Diverse Levels of Sequence Selectivity and Catalytic Efficiency of Protein-
Tyrosine Phosphatases

Nicholas G. Selner,” Rinrada Luechapanichkul,” Xianwen Chen,” Benjamin G. Neel,* Zhong-Yin Zhang,”

Stefan Knapp,® Charles E. Bell,*and Dehua Pei"*

Supporting Information

Table S1. Peptide Library Screening Conditions

PTP Peptide Library [PTP] (nM) PTP Reaction Time (min)

1 500 10

HePTP
v 2 10
| 1 15
PEST 1l 1 15
\Y% 1 15
1 50 15

PTPH1
1l 50 - 100 15
| 5 15
TCPTP 1l 10 15
v 5 15
PTPD1 1l 500 60
i 800 60

PTPD2

v 78 - 500 30-60

i 5-10 15

PTPRB
\Y% 20 15
PTPRC 1 0.1 55
PTPRD 1 100 15

1l 05-1 5-15

PTPRO Vv 2-10 15
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Table S2. HePTP Substrates Selected From Library 11 (AXXXXXXXXpY)?

Intensely Colored

Medium Colored

Lightly Colored

RRVF SBBERNNE | Msa PSMVBITE 10BN | XFRFQ GLWGTE wwIBBsaAa
THrHF LELEsN VLA SPVFBISE INABAT A WNSNWT ORF
SHTNT TNSBVRTH | 0J AVSWERRE SEErosEx | T 0 TSPTEWP SWR
NPT RENFO NLETIL GFGVENA ABsvvEN | BaT RFAWVIR WAN
A0 ABBTRR FWPNG xNVPEPIH AABFMNEN | VGAVEL TFRRQHR GAS
VEG IBETISPE | GGVLEF ABEETTIE PNETIP slrfr. Br21BBEr REHGS
TWVS XXBTOV BrcPos NEBNMsE  GBWosR PPTEWP XXX F S F ABSRT
QISG INETTRSE | RASEO ABMSRE STETNS FSQ GVGNEBEF HN
REHANHEE | PNSHP WHLETANE RsSW XXEITN vIESs ABBENSTG
SAWSPFTE | TGERWS NSERWSE SLEN XXSFEPH| NEIBBN AQBBWWRO
VWSNAVIH | AAWEWP sVORWROE Bruv| QNINWQ AWNES T GWQN
AWS PENBWT AGGHWISE AP T BECEE TPTRET GAWSV
Bst Plswsp CEENWVNE [BrwBoBNT | FRIBSEFR SSNENEBE GREVNOWV
QFOQRVR TWENWTNE GEV| n | BrF@sHEI rlHoBr BvEnHPvVG
IR XXXXPT ROBGAROE NNSWP@PT | PNSBS TRETHF F RMS
WEN| WPssSTLE xxNMSBGI | NASES NEvPBWEs RVEAVONR
FRvL ATWANFPE H HR | TsMs XFAWBRET SNSWAR
SNV VQFPVRH FBBGRW SWNEPE SsEBNWET GNFQORL
SWVP THROAC NASBBORR | FETSQ xPsBwrfr sovMAWWP
RN pTTHLRIE [EvTsPats | Borrwlol RFLEOSEG IGTLRNWQ
S B0 | A ROBOBBEY PTSABTIIW | XXNLS SBBVLLES PRTGOWVT
HR FV | g WO 0 NWAGHFGR | P VT F NVIGTRTX
SQ IP | F WO o ABEBAISR | S NR XXXISVTP
SHGERVNN | BTL SsQ S SMWGQ QF| XXMRLNIT
AFBPvIN | BA VSN I SEBTRIOS WO XXAAALRR
NSPBOFRQ | ML AABFVBBN  GMBGAPQR EP HPSRPSQQ
GHoSIVAI | NES N W PETGSGHF GF| MQAPITAG
GFHSQFVP | XX 2 L ALITGI P
FAATTRMN | A F 0 [BrsrRpHNN NL
NVASRPNR | S R S XXXVTFAR QP
APES T Slix RRSPFGRS
PNPEBBSBW FSRPNQNP AN
AF AGPBELEW NRSPQVSA
VMA INL| S IANVPTAA WS
Br B2 Bws
NM RAGVEVES
%M, Nle; X, amino acids whose identity could not be unambiguously determined.
Table S3. HePTP Substrates Selected From Library IV (AApY XXXXX)?
oWlsv
VSEvO
vaBoA
REHPW
QAPH
SQT
WTSON
QWIFR
NQQOV
SVTAP
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Table S4. PTP-PEST Substrates Selected From Libraries | and 111 (ASXXXXXpY)?

W
L
I
L
I
I
P
S
S
S
W
W
1]
I
M NIBYS
H GWEBINM

M, Nle; Y, F,Y

Table S5. PTP-PEST Substrates Selected From Library V (AXXXXXpY XXXXX)?

GHKEflpY

NEIT@pY

TTQLIPY WPWENpYGGREM
RAISFpY MWOBIpYGWPF]
SQATEpY INWSEpYLBL
SNLTGpY NNQLWpY

BB ipvcwElP
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Table S6. PTPH1 Substrates Selected From Library 11 (AXXXXXXXXpY)?

Intensely Colored

Lightly Colored

XXXKNKRR XXXXXROH XXXXXSKL HRISRRBK XXKHRTSH XXXXXLKOQ
XRVPMRRR RGRHHNVR XSRKRRAT FRRRIKER RRWTPQTR XHSRRRGV
RORTHTRR PFRKRAFR XRRAKRQP XXKRHBRM XXLORKRF XXXRHRVM
XXKIRTRR XXXWSVOR KRGPRRWT IRRVHRPR XXXXHKRF XXXQORKFS
LRORPPRR XXXXNSVK ROPPRKQT XXXIHRHR RNSGMRRA XKRRTHTI
XRRNVAHR KMRRR.RI TRROARQIT SPROVRHR XXXXWRRN XXXKNRPT
KRIHHRVR GRRPRGRW RSRRRTPP RRVVPNHR XXXXTREKN RANFRXXX
PPMHKRQOR SKRGRFRN XRRVRGQF XXXWOMHR XXXXVEKRT XXXXKONV
RPHTRRLR XXKGRNRF TGRNRQOXX XXRNRKFH RHNRRAKN VGRRS XXX
RTQFRROK KRTLOWHL RRRKNNAF XXXXKRTR SHRLRLRS RRORXXXX
XXXWRKFR XXXXEFWHQ XXXIKRGH XARLNGRF
M, Nle

Table S7. PTPH1 Substrates Selected From Library 111 (ASXXXXXpY)?

Intensely Colored

Lightly Colored

YEOW
Mo
YT
WG

NBYSW

I
I
I
B
Ig|
L
S
I

M, Nle; Y, F,Y
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Table S8. TCPTP Substrates Selected From Library 1 (ASXXXXXpY)*?

IHKWR HRSRY RRRIT PRRMI RIRTI WRPGT
WSKAR HRFKN KRRSL PKHLM GFRXX RSGAF
HRRKT RRIHS TRRQOW KSRGF RRIT TAWQ
GHRRI VRNRF QORRFI RARFT RRWEB T QOSSEW
RFRRO XKPKF GRKFI RGKFI KKFFA XXXGW
SPRKW VRSRG VRRFI KFRTV RKNET NYTWS
SFKRI RFAKT PKRWI REFHXX RRVEN TAWST
GFRRA RFAKT FRRPT RNRTT RRIGQ XXWGT
GFRRA KKRYN WKKQL RSRAN RRNAP GEFXXX
GFKRI KHRFET FRRIA RGRNI RRXXX
XXHKI HRRFT PKRAS RGRNI FRSWN
M, Nle; Y, F,Y
Table S9. TCPTP Substrates Selected From Library 111 (ASXXXXXpY)?
RNFFET
OGWTA
WGTSG
FMRPI
WGRVH
Y AITGN
Y STHTI
F ATMRT
T RIVRG
2\
W]
W]
W]
W]
W]
M, Nle; Y, F,Y
Table S10. TCPTP Substrates Selected From Library IV (AApY XXXXX)*
Class | Class Il
HRKRR KRAQR RVRNR PTKIR
RRKGK RRPAR KLRXX SIRXX
HRKVR RRINV KIRXX SARXX
KKREW KRXXX RIHXX XXXRW
RRKGF RHIXX RLRXX VMSXX
RRRPG RFKRR KITIRR GIIXX
RRTRK RORKK KATRR
HRNKR RFKKA KGARR
KRARR RIRKF TRRKK
HKIRR RLRRI MHKRR
KRFAR RMRKI SRKWR
RKVFR RIKRV NRRXX
RRSGR RVKTR VRRXX

M, Nle; Y, F,Y
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Table S11. PTPD2 Substrates Selected From Library I (ASXXXXXpY)*?

I SBEQF YHIT
L WBSGN IITG
I XBAYS GYTI
I PBINTM YYGI
S YNTI ISNGW
I YLT WATFEFR
I AWTA SNYOQT
S TWMI XTGNA
T WYTT
I FIGS
I FTSL
Y FHTA
M, Nle; Y, F,Y
Table S12. PTPD2 Substrates Selected From Library IV (AApY XXXXX)*
Class | Class Il
RHKRF RTHRR GHMRR
RRRRS KIHRR SRVXX
RKRSH RVRRN LROXX
KRKMR ROFKR SAKRR
RRRPR RNSHR
RRKIF RMIRR
RRRXX RIXXX
RRRXX ORRHR
RKFKH SRHRK
RRVKR GKRKR
RRFRT XRKRW
RRMRS MRRKN
RRASR IRRRI
RRINR IRRSR
RRTXX LRRAR
RRNXX MRRFEV
RRXXX IRNRR
M, Nle; Y, F,Y
Table S13. PTPRB Substrates Selected From Library I (ASXXXXXpY)?
Brwxx
FGWGW
RYLFEX
INYVS
SNESA
19| MPWN I
W ITEXX
I FRSNV
S WNTXX
M VNTNS
S NIIST
I HPITS
I ISNIS
W SHQVX
W

M, Nle; Y, F,Y

S6



Table S14. PTPRB Substrates Selected From Library V (AXXXXXpY XXXXX)?

XXKWMp YRRNVEK AMAPIPYGREKOQ RRNFTpYRGGIM OSNREFpYARRRI
VPNAMpYRMKKR ATNNLpYGRMIR KPNITpYARRGR NPEABPYMKRPR
OLTEMPYRGKRM MHKBMp Y AGKRF REFPNpYARLKR XXXXXpYGKREK
GTQGMpYRORWY ASPNMpYSNKPK RREGNpYxxKWO XXKXXXpYGRKWP
ORPTMp YRTRXX IKRRVpYGMRGK RGKSTpYVENOR XXKXXKpYXKKGM
KGNKApPYRGARF IPPGMpYGFRGQ MRXXXpYRHRRI RKMRPpYIRKOG
FSABVPYRXXXX ASSHVPYNAVRR LXXXXpYRVHRS NSXXXpYAQPRR
MPBNIpYTRIRR RPFSIpYGXXXX RFATBpYRORPK RRQPXpYXXXXX
XXXQVPYMRPRT KLRGSpYRQTHF XXXXXpYRIKLK

M, Nle

Table S15. PTPRC Substrates Selected From Library Il (AXXXXXXXXpY)?*

Intensely Colored Lightly Colored

S7

L
1]
1]
G
A
1]
W
G
I
W
S
Vv
Vv
A
Q
S
W
T
It
W
W
N
S
L




Table S16. PTPRD Substrates Selected From Library 11 (AXXXXXXXXpY)?

Class |

Intensely Colored

AWE
WL
SGTRSWSW

Lightly Colored

Class Il

ATEKWWEIM
AWT RW
MTEWSBST

PABWBPMM
PBBFNWNE

XKRWWKNN
PKSREFROQ
IKRWPTRL
FRSHQORR
RRLRSRVN

ARNRKRGN
SKKRORNT
QVGRRXXX
AARKKRLT

e e

<HOWLHISTHIIHAHIT SHI A H A

BrvTa
TEQTW
ITAVE
GTGYL
GTGYT
XXTWP
NWFAT
PWWXX
HTWQT
TSYGI
MWGTA
SWTXX
WNSNR
FGNTA
WNSXX
WSGXX
TITTM
NPQTT
GATTA
GITSM
HTTGG
KNHAP
ASGGM
TRGAT

M, Nle; Y, F,Y

S8



Table S18. PTPRO Substrates Selected From Library V (AXXXXXpY XXXXX)?

Class |

Class Il

FFHQADY FEBNH

FINEFpY
IBwvApY
OBEflspy
XXXXXpY

NNQXXpYME
BveBspyangis
XXXXXpYMWL

PFEBEFPpYMPWWG
FSOBIpYVSWAN

WCBBFpYSIPPW
TEBEMPYTTTPN
QHExXpYGBWKE

NRMPQPYGEFMW
IFBVBp YGREFW
LSWORPYGGWER
F

STPYGPRVV
WL pYRVWIP

IRNXXpY 1]

ROFRKpYGGRKH
RPTNFpYRQPOR
BowBBo v spWEs
RGIQBPYGOFFR
XXXXXPYGIQTW
LTXXXpYGLKTW
BsnsIpYQVRER
VNGXXpYKANKK
ROTXXpYGRPRS
RGNALpYRSHKM
RFKTSpYQSROR
RRSAVPYRGGHK
XXXXXpYGKKRM
SIGXXpYRRFKO
SNRRApPYGRLMK
RRFASPYNSKRM
TRKGMpYGSRAK
XXXXXpYXKSAK
GMXXXpYGRVRW
XXTVPPYGRKIK
LORGPpYKRGRR
VKSGOpYNFRRT
KABGIpYTRRRE
KHRGVPYAHRKF
BBRO~PYVRGRK
ARNFRpYATGWG
RKTGApYGFKSR
ATROAPYRITRR
NXXXXpYGWKPR
XXXXXpYRKAQR
XXXXXpYRRKKW
IRLRRpYGOKMK
XXRMMp YROAKR
RVHAFpYGKKVI

M, Nle
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Table S19. Kinetic Constants of PTPs toward pNPP Substrate

pNPP

PTP Kea K Kear/ K

) (1M) (M's™)
PEST 6.7+0.2 2800 + 300 2400
PTP1B 20+1 2700 + 200 7300
PTPRC 774 9900 + 900 7800
PTPRO 99 + 4 2800 + 300 35000
PTPRB 56 + 1 350 30 160000
TCPTP 6.1+0.1 790 +50 7700
SHP-1 1441 6000 + 250 2300
PTPH1 13401 1100 + 200 1100
SHP-2 12+1 9200 + 1500 1300
PTPD2 0.036 + 0.001 2100 + 100 17
PTPRA 25401 4800 + 400 530
HePTP 32401 9600 + 600 340
PTPRD 0.29 0,01 2400 + 300 120
PTPD1 0.014 + 0.001 5500 + 200 25
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Figure S1. 2-D representation of the interactions between PTP1B and the Nephrin peptide
AWGPLpY''”?DEVQM. Direct hydrogen bonds and electrostatic interactions are shown as
green dashed lines. The atoms are colored as: black, carbon; blue, nitrogen; red, oxygen; and
purple, phosphorus. Distances shown are in angstroms. Graph generated by LIGPLOT.
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Figure S2. Co-crystal structure of PTP1B-nephrin pY "~ peptide showing the two alternative
conformations of Arg24 side chain. The side chains of Arg24 and Arg47 are shown as yellow
sticks.
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Figure S3. Co-crystal structures of PTP LYP (A) and CD45 (B) bound with pY peptides. For
(A), the sequence of the pY peptide bound to LYP is YGEEpYDDLY (from pdb: 30LR"). For
(B), the sequence of the pY peptide resolved is REEpYDV (from pdb: 1YGR?). The peptide
(green) and interacting residues (yellow) are depicted in stick representation. Hydrogen bond
interactions are shown as black dashed lines.

A INALT

’ ‘
J . R24

Figure S4. Interactions of different pY+1 residues with the amphipathic pocket on PTP1B. (A)
PTP1B-insulin receptor peptide complex, where pY is the pY+1 residue (generated from pdb:
1G1H).> (B) PTP1B-consensus peptide complex, where the pY+1 residue is a Met (generated
from pdb: 1EEO)." (C) PTP1B-nephrin peptide complex, where the pY+1 residue is an Asp. The
broken red circle depicts the hydrophobic region of the amphipathic binding pocket.
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Figure S5. Icelogo plots showing the sequence selectivity of HePTP (A), PTP-PEST (B), PTPH1

(C), TCPTP (D), PTPD2 (E), PTPRB (F), PTPRC (G), PTPRD/Class | (H), and PTPRO (1) on

the N-terminal side of pY. The y axis represents the percent difference in frequency of

appearance between the selected peptides and the initial peptide library at a given position (pY-8

to pY-1, x axis). M, Nle; Y, F,Y.
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Figure S6. Icelogo plots showing the C-terminal selectivity of HePTP (A), TCPTP/Class | (B),
and PTPD2/Class | (C) as determined by screening against Library IV. The y axis represents the
percent difference between the selected peptides and naive frequency of the peptide library at a
given position within the peptide (pY+1 to pY+5, x axis). M, Nle; Y, F,Y.
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Figure S7. Icelogo plots showing the sequence selectivity of PTP-PEST (A), PTPRB (B), and

PTPRO/Class | (C) as determined by screening against library V. The y axis represents the

percent difference between the selected peptides and naive frequency of the peptide library at a

given position within the peptide (pY-5to pY+5, x axis). M, Nle; Y, F,Y.
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