Understanding the Intertace: Exploring Malate Dehydrogenase

using Computational and Experimental Approaches
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M Site Directed Mutagenesis shows critical roles for
Serine 266 and Leucine 269
in ligand induced subunit interactions

wildtype 100% 126 (15) 186 (11)
[8SA 0.11% Could Not Could Not
Determine Determine
T255E 2.6% 258 (81) 41 (23)
S266A 15.5% 16.4 (1.2) Linear
L269A 1.6% Linear 98 (9)

Eftects of Mutations on NADH Saturation
Michaelis Menten Kinetics,
0.05M Phosphate, pH 8.0

Effects of Mutations on Oxaloacetate Saturation
Michaelis Menten Kinetics
0.05M Phosphate, pH 8.0
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NADH Binding Determined by
Fluorescence Based Thermal Shift

Effects of Mutations Leucme 269 Involved 11
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As judged by SEC and Cross-
Linking Data, mutants retain
dimeric structure, although L269A
& [88A appear to have distorted
dimer structures
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Dimeric Malate Dehydrogenase exhibits properties attributed to subunit interactions. The dimer interface comprises 47 residues, clustered in four groupings in the sequence, 15 residues are
conserved 1n eukaryata, with 7 more functionally conserved. Structures of watermelon glyoxysomal MDH, with or without the allosteric ligand, Citrate, bound to one subunit, were examined
to explore the nature of subunit contacts (using the program HINT). In addition, to examine second sphere residues with potential roles in catalysis, and to establish differences in conserved
crystallographic water molecules we used POOL and DRoP respectively. Intra- and inter-molecular HINT analysis with no ligands bound versus the dimer with Citrate bound to one subunit
indicates that D87 forms multiple hydrogen bonds within the interfacial 266-270 loop region, some having increased intensity with Citrate bound, (mobile loop closed) as compared to no
ligands bound, (mobile loop open). Further analysis suggests R196 and T268 lose favorable interactions with D87 on the opposite subunit, while E256 loses unfavorable interactions with D90
upon citrate binding which draws S266 further into the active site causing 1268 to shift away from D87 and closer to Q58. This aftects the 1.269-0Q58 interaction across the interface. S266A
and L269A mutants show loss of citrate inhibition and binding, and diminished substrate inhibition. Mutants T268D and I88A show little impact on cotfactor binding although I88A becomes
monomeric as shown by SEC and cross-linking. Coupled with changes in S266, 1268 and 1.269 interactions across the interface, 1t appears that subunit interactions are triggered by cofactor
induced changes in 1.269-Q58 interactions between subunits.
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Computational Analysis

The Subunit Interface comprises 4 regions
of sequence. Temperature Factors are taken
from the 1ISMRK.pdb structure of
watermelon Glyoxysomal MDH. HINT
analysis to examine the nature of the
interface contacts was conducted on the AB
Dimer (no ligand bound) and the CD Dimer
(with Citrate bound to the C subunit).
Analysis of the temperature factors show
that Citrate binding has distinct positional

effects at the interface and induces changes

Major Conclusions:

attractive and repulsive interactions

the intertace

opposite subunit in the dimer.

The Mechanism of Subunit Interactions in MDH

in the unliganded subunit.

The Interface 1s a dynamic region of the molecule with many

Ligand Binding induces changes 1in the dynamics and interactions at

5266 and 1.269 play a key role in connecting the active site to the
Interface, with 1.269 transmitting ligand induced information to the

Citrate binding to the MDH subunit causes a conformational change in the

266-269 loop that 1s relayed across the subunit interface by rearrangement of

non-polar interactions. The hydroxyl group of T268 moves, p.

away from D87. In response to this, Q58 from the unbound su

closer to the citrate-bound subunit and 1.269 compensates

acing 1t further

bunit 1s d

by shifting c

rawn

oser to

region II in the unbound subunit. Moreover, in the unbound subunit, D87 1s

further removed from Q58, which increases 1ts electronegativity. As a result,

this increases the repulsive forces with the 266-269 backbone in the unbound

Temperature Factor

Eftect of Citrate on Interface Flexibility
Region I Q58 to P68

'University of San Diego, “University of Pittsburgh

subunit, causing the loop to shift to a position similar to the 266-268 loop 1n the

citrate-bound subunit.
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Atom Number
—&— Unliganded Dimer
® Subunit C Citrate Bound
¥  Subunit D No Logand
1 -1 GLTSS o GLMSS OE1
2 -47 GLMSS u] LELZES coi Region |
3 -25 GLMSS u] LEUZES coz Regicn ||
i 14 GLMES CE LEUZES coi Region 1|
5 10 GLASS CE LEUZES coz Region IV
(5] 13 GLMSS CG LEUZES co1
T -47 GLRSS OE1 LEUZES col
g -2 GLMSS OE1 LEUZES chz Backbone
9 -4z FROS3 u] METES CE SideChain
gl 40 PROS3 CE METES CE
11 13 PROSA CG METE2 CE Favorable weak
12 12 ALAET CE LELIZES co Favorable medium
13 12 METE2 CG LELIGS (et} _|:E.Mmi.t:.|E strong
14 -1 METE2 =0 PROS3 u]
15 -1 METE2 0 FROSS CE Repulsive weak
16 - 36 MET 62 30 LELIES com Repulsive medium
17 -15 METE2 2D LEUZEa 0O _Repulsive strong
B -15 METE2 =0 ALaZT2 CE
13 13 METE2 0 TYR2TE 1]
20 53 METE2 CE FROS3 u]
21 46 METEZ CE PROS3 CE
22 13 METE2 CE PROS3 CG
23 1 METE2  GE METE2 | CE
2d -15 METG2 CE LELIES N
25 METE2  GE LEUes | oo
25 20 METE2 CE LELJES co2
27 16 METES CE ALAZTZ CE
e -1 LELIES N METE2 CE .
23 -2 LELES coi METE2 30 Re 101’1 I
30 [ LEUES GO METEZ  CE
K| 10 LEUES co LEUES co2
32 23 LEES coi METEE 3D
33 25 LEUES co METEE CE
3 551 LELIES coz METES CE
35 43 LELIES co2 LELIES col
36 LEUES  GO2 lEUEs CD2
3T 33 LELIES co2 METEE D
38 42 LEUES co2 METEE CE
33 14 METEE u] ARG20 TIH1
40 37 METEE =0 LEUES co
41 -21 METEE iD LELIES co2
fibed 43 METEE CE LELIES col
43 &1 METEE CE LELIES co2
dd 14 METEE CE TYR2TS CE1
45 14 METEE CE WALZTE (|
46 25 AZNET u] ARG2I0 TIH1
47 10 PROES N ARG210 FH1
48 50 PROGS u] ARG20 FH1
43 17 PRIOES u] ARG210 TH2
S0 -13 PROGS CE ARG20 FMH1
Effect of Citrate on Interface Flexibility
Region III: LL192 to V212
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21 -13 LEIa2 col HIZ30 u] 231 -45 AZPEOE ooz GLr34
242 -3 WaL134 o ASPaZ ooz 292 -40 FROZ203 O ASPE2
2d3 -25 PEARET S [t} AZPAZ ooz 233 -7 FRO203 u] ASPaA2
2o 13 WALIAS M ATPE2 [u]ul] 2934 -aa FRO203 u] AZPa2
245 51 WaL1as o HIza0 o 295 -3 FRO203 O AEPAZ
246 13 WALISE [u] AZP32 M 296 10 FRO203 CE AZPa2
247 -16 W aL1as o ASPAZ CE 297 -12 FRO203 GG MET 31
2da 26 WALISE 0 AZPAZ oo 235 -12 PRO20S  CG AZPI2
243 -Ed W aL13E o AEPEZ ooz £33 -13 FRO203 GG THRAS
250 -6 Y AL135 CiGl HiZan u] 300 -6 FRO203 CG THRAz
251 -13 W AL1EE CiEl MET 51 o 301 -13 PROZ0Z GO THR3S
252 =53 WALI3S CGl AZR3Z2 ] anz 23 ARG210 N AZPEZ
253 1t W AL135 Gl AEPA2 CE 303 -14 ARG2I0 u] ASPAZ2
254 a2 W ALTSE (ol AZPAZ oo 304 -27 ARGEI0 o] ASPE2
255 -64 W ALIEE CGl AZPAZ oDz 305 -45 ARG2I0 MHI GLT34
256 -18 W AL1SS cG2 ATPIR M 306 -13 ARG210  NHI GLYE4
257 130 W ALTSE (e ] AZPAZ oo 307 -dd WaLE2 0 ASPaZ
258 -127 WALIES CG2 AZPAZ oDz
2543 il ARGIE M HIZa0 u]
260 -12 ARGI3G u] HIZ30 u]
2E1 -12 ARGIE ME HIEa0 CE
262 15 ARGI3E ME HIZa0 co2
2673 s ARGISE  HE Hisan MO
264 45 ARGIAE ME HIZA0 CE1
ZEBS GE ARGIAE MH2 HIZa0 [y
266 13 ARGIIE MH2 HIEa0 CE1
25T 15 ASMiZE M ASPaz ooe R ° I I I
folats =51 ASNIIE CE ASPAZ oDz e glo n
263 -13 AZHI3E MO AZPAZ CE
270 1) AZNI3E MO2 AZPaz oo
271 ASNTEE | MO2 AsPaz oo
272 -EE ASNISE oo ASPAZ oDz
273 14 THR133 M HIZ30 [u]
274 13 THR133 M AZPA2 oDz
275 B THR133 cG2 TEREA u]
276 -44 THR133 CG2 HIEa0 u]
277 -30 THR133 fae ! MET 31 o
278 k| THR133 [u]r}| ZEREA [u]
273 THR133 oG HIEa0 u]
280 - THR133 fule’} MET 31 o
281 -10 THR133 oGl AZPAZ CE
282 14 THR132 {ulei] AZPAZ oo
283 12 THR133 [u]r}| AZPaZ ooz
284 -2 AZP20E oo AZPA2 o
285 -5 AZP20S oo THRA3 u]
286 0 AZP20S oo GLTad ]
28T -61 AZP20E oo GLT34 Ca
288 -27 AZP20S ooz THR33 u]
283 £4 AZP20S ooz GLTad ]
-103 AZP20E ooz GLTad Ca

230

D2

CA
oDz

51 12 ASNED oo Lyszed o o AEFET o 3ERZTO
g2 | 13 ASNED oo ALAZEL CE 102 -23 AEPET oo FER2TO
53 12 PROS2 u] AL&ZED o} 103 103 ASPET oo FER2TO
cd 32 PROG2 u] ALAZED CE 104 AEPET oo SER2TO
55 3 GLY&3 N ALAZED o] 0= AZPET oo MET 271
56 16 GLYES M ALAZED CE 106 -&7 AEPET fulal VALZST
o7 32 GLY &S Ca ALAZED [a} 107 -24 AEPET ooz WALEST
55 35 GLYES Ca ALaZED | CB 10 S ASPET ooz Lr 526t
g9 13 GLYES a WAL2sT ol 03 123 AZPET ooz ZERZEE
G0 35 GLY&3 [u} WAL2ST CG1 1o 44 AZPET ooz ALAZET
B1 23 GLYES o ALAZED CE M 45 ATPET ooz ALAZET
B2 i3 GLYss O LYseel  MZ 11z e AZPET  ODE THR2ES
B3 17 vaLsd o LELI2E3 coi 113 0 AZPET oDz THR2EE
Gd 45 vaLEd CiG1 LELIZES co1 4 -5a AEPET ooz THR2ES
ES 17 wALEL CGe LEU2ES cof 15 57 ASPET fululs THRZES
5] 12 ALAGE N ALARED CE 16 53 ATPET ooz THRE6S
67 62 ALAEE o Gluzse  (oEz | 117 s AZPET ooz LEUZ63
GG 12 ALAGE o WALEST CiG1 113 -15 AZPET ooz LEUZES
s 38 ALASE [u} WALZST cG2 13 21 ASPET fulul LEUZES
Ta 1 ALASE o SER2TO oG 120 57 AZPET o0z LELIZEA
71 20 ALAGE CE GLLIZ5E u] 121 55 ASPET o] LEUZE3
72 65 ALAHE CE GLUZSE | OE: 12z ASPET ooz SER2T0
T3 13 ALAGE CE WAL2ET ul 123 13 AZPET ooa ZER2TO
Td 24 ALAHE CE vales? Ol 1z¢ [ ASPET ooz SER2T0
75 33 ALASE CE WAL2ST cG2 125 34 ASPET fulu} MET2T1
76 s ALAEE CE ALAZED OB 126 14 ILEE fetey LEUZ63
77 -z0 ASPET M WALZST CiG 127 18 ILESS co LEUZES
75 1 ASPET N valest  cez | 126 OGS ILE5E o LEUZE3
T3 15 ASPET o} WAL2ST CiE2 129 16 ILE&E col LEUZE3
a0 36 ASPET u] SER2TO N 130 T2 SERES 0 THR138
a1 -38 ASPET o} ZERETO CE 13 41 SERG3 o] THR133
az EE ASPET o SERZT0 O 132 10 FEREA oG ARG243
a3 a7 ASPET CE WALZET CG1 133 43 ZERES fal= GLUZSE
g 12 AEPET CE WAL2ST CiE2 134 B Higa0 o] WaL135
a5 -22 AZPET CE L g2ed NZ 135 | Hiz30 n] AR
a6 -1 ASPET CE LELIZE3 N 136 12 HIZ30 o] ARG1AE
a7 Bl ASPET CE ZER2TO N 137 14 HIZ30 o} ARGIIE
it -16 ASPET CE SERZTO oG 138 15 HiZ30 o] THRi53
&3 6T AEPET oo WAL2ST CiE 139 Hig50 o] THR133
a0 57 ASPET oo walzsT  oEE (140 _ Hiza0 0 THR133
.1 ASFET oo L5261 [ 14 Hiz30 coz ARGE43
9z -36 ASPET oo SERZEE [u} 142 30 HIZ30 coz GLUZ5E
33 34 ASPET oo ALAZET o} 143 &7 HiZ30 coz GLUZSE
94 103 ASPET oo ALAZET CE 144 12 HIZ30 coz WALZET
35 ISR ASRET oo THR26G N 145 L HIS30 ey ARGI36
a5 -3 ASPET oo THRZEE [u} 146 12 HIS30 MO ARGIIE
a7 ASFET oot LEUZEZ N 147 1 Hiz30 (] GLT253
a5 -3 ASPET oo LEU2ES o} 145 15 HIz30 MO GLUZSE
35 13 ASPET oo LEUZES CE 149 22 HIZ30 MO GLUZSE
100 20 AEPET oo LELIZE3 co 150 22 HiZa0 MO WAL2ST

Blue/red coloring for atomic level forces
unique to AB or CD. The forces in AB that
disappear in CD are indicated by dashed lines,
while newly evolved forces in CD are solid
lines. The torces that are common to both are
shown 1n solid lines as well, but are colored
differently. Forces that become more negative
are colored orange, while forces that become
more positive are green. Forces that become
less negative are colored light orange, while
forces that become less positive are colored

limon

305 12 ARG243  NH2 HIZ30 coz 359 24
309 -14 ARG243  MH2 HIZ30 MEZ 360

310 14 GLY 253 Ca HIE30 CE1 361 -
a1 -7 GLY 255 o HIZA0 MO 362 -2
3z -5 GLT 255 o HIZa0 CE1 363 35
313 -85 GLLIZGE o ALAEE CE 360 35,
i) 1z GLUESE  CG ALAGE CE 365 76
3 -0 GLUzse  OE] HIZ30 co2 366 -41
316 14 GLUZSE DE1 HIZa0 MO 367 AT
317 -5 GLUZ5E OE1 HIE30 CEi 36 151
318 T3 GLU25E DE1 HIZ30 MEZ 369 A5
319 -6 GLUZSE OE= ALAGE o 70

320 -&1 GLUZ5E OE2 ALAGE CE 27 -
321 51 GLUZSE DEZ ZEREA fulel 372 =
322 54 GLUZsE  OE2 HIZ30 coz 373 i
323 -21 GLU2SE OE2 HIZa0 MO 374 a1
324 -5 GLU2SE OE2 HIZ30 CE1 375 e
325 GLU2S6 | OE2 HIS30 MEZ T 73
326 -14 WaLZET o GLTES o 577 g
327 -1z W ALZET o ALASE CE 275 7
328 -5 WAL2ET G GLYa3 u] 379 5
3239 -1 WAL2ET CGl ALASE u] 80 g
330 27 WALZST CG1 ALAGE CE

33 -3 WaLZET CiE ASPET M 381 -
33z 22 WALZET CiE ASPET CE 362

333 -33 WALZET G AZPET oo 383 clt
334 -45 WAL2ET CG1 ATPET ooz 364 4]
335 -16 WALZST CG2 GLTES u] 385 AE
336 46 WaLEsT CG2 ALATE o] 358 £
337 43 W ALZET (u ] ALASE CE 387 A2
338 45 WALZET  CG2 ASPET M 388 13
339 13 wALZ5T G2 ASPET ] 383 i
340 13 wal2s? | CG2 A3PET CE 330 -22
3 -3 yalos? | GEE HSPET o 33 -30
a2 15 WALEET CE2 AZPET falur 332 57
345 -6 YALZST  CG2 HIZ50 (X} 333 "
344 27 WALZET  CGE HIg50 CE 434 1%
345 -0 ALAZED O AENED a 335 -44
346 -14 ALAZED O PROGZ a 336 4
347 35 ALAZED O GLTES r 397 -21
348 -4 ALAZED o GLY S Ca 338 -18
ad3 -4E ALAZEQ CE PROS2 [u] 393 53
350 -1 ALAZED CE GLTES ] 400 15
351 38 ALAZED CE GLTES Ca 401 -23
352 -21 ALAZED CE GLTE3 u] 40z -T2
353 -1z ALAZED CE ALASE M 403 25
354 ?1 ALAZED CB ALASE CE 404 I
356 -20 L6 u] AZNED (u]u]] 405 54
356 10 LTs2Ed CiE GLTES Ca 405 12
357 17 Lrs26d ME GLNSS OE1 407 -41
358 17 LE2Ed Mz GLY S o 408 12

90-81%
80-71%
<70%

e Principal Investigator: Ellis Bell
Co-Principal Investigators:
Joseph Provost & Jessica Bell
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Effects of Citrate on Interface Flexibility

Region II: N80 to G94
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Atom Number
—— Unliganded Dimer
—&— Subunit C Citrate Bound
-+ Subunit D No Liagand
151 12 HIZ30 {y[m}] SER2TO G 201 =53 ASP32 oo TTR2T3 CE2
152 15 HIZ3a0 CE1 ARGI3E MNE 202 AZPAZ oo TTYR213 OH
153 -23 HIZ30 ZE1 GLT255 [n] 203 - ASP32 oo L3277 M2
154 -42 HIZ30 CE1 GLLI2SE aE1 204 -41 AZPI2 ooz WaL1ad (n]
155 -5T HIZ30 ZE1 GLUZ25E JEZ 205 -2 AZPa2 an2 WaL1ad CiG1
156 G4 Hizan CE1 WaL25T CG2 206 15 ASFA2 oo PEAREL ]
157 -17 HIZ30 MEZ2 ARG243 MHZ 207 -6 AZPI2 ooz WAL1AS (n]
158 75 HIZA0 MEZ GLUZSE OE1 208 -E1 AZPA2 oDz WALISE CGl
=9 Higa0 MEZ GLUZEE OE2 Z09 145 ASPIZ ooz WAL foter
160 -14 MET 1 0 WALIAS Cil 210 1= AZPAZ oDz AZNIFE M
161 =27 FET 31 [u]} THR133 CG2 211 -45 ASP32 an2 ASN135 (=]
&z MET a0 THR133  |OGI 21z s ASPAZ falut AZNISE | MOR
163 -10 MET 31 =0 LEU2E3 o 213 B2 AEPA2 ooz ASMI3E oo
164 -1 MET 31 0 TTR2TS CE 214 16 ASP32 a2 THR133 ;]
165 -&T MET A1 CE LEUZES O 715 1l AZPAZ oDz THR133 oG
166 12 MET 31 ZE LEU2G3 CE 216 =33 AZPa2 an2 PRO203 a
167 10 METS1 CE LEU2E3 ol 217 ATPAZ ooz vaL2iz u]
165 15 FAETS1 CE SERETO M 15 _ AZPAZ falur TYRZTZ  OH
163 -10 MET 31 CE SER2TO (n] 213 AzP32 an2 LvE277 (]
170 12 METS1 CE $ER2TO |CB 220 _ ATPAZ ooz LTsaTt ME
1M -14 MET 1 CE TYR2T3 N 221 THR:AS M PROZ03 |GG
172 20 MET 31 CE TYR2T3 CE by =36 THR33 [u] ASP205 ulm} ]
173 i AZPaAZ M W ALIAE [a} 773 -7 THRa o ASP2OS | OD2
174 -5 AzP32 'l WAL1AS [={r} | 22d -44 THRAS a PRO203 G
175 -20 ASP32 'l WaL13s G2 275 -12 THR33 a FPROZ03 [=tu}
176 18 ASP32 N TYR2T3 CE2 226 3 THR3S CiE2 TVYR2T3 OH
177 54 ASPAZ M TTYR2T3  OH 737 _ GLTad M ATP205 ODH
178 13 AEPA2 N LTE27T NZ 228 53 GLT34 ] AEP20S ooz
173 -23 ASP32 [u] ASP20S (u]n}] 279 -44 GLY34 1] ARG210 MNE
180 -30 AZPAZ 0 FROZ03 O 230 12 GLTad M ARGZID  CZ
181 -14 ASFI2 o PROZ03  CB 23 -1 GLv34 ] ARG210 H1
182 -1t AZPI2 0 PROZ03 GG 23z -20 GLv34 ] ARG210 MHZ
123 13 ASP32 [u] ARG210 '] 233 -1 GLY34 CA ASP205 (ulm} ]
154 43 AZP32 0 TVYR2T3 OH 23d - GLv34 Ca ASP205 ooz
1285 27 AzP32 [u] LWE27T Bz 255 12 GLT34 CA PRO203 CG
136 -15 ASP32 CE WaL13s o 236 -16 GLT34 Ca ARG210 ME
187 1] AZPA2 CE WAL1AS CG1 237 -2z GLv34 Ca ARG2I0 NH2
135 10 ASP32 (=] ASMN13E CE 258 -22 GLvad a AZPa0s (ulm} ]
133 -15 AEPI2 CE ASNI3E MO2 239 4z GLT34 u] AEP20S ooz
130 -1 [t CE FROZ03 o 240 1 GLva4 u] ARG210 MH2
19 -1 AZPaAZ CE TYR2T3  OH
132 -15 ASP32 CE LvE2TT MNZ
133 -21 AZPaAZ CG L E2rt MZ .
134 -26 ASP32 a0 WAL1AS a R I I
135 -3 AZPAZ oo W ALTAE Cil e gl O n
135 -123 AzP32 oo WAL13S CG2
137 54 ASP32 oo AZMN13E MOZ2
133 13 ALPa2 aod THR133 aG1
133 -15 ASP32 oo PROZ203 [n]
200 -13 AEPE2 ool TVYR2T3 CE1
[mpact of Citrate Binding on Interface Flexibility
Region IV: R249 to k277
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Atom Number
—Q— Unliganded Dimers
r 9 Cualasssmid ™ canibla Mk -~
IR 18] Nz ASPET CE 403 -1 LEUZES o2 WETER M
L EaEd Nz AZPET oo 410 1 LEU2E3 coz METE2 CE
Lt 2261 NZ AEPET ooz d11 24 LEU2E3 co2 WETE2 =0
ALADES CE AENED Oz 41z 33 LEUZE3 coz WETE2 CE
ALASE CE ASMED oo 413 -G LEUZ2EA coz ASPET ooz
ZERZEE o} AZPET oo 414 37 ZERETO N AZPET u]
FERZEE o} ASFET ooe 415 - SERETO N AZPET {uuj]
ALAZET o} AZPET oo 416 ZER2T0 M AZPET ooz
ALAZET o] AZPET [u]ul] 417 - ZER2T0 u] AEPET oo
ALAZET CE ASPET oo 415 -5 ZER2TO CE AZPET u]
ALAZET CE ASPET ooe 413 -5 SER2TI CE ASPET oo
THR2ES M AZPET oo 420 12 ZERETO CE NET31 Co
THRZES M AZPET ooz 421 27 ZERETIO {ulE; AZPET [u]
THRZ68 0 A3PET OO azz SER2T0 0G A3PET  OD1
THR2ES u] ASPET onz 423 1 ZER2TO oG AZPET ooz
THR26E  CE ASPET (u]u d7d _ MET2T1 M AZPET oo
THRZES CE2 GLMSS OE1 425 27 MET 271 /| ASPET ooz
THR2ES CE2 AZPET oo 426 24 ALhZTE CE NETE2 =0
THR2GE ca2 AZPET oDz 427 b ALa2T2 CE METEZ CE
THR26E oG AZPET ool 428 20 TV3273 M METE2 20
THR2ES 0G1 ASPET opz 423 23 TVa2T3 CE WETa1 CE
LELIZES M AZPET CB 430 13 Tr3273 coz WET31 CE
LELIZE3 N ASPET oo 431 17 TT32T3 CE1 AZPE2 M
LELIZES M AZPET falul 432 55 Tv3275 CE1 AZPaZ oo
LELI2ES o METE2 CiG 433 13 TV3273 CEZ2 WETEE CE
LELUZE3 o METE2 i0 434 11 TVaeTs CEZ MET#1 CE
LELIZES o} MET62 CE 435 -13 TTI213 CE2 AZPaZ oo
LELI2ES [u} ASPET oo 436 23 TT2215 OH ATPEZ ]
LELIZE3 o ASPET ooz 437 65 Tr3275 OH AzPaz o
LELIZES o} MET 31 i0 438 -13 Tv3275 oH AZPaZ CE
LEL2ES o MET31 CE 433 TV3273 oH AZPaZ oo
LELI2E3 CE AZPET oo 440 TYI273 OH AZPaZ oDz
LEL2E3 CE AEPET ooz 441 Lt Tr2213 OH THR3S CiG2
LELIZES ol GLNSS u] 442 1 WVALATE CGl WETER CE
LELZ2E3 co GLMSS CE 443 -31 LT527T co AzPaz ool
LELIZES co GLMSS [t} ddd -14 L2717 (] AZPaZ ooz
LEL2ES co GLMSS OE1 445 23 L3277 Mz AZPaZ u]
LELIZE3 co ALAE CE 445 -6 LY 3277 Mz AZPaZ CE
LEL2E3 o METE:2 M 447 -4 L3277 MNZ ATPE2 G
LEL2ES co waLad o ddg L3277 MNZ AzPaz ool
LELIZE3 o VALEd CiG1 443 LT327T MNZ AZP3Z ooz
LELIZE3 co valsd ciE2
LEL2ES co AZPET ool
LEL2ES co AZPET oDz .
LELIZE3 co ILE&S CiEl R I ‘ 7
LELI2ES co ILE=S ol e glo n
LELI2ES chz GLMES o
LELZ2E3 coz GLMSS CE
LELIZES coz GLMES DE1
LELI2ES chz FROS3 ]

I No Associated Water Molecules

. 100-91 D/O Water molecules and the interacting protein residues are
colored by DRoP based upon the percent conservation
within the set [100-91% (blue), 90-81% (cyan), 80-71%

(green), <70% (orange); protein residues not in contact

with water molecules are colored red.
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