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A. Computational Details and Results

All structure files in the Protein Data Bank (rcsb.org or ftp.wwpdb.org) were downloaded using
a combination of Unix script files and awk commands or programs on a MacBook Pro. Two lists
of PDB directories were downloaded; a list of all structure files (including directories) and a list
of experimental methods (pdb_entry_type.txt). Lists of pdb ids that contained structures of pro-
teins (prot or prot-nuc) determined by diffraction were generated. Eighteen lists were used se-
guentially for automated sftp downloads (awk script piped to command shell) of protein diffrac-

tion coordinates.

For a given collection of PDB structure files, Procheck' was run on each structure and the
non-bonded contact file was saved. Each Protein Data Bank file was filtered for resolution and
chain(s) designations for input to Procheck. At the end of each Procheck command, the non-
bonded contacts file (*.nb) was copied to a neighboring directory and the rest of the Procheck
output files were discarded. Once all eighteen lists of PDB file downloads and Procheck com-
mands executed the directory of non-bonded contacts was backed up and the PDB and addi-
tional Procheck files were discarded. As of the date of retrieval and analysis (March 2010) the

non-bonded contact directory was 22.3 GB.

Files in the non-bonded contact directory were examined with a series of awk scripts that
were tailored for specific applications. A final list of PDB files contained in the non-bonded con-
tacts directory was generated and ran each of the awk scripts. Each application is discussed
below with the output organized in the appropriate appendix.

Al. Tyr-Cys Non-Bonded Contact Search.

For the tyrosine C;s-cysteine S contact, the awk filter examined each line of each non-
bonded contact file to contain both TYR in field 2 or 5, CE in field 3 or 6, CYS in field 2 or 5, and
SG in field 3 or 6; where CE refers to C,;, and SG refers to S,. When a line that satisfied these
criteria was identified it was printed along with the PDB ID to a single file during the search of all

non-bonded contact files. The master file of Tyr-Cys non-bonded contacts was sorted by con-
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tact distance. Structures that were reported from an ensemble refinement study® were removed
from this list due to multiple short contacts generated from backbone conformational sampling.

Appendix | contains the raw output from these searches.
A2. Tyr-OH Hydrogen Bond Search.

Hydrogen bonded contacts between tyrosine O, and a proton accepting atom of an ami-
no acid side chain were found in the non-bonded contacts files. Two methods were used for fil-
tering; raw filtering of all non-bonded contact files or filtering non-bonded contact files that con-

tain a Tyr-Cys non-bonded contact identified in section Al.

All non-bonded contact files: Two awk filters were used to examine each line of each
non-bonded contact file. One filter looked for lines that contained both TYR in field 2/5, OH in
field 3/6, and either ASP in field 2/5 and OD in field 3/6 or GLU in filed 2/5 and OE in field 3/6;
where OH refers to O,, OD refers to Osy, and OE refers to Ogq,. The output file was collected,
sorted, and filtered as two files (Asp/Glu and His hydrogen bonds) with the Tyr-Cys non-bonded

contact file and are presented in Appendix Il for the hydrogen bonds to histidine residues.

From these files, numerous short Tyr-OH contacts with general bases were identified.
Contacts with N;(Ns;) and Nsz(N.) were more limited, but produced a reasonable list of struc-
tures such as DsRed fluorescent protein (1ZGO), cytochrome bcl complex (1ZGY), and car-
bonic anhydrase Il (1TG3) with 2.0-2.2 A contacts. As reported in the text, contacts were ob-
served for the oxygen-evolving complex of photosystem Il (1S5L) Q protein with contacts of 2.4
A (Tyr 161 and His 190 N, chain a) and 2.7 A (Tyr 161 and His 190 N, chain A). Other tyro-
sine histidine hydrogen bonds were identified in 1S5L as well; 3.0 A for photosystem Il CP43
protein (Tyr 302 and His 91 Ng4, chain C) and photosystem Il reaction center D2 protein (Tyr
160 and His 189 N,,, chain D), 3.1 A for photosystem Il reaction center D2 protein (Tyr 160 and

His 189 N,, chain d).
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Alternatively, non-bonded contact files that contain a Tyr-Cys contact were then filtered
for TyrOH hydrogen bonds to Asp, Glu, or His residues as above. Annotated lines were collect-

ed and saved to a master file as above. The results are shown in Appendix Ill.
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B. Non-bonded Contact Energy Calculations

Calculated energies from atomic non-bonded contacts were based on CHARMM forcefield
parameterization of atom types using a Leonard-Jones 12-6 potential function.’ The parameters
(o, collision diameter; €, well depth) used for carbon came from the CHARMM CA atom type (¢,
3.984800 A; ac, -0.070000 kcal/mol) for Tyr Cep, Trp Cgz, and Trp Csy and parameters for sulfur
came from the CHARMM S atom type (gs, 4.000000 A; o, -0.450000 kcal/mol) for Cys S,. For
tyrosine Css (Ce12)-Cysteine S (S,) energies, the well depth (ecs) was calculated as the geomet-
ric mean (ecs = Vece €s, -0.520000 kcal/mol) and the collision diameter (ocs) was calculated as
the arithmetic mean (ocs = %[0c + 0], 3.994200 A). For the tryptophan Cg,-tryptophyl quinone
Cq, energies, the atom types were the same (gcc, 3.984800 A; occ, -0.1400000 kcal/mol). The
combined collision diameter and well depth parameters were implemented in the following
equation based on a Leonard-Jones 12-6 potential for non-bonded contacts:

Enbe = £5°[(0y/r) ™ - 2+[(0/1y)°] 1)
, where g and oj are defined above while rj is the crystallographic interatomic distance.

Degree of bond formation was estimated using C-S and C-C bond distances along with
minima from non-bonded contacts. Literature values for the C-S bond length in Tyr-Cys and C-
C bond length in tryptophan-tryptophyl quinone were derived from a survey* of Cambridge
Crystallographic Structure Database (dpong(C-S), Ca-S(2)-C’, 1.773 A; dyona(C-C), Car-Ca in bi-
phenyls, 1.487 A). Ideal non-bonded contact interatomic distances were derived from the dis-
tances with the most attractive energies, given as the arithmetic mean of the collision diameters
(Ocs, 3.994200 A; occ, 3.984800 A). Calculation of the % crosslinked distance was calculated

as:
%0crossink = (fij = Abond(i]))/(Tjj - dbona(ij))*100 (2)
Using these metrics the distance cutoff filter applied to the Tyr-Cys contact search represented

3.5 kcal/mol repulsion (-Epe, €q. 1) with a %dcssink Of 64% (eg. 2). The interatomic distances
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observed in the pre-cofactor structure for galactose oxidase (Tyr-Cys, 1VZ1°) gave 0.23
kcal/mol repulsion (78% derossin) for 3.5 A and 0.35 kcal/mol attraction (87% dcossing) for 3.7 A
between Tyr 272 C,; and Cys 228 S,. It should be noted that the crystallographic report shows a
structure (not in the PDB) where the Cys 228 S, seems to be template by Cu* ion binding,
therefore the energetically neutral values for the 3.5 A and 3.7 A separations are not surprising.
The pre-cofactor structure for methylamine dehydrogenase/MauG cocrystal structure (1L4M®),
however, showed a repulsion of 12.1 kcal/mol (49% d..ossin) fOr the 2.7 A separation between
Trp 108 Cs¢ and Trq 57 Cg,. For the method reported here, non-bonded contact cutoff that pro-
vides at least a 3 kcal/mol repulsion seems a reasonable constraint. This cutoff distance is 3.2

A for Tyr-Cys contacts and 2.9 A for Trp-Trp contacts.
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C. BF4112 Preparation

Once purified, purity of BF4112 was verified by MALDI-MS (predicted mass 15632 Da;
MSYYHHHHHHLESTSL (pDEST 17 vector) + YKKAGSEFAL (pCR8 Gateway® vector) +

BF4112) shown in Figure S1.

The predicted extinction coefficient of denatured BF4112 was 14440 M'cm™.” We found the
absorbance in buffer (20 mM MOPS pH 8.0) to correlate to the absorbance in 6 M guanidine

hydrochloride with a ratio of 1.0:1.6, giving an in-buffer extinction coefficient of 8000 mol*cm™.

S7



Electronic Supplementary Material (ESI) for Metallomics
This journal is © The Royal Society of Chemistry 2012

Figure S1. MALDI-TOF mass spectrum of recombinantly expressed BF4112.
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D. Synthetic and Spectroscopic Details of 3-(S-cysteinyl)-tyrosine

Synthesis of 3-S—Cysteinyltyrosine

The starting materials, L-tyrosine (98%) and L-cystine (99%) were purchased from Sigma. 3-S—
cysteinyltyrosine was synthesized according to the published literature.® In a 250 mL round bot-
tom flask, L-tyrosine (3.62 g, 0.02 mol) and L-cystine (4.81 g, 0.02 mol) were refluxed in 200
mL HBr (Sigma) for 6 hours and the solvent was removed under reduced pressure. The crude
product was purified over column chromatography using Dowex 50 W resin and 3 N HCI as the
solvent. The product was isolated and compared to the reported UV-vis data. The solvent was
removed under reduced pressure and pale white product was obtained in 10% yield. The purity
of the product was confirmed by *"H NMR, (300 MHz, D20, 298 K, TMS): 2.98 (2 H, m), 3.05 (2
H, m), 3.98 (1L H, t), 4.11 (1 H, m), 6.69 (1 H, d), 6.78 (1L H, dd), 7.24 (1 H, d), positive-ion ESI-
MS: m/z at 301, {M+H}"

Preparation of 3-S—cysteinyltyrosine Solutions for pH Titrations

The pH range of interest was 3 to 13 unless otherwise indicated. The pH dependence of ab-
sorbance was performed with 100 uM 3-S—cysteinyltyrosine solutions in 50 mM phosphate
buffer, where the pH was adjusted using HCI and NaOH. The control experiment with parent
tyrosine was performed using 100 uM tyrosine in 50 mM phosphate buffer. The pH solutions
were analyzed using UV absorbance (1 nm slit width, Hitachi U-3300, fig. S2) and fluorescence
emission spectroscopy (1 nm slit widths, 317 nm excitation, Horiba FluoroLog, fig. S3).
Electrochemical characterization of 3-S—cysteinyltyrosine as a function of pH.

Cyclic volatammetry experiments on 100 pM 3-S—cysteinyltyrosine were performed in 50 mM
phosphate buffer over a pH range from 2 to 11 with 100 mM KCI. BAS-50
potentiostat/galvanostat was connected to an electrochemical cell containing the 3-S—
cysteinyltyrosine solution, freshly polished glassy carbon working electrode, a Ag/AgCl refer-
ence electrode, and a Pt counter electrode. The cell was purged with nitrogen before scanning

at a rate of 100 mV/s. Experiments yielded one-electron reversible waves (table S1). The pH
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dependence of the E;, was also examined (shown vs NHE, Fig. S4). A slope of 30 mV per pH
unit was observed suggesting two protons were lost during the reduction. The identity of these
protons is unclear, however the E,;, at pH 7.5 is "550 mV vs NHE. While electrochemical exper-
iments on BF4112 are ongoing, the electrochemistry of 3-S—cysteinyltyrosine suggests Tyr-Cys

crosslinks can be active in controlled electron transfer.

Table S1. Potential difference between oxidative and reductive waves (AE) relative to pH.

pH 3 4 5 6 7 8 9 10 11

AE 1 57 | 56 | 60 | 58 | 54 | 60 | 58 | 57 | 58
(mV)
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Figure S2. pH dependent absorbance spectrum of 3-(S-cysteinyl)-tyrosine. The orange peak
(pH 10, Amax = 317 nm, €337 = 2000 M'lcm'l) is similar to the difference peak observed in

BF4112.
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Figure S3. Fluorescence emission spectrum of 3-(S-cystienyl)-tyrosine at various pHs with 317

nm excitation.

S12



Electronic Supplementary Material (ESI) for Metallomics
This journal is © The Royal Society of Chemistry 2012

660-
620 .

580

E,, (mV vs NHE)

540-

500-

460

pH

Figure S4. pH dependence of reduction potential of 3-(S-cystienyl)-tyrosine. Reduction poten-
tial was estimated as the average between the oxidative and reductive electrochemical wave

potentials (Ey,) determined at each pH.

S13



Electronic Supplementary Material (ESI) for Metallomics
This journal is © The Royal Society of Chemistry 2012

E. Proteomic Comparison of Oxygenated and Untreated BF4112 Samples

Both oxygenated and untreated samples of BF4112 were proteolyzed with trypsin at 37°C
overnight (Protea Biosystems, BF4112:trypsin = 50:1, 30 ng trypsin in 100 pL, 50 mM ammoni-
um bicarbonate pH 7.9, following Protea protocols). Reaction was quenched with 1 pL 10%
trifluoroacetic acid in water and lyophilized. The resulting solid was reconstituted in 50 mM am-
monium bicarbonate buffer (pH 7.9), and digested with Glu-C (Protea Biosystems, BF4112:Glu-
C =50:1, 30 ng Glu-C in 100 pL, 50 mM ammonium bicarbonate pH 7.9). Digests (5 pL) were
injected onto a C18 capillary column after concentration on a C18 cartridge (Dionex UltiMate
3000). The column was washed with 4.5% acetonitrile for five minutes at 100 nL/min and then
developed with a gradient from 4.5% to 45.5% acetonitrile over 30 minutes, where all solvents
contained 0.01% trifluoroacetic acid. Eluent from the C18 column (75 ym by 15 cm, 2 ym parti-
cle size) was automatically spotted (20 seconds/spot) onto a 96 well MALDI AnchorChip
(ProBot, LC Packings/Dionex) mixed with an equal volume of 1% a-cyano-4-hydroxycinnamic
acid (50% acetonitrile/0.05% trifluoroacetic acid). Spotted plates were analyzed by MALDI-TOF-
MS (Bruker MicroFlex, reflectron mode), where the instrument automatically set initial laser
power for 95 sample (+ peptide standards) collection. Samples identified with a mass spectral
peak of interest were reshot with optimized mass spectrometer settings for increase mass reso-

lution.

Spectra containing a peak consistent with a crosslinked peptide were compared to analogous
retention time spectra of untreated samples and examined for chromatographic resolution. Se-
lected ion chromatograms were generated in IGOR Pro where the average intensities across
the peak of interest were tabulated for each samples spectrum (1011.8 £ 2.0 m/z for pepsin di-
gests, 2052.4 + 2.0 m/z for trypsin/Glu-C digests) and subtracted from similar areas on either
side of each peak, for baseline subtraction and eliminating laser power fluctuations. Results for
the Trypsin/Glu-C digests are in figure 5 of the main text. Results from the Pepsin digests are in

Figure 6.
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Both the 1010.7 m/z and the 2052.4 m/z peaks could be assigned to pepsin or trypsin/Glu-C
digested alpha-kerritin peptides (1010.7 m/z: keratin, type Il cuticular Hb5 40-48, 1010.52 m/z.
2052.4: keratin, type | cuticular Ha2 294-311, 2052.94 m/z); however the occurrence of both
peptides only in the oxygenated BF4112 samples would be highly coincidental. The isotope dis-
tribution patterns for the trypsin/Glu-C digensted sample were more consistent with the

crosslinked bispeptides rather than the alpha-keratin derived peptides (Figure S5).
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Figure S5. Predicted isotope distribution patterns of crosslinked bispeptide (A) and a-keratin

peptide (B) overlaid by the MALDI mass spectrum detected in oxygenated BF4112.
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G. Appendix 1. Tyr-Cys non-bonded contacts

Below is the unedited output from the non-bonded contact search between Tyr Cgi/» and Cys S,
with the name of the non-bonded contact file as the first field to designate the PDB accession
code for the identified structure. The structure of the output is the non-bonded contact file, resi-
due 1 chain, residue 1, residue 1 atom, residue 2 chain, residue 2, residue 2 atom, interatomic dis-
tance, followed by 4 columns of Procheck specific output. The list is sorted in ascending intera-
tomic distances.

1zj8.nb A /A0069-TYR CE2 A /A0161-CYS SG 1.6 SS 92 7.6 270
1z38.nb B /B0069-TYR CE1 B /B0161-CYS SG 1.6 SS 92 7.8 26306
3f29.nb A /A0303-TYR CE2 A /A0305-CYS SG 1.6 SS 2 6.3 2264
3f29.nb B /B0303-TYR CE2 B /B0305-CYS SG 1.6 SS 2 6.3 5792
lgoh.nb A /A0228-CYS SG A /A0272-TYR CE1 1.7 SS 44 5.2 1247
2eib.nb A /A0228-CYS SG A /A0272-TYR CE1 1.7 SS 44 5.3 1248
2jkx.nb A /A0228-CYS SG A /A0272-TYR CE1 1.7 SS 44 5.3 1531
20t4.nb A /A0303-TYR CE2 A /A0305-CYS SG 1.7 SS 2 6.3 1269
20t4.nb B /B0303-TYR CE2 B /B0305-CYS SG 1.7 sSS 2 6.3 3467
2z05.nb A /A0303-TYR CE2 A /A0305-CYS SG 1.7 SS 2 6.2 1275
2z05.nb B /B0303-TYR CE2 B /B0305-CYS SG 1.7 sSS 2 6.3 3469
3dli.nb A /AO0303-TYR CE2 A /A0305-CYS SG 1.7 SS 2 6.3 1279
3dli.nb B /B0303-TYR CE2 B /B0305-CYS SG 1.7 sSS 2 6.2 3483
3fo3.nb A /AO0303-TYR CE2 A /A0305-CYS SG 1.7 SS 2 6.3 1269
3fo3.nb B /B0303-TYR CE2 B /B0305-CYS SG 1.7 sSS 2 6.3 3466
3gm6.nb A /A0303-TYR CE2 A /A0305-CYS SG 1.7 SS 2 6.4 1242
3gm6.nb B /B0303-TYR CE2 B /B0305-CYS SG 1.7 sSS 2 6.4 3382
lgof.nb A /A0228-CYS SG A /A0272-TYR CE1 1.8 SS 44 5.3 1262
lgog.nb A /A0228-CYS SG A /AQ0272-TYR CE1 1.8 SS 44 5.3 1240
1t2x.nb A /A0228-CYS SG A /AO0272-TYR CE1 1.8 SS 44 5.3 1212
1z39.nb A /A0069-TYR CE1 A /A0161-CYS SG 1.8 Ss 92 7.9 276
2eic.nb A /A0228-CYS SG A /A0272-TYR CE1 1.8 SS 44 5.1 1141
2eid.nb A /A0228-CYS SG A /JAQ0272-TYR CE1 1.8 SS 44 5.3 1400
2eie.nb A /A0228-CYS SG A /A0272-TYR CE1 1.8 SS 44 5.3 1508
2gh2.nb A /A0093-CYS SG A /JAQ0157-TYR CE1 1.8 SS 64 4.6 820
2icl.nb A /A0093-CYS SG A /JAO157-TYR CE1 1.8 SS 64 4.8 575
1z39.nb B /BO069-TYR CE2 B /B0161-CYS SG 1.9 ss 92 7.7 2722
3eln.nb A /A0093-CYS SG A /AQ0157-TYR CE1 1.9 SS 64 4.7 841
2b5h.nb A /A0093-CYS SG A /AQ0157-TYR CE1 2.0 SS 64 4.7 819
2vz3.nb A /A0228-CYS SG A /AQ0272-TYR CE1 2.1 SS 44 5.3 1311
2atf.nb A /A0093-CYS SG A /JA0157-TYR CE1 2.2 SS -1 4.6 716
3a59.nb B /B0093-CYS SG B /B0O145-TYR CE1 2.2 SS 52 6.6 1004
2gls.nb D /D0093-CYS SG D /D0145-TYR CE2 2.3 SS 52 7.2 2199
3h8k.nb A /A0083-TYR CE2 A /A0089-CYS SG 2.3 SS 6 7.3 527
3dww.nb C /C0058-TYR CE2 C /C0059-CYS SG 2.4 SS 1 3.9 1290
1095.nb B /B0126-TYR CEl1 B /B0136-CYS SG 2.5 8S 10 5.7 3652
lrfg.nb A /A0169-TYR CE2 A /A0374-CYS SG 2.5 8S 205 5.2 718
3k8b.nb B /B0093-CYS SG B /B0145-TYR CE2 2.5 SS 52 6.1 1205
3gck.nb A /A0167-CYS SG A /AO0172-TYR CE2 2.6 SS 5 8.1 891
3ghg.nb I /I0008-CYS SG I /I0018-TYR CE2 2.6 SS 10 8.9 9280
1fsx.nb D /D0693-CYS SG D /D0745-TYR CE2 2.7 SS 52 6.6 2572
lhco.nb B /B0093-CYS SG B /B0145-TYR CE2 2.7 SS 52 7.1 973
Inl0.nb B /B2027-TYR CE2 B /B2058-CYS SG 2.7 88 -1 9.2 928
lgbg.nb B /B0338-TYR CE2 B /B0343-CYS SG 2.7 SS 5 6.9 3481
lspi.nb A /A0191-CYS SG A /A0193-TYR CE1 2.7 SS 2 6.3 562
3a59.nb D /D0093-CYS SG D /D0145-TYR CE2 2.7 SS 52 6.7 2206
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H. Appendix II. TyrOH hydrogen bonds to His Ns; or Ni.

Below is the unedited output from the hydrogen bond (non-bonded contact) search between Tyr
O,, and His N;i/Ng, up to a 2.5 A interatomic distance, with the name of the non-bonded contact
file as the first field to designate the PDB accession code for the identified structure. The struc-
ture of the output is the non-bonded contact file, residue 1 chain, residue 1, residue 1 atom, resi-
due 2 chain, residue 2, residue 2 atom, interatomic distance, followed by 4 columns of Procheck
specific output. The list is sorted in ascending interatomic distances.

lzgo.nb B /B0041-HIS ND1 B /B0214-TYR OH 2.0 SS -1 7.5 1494
lbgy.nb C /C0107-TYR OH C /CO0308-HIS ND1 2.1 SS 201 9.6 3909
lbgy.nb 0 /O0107-TYR OH O /O0308-HIS ND1 2.1 SS 201 9.6 11263
lzgo.nb A /A0041-HIS ND1 A /A0214-TYR OH 2.1 s8s -1 7.5 222
2pli.nb A /A0144-TYR OH A /A0213-HIS NE2 2.1 SS 6911.7 425
3elk.nb I /I0118-TYR OH I /I0392-HIS ND1 2.1 SS -1 9.8 6986
lglu.nb A /A0149-HIS ND1 A /A0408-TYR OH 2.2 8S 25910.1 775
lglu.nb B /B0149-HIS ND1 B /B0408-TYR OH 2.2 SS 25910.1 3609
1si5.nb H /JHO602-TYR OH H /JHO717-HIS ND1 2.2 SS -1 9.9 521
1tg3.nb A /A0107-HIS NE2 A /A0194-TYR OH 2.2 SS 8611.7 690
lxtc.nb G /GO018-TYR OH G /G0094-HIS NE2 2.2 SS 7610.4 2209
lygk.nb A /A0079-TYR OH A /A0246-HIS ND1 2.2 SS 167 9.0 384
2a77.nb L /L0035-HIS ND1 L /L0037-TYR OH 2.2 SS 2 6.7 226
2i8c.nb A /A0017-HIS NE2 A /A0042-TYR OH 2.2 SS 2510.1 99
21liv.nb A /A0076-HIS NE2 A /A0089-TYR OH 2.2 8S 1311.2 410
3dll.nb L /L0O037-HIS NE2 L /L0039-TYR OH 2.2 SS 2 6.6 5581
3elk.nb A /A0118-TYR OH A /A0392-HIS ND1 2.2 SS -1 9.8 468
3elk.nb C /C0118-TYR OH C /C0392-HIS ND1 2.2 SS -1 9.8 2090
3gtl.nb A /A0458-HIS NE2 A /A0478-TYR OH 2.2 8S 2012.4 1532
3hox.nb K /K0040-HIS ND1 K /K0061-TYR OH 2.2 SS 21 8.8 14422
3i3r.nb B /B0394-HIS ND1 B /B0428-TYR OH 2.2 SS 34 9.5 4167
larh.nb B /B0161-TYR OH B /B0166-HIS ND1 2.3 SS 5 6.9 2881
laz3.nb A /AO072-TYR OH A /JA0131-HIS ND1 2.3 SS -110.1 233
1gt8.nb C /C0211-TYR OH C /C0504-HIS ND1 2.3 SS 293 8.9 9005
lgt8.nb D /D0211-TYR OH D /D0504-HIS ND1 2.3 SS 293 8.8 12990
lhcy.nb A /A0262-TYR OH A /A0370-HIS NE2 2.3 SS 10811.5 1274
lhcy.nb B /B0262-TYR OH B /B0370-HIS NE2 2.3 SS 10811.5 3864
lhcy.nb C /C0262-TYR OH C /CO0370-HIS NE2 2.3 SS 10811.5 6453
lhcy.nb D /D0262-TYR OH D /D0370-HIS NE2 2.3 SS 10811.5 9043
lhcy.nb E /EQ0262-TYR OH E /E0370-HIS NE2 2.3 SS 10811.5 11633
lhcy.nb F /F0262-TYR OH F /F0370-HIS NE2 2.3 SS 10811.5 14223
150b.nb K /K0O080-HIS ND1 K /K0317-TYR OH 2.3 SS 237 9.0 13843
135w.nb A /JA0106-HIS ND1 A /A0167-TYR OH 2.3 SS 6110.6 598
1jcl.nb C /CO0074-TYR OH C /CO199-HIS NE2 2.3 SS 12510.5 2754
1je6.nb A /A0260-TYR OH A /A0267-HIS ND1 2.3 SS 7 7.4 1022
118h.nb C /C0107-TYR OH C /CO117-HIS ND1 2.3 SS 10 9.4 1766
118h.nb F /F0107-TYR OH F /JF0117-HIS ND1 2.3 SS 10 9.3 3757
11g8.nb G /GO089-HIS ND1 G /G0134-TYR OH 2.3 SS 45 7.8 4285
lnlz.nb B /B0142-HIS NE2 B /B0151-TYR OH 2.3 SS 911.4 1737
lnlz.nb C /C0142-HIS NE2 C /CO0151-TYR OH 2.3 SS 911.3 2788
lnlz.nb D /D0142-HIS NE2 D /D0151-TYR OH 2.3 SS 911.4 4040
1ngg.nb A /JAO0172-TYR OH A /JAO174-HIS ND1 2.3 SS 2 6.7 767
Intk.nb C /C0107-TYR OH C /C0308-HIS ND1 2.3 SS 201 9.3 4045
lo6p.nb B /B0216-HIS ND1 B /B0255-TYR OH 2.3 SS 39 8.8 2965
losg.nb C /C0201-TYR OH C /C0210-HIS ND1 2.3 SS 9 9.9 1309
1pg6.nb A /A0270-HIS NE2 A /A0335-TYR OH 2.3 SS 6511.7 213
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1. Appendix III. Tyr-Cys non-bonded contacts with TyrOH hydrogen bonds to His, Glu, or Asp.

(proteins containing metal centers within 20 A are underlined,
protein selected for examination is in bold).

A. Histidine hydrogen bonds:

Native fungus laccase from Trametes hirsute:
pdb3fpx.nb A /AO116-TYR OH A  /A0454-HIS ND1 3.1 SS 33811.2 855
/AO0116-TYR CE1 A /A0205-CYSSG 3.0SS 897.3 854

Crystal structure of laccase from Cerrena maxima at 1.94 resolution:
pdb2h5u.nb A /AO0116-TYR OH A  /A0454-HIS ND1 3.2 SS -111.2 965
/AO0116-TYRCE1 A /A0205-CYSSG 3.1SS -17.5 964

Crystal structure of laccase from Cerrena maxima at 1.764 resolution:
pdb3div.nb A /A0116-TYR OH A  /A0454-HIS ND1 3.2 SS -111.2 1024
/A0116-TYR CE1 A /A0205-CYSSG 3.1SS -17.5 1023

B. Aspartate or Glutamate hydrogen bonds:

Structure of E. coli AdiC (P1):

pdb3lrc.nb C /CO0093-TYR OH C  /C0208-GLU OE2 2.7 SS 11510.5 3870
/C0093-TYR CE1 C /C0097-CYS SG 2.7SS 46.0 3869

pdb3lrc.nb A /A0093-TYR OH A  /A0208-GLU OE2 2.5 SS 11510.5 481
/A0093-TYR CE1 A /A0097-CYS SG 2.8SS 46.0 480

pdb3lrc.nb B  /B0093-TYR OH B  /B0208-GLU OE2 2.5 SS 11510.5 2175
/B0093-TYR CE1 B /B0097-CYS SG 2.8SS 46.0 2174

pdb3lrc.nb D /D0093-TYR OH D /D0208-GLU OE2 2.5 SS 11510.6 5560
/D0093-TYR CE1 D /D0097-CYS SG 2.8SS 46.0 5559

Crystal structure of the isocitrate lyase from Aspergillus nidulans:
pdbldqunb A /A0260-ASP OD1 A /A0371-TYR OH 3.0 SS 111 8.6 1103
/A0371-TYR CE2 A /A0377-CYS SG 3.0SS 69.4 1522

Crystal structure of a cupin protein (BF4112) from Bacteroides fragilis. Northeast Struc-
tural Genomics Consortium target BfR205:

pdb3cew.nb A /A0050-GLU OE1 A /A0052-TYR OH 3.1 SS 2 6.5 273
[A0052-TYR CE2 A /A0098-CYS SG 3.0SS 464.8 297

pdb3cew.nb B /B0050-GLU OE1 B /B0052-TYR OH 3.1 SS 26.5 828 /B0052-
TYR CE2B /B0098-CYS SG 3.0SS 464.8 851

pdb3cew.nb C /C0050-GLU OE1 C  /C0052-TYR OH 3.1 SS 2 6.5 1395
/C0052-TYR CE2 C /C0098-CYS SG 3.0 SS 464.8 1418

pdb3cew.nb D /D0050-GLU OE1 D  /D0052-TYR OH 3.1 SS 2 6.5 1951
/D0052-TYR CE2 D /D0098-CYS SG 3.0SS 464.8 1974

Crystal structure of a TRAPP subassembly activating the Rab Yptlp:
pdb3cue.nb K /K0061-TYR OH K /KO0153-GLU OEl 3.1 SS 92 9.2 6397
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/K0061-TYR CE1 K /K0065-CYS SG 3.0SS 46.3 6395
pdb3cuenb W /WO0061-TYR OH W /WO0153-GLU OE1 3.1 SS 92 9.2 13864
/W0061-TYR CE1 W /W0065-CYS SG 3.0SS 4 6.3 13862

Cyclooxygenase-2 (prostaglandin synthase-2) complexed with a selective inhibitor, sc-558:
pdblcx2.nb D /D0055-TYR OH D /D0067-GLU OE2 3.4 SS 12 9.4 7208
/D0055-TYR CE2 D /D0057-CYSSG 3.1 SS 27.0 7207

Crystal structure of DsbD-alpha; the N-terminal domain of DsbD:
pdbljpe.nb A /A0042-TYR OH A /A0068-ASP OD2 2.7 SS 2611.1 243
/A0042-TYR CE2 A /A0103-CYS SG 3.1 SS 61 8.1 249

Crystal Structure of ecarpholin S complexed with suramin:

pdb3bjw.nb A /A0073-TYR OH A /A0099-ASP OD2 2.6 SS 2510.8 387
/A0073-TYR CE1 A /A0096-CYS SG 3.1SS 227.1 386

pdb3bjw.nb C /CO0073-TYR OH C  /C0099-ASP OD2 2.7 SS 2510.7 1742
/CO0073-TYR CE1 C /C0096-CYS SG 3.1 SS 226.9 1741

pdb3bjwnb F /FO073-TYR OH F /F0099-ASP OD2 2.7 SS 2511.0 3631 /F0073-
TYRCEI F /F0096-CYS SG 3.1 SS 227.4 3630

Crystal structure of ammodytin L:
pdb3dih.nb A /A0064-TYR OH A /A0089-ASP OD2 2.6 SS 2510.9 434
/A0064-TYR CE1 A /A0086-CYS SG 3.1 SS 227.2 433

Crystal structure of acid-beta-glucosidase with isofagomine at neutral pH:
pdb3gxf.nb B /B0313-TYR OH B /B0340-GLU OE2 2.5 SS 27 8.7 3573
/B0313-TYR CE2 B /B0342-CYS SG 3.1 SS 29 7.7 3575

Ternary complex between trimethylamine dehydrogenase and electron transferring flavoprotein:
pdblo95.nb A /AO0110-HISNE2 A /A0126-TYROH 3.8SS 169.6 588 /B0126-
TYR CE1 B /B0136-CYS SG 2.5SS 105.7 3652
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