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Figure S1. The catalytic reaction in Q-loop-containing PTPs. The model of two catalytic steps in
PTP1B.
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D-loop P-loop N-loop
DUSP1 P28562 PVEDNHKADIISSWFNEAIDFIDSIK-NAGGRVFVHCQAGISRSATICLAY LMRTNRVKLDEAFEFVKQRRSI IS
DUsp2 Q05923 PVEDNQMVEIISAWFQEAIGFIDWVK-NSGGRVLVHCQAGISRSATICLAY LMQSRRVRLDEAFDEVKQRRGV I SPNFSFMGQL
DUSP4 013115 PVEDNHKADISSWFMEATEY I DAVK-DCRGRVLVHCQAGISRSATICLAY LMMKKRVRLEEAFEFVKQRRSI I SPNFSFMGQL
DUSP5 Q16690 PVE| SHTADISSHFQEAIDFIDCVR—EKGGKVLVHCEAGﬁS SPTICMAYLMKTKQFRLKEAFDY IKQRRSMVSPNFGFMGQL,
DUSP6 Q16828 PIS HWSQNLSQFFPEAISFIDEAR—GKNCGVLVHCLAGLS BVTVTVAYLMQKLNLSMNDAYDIVKMKKSNISPNFNFMGQL

Di
D)
D)
Dj
D]
DUSP7 016829 PISDHWSQNLSQFFPEAISFIDEAR-SKKCGVLVHCLAGISRSVIVTVAY LMOQKMNLSLNDAYDFVKRKKSN I SPNEFNFMGOL
DUSP8 Q13202 PINDNYCEKLLPWLDKSIEFIDKAK-LSSCQVIVHCLAGIS|
D]
Dj
Dj
Dj

SATIAIAYIMKTMGMSSDDAYRFVKDRRPSISPNFNFLGQL
DUSP9 Q99956 PISDHWSQNISRFFPEATEFIDEAL-SQNCGVLVHCLAGVSRSVTVTVAY LMQKLHLSLNDAYDLVKRKKSN I SPNFNFMGQL
DUSP10 Q9Y6We PAT) SNKQNLRQYFEEAFEFIEEAH—QCGKGLLIHCQAG%S SATIVIAYLMKHTRMTMTDAYKFVKGKRPIISPNLNFMGQL
DUSPle Q9BY84 PVN| SFCEKILPWLDKSVDFIEKAK—ASNGCVLVHCLAGHS

SATIAIAYIMKRMDMSLDEAYRFVKEKRPTIS
STYXL1 Q9Y6J8 RIEDSPEAQILPFLRHMCHFIEIHH-HLGSVILIFSTQGISRSCAAITIAY LMHSNEQTLORSWAYVKKCKNNM

A0 0000000 0

DUSP3 P51452 [KANDTQEFNL|SAYFERAADFIDQALAQKNGRVLVHCREGY|SRSPTLVIAY LMMRQKMDVKSALS IVRQNRE-IGPNDGFLAQL

DUSP12 Q9UNI6 PALDKPETDLLSHLDRCVAFIGQAR-AEGRAVLVHCHAGVISRSVAI ITAFLMKTDQLPFEKAYEKLQILKPEAKMNEGFEWQL

DUSP13A Q6BBI1 PAHDLPDFDI|SAYFSSAADFIHRALNTPGAKVLVHCVVGVISRSATLVLAY LMLHQRLSLRQAVITVRQHRW-VEFPNRGFLHQL

DUSP13B QO9UII6 EADDNPFFDLSVYFLPVARY IRAALSVPQGRVLVHCAMGVISRSATLVLAFLMICENMTLVEAIQTVQAHRN-ICPNSGFLROL

DUSP14 095147 PLADMPHAPIGLYFDTVADKIHSVS-RKHGATLVHCAAGVISRSATLCIAY LMKFHNVCLLEAYNWVKARRPVIRPNVGFWRQL!

DUSP15 Q9H1R2 PVADTPEVPIKKHFKECINFIHCCR-LNGGNCLVHCFAGISRSTTIVTAYVMTVTGLGWRDVLEAIKATRPIANPNPGFRQQL!

DUSP18 QBNEJO PVADSPNSRLCDFFDPIADHIHSVE-MKQGRTLLHCARAGVISRSAALCLAYLMKYHAMSLLDAHTWTKSCRPI IRPNSGFWEQL.

Atypical | | DUSF19 QBWTR2 SILDLPETNILSYFPECFEFIEEAK-RKDGVVLVHCNAGVSRRAAIVIGFLMNSEQTSFTSAFSLVKNARPS ICENSGFMEQL
DUSPs DUSP21 Q9H596 PVTDARDSRLYDFFDPIADLIHTID-MROGRTLLHCMAGVISREASLCLAY LMKYHSMSLLDAHTWTKSRRPI I RPNNGFWEQL
DUSP22 Q9NRW4 PAADSPSQONITRHFKESIKFIHECR-LRGESCLVHCLAGVISRSVTLVIAY IMTVTDFGWEDALHTVRAGRSCANPNVGFQROL

DUSP26 Q9BV47 EAHDSPAFDMS IHFQTAADFIHRALSQPGGKILVHCAVGVSRSATLVLAY LMLYHHLTLVEAIKKVKDHRG- I IIPNRGFLRQL

DUSP27 Q5VZP5 EVDDFPEVDISQHFRKASEFLDEALLTYRGKVLVSSEMGI|SREAVLVVAY LMIFHNMAILEALMTVRKKRA-TYFNEGFLKQL

DUPD1 Q68744 EADDLPTFDLSVFFYPAAAFIDRALSDDHSKILVHCVMGRSRSATLVLAY LMIHKDMTLVDAIQQVAKNRC-VLENRGFLKQL

DUSP28 Q4G0owW2 PVFDDPAEDLLAHLEPTCAAMEAAV-RAGGACLVYICKNGRSRSAAVCTAY LMRHRGLS LAKAFQMVKSARPVAEPNPGEWSQL!

STYX QBWUJO DIADNPVENIIRFFPMTKEFIDGSL-QMGGKVLVHGNAGISRSAAFVIAY IMETFGMKYRDAFAYVQERRFCINPNAGEVHQL

SSH1 QBWYLS RVYDEETTDLLAHWNEAYHF INKAK-RNHSKCLVHCKMGVISRESASTVIAYAMKEFGWPLEKAYNYVKQKRSITRENAGFMROL

SSH2 Q76176 RVYDEEATDL{LAYWNDTYKFISKAK-KHGSKCLVHCKMGV|ISRSASTVIAYAMKEYGWNLDRAYDYVKERRTVTKENPSFMROL
SSH3 Q8TE77 RLWDEESAQLLPHWKETHRFIEAAR-AQGTHVLVHCKMGVISRISAATVLAYAMKQYECSLEQALRHVQELRPIARENPGFLROL

Figure S2. List of N-loop-containing PTPs. The 29 Cys-based PTPs contain the N-loop among three
subfamilies, MKPs, atypical DUSPs, and Slingshots. All of the members contain the characteristic of
the PND-triloop interaction (red circle), including the conserved aspartate in the D-loop, the
conserved serine in the P-loop, and the conserved asparagine in the N-loop. The members include
three pseudophosphatases (DUSP27, STYX, and STYXL1), which are inactive phosphatases because
the catalytic cysteine is changed. DUSP11 and DUSP23 are not included in this alignment because

they do not have this characteristic.
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Figure S3. The perturbation region of S93N and N128A mutations. The chemical shifts of the
mutations that differed from the WT are labeled on the protein structure in red. This includes the
signal that probably disappeared in S93N and N128A mutations. S93N and N128A had similar
effects in perturbing the solution conformation of the D-loop, P-loop, and N-loop. The residues in
the surrounding structure were also affected by the conformational changes of three loops, such as
Bl, B5, and a2-a5. The white residues were nonassigned residues in the backbone assignment,

including proline and the disappeared signals in the 3D spectra of WT.
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Figure S4. The two catalytic steps of DUSP22. (A) The crystal structure in the first catalytic step
bound with a pTyr-like ligand, MES (PDB ID: 1IWRM). (B) The crystal structure in the second
catalytic step bound with a ligand, vanadate (VO4). In alignment, N128 in DUSP22 was considered
to replace the role of Q262 in PTPB. However, N128 in DUSP22 did not rotate during two catalytic
steps as Q262 did in PTP1B. The N128 in the N-loop was far from ligand (>7 A) and did not

participate in water stabilization for hydrolysis.
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Figure S5. The B-factor of Ca in the crystal structure of C88S and C88S/S93A. The crystals of C885

and C885/S93A grew in the same reservoir solution and formed the same space group, and so the

comparison of B-factor reflected the positional disorder in the S93A mutant. C88S is shown by the
black line, and C88S/S93A is shown by the red line. The S93A mutation induced the B-factor

increase in the crystal structure, suggesting that the three loops became flexible and induced

unstable active site.
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Table S1. The somatic mutations equivalent to S93 (black) and N128 (red) in cancer databases

Mutation Tumor type Tumor subtype Reference ID?
DUSP2 N297S Esophageal cancer Esophageal adenocarcinoma ICGC (ID: MU132377584)
Bladder cancer Transitional cell carcinoma COSMIC (ID: COSV53544999)
Bladder cancer Urothelial carcinoma
DUSP4 S285L
Colorectal cancer Adenocarcinoma ICGC (ID: MU4624050)
Ovarian cancer Serous cystadenocarcinoma
DUSP6 5298G Prostate cancer ICGC (ID: MU121368750)
DUSP15 N125D Lung cancer Squamous cell carcinoma ICGC (ID: MU1328471)
DUSP16 S249F Liver cancer Hepatocellular carcinoma ICGC (ID: MU112731400)
Malignant melanoma COSMIC (ID: COSV61193521)
DUSP19 S155F
Breast cancer ER-PR-positive carcinoma COSMIC (ID: COSV61193521)
DUSP21 S111IN Colorectal cancer cell line Adenocarcinoma COSMIC (ID: COSV59133864)
S93F Skin cancer Basal cell carcinoma COSMIC (ID: COSV60529532)
DUSP22
N128aetetion Colorectal cancer cell line Adenocarcinoma COSMIC (ID: COSV60529373)
STYX N160D Breast cancer Ductal carcinoma ICGC (ID: MU65717225)
DUPD1 N186K Gastric cancer Multiple histological subtypes ICGC (ID: MU121096102)
SSH3 N453K Bladder cancer Invasive urothelial bladder cancer ICGC (ID: MU131862676)

2 The somatic mutations are reported by the ICGC and COSMIC databases [1,2].




Int. J. Mol. Sci. 2020, 21, 7515

8 of 11

Table S2. The somatic mutations in the P-loop, D-loop, and N-loop of DUP22 in cancer databases

Loop Mutation Tumor type Tumor subtype Reference ID*
Gastric cancer Adenocarcinoma
A56V ICGC (ID: MU1821692)
Endometrial cancer Uterine corpus endometrial carcinoma
Pediatric Brain Tumor Multiple subtypes
D57N ICGC (ID: MU127238269)
Brain cancer Glioblastoma multiforme
D-loop Skin cancer Squamous cell carcinoma COSMIC (ID: COSV60523881)
S58L
Skin cancer Cutaneous melanoma ICGC (ID: MU4512779)
P59S Brain cancer Lower grade glioma ICGC (ID: MU130895128)
P59Q Lung cancer Adenocarcinoma ICGC (ID: MU131619769)
L63M Endometrial cancer Uterine corpus endometrial carcinoma ICGC (ID: MU129908241)
C88Y Brain cancer Glioblastoma multiforme ICGC (ID: MU129123398)
A90V Skin cancer Cutaneous melanoma ICGC (ID: MU129925934)
GI91A Breast cancer Ductal & lobular ICGC (ID: MU131715533)
P-loop GI1W Lung cancer Adenocarcinoma ICGC (ID: MU131760231)
GI1E Skin cancer Cutaneous melanoma ICGC (ID: MU129904012)
S93F Skin cancer Basal cell carcinoma COSMIC (ID: COSV60529532)
R94M Lung cancer Adenocarcinoma ICGC (ID: MU131780295)
N128detetion Colorectal cancer cell line Adenocarcinoma COSMIC (ID: COSV60529373)
V129M Gastric cancer Adenocarcinoma ICGC (ID: MU6171254)
N-loop
G130C Esophageal cancer Esophageal adenocarcinoma ICGC (ID: MU37138925)
G130D Lung cancer Adenocarcinoma ICGC (ID: MU131506908)

2 The somatic mutations are reported by the ICGC and COSMIC databases [1,2].
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Table S3. The crystallization conditions for the WT and mutants

Mutant Protein concentration Reservoir solution
0.1 M MES (pH 6.5), 2 mM MnClz, 0.1 mM NasVOs, 25% PEG 4,000
WT_VOu 6.1 mg/ml
Soaking solution: 0.1 M MES (pH 6.5), 5 mM NasVOs, 25% PEG 4,000
C88S 12.7 mg/ml 0.2 M imidazole (pH 8.0), 0.4 M NaH2POs, 1.6 M K2HPOs, 0.2 M NaCl
0.05 M arginine, 0.05 M glutamic acid (pH 7.5), 0.4 M NaH2POs, 1.6 M
C88S/S93N 7.7 mg/ml
K2HPOs4, 0.2 M NaCl
C88S/S93A 3.5 mg/ml 0.2 M imidazole (pH 8.0), 0.4 M NaH2POs, 1.6 M K2HPOs, 0.2 M NaCl
N128D 8.4 mg/ml 0.1 M PIPES (pH 6.7), 30% PEG 3,350, 0.2 M Li2SOx
N128A 7.0 mg/ml 0.1 M HEPES (pH 7.5), 30% PEG 3,350, 0.2 M Li2504
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WT_VOu C88S C88S/S93N C88S/S93A N128D N128A
Data collection
Space group P12.11 Cc121 Cc121 Cc121 Cc121 Cc121
Cell dimensions
a, b, c(A) 36.1,49.7,39.8 89.6,49.7, 39.8 90.0, 50.2, 40.9 89.7,50.2, 39.7 90.3,50.7, 41.1 89.8,50.4, 40.2
o, B,y (%) 90.0, 108.1, 90.0 90.0, 94.7, 90.0 90.0, 93.6, 90.0 90.0, 94.9, 90.0 90.0, 91.3, 90.0 90.0, 96.0, 90.0
. 50.00-1.38 30.00-1.36 30.00-1.53 30.00-1.50 30.00-1.69 30.00 - 1.31
Resolution (A)
(1.43-1.38) (1.41-1.36) (1.58-1.53) (1.55-1.50) (1.75-1.69) (1.36-1.31)
Rpim 0.048 (0.353) 0.020 (0.134) 0.023 (0.187) 0.034 (0.393) 0.028 (0.222) 0.033 (0.388)
1/sigma 18.9 (2.9) 36.2 (5.9) 46.5 (4.1) 22.5(2.4) 24.4 (4.2) 22.0 (2.1)
Completeness (%) 97.9 (95.1) 97.3 (95.9) 98.3 (91.0) 99.5 (99.7) 98.4 (92.4) 98.6 (97.4)
Redundancy 5.6 (3.3) 3.8(3.8) 3.4 (2.5) 3.6 (3.4) 3.5(3.3) 3.7(3.7)
Refinement
. 28.26-1.38 22.33-1.36 22.47-1.53 25.61-1.50 25.87-1.69 22.53-1.31
Resolution (A)
(1.43-1.38) (1.41-1.36) (1.58-1.53) (1.55-1.50) (1.75-1.69) (1.36-1.31)
No. of reflections 27061 36406 27122 28187 20584 42475
Ruwork / Riree 0.2041/0.2287 0.1797/0.1954 0.1717/0.1957 0.1820/0.2129 0.1919/0.2192 0.1874 / 0.1965
No. of atoms
Protein 1248 1248 1246 1243 1211 1241
Ligand/ion 5 5 5 5 5 5
Water 98 185 133 111 78 154
B-factors
Protein 19.6 17.6 18.7 21.7 25.0 18.7
Ligand/ion 16.5 11.8 12.0 15.6 19.4 13.4
Water 28.4 29.7 29.6 325 33.6 29.2
RMS. deviations
Bond lengths (A) 0.006 0.005 0.005 0.005 0.006 0.005
Bond angles (°) 1.199 0.776 0.807 0.775 0.793 0.792
Ramachandran favored (%) 96 96 96 96 97 96
Ramachandran outlier (%) 0 0 0 0 0 0
PDB ID 6LVQ 6L1S 6LOU 6LMY 6LOT 7C8S
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