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Abstract 

 

  Protein tyrosine phosphatase 1B (PTP1B) is a key negative regulator of insulin 

signaling pathway. Inhibition of PTP1B is expected to improve insulin action. 

Appropriate selectivity and permeability are the gold standard for excellent PTP1B 

inhibitors. In this work, molecular hybridization-based screening identified a selective 

competitive PTP1B inhibitor. Compound 10a has IC50 values of 199 nM against 

PTP1B, and shows 32-fold selectivity for PTP1B over the closely related phosphatase 

TCPTP. Molecule docking and molecular dynamics studies reveal the reason of 

selectivity for PTP1B over TCPTP. Moreover, the cell permeability and cellular 

activity of compound 10a are demonstrated respectively. 
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Introduction 

 

Diabetes mellitus is a comprehensive metabolic syndrome, with the progress of the 

disease, which may lead to blurring vision, cardiovascular diseases, kidney or other 

organ damage, dysfunction and many more.[1] Type-II diabetes accounts for more 

than 90% of the total in all diabetics.[2] PTP1B down regulates insulin signaling by 

catalyzing the dephosphorylation of phosphotyrosine residues, and precise control of 
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the phosphorylation levels of proteins involved in insulin signal pathways.[3, 4] 

Elchebly, M. and Klaman, L. D. et al have disclosed that PTP1B knockout mice 

revealed phenotypes of enhanced sensitivity to insulin, lower plasma glucose and 

insulin levels in 1999 and 2000.[5, 6] Thus, PTP1B was recognized as an attractive 

therapeutic target for type-II diabetes.[7] PTP1B was the first validated PTP target, 

which has been cloned and fully characterized in 1988. However, as of 2016, there 

were not any of small molecule PTP1B inhibitors, as therapeutic drug for type-II 

diabetes, approved over the world. This is in sharp contrast to that several small 

molecule kinase inhibitors have been approved in recent years.[8] Why is this so? 

Three significant challenges to the development of excellent small molecule PTP1B 

inhibitors are: (1) the relatively shallow nature of the catalytic pocket of PTP1B, 

which is disadvantageous for binding of small molecule inhibitors.[9] (2) the catalytic 

pocket consists of several polar amino acids (Ser216, Cys215 and Arg221 et al), 

which result in that small molecules only containing polar groups could effectively 

bind to the catalytic site.[10] The initial PTP1B inhibitors were pTyr mimetics based 

on the electrostatic properties of active site. The phosphonates, carboxylic acids, 

sulphonamides and sulphanamic acids were initially used as pTyr mimetics for 

designing of PTP1B inhibitors.[11-13] These pTyr mimetics with negative charge 

were hydrophilic, which resulted in poor cell permeability and oral bioavailability. (3) 

TCPTP is the most homologous to PTP1B, with 74% sequence identity in the 

catalytic region. However, the knockout of TCPTP would result in abnormalities in B 

cell and T cells functions.[14] Therefore, it is difficult but important to achieve high 

selectivity for PTP1B over TCPTP based on above observation.  

 
Figure 1. Structures of PTP1B inhibitors 

A number of PTP1B inhibitors including synthetic and natural small molecules 

have been discovered and structure-based design (Fig 1).[15-18] Compound 1, 2 and 

3 were classic PTP1B inhibitors, which were designed on the basis of catalytic pocket 

characteristics. Compound 4, 5 and 6 were derived from natural products and have 

also been proved to be active against PTP1B. The compound 1 and 

2-oxalylarylaminobenzoic acid derivative 2 showed potent activity (1 : IC50=120 nM, 
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2: IC50 = 18 nM). Unfortunately, they showed little selectivity (1: 1.0-fold; 2: 3.6-fold) 

for PTP1B over TCPTP.[19, 20] The compound 3 was a heterocyclic pTyr Mimetic 

without electronegative groups, showed nanomolar activity (IC50=32 nM) and 

demonstrated modest caco-2 permeability (0.4×10-6 cm/s), but without selectivity.[15, 

21, 22] Additionally, a number of PTP1B inhibitors from natural product have also 

been discovered. The natural products 4, 5 and 6 exhibited a micromolar level of 

activity (4: IC50 = 0.18 µM; 5: IC50 = 2.42 µM; 6: IC50 = 4.8 µM) against PTP1B, 

however, the selectivity or membrane permeability of these compounds were not 

further reported.[23-25] All of above observations indicated that (1) some PTP1B 

inhibitors derived from plants or microorganism without charged groups only showed 

modest activity, (2) some artificially designed inhibitors exhibited excellent inhibitory 

activity, but lacked adequate membrane permeability or selectivity. It is relatively easy 

to obtain highly active PTP1B inhibitors. The real greater challenge is to enhance the 

selectivity and permeability of PTP1B inhibitors.  

Our laboratory has reported a number of bromophenols (BPN, BDB et al) derived 

from marine alga Rhodomela confervoides, which displayed sub-micromolar PTP1B 

activity.[26-31] They shared similar structural features, that was, containing one or 

more bromophenol functional groups. Similarly, a large number of polyphenols have 

also been found in terrestrial plants, which showed a variety of biological activity, 

including anti-parasite, antitumor, antioxidant, antibacterial and anti-diabetic.[25, 

32-35] Unlike natural products derived from the sea, terrestrial plant metabolites are 

usually free of halogens because of the lack of halogen sources. Pentagalloyl glucose 

was discovered in roots and fruits of a variety of terrestrial plants, which showed 

micromolar activity against PTP1B, but without further study of selectivity and 

permeability.[25, 36] Would it work if polyphenols derived from terrestrial plants 

were replaced by bromophenols from marine algae? The initial design strategy of 

these hybrid molecules was shown in Fig S1. 

 

Figure 2. Compounds 8-11a were first designed. 

Compound 10a and 11a were originally designed, which incorporated four 

molecules of bromophenol functional groups that were coupled to ribose or xylose 
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respectively. In order to investigate the effect of number of functional groups on 

activity, compounds 8a and 9a were also designed (Fig 2). The synthetic route of title 

molecules 8-11a was shown in Scheme S1. Interestingly, only β-anomer of 11a was 

obtained. The effect of synthesized compounds (3a-11a) on recombinant PTP1B 

inhibition was evaluated using colorimetric assay. The inhibitory rate was measured at 

concentration of 10 µM, and the compounds with good inhibition rate (>50% at 10 

µM) were selected for IC50 assay. The results of the enzymatic assay were shown in 

Table 1. The intermediates (3a-7a), which contain one or more bromophenol groups 

protected by TBDMS, do not exhibit PTP1B inhibitory activity with the inhibition 

rate < 50% at 10 µM. The targeted compounds (9a-11a) with 3 or 4 bromophenol 

groups are ideal to potent inhibitors of PTP1B with IC50 values 0.19-0.24 µM. The 

compound 8a, with two bromophenol groups coupled by ethylene glycol, is 

significantly less active toward PTP1B. Interestingly, the increase of bromophenol 

group leads to enhanced compound activity, whereas the xylose or ribose linker has 

little effect on activity. Does an analog containing 5 bromophenol groups have the 

higher activity? Unfortunately, we failed to synthesize glucose bromophenol 

derivatives, which contain 5 bromophenol groups and coupled by glucose. That was 

probably due to the presence of bromine atoms which greatly increased the steric 

hindrance. Additionally, the compound 6 (Fig 1) with five polyphenol groups coupled 

by glucose, showed IC50 value of 4.8 µM against PTP1B. The activity of 9-11a was 

20-fold greater than that of 6.  

 

Table 1. Inhibition of PTP1B by Inhibitors 3-11a 

compd 
% PTP1B inhibition 

(at 10 µM ) 

IC50 

(µM) 
compd 

% PTP1B inhibition 

(at 10 µM ) 
IC50 (µM) 

3a 24.23±3.00 - 8a 25.04±6.33 - 

4a 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 - 11a 99.00±15.38 0.20±0.03 

7a 41.94±10.32 - 6a  4.8 
a6: data from literature.[25] 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

Figure 3. Compounds were designed for SAR study. 

To investigate the effect of phenolic hydroxyl and bromine atoms on the activity, 

analogues (8-11b, 4-7c, 8-11d) bearing varying substituted benzene ring were 

prepared (Fig 3). The structures and synthetic route of these compounds were shown 

in Scheme S2. The compounds 11b and 11d were β-anomer, which was same to that 

of 11a. However, α and β-anomer of 7c were obtained under the same condition. 

These new analogues were then evaluated for their ability to inhibit PTP1B in 

colorimetric assay (Table 2). The compound 8b, 4c and 8d, containing different 

substituted benzene rings which were coupled by ethylene glycol, showed no activity 

(IC50 > 20 µM). The observation was consistent with compound 8a, which revealed 

that compounds containing two bromophenol groups did not have PTP1B inhibitory 

activity. Compound 9b, one of the hydroxyl groups on every substituted benzene ring 

was replaced by a methoxy group, showed modest inhibition against PTP1B (IC50 = 

8.45 µM). However, the activity of compound 9b is significant decreased compared 

with the corresponding compound 9a, which contains two hydroxyl groups on every 

substituted benzene ring. Further, the compound 5c, all hydroxyl groups were 

replaced by methoxy groups, was complete inactive against PTP1B. The same 

conclusion was observed for compounds 10a, 10b, 6c and 11a, 11b, 7c. It revealed 

that the compounds with free hydroxyl groups were more potent PTP1B inhibitors 

than the corresponding methoxyl compounds. The compounds 10b and 6c displayed 

obviously improvement in potency compared with the corresponding compounds 9b 

and 5c, and it is consistent to that the PTP1B inhibitory activity of 10a is greater than 

9a. It indicated that the increase of bromophenol group improved PTP1B inhibitory 

activity. The compound 9d containing 3, 4-dihydroxybenzene ring exhibited weaker 

activity than that of compound 9a and 9b bearing bromine-substituted benzene ring. It 
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was similar that the inhibitor 10d and 11d showed higher IC50 values than 10a and 

11a, respectively. Reduction of bromine atom led to drop in PTP1B inhibitory potency, 

suggested that the existence of bromine substitution on the phenyl ring had a certain 

influence on the inhibitory activity against PTP1B. It was unclear why inhibitor 7c 

and 11b were more active than the closely related inhibitors 6c and 10b, on the 

contrast, the compound 11d and 11a were less active than 10d and 10a. It was 

ambiguous that the effect of saccharide on activity against PTP1B. In general, 

compound 10a bearing dihydroxy bromobenzene group exhibited the best inhibitory 

activity and was selected for further study. 

 

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

compd IC50 (µM) compd IC50 (µM) 

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 9d 12.3±0.26 

4c > 20 10d 2.20±0.22 

5c > 20 11d 3.00±0.32 

 

  

Figure 4. (A) Compound 10a is a classical competitive inhibitor. (B) Interaction of 

inhibitors (10a, 11b, 5c and 7c) with PTP1B by SPR. Data is presented as maximum 

binding. 

 

A detailed kinetic analysis of 10a was then conducted using p-NPP as the 

small-molecule substrate in a continuously monitored colorimetric assay. 

Lineweaver-Burk analyses of compound 10a against PTP1B, confirmed that it was a 

competitive inhibitor with classical kinetic behavior (Fig 4A). The surface plasmon 

resonance (SPR) could characterize the interaction between drug targets and 

small-molecules and has been exploited as a powerful tool for drug discovery. Here, 
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the SPR technology was used to analyse small molecule (10a, 11b, 5c and 7c) binding 

to PTP1B. SPR traces were presented in Fig S2. The response values of representative 

inhibitors were displayed in Fig 4B. The compound 10a contained two phenolic 

hydroxyl in one bromophenol functional group showed most potent binding to PTP1B. 

The inhibitor 11b bearing a phenolic hydroxyl in one bromophenol group showed a 

significant reduction in binding to PTP1B. Conversely, no binding was observed in 

compounds 5c and 7c which did not contain free phenolic hydroxyl groups. 

Additionally, the inhibitors (10a, 11b, 5c and 7c) displayed no binding to the blank 

(Fig S3), in which there was no immobilized protein. The SPR binding data 

demonstrated that the compound 10a could be bond to PTP1B and supported an 

important role for phenolic hydroxyl in the interaction with PTP1B. 

 
Figure 5. Model of inhibitor 10a bound to PTP1B (PDB: 1QXK). (A) The surface of 

catalytic pocket of PTP1B. (B) H-bonds between 10a and key amino acids. (C) The 

distance between PHE182 and 10a.  

 

Molecular docking was performed to predict the binding mode of 10a with PTP1B 

and explain the interaction of 10a with PTP1B. The X-ray structure of PTP1B with a 

difluorophosphonate inhibitor as the ligand was used as the starting point (PDB code 

1QXK).[37] After the difluorophosphonate inhibitor was removed from the protein 

structure, 10a was minimized using Tripos force field of SYBYL-X 2.0 software. Fig 

5A showed the binding orientation of 10a minimized in the catalytic binding pocket 

of PTP1B. The binding site of the PTP1B was shown in the opaque molecular surface 

colored by atom type representation. One of the substituted benzene ring was 

embedded into the catalytic pocket, and the remaining substituted benzene rings were 

located at the inlet of the catalytic pocket. The dihydroxybenzene ring moiety plays an 

important role in the binding, as a plurality of hydroxyl groups involved in hydrogen 

bonding interactions with amino acid residues Lys120, Asp181 and Arg47, 48, 221 et 

al (Fig 5B). The key distance (3.30 - 3.44 Å) between a substituted benzene ring 

which was not involved in the formation of H-bonds and Phe182 was shown in Fig 

5C. A π-π stacking interaction was observed between the phenyl ring and Phe182. All 

of the substituted benzene rings of inhibitor 10a formed an interaction with 
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corresponding amino acid residues, that might explain why compound 10a exhibited 

excellent activity against PTP1B. 

 

Table 3. Inhibition of Phosphatases by Inhibitors 9a and 10a 

compd 

IC50 (µM) 

PTP1B TCPTP SHP2 PTPLAR Selectiveb 

9a 0.24±0.02 1.98 4.53 NAa 8.0 

10a 0.19±0.04 5.94 15.86 NA 32.0 

6c 4.8 0.07 > 50 > 50 0.01 
aNA: no activity (the inhibitor % in 20 µg/mL < 25.0%). bSelective: IC50 

(TCPTP)/IC50 (PTP1B). c6: data from literature.[25] 

 

Compound 10a is the best inhibitor in all title compounds against PTP1B. Does it 

have selectivity for PTP1B over other phosphatases? Further, the selectivity of the 9a 

and 10a was determined by measuring their inhibitory activity against a panel of 

several phosphatases including TCPTP, SHP-2 and PTPLAR. The IC50 values of 

inhibitors 9a and 10a against the phosphatases, and the selectivity ratios were shown 

in Table 3. The compound 9a and 10a showed no activity against PTPLAR, and only 

exhibited moderate activity for SHP2. We were gratified to find that compound 9a 

and 10a were selective for PTP1B over PTPLAR and SHP2. On the basis of amino 

acid sequence homology, TCPTP was the phosphatase most closely related to PTP1B. 

The inhibitor 9a had 8-fold selectivity for PTP1B over TCPTP. Furthermore, the 

compound 10a showed 32-fold selectivity for PTP1B over TCPTP. It was a 

significant level of selectivity given the 74% sequence homology in their catalytic 

active site. The compound 10a was more excellent than the vast majority of PTP1B 

inhibitors reported in literatures.[15, 16, 38] Additionally, the compound 6 did not 

exhibit selectivity for PTP1B over TCPTP, by contrast, displayed the lower IC50 value 

against TCPTP than that of PTP1B. 
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Figure 6. (A), (B) and (C): The binding mode and interactions of compound 10a with 

TCPTP (PDB: 1L8K). The surface of catalytic pocket of TCPTP, the key amino acids 

and the distance between Phe183 and 10a are shown separately. (D) The structure of 

TCPTP (pink) has been aligned with PTP1B (green). 

 

A positive effort was made to explain the selectivity of inhibitor 10a by performing 

molecular docking and molecular dynamics (MD) simulations. The binding mode of 

compound 10a with TCPTP [39] was displayed in of Fig 6A. Some main interactions 

between inhibitor 10a and the receptor can be observed in of Fig 6B and 6C. The 

superimposed images of secondary structures of TCPTP and PTP1B (PDB: 1QXK) 

was shown in of Fig 6D, as the Phe182 of PTP1B and Phe183 of TCPTP were 

displayed separately. Only one crystal structure of TCPTP was available in the Protein 

Data Bank, and this structure has the WPD loop in the open position, which formed a 

larger catalytic pocket than that of PTP1B. The substituted benzene rings were loosely 

distributed in the binding pocket. Only the oxygen atoms of the ribose and the ester 

bonds formed hydrogen bonding with amino acid residues Arg222 and Phe183, that 

was different from the binding pattern of 10a with PTP1B (Fig 5A and 5B). In 

addition, in contrast to the closed WPD loop of PTP1B, the WPD loop of TCPTP is 

open, which led to the opposite orientation of Phe183 (Fig 6D). The closest distance 

between the substituted benzene ring and Phe183 is 5.16 Å, which resulted in the loss 

of π-π stacking or T-shape interaction.  

Unlike the only TCPTP structure with an open WPD loop did not bind with any 

ligands, the PTP1B (PDB: 1QXK) with a closed WPD loop had a 

difluorophosphonate inhibitor as the ligand. A ligand-free PTP1B crystal structure 

(PDB: 3A5J) was chosen for further investigation of the mode of binding to the 
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inhibitor 10a, considering that the presence of the ligand might affect the position of 

loop. The binding mode and H-bond interaction were shown in Fig S4. The 

orientation of 10a in binding pocket of PTP1B (PDB: 3A5J) was very similar to that 

in TCPTP (Fig 6A). However, there are three substituted benzene rings of compound 

10a that formed H-bonds with PTP1B (Fig S4B), which was completely different 

from the bonding between 10a and TCPTP. Although the WPD loop of PTP1B (PDB: 

3A5J) without ligands was also in the open position which was the same to TCPTP, 

the orientation of Phe182 in PTP1B (PDB: 3A5J) showed a significant difference with 

that of Phe183 in TCPTP (Fig. S5A). Most notably, the distance between Phe182 and 

one of substituted benzene ring was appropriate for the formation of π-π stacking 

interaction (Fig. S5B).  

 

Figure 7. Evolution of the distance between the pairwising interacting atoms that can 

form H-bonds from 10a and residues of TCPTP (1L8K) or PTP1B (3A5J). 

 

  The interaction of the protein with ligands is a dynamic process that results in a 

lower binding energy of the complex and a more stable complex. Molecular docking 

is a static process, it can only show the interaction of ligand and protein at a certain 

moment. While the dynamic process of ligand-protein binding could be displayed by 

MD simulation, which take into account the influence of water molecules and ions et 

al. The binding modes of 10a and PTP1B (3A5J) or TCPTP (1L8K) were shown in 
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Fig S6 after 50 nanoseconds of MD simulation. Compound 10a bound with the 

TCPTP and PTP1B in a similar mode with three aromatic rings embedded into the 

binding site and the forth one exposed outside. Three benzene rings of 10a were 

loosely distributed in the binding pocket of TCPTP, whereas the three benzene rings 

embedded in PTP1B form π-π stacking interaction which made the ligand more stable. 

Further, the hydroxyl groups at the aromatic ring formed hydrogen bonds with 

Glu115 and Asp46 of TCPTP, whereas four amino acids were involved in the 

interaction between the PTP1B and inhibitor 10a. The H-bonds between Glu115, 

Asp46 and inhibitor 10a were newly generated during MD simulation, and the 

original interactions between Phe183, Arg22 and 10a were lost in complex 

TCPTP/10a (Fig 6B and Fig S6A). The H-bonds between Glu115, Arg222 and the 

inhibitor were always present throughout the MD simulation in complex PTP1B/10a 

(Fig S4B and Fig S6B). The stability of these hydrogen bonds was evaluated by 

calculating the evolution of distances between H-bond interacting atoms in 50 ns MD 

simulations (Fig 7). The distances of the pairwise interacting residues substantially 

fluctuated at the beginning of the MD except that between Glu115, Arg222 and 10a in 

complex PTP1B/10a. Afterwards, the distances reached equalization and maintained 

constant in the last 20 ns of the MD, which suggested that these hydrogen bonds were 

stable. Additional, the distance between benzene rings of 10a and phenylalanine of 

PTP1B or TCPTP was more than 5 Å, which resulted in the loss of π-π stacking or 

T-shape interaction (Fig S7). The observation was different from the result found in 

molecule docking (Fig 5C and Fig S5B), and indicated that the interaction of the 

ligand with phenylalanine was unstable and not durable.  

 
Figure 8. (A)PTP1B (3A5J, in yellow) was aligned with itself after dynamic 

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

dynamic simulation (in blue). (C) Molecular dynamic simulation of 10a bound with 

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

 

  The change of protein conformation reflects its stability in MD simulation. The 

WPD loop is highly correlated with the catalytically active site of PTP1B and TCPTP. 

The WPD loop of PTP1B (3A5J) has always been in open position before and after 
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dynamic simulation (Fig 8A), in contrast, the position of loop of TCPTP (1L8K) 

changes from open to half-close (Fig 8B). The root-mean-squared deviation (RMSD) 

is widely used to assess the distance between two aligned objects. The backbone 

RMSD value of PTP1B was lower than that of TCPTP, which suggested that the 

PTP1B/10a was more stable than TCPTP/10a in 50 ns MD simulation (Fig 8C). All 

the above observations suggested that the interaction between 10a and PTP1B was 

more potent and stable than that between 10a and TCPTP. That may be the reason, at 

least in part, why the compound 10a displayed significant selectivity for PTP1B over 

TCPTP. 

 

Figure 9. Cell uptake of compound 10a in C2C12 myotubes (10 µM exposure for 8 

h). (A) DMSO treat group (control). (B) The internal standard (10 mM × 10 µL) 

was added after cell was disrupted. 

 

  The permeability of inhibitor 10a was assayed in C2C12 myotubes by HPLC (Fig. 

9). Cell was treated with DMSO (control group) or 10a (0.1 µmol) and subsequently 

incubated for 8 h. The medium was then removed and cell was disrupted. An equal 

amount of the internal standard[40] was added, and then the cell debris was removed 

by filtration. The amount of compound 10a ingested into the cell was analyzed by 

HPLC to obtain cell uptake. The result suggested that the proportion of compound 

10a ingested into the cells was about 36.9%. Approximately 74.0 pmmol of 

compound 10a could be absorbed per million cells, which was considered to be an 

appropriate degree of cell uptake.[41] 
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Figure 10. (A) Activation of insulin signaling during exposure of C2C12 myotubes to 

10a. C2C12 myotubes were treated with 10a or 100 nM insulin. (B), (C) and (D) 

Phosphorylation levels of IRS1, IRβ and Akt. Band density was quantified and 

normalized with β-actin. The results shown are means ± SD (n = 3). (*P < 0.05, ** P < 

0.01 versus DMSO-treated group) 

 

To determine the molecular mechanism underlying the effects of inhibitor 10a on 

insulin signaling, the total and phosphorylated protein expression levels were 

performed by western blotting. Protein band intensities were quantified by 

densitometric analysis. The result showed that compound 10a (0.25, 0.5 and 1.0µM) 

increased p-IRS1 expression in an insulin-independent manner (Fig. 10). Inhibitor 

10a also significantly increased the relative abundances of p-IRβ and p-Akt compared 

with that in the control group (DMSO-treated) without affecting the expression levels 

of total IRβ and Akt. The results demonstrated that compound 10a activates insulin 

signaling through up-regulating the phosphorylation level of IRS-1, IRβ and Akt. 

 

Conclusion 

 

  In summary, the incorporation of bromophenol functional groups derived from 

marine algae and saccharide by simple molecular hybridization led to the discovery of 

some PTP1B inhibitors. Inhibitor 10a, which incorporated bromophenol and ribose, 

emerged as the most potent PTP1B inhibitor in all targeted compounds with IC50 

values of 199 nM and 32-fold selectivity over TCPTP. Molecular modeling and SPR 

studies indicated that the phenolic hydroxyls in benzene rings played an important 

role in the interaction of inhibitors and PTP1B. The MD studies revealed that the 
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PTP1B/10a complex was more stable than TCPTP/10a, which was the potent proof 

for observed 32-fold selectivity of 10a for PTP1B over TCPTP, although TCPTP and 

PTP1B shared high degree of homology in catalytic site. Additionally, the moderate 

permeability of inhibitor 10a was directly demonstrated by HPLC. Moreover, 10a 

displayed cellular activity in an IR phosphorylation assay. These results provided 

further evidence that bromophenol compounds incorporating saccharides can be 

potent inhibitors of PTP1B. Further studies on these compounds in cell permeability, 

selectivity and cellular activity would be necessary to provide PTP1B inhibitors 

suitable for in vivo proof of animal studies in diabetes. 
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� the hybrid of bromophenol and saccharide was prepared 
� compound 10a exhibited remarkable selectivity for PTP1B over TCPTP 
� molecule docking and molecular dynamics studies reveal the reason of selectivity 
� the cell permeability and cellular activity of compound 10a were demonstrated 


