








closely associated with the concentration of peptide in the sample. Figure 5.4 provides a bubble
chart that illustrates the distribution of identified peptides based on their molecular weight and pl.
The size of the bubble represents the number of PSMs associated with a given peptide. It is
observed that the peptides in the feed are widely distributed in terms of their molecular weight (0.6
—4.5 kDa) and pl (3.5 - 11.5). Both EUF permeate fractions are observed to have relatively lower
heterogeneity based on their molecular weight and pl. The peptides in the pH 3 EUF permeate
clustered at the lower mass range (Figure 5.4), indicating the enrichment of smaller peptides (0.8-
1.5 kDa). Enhanced selectivity of the pH 7 EUF is evident from the larger bubbles of low molecular
weight peptides at pl >8, in the permeate collected from (Figure 5.4). The following section
describes the estimation of sieving coefficients and selectivity associated with the membrane

separation of BSA peptides using EUF.

Figure 5.4: Bubble plots showing distribution (based on pl and molecular weight) of peptides
identified in the BSA feed and EUF permeate fractions processed at pH 3 and pH 7. The size of

the bubbles determined by the number of PSMs (peptide spectral matches).
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5.3.2. EUF processing: sieving coefficients and selectivity

The observed sieving coefficient, S,, of a membrane separation is determined based on the
ratio of a given peptide’s concentration in the permeate to that of the feed.!®® In the present study,
the ratio of normalized PSMs (of a given peptide within the fraction (permeate / feed) to represent
the sieving coefficient (So). With electrodialytic processing as described by Doyen et al. (2013),”’
a similar parameter, termed peptide migration rate, was determined based on the ratio of LC-UV
peak area for the peptide in the permeate relative to the feed. Table 5.2 lists the top 10 most
abundant peptides in each fraction along with their properties (charge at neutral pH, molecular
weight) and sieving coefficients. EUF operation at pH 7 is observed to have higher S, values
compared to EUF operation at pH 3. At higher feed pH, the peptides with a net positive charge
(higher pl) and can translocate across membrane as a result of the electric field. In contrast, it is
evident from Table 5.2 that peptides with a net negative charge tend to have a lower S,, especially
in pH 7 operation of EUF. S, reported in the present study for cationic peptides (in both EUF
conditions) were observed to be much higher compared to a previous report by Doyen et al
(2013).77 S, after 60 min of processing estimated in the present study is 10-100 fold than that the
migration rate for cationic lactoglobulin peptides after 240 min of processing.”’ High sieving
coefficients observed with the EUF approach is an indication of the enrichment of small cationic
peptides. However, further impact of EUF processes for enrichment of peptides can be

quantitatively assessed with selectivity (section 4.3.3).
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Table 5.2: List of most abundant peptides in each fraction their associated characteristics

Feed EUF fraction (pH 3) EUF fraction (pH 7)

Peptide sequence (;?:;I%IGMW (Da) Peptide sequence (;}tl}rlgle 12/[[)\3):/) coseifef:,ci?e%l ¢ Peptide sequence (ilz)rﬁe al\g:;, coseifefrg?e%l t
WSVARLSQKFPKAEF 2.0 17943 [SQKFPKAEF 1.0 1081.66 10.0 SQKFPKAEF 1.0 1082.55 30.6
SQKFPKAEF 1.0 1081.6 [|ASIQKFGERALKA 2.0 1419.09 10.1 ASIQKFGERALKA 2.0 1418.88 44.6
LYYANKYNGVF 1.0 1351.6 |[VEVTKLVTDL -1.0 1116.74 5.8 FVEVTKL 0.0 835.46 10.9
PFDEHVKLVNELTE -29 1669.8 [FVEVTKL 0.0 835.49 4.7 KVPQVSTPTL 1.0 1069.61  26.0
YYANKYNGVFQECCQAEDKGACLLPKIETMR -0.1 3715.0 |KVPQVSTPTL 1.0 1069.71 11.6 HVKLVNELTE -09 1181.60 7.3
LQQCPFDEHVKL -0.9 1456.9 [HVKLVNELTE -09 1181.67 3.4 EKLGEYGFQNAL -1.0 1368.66 3.2
EKLGEYGFQNAL -1.0  1368.7 [EKLGEYGFQNA -1.0 1254.73 5.2 WSVARLSQKFPKAEF 2.0 1794.08 1.7
IKQNCDQFEKLGEYGFQNAL -1.0  2345.3 [TRKVPQVSTPTL 2.0 1327.83 6.0 EKLGEYGFQNA -1.0 125643 13.0
LYYANKYNGVFQECCQAEDKGACLLPKIET  -1.1 3411.5 JAWSVARL 1.0 802.43 - TRKVPQVSTPTL 2.0 1326.83 18.7
ASIQKFGERALKAWSVARL 3.0 2131.5 [WSVARLSQKFPKAEF 2.0 179429 0.5 [VRYTRKVPQVSTPTL 3.0 1859.03 12.5

101



Selectivity between two different solutes during membrane separation is ratio of their S,.'®

To discuss the effectiveness of the EUF processing approach in this study two distinct types of
selectivity will be described, namely size selectivity and cationic (charge) selectivity. Size
selectivity was determined based on the ratio of the sieving coefficient of any given peptide to the
mean sieving coefficient of all larger molecular weight peptides in the fraction (>2 kDa). Figure
5.5 A and B shows the size selectivity trends with respect to peptide molecular weight. To reduce
the noise associated with the molecular weight peptide selectivity data, the selectivity data was
approximated to five bins: 0-0.5, 0.5-1, 1-1.5,1.5- 2 and 2-2.5 kDa. Peptide size selectivity
indicates preferential translocation of smaller peptides in the feed across the membrane into the
permeate in both conditions. The slope of the regression (Figure 5.5, A, B) is lower in the case of
size selectivity of EUF at pH 7 (-11.8 & 3) compared to EUF at pH 3 (-2 £ 0.4). This is indicative
that predominance of size-based separation is reduced during the cationic directed EUF processing
at higher pH as it would be at lower pH. A contributing factor to the higher size selectivity is the
expected predominance of net positively charged (cationic) peptides in the slightly acidic feed at
pH 3. Similarly, assessment of the influence of selectivity based on charge i.e., preferential
translocation of cationic peptides during EUF will further help understand the factors in play
during EUF fractionation.

The cationic selectivity of the EUF approach was determined here with the ratio of the S,
of any given peptide with that of the mean of the sieving coefficients associated with all
negative/neutral peptides in the fraction (charge state < 0 at pH 7). Cationic selectivity data from
both EUF processing approaches were categorized into the charge state of peptides: -2, -1, 0, +1
and +2 (at neutral pH). The cationic peptide selectivity of the EUF approach is depicted in the

linear regression models of box and whisker plots in Figure 5.5, C and D. This is the first
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quantitative estimation and characterization of the relationship between membrane selectivity and
charge state of the peptides for membrane-based processing approaches. The cationic selectivity
and relationship to peptide charge (slope of linear regression; Figure 5.5 C, D) of EUF operation
was estimated to be much lower than the size selectivity (Figure 5.5, A, B). This was expected as
ultrafiltration is primarily a molecular size-based processing approach. It is also observed that EUF
carried out at pH 7 has a higher slope of regression (0.46 £+ 0.2; Figure 5.5, C) and r-squared value
(0.65) compared to operation at feed pH of 3 (slope=0.31 = 0.2, r*=0.38; Figure 5.5, D). The
positive correlation and positive slope observed in Fig 5.5 C and D is indicative of the increase in
selectivity of the EUF approach with cathode placed in the permeate side for more cationic
(apparently charged) peptides. Therefore, cationic selectivity trends of EUF processing feeds with
varying pH is evidence of the ability of EUF fractionation to enrich cationic peptides during
processing complex samples. In contrast to our expectation, the impact of feed pH EUF on

selectivity remained inconclusive from the results.
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Figure 5.5: Linear regression models of box and whisker plots associating selectivity of the EUF
process with (A) Molecular weight of the peptides identified in the pH 3 EUF permeate, and (B)
Molecular weight of the peptides identified in the pH 7 EUF permeate. (C) Charge state of the
peptides identified in the pH 3 EUF, (D) Charge state of the peptides identified in the pH 7 EUF

permeate, Slope is presented in the regression equation along with regression correlation

coefficient.
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5.4. Conclusion

The presented work describes a strategy for enrichment proteins and peptides using electro-
ultrafiltration. Within the constraints of operational space for the EUF module, the combined
effects of pressure and voltage facilitates the enrichment of peptides based on size and charge
during processing. Peptides in the 1-2 kDa range with higher pl can be efficiently enriched in the
permeate using electro-ultrafiltration. This study provides a breakdown of peptide characteristics
that contribute towards higher selectivity and an enhanced understanding of peptide behavior
during membrane processing approach that is capable of selective enrichment of low molecular
weight and charged components. Comparable charge and size selectivity of the EUF processing
irrespective of feed pH as a parameter, indicates the versatility of this separation approach,

especially for food matrices.
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a given period with the effective surface area of filtration being 20.6 cm?. The collected permeate

was freeze dried (Labconco, MO, US) and stored at -20 °C for further characterization.
6.2.4. Evaluation of process components

6.2.4.1. Membrane thickness assessment

The PES membrane thickness was evaluated before and after processing with a digital
micrometer (Marathon Watch Company Ltd., Richmond Hill, ON, Canada).
6.2.4.2. Soluble protein content

Samples collected at different time points were evaluated for soluble protein content as is,
which was determined using modified Lowry assay kit (ThermoFisher Scientific, IL, US). A Tecan
M1000 microplate reader (Mannedorf, Switzerland) was used in the analysis.
6.2.5. Evaluation of peptide composition and profiling
6.2.5.1. Amino acid composition

Acid hydrolysis (6N HCI, 1% phenol; 110 °C, 24 hours) of samples was carried out in
PicoTag reaction vials (Eldex Laboratories Inc., Napa, CA, USA). The reaction vial is dried under
vacuum. Precolumn derivatization of dried samples (vacuum drying followed by creation of a
nitrogen atmosphere) was carried out with phenyl isothiocyanate (PITC) at room temperature in
7:1:1:1 methanol, water, triethylamine and PITC. Diluted sample/standard (2 pL) was injected on
a Waters Acquity UPLC equipped with BEH C18, 2.1 x 100 mm (1.7 um) at a flow rate of 0.5
mL/min. Reversed-phase gradient elution was achieved using a mixture of Buffer A (0.14 M
sodium acetate, 0.05% triethylamine, pH 6.05, 6% acetonitrile) and Buffer B (60% acetonitrile)
and signal monitored at 254 nm. Based on the injected amount (50 picomoles) and integrated areas

of each amino acid in the standard, the quantities in the unknown sample were determined.
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6.2.5.2. Gel permeation chromatography

SPH and fractionated samples (20 pL at 4 mg/mL) were injected on an Agilent 1260
Infinity series II equipped with GFC P2000 column (300 x 7.8 mm, Phenomenex, CA, USA) and
a variable wavelength detector set at 214 nm. The mobile phase 45% acetonitrile, 0.1% TFA in
water was operated at the flow rate of 0.85 mL/min. The calibration curve was prepared using
Cytochrome C (12327 Da), Bovine Insulin (5733 Da), angiotensin (1046 Da) and glutathione (307
Da).
6.2.5.3. Cation-exchange chromatography

Peptide samples, namely SPH and EUF/UF fractions were injected (50 uL) to a Luna® 5
um strong cation exchange (SCX) column 100 A, 150 x 4.6 mm (Phenomenex, CA, USA). Flow
rate was set at | mL/min and the composition of mobile phase A was 20 mM potassium phosphate,
pH 3, while mobile phase B was 20 mM potassium phosphate pH 3 with 0.5 M potassium chloride

and C was 100% acetonitrile. The gradient method used for separation is described in Table 6.1.

Table 6.1: Separation gradient timetable used for the SCX separation of salmon peptide
fractions

Time (min)  Flow rate (mL/min) A (%) B (%) C (%)
0 0.85 75 0 25
6 0.85 70 5 25
10 0.85 65 10 25
14 0.85 50 25 25
18 0.85 25 50 25
22 0.85 0 100 0

24 0.85 75 0 25
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6.2.5.4. Proteomic analysis

LC-MS/MS analysis was carried out with samples injected with an Easy nLC system
(ThermoFisher Scientific, San Jose, CA) connected to a Q Exactive HF-X (ThermoFisher
Scientific, San Jose, CA) operating at 60,000 resolution in positive mode with a scan range of m/z
400 to 1600. Reverse-phase separation of peptides was carried out (60 min) in the nLC running at
250 nL/min with a gradient program of 3% B (0.1% formic acid in acetonitrile) at 0 min to 20%
B at 18 min to 35% B at 49 min to 100% B at 51 min while Solvent A was 0.1% formic acid in
water.

Peaks studio 10.6 (Bioinformatics solutions Inc., ON, CA) was used for peptide searching
against the Salmo salar UniProtKB database (downloaded June 2021, 82272 entries) with parent
mass error tolerance of 10 ppm and fragment mass error tolerance of 0.2 Da. Peptide lists were
generated with database searches carried out using unspecified cleavage (no enzyme), semi-
specific pepsin and semi-specific trypsin with a FDR of 1%. The peptide lists were compared using
Venny 2.1 (BioinfoGP). Isoelectric points of the identified peptides were calculated using

isoelectric point calculator http://ipc2.mimuw.edu.pl/.3! GRAVY scores for the identified peptides

was computed using an online tool: https://www.bioinformatics.org/sms2/protein_gravy.html.%°
6.2.6. Antioxidant assays

6.2.6.1. Ferric reducing antioxidant potential assay
Ferric reducing capacity of SPH and peptide fractions were assessed by the method

developed by Oyaizu (1986)'** using a similar approach and has been described in section 2.2.10.
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6.2.6.2. Fe(ll) chelation assay
The capacity for peptides to bind Fe (II) was evaluated using the metal chelation assay
developed by Boyer and McCleary (1987) with modifications by Saidi et al., (2014), at a peptide

concentration of 4 mg/mL.¥14°

6.2.7. C-18 Solid phase extraction (SPE) purification

Microfuge tubes were placed into a Visiprep™ vacuum manifold (Supleco) and 1 mL of
sample (4 mg/mL) was passed through a C-18 Solid phase Extraction (SPE) cartridge (Hypersep™
SPE, 100 mg C18, ThermoFisher Scientific, TN USA). The SPE cartridges were washed twice
with water after which the purified peptides were eluted with 0.6 mL of 75% acetonitrile. Fractions

were dried prior to further analysis of antioxidant activity.
6.3. Results and Discussion

6.3.1. SPH fractionation and recovery with EUF

Application of voltage was evaluated to explore the impact on permeate flux and membrane
fouling. In any membrane filtration process, the permeate flux is a significant parameter that
influences the recovery of the fractionation process. The filtration apparatus was operated at a
constant 60 psi, made uniform with a diaphragm pump. Lower operating pressures were attempted
(<30 psi), though this resulted in highly variable flux and peptide recovery. It is speculated that
this results from irregularities in membrane morphology, whereby differences in membrane
thickness >5 % was observed even within a single sheet. Inclusion of an applied electric field
during ultrafiltration (i.e. electro-ultrafiltration or EUF) has previously been shown to reduce
membrane fouling. 2*'"?** From Figure 6.1, cathode-directed EUF, referring to the placement of
the negative electrode (the cathode) on the permeate side of the membrane, maintained the highest

permeate flux profile over the course of two hours. In contrast, anode directed filtration yielded a
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significantly lower permeate flux over the course of filtration. This is explained by noting the
impact of the applied voltage on the titanium electrode. Anode directed filtration caused an
observable dissolution of the anode, whereby. the TiO» coating on the electrodes are eroded
because of electrolytic reactions. Electrodissolution can therefore lead to an accumulation of
contaminants in the permeate and retentate. This issue can be overcome in future studies by using
an inert electrode such as platinum. Varying results have been reported for electrically-driven
separations, resulting from complex electrolytic reactions taking place at the
electrodes.!?%21623¥ Anode-directed filtration is also challenged by the acidic pH of the feed (4.6)
implying that a large portion of SPH peptides are cationic. These species are not assisted by the
voltage gradient to traverse the membrane, thus increasing the cake layer formation on the
membrane and reducing permeability. However, it is clear that cathode-directed filtration was

found to provide a higher flux of the SPH feed through the membrane.
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Figure 6.1: Flux profiles of the SPH fractionation carried out by different modes of operation
with/without applied electric field and direction of electric field (anode or cathode directed

filtration).
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Varying the concentration of the feed was expected to impact the degree of membrane fouling,
and therefore the associated permeate flux. It was noted that the desired 10 V applied across the
membrane was difficult to maintain for dilute peptide solutions (<1 mg/mL soluble protein
content), owing to low conductivity of the feed. The high current necessary to maintain voltage
across the membrane can cause undesirable sample heating and may also exceed the limit of the
power supply. While addition of electrolytes such as KCI, could maintain conductivity of lower
feed concentrations during processing,?® this would result in very high salt accumulation in the
permeate, which is undesirable. Therefore, a feed concentration of at least 1 mg/mL was deemed
necessary for the experimental setup.

Direct evidence of the influence of feed concentration on membrane fouling is provided
through measurements of the thickness of the membrane following two hours of filtration. As seen
in Table 6.2, an increase in membrane thickness correlates with the concentration of peptide in the
feed solution. The high standard deviations reported reflect the variability associated with the
fouling process across different regions of the membrane. Persico et al., (2018) observed
negligeable peptide fouling (whey protein hydrolysate) on PES membranes.?** However, the
membrane cutoff in that study was 50 kDa, while the membrane processing in the current study
used a 3 kDa cutoff membrane. Furthermore, membranes were not assessed in a processing
approach (a true filtration experiment) as carried out in this study. Rather, the membranes were
simply soaked in the feed solution to determine if peptides adhere to the surface. A clear layer of
protein fouling was observed by Ng et al., (2018) during skim milk filtration using PES membranes
as a result of adsorption/accumulation on the membrane surface.???> In the present study, a
yellowish layer was observed to be formed on the surface of the membrane after fractionation of

SPH during all treatments.>*
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Table 6.2: Fouling thickness on PES membranes after processing at different feed concentrations.

Conc.

EUF (um) UF (um)
(mg/mL)
1 8+5 7+4
2 8+7 13+£3
3 12+6 15+6

The ultrafiltration membrane thickness was variable ranging from 160-190 um. The
thickness of the fouling layer on the surface of the membrane as observed in Table 6.2, was slightly
reduced at higher protein concentrations through application of the electric field. However,
membrane fouling was shown to be higher in the UF processing (without voltage), demonstrating
that EUF processing can employ higher feed stock concentrations, without causing substantial
membrane fouling. This is demonstrated in Figure 6.2. In particular, the permeate flux with EUF
at 1 mg/mL overlaps that of 2 mg/mL (Figure 6.2A), following a short equilibration period. The
permeate flux was also higher in EUF at all times, and for all feed concentrations, compared to
filtration in the absence of voltage (Figure 6.2B). In general, higher feed concentration decreases
the flux across the membrane according to the stagnant film model.!” Increased feed concentration
leads to higher concentration polarization at the surface of the membrane, causing lower flux
through the membrane.?*! Consistent with the previous observations from Figure 6.1, flux decline
reduced during the initial phase of processing with cathode directed EUF. Similarly, enhanced
permeate flux has been described by several studies through the application of an electrical field

during ultrafiltration 2424
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Figure 6.2: Flux profiles of the SPH at different soluble protein concentrations, carried out (4)
with the application of voltage in cathode directed filtration mode, and (B) without applied

voltage.

The soluble protein content was evaluated for samples of permeate flux collected over
various time points during processing. No statistically significant difference (p<0.05) was
observed for the soluble protein content (~4 mg/mL) determined at various time points for the
permeate separated using UF (no voltage) and cathode directed filtration with a final protein
concentration of 4.5 + 0.4 mg/mL in the permeate. In contrast, anode directed filtration resulted in
a lower (p<0.05) soluble protein content in the permeate (final protein conc. 3.5 + 0.8 mg/mL)

compared to the retentate (final protein conc. 5.6 + 0.6 mg/mL).

6.3.2 Peptide profile of fractions: Impact of separation

Changes to the amino acid composition is an indication of selective migration of peptides
into the permeate fraction during processing. Selective enrichment of basic peptides into the
permeate is achieved by cathode directed EUF, facilitating translocation of cationic moieties across

the membrane during EUF. Therefore, cathode directed EUF was expected to increase the
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abundance of basic amino acid residues in the permeate, namely Lys, Arg and His. Figure 6.3
summarizes the relative abundance of acidic and basic amino acid residues collected in the
permeate (A) and retentate fractions (B). Table 6.3 outlines the names and details associated with

various fractions collected after fractionation.

Table 6.3: List of peptide fractions and their description

Name MW cutoff membrane Mode of filtration Fraction type
SPH none none Feed
<3A 3 kDa Anode directed EUF permeate
<3C 3 kDa Cathode directed EUF permeate
<3N 3 kDa No voltage/UF permeate
>3A 3 kDa Anode directed EUF retentate
>3C 3 kDa Cathode directed EUF retentate
>3N 3 kDa No Voltage/UF retentate

As expected, cathode directed filtration selectively enriched peptides with basic amino acid
residues in <3C. This is evident through a comparison of <3C to <3N, as well as to <3A. Lysine
was the 2°¢ most abundant amino acid residue in <3C, being ~50% higher than the original feed
solution, and more than 3-fold higher than <3A. Similarly, cathode-directed filtration yielded a
corresponding drop in acidic amino acids in <3C. These results therefore suggest that peptide
separation through EUF is influenced by the charge of the peptides. Enrichment of peptides
containing basic or acidic amino acid residues is resultant of the placement of cathode or anode on

the permeate side of the membrane during processing.
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Figure 6.3: Relative amino acid abundances of (A) permeate fractions and (B) retentate fractions

generated from SPH.
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Means (bars) denoted by a different number of asterix represent significantly different means (p <

0.05) based on multiple comparison of means (Tukeys test) using one-way ANOVA.
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The charge characteristics of peptide mixtures can also be evaluated using strong cation
exchange separation. Higher retention on SCX column is an indication of more cationic peptides,
or alternatively of higher mass peptides. However, higher mass peptides are unlikely since all three
permeate fractions enrich for solutes below a 3 kDa molecular weight. Figure 6.4 depicts the
elution profile of peptides from SPH and the permeate fractions. As seen in the figure, <3A
fraction shows little evidence of highly cationic peptides, as minimal signal is observed beyond 10
min in the chromatogram. This agrees with the reduced content of basic amino acids (Figure 6.3).
The chromatographic profile of the UF permeate in the absence of applied electric field is similar
to the unfractionated SPF sample, indicating no preference towards selection or depletion of highly
cationic peptides. Finally, the chromatogram of the <3C shows evidence of enriched cationic
peptides, with a relative increase in peak area beyond 10 min compared to the unfractionated
control. Together with the corresponding amino acid profiles, these results provide strong
evidence to support the selective enrichment of positively charged peptides by the electro-
ultrafiltration apparatus. These cationic peptides are most desired for their bioactive properties,

which are evaluated further in the subsequent sections.
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Figure 6.4: SCX elution profiles of SPH and permeate fractions generated by EUF.

The analytical characterization of peptides based on size was also conducted using gel permeation
chromatography (GPC). A nominal 3kDa membrane should show preference towards lower
molecular weight peptides in the permeate, noting that the 3kDa pore size is not an absolute cutoff.
Thus, a trend tending towards smaller peptides in the permeate was anticipated. Figure 6.5
summarizes the results obtained by GPC analysis, displaying the molecular weight distribution of
peptides in the permeate fractions relative to the unfractionated SPH. These chromatograms

confirm the higher selectivity for low MW components by the membrane filtration process. All
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permeate fractions contained a minimum 50% of <500 Da components. It was observed that each
fraction retained higher MW components above 3 kDa, although the higher MW components
above 5 kDa are reduced to negligible levels in the permeate fractions following fractionation. that
the polarity of the applied electric field had little impact on the peptide MW distributions, which
was expected. The molecular weight profiles were statistically indistinguishable for all three
retentate fractions (>3N, >3A, >3A). However, in all cases, the peptides in the permeate fractions
contain a greater proportion of low MW peptides. From a processing perspective, conventional
ultrafiltration of the SPH does not significantly impact or enhance the chemical characteristics of
the sample. Therefore, the orthogonality offered by the EUF separation to enrich charged peptides

is especially valuable to this sample (SPH).

70

;\: 60 - m<3A =

(/] .1

S 50 - MSSC

2 <3N !
40 -

..‘of SPH

© 30 - .

¢ h [l

'g 20 r\ I I

=}

< 10- )
0 = T = T = _,_\_ T T T

>10000 10000 - 5000 5000 - 3000 3000 - 1000 1000 - 500 <500

Molecular weight range (Da)

Figure 6.5: Molecular weight profile of UF/EUF peptide fractions

Means denoted by a different letter indicates significant differences between means (p < 0.05) based
on multiple comparison of means (Tukeys test) using one-way ANOVA.
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The peptides in the UF/EUF permeate fractions were subject to LC-MS/MS characterization. The
neutral fractionation generated 105 unique peptide identifications while <3A and <3C had 79 and
65 unique peptide identifications respectively (Figure 6.6). From this Venn diagram, the <3C and
<3A fractions were observed to have the least similarity based on the low overlap in identified
peptides. The non-specific cleavage associated with SPH production is responsible for smaller lists
of confident peptide identifications from the LC-MS/MS runs. As described in section 1.6.5,
probability of confident identification decreases significantly with unspecified cleavage of
proteins, thereby reducing peptide lists. Although >50,000 ions were detected in the MS analysis,
confident identification of peptides remained low even though a high-resolution mass spectrometer
(Q Exactive HF-X (ThermoFisher Scientific, CA, USA)) was used for the analysis. Most of the
identified peptides were observed to be derived from collagen isoforms. Given the source of
salmon proteins, this result was expected.

The peptide sequences were further examined to evaluate trends on GRAVY scores, MW
and pl. While the comparison of permeate fractions yielded no distinguishable features for MW
and GRAVY scores (not shown), a frequency distribution of pl values of peptide sequences is
presented in Figure 6.6, B. It is observed that <3 A has the highest abundance of acidic peptides,
which would generally give rise to anionic species as confirmed from amino acid and SCX
chromatography analysis. Similarly, <3N had a higher frequency of peptides identified with pl in
the neutral to high pH region (pH 5-8), therefore tending towards cationic peptides. However, <3C
did not follow this trend, which is speculated to be a result of the low number of peptide

1dentifications from this fraction.
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Figure 6.6: (A) Venn diagram comparing identified peptide sequence from the three peptide

fractions (B) Distribution of pl of peptides identified from the membrane processed fractions.

The MS results corroborate the selective peptide partitioning based on charge size and
charge during EUF, as described with LC-UV results earlier. Noting the detection of >50000 ions
per fraction, whose sequence could not be positively confirmed, profiling the mass and charge
state of the detected ions was attempted. Figure 6.7 provides histograms of the peptides from each
permeate fraction according to their molecular weight and charge distribution. The MW profiles
shown here are similar to those reported via GPC analysis (Figure 6.5). Similar to the SCX profiles
(Figure 6.4), higher abundance of ions with +2 and +3 charge states were observed in <3C,
compared to both <3N and <3A. Summarizing the results of amino acid content, LC profiles and
MS characterization, it is evident that EUF enhances the partitioning of smaller MW charged

(cationic/anionic) peptides into the permeate fractions.
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Figure 6.7: EUF/UF peptide fraction profile on the basis of (4) charge status, (B) mass profile;

as determined by LC-MS/MS.

6.3.3. Antioxidant activity

The ferric reducing antioxidant potential (FRAP) assay measures the ability of peptides to
act as an electron donor. Figure 6.8 (A) illustrates the ferric reducing capacity of salmon peptides
in the unfractionated SPH, as well as the membrane-filtered peptide fractions. Previous studies
have demonstrated smaller peptide fractions (ultrafiltered peptide fractions) to yield higher
reducing capacity.”? As seen here, none of the fractionated permeates displayed higher ferric
reducing capacity. By contrast, the UF permeate retained in the absence of applied electric field

showed significantly lower (p<0.05) ferric reducing capacity. Both the permeate and retentate
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fractions from anode directed filtration exhibited pro-oxidant behavior with the FRAP assay.
However, this result can be explained by the presence of contaminants from electrode dissolution
observed during separation, which may have acted as prooxidants. Anionic and cationic trout
peptide fractions derived by an electroanalytic process by Suwal et al., (2018) did not improve

reducing capacity of the fish protein hydrolysate.
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Figure 6.8: Antioxidant capacity of SPH, permeate and retentate fractions: (A) ferric reducing
capacity expressed as mM equivalent of GSH; (B) metal binding capacity expressed as M

equivalent of EDTA.

Means denoted by asterix indicates a significant difference (p < 0.05) based on multiple comparison of
means (Tukeys test) using one-way ANOVA.
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The Fe (II) chelation assay determines the ability of analyte molecules to bind to pro-
oxidant metal ions that can lead to the generation of free radicals through Fenton’s reaction.
Structure and amino acid composition of peptides play a major role in their ability to elicit metal
chelation capacity.?*> Compared to SPH (28 + 9 EDTA uM eqv.), more than 4-fold increase in
metal chelation activity was observed for <3C (118 =0.4 EDTA uM eqv.), which had significantly
higher metal chelation activity compared to other fractions. Higher abundance of histidine which
was observed with <3C peptides, has been previously associated in the literature, with higher
ability to chelate ferrous ions in previous studies.’® Additionally, the anionic peptide fraction (<3A)
was also found to exhibit high metal chelation activity (102 + 0.4 EDTA uM eqv.) compared to
SPH (Figure 6.8 B). The <3A fraction has high Glu+ GIn contents, Glu has been previously shown
to improve Fe (II) chelation capacity.?*® Similarly, a 3-fold increase in ACE inhibitory activity was
observed by Leeb et al., (2014) for EUF derived peptide fractions from dairy protein
hydrolysate.??° In contrast, fractionation of fish protein hydrolysate into anionic and cationic
peptides derived from Rainbow trout via electrodialysis by Suwal et al., (2018) did not improve
metal chelation capacity, although these fractions had enhanced radical scavenging activities.>*’
Four-fold increase in activity is indication of the enrichment of bioactive peptides, improving the
concentration and purity compared to SPH (Figure 6.8). Therefore, the fractionation using EUF
from SPH could significantly improve its bioactivity and thus, the commercial value.

The unfractionated SPH was previously shown to have mineral contaminants in the range
of ~10% of dry matter based on ash content (Table 2.1). These contaminants are also present in
the ultrafiltered fractions as can be seen in the MW profile results (Section 6.3.2). Solid phase
extraction with C-18 was therefore performed to reduce mineral contaminants and purify the

peptides in the fractions. Ferric reducing capacity of the SPE-purified peptides was non-detectable.
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It is not clear if acetonitrile-based elution from the C18 SPE impacted the composition or activity
of these peptides. In contrast, the metal chelation activity remained consistent when compared to
the original crude fractions (Figure 6.8). Both <3A and >3A fractions had significantly higher
activity (p<0.01), the increase in activity is predicted to result from reduction of mineral
contaminants (less than 0.5 kDa components as observed in <3A in Figure 6.5 and 6.6) in these
samples. These results are indicative of the significance of fractionation of the SPH, which played

a more significant role in bioactivity these assays compared to the mineral contaminants.
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Figure 6.9: Metal binding capacity of C-18 purified peptide fractions expressed as uM equivalent
of EDTA.

*significant difference observed at p < 0.05 with paired t test
**significant difference observed at p < 0.01 with paired t test
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6.4. Conclusion and future outlook

The presented work describes a processing approach for improved selectivity for
enrichment of salmon peptides using electro-ultrafiltration. Enrichment/diminution of basic/acidic
amino acid residues in the peptide fractions based on the direction of voltage demonstrates the
selectivity of this approach. Combined effects of pressure with the applied voltage facilitates the
enrichment of peptides based on size and charge during processing that significantly impacts their
functionality (metal chelation capacity). It is demonstrated in this study that EUF enrichment of
SPH peptides resulted in higher acidic/basic amino acid residues in the peptide fractions based of
direction of voltage. Separation significantly improved the antioxidant activities of both anionic
(more than 3-fold) and cationic (4-fold) peptide fractions. In addition, this technique is selective,
and environmentally friendly as it does not require application of solvent and consumes less energy
compared to conventional chromatographic techniques. This strategy provides a viable approach
for downstream separation of aqueous extracts with charged components. The present study also
contributes to the understanding of peptide separation from a unique complex feed and the impact
on functionality of the product results from selective enrichment of low molecular weight and

charged peptides.
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CHAPTER 7

Conclusion

Enriching peptides of desired properties is beneficial for developing ingredients or products
with enhanced bioactivity. Development of these ingredients via the upcycling of fish by-products
generated from processing is important for Canada and especially Atlantic Canada because of the
abundance of these resources here, through a vibrant fisheries and aquaculture sector. Therefore,
the present research utilized the fermentate derived through a unique and sustainable bioprocessing
approach using lactic acid bacterial fermentation of Atlantic salmon by-products, as a natural
source to further select functionally active peptides. Functional benefits of peptide bioproducts are
dependent on their composition and physicochemical properties. In this light, development of
sustainably derived peptide ingredients for their application in functional foods, animal feed, and
nutraceuticals are of significance. Bioactive peptides have the potential to contribute towards
mitigating disease states and promoting human health. For instance, food-based peptide product
development efforts are currently directed at developing antioxidant, antimicrobial,
antihypertensive, immunomodulatory, hypocholestrolaemic, hypolipidemic, and antithrombic
activity. Peptide bioactivity is dependent on their conformation and ability to interact with various
cellular components such as reactive oxygen species, enzymes, receptors and membranes.
Therefore, the amino acid composition along with other physicochemical properties (polarity, size,
charge etc.) and conformation primarily dictates the bioactive properties of peptides.

The fermentate generated via bacterial fermentation yields several distinct fractions. The
protein hydrolysate fraction, in addition to being the most abundant in the fermentate, is also the

most important for formulation of protein-based food/feed ingredients. This is due in part to its
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high water solubility (suitable for use in health drinks; solubility also contributes towards higher
bioavailability) and being readily available to be incorporated into different food matrices. In
addition, because of its unique composition, the emulsion fraction was observed to have distinct
features and functionality along with characteristics such as higher hydrophobicity that makes it
amenable for unique applications in food substrates. The higher hydrophobicity and emulsifying
ability can play a major role in incorporation into food matrices to reduce spoilage. Therefore, as
described in Chapter 2, we were able to characterize the emulsion and aqueous protein hydrolysate
fractions to identify distinct features associated with both fractions. Follow up studies can evaluate
the impact of incorporating the emulsion as well as the other fractions into food matrices and the
effect of functionality as a result of the same. The remainder of this thesis focused on the aqueous
salmon protein hydrolysate fraction (SPH).

Stability and associated storage conditions for food and feed ingredients are important
criteria to consider for downstream processing (for further fractionation/separation), storage,
transportation of such products. The stability of salmon protein hydrolysate makes it suitable in its
current form for further downstream processing and long-term storage. The absence of turbidity
(indication of microbial contamination), consistent smell (flavor) and overall chemical stability
during storage is predicted to be a reflection of its slightly acidic pH along with the lactic acid
bacteria generated antimicrobial compounds (not evaluated here, though a subject of future work).
The impact of processing approaches such as pasteurization would also need to be evaluated for
food product development and application. Prior to incorporation into food or drinks, fish-based
protein hydrolysate would require deodorization, bleaching and debittering, to reduce the effects
of SPH incorporation on appearance and flavor of food products. The effects of each of these

treatments will also need to be evaluated in subsequent studies.
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Peptide composition plays a major role in determining biological activities even when
generated from a given source using identical processing methods. Chemically distinct fractions
of peptides can be isolated from a heterogenous mixture using simple, scalable separation
strategies. It is evident that fractionation with electro-ultrafiltration is able to generate peptide
fractions enriched in cationic or anionic peptides, depending on the polarity of the applied voltage.
However, a drawback of the module used in the current study was the inability to carry out anode-
directed filtration without causing damage to the electrodes. Although characterization of anode-
directed permeate fraction was provided in this thesis, the impact of electrode dissolution on
altering the separation process was not fully evaluated. One approach to consider in future
developments with the EUF module should be the utilization of a more inert electrode material for
the fabrication of the EUF module to prevent degradation of the electrode. Platinum or coated
electrodes are resistant to electrolytic dissolution and reduces the complexation and redox
reactions that can take place at the electrodes.

There is significant potential for considering the application of this separation technology
in a wide variety of feed streams. For instance, in addition to cationic/anionic peptides, EUF has
the potential to separate sulfated poly/oligosaccharides (negatively charged) from crude seaweed
extracts to generate sulfate enriched poly/oligosaccharide fractions through anode-directed
filtration to develop potent fraction with enhanced activity for applications in plant, animal and
human health. The filtration module used in this study has an active membrane area of 20.6 cm?
and is therefore only suitable for lab scale separations. Design and scale-up of electrode-assisted
crossflow filtration module with higher active membrane area to increase permeate recovery
require further considerations. For instance, the plate and frame configuration of the module used

in this study has relatively lower surface area to volume ratio. Alternatively, spiral wound
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membrane configuration maybe a more effective configuration for pilot and commercial
separation.

Analytical techniques to evaluate and characterize peptide fractions plays a major role in
ensuring consistent product characteristics and quality. Various chromatographic approaches such
as size (GPC), polarity (RPLC), charge (SCX/WAX) provide a snapshot of peptide characteristics.
Mass spectrometric analysis coupled to LC separation also enables the evaluation of the above-
mentioned characteristics with certain limitations. For instance, conventional LC-MS/MS peptide

sequencing approaches are limited by peptide size (~500-5000 Da) and charge (>+2). We observed

that sequencing and characterization of autolysis derived salmon peptides was significantly more
challenging than tryptic peptides from the same sample. Cleavage specificity for enzymes such as
mammalian trypsin and pepsin have been well characterized, and trypsin especially is
conventionally used towards LC-MS/MS peptide sequencing. Whereas all commercial protease
preparations and autolytic approaches lack cleavage specificity when used for generation of
peptide fractions. Development of analysis tools suitable for peptidomic sequencing of fractions
generated through processing approaches that lack cleavage specificity is essential for large scale
evaluation of sequence data for peptide bioproduct development.

Salmon peptide product development needs the identification of peptides with desirable
attributes and qualities to develop and commercialize peptide bioproducts. While a multitude of
different bioactivities have been described in the literature associated with various
physicochemical properties, evaluation of all of these aspects was not within the scope of this
study. However, further evaluation of functional bioactive properties for peptide fractions such as
antimicrobial activity, antihypertensive activity, antitumor activity can facilitate the development

of'a wide range of peptide bioproducts from different sources of protein hydrolysates. An improved
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understanding of peptide physicochemical properties and their relationship to peptide functionality
can boost research towards product development based on these relationships.

Future studies will aim to develop membrane processing approaches incorporating
additional strategies. Outcome and learning from this study will be used to develop improved
filtration modules with resistant electrode material and functionalized membrane surfaces along
with the applied electric field, to enable the capacity to selectively separate components of a feed
based on desired attributes such as charge, hydrophobicity, hydrophilicity, polarity and molecular
weight. Another approach to be considered in future study is the use of membrane cascades, which
has typically been used in the literature for the separation of binary/tertiary mixtures of
proteins/oligosaccharides. Multidimensional selective fractionation of complex substrates is
possible with the application of functionalized membrane cascades assisted by applied electric
fields. In addition to the fractionation of peptides, these functionalized membrane-based filtration
modules can also be assessed for their effectiveness in processing different complex feed material
for  separation of  biomolecules  with  desired  attributes. For  instance,
polysaccharide/oligosaccharide mixtures generated from the hydrolysis of seaweeds or microalgae
(extracts) have several applications in food, health and agriculture (plant health). Fractions of
seaweed extracts and oligosaccharides can then be evaluated for compositional differences in
terms of mono-, and di-saccharide and polysaccharide content using HPLC, gel permeation
chromatography and LC-MS/MS. Filtration modules will be used to measure membrane flux for
different feed substrates, for separation of desired bioactives. Multiple filtration modules (with
functionalized membranes) will be connected and configured with flexible tubing for development
of the cascade system. The filtration systems described above will need to be assessed with model

extracts prior to application with complex marine extracts. Optimization will need to be carried
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out to determine the flow rate at each stage of cascading based on the profiles of flux, fractionation
and fouling over time at each of the membrane modules.

Commercial production of this salmon by-product protein hydrolysate and enriched
fractions can thus, open further possibilities towards development of unique peptide bioproducts
that can have beneficial health outcomes for humans, animals and pets. Effectively utilizing these
waste streams for functional food/feed development or in improving food storage prevents
competition for existing resources for developing these ingredients. Further research will be
required to elucidate nutritional, textural, and sensory changes associated with salmon by-product
preparation and incorporation into food matrices. Additionally, evaluation of in vivo activity is
necessary to determine functionality in target biological systems while being safe for consumption
and beneficial towards as preventative health practices. various innovations and strategies in
membrane processing that have the scope for improving selectivity and separation efficiency,

while reducing the impact of fouling.
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Table Al: List of top 20 most abundant proteins (based on peptide spectral matches) from the
salmon protein hydrolysate as determined by bottom-up proteomics (LC-MS/MS)

Source protein
myosin heavy chain, fast skeletal muscle-like isoform X1 OS=Salmo salar OX=8030
GN=LOC106564162 PE=3 SV=1

Calcium-transporting ATPase OS=Salmo salar OX=8030 GN=LOC106579065 PE=3 SV=1
aldehyde dehydrogenase family 7 member A1 homolog OS=Salmo salar OX=8030 GN=AL7A1
PE=2 SV=1

acidic mammalian chitinase-like OS=Salmo salar OX=8030 GN=LOC106565087 PE=3 SV=1
Actin alpha 1-1 OS=Salmo salar OX=8030 GN=LOC106564730 PE=2 SV=1
Beta-hexosaminidase OS=Salmo salar OX=8030 GN=hexb PE=3 SV=1

mucin-5AC-like OS=Salmo salar OX=8030 GN=LOC106595510 PE=4 SV=1
Carboxypeptidase Al precursor OS=Salmo salar OX=8030 GN=CBPA1 PE=2 SV=1
Alpha-1,4 glucan phosphorylase OS=Salmo salar OX=8030 GN=pygma PE=2 SV=1

Ferritin OS=Salmo salar OX=8030 GN=FRIM PE=2 SV=1

eosinophil peroxidase OS=Salmo salar OX=8030 GN=LOC100380666 PE=4 SV=I
vitellogenin OS=Salmo salar OX=8030 GN=LOC100136426 PE=4 SV=1
Glyceraldehyde-3-phosphate dehydrogenase OS=Salmo salar OX=8030 PE=2 SV=1

Ferritin, heavy subunit OS=Salmo salar OX=8030 PE=2 SV=1

Alpha-galactosidase OS=Salmo salar OX=8030 GN=NAGAB PE=2 SV=1

fibrillin-2-like OS=Salmo salar OX=8030 GN=LOC106613712 PE=4 SV=1
Fructose-bisphosphate aldolase OS=Salmo salar OX=8030 GN=LOC100194624 PE=3 SV=1
alpha-actinin-3-like OS=Salmo salar OX=8030 GN=LOC106577856 PE=4 SV=1
mucin-5AC-like OS=Salmo salar OX=8030 GN=LOC106593959 PE=4 SV=1

cathepsin L1-like OS=Salmo salar OX=8030 GN=LOC106560797 PE=3 SV=1
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Table A2: List of top 20 most abundant proteins (based on peptide spectral matches) identified
from the salmon emulsion as determined by bottom-up proteomics (LC-MS/MS).

Source protein

titin-like isoform X1 OS=Salmo salar OX=8030 GN=LOC106586456 PE=4 SV=1
myosin heavy chain, fast skeletal muscle-like isoform X1 OS=Salmo salar OX=8030
GN=LOC106564162 PE=3 SV=1

Calcium-transporting ATPase OS=Salmo salar OX=8030 GN=LOC106579065 PE=3 SV=1
vitellogenin OS=Salmo salar OX=8030 GN=LOC100136426 PE=4 SV=1

fibrillin-2-like OS=Salmo salar OX=8030 GN=LOC106573567 PE=4 SV=1

collagen alpha-1(XII) chain isoform X1 OS=Salmo salar OX=8030 GN=col12al PE=4 SV=1
nebulin OS=Salmo salar OX=8030 GN=neb PE=4 SV=1

Fructose-bisphosphate aldolase OS=Salmo salar OX=8030 GN=LOC100194624 PE=3 SV=1
Alpha-1,4 glucan phosphorylase OS=Salmo salar OX=8030 GN=pygma PE=2 SV=1

Actin alpha 1-1 OS=Salmo salar OX=8030 GN=LOC106564730 PE=2 SV=1
Glyceraldehyde-3-phosphate dehydrogenase OS=Salmo salar OX=8030 GN=G3P PE=2 SV=I
alpha-actinin-3-like isoform X1 OS=Salmo salar OX=8030 GN=LOC106608893 PE=4 SV=1
myosin-binding protein C, slow-type isoform X1 OS=Salmo salar OX=8030 GN=mybpcl PE=4
SvV=1

Myosin regulatory light chain 2-2 OS=Salmo salar OX=8030 GN=mlc-2 PE=2 SV=1

enolase 3-1 OS=Salmo salar OX=8030 GN=LOC100196671 PE=3 SV=1

Creatine kinase-1 OS=Salmo salar OX=8030 GN=ckm1 PE=2 SV=1

collagen alpha-3(VI) chain-like isoform X5 OS=Salmo salar OX=8030 GN=LOC106581666 PE=4
SvV=1

keratin, type I cytoskeletal 13-like OS=Salmo salar OX=8030 GN=LOC106564958 PE=3 SV=I
Pyruvate kinase OS=Salmo salar OX=8030 GN=pk PE=2 SV=1

filamin-C-like isoform X3 OS=Salmo salar OX=8030 GN=LOC106561692 PE=4 SV=1
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Illustrations on set-up of filtration assembly in steps

Figure Al. Photograph of set up of filtration module — placement of feed spacer. (1)
Outer O-ring, (2) Inner O-ring, (3) Spacer, (4) Top plate, (5) Bottom plate, (6) Electrode
on permeate side

160



Figure A2. Photograph of set up of filtration module — placement of flat sheet
membrane. (1) Membrane, (2) Electrode on permeate side, (3) Electrode on feed side
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Figure A3. Photograph of set up of filtration module — fastened module with membrane.
(1) Feed line, (2) Retentate line, (3) Feed channel inside the module, (4) Retentate
channel inside the module, (5) Permeate line
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Figure A4. Photograph of set up of filtration module — complete set up with electrodes
connected. (1) Feed line, (2) Pressure gauge, (3) Module with flat sheet membrane, (4)
Permeate line, (5) Electrodes connected to power supply, (6) Stand for the module, (7)
Retentate line

163



11/3/22, 8:51 PM RightsLink Printable License

SPRINGER NATURE LICENSE
TERMS AND CONDITIONS

Nov 03, 2022

This Agreement between Subin Raj C. K. Rajendran ("You") and Springer Nature ("Springer

Nature") consists of your license details and the terms and conditions provided by Springer
Nature and Copyright Clearance Center.

License Number 5421610453278
License date Nov 03, 2022
Licensed Content )

Publisher Springer Nature
Licensed Content

Publication Food and Bioprocess Technology

Review of Membrane Separation Models and Technologies:

Licensed Content Title Processing Complex Food-Based Biomolecular Fractions

Licensed Content

Author Subin R. C. K. Rajendran et al

164



11/3/22, 8:51 PM RightsLink Printable License

Licensed Content Date Jan 2, 2021

Type of Use Thesis/Dissertation

Requestor type academic/university or research institute
Format print and electronic

Portion full article/chapter

Will you be no

translating?

Circulation/distribution 1 - 29

Author of this Springer os
Nature content M

CHARACTERIZATION OF PEPTIDE FRACTIONS FROM
ATLANTIC SALMON (Salmo salar) BY-PRODUCT

Title FERMENTATE: EVALUATION OF COMPOSITION, STABILITY,
SELECTIVITY AND RECOVERY DURING FRACTIONATION
USING ELECTRO-ULTRAFILTRATION

Institution name Dalhousie University
Expected presentation May 2023
date

Subin Raj C. K. Rajendran

1250 Grand lake road

Verschuren Centre
Requestor Location

Sydney, NS B1P6L2

Canada

Attn: Subin Rajendran

165



11/3/22, 8:51 PM RightsLink Printable License

Total 0.00 CAD

Terms and Conditions

Springer Nature Customer Service Centre GmbH
Terms and Conditions

This agreement sets out the terms and conditions of the licence (the Licence) between
you and Springer Nature Customer Service Centre GmbH (the Licensor). By
clicking 'accept' and completing the transaction for the material (Licensed Material),
you also confirm your acceptance of these terms and conditions.

1. Grant of License

1. 1. The Licensor grants you a personal, non-exclusive, non-transferable,
world-wide licence to reproduce the Licensed Material for the purpose specified
in your order only. Licences are granted for the specific use requested in the
order and for no other use, subject to the conditions below.

1. 2. The Licensor warrants that it has, to the best of its knowledge, the rights
to license reuse of the Licensed Material. However, you should ensure that the
material you are requesting is original to the Licensor and does not carry the
copyright of another entity (as credited in the published version).

1. 3. If the credit line on any part of the material you have requested indicates
that it was reprinted or adapted with permission from another source, then you
should also seek permission from that source to reuse the material.

2. Scope of
Licence

2. 1. You may only use the Licensed Content in the manner and to the extent
permitted by these Ts&Cs and any applicable laws.

2. 2. A separate licence may be required for any additional use of the Licensed
Material, e.g. where a licence has been purchased for print only use, separate
permission must be obtained for electronic re-use. Similarly, a licence is only
valid in the language selected and does not apply for editions in other languages
unless additional translation rights have been granted separately in the licence.
Any content owned by third parties are expressly excluded from the licence.

2. 3. Similarly, rights for additional components such as custom editions and
derivatives require additional permission and may be subject to an additional

166



11/3/22, 8:51 PM

RightsLink Printable License

fee. Please apply to
Journalpermissions@springernature.com/bookpermissions(@springernature.com

for these rights.

2. 4. Where permission has been granted free of charge for material in print,
permission may also be granted for any electronic version of that work, provided
that the material is incidental to your work as a whole and that the electronic
version is essentially equivalent to, or substitutes for, the print version.

2. 5. An alternative scope of licence may apply to signatories of the STM
Permissions Guidelines, as amended from time to time.

3. Duration of
Licence

3. 1. A licence for is valid from the date of purchase ('Licence Date') at the end
of the relevant period in the below table:

Scope of Licence |Duration of Licence

Post on a website |12 months

Presentations 12 months

Books and journals || Lifetime of the edition in the language purchased

4. Acknowledgement

4.1. The Licensor's permission must be acknowledged next to the Licenced
Material in print. In electronic form, this acknowledgement must be visible at the
same time as the figures/tables/illustrations or abstract, and must be hyperlinked to
the journal/book's homepage. Our required acknowledgement format is in the
Appendix below.

5. Restrictions on use

5. 1. Use of the Licensed Material may be permitted for incidental promotional
use and minor editing privileges e.g. minor adaptations of single figures, changes
of format, colour and/or style where the adaptation is credited as set out in
Appendix 1 below. Any other changes including but not limited to, cropping,
adapting, omitting material that affect the meaning, intention or moral rights of
the author are strictly prohibited.

5. 2. You must not use any Licensed Material as part of any design or trademark.

5. 3. Licensed Material may be used in Open Access Publications (OAP) before
publication by Springer Nature, but any Licensed Material must be removed from

167


mailto:Journalpermissions@springernature.com
mailto:bookpermissions@springernature.com
http://www.stm-assoc.org/intellectual-property/permissions/permissions-guidelines/
http://www.stm-assoc.org/intellectual-property/permissions/permissions-guidelines/

11/3/22, 8:51 PM RightsLink Printable License

OAP sites prior to final publication.

6. Ownership of Rights
6. 1. Licensed Material remains the property of either Licensor or the relevant third
party and any rights not explicitly granted herein are expressly reserved.

7. Warranty

IN NO EVENT SHALL LICENSOR BE LIABLE TO YOU OR ANY OTHER
PARTY OR ANY OTHER PERSON OR FOR ANY SPECIAL,
CONSEQUENTIAL, INCIDENTAL OR INDIRECT DAMAGES, HOWEVER
CAUSED, ARISING OUT OF OR IN CONNECTION WITH THE
DOWNLOADING, VIEWING OR USE OF THE MATERIALS REGARDLESS OF
THE FORM OF ACTION, WHETHER FOR BREACH OF CONTRACT, BREACH
OF WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT OR OTHERWISE
(INCLUDING, WITHOUT LIMITATION, DAMAGES BASED ON LOSS OF
PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF
THIRD PARTIES), AND

WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING
ANY FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY
PROVIDED HEREIN.

8. Limitations

8. 1. BOOKS ONLY:Where 'reuse in a dissertation/thesis' has been selected the
following terms apply: Print rights of the final author's accepted manuscript (for
clarity, NOT the published version) for up to 100 copies, electronic rights for use
only on a personal website or institutional repository as defined by the Sherpa
guideline (www.sherpa.ac.uk/romeo/).

8. 2. For content reuse requests that qualify for permission under the STM
Permissions Guidelines, which may be updated from time to time, the STM
Permissions Guidelines supersede the terms and conditions contained in this
licence.

9. Termination and Cancellation

9. 1. Licences will expire after the period shown in Clause 3 (above).

9. 2. Licensee reserves the right to terminate the Licence in the event that payment
is not received in full or if there has been a breach of this agreement by you.

Appendix 1 — Acknowledgements:

For Journal Content:

168


http://www.sherpa.ac.uk/romeo/
https://www.stm-assoc.org/2020_09_30_STM_Permission_Guidelines_2020.pdf
https://www.stm-assoc.org/2020_09_30_STM_Permission_Guidelines_2020.pdf
https://www.stm-assoc.org/2020_09_30_STM_Permission_Guidelines_2020.pdf

11/3/22, 8:51 PM RightsLink Printable License

Reprinted by permission from [the Licensor]: [Journal Publisher (e.g.
Nature/Springer/Palgrave)] [JOURNAL NAME] [REFERENCE CITATION
(Article name, Author(s) Name), [COPYRIGHT] (year of publication)

For Advance Online Publication papers:

Reprinted by permission from [the Licensor]: [Journal Publisher (e.g.
Nature/Springer/Palgrave)] [JOURNAL NAME] [REFERENCE CITATION
(Article name, Author(s) Name), [COPYRIGHT] (year of publication), advance
online publication, day month year (doi: 10.1038/sj.[JOURNAL ACRONYM].)

For Adaptations/Translations:

Adapted/Translated by permission from [the Licensor]: [Journal Publisher
(e.g. Nature/Springer/Palgrave)] [JOURNAL NAME] [REFERENCE
CITATION (Article name, Author(s) Name), [COPYRIGHT] (year of
publication)

Note: For any republication from the British Journal of Cancer, the
following credit line style applies:

Reprinted/adapted/translated by permission from [the Licensor]: on behalf of
Cancer Research UK: : [Journal Publisher (e.g. Nature/Springer/Palgrave)]
[JOURNAL NAME] [REFERENCE CITATION (Article name, Author(s)
Name), [COPYRIGHT] (year of publication)

For Advance Online Publication papers:

Reprinted by permission from The [the Licensor]: on behalf of Cancer Research
UK: [Journal Publisher (e.g. Nature/Springer/Palgrave)] [JOURNAL NAME]
[REFERENCE CITATION (Article name, Author(s) Name), [COPYRIGHT]
(year of publication), advance online publication, day month year (doi:
10.1038/sj. [JOURNAL ACRONYM]))

For Book content:

Reprinted/adapted by permission from [the Licensor]: [Book Publisher (e.g.
Palgrave Macmillan, Springer etc) [Book Title] by [Book author(s)]
[COPYRIGHT] (year of publication)

Other Conditions:

Version 1.3

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.

169


mailto:customercare@copyright.com

