L3l THEMAPRESS

REVIEW

The protein tyrosine phosphatase 1b as a drug target for
the treatment of diabetes type |I. Developing effective and
selective PTP1B inhibitors

Phaedra Eleftheriou
Department of Medical Laboratory Studies, School of Health and M edical Care, Alexander
Technological Educational | ngtitute of Thessaloniki, Sindos, 57400, (GREECE)
E-mail: dfther @misteithegr
Received: 13" February, 2013 ; Accepted: 21% April, 2013

Abstract : PTP1B isaprotein tyrosine phosphatase
involved ininsulinreceptor desendtization. PTP1B in-
hibition, resultingin prol onged maintenance of theacti-
vated state of the receptor, practically enhancesinsulin
effect. Thus PTP1B hasbecomeadrugtarget for the
treatment of Diabetestypell. Although, agreat num-
ber of inhibitors have been devel oped, amongwhich
inhibitorsbindingtothecatadyticsiteand alostericin-

DIABETESMELLITUS, INCIDENCE,
CATEGORIZATIONAND TREATMENT

Diabetes mellitusisametabolic disorder that af-
fects 150 million peopleworldwide. Diabetestype
11, thenoninsulin dependent type (NIDDM), accounts
for about 90-95% of dl casesin America?. Although
percentage variesfrom placeto place, it remainshigh
all over theworld. It isametabolic disorder of car-
bohydrate metabolism characterised by
hyperglycaemia However, disturbancesof proteinand
fat metabolismsarea so associated with the disease.

hibitors, development of nove highly effectiveand se-
lective compounds based on profound knowledge of
thestructural characteristicsof thebinding sitesandin-
hibitorstill remainsachdlenge.

Keywords: Diabetesmellitus; PTP1binhibitors;
Competitive; Allogteric.

Themaintypesof Diabetesare Diabetesmdlitustype
|, Diabetesmdlitustypell, gestational diabetesand
Diabetes of other etiology. Diabetes type I, also
known as “insulin-dependent diabetes mellitus”
(IDDM) or “juvenile diabetes” is considered as an
autoimmune disease and i s characterized by thein-
ability of thebetacells of theid etsof Langerhans of
pancreasto produceinsulin. Diabetestypell, ischar-
acterized by insulin resistance and is associated with
hyperglycemiaand hyperinsulinemiaat thefirst stages
of thedisease. Asthedisease progresses, diminished
insulin productionisobserved. Diabetestypell isaso
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connected with atherosclerosis, hypertension and ab-
normd lipid profilgX.

THE PROTEINTYROSINE PHOSPHATASE
PTP1IBASADRUGTARGET FORTHE
TREATMENT OF NIDDM

Theintracel lular moiety of insulin receptor isaki-
nasewhichisactivated by autophosphorylation follow-
inginteraction of theextracd lular part withinsulin. This
isthefirst step of acascadeleading to glucose uptake
through glucosetransporter GLUT4. The cascadeis
terminated by the dephosphorylation of theintrace lular
moiety of insulin receptor by the protei n tyrosine phos-
phatase PTP1B. Thus, PTP1B inhibition, resultingin
prolonged mai ntenance of the phosphorylated state,
practicaly enhancesinsulin effect!™.

Protein tyrosine phosphatase 1B (PTP1B) dso acts
asanegativeregulator of theleptin receptor pathway'.
PTP1B-deficient miceaswell asPTP1B knockout mice
have reved ed phenotypesof enhanced insulin sensitiv-
ity, improved glycemic control, and resistanceto high
fat diet induced obesity. Furthermore, treatment of dia-
betic micewith PTP1B antisense oligonuclectidesre-
duced theexpression level of theenzyme and subse-
quently normalized blood glucoseandimprovedinsulin
sensitivity™™. Thus, PTP1B hasbeen considered asan
attractive therapeutic target for type 2 diabetes and
obesity.

Protein Tyrosine Phophatases (PTPs) represent a
largefamily of enzymes. They play averyimportant role
incdlular signaling. PTPswork antagonistically with
Protein TyrosineKinases(PTK s) toregulatesignd trans-
ductioninacell. Perturbation of the balance between
protein-tyrosinekinases (PTKs) and protein-tyrosine
phosphatases (PTPs) disruptscel | function and hasbeen
implicated inavariety of diseases, including diabetes,
obesity, and cancer®. Tyros ne phosphorylation offersa
richsourceof drugtargets. Theexistenceof large num-
ber of PTPs makes necessary the development of se-
lectiveinhibitorswithout serioussideeffects.

Various compoundsfor thetreatment of diabetes
havebeen devel oped: insulinand insulinmimetics®, in-
sulinreeaseenhancerd®”, inhibitorsof hepatic glucose
production®, inhibitorsof glucoseintestind uptakes?,
etc. However, most of these can not be used for the

treatment of diabetestypell at thefirst stage. There-
fore, small molecular inhibitorsof PTP1B have been
devel oped by both industry and academid’®3, some
of them exhibiting IC_, valuesat theuM or nM range.
Ingtability, low sdlectivity andinability of certain charged
compoundsto penetrate cell membrane were some of
themost serious problems associated with thefirst in-
hibitorsreferred™. Although, alarge number of PTP1B
inhibitors have been found, theracefor finding novel
highly effectiveand selectiveinhibitors<till continues.

CHEMICAL CATEGORIESOFKNOWN
PTP1B INHIBITORS

Thefirg synthetic PTP1B inhibitorsweremimick-
ing phospho-tyrosine contai ning oligopeptide of the
natural substrate of the enzyme. Among them are
phosphopeptides*¥, peptides bearing phosphono(di-
fluoromethyl)-phenylalanine!™, peptidescontaining di-
carboxylic acid-based Tyr mimeticsi®, O-
mal onyltyrosineand fluoro-O-mdonyltyrosinederiva:
tived®®l, o-carboxymethyl salicylic acid containing pep-
tides™, aryl a-ketocarboxylic acidsg*®, and derivatives
of thieno[ 2,3-c] pyridine-3-carboxylic acid™?, arylo-
difluoromethyleno-phosphoric acids?®?, oxalyl-
arylamino benzoic acid derivatives?, bicyclic benzo-
furan and indole-based salicylic acids??,
dibenzo[ b,d]furan carboxylic acidd?¥, isochroman car-
boxylic acid derivatived®!, aryl diketoacid deriva-
tives®l, 1,2-naphthoquinones?, quinoline deriva-
tivesd?’, pyridazine analogues?®!, piperazin deriva-
tivesi®, diarylsulfonamide derivativesi®?,
formylchromonederivatives®, pyrrolo[ 2,3-c]azepine
derivatives®, bromo-retrochalcone derivatives™!,
styrylbenzenederivatives®, madinicacid derivatives®,
(glycopyranosyl-triazolyl)-purinest®l,
thiazolidinediond®"3 and thiazolidinone™ derivatives,
benzyl 6-triazolo(hydroxy)benzoic glucosides*?,
triazole-linked glycosylated a-ketocarboxylic acid de-
rivatives*, Beta-C-glycosiduronic acids and beta-C-
glycosyl compounds?, triazol e-linked beta-C-glyco-
syl dimerd“*?, a-bromo-acetophenon derivatives*,
oxovanadium (1V) complexes*59, copper complexes
with multi-benzimidazolederivatives®.

Certain natural productswith PTP1B inhibitory
action havea so beenfound. Amongthem, oleicacid®,
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Oleanolic acid derivatives®, 1,2,3,4,6-Penta-O-
galloyl-D-glucopyranose®, phlorotanningd®d, fla-
vonoidg>%d, triterpenes®’*8 and triterpenederivatives
such as dammaranes®®?, akaloids such as ber-
berind®Y, caffeoyl derivatives®?, benzofuran deriva

Secondary ;‘
site A18 (P)

Q21 (L) d\(m
H25 (N)

PTP1B

Catalytic

Allosteric
site

tives®, chal coned® and chalcone derivatived®, ses-
quiterpene quinonesd®®&l, pterocarpangd® &, aquastatin
A% depsidoneand pseudodepsidone derivatived®,
brominated naphthal end®, diphenyl ether and benzo-
phenonederivatives™.

Binding to site B

Arg 24 i

PTP1B

Figurel:A: Catalyticsiteof PTP1B and secondary bindingsites. B: Binding of inhibitor totheactivesitealso occupyingthe
secondary binding site B. C: Binding of inhibitor totheactivesitealso occupying theneighboring binding siteC. D: Binding of
inhibitor totheallogtericste. Aminoacidsinvolved in inter actionswith theinhibitor sareshown in yellow (In brackets: aminoacids
at thesameposition of TC-PTP differingfromthat of PTP1B)[=%78,

CATEGORIZATION OFPTPI1BINHIBITORS
ACCORDING TOTHEBINDING SITE

Asfar asinteraction with PTP1B isconcerned, the
inhibitorsdevel opedtill now aredividedintotwo main

categories. Inhibitorsthat bind to the active site of the
enzymée"A and dlostericinhibitorsthat bindto asite
20 A from the catalytic center preventing mobility of
certain enzymeloops™ ™.

The catalytic site of PTP1B consists of the
aminoacidsHis214, Cys215, Ser216,Ala217, Gly218,
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[1€219, Gly220 and Arg 221 with Cys215 being re-
sponsiblefor cataytic activity!™. All theseaminoacids
may take part in hydrogen bond interactionswithin-
hibitors, while Phel82 and Tyr46 may beinvolvedin
hydrophobic and n— interactions!™ (Figure 1A).
Thevolumeand structurd characteristicsof inhibi-
torsinteracting with the catalytic sitevary. Small mol-
eculeswhich bind strictly to the core of the catalytic
centre, interacting with aminoacidssurrounding Cys 215
(areaA1) have been devel oped. Compound 1ONZ in
figure7 representsaninhibitor of thiskind. Existence of
at least one acidic or hydrogen donor/acceptor moiety
wasthe mandatory characteristic of suchinhibitors. A
second typeof molecules, bearingtwo clustersof acidic
or hydrogen donor/acceptor groups, couldinteract with
thestrict catal ytic core aminoaci ds and aminoaci ds of
themoredistant |oop consisted by Arg45, Tyrd6, Argd7
and Asp48, designated infigure 1 asareaA2. Com-
pounds1BZJ, 1BZC and 2VEW of figure 7 represent
inhibitorsof thiskind. Orientation of theinhibitor 2VEW
intotheactivesiteisshowninfigure2.

2VEW, site A

%

Although, thereare someexceptions, themolecules
cgpabletointeract with both A1 and A2 stesformmore
stable complexes, thusexhibiting better inhibitory ac-
tion. Since, hydrogen bond interactions haveamajor
rolein complex stabilization, thefirst mandatory char-
acteristicfor interactionwithbothAland A2 sitesis
the presence of two clusters of hydrogen donor/accep-
tor groups at adistance from about 9.3to 11.5 A as
shownintheexampleof figure2.

A secondary binding site B (Figure 1B)[ adjacent
tothecatdytic centreinvicinity totheaminoacidsArg24,
Ser 28, GIN262 and Arg254 or anearby bindingregion
C" oriented towards Lys41 (Figure 1C)" are also
occupied by certain PTP1B inhibitors. Simultaneousoc-
cupation by theinhibitor of themain catayticateA (A1,
A2) and each of the secondary sites have been pro-
posed by scientistsasthe choiceof preferenceinorder
to achieve high and sl ectiveinhibition™ !, However,
largemoleculesfulfilling thecriterion of s multaneousin-
teractionwith mainand secondary sitesusudly facethe
problem of cell membrane penetrationinability.

Figure?2: Orientation of acompetitiveinhibitor bindingto catalyticsiteA. Figure2A. Docking of the PTP1B inhibitor 3-

fluoro-N-[(1S)-1-[(4R)-4-[(2-fluor ophenyl)methyl]imidazolidin-2-yl]-2-[4-[ (5S)-1,1,3-trioxo-1,2-thiazolidin-5-yl]
phenyl]ethyl]benzenesulfonamide (PDB: 2VEW) at catalytic site™. Figure 2B. Distancesbetween theA1 hydrogen donor/
acceptor group and the hydr ophobic moietiesof themolecule. C. Distances between the main hydr ogen acceptor/donor
groupsof themoleculeinvolved in hydrogen bond interactionswith theareasA1 and A2 of the enzymée &9,

Thecompounds 1Q1IM and 1Q6T of figure7 are  resentative of moleculesinteractingwith SitesA1,A2
examplesof moleculesinteractingwithsitesAand B and B. According to crystallographic results, 1Q6T is
smultaneudy. Compound 1Q6T isacharacteristicrep-  placed inaposition enabling hydrogen bond interactions
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between three donor/acceptor clustersof thecompound  zyme being at appropriate distancesto form hydrogen
and aminoacidsof theregionsA1,A2and B of theen-  bonds (distances between 2.7 and 3.7 A) (Figure 3).

. (A 2N
Figure 3: Orientation of theinhibitor [6-[4-[(2R)-2-(benzotriazol-1-yl)-3-[4-[difluor o(phosphono)methyl]phenyl]-2-
phenylpropyl]phenyl]-2-[(1S)- 1-methoxy-3-methylbutyl]quinolin-8-yl]phosphonic acid (PDB: 1Q6T), which occupiesboth
catalyticsiteA and thesecondary steB intotheactivesteof PTP1B. Figure3A. Indicative hydr ogen donor/acceptor groups
with orientation enabling Hydrogen bond inter actions (green lines). Figur e 3B. Distances between the main hydr ogen
acceptor/donor groupsof themoleculecapableto beinvolved in hydrogen bond interactionswith theareasA1,A2,B1land B2
of theenzyme.

Bl

Attainment of thistripleinteraction showninfigure
3, demandsastructure bearing thethree hydrogen do-
nor/acceptor clustersoriented at distancesdetermined
by thetrianglesshowninfigure 3B.

Examplesof moleculesinteractingwithsiteBina
doubleinteraction modeinvolvinginteractionwith Sites
AlandB and not withA1, A2 and B have been men-
tioned. Compound 1Q1M isindicativeexampleof such

A

aninhibitort®Y,

Compound 1PXH of figure 7 isan exampleof a
molecules multaneoudy occupyingthesitesA1,A2and
C, asshown infigure 4. Three clusters of hydrogen
donor/acceptor molecules can also be recognized be-
ing abletointeract with aminoacidsatAland A2 sites
and with Lys41 of site C, respectively. Approximate
distancesand positionsof thesethreeclustersareindi-

) N

G

Figure 4 : Orientation of the inhibitor 3-[[2-[4-[difluor o(phosphono) methyl]phenyl]acetyl] amino]-4-[[(25)-3-[4-
[difluor o(phosphono)methyl]phenyl]-1-oxo-1-(pentylamino) propan-2-yl] amino]-4-oxobutanoicacid (PDB: 1PXH), which
occupiesboth catalyticsiteA and thenear by site C. Figure4A. Indicative hydr ogen donor /acceptor groupswith orientation
enabling Hydrogen bond inter actions(gr een lines). Figure4B. Digancesbetween themain hydr ogen acceptor/donor groups
of themolecule capableto beinvolved in hydrogen bond interactionswith theareasA1, A2 and C of theenzyme.
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cated inthetrianglesof Figure4B.
Allostericinhibition of PTP1B hasal so been ob-
served and an all osteric sitewasidentified about 20 A
away fromthe catalytic centert™ (Figure 1D). Theal-
losteric center isplaced in a cavity formed between
helix 5 and helix 9 and consists of the aminoacids
Alal89, Asn193, Lys197, Glu200, Glu276, Lys279,
Phe280, 116281 and M et282 which participate mainly
in hydrogen bond interactionswith theinhibitors (Fig-
ure 5). Chlorogenic acid, cichoric acid and the syn-
thetic analogues such as 3-(3,5-dibromo-4-
hydroxybenzoyl)-2-ethyl-N-[4-(1,3-thiazol-2-
ylsulfamoyl) phenyl]-1-benzofuran-6-sulfonamide™,
and 3-(3,5-dibromo-4-hydroxybenzoyl)-2-ethyl-N,N-
dimethyl-1-benzofuran-6-sulfonamide areexamples of
molecules mentioned in theliterature, while certain

REVIEW

phlorotanins have been found to act asnon competitive
inhibitorg®¥ (Figure 8). Sincethe number of dlosteric
inhibitorsknownissmadl, thereislittleinformation con-
cerning themandatory structurd characteristicsof such
moleculesand theaminoacidsinvolved ininteractions.
Studieson the best conformati ons adopted by chloro-
genic acid and cichoric acid in theinhibitor-enzyme
complex indicateinvolvement of hydrogen bond inter-
actions between hydroxyl- or carbonyl- groupsof the
inhibitor and aminoacids|1e281, Phe280, Glu276 and
Asn193 for cichoric acid and Alal89, Lys197 and
Glu200 for chlorogenic acid. Cichoric acid adoptsa
bended conformation, forming atriangle with groups
involvedinhydrogenbondinteractionsarranged at each
corner. Similar bended structures could be adopted by
other non competitiveinhibitors(figure8). Chlorogenic

i -
P n?( 80 (C)’X 9

Bl 192

Figure5: PTP1B allaosteric ste. A. Distancesbetween aminoacidsinvolved in hydrogen bond for mation with cichoric acid
(7l (Swish prodatabase). B. Distancesbetween aminoacidsinvolved in hydrogen bond for mation with chlor ogenic acid [™
(Swish pro database). C. aminoacidssurrounding theallosteric site of PTP1BI[",

Figure 6 : Binding of the allosteric inhibitor 3-(3,5-dibromo-4-hydroxybenzoyl)-z-ethyl-N-[4-(1,3-thiazo|-2-
ylsulfamoyl)phenyl]-1-benzofur an-6-sulfonamide (PDB: 1T4J) [ totheallosteric siteof PTP1B. A. Indicativeaminoacids
at appropriatedistancesfrom hydr ogen donor /acceptor groupsof the moleculeenabling hydr ogen bondsfor mation (green).

B. Distancesbetween the main hydr ogen acceptor/donor groupsof the moleculecapableto beinvolved in hydr ogen bond
interactions.
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acid isasmaller molecul e wich adoptsanot bended
conformation. Thesyntheticinhibitor, 3-(3,5-dibromo-
4-hydroxybenzoyl)-2-ethyl-N-[4-(1,3-thiazol - 2-
ylsulfamoyl)phenyl]- 1-benzofuran-6-sulfonamide,
adopts a doubl e bended conformation enabling hy-
drogen bond interaction with theaminoacidsAla 189,
Asn193, Glu276, Lys279, Met280 and Phe 280 (Fig-
ure 6). Moreover, orientation of thiazolyl moiety en-
ablesinteraction with Phe280, further stabilizing the
complex. Orientation of the synthetic compound 3-
(3,5-dibromo-4-hydroxybenzoyl)-2-ethyl-N,N-dim-
ethyl-1-benzofuran-6-sulfonamideinto the allosteric

LI
HO CH,
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centre is shown in figure 11. Interactions with
aminoacidsAla189, Asn193, Glu276 arefavoredin
thiscase.

Theexigtenceof agreat number of polar aninoacids
inthetwo helixesforming thed losteric center strongly
favorsinhibitor structureswith many hydrogen donor/
acceptor groups. Hydroxyl and carbonyl groupsaswell
as SO, groups aremainly observed in most known al -
lostericinhibitors. Themultiple possibilitiesof hydro-
gen bond interactionswith theaminoacidsof helixes5
and 9 alow many favorabl e orientationsof thesegroups
withinthemolecule,
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Figure7: Sructuresof PTP1B inhibitor sinteracting with the sitesA, B and C of the enzyme. For each compound the
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Figure8: PTP1B inhibitorshindingtotheallosteric center. 1. phlor ofur ofucoeckol, 2. dopxinodehydroeckol, 3. eckal, 4.
cichoricacid, 5. 7-phloroectal, 6. chlorogenicacid, 7. dieckal, 8. allostericinhibitor PDB:1T 48

SPECIFICITY OFPTP1B INHIBITORS

Since, agreat number of tyrosinephosphatasesare
involvedincrucia cdl sgnaing processes, selectivein-
hibition of PTP1B isanimportant target and amanda:
tory property of an effectiveinhibitor with low side ef-
fect profile. Although, dl tyrosine phosphatases exhibit
increased protein sequencesimilarity, proteintyrosine
phosphatase LAR (Leucocyte antigenereated) and T-
cell PTP sharethemost common characteristicswith
PTP1B.

Tyrosnephosphatase LAR isatransmembrane pro-
tein consisted of an extracd lular portion containing one
Ig-like and onefibronectin typelll-like domainsand
anintracelular portion. Theintracel lular portion con-

sistsof twodomains: TheD1 domain of LAR hasen-
zymatic phosphatase activity. LAR isinvolved in neu-
ronal devel opement, regulation of cdll-cell adhesonand
modulation of insulinsignaing®. Itasoactsoninsulin
receptor dephosphorylation and could also beadrug
target for diabetesmdllitustype I trestment according
to some scientistg®. Although, PTP1B and LAR are
present in almost all kind of cells, they seemto have
mainly different functions: on onehand PTP1B ismostly
responsi blefor dephosphorylationin liver and muscle
cdlswhileontheother hand, the PTPLAR isresponible
for 40 % of the dephosphorylation in adiposetissue.
In spite of homology, LAR hassubstantial differ-
encesfrom PTP1B. Mot importantly, theactivesite of
LAR isclearly less basic than that of PTP1B. So it
doesnot interact so easily with acidic inhibitorg®4.
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T-cell PTP shares the greatest similarity with
PTP1B. Thecataytic sitesof thetwo enzymesexhibit
absol ute sequence match (Figure 9). However, differ-
encesexist mainly in aminoacidsinthe neighbourhood
of the secondary binding site B such as S28—H,
A27—S, K26—E, H25—N, and the more distant
aminoacids Q21—L, A18—>P, A17—Q, in Lys 41
interacting with C-gtebindinginhibitors(41K—R) and
inoneof theaminoacidsinvolvedininteractionswith
the alosteric inhibitors, F280—C. So, inhibitors,
placedinvicinity of Arg24 of secondary site B, inhibi-
torsinteracting with Lys41 of site C or allostericin-
hibitorsinteracting with Phe280 haveincreased prob-

10 20 30

PTP1B
TCPTP
10 20 30

80 90 100 110

MPTTI:?:—EEL“TF?QNQDLILEIFNASHEYPQFVH{TPETEHIBBQV?D]°P1DHSQTFLANﬂEhD__chLJEILL

ability to exhibit low or now interaction with T-cell
PTP. Examples of selective PTP1B inhibitors are
showninfigure12.

Comparison of the 3D structures of PTP1B to
TCPTPintheabsenceof inhibitor revealsanearly per-
fect dignmentinamost al partsof themolecules(Fig-
ure 10). Themost significant differenceisobservedin
the portion of the protein chain between Glu115 and
Leu119 which doesnot seamto affect inhibitor interac-
tion, whileminor disturbancesin 3D structureare ob-
served between Leu61 and Asp63 with no effect on
enzymeinhibition and between aminoacidsAla27 and
Asp3lintheregion of siteB.
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Figure9: Comparison of protein sequencesbetween PTP1B and TCPTP. Aminoacidsof sitesAland A2 arehighlighted
in yellow. Differencesin aminoacids between the two enzymesin the regions of site B, site C and allosteric site are

marked in grey.

When aninhibitor isattached to thebinding site, a
significant movement of the loop containing the
aminoacids D181, F182, G183 isobserved resulting
inasignificant difference with the non complexed
TCPTP(Figure11A). No significant additiond differ-
encein 3D structure of PTP1B complex with an al-
losteric inhibitor and non complexed TCPTPisob-
served (Figure 11B).

STRUCTURAL CHARACTERISTICSOF
PTP1B INHIBITORS

Mimicking phospho-tyrosineresiduesof the natu-
ral substrate, most synthetic PTP1B inhibitorscontain
oneor two aromatic rings bearing acidic groups. Car-

boxylic and phosphate substituentswerethemaost com-
monly used. lonic interactions and hydrogen bonds
between these groups and the crucial aminoacids of
theactivesteareinvolvedincomplex stabilization. Hy-
droxy- and oxo-, akoxy-, amino- and -SO, groups
asotakepart in Hb formation®4. A favorablestructure
was proposed on 2007 by Bharatham et. al. based on
structura similaritiesof knowninhibitors. Themode
proposesthe existence of an aromatic moi ety asecond
aromatic or hydrophobic moiety at adistance of about
5.8— 7.8 A and a third H-bond acceptor moiety at a
distanceof 9.3-12.3 A and 10.6-13.0 A from the other
two moietiesrespectivelyi®l.

Based on crystd structuresof knowninhibitors, one
can not overlook thesignificance of hydrogen bondsin
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complex stabilizationand thecommonly observed pres-  ceptor groupscapabletointeract with aminoacidsplaced
ence of two or three clusters of hydrogen donor/ac- onsitesA1,A2, B and C respectively.

| :
Figure10: 3D structurealignment between PTP1B and TCPTPin theabsenceof inhibitor. PTP1B isindicated with blue.
TCPTP correspondsto the yellow structure. TCPTP aminoacids when referred is shown in brackets. Alignment was
perfor med between non complexed PTP1B structure, PDB: 3A5K, and non complexed TCPTP structure, PDB: 1L 8K, by the
method jFATCAT _rigid, usingthe Sructurecomparison tool of RCSB Protein Data Bank.

TCPTP (PBD: 1LBK)
PTP1B (PBD: 1PXH

Figure 11: Comparison between the non complexed structureof TCPTPand the structureof PTP1B complexed with the
nhibitor 3-[[2-[4-[difluor o(phogphono) methyl]phenyl]acetyl] amino]-4-[[(2S)-3-[4-[difluor o(phosphono)methyl] phenyl]-1-oxo-
1-(pentylamino) propan-2-yl] amino]-4-oxobutanoic acid (PDB: 1PXH) (Figure 11Aa), with theinhibitor [6-[4-[(2R)-2-
(benzotriazol-1-yl)-3-[4-[difluor o(phosphono)methyl]phenyl]-2-phenylpropyl]phenyl]-2-[(1S)-1-methoxy-3-
methylbutyl]quinolin-8-yl]phosphonicacid (PDB: 1Q6T) (Figure11Ab),with theinhibitor 3-(3,5-dibromo-4-hydr oxybenzoyl)-
2-ethyl-N,N-dimethyl-1-benzofur an-6-sulfonamide (PBD: 1T48, figure 11Baand 11Bc) or theinhibitor 3-(3,5-dibromo-4-
hydr oxybenzoyl)-2-ethyl-N-(4-sulfamoylphenyl)-1-benzofur an-6-sulfonamide. (PBD: 1T 49, FigureBb), (RCSB PDB Pro-
tein Comparison Toal).
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Combining the observations concerning the mol-
eculesoccupying simultaneoudy thesitesA1,A2 and
B or A1, A2 and C, one can noticethat existence of
three hydrogen donor/acceptor moietiesat distances
of 8.6-13,5 A and 10-14 A with each other, with
the appropriate angle or abending capacity round
the central donor/acceptor group may enable

HO o
Ki -22 nM,
| 2 fold selectivity
N !
HO
I :
Ki =18 nM,
4 fold selectivity
.‘i
CH \5,
0
Ho\g,OH 0

simultaneusinteraction with active siteA (A1,A2)
and the secondary site B or C. Interactionswith the
secondary sitesincrease the possibility of develop-
ing moreeffectiveand highly seectiveinhibitors, since,
more differencesin aminoacids between PTP1B and
the highly similar phosphatase TCPTP arelocated in
these areas.

HO 0

0 Ki -3 uM,

5 fold selectivity
OH
o
Ch’ “n’
OH

0, OH
4 HO-P F
Ki =2.4 nM, F
11 fold selectivity

= 8uM

Ki=1pM

. >200 fold selectivity
H

Figure12: Indicativestructuresof seective PTP1B inhibitors. M olecules 1-4 ar ebelieved tointer act with the activesite of
theenzyme. Compounds5, 6 and 7 areconsider ed to interact with an allosteric site.

Structures with many hydrogen donor/acceptor
groupsseamto favor interaction with the al osteric cen-
tre. Hydroxyl and carbonyl groupsaswell as SO, groups
may represent the polar parts of the molecule, while

many favorableorientations of these groupswithinthe
structure may occur. Existence of an aromatic moiety
at appropriate position may increase activity and selec-
tivity of theinhibitors.
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Cell penetrationisone of the problemscommonly
faced intheeffort of development of potent PTP1B
inhibitors. Thefirst molecul es, mimicking phospho-ty-
rosineresiduesof thenatural substrate contained nega:
tively charged groups such as phosphateand carboxylic
groups. These charged molecules had agreat diffi-
culty in penetrating cell membranes. However, recent
results haveindicated that other™ hydrogen donor/
acceptor groups may be used, such as hydroxy- and
oxo-, alkoxy-, —SO, and-NO, group™®. Incorpora-
tion of such non charged groups may lead to the de-
velopment of moleculeswith improved cell perme-
ability properties.
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