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PTP1B IC5 =0.19 um
TCPTP ICs5p = 5.94 um
Selectivity: 32-fold

showed appropriate permeability
and cellular activity
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Abstract

Protein tyrosine phosphatase 1B (PTP1B) is areyative regulator of insulin
signaling pathway. Inhibition of PTP1B is expecteml improve insulin action.
Appropriate selectivity and permeability are thddgstandard for excellent PTP1B
inhibitors. In this work, molecular hybridizatiorafed screening identified a selective
competitive PTP1B inhibitor. CompouritDa has IG, values of 199 nM against
PTP1B, and shows 32-fold selectivity for PTP1B awer closely related phosphatase
TCPTP. Molecule docking and molecular dynamics istideveal the reason of
selectivity for PTP1B over TCPTP. Moreover, thel getrmeability and cellular
activity of compound.Oa are demonstrated respectively.
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Diabetes mellitus is a comprehensive metabolic ymd, with the progress of the
disease, which may lead to blurring vision, cardsnular diseases, kidney or other
organ damage, dysfunction and many more.[1] Typaidbetes accounts for more
than 90% of the total in all diabetics.[2] PTP1Bnhoregulates insulin signaling by
catalyzing the dephosphorylation of phosphotyrosesdues, and precise control of



the phosphorylation levels of proteins involved imsulin signal pathways.[3, 4]
Elchebly, M. and Klaman, L. D. et al have disclogdbdt PTP1B knockout mice
revealed phenotypes of enhanced sensitivity tolimslower plasma glucose and
insulin levels in 1999 and 2000.[5, 6] Thus, PTR4&s recognized as an attractive
therapeutic target for type-ll diabetes.[7] PTP1Bsvihe first validated PTP target,
which has been cloned and fully characterized i881However, as of 2016, there
were not any of small molecule PTP1B inhibitors,tlasrapeutic drug for type-Ii
diabetes, approved over the world. This is in sharptrast to that several small
molecule kinase inhibitors have been approvedaantyears.[8] Why is this s0?

Three significant challenges to the developmemixakllent small molecule PTP1B
inhibitors are: (1) the relatively shallow naturé tbe catalytic pocket of PTP1B,
which is disadvantageous for binding of small moleanhibitors.[9] (2) the catalytic
pocket consists of several polar amino acids (SerZlys215 and Arg221 et al),
which result in that small molecules only contagnipolar groups could effectively
bind to the catalytic site.[10] The initial PTPlBhibitors were pTyr mimetics based
on the electrostatic properties of active site. Pm®sphonates, carboxylic acids,
sulphonamides and sulphanamic acids were initiabgd as pTyr mimetics for
designing of PTP1B inhibitors.[11-13] These pTyrmmaiics with negative charge
were hydrophilic, which resulted in poor cell peah#ity and oral bioavailability. (3)
TCPTP is the most homologous to PTP1B, with 74%ueege identity in the
catalytic region. However, the knockout of TCPTRudoresult in abnormalities in B
cell and T cells functions.[14] Therefore, it idfidult but important to achieve high
selectivity for PTP1B over TCPTP based on aboveasion.

Figure 1. Structures of PTP1B inhibitors
A number of PTP1B inhibitors including syntheticdanatural small molecules
have been discovered and structure-based deiSigri).[15-18] Compound, 2 and
3 were classic PTP1B inhibitors, which were desigmedhe basis of catalytic pocket
characteristics. Compourj 5 and6 were derived from natural products and have
also been proved to be active against PTP1B. Thenpoond 1 and
2-oxalylarylaminobenzoic acid derivatiZeshowed potent activityl(: IC50=120 nM,



2: 1C50 = 18 nM). Unfortunately, they showed little seleity (1: 1.0-fold; 2: 3.6-fold)
for PTP1B over TCPTP.[19, 20] The compouhavas a heterocyclic pTyr Mimetic
without electronegative groups, showed nanomolaivigc (IC5,=32 nM) and
demonstrated modest caco-2 permeability XQ14° cm/s), but without selectivity.[15,
21, 22] Additionally, a number of PTP1B inhibitdr®em natural product have also
been discovered. The natural produdts and 6 exhibited a micromolar level of
activity (4: 1Cspo = 0.18 pM;5: ICs0 = 2.42 uM;6: 1C50 = 4.8 uM) against PTP1B,
however, the selectivity or membrane permeabilitytheese compounds wergot
further reported.[23-25] All of above observationslicated that (1) some PTP1B
inhibitors derived from plants or microorganismiwaitit charged groups only showed
modest activity, (2) some artificially designedilmitors exhibited excellent inhibitory
activity, but lacked adequate membrane permealaiigelectivity. It is relatively easy
to obtain highly active PTP1B inhibitors. The rgatater challenge is to enhance the
selectivity and permeability of PTP1B inhibitors.

Our laboratory has reported a number of bromoplse(@PN, BDB et al) derived
from marinealga Rhodomela confervoides, which displayed sub-micromolar PTP1B
activity.[26-31] They shared similar structural ti@@s, that was, containing one or
more bromophenol functional groups. Similarly, gé&anumber of polyphenols have
also been found in terrestrial plants, which showedariety of biological activity,
including anti-parasite, antitumor, antioxidant,tibacterial and anti-diabetic.[25,
32-35] Unlike natural products derived from the,dearestrial plant metabolites are
usually free of halogens because of the lack afdeal sources. Pentagalloyl glucose
was discovered in roots and fruits of a varietytatestrial plants, which showed
micromolar activity against PTP1B, but without het study of selectivity and
permeability.[25, 36] Would it work if polyphenolserived from terrestrial plants
were replaced by bromophenols from marine algae® imhial design strategy of
these hybrid molecules was showrfig S1.
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Figure 2. Compounds3-11a were first designed.
Compound 10a and 11a were originally designed, which incorporated four
molecules of bromophenol functional groups thatemeoupled to ribose or xylose



respectively. In order to investigate the effectnoimber of functional groups on
activity, compound$8a and9a were also designedrig 2). The synthetic route of title
molecules8-11a was shown irScheme S1. Interestingly, only3-anomer oflla was
obtained. The effect of synthesized compourngslla) on recombinant PTP1B
inhibition was evaluated using colorimetric asS&ye inhibitory rate was measured at
concentration of 10 uM, and the compounds with gmidbition rate (>50% at 10
KM) were selected for Kg assay. The results of the enzymatic assay wensrsiro
Table 1. The intermediates3g-7a), which contain one or more bromophenol groups
protected by TBDMS, do not exhibit PTP1B inhibitaagtivity with the inhibition
rate < 50% at 10 uM. The targeted compour8idslla) with 3 or 4 bromophenol
groups are ideal to potent inhibitors of PTP1B wiilg, values 0.19-0.24 uM. The
compound 8a, with two bromophenol groups coupled by ethylenecgly is
significantly less active toward PTP1B. Interestnghe increase of bromophenol
group leads to enhanced compound activity, whetfeaxylose or ribose linker has
little effect on activity. Does an analog contagif bromophenol groups have the
higher activity? Unfortunately, we failed to syméime glucose bromophenol
derivatives, which contain 5 bromophenol groups emdpled by glucose. That was
probably due to the presence of bromine atoms whrelatly increased the steric
hindrance. Additionally, the compoudFig 1) with five polyphenol groups coupled
by glucose, showed Kgvalue of 4.8 uM against PTP1B. The activity®ila was
20-fold greater than that 6f

Table 1. Inhibition of PTP1B by Inhibitor8-11a

% PTP1B inhibition  ICsq % PTP1B inhibition
compd compd ICs0 (LM)
(at 10 uM) (LM) (at 10 uM)

3a 24.23+3.00 - 8a 25.04+6.33 -

da 32.83+3.24 - %9a 95.45+11.20 0.24-0.02
5a 12.02+5.43 - 10a 96.37+:9.76 0.19:0.04
6a 43.56+5.86 - la 99.00+15.38 0.20:0.03
7a 41.94+10.32 - 6 4.8

%6: data from literature.[25]
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Figure 3. Compounds were designed for SAR study.

To investigate the effect of phenolic hydroxyl dm@mine atoms on the activity,
analogues &11b, 4-7c, 8-11d) bearing varying substituted benzene ring were
prepared Fig 3). The structures and synthetic route of these compourets shown
in Scheme S2. The compound$lb and11d werep-anomer, which was same to that
of 11a. However,a and -anomer of7c were obtained under the same condition.
These new analogues were then evaluated for thodityato inhibit PTP1B in
colorimetric assay Table 2). The compoundb, 4c and 8d, containing different
substituted benzene rings which were coupled bylatle glycol, showed no activity
(IC50> 20 pM). The observation was consistent with commgiBa, which revealed
that compounds containing two bromophenol groupsndit have PTP1B inhibitory
activity. Compoun®b, one of the hydroxyl groups on every substitutedzene ring
was replaced by a methoxy group, showed modedbitidn against PTP1B (l§g=
8.45 uM). However, the activity of compoufd is significant decreased compared
with the corresponding compoud, which contains two hydroxyl groups on every
substituted benzene ring. Further, the compobod all hydroxyl groups were
replaced by methoxy groups, was complete inactigainst PTP1B. The same
conclusion was observed for compouri@s, 10b, 6¢c and 11a, 11b, 7c. It revealed
that the compounds with free hydroxyl groups wer@eanpotent PTP1B inhibitors
than the corresponding methoxyl compounds. The ocoimgs10b and6c displayed
obviously improvement in potency compared with tleeresponding compoun@
and>5c, and it is consistent to that the PTP1B inhibitacyivity of 10a is greater than
9a. It indicated that the increase of bromophenolugranproved PTP1B inhibitory
activity. The compoun®d containing 3, 4-dihydroxybenzene ring exhibitedater
activity than that of compour@h and9b bearing bromine-substituted benzene ring. It



was similar that the inhibitotOd and11d showed higher I¢; values tharilOa and
11a, respectively. Reduction of bromine atom led topdin PTP1B inhibitory potency,
suggested that the existence of bromine substitiothe phenyl ring had a certain
influence on the inhibitory activity against PTP1Bwas unclear why inhibitovc
and 11b were more active than the closely related inhikitsc and 10b, on the
contrast, the compouniild and 11a were less active thafOd and 10a. It was
ambiguous that the effect of saccharide on actiagainst PTP1B. In general,
compoundlOa bearing dihydroxy bromobenzene group exhibitediiést inhibitory
activity and was selected for further study.

Table 2. Inhibition of PTP1B by Inhibitor8-11b, 4-7c, 8-11d

compd IGo (M) ~ compd  1Go (LM)

8b > 20 6c 3.41+0.13
9b 8.45+0.11 7c 1.11+0.08
10b 1.50+0.13 8d > 20
11b 0.75+0.06 ad 12.3+0.26
4c > 20 10d 2.20+0.22
5c > 20 11d 3.00£0.32
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Figure 4. (A) CompoundlOa is a classical competitive inhibitor. (B) Interact of
inhibitors (L0a, 11b, 5¢c and7c) with PTP1B by SPR. Data is presented as maximum
binding.

A detailed kinetic analysis ofil0a was then conducted using p-NPP as the
small-molecule substrate in a continuously mondoreolorimetric assay.
Lineweaver-Burk analyses of compouii@h against PTP1B, confirmed that it was a
competitive inhibitor with classical kinetic behavi(Fig 4A). The surface plasmon
resonance (SPR) could characterize the interachetween drug targets and
small-molecules and has been exploited as a powedlfor drug discovery. Here,



the SPR technology was used to analyse small mel€tfa, 11b, 5¢c and7c) binding

to PTP1B. SPR traces were presentedi@nS2. The response values of representative
inhibitors were displayed ifrig 4B. The compoundlOa contained two phenolic
hydroxyl in one bromophenol functional group showmakt potent binding to PTP1B.
The inhibitor11b bearing a phenolic hydroxyl in one bromophenolugrehowed a
significant reduction in binding to PTP1B. Convéys@o binding was observed in
compounds5c and 7c which did not contain free phenolic hydroxyl greup
Additionally, the inhibitors 10a, 11b, 5¢c and 7c) displayed no binding to the blank
(Fig S3), in which there was no immobilized protein. Th&®RS binding data
demonstrated that the compoufifia could be bond to PTP1B and supported an

important role for phenolic hydroxyl in the intetian with PTP1B.
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Figure 5. Model of inhibitorl0a bound to PTP1B (PDB: 1QXK). (A) The surface of
catalytic pocket of PTP1B. (B) H-bonds betwed®a and key amino acids. (C) The

distance between PHE182 at@h.

Molecular docking was performed to predict the gdnode ofl0a with PTP1B
and explain the interaction @ba with PTP1B. The X-ray structure of PTP1B with a
difluorophosphonate inhibitor as the ligand wasduag the starting point (PDB code
1QXK).[37] After the difluorophosphonate inhibitevas removed from the protein
structure,10a was minimized using Tripos force field of SYBYL-X0 softwareFig
5A showed the binding orientation &da minimized in the catalytic binding pocket
of PTP1B. The binding site of the PTP1B was shawthé opaque molecular surface
colored by atom type representation. One of thestgubed benzene ring was
embedded into the catalytic pocket, and the remgisubstituted benzene rings were
located at the inlet of the catalytic pocket. Titeydroxybenzene ring moiety plays an
important role in the binding, as a plurality ofdngxyl groups involved in hydrogen
bonding interactions with amino acid residues Lys1&sp181 and Arg47, 48, 221 et
al (Fig 5B). The key distance (3.30 - 3.4 between a substituted benzene ring
which was not involved in the formation of H-boralsd Phel82 was shown kig
5C. A n-n stacking interaction was observed between theyphery and Phel82. All
of the substituted benzene rings of inhibitbda formed an interaction with



corresponding amino acid residues, that might eéxpldny compoundlOa exhibited
excellent activity against PTP1B.

Table 3. Inhibition of Phosphatases by Inhibit@sand10a

ICs0 (LM)
compd PTP1B TCPTP SHP2 PTPLAR Selecfive
9a 0.24+0.02 1.98 4.53 NA 8.0
10a 0.19+0.04 5.94 15.86 NA 32.0
6° 4.8 0.07 > 50 > 50 0.01

aNA: no activity (the inhibitor % in 20 pg/mL < 25.0%fSdective: ICso
(TCPTP)/IGo (PTP1B).%6: data from literature.[25]

CompoundlOa is the best inhibitor in all titte compounds agaiRTP1B. Does it
have selectivity for PTP1B over other phosphatasesther, the selectivity of théa
and 10a was determined by measuring their inhibitory activityainst a panel of
several phosphatases including TCPTP, SHP-2 and ARPThe IG5, values of
inhibitors 9a and10a against the phosphatases, and the selectivitysratere shown
in Table 3. The compoun®a and10a showed no activity against PTPLAR, and only
exhibited moderate activity for SHP2. We were giedi to find that compoun@a
and 10a were selective for PTP1B over PTPLAR and SHP2.tl@nbasis of amino
acid sequence homology, TCPTP was the phosphatastectosely related to PTP1B.
The inhibitor 9a had 8-fold selectivity for PTP1B over TCPTP. Fertinore, the
compound 10a showed 32-fold selectivity for PTP1B over TCPTP.was a
significant level of selectivity given the 74% seque homology in their catalytic
active site. The compouritDa was more excellent than the vast majority of FHFP1
inhibitors reported in literatures.[15, 16, 38] Atilwhally, the compound did not
exhibit selectivity for PTP1B over TCPTP, by costralisplayed the lower Kgvalue
against TCPTP than that of PTP1B.



Figure6. (A), (B) and (C): The binding mode and interaciamf compoundOa with
TCPTP (PDB: 1L8K). The surface of catalytic pockETCPTP, the key amino acids
and the distance between Phel83 Hpalare shown separately. (D) The structure of
TCPTP (pink) has been aligned with PTP1B (green).

A positive effort was made to explain the seletyiaf inhibitor 10a by performing
molecular docking and molecular dynamics (MD) siatioins. The binding mode of
compoundlOa with TCPTP [39] was displayed in &ig 6A. Some main interactions
between inhibitorlOa and the receptor can be observed irFigf 6B and6C. The
superimposed images of secondary structures of PC&id PTP1B (PDB: 1QXK)
was shown in ofFig 6D, as the Phel82 of PTP1B and Phel83 of TCPTP were
displayed separately. Only one crystal structur€@PTP was available in the Protein
Data Bank, and this structure has the WPD looéndpen position, which formed a
larger catalytic pocket than that of PTP1B. Thessitiited benzene rings were loosely
distributed in the binding pocket. Only the oxygeoms of the ribose and the ester
bonds formed hydrogen bonding with amino acid ressdArg222 and Phel83, that
was different from the binding pattern @0a with PTP1B Fig 5A and 5B). In
addition, in contrast to the closed WPD loop of BBPthe WPD loop of TCPTP is
open, which led to the opposite orientation of B3FEig 6D). The closest distance
between the substituted benzene ring and Phe1R364\,, which resulted in the loss
of n-nt stacking or T-shape interaction.

Unlike the only TCPTP structure with an open WPBDpalid not bind with any
ligands, the PTP1B (PDB: 1QXK) with a closed WPDogdo had a
difluorophosphonate inhibitor as the ligand. A hdafree PTP1B crystal structure
(PDB: 3A5J) was chosen for further investigationtioé mode of binding to the



inhibitor 10a, considering that the presence of the ligand madfeict the position of
loop. The binding mode and H-bond interaction wste®wn in Fig S4. The
orientation ofl0a in binding pocket of PTP1B (PDB: 3A5J) was very isamto that

in TCPTP Fig 6A). However, there are three substituted benzems wh compound
10a that formed H-bonds with PTP1Big $4B), which was completely different
from the bonding betweel0a and TCPTP. Although the WPD loop of PTP1B (PDB:
3A5J) without ligands was also in the open positdnch was the same to TCPTP,
the orientation of Phel82 in PTP1B (PDB: 3A5J) shbwa significant difference with
that of Phel83 in TCPTHFig. S5A). Most notably, the distance between Phel82 and
one of substituted benzene ring was appropriatehferformation ofz-n stacking
interaction Fig. SoB).

20
A B
18

. TCPTP_GLU115

TCPTP_ASP46

Distance (A)
Distance (A)

10
8
6
4
24
0

0 10 20 30 40 50 0 10 20 30
Time(ns) Time(ns)

84 D 184
] PTP1B_PRO180 ] PTP1B_TYR44

T 1
40 50

< L2
® 104 @104
é’ 64 " g 64
g *m ] |
0 T T T T ) o T T T T 1)
10 20 30 40 50 0 10 20 30 40 50
20+ Time(ns) F 2 Time(ns)
E 184 184
PTP1B_ARG221 ™1 PTP1B_GLU115

Distance (A)
Distance (A)

a4 44 |

g "H. e bdimsmisidiindiuedd J’L'M,H N "
0o T T T
0 10 20 30

0 10 20 30 0 50
Time(ns) Time(ns)

40 50

Figure 7. Evolution of the distance between the pairwisimgracting atoms that can
form H-bonds fromlOa and residues of TCPTP (1L8K) or PTP1B (3A5J).

The interaction of the protein with ligands islynamic process that results in a
lower binding energy of the complex and a morelstabmplex. Molecular docking
is a static process, it can only show the inteoactf ligand and protein at a certain
moment. While the dynamic process of ligand-prot@iding could be displayed by
MD simulation, which take into account the influenaf water molecules and ions et
al. The binding modes df0a and PTP1B (3A5J) or TCPTP (1L8K) were shown in



Fig S6 after 50 nanoseconds of MD simulation. Compou®d bound with the
TCPTP and PTP1B in a similar mode with three araatgs embedded into the
binding site and the forth one exposed outsideedHrenzene rings di0a were
loosely distributed in the binding pocket of TCPT¥#hereas the three benzene rings
embedded in PTP1B formnr stacking interaction which made the ligand moadblst
Further, the hydroxyl groups at the aromatic rimgnfed hydrogen bonds with
Glull5 and Asp46 of TCPTP, whereas four amino agwse involved in the
interaction between the PTP1B and inhibii®a. The H-bonds between Glul15,
Asp46 and inhibitorl0a were newly generated during MD simulation, and the
original interactions between Phel83, Arg22 atth were lost in complex
TCPTPAOa (Fig 6B andFig S6A). The H-bonds between Glull5, Arg222 and the
inhibitor were always present throughout the MD wation in complex PTP1R0a
(Fig $4B and Fig S6B). The stability of these hydrogen bonds was evatudy
calculating the evolution of distances between lHebmteracting atoms in 50 ns MD
simulations Fig 7). The distances of the pairwise interacting ressdgubstantially
fluctuated at the beginning of the MD except thetiNeen Glu115, Arg222 aridla in
complex PTP1RlOa. Afterwards, the distances reached equalizatiahraaintained
constant in the last 20 ns of the MD, which sugegtshat these hydrogen bonds were
stable. Additional, the distance between benzemgsrof10a and phenylalanine of
PTP1B or TCPTP was more thands which resulted in the loss afr stacking or
T-shape interactionH{g S7). The observation was different from the resulin@ in
molecule dockingKig 5C and Fig S5B), and indicated that the interaction of the

ligand with phenylalanine was unstable and notldera
W :
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Figure 8. (A)PTP1B (3A5J, in yellow) was aligned with itcehdfter dynamic

simulation (in blue). (B) TCPTP (1L8K, in yellow)as aligned with itself after

dynamic simulation (in blue). (C) Molecular dynansicnulation of10a bound with

TCPTP (1L8K, in black) and PTP1B (3A5J, in red).

The change of protein conformation reflects ttsbaity in MD simulation. The
WPD loop is highly correlated with the catalytigadictive site of PTP1B and TCPTP.
The WPD loop of PTP1B (3A5J) has always been imgpesition before and after



dynamic simulation Kig 8A), in contrast, the position of loop of TCPTP (1)8K
changes from open to half-cloged 8B). The root-mean-squared deviation (RMSD)
is widely used to assess the distance between bgoed objects. The backbone
RMSD value of PTP1B was lower than that of TCPTHjclw suggested that the
PTP1BAOa was more stable than TCPTBa in 50 ns MD simulationKig 8C). All

the above observations suggested that the interabttweenlOa and PTP1B was
more potent and stable than that betwd@mand TCPTP. That may be the reason, at
least in part, why the compouri@a displayed significant selectivity for PTP1B over
TCPTP.
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Figure 9. Cell uptake of compountiDa in C2C12 myotubes (10 uM exposure for 8
h). (A) DMSO treat group (control). (B) The intelrsdandard (10 mMX 10 pL)
was added after cell was disrupted.

The permeability of inhibitotOa was assayed in C2C12 myotubes by HPE®.(
9). Cell was treated with DMSO (control group)ifia (0.1 pmol) and subsequently
incubated for 8 h. The medium was then removedcatidwas disrupted. An equal
amount of the internal standard[40] was added,thed the cell debris was removed
by filtration. The amount of compourtDa ingested into the cell was analyzed by
HPLC to obtain cell uptake. The result suggested the proportion of compound
10a ingested into the cells was about 36.9%. Approeiya74.0 pmmol of
compoundl0a could be absorbed per million cells, which wassidered to be an
appropriate degree of cell uptake.[41]
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Figure 10. (A) Activation of insulin signaling during expazuof C2C12 myotubes to
10a. C2C12 myotubes were treated witba or 100 nM insulin. (B), (C) and (D)
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normalized withB-actin. The results shown are means + SD (n = B)<(0.05,” P <
0.01 versus DMSO-treated group)

To determine the molecular mechanism underlyingetifiects of inhibitorlOa on
insulin signaling, the total and phosphorylated t@ro expression levels were
performed by western blotting. Protein band inteesi were quantified by
densitometric analysis. The result showed that @am@10a (0.25, 0.5 and 1.0uM)
increased p-IRS1 expression in an insulin-independeanner Eig. 10). Inhibitor
10a also significantly increased the relative abunéarmaf p-If and p-Akt compared
with that in the control group (DMSO-treated) witli@ffecting the expression levels
of total IR3 and Akt. The results demonstrated that compadl@alactivates insulin
signaling through up-regulating the phosphorylaterel of IRS-1, I and Akt.

Conclusion

In summary, the incorporation of bromophenol tioral groups derived from
marine algae and saccharide by simple moleculandiyhtion led to the discovery of
some PTP1B inhibitors. InhibitaiOa, which incorporated bromophenol and ribose,
emerged as the most potent PTP1B inhibitor in aijdted compounds with 46
values of 199 nM and 32-fold selectivity over TCPMblecular modeling and SPR
studies indicated that the phenolic hydroxyls imZzame rings played an important
role in the interaction of inhibitors and PTP1B.eTMD studies revealed that the



PTP1BA0Oa complex was more stable than TCPIU&, which was the potent proof
for observed 32-fold selectivity d0a for PTP1B over TCPTP, although TCPTP and
PTP1B shared high degree of homology in catalytee $\dditionally, the moderate
permeability of inhibitorl0a was directly demonstrated by HPLC. Moreoviia
displayed cellular activity in an IR phosphorylati@assay. These results provided
further evidence that bromophenol compounds ingatpay saccharides can be
potent inhibitors of PTP1B. Further studies on ¢hesmpounds in cell permeability,
selectivity and cellular activity would be necegysén provide PTP1B inhibitors
suitable for in vivo proof of animal studies in bledes.
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the hybrid of bromophenol and saccharide was prepared

compound 10a exhibited remarkable selectivity for PTP1B over TCPTP
molecul e docking and molecular dynamics studies reveal the reason of selectivity
the cell permeability and cellular activity of compound 10a were demonstrated



