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Workflow for bio-guided fractionation of antimicrobial polyphenols from 
Ugni molinae leaves using microfractionation and centrifugal partition 

chromatography: in vitro and in silico studies. 
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ABSTRACT

The misuse of antibiotics has led to high levels of drug-resistance in specific pathogens, promoting the search of molecules from 
different natural sources or the design of novel drug candidates. Medicinal and edible plants are a rich source of bioactive com-
pounds, in particular those of polyphenol class. In the present work, we screen the antimicrobial properties of an aqueous extract 
prepared from the leaves of Ugni molinae (Turz) against a panel of pathogenic bacteria strains formed by Helicobacter pylori 
(ATCC 43504), Listeria monocytogenes (ATCC 7644), Staphylococcus aureus (ATCC 9144), Escherichia coli (ATCC 11775), 
and Salmonella enterica (ATCC 13076). Preliminary fast HPLC-micro fractionation allows the identification of potential urease 
inhibitors using high throughput urea-phenol microplate assay. Afterwards, preparative fractionation by Centrifugal Partition 
Chromatography (CPC) allow to select the specific bioactive fractions. 
A combination of antimicrobial tests, enzyme assays and molecular docking resulted in the identification by HPLC-MS/MS 
of two quercetin-O-(6´´-O-galloyl)-hexosides as the most dominant compounds in the active CPC-fractions. These bioactive 
compounds were quercetin-3-O-(6´´-O-galloyl)-8-galactopyranoside (hyperin 6”-gallate) and quercetin-3-O-β-D-(6´´-O-gallo-
yl)-β-glucopyranoside (tellimoside). The molecular docking evaluation revealed that hyperin-6´´-gallate enter the binding site of 
urease and bind in through pi-cation, pi–pi, and H-bond interactions. In concordance with the in-silico assay, the CPC fraction 
containing this compound has the lowest values of IC50 for Jack bean (0.41 ± 0.08 µg/mL) and Helicobacter pylori (0.28 ± 0.08 µg/
mL) ureases, respectively. Moreover, Label-Free Microscale Thermophoresis (MST) analysis suggest that this f lavonoid forms 
a complex with urease, even inducing protein aggregation. In conclusion, Ugni molinae leaves has potent anti-urease f lavonoids 
that can contribute to significantly reduce the acclimation of H. pylori in the acidic environmental of gastric mucosa.  
Key words: Ugni molinae, Centrifugal Partition Chromatography, Jack Bean urease, Helicobacter pylori, Microscale Thermo-
phoresis, molecular docking. 
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INTRODUCTION

Ugni molinae Turcz. (U. molinae) is a Chilean shrub belonging 
to the Myrtaceae family commonly called “Murtilla”, “Murta” 
or “Uñi”. It is distributed from the Maule region to the Island 
of Chiloé, including the Juan Fernández Archipelago [1]. The 
medicinal use of the plant is of indigenous origin and is based 
on the astringent properties of the leaves. Mapuche, Puelche 
and Pehuenche use infusions of the leaves in the treatment of 
diarrhea and dysentery [2]. 

Under field observation, U. molinae is a species that is not a 
regular target of pathogens, and this fact may be related to 
highly effective defense mechanisms that include secondary 
metabolites such as phenolic compounds and saponinic 
heterosides, which are not part of the defensive chains [3]. of 
the species, but that confer innate protection (Gudesblat 2007). 
The antimicrobial and insecticidal properties of plants are 
relevant in the defense of the plant itself and in the projection 
of an applicable use against pathogens in various areas. For 
example, in the search for new antimicrobial drugs, in the con-
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servation of various products and as allelochemicals. According 
to previous chemical results of U. molinae leaves, this species 
could have an innovative application in these areas. 

Chemical composition of this plant is not yet completely clear; 
however, recent studies of the fruit and leaves indicate the 
presence of phenolic acids, flavonoids, anthocyanidins, tannins 
and saponinic heterosides [4]. Some of these compounds 
have recognized antioxidant, antidiabetic, and antimicrobial 
activities, although it has not been possible to identify all the 
molecules responsible for these effects and the underlying 
mechanisms [5–8]. Recently, two works reported that U. molinae 
phenolic-rich extracts help to avoid the aberrant aggregation 
of β-amyloid peptide (leaf extract) and polyglutamine-EGFP 
fusion proteins as model of Huntington`s disease in HEK-293 
cells (berry extracts) [9,10]. 

However, despite the myriad of studies accumulated for this 
plant, it is likely that the relationship between the polyphenolic 
compounds present in its leaves and fruits does not reach 
relevant concentrations in the target tissues for which in vitro 
cellular models have generally been proposed [11–13]. In line 
with this statement, our group has focused on the gastrointestinal 
protective effects of these compounds and the result of their 
interaction with the intestinal biota [14–18]. 
As a result of this interplay, the intestinal microbiome can 
be modulated and can metabolize polyphenols with high mo-
lecular weight into more bioactive metabolites to improve 
their bioavailability [19]. In this way, the beneficial effects of 
plants rich in polyphenols could be related to their influence 
on the balance between pathogenic and non-pathogenic bacteria 
that reside in the intestinal tract. U. molinae flavonoids have 
reported in vitro gastrointestinal protective activity and is able 
to kill several pathogenic bacteria [7,8]. 

These properties could be due to not only the combined mem-
branolytic effect of saponins, flavonoids and tannins, but also to 
more specific mechanisms such as, for example, the blocking of 
certain virulence factors or the ability to form biofilms in some 
bacteria [20]. One of the most complex bacteria to manage is 
Helicobacter pylori. Pharmacological treatment involves the use 
of a combination of antibiotics and antisecretory agents [21–23]. 
The goal of this aggressive therapy is its eradication. One of the 
characteristics of this bacteria is its great ability to survive in the 
acidic environment of the stomach and adhere efficiently to the 
gastric mucosa [24]. These features are related to the presence of 
enzymes such as urease and carbonic anhydrase, which allow it 
to buffer the surrounding environment [25]. 

In chronically infected individuals, H. pylori would constitute 
the main etiological agent of diseases such as chronic gastritis, 
peptic ulcer, adenocarcinoma, and gastric mucosa-associated 
lymphoma (MALT) [26–28]. On the other hand Escherichia coli 
is one of the bacteria best adapted to the human intestinal tract. 
Several phylogenetic groups have been described in human 
gut, but B2 and D groups seem to be associated with colorectal 
cancer (CRC), and adenomatous polyps [29]. 

These groups have high virulence and encode toxins such as 
cycle-inhibiting factor, cytolethal distending toxins, cytotoxic 
necrotizing factors and colibactin. These toxins are encoded 
in the polyketide synthase (pks) island and are responsible 
of cytotoxicity and malignant cell transformation and DNA 
damage [30]. L. monocytogenes is a Gram-positive facultative 
intracellular pathogen. Infection is frequent in individuals 
with lowered immunity such as transplanted patients or elderly 
people [31]. Since 1990, several studies have been conducted to 
monitor the presence of this bacteria in different food products 
in Chile. In one of this study, 77 samples of meat products, 
seafood and dairy products result positive for L. monocitogenes 
mainly in samples collected in Santiago. In 2000, the second 
stage of the study was carried out in salads ready-for-sale in 
different stores of Santiago. According to international scientific 
information, these products are the origin of large outbreaks of 
Listeriosis in humans. 

From 709 samples analyzed, 26% of frozen salads and 10.5% 
fresh salads from supermarkets were positive. In Chile, L. 
monocytogenes is included in the regulation of notifiable 
diseases through laboratory vigilance. Recently in 2017, a new 
outbreak was reported in meat products. L. monocytogenes 
can adhere to gastrointestinal mucosa and form biofilms on 
different types of surfaces including plastic, stainless steel, and 
glass [32,33]. Staphylococcus aureus is a human pathogen that 
causes a variety of clinical infections, being a causal agent of 
bacteremia and infective endocarditis. This microorganism is 
also related to osteoarticular and skin infections. One of its 
characteristics is that it has several types of virulence factors 
and resistance to β-lactam antibiotics [34]. Methicillin-resistant 
Staphylococcus aureus (MRSA) has become a public health 
problem, which is why the World Health Organization (WHO) 
considers S. aureus MRSA as one of the clinical challenges that 
deserve to be investigated in collaborative way [35]. 

Therapeutic options are quite limited for the treatment of 
MRSA. Thus, vancomycin is the drug of choice for the ma-
nagement of complex infections due to MRSA. However, it 
has been reported that excessive use of vancomycin leads to 
the emergence of no susceptible strains [36]. Non-typhoid 
Salmonella enterica subspecies enterica serotypes are causative 
agents of foodborne infections in developed and developing 
countries. Salmonella enterica also is gain importance in public 
health since it is responsible for foodborne diseases (ETAS). 
Salmonella enterica is characterized by its high morbidity, the 
difficulty of controlling the sources of infection. As S. aureus 
MRSA, The World Health Organization (WHO) has recognized 
S. enterica in Latin America as an important agent behind
salmonellosis [37]. This pathogen causes foodborne infection
disease and is the major cause of diarrhea in humans. S. enterica
not only infect humans, but also several animals like birds and
cattle, generating important economic damage [38]. Like the
other pathogens mentioned above, S. enterica is also of concern
due to the development of multi-resistance. The above has
motivated the search for natural agents for their elimination
such as alkaloids, phenols, and terpenes [35].
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The aim of the present work is to expand the existing data 
regarding bioactivities of an aqueous extract of U. molinae 
leaves, as well as identifying the compounds responsible for 
such properties. As far as we known, this is the first report that 
assess the anti-urease inhibitory potential of this plant. 

Here in, our workflow considers the preliminary step of fast 
HPLC micro-fractionation coupled with microplate urease assay. 
Afterwards we used Centrifugal Partition Chromatography 
(CPC), as preparative anti-urease-assay-guided fractionation 
strategy to identify individual or clusters of small molecules 
followed by traditional dereplication approach by LC-MS/MS. 
Finally, molecular docking and Microscale Thermophoresis 
were used to corroborate the ligand-enzyme interactions. 

EXPERIMENTAL
Vegetal material
Biological material from populations of U. molinae was co-
llected in blooming season (November-march, 2008 – 2009) 
in the Biobío Region. Plant sample was identified by the 
taxonomist Dr. Roberto Rodríguez Oceanographic Sciences, 
University of Concepción. One sample of was deposited at the 
CONC herbarium (146511).

Preparation of Ugni molinae aqueous leaf extract (UMALE)
A sample of 100 g of Ugni molinae leaf powder, 500 mL of 
deionized water (80°C) was added, and the mixture was placed 
in water bath with stirring at 300 rpm overnight (40ºC). The mix 
was sonicated for 20 min and filtered. Finally, the extract was 
centrifuged at 4000 x g for 20 min and the supernatant divided 
in 5 Freeze Drying Flasks, deep frozen at -80ºC and lyophilized 
at −50°C.

Antimicrobial Activity of UMALE Extract 
For susceptibility tests, Columbia agar plates supplemented 
with 5% defibrinated horse blood were used, which were seeded 
with bacterial suspension standardized according to Mc Farland 
No. 2 (6x108 cfu/mL) of strains ATCC 43504 and J99 of H. 
pylori. The agar-well diffusion method using Mueller–Hinton 
(MH) medium was used to test the UMH and MH LLEs against 
H. pylori based on standard 2 of McFarland’s turbidity. An
inoculum of H. pylori was seeded onto the surface of the M-H-
containing agar using a sterile cotton swab. The agar wells were
then drilled using a sterile 6 mm drill and filled with 100 μL of
each extract. Three dilutions of U. molinae was deposited.

Some wells were filled with 10% dimethylsulfoxide (DMSO) as 
a negative control. All plates were refrigerated at 4 °C for 30 min 
to allow the samples to spread before the growth of H. pylori 
began. The plates containing the inoculums were incubated in a 
GasPak™ anaerobic system “Oxoid” under suitable conditions, 
including a microaerobic environment at 37°C, and an in-
cubation time of 72 h. The zones of inhibition that appeared 
were then measured in millimeters. 

For L. monocytogenes ATCC 7644, E. coli ATCC 11775, S. 
aureus ATCC 9144, and S. enterica ATCC 13076, inoculum 
was spread using sterile swab on MRS agar plates, PALCAM 
and Müeller-Hinton, accordingly. Subsequently, Kirby-Bauer 
disc diffusion test was performed for UMAE sample. Plates 
were incubated for 24 h at 37°C under aerobiosis conditions. 
Antibacterial activity was tested at concentrations from 1 mg - 
0.25 mg per sisk or well. In the well-diffusion assay (H. pylori), 
amoxicillin (AMX) (Sigma-Aldrich®) was used as antibiotic 
control at a concentration of 5 μg per well, and DMSO 20% and 
sterile distilled water were used as negative controls. 

Table 1. Results of antimicrobial susceptibility tests for UMAE.

*In H. pylori test, the analyzed concentration for AMX was 100 μg /mL (5 μg/well). **For other bacteria test, disks of gentamicin
(GEN) 10 μg; chloramphenicol (CFN) 30 μg and amoxicillin (AMX) 30 μg were used. 2 UMAE was tested at 1 – 0.25 mg/well or
disc. Values with different letter are significantly different for the same concentration of UMAE (p≤ 0.05).
Statistical analysis was made with ANOVA followed by Tukey´s test.

Strains Inhibition zone (Mean ± SD, mm)
1 mg 0.5 mg 0.25 mg AMX* CC** GE**

H. pylori 43504 31.0 ± 1.1b 20.5 ± 0.9 c 12.8 ± 2.2 d 23.7 ± 1.7 Not determined Not determined
H. pylori J99 No activity No activity No activity 20.7 ± 0.6 Not determined Not determined

was observeda was observeda was observeda

S. enterica 13076 12.0 ± 1.5 a 10 ± 0.7 a 6.1 ± 1.1 b 26.3 ± 1.5 25.0 ± 1.0 25.0 ± 0.3
L. monocytogenes 7644 12.1 ± 1.0 b 9.3 ± 1.3 c 6.0 ± 1.6 d 15.0 ± 1.0 38.1 ± 0.8 38.2 ± 1.7
E. coli 11775 16.0 ± 2.1 b 12.2 ± 1.8c 6.0 ± 1.2 d No activity 27.2 ± 2.8 35.2 ± 3.0

was observed
S. aureus 9144 18.2 ± 1.8 b 15.3 ± 0.8 c 12.1 ± 2.1 d No activity 25.8 ± 0.9 22.1± 2.1

was observed
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For Kirby Bauer test, control antibiotic susceptibility disks of 
amoxicillin 30 μg, gentamicin 10 μg, and chloramphenicol 30 
μg were used. All tests were performed in triplicate and the 
observed antibacterial activity was expressed as the average of 
the inhibition diameters (mm) produced by the tested samples.

Micro-fractionation and preliminary anti-urease 
in vitro bioassay
Rapid microfractionation of UMAE was performed using a 
YL9111S binary pump coupled to the YL9120s UV/Vis detector 
(Young Lin®, Korea). Chromatography system was equipped 
with a 100 - 2.5 μm-C18, 4.6 mm x 100 mm Kromasil KR100 
column (Eka Chemicals AB, Bohus, Sweden. The solvent 
system was composed of solvent A (ultrapure water containing 
0.1 % formic acid, v/v) and solvent B (100% ACN). The gradient 
program was 0-5 min (0-3% B); 3-22 min (3-20% B); 22-24 min 
(20% B); 24-26 min (20-0% B); 26-30 min (0%B). 
Finally, the column was re-equilibrated or additional 2 min. 
The flow rate was 0.5 mL/min, and the injection volume was 50 
μL. Detection was performed by using UV-VIS chromatograms 
acquired at 280 nm. Eighty-two (82) fractions starting from 
2.50 min were collected on a fraction collector 100CHF 100SA 
Advantec at 20 seconds interval, into deep well plates 96 well. 

Plates were dried under vacuum at 40°C for 24 h. To eliminate 
any trace of organic solvent and formic acid, a stream of 
nitrogen gas was applied to the plate during 20 min. The dried 
microfractions were dissolved in 5 µL of DMSO and then 
diluted with 95 µL of urease buffer with substrate. Finally, 10 
μL of urease was aliquoted to each well and the microplate was 
agitated and read after 30 min. 

CPC apparatus and separation procedures
For the bio-guided fractionation of anti-urease compounds 
present in UMAE leaves, a CPC 250-L centrifugal partition 
chromatograph (Gilson, France) with a 250 mL total cell volume 
was used. The system has four-way switching valve to optional 
operation in descending or ascending modes. The CPC module 
was connected to PLC-2050 system (Gilson, France), with 
integrated UV detector and fraction collector. UMAE CPC 
fractionation was performed with two-phase solvent system 
composed of MtBE-BuOH-ACN-H2O with 0.001%TFA at 4:2:3:8 
v/v ratio [39]. 

The solvent mixture was automatically generated by the 
PLC-2050 equipment. The CPC rotor was first filled with 1.5 
column volumes using the lower phase at 30 mL/min and 500 
rpm rotation. Upper phase was pumped into the system in 
the ascending mode at a flow rate of 6 mL/min (780 psi) and 
rotational speed was increased from 0 to 1800 rpm. 
After equilibrium, 1.5 g of UMAE sample was dissolved in 
10 mL 1:1 mixture of upper and lower layers and injected into 
the CPC systems through the automatic port. Elution step was 
carried out for 150 min and then extrusion step was performed 
with stationary phase (lower) at 30 mL/min for additional 10 min 
to recover highly retained compounds. Elution was monitored 
using scan 200-600; 280 and 360 nm wavelengths, collecting 
fractions in 25 mL tubes. Fractions with similar composition 
were reunited according with on-line UV spectra and HPLC.

Urease inhibition assay
The inhibition of urease activity was performed according to 
the method of Tanaka et al (2004) with some modifications. The 

Figure 1. HPLC microfractionation of U. molinae aqueous extract (UMAE). Red circles represent absence of anti-urease 
(Jack bean), activity and orange-yellow circles represent the presence of peaks with inhibitory activity. 
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urea-phenol red substrate solution consisted of a mixture of 
100 mM phosphate buffer at pH 6.8, 150 mM urea, and 0.002% 
phenol red. Urease from Canavalia ensiformis (Jack bean, 
Sigma-Aldrich, E.3.5.1.5) and H. pylori were used.  Extraction 
of H. pylori urease was performed according to our previous 
works [40–42].

In 96-well plates, 10 µL of ureases, 10 µL of extract (inhibitor) 
were added, incubated for 30 minutes and subsequently 100 µL 
of the urea-phenol red substrate was added. Urease inhibition 
was evaluated using different concentrations of the U. molinae 
fractions. A plate reader was used to follow the progress of 
inhibition at 570 nm. The results were graphed for each extract 
with its corresponding percentage of inhibition at the different 
concentrations and the IC50 value (concentration that produce 
50% of enzyme inhibition) was calculated.

LC-MS/MS analysis
HPLC-DAD-ESI-MS analysis of the CPC bio-active fractions 
was carried out in a Nexera UHPLC System (Shimadzu, Japan) 
coupled to a 3200 QTRAP Mass spectrometer (ABSCIEX, USA, 
MA). The separations were performed with a C18 core-shell 
column (Kinetex 150×4.6 mm, 2.6 μm) with a C18 UHPLC guard 
column (4.6 mm, 2.6 μm) (Phenomenex, USA, CA). The mobile 
phases were 0.1% formic acid in water (A) and acetonitrile (B), 
with a flow rate of 0.5 mL/min. The gradient of mobile phase 
B was from 15 to 20% in 1.5 min, then isocratically to 20% for 
5.5 min, from 20 to 50 in 6 min, and 100% for 3 min followed 
by stabilization for 6 min to 15 % B. The MS/MS detection 
of phenolic compounds was carried out under the following 
previously optimized conditions: electrospray negative ionization 
mode, −5 V collision energy, −4000 V ioni-zation voltage, and 

capillary temperature at 450°C. Nitrogen was used as nebulizing 
gas (40 psi) and drying gas (50 psi). 

Docking upon urease
Molecular docking was performed using the crystallized 
structure of urease from Jack Bean (4H9M; https://doi.
org/10.2210/pdb4H9M/pdb), which was obtained from the 
RCSB Protein Data Bank. Crystallized ligands and water 
molecules were removed from the protein using Discovery 
Studio Visualizer v21.1.0.202998 software. On the other hand, 
the quercetin-3-O-(6´´-O-galloyl)-β-galactopyranoside ligand 
was recreated using ChemDraw Professional 16.0 software 
(PerkinElmer®). Avogadro v1.2.0 software was used to decrease 
the conformational energy of the ligand using the MMFF94 
force field, optimal for organic compounds. 

Finally, ligand-protein interactions were performed in MGLTools 
v1.5.7, where Kollman charges for the protein and Gasteiger 
charges for the ligand were added, adding polar hydrogens 
and binding non-polar hydrogens for both. The grid size was 
80 Å (x,y,z) and placed on amino acids of interest (Arg 439, 
Ala 440, Thr 441, KCX 490, CME 592, His 593, Arg 609, Asp 
633, Gln 635 and Met 637). The Lamarckian genetic algorithm 
was used to define the top 10 positions out of the 250,000 total. 
The interaction complexes were visualized in Discovery Studio 
Visualizer.

MST experimental procedure
All MST measurements were conducted on a NanoTemper 
Monolith NT. Label-free instrument (Müenchen, Germany), 
using Monolith NT. Premium Label-free coated zero background 
capillaries. Laser potency was automatically adjusted to 20% 

Figure 2. Preparative CPC fractionation of U. molinae aqueous extract (UMAE) in ascending mode. 
Red rectangles represent zones without anti-urease activity and orange-yellow rectangles represent the presence of tubes with 

strong inhibition of Jack bean urease activity (p≤ 0.05 versus blank without enzyme).
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Figure 3. HPLC-DAD (360 nm) of enriched anti-urease CPC fractions of UMAE (5 and 6) using C18 core-shell column.

in medium power. Ligan and protein concentrations for stock 
solution that will be used in pre-test (binding check) were 30 μM 
and 15 μM. For binding check, 20 μL of target and ligand stock 
solutions were diluted with 20 μL of phosphate saline buffer 
(PBS 1X). From these diluted samples, 20 μL each were mixed 
vortexing twice for 5 s. To reduce interaction with capillaries, 
0.05% Pluronic F127 (Sigma-Aldrich, St. Louis, MO) was 
included in all samples. To eliminate particles, samples were 
centrifuged for 2 min at 120.000 rpm. Capillaries with target 
alone, protein, PBS and protein-ligand were disposed in the tray 
in triplicates [43]. 

Statistical analysis
Data were analyzed using the GraphPad Prism 4 statistical 
software. Values represent the means of at least three in-
dependent experiments, each conducted in quadruplicate. Data 
were analyzed by analysis of variance with post hoc comparison 
using Tukey’s test. 

RESULTS AND DISCUSSION

Antimicrobial Activity of UMALE Extract 
The effectiveness of UMAE was evaluated on Gram positive 
and negative strains (Table 1). Bacterial susceptibility tests were 
carried out in agar plates and using a final concentration of 1 – 
0.5 mg per well or disc. 
According to the results presented in Table 1, UMAE show 
antibacterial activity against H. pylori ATCC 43504 but not 
activity was observed upon J99 strain. Although both strains 
are similar, their behavior against antibiotics is different. 
Therefore, this difference between strains may be due to 
several factors, and it can be theorized that UMAE bioactive 
compounds have a target-dependent mechanism that is 
expressed differently in each strain. For example, the MIC for 
tetracycline of J99 is almost 5 times higher than that reported 
for strain ATCC 43504 [44]. 

The reasons for resistance to this type of antibiotics range from 
different the expression of proteins called tetracycline-specific 

efflux pumps, which are members of the major facilitator 
superfamily (MFS) of transporters. Furthermore, since several 
bacteria have multiple rRNA copies, target-based mutations 
in rRNA explain this tetracycline resistance. This situation is 
usually seen in bacteria with low rRNA gene copy numbers. 
Hence, these mutations in 16S rRNA have been reported in H. 
pylori (1–2 16S rRNA copies) [45]. 

In a previous study carried out with Gunnera tictoria polyphenols, 
the sensitivity of both strains was similar, which is confirmed by 
what was stated above [39]. Despite this, the inhibition zones on 
the H. pylori ATCC 43504 strain are considerable and suggest a 
concentration-dependent effect. In general, UMAE has a moderate 
effect on the other strains investigated, where the results on E. coli 
and S. aureus stand out.

Micro-fractionation and preliminary anti-urease in vitro 
bioassay
The integration of HPLC micro-fractionation and bio-guided 
assay for fast identification of potential active compounds enable 
the systematic separation of extracts from a natural product. 
Moreover, these micro-separation techniques allow the coupling 
with different bioassays in parallel with sophisticated detection 
methods used for rapid dereplication of extracts. Therefore, this 
approach seeks lowering costs, saving time and resources for 
the isolation of novel drug candidates [46–48]. Figure 1 shows 
a representative chromatogram of the HPLC microfractionation 
of the aqueous extract of Ugni molinae (UMAE). The injection 
of 50 μL of a solution of the extract prepared at a concentration 
of 10 mg/mL was sufficient to preliminarily detect those peaks 
suspected of having anti-urease activity. 
Only Jack bean urease was used because it has a declared activity 
and its cost is very low compared to H. pylori urease, which is 
reserved for testing the fractions subsequently obtained by CPC. 
In any case, both ureases have almost superimposable catalytic 
sites and therefore, normally a Jack bean urease inhibitor also 
tends to inhibit the bacterial enzyme [49]. 

As can be seen, after incubating the wells corresponding to tR 
= 8 - 14 and 23 min, there was no development of purple color, 
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which indicates an inhibition of urease due to the reduction 
in ammonia production. Phenol red remains yellow in those 
wells where there are potential inhibitors of the enzyme. It is 
important to note that this method has limitations that must be 
individualized. First, the type of inhibitor cannot be directly 
determined, for example whether it is competitive, non-com-
petitive, reversible, irreversible, or mixed. If a very acidic 
substance elutes, it could affect the result of the reaction in the 
medium with phenol red. Finally, since the amounts injected are 
limited by the column load capacity and the threshold of the 
analytical detector, it is possible that some inhibitors remain 
undetected or that others could be overestimated. Some of these 
limitations can be overcome by using the alternative assay to 
measure urease activity. 

Thus, determinations by the phenol-hypochlorite urease assay 
based on the measurement of the amount of ammonia released 
from urea can be used. However, this assay is more indirect and 
requires calibration with ammonium and removing aliquots 
from each well to stop the reaction [50]. In general, phenol red 
test is very useful and allows you to save resources and obtain 
additional information. For example, the elution time gives 
an idea of the polarity of the compounds and the same HPLC 
method can be used to select the solvent system in which the 
compounds of interest could be fractionated by CPC.
In fact, the peak area ratio between the signals of the bioactive 
compounds between 8-14 min present in the upper and lower 

phase of the MtBE-BuOH-ACN-H2O system (with 0.001%TFA), 
it yields Kd values between 1.18-1.72, which is considered 
within the “sweet spot”, recommended for counter-current 
separations [51,52].

CPC separation of UMAE and anti-urease activity
Figure 2 shows a representative image of the preparative 
separation of the UMAE extract. The separation was carried 
out in ascending mode, which is equivalent to a separation in 
normal mode, that is, the nonpolar compounds elute first, while 
the more polar compounds are obtained in the extrusion stage, 
starting at 2:30 hours. Using the symmetry of the peaks and the 
similarity of the UV-VIS spectra obtained in the DAD detector 
as criteria to combine tubes, 12 fractions were generated, 
which were concentrated under vacuum and evaporated to 
subsequently evaluate their anti-urease activity. 

As seen in the lower panel of Figure 2, fractions 5 and 6 (to 
a lesser extent 4 and 8), concentrate the compounds with the 
highest anti-urease activity and therefore, efforts will be 
concentrated on such fractions to elucidate that type of com-
pounds underlying them. The IC50 values of each fraction are 
displayed in Table 2 and  Table 3. Only those zones of CPC with 
significant (p≤ 0.05), activity over blank (without enzyme) were 
used to assess its anti-urease activity, since amount of H. pylori 
urease is limited and more expensive. 

Table 2. IC50 values for CPC fractions with inhibitory activity upon jack bean urease.

Table 3. IC50 values for CPC fractions with inhibitory activity upon H. pylori urease.

Fraction Nº IC50 (mg/mL) *

4 1,52 ± 0,11
5 0,41 ± 0,08
6 2,36 ± 0,07
7 8,28 ± 0,15
8 2,71 ± 0,04
9 1,57 ± 0,17

Acetohydroxamic Acid in µg/mL (AHA) 4.81 ± 0,05

Fraction Nº IC50 (mg/mL) *

4 2,11 ± 0,10
5 0,28 ± 0,08
6 3,88 ± 0,11
7 7,93 ± 0,13
8 4,79 ± 0,08
9 3,29 ± 0,09

Acetohydroxamic Acid in µg/mL (AHA) 5.01 ± 0,12

*Urease inhibitory activity was determined after 30 min of preincubation with the CPC fractions.

*Urease inhibitory activity was determined after 30 min of preincubation with the CPC fractions.
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Figure 4. HPLC-ESI-MS/MS of main compound in fraction 5 from CPC. Upper panel showing the enhance 
mass spectrum for peak at tR = 17.036 min that presented a pseudomolecular ion at 615.5 m/z. 

Lower panel showing the ESI-MS/MS of the compound as enhanced product ions spectrum (EPI).

Figure 5. HPLC-ESI-MS/MS of main compound in fraction 6 from CPC. Upper panels showing the enhance mass 
spectrum for peaks at tR = 16.99 and 17.66 min that presented a pseudomolecular ion at 615.5 m/z. 

Lower panel showing the ESI-MS/MS of both compounds as enhanced product ions spectrum (EPI).

LC-MS/MS analysis
Figure 3 shows the plot of fractions 5 and 6 obtained in a 
chromatographic system with better resolution, equipped with 
a core-shell column. The signals suggest that there is some 
overlap between both fractions 5 and 6 and, therefore they 
could group together compounds of similar chemical nature. In 
fact, the analysis of the mass spectra of the predominant peaks 
indicates that at least the compound at tR = 19.35 min is present 

in both fractions, although in a different proportion.
This compound is concentrated more in fraction 5, while the 
compound at tR = 18.85 min is concentrated in fraction 6. It is 
important to note that the HPLC analysis is performed in a C-18 
reverse phase and, therefore, the polarity is inverse in relation 
to what is observed in CPC. Compounds in fractions 5 and 6 
showed three peaks between tR = 17 - 20 min, with the molecular 
ions at m/z 615 and the same fragmentation pattern with ions at 
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Figure 7. Complex formation between ligand quercetin 
3-O-(6’’-galloyl)-β-D-galactopyranoside and target protein

(Jack bean urease). 

Figure 6. 2-D interaction plots diagram of protein–ligand 
interaction depicting H bond and hydrophobic interactions 

between Quercetin 3-O-(6’’-galloyl)-β-D-galactopyranoside 
against Jack bean urease. 

m/z 463, 300, and 169. Fragment corresponding to quercetin in at 
m/z 300 [M–H]- and the quercetin glucoside at m/z 463 [M–H]- 
are evident. The presence of a galloyl unit was evidenced by the 
neutral loss of 152 Da from the base peak at m/z 615. According 
with the elution order we proposed that these compounds are 
quercetin-O-(6-O-galloyl)-hexosides [4]. 
Thereby, tentatively the compound at tR = 18.85 min was 
assigned as quercetin-3-O-β-D-(6´´-O-galloyl)-glucopyranoside 
and compound tR = 19.35 min was assigned as quercetin-3-O-
β-D-(6´´-O-galloyl)-galactopyranoside. The presence of both 
compounds was reported previously by Torres and coworkers 
[8] in an aqueous extracts of U. molinae. Peak at tR = 16.995 min
also showed a molecular ion at m/z 615 and MS/MS fragments 
at m/z 463, resulting from the loss of a galloyl group from [M 
– H] −, and at m/z 301, resulting from the loss of one hexose
unit (162 Da). However, the UV spectra of this compound
don’t correspond with the typical UV-VIS trace of flavonoids
and resemble better an ellagic acid derivative. Therefore, we
tentatively identified as ellagic acid galloyl hexoside [53].

Docking upon urease
Quercetin 3-O-(6’’-galloyl)-β-D-galactopyranoside interacted 
with three of the critical residues of urease active site, namely 
Asp633, Cme 592, and Arg439, forming one conventional 
H bond with Asp633, and one Sulfur H bond with Cme592 
(Figure 6). Also, a pi-cation interaction between Arg609 and 
the A-ring aromatic system is observed. In detail, the hydroxyl 
group in C-7 can chelate with two nickel ions (Ni 901, Ni 902) 
and acted as an H acceptor to form hydrogen bonding with 
Asp 633. Furthermore, hydrophobic (Pi-alkyl) interaction was 
established between A and C rings with Ala 636. On the other 

hand, one‐carbon H bond, and pi‐alkyl with Arg439. Apart from 
these residues, it has also interacted with Ala636, forming one 
pi‐sigma bond and one pi‐alkyl bond. Therefore, this compound 
was able to locate deeply in the enzyme active site, generating 
a binding energy of −7.9 kcal/mol with a IC50 value of 1.62 μM 
(Figure 6).

Microscale thermophoresis (MST) study of the interaction 
between quercetin 3-O-(6’’-galloyl)-β-D-galactopyranoside 
and Jack bean urease.
Microscale thermophoresis (MST) is a biophysical technique 
used to investigate bio-molecular interaction. This technique 
allows to determine the strength of the interaction between two 
molecules by detecting variations in the fluorescence signal 
because of an IR laser-induced temperature change [54]. 
The magnitude of the fluorescence change (Figure7) correlates 
with the binding (complex) of a ligand to the fluorescent target 
[55,56]. In our laboratory used Label-Free MST, which is based 
on the movement of a native protein within a temperature 
gradient. So, the fluorescence peak signal corresponds to the 
innate florescence of the target protein due to tyrosine (Tyr), 
tryptophan (Trp), and phenylalanine (Phe) residues. Label-
free MST also has broad applications for lipid and RNA/DNA 
interaction. 

Concentrations ranging from picomolar to molar with little 
sample consumption and no immobilization of the protein of 
interest are the main advantages of this technique [57].  In our 
experiment, the interaction between the flavonoid and urease is 
evident, although an aggregation phenomenon is observed that 
prevents progress towards the exact determination of the affinity 
constant. The aggregation is not due to adhesion of the protein 
to the capillaries since it used premium coated capillary and 
pluoronic. 
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(A) Fluorescence of target urease, complex enzyme-ligand, ligand, and 
buffer alone. (B). Unlabeled urease in PBS + without (blue curve) and
with 1 mM compound (green curve). Cold (blue) and hot (red) regions
as defined in central data analysis to calculate Frelat. Arrowhead point
to protein aggregation.
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The aggregation phenomena are evidenced by splitting of the 
fluorescence peaks, so in our experiment the aggregation of 
urease seems to be spontaneous and increases in the presence 
of the ligand. In the Figure 7 it is observed the ligand-induced 
aberrant MST traces due to protein aggregation/denaturation at 
elevated ligand concentration. Red arrows highlight aberrant 
MST traces. Focusing on the mechanisms of aggregation induced 
by physical instabilities, both colloidal and conformational 
changes are described to potentially promote aggregation. 
Whereas for colloidal interactions, changes in certain properties 
of the solvent such as pH and salt concentration could alter 
charge of the protein leading to association between structurally 
native molecules. Such conformational changes modify the 
native structure, thereby generating folding-intermediates that 
are prone to aggregation [58].

Therefore, there is two forms of aggregation:  native aggre-
gation and non-native aggregation, depending on the structural 
integrity of the protein involved. Native aggregation normally is 
a reversible process, while non-native aggregation often leads to 
irreversible aggregate. Given that there are no previous studies 
evaluating the interaction of small molecules with urease using 
MST, it is a future challenge to find the set of measurement 
parameters that allow this technology to be used for the 
discovery of new inhibitors.

CONCLUSIONS

In this work, the antimicrobial activity of UMAE, a plant used 
in traditional Chilean medicine, has been evaluated. Among its 
antimicrobial properties, the effect on H. pylori stands out, and 
is especially its ability to inhibit urease, a crucial enzyme for the 
survival of this pathogen. Using a workflow that considered the 
micro-fractionation of the extract coupled to a high-throughput 
urease assay, the most relevant fractions were identified. 
Subsequently, active fraction was separated by centrifugal 
partition chromatography (CPC) and using the off-line urease 
assay in parallel with the HPLC MS/MS analysis, it was 
possible to identify that the inhibitory compounds correspond 
to quercetin galloyl hexosides. Molecular docking and 
biomolecular interaction experiments by MST corroborate our 
findings. In general, this article reports for the first time an 
activity of U. molinae that supports its gastroprotective effects 
and adds new therapeutic qualities to this interesting native 
plant resource.
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