E E(70)S(26)A(2) 0.14
247 L L(79)V(2)I(17) 0.15
291 G G(82).(14)Q(2) 0.15
113 D E(55).(2)D(41) 0.16
119 R R(61).(2)V(11) 0.16

T(23)
149 D D(64)Q(2)E(26) 0.17

K(5)
151 Y Y(58)V(2)I(32) 0.17

F(5)
271 N S(2)N(67)H(26) 0.17

.(2)
125 F Q(55).(2)F(5) 0.18

R(35)
146 P P(38)A(50)T(8) 0.18

S(2)
155 K K(64)R(23)D(8) 0.19

E(2)
299 F V(2)F(79).(17) 0.19
132 H Y(79).(2)H(17) 0.20
144 C C(64)L(8)M(8) 0.20

I(17)
230 V V(55)A(8)C(11) 0.20

T(23)
175 T S(29)T(35)E(35) 0.21
232 Q Q(11)L(35)V(35) 0.21

I(8)Y(8)
195 D D(26)E(11)S(26) 0.22

I(35)
272 A A(64)P(29).(2) 0.22

S(2)
continuedin next column

Table13.continued
res type substitutions(%) cvg

296 L L(64).(14)C(17) 0.22
V(2)

116 F F(58).(2)V(35) 0.23
L(2)

193 R K(35)R(29)S(35) 0.23
202 K Q(2)K(44)E(44) 0.24

Y(5)H(2)
225 K Q(55)K(8)C(29) 0.24

S(5)
263 K V(2)K(55)R(35) 0.24

.(5)
148 N N(79)G(11)D(5) 0.25

S(2)
156 I I(64)V(35) 0.25
290 C C(20)T(61).(14) 0.25

G(2)

Table 13. Residuesformingsurface”patch” in 1brlB.

Table14.
res type disrupti ve

mutations
153 F (KE)(TQD)(SNCRG)(M)
176 S (KR)(FQMWH)(NYELPI)(D)
182 W (KE)(TQD)(SNCRG)(M)
194 W (KE)(TQD)(SNCRG)(M)
208 Y (K)(QM)(NEVLAPIR)(D)
224 H (E)(TQMD)(SNKVCLAPIG)(YR)
196 D (R)(H)(FYW)(KCG)
138 A (KER)(Y)(QHD)(N)
188 L (YR)(TH)(SKECG)(FQWD)
246 Y (K)(Q)(EM)(NR)
189 P (R)(Y)(H)(K)
198 N (Y)(H)(FW)(R)
242 E (H)(YR)(FW)(CG)
117 F (KE)(TQD)(SNCG)(R)
142 G (ER)(FKWH)(YMD)(Q)
150 F (E)(TK)(D)(Q)
229 L (YR)(TH)(SKECG)(FQWD)
154 P (TYR)(E)(SKCG)(QHD)
250 F (K)(E)(Q)(D)
141 T (R)(K)(FWH)(QM)
171 F (K)(E)(Q)(D)
204 Y (K)(R)(VA)(M)
207 L (Y)(T)(SECHRG)(D)
187 G (KER)(QHD)(FYMW)(N)
300 E (FWH)(VCAG)(YR)(T)
136 N (Y)(T)(FW)(H)
143 Y (K)(EQ)(M)(ND)
253 E (H)(FW)(R)(Y)
247 L (YR)(H)(T)(KE)

continuedin next column
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Table14.continued
res type disrupti ve

mutations
291 G (R)(E)(FWH)(K)
113 D (R)(FW)(H)(VCAG)
119 R (D)(E)(TYLPI)(SFVMCAWG)
149 D (FW)(H)(YR)(VCAG)
151 Y (K)(Q)(ER)(M)
271 N (Y)(FTW)(EH)(VCARG)
125 F (TE)(D)(SKCG)(Q)
146 P (R)(Y)(H)(K)
155 K (Y)(FW)(T)(VCAG)
299 F (E)(K)(D)(Q)
132 H (E)(M)(Q)(D)
144 C (R)(KEH)(Y)(FWD)
230 V (KR)(E)(Y)(QH)
175 T (R)(K)(FWH)(QM)
232 Q (Y)(H)(T)(FW)
195 D (R)(H)(FW)(Y)
272 A (R)(KY)(E)(H)
296 L (R)(Y)(H)(KE)
116 F (KE)(TQD)(R)(SNCG)
193 R (TYD)(FEVCLAWPIG)(S)(M)
202 K (Y)(T)(FW)(VA)
225 K (Y)(FW)(T)(H)
263 K (Y)(T)(FW)(SCG)
148 N (Y)(FWH)(R)(TE)
156 I (YR)(H)(TKE)(SQCDG)
290 C (KR)(E)(FQMWH)(D)

Table 14. Disruptivemutationsfor thesurfacepatchin 1brlB.

4 NOTES ON USING TRACE RESULTS

4.1 Coverage
Traceresultsarecommonlyexpressedin termsof coverage:theresi-
due is importantif its “coverage”is small - that is if it belongsto
somesmall top percentageof residues[100% is all of the residues
in a chain], accordingto trace.The ET resultsarepresentedin the
form of a table,usually limited to top 25% percentof residues(or
to somenearbypercentage),sortedby thestrengthof thepresumed
evolutionarypressure.(I.e.,thesmallerthecoverage,thestrongerthe
pressureon theresidue.)Startingfrom thetopof thatlist, mutatinga
coupleof residuesshouldaffect theproteinsomehow, with theexact
effectsto bedeterminedexperimentally.

4.2 Known substitutions
Oneof thetablecolumnsis “substitutions”- otheraminoacid types
seenat the samepositionin the alignment.Theseaminoacid types
maybeinterchangeableat thatpositionin theprotein,soif onewants
to affect theproteinby apointmutation,they shouldbeavoided.For
exampleif the substitutionsare“RVK” andthe original proteinhas
anR atthatposition,it is advisableto try anything,but RVK. Conver-
sely, whenlooking for substitutionswhichwill not affect theprotein,
onemaytry replacing,R with K, or (perhapsmoresurprisingly),with
V. Thepercentageof timesthesubstitutionappearsin thealignment
is givenin theimmediatelyfollowing bracket.No percentageis given
in thecaseswhenit is smallerthan1%. This is meantto bea rough

guide- dueto roundingerrorsthesepercentagesoftendo not addup
to 100%.

4.3 Surface
To detectcandidatesfor novel functionalinterfaces,�rst we look for
residuesthataresolventaccessible(accordingto DSSPprogram)by
at least10	A2 , which is roughlytheareaneededfor onewatermole-
culeto comein thecontactwith theresidue.Furthermore,werequire
that theseresiduesform a “cluster” of residueswhich have neighbor
within 5 	A from any of their heavy atoms.

Note,however, that, if our pictureof proteinevolution is correct,
the neighboringresidueswhich are not surfaceaccessiblemight be
equally important in maintainingthe interactionspeci�city - they
shouldnot beautomaticallydroppedfrom considerationwhenchoo-
sing the setfor mutagenesis.(Especiallyif they form a clusterwith
thesurfaceresidues.)

4.4 Number of contacts
Anothercolumnworth noting is denoted“noc/bb”; it tells thenum-
ber of contactsheavy atomsof the residuein questionmake across
the interface,aswell ashow many of themarerealizedthroughthe
backboneatoms(if all or mostcontactsare throughthe backbone,
mutationpresumablywon't have strongimpact).Two heavy atoms
areconsideredto be“in contact”if their centersarecloserthan5 	A.

4.5 Annotation
If the residueannotationis available (either from the pdb �le or
from othersources),anothercolumn,with the header“annotation”
appears.Annotationscarriedover from PDB arethe following: site
(indicatingexistenceof relatedsite recordin PDB ), S-S(disul�de
bondformingresidue),hb(hydrogenbondformingresidue,jb (james
bondforming residue),andsb(for saltbridgeforming residue).

4.6 Mutation suggestions
Mutationsuggestionsarecompletelyheuristicandbasedoncomple-
mentaritywith the substitutionsfound in the alignment.Note that
they are meantto be disrupti ve to the interactionof the protein
with its ligand. The attemptis madeto complementthe following
properties:small [AV GSTC], medium[LP N QD E M I K ], large
[W F Y H R], hydrophobic[LP V AM W F I ], polar [GT CY ]; posi-
tively [K H R], or negatively [D E ] charged, aromatic[W F Y H ],
long aliphaticchain[E K RQM ], OH-grouppossession[SD E TY ],
and NH2 group possession[N QRK ]. The suggestionsare listed
accordingto how differentthey appearto befrom theoriginalamino
acid, andthey aregroupedin roundbracketsif they appearequally
disruptive. From left to right, eachbracketedgroupof amino acid
typesresemblesmorestronglytheoriginal (i.e. is, presumably, less
disruptive)Thesesuggestionsaretentative- they mightprovedisrup-
tive to the fold ratherthanto the interaction.Many researcherwill
choose,however, thestraightforwardalaninemutations,especiallyin
thebeginningstagesof their investigation.

5 APPENDIX

5.1 File formats
Files with extension“ranks sorted”arethe actualtraceresults.The
�elds in thetablein this �le:

� alignment# numberof thepositionin thealignment

� residue# residuenumberin thePDB �le
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Fig. 15. Coloringschemeusedto color residuesby their relative importance.

� type aminoacidtype

� rank rankof thepositionaccordingto olderversionof ET

� variability hastwo sub�elds:
1. numberof differentaminoacidsappearingin in thiscolumn

of thealignment

2. their type

� rho ET score- the smallerthis value, the lesservariability of
this positionacrossthe branchesof the tree(and,presumably,
thegreatertheimportancefor theprotein)

� cvg coverage- percentageof theresiduesonthestructurewhich
have this rhoor smaller

� gaps percentageof gapsin thiscolumn

5.2 Color schemesused
Thefollowing color schemeis usedin �gures with residuescolored
by clustersize:blackis asingle-residuecluster;clusterscomposedof
morethanoneresiduecoloredaccordingto this hierarchy (ordered
by descendingsize): red, blue, yellow, green,purple, azure, tur-
quoise,brown, coral,magenta,LightSalmon,SkyBlue, violet, gold,
bisque,LightSlateBlue,orchid, RosyBrown, MediumAquamarine,
DarkOliveGreen,Corn�owerBlue,grey55, burlywood, LimeGreen,
tan,DarkOrange,DeepPink,maroon,BlanchedAlmond.

The colors used to distinguish the residuesby the estimated
evolutionarypressurethey experiencecanbeseenin Fig. 15.

5.3 Credits
5.3.1 Alistat alistatreadsamultiplesequencealignmentfromthe
�le and shows a numberof simple statisticsabout it. Thesestati-
sticsincludethe format, thenumberof sequences,the total number
of residues,the averageandrangeof the sequencelengths,andthe
alignmentlength (e.g. including gap characters).Also shown are
somepercentidentities.A percentpairwisealignmentidentityis de�-
ned as (idents / MIN(len1, len2)) where idents is the numberof
exact identitiesandlen1, len2 arethe unalignedlengthsof the two
sequences.The ”averagepercentidentity”, ”most relatedpair”, and
”most unrelatedpair” of the alignmentare the average,maximum,
andminimumof all (N)(N-1)/2pairs,respectively. The”mostdistant

seq” is calculatedby �nding the maximumpairwiseidentity (best
relative) for all N sequences,then�nding the minimum of theseN
numbers(hence,themostoutlying sequence).alistat is copyrighted
by HHMI/WashingtonUniversity Schoolof Medicine, 1992-2001,
andfreelydistributedundertheGNU GeneralPublicLicense.

5.3.2 CE To map ligand binding sites from different
source structures, reportmaker uses the CE program:
http://cl.sdsc.edu/ . Shindyalov IN, Bourne PE (1998)
”Pr oteinstructurealignmentbyincrementalcombinatorialextension
(CE)of theoptimalpath. ProteinEngineering11(9)739-747.

5.3.3 DSSP In this work a residueis consideredsolventaccessi-
ble if theDSSPprogram�nds it exposedto waterby at least10	A2 ,
which is roughlytheareaneededfor onewatermoleculeto comein
thecontactwith theresidue.DSSPis copyrightedby W. Kabsch,C.
SanderandMPI-MF, 1983,1985,1988,19941995,CMBI version
by Elmar.Krieger@cmbi.kun.nl November18,2002,

http://www.cmbi.kun.nl/gv/dssp/descrip.html.

5.3.4 HSSP Whenever available, reportmaker usesHSSPali-
gnmentasa startingpoint for the analysis(sequencesshorterthan
75% of the query are taken out, however); R. Schneider, A. de
Daruvar, andC. Sander. ”The HSSPdatabaseof protein structure-
sequencealignments.” NucleicAcidsRes.,25:226–230,1997.

http://swift.cmbi.kun.nl/swift/hssp/

5.3.5 LaTex The text for this reportwasprocessedusingLATEX;
LeslieLamport,“LaTeX: A DocumentPreparationSystemAddison-
Wesley,” Reading,Mass.(1986).

5.3.6 Muscle When making alignments“from scratch”, report
maker usesMuscle alignmentprogram: Edgar, RobertC. (2004),
”MUSCLE: multiple sequencealignmentwith high accuracy and
high throughput.” NucleicAcidsResearch32(5),1792-97.

http://www.drive5.com/muscle/

5.3.7 Pymol The �gures in this report were producedusing
Pymol. The scripts can be found in the attachment. Pymol
is an open-sourceapplication copyrighted by DeLano Scien-
ti�c LLC (2005). For more information about Pymol see
http://pymol.sourceforge.net/ . (Note for Windows
users:theattachedpackageneedsto beunzippedfor Pymol to read
thescriptsandlaunchtheviewer.)

5.4 Noteabout ET Viewer
Dan Morgan from the Lichtarge lab hasdevelopeda visualization
tool speci�cally for viewing traceresults.If youareinterested,please
visit:

http://mammoth.bcm.tmc.edu/traceview/

Thevieweris self-unpackingandself-installing.Input�les to beused
with ETV (extension.etvx) can be found in the attachmentto the
mainreport.

5.5 Citing this work
Themethodusedto rankresiduesandmakepredictionsin this report
canbefoundin Mihalek,I., I. Re�s,O.Lichtarge.(2004).”A Familyof
Evolution-EntropyHybrid Methodsfor Rankingof ProteinResidues
by Importance” J.Mol. Bio. 336: 1265-82.For theoriginal version
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of ET seeO. Lichtarge,H.BourneandF. Cohen(1996).”An Evolu-
tionary TraceMethodDe�nes BindingSurfacesCommonto Protein
Families” J.Mol. Bio. 257: 342-358.

report maker itself is describedin Mihalek I., I. Res and O.
Lichtarge (2006). ”Evolutionary Trace ReportMaker: a new type
of service for comparative analysisof proteins.” Bioinformatics
22:1656-7.

5.6 About report maker
report maker waswritten in 2006by IvanaMihalek. The 1D ran-
king visualizationprogramwaswritten by Ivica Re�s. report maker
is copyrighted by Lichtarge Lab, Baylor College of Medicine,
Houston.

5.7 Attachments
Thefollowing �les shouldaccompany this report:

� 1brlA.complex.pdb- coordinatesof 1brlA with all of its interac-
ting partners

� 1brlA.etvx- ET viewer input �le for 1brlA

� 1brlA.clusterreport.summary- Cluster report summary for
1brlA

� 1brlA.ranks- Ranks�le in sequenceorderfor 1brlA

� 1brlA.clusters- Clusterdescriptionsfor 1brlA

� 1brlA.msf - themultiple sequencealignmentusedfor thechain
1brlA

� 1brlA.descr- descriptionof sequencesusedin 1brlA msf

� 1brlA.rankssorted- full listing of residuesandtheir rankingfor
1brlA

� 1brlA.1brlPO41.if.pml- Pymolscriptfor Figure5

� 1brlA.cbcvg- usedby other1brlA – relatedpymol scripts

� 1brlA.1brlB.if.pml - Pymolscriptfor Figure6

� 1brlB.complex.pdb- coordinatesof 1brlB with all of its interac-
ting partners

� 1brlB.etvx- ET viewer input �le for 1brlB

� 1brlB.clusterreport.summary- Cluster report summary for
1brlB

� 1brlB.ranks- Ranks�le in sequenceorderfor 1brlB

� 1brlB.clusters- Clusterdescriptionsfor 1brlB

� 1brlB.msf- themultiple sequencealignmentusedfor thechain
1brlB

� 1brlB.descr- descriptionof sequencesusedin 1brlB msf

� 1brlB.rankssorted- full listing of residuesandtheir rankingfor
1brlB

� 1brlB.1brlA.if.pml - Pymolscriptfor Figure12

� 1brlB.cbcvg- usedby other1brlB – relatedpymol scripts
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