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S| Methods

Subjects and Clinical Laboratory Tests. Normal subjects (Table 1)
were healthy volunteers of mean age 35.6 + 10.5 y, provided
informed consent, and were recruited from outpatient clinics and
hospital staff from the Medical University of Warsaw. Each
volunteer had no family history of Wilson disease (WD), liver
disease, or a diagnosed neurodegenerative disease. Individuals
with chronic inflammatory disease or infectious disease were
excluded. All normal individuals were evaluated and found to
lack six WD mutations prevalent in the Polish population. The
protocols for the human study group were approved by the Bio-
ethics Committee of the Institute of Psychiatry and Neurology.

Serum ceruloplasmin concentration was measured using
p-phenylenediamine as the substrate (1). Serum copper concen-
tration was determined by atomic adsorption spectroscopy. All
biochemical investigations were performed at the same laboratory
according to the same standardized procedures as previously
reported (2, 3).

ATP7B Mutants. Generation of the full-length wild-type ATP7B
N-terminally tagged with the green fluorescent protein (WtGFP)
ATP7B (designated pYG7) in pAdLOX for adenovirus-mediated
protein expression was described previously (4). QuikChange II
XL Site-Directed Mutagenesis kit (Stratagene) was used with
pYG7 as a template to create GFP-tagged mutants encoded by
the plasmids designated pTZs 8R, 13g, 12R, and 21 (Table S2).
The 3®*TGE®’>AAA substitution in the A-domain was gener-
ated as a negative control (pYG85) for tyrosinase activation. The
ORF of GFP was modified in wild-type (WtGFP) ATP7B to
generate its monomeric form, A206K (5). The corresponding
plasmid, pLB1080, was used as a template to create GFP-tagged
mutants encoded by the plasmids AbM18, pTZs 17 and 25,
pTuS46, and pAmrs 5, 24, 8, 23, 27, 36, and 37 (Table S2). All
primers were from Integrated DNA Technologies (Table S2).
Sequences of all mutated regions in each construct were verified.

All constructs were packaged into adenoviruses and purified as
described previously (6). To verify that packaged viruses encoded
the desired substitutions, adenoviral DNA was purified from
infected HEK293A cells, PCR amplified and sequenced as de-
scribed (7). The sequencing was performed by The Johns Hopkins
University DNA Sequencing Facility.

Cell Culture and Adenoviral Infection. Two immortalized derivatives
of Simian virus 40 (SV40)-transformed ATP7A-null cells (Menkes
fibroblasts), designated YS and YST, were cultured as previously
described (4, 8). For protein expression, YS cells were seeded in
10-cm tissue culture dishes containing six glass coverslips (22 X
22 mm); plating densities were either 1.5 x 10° or 7.5 x 10°.
Cells on coverslips were infected 2 or 3 d later, as described
previously (7). WIF-B cells were seeded in 10-cm tissue cul-
ture dishes containing six glass coverslips (22 x 22 mm); plating
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densities were 7 x 10°, cultured as described previously (9, 10)
and used ~9-12 d later, when maximal polarity was achieved.
WIF-B cells were infected as previously described (8) with the
following modifications. Aggregrates of virus were removed using
0.2 mm MILLEX GP filter units (Merck Millipore), infections
were carried for 0.5 h and the infected cells were cultured over-
night with 10 pM bathocuproinedisulfonic acid (BCS). For each
recombinant virus, expression of GFP-ATP7B was tested in YS
cells as described previously (7).

Tyrosinase Activation and Protein Expression. Each ATP7B con-
struct was tested for its Cu(I) transport activity in YST cells
cotransfected with the construct and apo-tyrosinase, then assayed
24 h later as previously described (4, 8). Adenovirus-infected
YS cell extracts for protein expression and steady-state half-life
studies were harvested and processed as previously described (4, 7).

Indirect Inmunofluorescence, Imaging, and Quantification (11). Pri-
mary antibodies were obtained from the following sources: mouse
anti-TGN38, BD Biosciences; mouse anti-GFP, Clontech; and
rabbit antiaminopeptidase N (APN #1637) (12). Secondary an-
tibodies conjugated to Alexa 568 or 647 were from Invitrogen;
those with Cy5 were from Jackson ImmunoResearch Laborato-
ries. Immunolabeled WIF-B cells were analyzed using a 100x
PLAN-APO, 1.4 NA oil-immersion objective on an LSM 510
META confocal microscope (Zeiss) or using a 40x PLAN-APO,
1.4 NA oil-immersion objective on a Zeiss Axiovert 200 M
fluorescence microscope (Zeiss). For imaging, cells that ex-
pressed low levels of exogenous protein were selected. The dis-
tribution of the GFP-ATP7B variants was assessed relative to the
organelle marker, TGN38. Apical surfaces were identified by the
presence of either the apical marker, APN, or the phase-lucent
circle corresponding to the biliary space in WIF-B cells. Ex-
periments were repeated two or more times and confocal images
of 8-20 cells evaluated per experiment. Images of 19-185 cells
were acquired using Volocity software (Perkin-Elmer). The re-
sponse to copper treatment was quantified by counting the total
number of polar cells expressing GFP-ATP7B protein, those
with ATP7B protein at the apical or basolateral surface (de-
pending on the mutant ATP7B being expressed), and calculating
the percent of the total with surface labeling.

Adaptive Poisson-Boltzmann Surface Calculations. The adaptive
Poisson-Boltzmann surface (APBS) calculations (Fig. S4) were
performed using the APBS Tools2 plug-in (13) within PyMOL.
PDB2PQR (14) was used to convert the coordinate file system to
PQR format using the AMBER99 force field (15, 16). The cal-
culations performed had dielectric constants set to 2.0 (protein)
and 78.0 (solvent), ion concentrations to 150 mM (radius of +1 =
2.0 and —1 = 1.8), probe radius to 1.4 A and a system temper-
ature of 310 K.
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EAX08892 1 KKSFAF-DNVGYEGGLDGLG 60

XP 003809840 1 \MKKSFAF-DNVGYEGGLDGLG ) 60

XP 003314205 1 /HKQWSFrKSPGVRHSARPVS [ 6] PPSeEGEF- 316

XP_003980404 1 JOKQSFAF-DNVGYEGGLDSVC PSQ-T-TTg 61

ABM63504 1 KQSFAF-DNVGYEGGLDSVC PPQ-TATS- 42

XP 002917723 1 --KQSFAF-DNVGYEGGLDGAC PPQ-T-TS- 26

XP 005387668 1 AMKQSFAF-DNVGYEGGLDNVC PSP-TITS- 125

XP 005601247 1 PSQ-TSTG- 59

XP_ 004633164 1 ~MKQSFAF-DNVGYEGGLDSMC PSP-ATTG- 27

XP 004577555 1 ~MKQRFAF-DNVGFEDTLDGMC PSP-TTTG- 27

‘ EAX08892 61 137
_-' XP 003809840 61 137
XP_ 003314205 317 398

XP 003980404 62 138

ABM63504 43 119

" XP 002917723 27 103
XP 005387668 126 E 202

XP_005601247 60 EGRISTLKGIVNINVSLERGSATVKYMPSVVSLPQVCRQIEDMGFTASTAEGKSVSWP{GS 136

XP 004633164 28 EGRISSLKGIVSIKVSLEQSNAVVKYVPSVISLQQ QIGDMGFEASTAEGKAASWPYRT 104

XP 004577555 28 IEGRISSLKGIVSIKVSLEQGNATVKYVPSLMSLQQO

CHHVGDMGFEASVTEGKAASWP$RS 104

EAX08892 138 LPAQEAVVKL ! SSIEGKVRKLQGVVRVKVSLSNQEAVITYQPYLIQPEDLRDHVNDMGE!
XP 003809840 138 LPAQEA ] SVVE ' /IT YLIQPEDLRDI DMG
XP 003314205 399 LPAQEAVV EAAIKNKVAPL 478
XP 003980404 139 SSALEATVKL! AVIKNRVAPV 218
ABM63504 120 SPGLEAVVRL, o C A JARVRVSLSTQEAVITYQPYLIQPQDLRDHVNDMGFEAVIKNRVAPV 199
XP 002917723 104 SSGLEAVVKLY AVIKNRVAPV 183
XP_005387668 203 SSAQEAVVKL! AATKNKVAPL 282

'AATKSKVAPL 217
AAIKNKVAPL 217

XP 005601247 137  SSALEAMVKL IEGKIGKLOGVVRV] AVIKNKVPPL 216
XP 004633164 105  LSAQEAVVKL AAIKNKVAPL 184
XP_004577555 105  LSPQEAVVKL 184
EAX08892 218 HOGSHVVTLQL! 294
XP_003809840 218 IDIERLOSTNPE HOGSHVVTLQL! 294
XP 003314205 479 IDIERLOSTNPX HOGSHVVTLQLI 555
XP 003980404 219 HOGSRVVTLQLRDGMHCKSCVLNIEENIGQLPGVOSIQVSLEN 295
ABM63504 200 HOGSHVVTLOLI ENIGQLPGVONVOQVSLEN 276
XP_002917723 184 HOGSHVVTLQLI ENIGQLPGVQSIQVSLEN 260
XP_005387668 283 HOGSHTATVQLG] GNIGOLPGVOHIQVSLEN 359
XP 005601247 217 HQGSQLVTLQLI SLEN 293
XP 004633164 185 IDVGRLOCANPKRPSAFANONLNNS HOGSHMATVQLG SLEN 261
XP_004577555 185 IDIARLORANLKRPPVSTNONCNNS [ 5] NPVSQGATLNLRYDGMHC JVSLEN 266

MBD4
[HRSSSSHSPGSPPR NQVQGTCSTTLIQAIAGMTC 370
[HRSSSSHSPGSPPR NQVQGTCSTTLIRIAGMTC 370
[HRSSSSHSPGSPPR NQVQGTCSTTLIRIAGMTC 631
INRPSTHLASAPAPA [ 4] TRMQGLCSTVVLRIGGMTC 375
RESACAAPAPAPR TPAPGRCDTVMLAIVGMTC 352

EAX08892 295  KTAQVKYDPSCTSPVALQRAIEALPPGNFKVSLPDGAE-G
XP 003809840 295  KTAQVQYDPSCTSPVALORAIEALPPGNFKVSLPDGAE-G!
XP 003314205 556  KTAQVQYDPSCTSPVALORAIEALPPGNFKVSLPDGAE-G!
XP 003980404 296 RIAQVQFDPSRVTPGALQRAIEALPPGNFQVSLPDGAA-G
ABM63504 277  RTAQVQYDPSCVTAGALQRATEALPPGNFKVSLPAAAA-G:

XP_002917723 261 RMAQVQYDPSRVTAGALORATIEALPPGNFKVSLPDGAE-G. JSWSSNRVTPAPDPR TQAPGVYETVVLRIAGMTC 336
XP 005387668 360 KTAEVQYDPSCVTPVSLORATEALRPGNFKVSLPDGAG-G. DESSACHAPDSPGG SHLQGQCSSLVL 435
XP 005601247 294 RVSPGDLQRAIEALPPGHFKVSLPDGTE-GSGAQNGSSTRHSPSPLQR TQVQGTCRTVVL] 369
XP 004633164 262 CVTPVSLQRAIEALPPGNFRVSLPGGAR-GR-AQGESSSCHAPGSPER SQLQGPGSSLVL) 33e
XP_ 004577555 267 RTAQVWYDPSRVTPVSLOKAIEALPPGNFKVFLPDGAEVSG TjNRTSSGYSPGSPQR NQVQGACSTMMLI 342
EAX08892 371 SCVHSIEGMISQLEGVQQISVSLAEGTATVLYNPSVISPEELRAAIEDI STNPLGNHSAGNSMVQTTD 450

XP_003809840 371 ASCVHSIEGMISQLEGVQQISVSLAEGTATVLYNPSVISPEELRAAIEDMGFEASVVSESQSTNPLGNHSAGNSMVQTTG 450
XP_ 003314205 632 ASCVHSIEGMISQLEGVQQISVSLAEGTATVLYNPSVISPEELRAAIEDMGFEASVVSESQSTNPLGNHSAGNSMVQTTG 711
XP 003980404 376 ASCVQSIEGLLSRREGVRRVS [YSNHVGNRSTGNSTVHTTA 455
ABM63504 353 ASCVQSIEGLISQREGVQQISV. SNHVGNHSAGNSSAHTTA 432
XP 002917723 337 QSTEGLISQRI E SNHVGNHSAGNSSACPAA 416

P 005387668 436 VSCVQSIESVLSQREGVQRIAVSLAAGTATVVYDPSIISPEDLRAAVEDMGFEASVVPENHSTNHVESHSAANAVLQTLG 515
P 005601247 370 [SSNHVGNHTVENSMVQTAA 449

P 004633164 337 QSTEGVLSRREGVQQIS [SINHADNHTAENAMLQTPG 416
XP 004577555 343 MSCAQSIEGVISQREGVQRISV FDSHCGRRAAGSSTVQTKN 422

B [p< [

MBD5
EAX08892 451 GTPTSVQEVAPHTGRLPANHAPDILAKSPQSTR-AVAPQKCFLJIKGMTCZ 529
XP_ 003809840 451 GTPTSVQEVAPHAGRLPANHAPDILAKSPQSTR-AVAPQKCFLJIKGMTCASCVSNIERNLOKEAGVLSVLVALMA 529
XP 003314205 712 GTPTSVQEVAPHAGRLPANHAPDILAKSPQSTR-AVAPQKCFLJIKGMTCA IERNLQKEAGVLSALVALMA 790
XP 003980404 456 GGPVSVQGTAPHAGGLPKNHNPGSSSKSPQAST-AVAPQKCFLIITGMTCA IERNLQKEAGILSVLVTLMAG 534

ABM63504 433 GVPVSVQEGAPHTEGLPGNHSPGRPSRSPPAST-SVTAQKCFL@ITGMTCA IERKLQKEAGVVSVLVALMAGKAE 511

XP_002917723 417 GVPASVQEVAPHAGGLPKSHDPGSSSKPPQAST-LGAPQKCFL 495
XP 005387668 516 DPPVSVQVVAPHARRPNRSHSPGYSSHIPQSTGtAAA-QKCFL(] IERNLQKEAG 594
XP 005601247 450 GSPLSVQEVAPYTGGPPONHSSGRSSKSRQATA-TVAPQKCFL( TEKNLQKEDG: 528
XP 004633164 417 DPPGAVPEVAPQGSRALRQPSPGSSSHSPQSTKtASASQKCFLYIKGMTCE VSHIERNLQKEAGILSILVALMSC 49¢

XP_ 004577555 423 AAPVSVSEPAVPDGEHPENHHPGCSSKAPPSTS-TVAPQKCFT SNIERNLQKEAGILSVLVALMAGKAE 501

EAX08892 530  IKYDPEVIQPLEIAQFIQDLGFEAAVME] \SCVENIESKLTRTNGITYASVALATSKALVKED 609
XP 003809840 530 VKYDPEVIQPLEIAQFIQDLC LTRTNGITYASVALATSKALVKED 608
XP 003314205 791 VMYDPEVIQPLEIAPFIQDLGF O 870
XP_ 003980404 535 VKYNPEVIQPLEIAQLIQDLG: D 614
ABM63504 512  VKYHPDVIQPLEIAQLIQDLGF D 591
XP 002917723 496  VKYNPEVIQPLEVARLIQDLG D 575
XP 005387668 595 VI PEVIQPPQIAQLIQDLGF D 674
P 005601247 529  VKYNPEVIQPLEIARLIQDLGFEATVME 608

X
XP 004633164 497  VKYNPEVIQPPKIAQLIQDLGFEAAVME
XP 004577555 502 IKYNPEVIQPPRIAQLIEDLGFEAAVME

LTRTNGITYASVALATSKAHVKFD 576
LTRMNGITYASVALATSKAHVKFD 581

EAX08892 610  PEIIGPRDIIKIIEEIGFHAPLAQRNPNAHHLDHK] "WKKSFLCSLVFCIPVMmYMLIPSNEPEQSP{VLDHI\'II 689
XP 003809840 610 PEIIG IKIIEEIGFHABLAQRNPNGRHLDE KKSFLCSLVFGIPVMALM]YMLIPSNEPHQSMVLDHNII 689
XP 003314205 871  PEIIGPRDIIKIIEEIGFHAPLAQRNPNARHLDH YMLIPSNEPHQSMVLDHNII 950
XP 003980404 615  PEMIGPRDIVKIIEEIGFHAPPAQRNPNVHHLDH QWKKSFLC GIP\ YMLVPSNEPHETMVLDHNIV 694
ABM63504 592  PEIIGPRDIVKVIEEIGFHAXPAQRNPSAHHLDH! QWKKSFLCSLVFGIPVMGLMIYMLVPSSTPHESMVLDHNVI 671
P 002917723 576  PEIIG VRITEEIGFHA$PAORNADAHHLDH QWKKSFLCSLVFGIPVMGLMIYMLVPSNEPHESMVLDHNII 655
XP 005387668 675 PEIIGPRDIVKIIEEIGFHABLAQRRPNAHHLDH {QWRKSFLCSLVFGIPVMGLMJYMLIPSHESHETMVLDRNII 754
XP 005601247 609  PEIIGARDIVKIIEEMGFHAPPAQRNPNAHHLDHKAEIKOWKKSFLCSLVFGIPVMGLMIYMMIPSNEPHESMFLNHNII 688
XP 004633164 577  PEIIGPRDIVKIIEEIGFHAPLAQRRPNAHHLDH ) LVFGIPVMGLMIYMLIPSHEPHEAMVLDHNII 656
XP 004577555 582  PEVIGPRDIVKLIEEIGFQAPLAQRNTNAHHLDH k\Q?TKKSFLCSLvFCIPVMGLM MLIPSNGTHESMILDHNII 661

T™1

Fig. S1. A multiple species sequence alignment of the N-terminal regulatory domain of ATP7B. Species are EAX08892: human; XP_003809840: pigmy
chimpanzee; XP_003314205: chimpanzee; XP_003980404: domestic cat; ABM63504: dog; XP_002917723: giant panda; XP_005387668: long-tailed chinchilla;
XP_005601247: horse; XP_004633164: degus rodent; XP_004577555: American pika, rabbit family. Identical amino acids are in red. The sequence before the left
bracket shows the linker region for each of the metal binding motifs. Note that the regions linking one metal domain (of ~70 aa) to the next are more di-
vergent (indicated in blue) than the region linking metal binding domain 6 (MBD®6) to transmembrane segment 1 (TM1; indicated by closed brackets).
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Fig. S2. All 6 ATP7B mutants exhibit Cu(l) transport activity and normal protein characteristics. (A and B) YS cells on coverslips were infected with the indicated
<t GFP-ATP7B adenovirus, cultured overnight in basal medium, and harvested into urea sample buffer. Denatured proteins were separated by SDS/PAGE, proteins
I transferred to nitrocellulose, and probed with polyclonal antibody against GFP to show full-length proteins. An asterisk designates the constructs encoding the
monomeric version of GFP. In B, the relative amount of wt and $653Y ATP7B remaining after the addition of cycloheximide (90 pg/mL) is shown. (C) wtATP7B
shows normal anterograde and retrograde trafficking. WIF-B cells were infected with wtATP7B, cultured overnight in 10 pM BCS, then incubated in 10 pM
CuCl, for 1 h. One set (anterograde) was fixed and the other set (retrograde) switched to 25 pM ammonium tetrathiomolybdate (TTM) for an additional 2 h
before fixation. Cells were stained with anti-TGN and imaged. (A and A’) In the presence of copper, GFP fluorescence shows no overlap with the TGN marker,
whereas after copper chelation (B and B’) the two signals show strong overlap. (Scale bar, 10 pm.)
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Fig. 3. Recombinant adenoviruses encoding 653 substitutions express full-length ATP7B proteins and exhibit cell-based catalytic activity. (A) YS cells infected
with the indicated ATP7B adenovirus encoding the designated 653 substitution were processed as in Fig. S1. All constructs expressed full-length proteins except
for ATP7BS653E, where proteolytic GFP fragments were routinely observed. (B) Each of the 653 substitutions in ATP7B activated tyrosinase as indicated by
a black reaction product. (C) ATP7B S653Y/Y44A activated tyrosinase, as indicated by a black reaction product, whereas the GFP-ATP7B 858TGE860>AAA/Y44A
double-mutant did not. Negative and positive controls were performed in parallel. (D) Cell extracts from YS cells infected with GFP-ATP7B adenoviruses
encoding the second site mutations were processed as described in Fig. S2. (Magnification: B and C, 40x.)
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Fig. S4. APBS analysis reveals a pocket (black arrow) near Ser653. (A) APBS coloring of the wtATP7B static structure electrostatic potential was calculated
according to Poisson—Boltzmann (1). The coloring (red, negative charge; blue, positive charge) range is: kgT/e = —80 to +80. APBS calculations were performed
using the APBS tools2 plug-in as part of PyMOL. The boxed region highlights the region near Ser653 and Tyr713. (B) An expanded view of A shows the surface
coloring with the residues of interest highlighted as colored asterisks: black (Ser653, Ca is ~2 A from the surface), red (Gly710, Ca is ~4 A from the surface), and

Legend continued on following page
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yellow (Tyr713, Cais ~1-2 A from surface). (C-E) Expanded views of the Tyr653 (C), Asp653 (D), and Glu653 (E) models show changes in the exposure of positive
and negative surface charges within the vicinity of the pocket (black arrow). Notice the predominance of red color (negative charge) in D, indicating the effect
of charged side chains on the surface charges.

1. Baker NA, Sept D, Joseph S, Holst MJ, McCammon JA (2001) Electrostatics of nanosystems: Application to microtubules and the ribosome. Proc Nat/ Acad Sci USA 98(18):10037-10041.

Table S1. Summary of ATP7B missense mutations found in the conserved region

Reported disease-causing

ATP7B mutation WD mutations WD SIFT score status and other Conclusion of
identification (source) in second allele (source) phenotype*  designation® findings (source) this report
G626A (1, 2) Y187Ifs; Q457X; H1069Q (2) H; late Deleterious Inconclusive (3) reduced Disease-causing
onset H/N Cu transport activity (4) mutation
H639Y* (5) None detected Deleterious Inconclusive
L641S (6, 7) Tolerated Inconclusive
D642H (6, 8-10) Homozygous (10) N; CLF(TX) Tolerated Inconclusive (3) Disease-causing
mutation
MG645R (11, 12) Q111X; S932X; N932X; G869R; H Tolerated Increased catalytic phosphorylation Disease-causing
T977M; H1069Q; V1216M; likely because of decreased mutation
T132P (12) de-phsophorylation activity (4)
S653Y (5) H1069Q (Table 1 and ref. 5) H/N Deleterious Disease-causing
mutation

CLF, chronic liver failure; H, hepatic; N, neurological; TX, liver transplant.

*Phenotypes reported represent the range observed in the references cited.

TSIFT, a sequence homology based program which sorts intolerant from tolerant substitutions and then classifies them as tolerated or deleterious (13). This
analysis is from The Roche Cancer Center Genome Database [see http:/rcgdb.bioinf.uni-sb.de/MutomeWeb (14)].

*Laboratory studies revealed this individual had an unusual presentation of disrupted copper metabolism. The urine copper levels were normal, whereas both
ceruloplasmin and serum copper levels were abnormally low, 2.46 mg/dL and 9.0 pg/dL, respectively, as was 5*Cu incorporation into ceruloplasmin, which was
reduced 10-fold.
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Table S2. Construct summary

ATP7B Patient missense substitutions

Construct Designation ATP7B nucleotide change Mutagenesis primers
Wild-type GFP-ATP7B* pYG7 None None
Wild-type mGFP-ATP7B*" pLB1080 None F-CAGTCCAAGCTGAGCAARAGACCCCAACGAGAA

R-GTGATCGCGCTTCTCGTTGGGGTCTTTGCT

F-CAAAATTATTGAGGAAATTGCCTTTCATGCTTCCCTGGCCC
R-GGGCCAGGGAAGCATGAAAGGCAATTTCCTCAATAATTTTG
F- GAAACCCCAACGCTTATCACTTGGACCACAAG

R- CTTGTGGTCCAAGTGATAAGCGTTGGGGTTTC
F-CAACGCTCATCACTCGGACCACAAGATGG
R-CCATCTTGTGGTCCGAGTGATGAGCGTTGGG
F-CCCCAACGCTCATCACTTGCACCACAAGATGGAAATAAAG
R-CTTTATTTCCATCTTGTGGTGCAAGTGATGAGCGTTGGGG
F-CATCACTTGGACCACAAGAGGGAAATAAAGCAGTGGAAG
R-CTTCCACTGCTTTATTTCCCTCTTGTGGTCCAAGTGATG
F- GCAGTGGAAGAAGTATTTCCTGTGCAGCCTGGTG

R- CACCAGGCTGCACAGGAAATACTTCTTCCACTGC

F- GCAGTGGAAGAAGTATTTCCTGTGCAGCCTGGTG

R- CACCAGGCTGCACAGGAAATACTTCTTCCACTGC

F- GAAATAAAGCAGTGGAAGAAGGCCTTCCTGTGCAGCCTGGTGTTTGGC
R- GCCAAACACCAGGCTGCACAGGAAGGCCTTCTTCCACTGCTTTATTTC
F- AAATAAAGCAGTGGAAGAAGTTCTTCCTGTGCAGCCTGGTGTTTGGC
R-GCCAAACACCAGGCTGCACAGGAAGAACTTCTTCCACTGCTTTATTTC
F- GAAATAAAGCAGTGGAAGAAGACTTTCCTGTGCAGCCTGGTGTTTGGC
R- GCCAAACACCAGGCTGCACAGGAAAGTCTTCTTCCACTGCTTTATTTC
F- GAAATAAAGCAGTGGAAGAAGTGCTTCCTGTGCAGCCTGGTGTTTGGC
R- GCCAAACACCAGGCTGCACAGGAAGCACTTCTTCCACTGCTTTATTTC
F- GAAATAAAGCAGTGGAAGAAGGATTTCCTGTGCAGCCTGGTGTTTGGC
R- GCCAAACACCAGGCTGCACAGGAAATCCTTCTTCCACTGCTTTATTTC
F-GGAAATAAAGCAGTGGAAGAAGGAGTTCCTGTGCAGCCTGGTGTTTGGC
R- CCAAACACCAGGCTGCACAGGAACTCCTTCTTCCACTGCTTTATTTCC
F- GCAGTGGAAGAAGTATTTCCTGTGCAGCCTGGTG

R- CACCAGGCTGCACAGGAAATACTTCTTCCACTGC

F- GCAGTGGAAGAAGTATTTCCTGTGCAGCCTGGTG

R- CACCAGGCTGCACAGGAAATACTTCTTCCACTGC

Sequences provided upon request.

! G626A* pAbM18 G1877C

a H639Y pTZ13g C1915T

’n L6415 pTZ8R T1921C
D642H pTZ21 G1924C
M645R* pTZ17 T1934G
S653Y pTZ12R C1958A
$653Y* pTZ25 C1958A

Engineered mutations

S653AF pAmr8 T1957G T1959C
S653F* pAmr5 C1958T T1959C
S653T* pAmr23 T1957A
$653C* pAmr27 €1958G T1959C
$653D* pAmr24 T1957G C1958A
S653E* pTus46 1957-1959 TCT > GAG
Y44A/5653Y5 pAmr36 C1958A
S653Y/TGE > AAAY pAmr37 C1958A

-

.

S406A, V456L, R952K, and V1140A (1).
TResidue A206 of GFP changed to K to give monomeric GFP (2).

*Nucleotide numbering corresponds to “A” of ATG as nucleotide +1 of ATP7B in LB1080 and YG7 and encode NM_000053.3 except for the polymorphisms

*pLB1080 used as the template for mutagenesis, pYG7 was the template used for all other constructs.

SpLB1033 was used as the template for mutagenesis (3).
YpYG85 was used as the template for mutagenesis (Methods).
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