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View Article Online
Abstract DOI: 10.1039/DOFO00880J

The isolation and identification of cholesterol esterase (CE) and pancreatic lipase (PL)
inhibitory peptides obtained from brewer’s spent grain (BSG) protein hydrolysate was
performed. BSG peptides were fractionated and purified sequentially by anionic
exchange, gel filtration (FPLC), and reversed phased-high performance liquid
chromatography (RP-HPLC). Fractions from each chromatography step were collected
and in vitro enzyme inhibitory activity was evaluated. Chromatographic purification
process allowed concentrates the in vitro activities. The most active fractions were
evaluated using MALDI-TOF tandem mass spectrometry, which allowed identified
three peptides: a peptide with the highest CE inhibition capacity
(WNIHMEHQDLTTME) and two peptides with PL inhibition capacity (DFGIASF and
LAAVEALSTNG). The three peptides found showed hydrophobic and acidic amino
acid residues (Asp and Glu), and/or their amines (Asn and Gln), which could be a
common feature among lipid-lowering peptides related to CE and PL enzyme
inhibition. /n silico studies showed that the three peptides had high hydrophobicity and
were susceptible to enzymatic hydrolysis performed by trypsin, pepsin, and pancreatin.
BSG byproduct was a good source of CE and PL inhibitory peptides, adding value to
this byproduct of beer industry. This is the first report to demonstrate that BSG peptides

are able to inhibit CE and PL enzymes.

Keywords: cholesterol esterase inhibition; pancreatic lipase inhibition; brewer’s spent

grain; chromatography process; MALDI-TOF.
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. View Article Online
37 1. Introduction DOI: 10.1039/DOFO00880J

38  Brewers’ spent grain (BSG) is the most abundant by-product generated from the beer-
39  brewing process. This residue denotes 85% of the total byproducts generated in the beer
40  industry.! The main constituents of BSG include fiber (30-50% w/w) and protein (19—
41 30% w/w).> For every 10 liters of beer produced, 2 kg of BSG are generated.’ Thus,
42 BSG merits considerable attention, not only for the large amounts produced, but also
43 due to its valuable protein content. In this regard, one of the alternatives for using this
44  byproduct is to obtain bioactive peptides from the residual proteins.* It has been
45  reported that BSG peptides can exert different in vitro bio-functional properties such as:
46  antioxidant, anti-microbial, anti-inflammatory, hypoglycaemic, antithrombotic, and
47  angiotensin converting enzyme I (ACE-I) inhibitory activities.*® However, as far as we
48  know, there is no research about the effect of BSG peptides on cholesterol esterase and
49  pancreatic lipase inhibitory activities and even less about the purification and

50 identification of these peptides.

51  Hyperlipidemia is an abnormal health condition characterized mainly by elevated levels

52 of triglycerides and serum cholesterol, called hypertriglyceridemia and

Published on 25 May 2020. Downloaded by Auckland University of Technology on 6/4/2020 12:57:01 PM.

53  hypercholesterolemia, respectively.” The prevalence of hyperlipidemia is a risk factor in
54  cardiovascular diseases such as coronary heart disease and atherosclerosis. Different
55  synthetic drugs have been developed to treat this disease. However, various side effects
56  have been described derived from long-term use of these synthetic drugs.®® Therefore,
57 there is an increased interested to developed new natural lipid-lowering substances.’ In
58  this regard, BSG proteins have high content of hydrophobic amino acids.!® Thus, it
59  could be a good source of peptides with lipid-lowering properties.” The aims of this
60  work were to evaluate the capacity of BSG protein hydrolysate to inhibit cholesterol

61 esterase (CE) and pancreatic lipase (PL), and to isolate and identify the novel peptides
3
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responsible for these activities. Furthermore, peptides characterization through ip, silice;

analysis was performed.

2. Material and Methods

2.1. Raw material and reagents

Brewers' spent grain (BSG) was supplied by Santa Fe® Brewery (Santa Fe, Argentina).
Neutral protease-Purazyme® enzyme was provided by Nutring (Buenos Aires,
Argentina). Flavourzyme® (9014-01-1) from Aspergillus oryzae was obtained from
Sigma-Aldrich (St. Louis, USA). Other reagents were of analytical or HPLC grade, and

obtained from Cicarelli Laboratorios (San Lorenzo, Santa Fe, Argentina).

2.2. Protein hydrolysate

Protein hydrolysate was obtained sequentially by Neutral protease-Purazyme® and
Flavourzyme® hydrolysis according to Cian et al.'° Protein content was determined by
AOAC methods,!! resulting 49.1 g protein/100 g b.s. The degree of hydrolysis (DH)

was 14.30 + 0.01% and was measured according to Nielsen et al.'?

2.3. Cholesterol esterase and pancreatic lipase enzyme inhibition

Cholesterol esterase and pancreatic lipase enzyme inhibition methods, which measure
the ability of peptides to reduce the absorption of dietary cholesterol and triglycerides,

respectively, were performed by triplicate.

2.3.1. Cholesterol esterase (CE) enzyme inhibition

The method of CE inhibition was performed following the methodology proposed by

Prados et al.® with some modifications. Briefly, sample (100 puL) was pre-incubated for
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83 10 min at 37°C together with the substrate (p-nitophenyl palmitate, pNPP, 20 M, 160 o onne
84  pL), phosphate buffer (100 mM with 100 mM NaCl pH 7.0, 580 pL), taurocolic acid
85 (12 mM, 150 pL), and acetonitrile (40 pL). Subsequently, the pancreatic CE enzyme
86  (Wiener Lab) (100 puL) was added and incubated for 60 min at 37°C. Product formation
87  was determined spectrophotometrically at 405 nm. In addition, a control of maximum

88  enzymatic activity (without sample), and a sample blank (without substrate) was

89  performed.

90  2.3.2. Pancreatic lipase (PL) enzyme inhibition

91  The method of PL inhibition was performed following the methodology proposed by

92  Prados et al®

93  2.4. Isolation and identification of cholesterol esterase and pancreatic lipase

94  inhibitory peptides

95 BSG peptides were fractionated and purified sequentially by anionic exchange, gel
96 filtration (FPLC), and reversed phased-high performance liquid chromatography (RP-

97 HPLC).

Published on 25 May 2020. Downloaded by Auckland University of Technology on 6/4/2020 12:57:01 PM.

98  2.4.1. Fractionation by anionic exchange chromatography

99  Taking into account that the charge is one of the main characteristics of the peptide
100  capacity to inhibit these types of enzymes, a first separation and purification step was
101  carried out using an ionic exchange chromatography, in order to analyze the inhibition
102  activity based on the charge of the peptides. The BSG hydrolysate was fractionated by
103  anion exchange chromatography at pH 7.0 according to Gomez et al.'? For this, an AG-

104 X4 resin (100 - 200 mesh) - Biorad® was used. Elution was performed with a linear
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gradient of NaCl (0.0 mol/L, 0.2 mol/L, 0.4 mol/L, and 0.6 mol/L), which allo"

obtaining four fractions (41, A2, A3 and A4, respectively).

The protein content of each fraction was determined by the method proposed by Lowry
et al.'* The CE and PL enzyme inhibition activities were determined in vitro as was

described before at 4 mg protein/mL.

The most bioactive fractions were analyzed according to their protein amino acid profile
following the method of Alaiz ef al.,'> using a Shimadzu Series LC-20AT pump, with
Shimadzu SPDM20A diode array detector, equipped with a 300%3.9 mm i.d. reversed-
phase column (Novapack C18, 4 um; Waters). Data were processed using Shimadzu LC
solution software. Amino acid content was expressed as g/100 g protein. Moreover, the
total mEq of hydrophobic (Gly, Ala, Val, Leu, Ile, Met, Phe, Trp, and Pro), acid (Glu
and Asp), and basic amino acids (Lys, Arg, and His) was calculated. The analysis was

performed by triplicate.

2.4.2. Fractionation by gel filtration chromatography using FPLC

The most bioactive fractions obtained by anion exchange chromatography (41 and 43)
were selected to continue the purification process by FPLC according to Cian et al.®
This stage was carried out with the aim of separating the bioactive peptides based on
their molecular size, and therefore analyzing how this factor affected the inhibition
properties of CE and PL enzymes. To perform this chromatography step, an AKTA
Prime system equipped with a Superdex 75 (GE Life Sciences, Piscataway, NJ, USA)
was used. Elution was monitored at 280 nm and molecular mass was estimated using
molecular weight standards from Pharmacia Fine Chemicals (Piscataway, NJ, USA):
conalbumin (75000 Da), carbonic anhydrase (29000 Da), cytochrome C (12500 Da),

aprotinin (6512 Da), bacitracin (1450 Da), cytidine (246 Da) and glycine (75 Da).

Page 6 of 33
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129  The protein content from FPLC fractions was determined by the method proposed. b /rise 2ne

130 Lowry et al.'

131 The fractions obtained by FPLC from A1 were named: Bl, B2, B3, B4, BS5, B6 and B7.
132 These fractions were subjected to the assay of CE enzyme inhibition at 0.4 mg
133  protein/mL. On the other hand, the fractions obtained by FPLC process from A3 were
134  named: b1, b2, b3, and b4 and subjected to the assay of PL enzyme inhibition at 1.4 mg

135  protein/mL

136  2.4.3. Fractionation by reversed phased - high performance liquid

137  chromatography (RP-HPLC)

138  The most bioactive fractions obtained from FPLC process (B3 and b4) were selected to
139  continue the purification process by RP-HPLC. Taking into account that hydrophobicity
140  is a key property in these types of peptides, the objective of performing an RP-HPLC
141  step was to separate and purify the most bioactive peptides based on their
142  hydrophobicity, and to obtain a sample as pure as possible for the identification of the

143 peptides by mass spectrometry.

Published on 25 May 2020. Downloaded by Auckland University of Technology on 6/4/2020 12:57:01 PM.

144  The RP-HPLC process was performed according to Zhang et al.'® with modifications.
145  For this, a Phenomenex C18 column (Gemini 250 x 4.6 mm, 5um) was used. Elution
146  was performed by gradient, using as mobile phase A: water with 0.1% trifluoroacetic
147  acid (TFA), and as mobile phase B: acetonitrile with 0.1% TFA. The gradient increased
148  linearly, from 0% to 40% of B, in a run time of 60 min. The column was placed at a
149  temperature of 40°C, and the elution flow was 1 mL/min. Fractions that gave
150  absorbance peaks at 220 nm and/or 280 nm were collected. The fractions obtained were

151  listed C1-Cn.
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152 For each fraction obtained, the protein content was determined by measuring samples /5 v

153  absorbance at 280 nm.

154  The fractions obtained by RP-HPLC process from B3 were named: C1, C2, C3, and C7.
155  These fractions were subjected to the assay of CE enzyme inhibition at 0.23 mg
156  protein/mL. On the other hand, the fractions obtained from b4 were named: ¢l and c2

157  and subjected to the assay of PL enzyme inhibition at 0.06 mg protein/mL.

158  The most bioactive RP-HPLC fractions were further selected to identify the peptides

159  responsible for each activity using MALDI-TOF tandem mass spectrometry.

160  2.5. Identification of peptides using MALDI-TOF tandem mass spectrometry

161 A sample volume (0.5 pl) with equal amount of the matrix (alpha-cyano-4-hydroxy
162  cinnamic acid) was spotted onto a MALDI plate. The plates were allowed to dry at
163  room temperature. The MS/MS analysis was performed on the AXIMA-iD Plus
164  (Shimadzu) equipment. The determinations were made in reflectron mode. The MS/MS
165  data were submitted to the MASCOT server for database searching. The searches were
166  performed against a NCBI protein database. For taxonomy, “Viridiplantae” was
167  specified. The probability of random hits (p) was set <0.05, meaning 95% confidence in
168  the correct peptide identification. The peptide mass and the fragment mass tolerance
169  were set at 1.2 Da. The maximum of two missed cleavages was allowed. Also,
170  methionine oxidation was set as a variable modification. Peptide identifications were

171  accepted if they were statistically significant (p<0.05).

172 2.6. In silico analysis

173 Studies in silico of the peptides obtained were conducted. The hydrophobicity was

174  determined using the PepDraw program (http:/www.tulane.edu/ ~biochem/ WW

8
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175  /PepDraw/), and a simulation of the gastrointestinal digestion of the peptides was:/ s os0s

176  performed using the BIOPEP-UVW program (http://www.uwm.edu.pl/ biochemia /

177  index.php / pl / biopep).

178  Additionally, protein-peptide dockings were performed. In a first stage, CABS-dock
179  server freely available (http://biocomp.chem.uw.edu.pl/CABSdock) was used to
180 perform flexible protein-peptide docking. Enzymes structures were selected from
181  https://www.rcsb.org/ in PDB format (PDB entry codes: 2BCE and 1GPL, for CE and
182  PL enzymes, respectively). For each docking, 50 cycles of Monte Carlo simulation was
183  performed. The best model of each protein-peptide interaction was selected according to
184  average root mean square deviation (RMSD) values. Moreover, contact map (interaction
185 interface between the peptide and the receptor residues) was analyzed with a cut off of

186 4.5 A.

187  The structures obtained from this analysis with CABS-dock server were used for the
188 second stage of refinement to find high-resolution modeling of protein-peptide
189  interactions using the FlexPepDock server freely available

190  (http:/flexpepdock.furmanlab.cs.huji.ac.il/). FlexPepDock created 200 models for each

Published on 25 May 2020. Downloaded by Auckland University of Technology on 6/4/2020 12:57:01 PM.

191  analysis and they were further ranked based on their Rosetta generic full atom energy
192  score. Three independent replicates for each protein-peptide interaction were analyzed

193  in FlexPepDock server. Interface energy was extracted from Rosetta score.

194  2.7. Statistical analyses

195  Results were expressed as the mean + standard deviation and were analyzed by analysis
196  of variance (ANOVA). The statistical differences among samples were determined

197  using the least significant difference (LSD) test with a level of signification a = 0.05.,


http://biocomp.chem.uw.edu.pl/CABSdock
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198  using the STATGRAPHICS Centurion XV 15.2.06 (StatPoint Technologies, Ing: /rise onne

DOFO00880J

199  Warrenton, Virginia, USA).

200 3. Results and Discussion

201 3.1. Cholesterol esterase and pancreatic lipase inhibitory activity of BSG

202  hydrolysate

203 The BSG hydrolysate had a good lipid-lowering activity evaluated through the
204  inhibition of lipid metabolism related enzymes such as cholesterol esterase (CE) and
205  pancreatic lipase (PL). The inhibitory activity on CE and PL enzymes at 4 mg
206 protein/mL were 33.5 £ 1.2% and 17.8 + 1.7%, respectively. To date, this is the first
207  work that reported peptides from BSG with this in vitro activity. Thus, the hydrolyzate
208 was used as starting source to isolate and identify peptides responsible for these

209  bioactive properties.

210  3.2. Isolation of cholesterol esterase and pancreatic lipase inhibitory peptides

211 3.2.1. Cholesterol esterase and pancreatic lipase inhibitory activities from anionic

212 exchange chromatography fractions

213 The first purification step consisted in anion exchange chromatography. For the elution
214 process, a linear gradient of sodium chloride was used, obtaining four fractions: 41, A2,
215 A3 and A4. The first one (A1) was eluted with distilled water (it was not retained by the

216  column), while the others were obtained with 0.2, 0.4 or 0.6 mol/L NaCl, respectively.

217  As shown in Figure 1la, the fraction 47 had the highest inhibitory activity on CE
218  enzyme (p <0.05). The peptides present in A7 could have a higher proportion of basic

219 amino acids generating a positive overall charge density because of the column used

10
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220  exchanges anions. In this sense, it has been reported that the basic amino acids play dfy/rss 2o

221  important role in the primary structure of the CE enzyme inhibitor peptides.!”

222 Regarding PL enzyme inhibition, A3 fraction showed the highest inhibitory activity
223 (Figure 1b). This result could be due to presence of peptides with a high proportion of
224  negatively charged amino acids. It has been reported that strong electrostatic
225 interactions between the peptides and the catalytic residues of PL favor their
226  inhibition.!® In this regard, Prados et al.® observed that peptides obtained from olive
227  seed protein hydrolysate with good inhibitory activity on PL had a high proportion of

228  negatively charged amino acids.

229  Additionally, it is important to highlight that the fractionation by anionic exchange
230  chromatography concentrated the inhibition activity in 1.4 and 2.3 times for CE and PL

231 enzymes, respectively.

232 Figure 2 shows the amino acid profile of the most bioactive fractions (41 and 43). For
233 both, the content of hydrophobic amino acids was high, it being 58 and 54% for A1 and
234 A3, respectively. This is a consistent result since hydrophobicity plays a fundamental

235  role in lipid-lowering activity evaluated in vitro.® Moreover, A1 presented a relatively

Published on 25 May 2020. Downloaded by Auckland University of Technology on 6/4/2020 12:57:01 PM.

236 high proportion of basic amino acids (15%), while A3 exhibited a relatively high
237  content of acidic amino acids (11%). These results agree with the above, indicating that
238 Al had hydrophobic peptides with a positive charge density, while A3 present

239 hydrophobic peptides with a negative charge density.

240  3.2.2. Cholesterol esterase and pancreatic lipase inhibitory activities from FPLC

241 fractions

11


https://doi.org/10.1039/d0fo00880j

Published on 25 May 2020. Downloaded by Auckland University of Technology on 6/4/2020 12:57:01 PM.

Food & Function Page 12 of 33

242 Fractions A1 and A3 were analyzed and fractionated by FPLC gel filtration (Figure 3)» /s onoe
243  The fractions obtained from A1 were named BI, B2, B3, B4, B5, B6 and B7, and
244  subjected to the assay of CE enzyme inhibition. On the other hand, the fractions
245  obtained by FPLC process from 43 were named b1, b2, b3, and b4, and assayed by PL

246 enzyme inhibition.

247  As can be seen, AI presented four main peaks: >70000 Da, ~8000 Da, 2100 Da, and
248 450 Da (Figure 3a). The components higher than 70000 Da presented an elution
249  volume higher than that corresponding to exclusion volume, while the ~8000 Da peak
250  could correspond to polypeptides. The peaks of 2100 Da and 450 Da would be
251  intermediate MW species and low MW peptides, respectively. Additionally, A1 profile
252 showed a shoulder of ~1000 Da, which can be attributed to the presence of low MW
253  peptides. Note that 2100 Da peak represented 40% of the total area of the
254  chromatogram. If the average size of an amino acid is considered to be 120 Da, A1

255  would have a high proportion of oligopeptides.

256  Regarding FPLC gel filtration profile of 43 fraction (Figure 3b), three main peaks were
257  observed: 3300 Da, 1700 Da, and 70 Da. The peaks of 3300 Da and 1700 Da could
258  correspond to intermediate MW species, while 70 Da peak correspond to free amino
259  acids. Additionally, A3 profile showed a shoulder of ~1000 Da, which can be attributed
260 to the presence of low MW peptides. It is noteworthy that the peak of 1700 Da
261  represented 37% of the total area of the chromatogram, which would indicate that 43

262 has a high proportion of intermediate MW species.

263  As shown in Figure 4a, all the fractions obtained from A1 by FPLC process (B1, B2,
264 B3, B4, B5, B6 and B7) inhibited the CE enzyme. The most active was B3, indicating

265  that polypeptides with MW higher than 8000 Da would be responsible for this

12
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266 inhibitory activity. These results agree with that obtained by Prados et gf.% whey rioeonne
267  reported that the highest CE inhibitory activity was found in fractions with MW higher
268  than 5000 Da obtained by ultrafiltration. Moreover, they found that fractions lower than
269 5 kDa had the lowest inhibition values. Note that CE inhibitory activity of B3 was

270  increased 8 times respect to A1.

271 On the other hand, all the fractions obtained from 43 by FPLC process (b1, b2, b3, and
272 b4) inhibited the PL enzyme (Figure 4b). The most active fraction was b4, indicating
273 that low MW peptides ~1000 Da would be responsible for this inhibitory activity. In
274  agreement with this results, the peptides reported to date with the ability to inhibit PL
275  enzyme showed molecular size between 700 - 1500 Da’. Additionally, PL inhibitory

276  activity of b4 was increased 6 times respect to 43.

277  3.2.3. Cholesterol esterase and pancreatic lipase inhibitory activities from RP-

278  HPLC fractions

279  The fractions obtained by RP-HPLC process from B3 were named: C1, C2, C3, and C4
280 (Figure 5a and b). These fractions were subjected to the assay of CE enzyme

281  inhibition. On the other hand, the fractions obtained by RP-HPLC process from b4 were

Published on 25 May 2020. Downloaded by Auckland University of Technology on 6/4/2020 12:57:01 PM.

282  named: ¢! and c2 (Figure Sc and d). These fractions were subjected to the assay of PL

283  enzyme inhibition.

284  Regarding CE enzyme inhibition assay, only the fraction C4 inhibited the enzyme at 0.2
285 mg protein/mL (15.5 + 1.5%). It is noteworthy that this fraction had the highest
286  retention time in the RP-HPLC process, which would indicate that it is the most
287  hydrophobic fraction. In this regard, Mudgil et al.'® reported that hydrophobic amino

288  acids obtained from camel milk could be responsible for the inhibitory activities on CE.

13
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289  Moreover, it was proposed that the presence of hydrophobic residues could, be jay s ine

290  necessary characteristic for CE inhibitory peptides.?’

291  On the other hand, both fractions obtained from b4 by RP-HPLC process (¢l and c2)
292  inhibited the PL enzyme at 0.06 mg protein/mL. However, fraction c1 showed higher
293  inhibitory activity than ¢2 (p < 0.05), values being 51.9 + 2.3 and 19.1 £+ 3.3 % for ¢!
294  and c2, respectively. The values obtained in this work are similar than those obtained by
295  Prados et al.’ In this regard, they reported a 55% inhibition value for the most active
296  peptide fraction evaluated at 0.04 mg proteins/mL. Note that PL inhibitory activity in ¢/

297  was concentrated 15 times respect to the starting fraction obtained by FPLC (b4).

298  3.3. Identification of peptides using MALDI-TOF tandem mass spectrometry

299  In order to characterize the molecular mass and amino acid sequence of the peptides
300 from the fractions C4 and cl, analysis by MALDI-TOF tandem mass spectrometry was

301  performed.

302 A search for MS/MS fragments in MASCOT allowed identifying three peptides (Figure
303  6). For the fraction C4 (highest CE inhibition) it was possible to identify a peptide,
304 whose sequence was WNIHMEHQDLTTME (mass/load (m/z): 1802.36, +1). In the
305 case of ¢l (highest PL inhibition), two peptides were identified: DFGIASF (m/z:
306  755.99, +1) and LAAVEALSTNG (m/z: 1044.95, +1). The three peptides identified
307 were statistically significant (p<0.05), thereby confirming their identity in a 95%

308 confidence.

309  As mentioned above, the most active fraction against CE obtained from the FPLC had a
310 MW higher than 8000 Da (Figure 3a). However, the peptide identified from C4 after

311  the RP-HPLC process and MS/MS analysis showed a smaller size (1802.36 Da). This

14
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312 may be due to hydrophobic interactions between the peptides, which generate large: /ros onoe
313  aggregates that are not resolved in gel filtration chromatography. Note that this
314  chromatographic process was carried out in native conditions. In line with this, Prados
315 et al’® found that the most active fraction against CE obtained from ultrafiltration

316  process had a MW higher than 5000 Da. However, they reported that the active peptide

317  had a smaller size (700 - 1500 Da) according to MS/MS analysis.

318 Regarding the sequence of peptide identified for CE, it was observed a high proportion
319  of hydrophobic amino acid (42%). In line with this, this peptide was the most
320  hydrophobic among identified peptides (Table 1). As mentioned before, it has been
321  proposed that the presence of hydrophobic residues could be a necessary characteristic
322 for CE inhibitory peptides.? An additional characteristic observed in CE inhibitor
323 peptides is the presence of basic amino acids in the sequence.!” In this sense, 14% of the
324  amino acid residues in this peptide correspond to His (cationic amino acid), which were

325  not present in PL inhibitory peptides.

326 In the case of PL inhibitory peptides, the two identified peptides had a molecular size

327  within the range expected. Note that the most active fraction against PL obtained from

Published on 25 May 2020. Downloaded by Auckland University of Technology on 6/4/2020 12:57:01 PM.

328  FPLC process had a MW around 1000 Da. As mentioned before, the peptides reported
329  to date with the ability to inhibit PL enzyme showed molecular size between 700 - 1500

330 Da’

331  Regarding the sequence of PL inhibitory peptides, the two identified peptides showed
332 high proportion of hydrophobic amino acid residues such as: Phe, Ile, Ala, Val, and Gly.
333  This is consistent with the results obtained from the amino acid profile (Figure 2). In
334  addition, it matches the high retention times obtained in the separation by RP-HPLC

335  process (Figure 5c and d). Moreover, the hydrophobicity obtained from in silico study

15
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336 for these peptides was highly positive (Table 1). Regarding these values, they wete:/res onne
337  higher than the hydrophobicity reported for hydrophobic proteins, like casein, meat, and

338  wheat gluten (1.14, 1.06, and 0.97 kcal/mol, respectively).?!

339  Interestingly, the three peptides identified also showed acidic amino acid residues (Asp
340 and Glu), and/or their amines (Asn and Gln). These amino acids were reported in
341  peptides with lipid-lowering activity.??> Thus, a common factor in this type of bioactive
342 peptides could be the presence of hydrophobic and polar amino acids, constituting
343  amphipathic peptides capable to integrate lipid micelles in the intestinal lumen, or

344  interact with micelle surface interfering with CE and PL enzyme activities.

345  3.4. In silico gastrointestinal digestion of peptides

346  Hypolipidemic peptides such as CE and PL inhibitors must be able to survive the
347  gastrointestinal environment to exert its biological action at local level. Therefore, it is
348 important to evaluate their stability or their bio-accessibility using systems where the
349  effect of gastrointestinal digestion is considered. In this sense, an in silico simulation of
350  gastrointestinal digestion was performed, using the hydrolysis tool of the BIOPEP-
351  UWM program. The results obtained indicated that the three peptides were susceptible
352  to enzymatic hydrolysis (Table 1). Therefore, if these peptides are not protected from
353  the gastrointestinal environment, they will be hydrolyzed by digestive proteases, and
354 their bioactivity modified.?} In this regard, these peptides could be a source of new ones
355  with greater, equal or lesser activity. If the latter were the case, its encapsulation should

356  be evaluated to preserve the lipid-lowering activities in the gastrointestinal environment.

357  3.5. Molecular docking
358  Cholesterol esterase (E.C. 3.1.1.13) is a serine hydrolase which utilize the catalytic triad

359  (Ser194, Asp320, and His435) residues for its mechanism. The catalytic domain of CE

16
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360  contains large and small domains and the active site of this enzyme is present glmost gt /s Onoe
361 the center of these two domains.?* On the other hand, pancreatic lipase (E.C. 3.1.1.3)
362  has a catalytic triad (Ser152, Aspl176, and His263) in the N-terminal domain, which
363  access is controlled by a surface loop, the 1id.?

364  To shed light on enzyme-peptides binding interactions, in silico molecular docking was
365 performed in a first stage using the CABS-dock server. Starting from crystalline
366  structure of CE or PL enzyme and amino acid sequence of putative ligands, this server
367 perform docking search for the binding site allowing for full flexibility of the peptide
368  and small fluctuations of the receptor backbone.?® Interaction scheme of the model with
369  the lowest average RMSD value, and contact protein and peptide residues at a cut off
370  distance of 4.5 A are showed in Figure 7. It can be seen firstly that CE-
371 WNIHMEHQDLTTME and PL-LAAVEALSTNG docking performed showed a high
372 quality prediction, average RMSD values being lower than 3 A.2¢ For PL-DFGIASF, a
373  medium quality prediction was obtained (RMSD values between 3 to 5.5 A).2°
374  Moreover, none of the three peptides interacted with the active site of the enzyme. In

375  this sense, the three peptides from the BSG hydrolyzate that inhibit CE or PL would act

376 by a non-competitive inhibition mechanism, where the inhibitor binding site is different

Published on 25 May 2020. Downloaded by Auckland University of Technology on 6/4/2020 12:57:01 PM.

377  from the substrate binding site. Additionally, the two PL inhibitory peptides bound at
378 the same enzyme site, which could indicate a common binding site for this type of
379  bioactive compounds.

380 In a second stage, a high-resolution structural and energy refinement of the peptide in
381 the binding site was performed using FlexPepDock server, and interface energies were
382  extracted. These energies values do not have a direct conversion to physical energy

383  units like kcal/mol.?” The values obtained were -22.35 + 0.18, -10.46 + 0.51, and -12.55
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384 £ 0.27. These negative values confirm that the interaction of the evaluated ligands with/vss 2o

385  CE or PL enzymes was possible and favorable.

386 4. Conclusions

387  Fractions of peptides with cholesterol esterase and pancreatic lipase inhibitory activities
388  were identified from BSG hydrolysate after a fractionation and purification process
389  using different types of chromatography. Each chromatographic technique used allowed
390 concentrating the evaluated bioactivity. Moreover, this is the first report which

391 identified cholesterol esterase and pancreatic lipase inhibitory peptides from BSG.

392 MALDI-TOF tandem mass spectrometry allowed identifying three bioactive peptides:
393  WNIHMEHQDLTTME (with potential CE inhibitory activity), DFGIASF and
394 LAAVEALSTNG (with potential PL inhibitory activity). The three peptides found
395  showed hydrophobic and acidic amino acid residues (Asp and Glu), and/or their amines
396  (Asn and GIn), which could be a common feature among lipid-lowering peptides. These
397  amphipathic peptides could be capable to integrate lipid micelles in the intestinal lumen,
398 or interact with micelle surface interfering with CE and PL enzyme activities.
399  Moreover, the molecular docking established a favorable interaction between enzymes
400  and peptides, and a probably non-competitive inhibition mechanism for all the peptides

401  evaluated.

402  Although it was possible to obtain the sequence of three peptides with inhibitory
403  potential of enzymes related with lipid metabolism, further studies, including its
404  chemical synthesis and in vivo assays, should be carried out to confirm its bioactivity

405 and mechanism of action.
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This work showed that the production of BSG hydrolysate could provide added yalue.tey /s oo

0FO00880J

the by-product obtained from the beer industry.
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497  Figure Captions DOI: 10.1039/DOFO00880J

498  Figure 1. Inhibition of the cholesterol esterase (CE) (a) and pancreatic lipase (LP) (b)
499  enzymes by the anionic exchange chromatography fractions (41-44) evaluated at 0.4

500 mg protein/mL. Bars with different letters indicate significant differences (p <0.05).

501  Figure 2. Amino acid profile of the most bioactive fractions obtained by anionic

502  exchange chromatography (41 and 43).

503  Figure 3. FPLC profile of fractions A1 (a) and 43 (b). The molecular sizes (Da) of the

504  most representative peaks of the collected fractions are shown.

505 Figure 4. Inhibition of the cholesterol enzyme (CE) by the FPLC fractions obtained
506 from AI at 0.4 mg protein/mL (a); inhibition of the pancreatic lipase enzyme (PL) by
507 the FPLC fractions obtained from 43 at 1.4 mg protein/mL (b). Bars with different

508 letters indicate significant differences (p <0.05).

509  Figure 5. RP-HPLC profile of the fraction B3 at 280 nm (a) and at 220 nm (b). RP-

510 HPLC profile of the fraction b4 at 280 nm (¢) and at 220 nm (d).

511  Figure 6. Fragmentation spectrum of the three peptides identified from the most
512  bioactive fractions (C4 and cI): cholesterol esterase inhibition assay (a) and pancreatic

513 lipase inhibition assay (b and ¢).

514  Figure 7. Structure, average RMSD value (A), and contact protein-peptide residues of
515  the best model generated from CABS-dock results. The peptide evaluated is show in red

516  colour.

517
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518 Table 1. Load mass ratio (m/z), in silico hydrophobicity and in silico simulatign of /5y 5rss 2rine

519 gastrointestinal digestion (GID) of identified peptides

m/z Hydrophobicity

Identified peptides GID**
+1)* (kcal/mol)*
WNI - HMEHQDL -T-T -
WNIHMEHQDLTTME 1802.36 +19.78
ME
DFGIASF 755.99 +9.11 DF-G-1-A-S-F
L-A-A-V-EA-L-S-
LAAVEALSTNG 1044.95 +12.78

T-NG

520 *QObtained with PepDraw program. **QObtained with BIOPE-UWM tools using trypsin, pepsin

521 and pancreatin as enzymes.
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Figure 1. Inhibition of the cholesterol esterase (CE) (a) and pancreatic lipase (LP) (b) enzymes by the
anionic exchange chromatography fractions (A1-A4) evaluated at 0.4 mg protein/mL. Bars with different
letters indicate significant differences (p <0.05).
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Figure 2. Amino acid profile of the most bioactive fractions obtained by anionic exchange chromatography
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Figure 3. FPLC profile of fractions Al (a) and A3 (b). The molecular sizes (Da) of the most representative
peaks of the collected fractions are shown.
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Figure 4. Inhibition of the cholesterol enzyme (CE) by the FPLC fractions obtained from Al at 0.4 mg
protein/mL (a); inhibition of the pancreatic lipase enzyme (PL) by the FPLC fractions obtained from A3 at 1.4
mg protein/mL (b). Bars with different letters indicate significant differences (p <0.05).
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Figure 5. RP-HPLC profile of the fraction B3 at 280 nm (a) and at 220 nm (b). RP-HPLC profile of the fraction

b4 at 280 nm (c¢) and at 220 nm (d).
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Figure 6. Fragmentation spectrum of the three peptides identified from the most bioactive fractions (C4 and
cl): cholesterol esterase inhibition assay (a) and pancreatic lipase inhibition assay (b and c).
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Figure 7. Structure, average RMSD value (3\), and contact protein-peptide residues of the best model
generated from CABS-dock results. The peptide evaluated is show in red colour
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