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Table S1. Overview of observed X-ray data for the aliphatic fluorine set. Together with the protein and
ligand PDB codes, a brief description of the interaction that occurs is reported: the type of interaction

(single, double or bifurcated) are specified together with the residues involved in the hydrogen bonding

and the measured geometrical properties, which are reported in terms of distances and angles.

Grou Protein . . Donor Atom Type of Distance Angle Angle Torsional
Codep Code | Chain Ligand Code and Residue Intz::iction D-F (&) CFHg ©) DHFg ©) Angle (°)
L1 lexp / GLC-G2F (601-602) ND2 Asnl26 Single 1.9 153 141 82
L1 2xyl / XYS-X2F (601-602) ND2 Asnl26 Single 2.5 115 132 109
L2 Itsn / UFP-C2F (265-266) OH Tyr%4 Single 2.5 142 129 81
L3 4a3h A DCB (1) ND2 Asnl138 Double 2.0 129 167 6
OE2 Glu228 Double 22 135 149 0
14 6a3h A FCT (500) ND2 Asnl38 Single 2.0 134 154 6
L4 5a3h A FFC (900) ND2 Asnl38 Single 1.9 136 154 2
L4 1qi2 A FCT (500) ND2 Asnl138 Single 1.9 139 158 6
L4 1hl1 A FCT (500) ND2 Asnl38 Single 2.0 140 155 2
L5 1bvv A XYS-DFX (501-502) NE Argl12 Single 2.2 113 175 20
L5 1cSi A XYS-DFX (501-502) NE Argl12 Single 2.0 117 169 29
L6 2nlr A GLC-GLC-G2F (601-602-603) ND2 Asnl55 Double 2.2 115 143 54
OE1 Glul20 Double 1.7 113 173 50
L7 1b99 A FUP (160) NZ Lysl6 Single 2.0 142 122 52
L3 leOv A FFC (701) ND2 Asnl27 Single 2.3 117 144 111
L9 1e0x A X2F-XYS (701-702) ND2 Asnl27 Single 2.2 122 151 117
B X2F-XYS (701-702) ND2 Asnl27 Single 2.3 123 152 116
L10 1e73 M G2F (999) ND2 Asnl86 Single 2.1 136 144 113
L1l 1e70 M G2F (999) ND2 Asnl86 Single 2.1 130 146 7
L12 1ga8 A UPF (300) ND2 Asnl53 Single 2.3 119 136 60
L13 liew A G2F (620) NHI1 Argl58 Single 2.1 113 138 69
L14 1gx1 A FMF (2003) 0OD2 Asp92 Single 1.8 121 167 42

Table S2. Overview of observed X-ray data for the aromatic fluorine set. Together with the protein and

ligand PDB codes, a brief description of the interaction that occurs is reported: the type of interaction

(single, double or bifurcated) are specified together with the residues involved in the hydrogen bonding

and the measured geometrical properties, which are specified in terms of distances and angles.

Grou, rotein . . Donor Atom Type of Distance Angle Angle Torsional
Codé) pcode Chain Ligand Code and Residue Intg’rr;ction D-F (A) CFHg ©) DH]§ ©) Angle (°)
R1 1std / BFS (175) NE2 His110 Single 2.6 150 144 24
R2 laid A THK (201) OG1 Thr80 Single 2.7 97 142 11
B THK (202) OG1 Thr80 Single 2.3 97 173 24
R3 2aid A THK (201) N Asp30 Single 2.9 130 165 21
R4 1g4 A FFB (666) NE2 GIn92 Single 2.6 117 145 84
R5 1hwi A 115(2) OG Ser661 Single 3.0 91 169 65
B 115 (1) OG Ser661 Single 2.8 97 156 70
C 115(4) OG Ser661 Single 3.1 91 164 62
D 115(3) OG Ser661 Single 3.1 90 162 71
R5 lhwj A 116 (2) OG Ser661 Single 2.8 99 158 31
B 116 (1) OG Ser661 Single 2.9 96 157 20
C 116 (4) OG Ser661 Single 3.1 93 167 37
D 116 (3) OG Ser661 Single 3.0 95 161 31
R5 1hwk A 117 (2) OG Ser661 Single 2.3 107 179 52
B 117 (1) OG Ser661 Single 2.3 104 161 37
C 117 (4) OG Ser661 Single 2.4 104 179 46
D 117.(3) OG Ser661 Single 2.2 108 179 48
R6 1028 A UFP (703) NHI1 Arg90 Single 2.9 97 160 8
B UFP (708) NHI1 Arg90 Single 2.8 98 160 10
C UFP (713) NHI Arg90 Single 3.0 93 149 11
D UFP (718) NH1 Arg90 Single 2.8 98 162 7
R6 1029 A UFP (803) NH2 Arg90 Single 2.8 96 161 1
B UFP (808) NH2 Arg90 Single 2.9 94 151 3
C UFP (813) NH2 Arg90 Single 2.8 97 162 0
D UFP (818) NH2 Arg90 Single 2.7 103 168 2

S2




Table S3. Overview of observed X-ray data for the geminal fluorine set. Together with the protein and

ligand PDB codes, a brief description of the interaction that occurs is reported: the type of interaction

(single, double or bifurcated) are specified together with the residues involved in the hydrogen bonding

and the measured geometrical properties, which are reported in terms of distances and angles.

Grou, rotein . . Donor Atom Type of Distance Angle Angle Torsional
Codep pcode Chain Ligand Code and Residue Inteyf;ction D-F (&) CFHg ©) DH]§ ©) | Angle (®
Gl 2est E TFA-LYS-ALA-ANI(1-4) OG Serl195 Bifurcated 2.4 71 159 61
OG Serl95 Bifurcated 2.4 68 147 63
G2 4est E ACE-ALA-PRO-VAL-FPA (1-5) NE2 His57 Single 2.0 101 129 79
G3 6gch / APF (246) NE2 His57 Bifurcated 2.0 138 111 66
NE2 His57 Bifurcated 3.0 157 62 77
G4 7gch / LPF (246) N Gly193 Single 2.4 98 148 58
G5 lelb A TFA-LYS-LEU-ISO (256-259) N Gly201 Bifurcated 2.5 101 151 70
N Gly201 Bifurcated 2.8 38 135 39
OG Ser203 Bifurcated 2.3 90 153 21
OG Ser203 Bifurcated 2.1 98 147 96
G5 lelc A TFA-LYS-PHE-ISO (256-259) N Gly201 Bifurcated 3.1 83 156 74
N Gly201 Bifurcated 2.5 110 159 61
OG Ser203 Bifurcated 2.5 75 137 32
OG Ser203 Bifurcated 2.0 95 152 76
G6 1dif A+B* A85 (1) 0OD2 Asp25 Bifurcated 2.5 73 148 30
0OD2 Asp25 Bifurcated 1.7 109 151 72
G7 lox2 A S58 (701) NHI Argl20 Single 2.0 89 173 24
OH Tyr355 Single 2.5 135 156 119
B S58 (701) NHI1 Argl20 Single 2.3 96 169 31
OH Tyr355 Single 2.6 133 150 13
C S58 (701) NHI Argl20 Single 1.9 94 175 23
OH Tyr355 Single 2.3 132 155 5
D S58 (701) NHI1 Argl20 Single 2.6 91 170 32
OH Tyr355 Single 3.1 132 147 18
G8 6cox A S58 (701) NHI1 Argl20 Single 2.1 137 161 8
B S58 (701) NHI Argl20 Single 1.8 137 152 117
G9 1ah3 B TOL (320) OG Ser302 Bifurcated 1.9 113 138 77
OG Ser302 Bifurcated 2.7 76 158 29
G10 6csc B COF (700) N Ala321 Bifurcated 2.4 91 158 43
N Ala321 Bifurcated 2.5 88 135 72
Gll1 1a08 A ACE-FTY-GLU-DIP (100-103) OG Ser180 Bifurcated 1.8 109 134 26
OG Serl80 Bifurcated 2.3 86 162 92
B ACE-FTY-GLU-DIP (100-103) OG Serl80 Bifurcated 1.8 104 144 19
OG Serl80 Bifurcated 2.2 86 149 103
G12 1bwf O ATF (601) OGI1 Thr14 Single 2.1 152 129 7
O ATF (601) OGI1 Thr267 Bifurcated 2.6 95 149 41
OG1 Thr267 Bifurcated 2.8 86 161 83
Y ATF (601) OG1 Thrl4 Single 2.7 119 160 11
Y ATF (601) OGI1 Thr267 Bifurcated 2.0 82 134 90
OGI1 Thr267 Bifurcated 1.8 86 151 30
G13 1dy8 B CBZ-ILE-LEU-FKI (401-404) NZ Lys136 Single 2.5 165 139 79
Gl4 leOy B FCR (601) OG Serl70 Single 2.4 112 175 118
B FCR (601) OEl Glu457 Bifurcated 2.2 85 143 82
OE1 Glu457 Bifurcated 2.0 94 148 23
Gl15 le7c A HLT (2004) OG Ser232 Bifurcated 1.9 105 167 119
OG Ser232 Bifurcated 2.3 85 130 1
G16 le8g A FCR (601) OG]1 Thrd57 Single 2.7 116 164 12
B FCR (601) OG1 Thr457 Single 2.9 110 176 17
G17 1gdp A FQP (2001) OG Ser206 Single 1.8 158 180 57
OH Tyr147 Single 2.7 126 161 13
B FQP (2002) OH Tyr1147 Single 2.7 117 150 22
OG Ser1206 Single 2.4 163 145 42
G17 1gbe A IFP (2001) OG Ser206 Single 2.4 139 143 42
OH Tyr147 Single 2.5 126 150 18
B IFP (2002) OH Tyrl1147 Single 2.6 124 150 21
OG Ser1206 Single 2.5 138 141 37
G18 Immj N FR1 (241) N Gly186 Bifurcated 2.7 156 97 60
N Gly186 Bifurcated 3.1 161 76 54
G19 1qz0 A ASP-GLU-FTY-CLE (503-506) ND2 GIn357 Single 2.1 104 150 45
B ASP-GLU-FTY-CLE (503-506) ND2 GIn357 Single 2.1 103 150 47

“ The cavity is composed of residues of both chains A and B, but the ligand is involved with the Asp25 of

chain A.
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Table S4. For each PDB entry the ligand structure and the values of resolution and R-factor are listed. In

addition, the GRID force field without and with the hydrogen bonding capability assigned to the fluorine

atoms and described by the new angular function was used in the docking procedure GLUE, to evaluate

the effect of fluorine hydrogen bonding capability in protein-ligand recognition phase. Results are

reported in terms of rmsd values and ranking of the selected solution referred to the overall number of

solutions proposed by the method. The docking procedure was not applied whenever the complex

presented covalent bond between ligand and protein.

PDB Res. R- . Ligand Structure and No HB HB
entry | (A) factor Chains Code rmsd Energy Ranking rmsd Energy Ranking
A) (Kcal/mol) (A) | (Kcal/mol)
0
//F"//o F
o F
1a08 | 2.20 0.192 AB 1.98 -2.0 1/2 0.88 -7.8 1/1
OYN
o) Glu,N\/\/\
ACE-FTY-GLU-DIP
X
F o
lah3 | 2.30 0.207 / Fe N 0.45 -28.5 1/1 0.39 -29.7 1/1
Ty
TOL
S
SO
laid | 2.20 0.174 A,B? o 0.82 -5.6 10/20 0.80 -5.6 10/20
F
THK
F
i /(g\\
P 0
1699 | 2.70 0.207 A N©ON O-F o 1.05 -9.8 1/16 1.03 -9.6 1/17
O)\) OO-_p:
oo
FUP
758
o—P P—0 o
O F O O
(0]
1bwf | 3.00 0.168 0,Y (N\ N 0.70 -7.1 1/16 0.70 9.1 1/20
\
0
N
ATF
Br
1ex2 | 3.00 | 0216 A,%C, 0.29 .63 38 | 080 | 95 111
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PDB | Res. R- .4 Ligand Structure and No HB HB
entry | (A) factor Chains Code rmsd Energy Ranking rmsd Energy Ranking
(A) (Kcal/mol) (A) | (Kcal/mol)
&
Cﬁwkg%/: O
1dif | 170 | 0.198 | AB° | 0 | 044 -17.0 22 0.44 -17.0 212
oﬁ\g/
A85
F
04< >—<
leOy | 2.75 | 0.225 B! =F 0.79 8.8 118 | 048 7.8 4/20
FCR
F
04< >—<
leS8g | 2.10 | 0218 A.B =F 0.72 93 12 0.82 9.8 12
FCR
N
\Il_eu
Lys (0]
lelb | 2.10 | 0.150 A FI 1.85 22 2020 | 0.56 75 3/20
" E
TFA-LYS-LEU-ISO
N
\Fl’he
Lys (0]
lele | 1.75 | 0.150 A FI / / / 1.16 3.1 12/20
FYOF
TFA-LYS-PHE-ISO
F NH,
F. F S~
\(\;O
ledi | 1.84 | 0.183 A F]@NY@ / / / 131 6.8 2/20
F (o]
FFB
g 9 N
O/F;O\O/Pgo/\ﬁN
lgdp | 250 | 0219 | AB /)\(F / / / 1.12 7.8 1/20
1g6e | 1.40 | 0.215 AB 0.41 2.1 9/20 0.44 3.5 3/20
1ga8 | 2.00 | 0.189 A 0.32 3.1 12 0.36 3.8 12
lhwi | 2.30 | 0.186 A’BD’C’ 0.35 113 | L 9.0 115
hwj | 226 | 0221 A’g’c’ 0.56 13,6 1 |los7 | -136 11
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PDB | Res. R- .4 Ligand Structure and No HB HB
entry | (A) factor Chains Code rmsd Energy Ranking rmsd Energy Ranking
(A) (Kcal/mol) (A) | (Kcal/mol)
-
.
thwk | 222 | 0212 | ABG | > - 0.39 142 V1| 037 -126 11
. . D WN/ O . . . .
117
0
0
\ o 0
1028 | 2.0 | 0193 | ABG [ o= | 024 9.1 /1 | 040 | 78 1/6
D oéj‘\) 00
F
UFP
0
I /(g\\
N N 0
1029 | 2.00 0.194 i O_/P\ 0.63 -12.5 1/1 0.30 -10.4 11
D o)\/ o]
F
UFP
0
) N F F
1qz0 1.50 0.188 AB N. 0O p=0 / / / 0.26 -11.8 1/18
Glu &
Asp N
ASP-GLU-FTY-CLE
0 o
N
Istd 2.90 0.179 / Br 0.86 -20.1 3/4 0.88 -20.9 3/4
F
BFS
N_N_O O
\N‘(\ZN N>:O
N (o]
Itsn | 220 | 0.178 / ) YO ? 0.91 5.4 331097 | -116 173
o)
O%IN g:#\\o
[e] (o]
UFP-C2F
S
LT
2aid 1.90 0.179 AB¢ . 0.96 -4.2 8/20 1.38 -7.2 1/20
F
2est 2.50 0.210 E 0.54 -3.0 5/15 1.15 -6.6 3/20
TFA-LYS-ALA-ANI
o OO
[e] o ° o o
2nlr 1.20 0.111 A o %5 o F 0.53 -8.7 7/12 0.27 -10.8 4/15
(0] [e]
[e]

GLC-GLC-G2F
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PDB | Res. R- .4 Ligand Structure and No HB HB
entry | (A) factor Chains Code rmsd Energy Ranking rmsd Energy Ranking
(A) (Kcal/mol) (A) | (Kcal/mol)
4a3h | 1.65 n.a. A 0.92 -2.6 12/20 0.38 2.5 11/20
6cox | 3.00 0.220 AB 0.73 -7.6 12 0.91 -7.7 172
6csc | 2.25 0.158 B/ 3;[ 0.47 -5.9 1/2 0.45 -4.0 1/2
Jﬁ:»

COF

“ The chain used for the docking is reported in bold. ” Same binding site for chains A and B. The fourth
docking solution of the ligand THK 2001 was posed over the ligand THK 2002. The water molecule 1602

was added within the binding site. © Same binding site for chains A and B. ¢ No ligand is present in the
chain A. ¢ Mg 2003 from the chain A was included.” 'POP 2003, TZP 2005 and Mg 2007 from the chain
A were included. ¢ Ligands EPE and UFP were included. " Ligands UFP and the co-factor FAD were

included. ' The ligand FTY was included, and the chains D and F were not considered because of their

different binding sites.” In the chain A the hydrogen bond was not revealed.
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Table S5. Molecules not docked. The reason responsible for the choice of not docking the ligand is

reported in the Note column and the line of the PDB file where this reason is proven is reported in

brackets.
PDB Ligand Res. R- .
entry Code (A) factor Ligand Structure Note
O o
F o 0 Exists covalent bond between C1 of
Ibvv | XYS-DFX | 1.80 0.189 DFX and OE2 of Glu78
o line 278
-7 >0 0 ( )
0] o
= o 0 Exists covalent bond between C1 of
1e5i | XYS-DFX 1.80 0.193 DFX and OE2 of GIu78
0 line 322
N0 o ( )
FF
NG Chain A: Not formed hydrogen
1dv8 CBZ-ILE- 240 0216 o bond. Exists covalent bond between
Y® | LEU-FKI | = ' 5 N e Ov@ C of FKI and OG of Ser139
Leu 1~ (line 507)

o
O (0]
F © © Exists covalent bond between C1A
leOv FFC 1.70 0.158 - 0 of FFC and OE1 of Glu236
0 0 (line 359)
O
(0]

o o}
E o o Exists covalent bond between C1 of
leOx | X2F-XYS | 1.65 0.126 X2F and OE1 of Glu236
70 0 o (line 500, 502)

Glu409 is twice defined for atoms

RN CA, CB, CG, CD, whereas OE1
1e70 G2F 1.65 0.169 F{gﬂ and OE2 are defined only once,
Jd o OE]1 close to Chain B, OE2 close to
chain A (line 3849)
O O
Exists covalent bond between C1 of
le73 G2F 1.50 0.134 F G2F and OE1 of Glu409
/ o) ) (line 578)
FF Br 7 different binding sites for 7
le7c HLT 2.40 0.232 /L< molecules of the ligand HLT. No

specificity.

F Cl
o) o)
F o o] .
Exists covalent bond between C1 of
lexp | GLC-G2F 1.80 0.208 - 0 G2F and OE1 of Glu233
© o (line 342)
0
o]
o © o
o o o o Exists covalent bond between C1A
1h11 FCT 1.08 0.108 S of FCT and OE2 of Glu228
° ° ° F (line 384)
o o 6]
(0] 6]

Exists covalent bond between C1 of
liew G2F 2.55 0.189 F G2F and OD1 of Asp285
o] 0 (line 470)

7
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Sr?r]?z Lé%zréd 1({[25) faljtor Ligand Structure Note
. I 'XVQ Exists covalent bond between C31
Immj |  FRI 220 | 0215 JVYQA S P |y of FR1 and OG of Ser188
° ﬁ (line 385)
(0] ° o
O?/Oj;[/i io;( Exists covalent bond between C1A
1qi2 FCT 1.75 0.170 S of FCT and OE2 of Glu228
o ° °© F (line 379)
o o o
(0] 6]
Exists covalent bond between C1 of
1gx1 FMF 1.30 0.170 F FMF and OD1 of Asp204
/ o 0 (line 602)
(0] 0]
F \ﬁj/o ﬁo Exists covalent bond between C1 of
2xyl | XYS-X2F 1.90 0.212 X2F and OE1 of Glu233
line 314
0 o} o ( )
ACE-ALA- 0 o o Exists covalent bond between C of
4est | PROVAL- | 1.78 | 0.160 AN;P“’WMNA/@ Val4 and OG of Ser195
FPA /& (lines 78-79)
o 0
F o o} .
Exists covalent bond between C1A
5a3h FFC 1.82 0.144 Iﬁ; 73/\;[ of FFC and OE2 of Glu228
0 0 (line 316)
(0]
(0]
o °9
O?/Oﬁ H/;oj:/ Exists covalent bond between C1A
6a3h FCT 1.68 0.150 o of FCT and OE2 of Glu228
° °© ° F (line 347)
o 0 o)
OY
Exists covalent bond between C2 of
6gch APF 2.10 0.180 APF and OG of Ser195
(lines 3-4)
O
o \y// Exists covalent bond between C2 of
7gch LPF 1.80 0.190 ¢} N APF and OG of Ser195
1 N (lines 3-4)
F7EYF
F
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