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1.

XLS and HTML reports

Figure 1. Snapshot of the Excel worksheet created by SDPhound in the case of a single

position run.

[ D E | F | G H | ] K L M N o el
45 |Blosum  no Symbols ARNDCQEGHILKMFPSTWYVBZX- I 1
| 46 |Bins no Estimated MAX | 0.595400284
| 47 |Nshuffles 10000 r 0.646343952
| 48 |Reference DsRed
49 |Posref  Mutual  Zscores |MonoNoGAI_ DimDSRTetra MonoNoGAI_
N c Q E G H I
117 0413259 26.22051 CCSTTEEEEEEEEEEEEEEEEEEEEC CCCCCCTCRRRRCCCCCCCCCCCCCCCCCCCCTTTTCCCCTTCCCCCCCCCCCCCCCCCCTCCCCC 0282609 6.5E-09 0.282609 0.282609 0.333333 0.282609 0.2 0.282609 0.282609 0
83 0.347456 2338874 FFFFFLFFLLLLLLLLLLLLLLLLLF FFFRKFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFRKKKKKKKKKKKKFFFFFFFFVEFF 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
194 0.431701 23.22576 FRFFYKIIKIKKKKKKKKKKKKNKKE |\ VVVYYFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFVEYYYYYVYYYYYYYFFFFFFFFYFFFYYY  0.282609 0.282609 2.6E-08 0.282609 0.282609 0.282609 2.6E-08 0.282609 0.282609 0
164 0.409245 21.16398 AAK FFFARASATTTTYYYYYYYYYYYYYYYYYYAAAARAFF, 0.380952 0.25 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
192 0.462732 20.87129 vAY: R NNNYYYY YYYYSSYYYYVYYVYYVYYFFFFFFFFYYFFYYY | 0238095 2.6E-08 8.67E-09 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
156 0.404391 20.74515 VWVVVAAAAAAAAAARAAPAAAAAAM  IIIVVVLVVVDDIIIIIIIIIITIIIIIIIT 0.25 0.282609 0.282609 0.5 0.282609 0.282609 0.282609 0.333333 0.282609 0
223 0458146 206806 LMTL*TTTTTTTTTTTTTTTITTITL SSSLLMPLPP] LLLLLP*LLLLLLLLLLLLLDDDDDDDDVLDDLLL 0.277778 0.282609 0.282609 0.1 0.282609 0.282609 0.282609 0.282609 0.282609 0
175 0357309 19.75324 CCVCCAASAAAAARARAMAAAAABAC CCCVVCCCFFSSCCCCCCCCCCCCCCCCCCCCeeeeed! 'CCCCCCCCCCHHCCC 0.263158 0.282609 0.282609 0.282609 0.34 0282609 0282609 0.282609 1.3E-08 0
153 0.368232 17.90609 RRRRSEEEEEEEEEEEEEEEEEEEER cec ERRR 6.5E-09 0.323529 0.282609 0.282609 0.5 0282609 0272727 0282603 0.282609 0
5 035025 17.30664 EEEEEEEEEEEMEE* NNNK] KKKKKKKKKKKKKKKE] KEEKKKKKKKKE. 0.142857 0.282609 0.333333 0.282609 0.282609 0.282609 0.166667 0.282609 0.282609 0
177 0.266745 17.13103 FFFFFVT FFFEFFFF FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
224 0.424874 17.05711 PLI VVVFFLLSTIDDLLLLLLLLLLLLLLLLLLPPPPPPL*FFFFFFFFFFFFFAAAAALLLVPLLLLL 0.4 0.282609 0.282609 0.333333 0.282609 0.282609 0.282609 0.35 0.282609
124 0.299143 16.88851 FFLFFLLLLLLLLVLLLLVVVVLLVI FFFFFEFF FFFFFFFFFFFFEFFFFFFFFFFFYFFFFMFFFFFEFFFIIITIVVVEFVVIII | 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
162 0.46703 16.66927 MNKTTKKKKKKKKKKKKKKKKKKKKY — TTTHHNANAATT TTTTTT LLLLQQOFTVVYYY  0.333333 0.282609 0.166667 0.282609 0.282609 8.67E-09 0.282609 0.282609 0.266667 0
147 0.307334 15.90522 TTTHTT: IT T FFFTTTIT CCCCCCCCCCCCCCCCCCTTTITHE TTTTITTITIITTITITITITTTSTITITT 0.282609 0.282609 0.282609 0.282609 0.388889 0.282609 0.282609 0.282609 10
4 0.282078 15.88853 »T: 0.282609 0.282609 0.25 0.282609 0.282609 0.282609 2 6E-08 0.307692 0.282609 0
174 0.33853 15.84359 RRRRKDSTDDL RRRLL LLLLLLLLLLLLTTTTTSSSLRCCLLL 0.282609 0.277778 0.282609 0.222222 1.3E-08 0.282609 0.282609 0.282609 0.282609 0
72 0.127117 15.43336 FFFFFYYYYYYYYYYYYYYYYYYYYF FFFYYFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFYYYYYYYYYYYYYFFFFFFFFFFFFFFF 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
8 0.122643 15.20276 IITIIIIIIITIIITIIIITIIIIIND | TTTITILI»*#LLLLLLLLLLLLLLLLLLITIITITIIIIIIIITIIIIIILLLLLITIIILLITI  0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
44 0.323017| 14.56835 MLIMMAAAAAAAAARAAARAAARAAY SSSVVLLMNNMNIIITIIITITIIIIIIIT 0.181818 0.282609 0.25 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
21 0.273679 14.46612 AT T CCCTTTVATTITCCCCCCCCCCCCCCOCCC: TTSSTITTITTITTITITSSSTNTTIIT 0.25 0.282609 0.285714 0.282609 0.428571 0.282609 0.282609 0.282609 0.282609 0
71 0.357556 14.39905 vAAV] cca IIIITITIITIITIITIIIVVVVVVC TITITTTTPVITPPP 0.12 0.282609 0.282609 0.282609 0.25 0.282609 0.282609 1 025 0
6 0.354173 14.14739 EEEEEEEEFAEE! KK 0.75 0.282609 0.307692 52E-09 0.282609 2.6E-08 0.230769 6.5E-09 0.222222 0
197 0.319981 13.95816 HHHHHGEITITITITITITIIITIIR HHTT TT IIRRR 0.428571 0.444444 0.282609 0.282609 0.282609 0.282609 26E-08 26E-08 0.177778
1 0.179257 13.60761 »*E*MMEE! EVVM 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.2 0.282609 0.282609 0
150 0.206392 13.18957 LMMMII MMMLLMMMLLLLIITITITITITITITIT IMMMMMMMILLLLLLLLLLLLLLVVVVLLLLMVVLLL 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609
206 0.263753 12.92301 KKHK*EEEEEEE KEKEEKRE»*: KKKKKQ*EEEEEEEEEEEEEEEEEEDDDKK**RRR  0.282609 6.5E-09 025 0571429 0.282609 2 6E-08 0.25 0.282609 2.6E-08 O
125 0.371 12.32471 DDKHI HHHI I TIRRIIIITIITIILLLLLTRTSDLLSSS 0.282609 0.347826 0.421053 0.428571 0.282609 0.282609 0.282609 0.282609 0.111111 0
127 0.251082 12.02005 VIEVVITITTITTITTISTSTIIIIE EVITTT T NNNNNVVTLVTIVIT  0.282609 0.282609 0.2 0.282609 0.282609 0.282609 8.67E-09 0.282609 0.282609 0
219 0.098249 11.87619 G 0.264151 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.307692 0.282609 0
189 0.141361 11.50647 LL*LMLLLLLLLLLLLLLLLLLLLLM  MMMLLLML LLLLLMMLLLLLLLLLLLLL Mo 0.282609 0.282609 0.5 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
193 0.132142 10.66181 YYYYYYYYYYYYYYYH YYYYYY 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.301887 0
75 0.091895 10.60411 vv YYYHHYYYYY YY 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0225 0
57 0.088148 10.48863 0.285714 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0
92 0.169743 10.35925 SHSSSKKKKKKKKKKKKKKKKKKKKT KKHSFTTTTTTTTTITITITITITIIT KKKKKKKKKRKTTTTTTITISTTITIT  0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 0.282609 05 0
85 0.161304 10.24749 QQOQOLLLLLLLLLLLLLLLLLLLLQ QQOLLOOC )0000QQQLLLLLLLLLLLLLOQQQO0000000000 0.282609 0.282609 0.5 0.282609 0.282609 0.285714 0.282609 0.282609 6.5E-09 0
161 0.246453 10.22306 VVVIVIIIIIIII IMMD TIVIVFFFE TITIVVIITIIITTISSNNSSSVSSSSNINNDDD  0.282609 0.282609 04 0.25/ 0.282609 0.282609 0.282609 0.282609 0.282609 0
207 0.175096 10.02047 DDDDEDDDDDL DD KKKRKKRKKKKKK EDL KKKKKDDKKDDD | 0.282609 0.282609 6.5E-09 0.259259 0.282609 0.282609 0.5 0.333333 0.282609 0
78 0.223955 10.0009 NDDHE! PPDPPD )DDDEEHHHHDE EDDD | 0.282609 0.282609 2.6E-08 0.254902  0.282609 0.282609 0.5 0.461538 0.166667 0
1 90 | 30 0.181878 9.956387 EEEDEEEEEEEEEEEEEEEEEEEEEE KEKEEEDE DDDDEEEEEEEEEEEEEEETTTTTTITEEEEEEE 0.282609 0.282609 0.282609 0.333333 0.282609 0.282609 0.235294 0.282609 0.282609 0
i« 4 » »)\IdNoBinZ{ B45NoBinZ / B62NoBnZ / BlocNoBinZ / Sheet5 / Gelfand / TabelaiZ / TabelaiRegr / TabelaiConfrontoRegr / IdNoBinRegr / BA[< 31|

Results of the application of the algorithm are reported in various forms, one of them is an Excel

Worksheet that contains all the relevant information related to the run. Best ranking positions and run

parameters are shown as well as the estimation of the conditional probability of belonging to a speci-

ficity class given that any specific symbol, amino acid or “pigeonhole”, is found at the current position.

Conditional probability is estimated from the alignment itself in the frequentist approximation. In case

where the identity substitution matrix is used, a “—1.0” can appear in the conditional probability cells,

indicating that the specific amino acid is not present in the alignment and therefore no information can

be directly inferred for that mutation. Two typical examples are shown in Figure 1 and 2.



Figure 2. Snapshot of the Excel worksheet created by SDPhound in the case of a pairwise

position correlation run.

A | B | ¢ T D ] E [ F T 6 T H [ 1 [ 9 T Kk T L [ ™

| 85 |Blosum FALSE Bins no Symbols  ARNDCQEGHILKMFPSTWYVBZX-

86 |Nshuffles 10000 Reference DsRed ClassEntrc ~ 0.5954
| 87 |Posref p Posref g Mutual Zscores MonoNoGAIl_ DimDSRTetra

88

E 177 51/ 000141 30.10692 FFFFFVT LAY Vv F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
90

o1 177 81/ 0.00229 2324417 FFFFFVT VvV vy F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
[92 | DDNDDDDDDDDDDDDDDDDDDDDDDD | DDDDDDDDNNNNDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
[ 93 | 177 135 0.00224 22.2599 FFFFFVT VY KA F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
| 94 VVVVIVV VWV Al v VVVVIIIIV Al Al VWV Al vV Al Al

95 135 61/ 0.00055 18.76583 VWVVIVV VY Vv v VVVVIIIIV Vv VY Vv Al Al Vv Vv
|96 LLLLVLLLLLLLLLLLLLLLLLLLLL |LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLVLLLLLLLLLLLLLLLLLLLLLLLLLLLL
97 135 54| 0.00055 18.68137 vwwvIVV VvV A4 v VVVVITIIV VvV Vv VYV VY Vv Vv Vv
98| LLLLMLLLLLLLLLLLLLLLLLLLLL LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLIMLLLLLLLLLLLLLLLLLLLLLLLLLLLL
99| 177 60 0.0019 18.06303 FFFFFVT VY Vv F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
100 IITILITITITITITITITITINIIIND | IIITITITLLLLITIITITIIIIIITIIIIIITITITLIIIITITITIIIIIITITITIIIITITNT
(101 135 81/ 0.00091 18.01928 VWVVIVV VY Vv v VVVVITIIV Vv VY VY VY vV vV Vv

1102 DDNDDDDDDDDDDDDDDDDDDDDDDD | DDDDDDDDNNNNDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
103 177 84/ 0.00141 16.16524 FFFFFVT VY Vv F | FFFFFFFFVVVVFFFEFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
(104 KKKKKKKKKKKKKKKKKKRRKKEKKKK  KRRRRKKKLLLLKKKKKKKKKKKKKKKRKKRKKKKKKKKKRKREKKKKKKKKRERRRKKEKKKKRRE
105] 190 177 0.00141 15.7918 PPPPPPPPPPPPPPPPPPPPPPPPPP | PPPPPPPPGGGGPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPEP
1106 FFFFFVT vy VY F  FFFFFFEFVVVVFFFEFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
(107 177 133 0.00141 1577302 FFFFEFVT LAY VvV F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
108
[109] 177 53 0.00141 1571639 FFFFEVT Vv Vv F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
[110) PPPPPPPPPPPPPPPPPFPPPPPPPP | PPPPPPPPAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
[111] 177 136 0.00141 15.47084 FFFFFVT VvV VvV F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
112 FFF]

(113] 177 143 0.00141 15.39913 FFFFFVT LAY VvV F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
114

E 177 128 0.00141 15.33201 FFFFEVT vV vV F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
116
[117] 177 165 0.00141 15.31754 FFFFFVT VvV VYV F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
118 LLLLLLLLLLLLLLLLLLLLLLLLLL |LLLLLLLLFFFFLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
[119] 177 22 0.00139 15.02296 FFFFEVIVVVVVVVVVVVVVVVVVVEF | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
1120 VvV VvV VvV v VVVVLLLLY VvV VvV vy VVVMVVVVVY VvV vy

121 184 135 0.00098 14.95721 KKAKKKKKKKKE**xxxxxxxxKxxK  KKKKKKKKAAAAKKKKKKKKKKKKKKKKKKKKKKKKEKKKRKRKRKKKKKKKKRKKKKRKRKKKKK
1122| VVVVIVV Vv vV v VVVVIIIIV A4 VVV LAk LAY vV vV A

123 177 48/ 0.00136 14.44904 FFFFFVT vy vy F  FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
[124] VvV Al Al v Al v Al VvV VVVVVIVVY Al Al Al
[125| 177 88 0.00136 14.37529 FFFFEVIVVVVVVVVVVVVVVVVVVE | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
126 PPPPPPPPPEPPPPPPPPPPPPPPPP  PEPPP PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
m 169 150 0.00214 1266749 GGGGEGDDDDDDDDDDDDDDDDDDDDG  GGGDDGGGDDDDDDDDDDDDDDDDDDDDDL )DDDDDDDDDDDL lelele]
@ LMMMI! MMMLLMMMLLLLITIIIIIIIIIIIIIII IMMMMMMMILLLLLLLLLLLLLLVVVVLLLLMVVLLL
129 188 135 00014 124909 QR*KKQQ0Q0Q00000000000000R  TTTQQRNROQOQKRKKKKKKKKKKKKKKKKQOKRKKAKQOQQQ00Q00Q0QQKKKRKKKKRKKTTRRR
130 VVVVIVV vV vV v VVVVIIIIV vV A vV VAAY vV vV vV

131 177 10/ 0.00263 12.16888 FFFFFVT VY Vv F | FFFFFFFFVVVVFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFLLLLLFFFFFYYFFF
132 PPPPPEEEEEEEEEEEEEEEEEEEEK  DDDEEPEPPPPPEEEEEEEEEEEEEEEEEESSPPPPQPEEEEEEEEEEEEEKKKKKEEETPEEKKK
PERS « . o4 20 _nonna 4 annan nn I

The same estimated probability is used to generate an html file, showing the reference sequence whose
positions are color coded according to their statistical relevance as well as, for each specificity class, the
most “promising” substitutions, as shown in Figure 3. Moreover, for each subclass the most promising
substitutions are shown, when available, as suggested by conditional probability estimation done in the
calculation.



Figure 3. Example of html reporting, GFP sequence along with most likely occurrences
in Monomeric and Dimeric subclasses, positions marked with “@” are reference positions
that have been masked, due for example to the fact that they have more than 30% of gaps.
Positions marked with “?”” are positions where the estimated conditional probability doesn’t
give a clear indication concerning possible mutations.

Blosum Matrix: no

Bins : no ; Symbols: ARNDCQEGHILKMFPSTWYVBZX—
Nshuffles : 10000;

Henikoff Weights: 0;

MOnoGFP
@ BNPE - > T vEFEE- §- 861K - T S HE - YEREET - Brraliv1 - 5K - B - §s - SERERSHoN - £Mll > ik > colMills - HOEE - i > ¥li05 - KER¥e N » > vilSHANNE L SN clifili > 17v«Eve » Bk » > il kK > HvEp BB BLMBrHDEOK |
cclETEE-EE-LE2  IEEE - B 02 B2 > 2Bl - EEEEE? - B Ll B - Bl - B> - PRE R CR > AKl- > > 2 * B KB - 2Rl - - B - BlEE - B2 28 > 2 2 > 2 P e 2 2 B> TS - 2 E > * B > ° 2 > B2 2 2 " P BAMEC IV ? A K2 2 2]
DimGFP_
ecHEANE - Bl vEv<EENE - §-B0T - K - RGH - 2GRNV - Bv2CHAv - £E - il Hr > VETETEECH>c PB>lr > enE ol - HRSH r - § - BlEE - 8k 2 » Ty RENiRE rvESCANES > v2 Ly E2p 2 i8> » liko? » M- HF v BVElivz c S ANH]
ecHEERE- IvVEILIEEN-N-02- 8- - 15l - 2 Eeu - B> vilFL - B2 - - B- - KEEEE R T - Coll- N> - 2 - B = - IS - - B - BlEE - s - 2 - - e Bk > BloS e - 22 - - 82 > - [iE > » Mo 2 » PN It = - 02 2 2]

Reference: GFP
e EGERE I8vVETLEERNC BV NG s v sElc EGHANYC L TUEE T CTTc Ml i w P EGHTERS B VOB v PoRMERHD F BRSEMPEc YGER BT FHKDDGN v RERARNK F ESOTININR TEL.KET0 FREDC HlcHK LBy HSHEVEMADKOKN]
1 2 30 4 50 o 70 80 90 100 110 120 0 150 .

130 14

Legend:
@ are reference positions that have been masked

? are positions where is not clear what mutation to suggest
Importance Color Codings:

1280 0EAE oM



2. IFP Alignment
The complete alignment of the FPs is reported in the supplementary file A_FP.txt.
3. Physically based pigeonholes

The assignment of the residues to specific pigeonholes was performed according to the following
groupings, derived from classical Taylor’s Venn diagram [1]:
Hydrophobicity:

Pigeonhole W, hydrophilic aminoacids: RNDQEGKPST;

Pigeonhole N, neutral aminoacids: A H;

Pigeonhole H, hydrophobic aminoacids: CILMFW Y V.
Size:

Pigeonhole 1, extra extra small aminoacids: G;

Pigeonhole 2, extra small aminoacids: A S;
Pigeonhole 3, small aminoacids: CDPNT;
Pigeonhole 4, medium size aminoacids: Q E V;
Pigeonhole 5, large aminoacids: HM LITKR;
Pigeonhole 6, extra large aminoacids: F Y;

Pigeonhole 7, extra extra large aminoacids: W;
Charge:
Pigeonhole N, negative aminoacids: D E;
Pigeonhole P, positive aminoacids: R H K
Pigeonhole L,  polar aminoacids: NQ ST W Y;
Pigeonhole A, apolar aminoacids: PAGCILMF V.



4. Extended IFP results

In the main text, we showed for space reasons
only a subset of the results obtained in the runs to
discriminate monomer vs multimer forms of IFPs.
The tables here contain an extension to that set. In
particular, Table 1 reports best ranking positions
from 21 to 40, obtained in the different runs de-
scribed in section 5.2 to show how many of the
33 positions experimentally identified were recog-
nized by our approach. In Table 2 we show the
full, i.e. 40 first positions, results of the same type
of runs, but with inclusion of background removal
correction.

Comparison of the two tables shows that, at least

in this case, this procedure does not improve the

Table 1. SDPs inferred from 92 mono-
and multimeric GFP homologs 40
best ranking SDPs derived with BLO-
SUM45 (B45), BLOSUMG62 (B62),
Identity (Id) and the local BLOSUM
No back-

ground correlation removal has been

(Bloc) similarity matrices.

performed in these runs.

B45 S B62 S Id S Bloc S
21 78 4 83 2 21 1 223 1
22 8 3 8 3 71 2 147 %
23 6 1 78 4 6 1 125 1
24 83 2 118 4 197 2 1 4
25 118 4 5 1 1 4 92 3
260 193 4 193 4 150 2 79 3
27 30 3 6 1 206 3 127 1
28 216 3 30 3 125 1 21 1
29 5 1 216 3 127 1 8 3
30 203 4 9% 3 219 4 6 1
31 11 3 21 1 189 4 218 4
32 207 4 207 4 193 4 118 4
33 218 4 195 2 75 4 11 3
34 184 4 71 2 57 4 30 3
35 195 2 11 3 92 3 189 4
36 98 3 203 4 & 3 207 4
37 71 2 184 4 161 4 203 4
38 49 3 218 4 207 4 219 4
39 21 1 147 * 78 4 161 4
40 36 4 206 3 30 3 193 4

performance of the method.

Table 2. SDPs inferred from 92 mono-
Re-
sults reported are the same as Table 1

and multimeric GFP homologs.

but with application of the background
correlation removal and including the
SDPpred results. Scores are defined as
in the main text. Numbering refers to
the “DsRed” sequence (1GGX PDB)

B45 S B62 S Id S Bloc S SDPpred
17 1 117 1 117 1 117 1 117
194 1 194 1 83 2 194 1 83
177 2 177 2 194 1 177 2 79
164 1 164 1 164 1 175 2 194
224 1 224 1 156 1 224 1 184
156 1 156 1 192 1 124 2 164
4 2 72 4 223 1 174 1 185
72 4 124 2 175 2 164 1 192
197 2 150 2 72 4 72 4 156
150 2 192 1 8 3 192 1 175
124 2 197 2 5 1 153 1 177
192 1 44 2 153 1 83 2 72
4 3 174 1 177 2 150 2 153
175 2 4 3 124 2 4 3 124
174 1 175 2 147 * 75 4 8
118 4 8 3 1 4 179 2 147
8 3 184 4 174 1 44 2 150
193 4 118 4 150 2 197 2 174
125 1 83 2 4 3 57 4 44
184 4 153 1 219 4 162 1 21
127 1 57 4 21 1 219 4 219
92 3 193 4 224 1 8 3 162
57T 4 219 4 44 2 184 4 75
179 2 179 2 162 1 79 3 57
219 4 127 1 189 4 156 1 7
83 2 125 1 75 4 21 1 197
162 1 75 4 57 4 118 4 71
75 4 92 3 71 2 8 3 193
8 3 8 3 193 4 1 4 208
79 3 30 3 197 2 92 3 107
30 3 49 3 6 1 147 3 85
153 1 21 1 107 4 189 4 127
49 3 207 4 206 3 71 2 38
218 4 201 4 8 3 193 4 179
207 4 218 4 38 4 30 3 30
21 1 162 1 127 1 218 4 97
78 4 78 4 179 2 207 4 207
201 4 98 3 97 4 78 4 118
11 3 18 4 30 3 49 3 92
18 4 195 2 49 3 127 1 49

WWOWRARARAWNA—RWRALWRNNWARARLRARNNFRN $WNN—m,RANN—R—A—RRA—RWND— W



S. Pair correlation
Figure 4 reports a pictorial representation of the symmetric correlation matrix.
Figure 4. Pair correlation among positions is shown in a color coding ranging from white,

indicating poor correlation, to intense blue. Rows and columns corresponding to positions
1,2 and 51 are white since they had a number of gaps larger than 30%.
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6. MMPBSA details

The MMPBSA approach makes it possible to obtain solvation free energies of proteins through the
combination of all-atoms molecular dynamics simulations of the solvated molecule and estimation of
the terms accounting for solvent polarization due to solvent-solute interactions, changes in the confor-
mational freedom of solvent upon solvation, and entropy of the solute.

In this context, the absolute free energy of the solute can be expressed as follows:

TStr,rot,conf

solute ’

G = EMM + GPB,polm' + GSA,nonpolar -

where all quantities are averaged over a molecular mechanics trajectory, E;,, is the molecular mechan-
ics energy, G pp polar 18 the polarization free energy of the implicit solvent, which can be obtained through
the solution of the Poisson-Boltzmann (PB) Equation, G's 4 nonpolar 1 the nonpolar free energy estimated



Str,rot,conf .

by scaling the solvent accessible surface area (SA) by an appropriate surface tension, and S ..~ ° is

the solute translational, rotational and conformational entropy, and T is the absolute temperature.
We applied this scheme to the interesting case of IFPs in order to compute tetramerization free ener-
gies of tetrameric Wild-Type DsRed and some tetrameric, dimeric or monomeric mutants as free energy

differences of the tetramer with respect to the two dimers:

AGi,tetramerization = Gi,tetr(zmer -2 Gi,dimer-

G tetramer a0d G gimer are, respectively, the tetramer and dimer free energies of the it mutant.

In the present case, these quantities are computed over the same molecular dynamics trajectory of the
tetramer for both the tetramer and the dimers; this is acceptable since, presumably, the conformations of
these proteins in their dimeric and tetrameric state do not differ significantly.

Reproducing the trend of the relative stabilities of different mutants with respect to wild-type protein
(as in the “virtual screening method” described in [2]) is of particular interest to select mutations that
induce the stabilization of the dimers in an otherwise tetrameric protein. This can be accomplished by

calculating
AACTY@',WT = AGi,tetramem’zation - AGWildfType,tetramerization-

The entropy contribution of the solute was not taken into account in the present study. Although the

conformational TAS*™

;~ 1s an important term in driving oligomer association/dissociation, we expect

that this term is scarcely affected by mutations. Indeed, previous studies have shown that the confor-
mational T'AS¢™/ penalty upon side-chain burial is similar among different residues, with differences
generally around 0.5 kcal/mol and always smaller than 2 kcal/mol at room temperature [3], and hence
negligible with respect to the AAG; yr obtained in the present study. Moreover, translational and rota-
tional components of the entropy for the structurally homologous IFPs lead to TAAS;;;‘T,‘; ~ 0.

The starting structure for the MM dynamics was obtained by adding hydrogen atoms to the X-ray
crystal structure of a DsRed tetramer (PDB code: 1GGX), which was solvated in a 85 A-box of water
molecules. All amino acid mutations were produced with Insight II(C)(Accelrys Inc.), starting from the
1GGX PDB structure for consistency. After equilibration of the system with restraints on the motion
of non-hydrogen atoms (10 ps at 50 K, 20 ps at 150 K, 240 ps at 300 K), free molecular dynamics was
performed for 400 ps at 300 K. Molecular Dynamics simulations and surface areas were computed with
programs of the Amber 7 package, while Poisson-Boltzmann equation was solved with Delphi 4 [4].

Enraes GpBpotar and G g4 ponpoiar Were calculated for 40 snapshots sampled from the trajectory at 10
ps intervals. The variance reported in Figure 3 of the main article is calculated on the AG taken at each
snapshot, as usually carried out in MMPBSA calculations [2]. Each 670 ps Molecular Dynamics run
(270 ps of equilibration and 400 ps of production), providing the 40 snapshots used to calculate the free
energy, required 48 hours on four Intel® Xeon™ CPU 2.40GHz processors; the subsequent MMPBSA

calculation, conversely, required 20 hours on a single processor.
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