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Affinity Purification of Angiotensin Converting Enzyme
Inhibitory Peptides Using Immobilized ACE
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A lung extract rich in angiotensin converting enzyme (ACE) and pure ACE were immobilized by
reaction with the activated support 4 BCL glyoxyl-agarose. These immobilized ACE derivatives were
used for purification of ACE inhibitory peptides by affinity chromatography. The immobilized lung
extract was used to purify inhibitory peptides from sunflower and rapeseed protein hydrolysates that
had been obtained by treatment of protein isolates with alcalase. The ACE binding peptides that
were retained by the derivatives were specifically released by treatment with the ACE inhibitor captopril
and further purified by reverse-phase Ci;3 HPLC chromatography. Inhibitory peptides with 1Csq 50
and 150 times lower than those of the original sunflower and rapeseed hydrolysates, respectively,
were obtained. The derivative prepared using pure ACE was used for purification of ACE inhibitory
peptides from the same type of sunflower protein hydrolysate. ACE binding peptides were released
from the ACE-agarose derivatives by treatment with 1 M NaCl and had an ICsx a little higher than
those obtained using immobilized extract and elution with captopril. Affinity chromatography facilitated
the purification of ACE inhibitory peptides and potentially other bioactive peptides present in food
proteins.
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1. INTRODUCTION protein hydrolysates contains ACE inhibitory peptides,(17).
ACE inhibitory peptides are usually purified using classical
filtration and chromatographic methods. These may include
enrichment in bioactive peptides by ultrafiltration followed by
purification using gel filtration or ion exchange chromatography.

The search for functional components in foods has become
a major area of research in recent years. These functional
components include the bioactive peptides, which are small
amino acid sequences in food proteins that have a beneficial : ;
biological activ?ty after they are rgleased during gastrointestinal Most often, HPLC _reverse-_phas_e Chromatography is used in
digestion or by previoum vitro protein hydrolysis. For example, order' t(') further purify the 9'°a°t've peptlde$8(—.20). o
peptides with antihypertensive, immunomodulatory, opioid,  Affinity chromatography is a powerful protein purification
antioxidant, and hypocholesterolemic activity have been de- method that relies on the specific revergl_ble complt_axes that are
scribed (1, 2). The antihypertensive peptides exert their anti- formed_ between the molecule to be purified and a Ilgqnd boqnd
hypertensive activity by inhibition of the angiotensin-I convert- {0 @ suitable polymer support such as agarose. After incubation
ing enzyme (ACE)3, 4). ACE activity leads to an increase in of the affln_|ty adsorbent Wl_th the mixture containing the
blood pressure by producing the vasoconstrictor peptide angio-molecule of interest and washing to remove unbound molecules,
tensin Il and by hydrolyzing the vasodilator peptide bradykinin. the molecules that are retained are eluted by using specific or
Antihypertensive peptides with ACE inhibitory activity have Nnonspecific elution agents. Nonspecific elution procedures

been purified from animak( 6) and plant proteing( 8). Many include changes in ionic strength, pH, or temperature. Specific
antihypertensive peptides have been purified from n8lkiQ) elution agents are molecules that bind to the molecule of interest,
and derived products such as chees),(whey (2), and including competitors, substrates, inhibitors, and cofactors.
skimmed milk (13). The immobilization of ACE on glyoxyl-agarose supports and

Sunflower and rapeseed protein isolates, containing more thanthe use of these derivatives for the assay of ACE inhibitory
90% protein {4, 19, could be used for the production of protein ~ peptides was described in a previous papé). Glyoxyl-agarose
hydrolysates with improved functional and nutritional properties. beads have been successfully used for the immobilization
These protein hydrolysates could also be a source of bioactivestabilization of enzymes, resulting in high stabilization factors
peptides. Thus, it has been reported that sunflower and rapesee@nd preservation of enzymatic activities. Immobilization using

glyoxyl-agarose is based on the reaction between aldehyde
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terminal amino groups. The use of these agarose derivativesstirred overnight at room temperature. In order to generate the aldehyde
for the affinity purification of sunflower and rapeseed ACE groups that will react with proteins, the diol groups in the activated
inhibitory peptides is described in this article. To our knowledge, 9€ls were transformed into aldehyde groups by reaction with NalO
this is the first time that ACE inhibitory peptides are purified The gels were washed with abundant distilled water adjusted at pH

. Lo - 7.0 and then suspended in water (300 mL) containing NE3a0xmol/
by affinity chromatography using immobilized ACE. mL of gel). The oxidation with Nal@was allowed to proceed for-23

h with stirring at room temperature. These conditions yield a very high

2. MATERIALS AND METHODS concentration of aldehyde groups in the gel so that multipoint

2.1. Materials. Hippuryl-L-histidyl-L-leucine (HHL), 2,4,6-trichloro- ~ attachment of protein molecules to the gel is made possible. Using
striazine (TT), phenyl-methylsulfonyl fluoride (PMSF), and rabbit lung this p_roced_ure the_glyceryl groups that are formed in the etherification
ACE were purchased from Sigma (Tres Cantos, Madrid, Spain). 4 BCL reaction with glycidol are oxidized by periodate mol to mol. The
agarose (4% beads cross-linked) was provided by Iberagar (Coina’resultlng gels were washed with abundant distilled water (pH 7) and
Barreiro, Portugal). Alcalase 2.4 L was purchased from Novo-Nordisk Stored at £C.
(Bagsvaerd, Denmark). Alcalase 2.4 L is a microbial protease of  2.7. Immobilization of ACE. Immobilization of the enzyme on
Bacillus licheniformiawith endopeptidase activity. A main component ~ activated glyoxyl-agarose gels was done according to procedures
of the commercial preparation is subtilisin A. The specific activity of ~previously described with slight modificatiorg3 24). The gel (1 mL)
Alcalase 2.4 L is 2.4 Anson unit/g. One Anson unit is the amount of and 30 mg of pig lung ACE extract or 14y of pure rabbit ACE were
enzyme that digests hemoglobin to produce an amount of trichloroacetic suspended in 0.2 M sodium bicarbonate pH 10 and gently stirred at
acid soluble product which gives the same color with the Folin reagent room temperature for 30 min. The reaction between aldehyde groups
as 1 mequiv of tyrosine released per minute. All other chemicals were in the gel and amino groups in the proteins results in the formation of

of analytical grade. Schiff bases that are then reduced to stable secondary amine bonds by
2.2. Preparation of Sunflower and Rapeseed Protein Isolates.  adding NaBH (0.1% w/v) and stirring for 30 min at room temperature.
Sunflower or rapeseed flour (20 g) was extracted by stirrimdl.fb in Addition of NaBH, also results in the elimination of unreacted aldehyde

200 mL of 0.2% NaOH pH 12. After centrifugation at 8@pfr 20 groups that are reduced to inactive hydroxyl groups. Residual MaBH
min, two additional extractions were carried out with half the volume Was eliminated by washing with distilled water (25).
of alkaline solution. The pH of the supernatant was adjusted to the  2.8. Assay of ACE.ACE activity was determined as described by
isoelectric point (pH 4.3 for sunflower and pH 5 for rapeseed), and the Hayakari et al. (26) with modifications. This method uses HHL as
precipitate formed was recovered by centrifugation as described above.substrate for ACE and relies on the reaction of the resulting hippuric
The precipitate was washed with distilled water adjusted to the acid with 2,4,6-trichloro-s-triazine (TT). The assay mixture (0.5 mL)
isoelectric point and freeze-dried until further use. consisted of potassium phosphate buffer pH 8.3 44tbl), sodium
2.3. Preparation of Sunflower and Rapeseed Protein Hydroly-  chloride (300umol), HHL (1.5 umol), and 1ug of pig lung ACE
sates.Sunflower and rapeseed protein isolates were hydrolyzed with extract. Incubation was carried out at 3 for 15 min and was
alcalase using a hydrolysis reactor vessel equipped with a stirrer, terminated by addition of TT in dioxane (1.5 mL, 3% w/v), followed
thermometer, and pH electrode. Sunflower and rapeseed proteins werddy 0.2 M phosphate buffer pH 8.3 (3 mL). Absorbance at 382 nm was
digested for 5 and 30 min for preparation of protein hydrolysates with determined in the supernatant obtained after centrifugation at 0000
a degree of hydrolysis of 21.6% and 26.5%, respectively. Hydrolysis for 10 min. The 1Go value, defined as the concentration of peptide in
parameters were as follows: protein isolate concentration, 10% (w/v); #g of protein/mL required to produce 50% inhibition of ACE, was

enzyme/substrate ratio 0.3 Anson unit$;gH 8; temperature, 5€C. determined by regression analysis of ACE inhibition (%) versus peptide
Hydrolysis was stopped by heating at 8D for 20 min. Hydrolysates concentration. Captopril assayed in the same conditions yieldedsan IC
were clarified by ultrafiltration through 0.4am filters (Millipore, of 0.009.
Bedford, MA) to remove insoluble substrate and lyophilized for storage ~ 2.9. Purification of ACE Inhibitory Peptides. Purification Using
at—20°C. Immobilized Pig Lung ACE ExtracDifferent amounts of sunflower
2.4. Degree of HydrolysisThe degree of hydrolysis was calculated or rapeseed protein hydrolysate were mixed with immobilized lung
by determination of free amino groups by reaction with TNES)( extract and stirred at 37C in 100 mM ammonium bicarbonate 300
The total number of amino groups was determined in a sample of mM NaCl pH 8.3 for different times. This buffer was used because
protein isolate hydrolyzed by treatment with 6 N HCI at ?ZDfor 24 ammonium bicarbonate will be later eliminated during the lyophilization
h. and vacuum desiccation of the final peptide preparations. After

2.5. Preparation of ACE. ACE was prepared using porcine lungs incubation with the hydrolysates, the immobilized extract was recovered
provided by MACUMASA (Cumbres Mayores, Huelva, Spain). Tissue by filtration through a porous glass plate and washed several times
was diced and homogenized in 10 volumes of ice-cold 10 mM with ammonium bicarbonate buffer until absorbance of the filtrates at
potassium phosphate buffer, pH 8.3, containing Z0Dpepstatin and 214 nm reached a baseline. Bound peptides were then released by
0.1 mM PMSF. The homogenate was centrifuged at §36010 min, incubation with different amounts of captopril in the same buffer, and
and the resulting supernatant was used as the source of ACE. Thisseparated from the immobilized extract by filtration as above. The
supernatant possessed a specific activity around 20 units/mg of protein filtrates were concentrated and applied to a preparative HPLC reverse-
In order to verify the absence of undesirable proteases such asphase column (¢ Hi-Pore RP-318, 250 mmx 10 mm BIO-RAD) for
carboxypeptidases in the extracts, the kinetics of HHL hydrolysis was elimination of captopril and separation of the peptides into different
followed in the presence (0,8M) or absence of captopril, a potent  fractions. Injection volume and sample concentration were;10@nd
ACE inhibitor. The results indicated that the hydrolysis was due 20 mg of peptide/mL, respectively. A linear gradient of acetonitrile in
exclusively to ACE because hydrolysis of HHL in the presence of water containing 0.1% trifluoroacetic acid{80% in 50 min) at a
captopril is residual and similar to hydrolysis in the blank conti! ( flow rate of 4 mL/min at 30°C was used. Elution was monitored at

2.6. Activation of Agarose GelsActivation of the 4% beads cross- 215 nm. Captopril eluted at 26.5 min, and the eluate from 24 to 29
linked agarose gels (4 BCL) was done according to the procedure min was not collected to prevent contamination of bioactive peptides
previously described by Guisd23) with slight modifications. Agarose with captopril (data not shown). The fractions collected from HPLC
contains many hydroxyl groups and about 10% diol groups. Since were lyophilized for further assay of ACE inhibitory activity. Because
immobilization requires free diol groups, activation involves etherifi- it was important to make sure that the collected fractions did not carry
cation of hydroxy! to diol groups by reaction with glycidol. The reaction ~any residual captopril, a control was carried out by injection of captopril
was carried out in a 2:1 (v/v) suspension of the gels in 1 M NaOH, 0.5 alone and collecting fractions as above. Fractions collected before 24
M NaBH, (0.7 g of swelling agarose is roughly equivalent to 1 mL). min and after 29 min did not show any ACE inhibitory activity,
These reducing conditions prevent oxidation of the gel. While keeping indicating that no captopril was present.
this mixture on an ice bucket, glycidol was added dropwise in orderto  Purification Using Immobilized Commercial Rabbit Lung ACE.
reach a 2 Minal concentration, and the resulting suspension was gently Purification of ACE inhibitory peptides using commercial rabbit lung
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Table 1. Effect of the Captopril to Protein Ratio on the Release of ©— % loaded peptides eluted

ACE Binding Peptides? —B—mg peptides eluted / mg immobilized enzyme
1,4 60
captopril fimmobilized eluted peptides
protein ratio (w/w) (% of total loaded peptides) 3 12 1 50 - g
435/1 0.17 +0.02 3 1 l,o, 3%
10/1 0.065 + 0.006 3B % g
11 0.03+0.012 2 089 9 ©
53 + 30 S =
& 06| £3
@ Results are the average * standard deviation of three determinations. ® 1l & g
g 04 2
ACE was carried out as described above, with the exception of using 02 ] 110 £
1 M NaCl instead of captopril for elution of peptides bound to ’
immobilized ACE. Purification of the peptides by HPLC as above was 0 . : 0
not carried out. NaCl concentration in the filtrates containing the 0 5 10 15 20
bioactive peptides was adjusted to the optimum for ACE activity by Protein hydrolysate / enzyme ratio (w / w)

dilution with water. . . . . . .

2.10. Protein Determination. Soluble proteins were determined Figure 1. Effect of the hy@rolyzed .proteln to immobilized proFem rat.l(.) on
according to the method described by Bradford (27). Immobilized the recovery of ACE binding peptides. Lung extracts were immobilized
proteins and soluble peptides were determined after amino acid analysison agarose and used at different hydrolyzed protein to immobilized protein
according to the method of Alaiz et aRg). ratios for purification of ACE binding peptides.

3. RESULTS
Table 2. ICsp (ug/mL) of Sunflower and Rapeseed Protein

3.1. Purification of Sunflower and Rapeseed ACE Binding Hydrolysates and the Peptides Purified from These Hydrolysates?
Peptides Using Immobilized Pig Lung Extracts.Pig lung

extracts immobilized on 4% BCL glyoxil-agarose were used sunflower rapeseed
for affinity purification of ACE inhibitory peptides in sunflower protein hydrolysate 62.18 +0.98 37.97+0.29
and rapeseed protein hydrolysates. Covalent binding to agarose  Purified peptides 118+0.04 025£0.02

resulted in immobilization not only of ACE but also of other
proteins and molecules carrying a reactive amino group that 2 Results are the average of three determinations + standar deviation.
are present in the extracts. In addition, the sunflower and
rapeseed protein hydrolysates are a complex mixture of different0.017 (averaget standard deviation of three experiments).
peptides (14, 15) that might bind not only to ACE but also to Finally, the effect of the concentration of sunflower hydrolysate
other immobilized molecules. Therefore, it is necessary to use during the incubation with the immobilized extract on the
a specific elution method in order to recover the ACE binding recovery was also studied. As shownHigure 1, there was a
peptides without releasing the peptides that bind to any other concentration dependent increase of the recovery with protein
immobilized molecules. This was accomplished by using concentration in the hydrolysates up to a saturation point at a
captopril for elution of the peptides bound to immobilized ACE. ratio of protein hydrolysate to immobilized protein (w/w) of
Captopril is a specific ACE competitive inhibitor that is used 10/1.
in the treatment of high blood pressui9j, All these preliminary assays provided optimized conditions

Different amounts of captopril were assayed for elution of for the affinity purification of ACE binding peptides. These
ACE binding peptides from the agarose matrix, starting with a conditions are as follows: a hydrolyzed protein to immobilized
10 mM concentration that corresponds to a captopril to protein protein ratio of 10/1 (w/w) with an incubation timé @ h for
ratio of 435 to 1 (w/w) Table 1). Captopril coelutes in reverse-  binding of peptides to the immobilized extract, and a captopril
phase HPLC with some of the released peptides. Largerto immobilized protein ratio of 1/1 (w/w) with an incubation
concentrations of captopril provided higher recovery of ACE time of 2 h for release of ACE binding peptides. The buffer to
binding peptides, but also led to a larger overlapping of the be used for both incubations is 100 mM ammoniun bicarbonate
peak corresponding to captopril with peaks corresponding to 300 mM NaCl pH 8.3. These conditions were applied to
peptides (not shown). Although recovery using a 1/1 ratio was sunflower and rapeseed hydrolysates obtained by treatment with
the lowest (Table 1), this concentration of captopril was chosen alcalase that have ACE inhibitory activitg§—20). Although
as the best because it greatly reduced coelution of captopril withnot only ACE inhibitory peptides can potentially bind im-
peptides, resulting in the highest overall recovery (not shown). mobilized ACE, enrichment of ACE binding peptides by affinity

It has been reported that soluble ACE activity is optimal in chromatography as described above should enrich the hydroly-
the presence of 300 mM NaCB@). The ACE activity in our sates in ACE inhibitory peptides. As shown Trable 2, the
immobilized preparation was 7.5 times higher in the presence ICso of the pool of sunflower and rapeseed ACE binding
of 300 mM NacCl than in the absence of NaCl. In addition, the peptides purified by affinity purification was 50 and 150 times
peptide binding capacity also increased in the presence of NaCl.lower, respectively, than the gof the original hydrolysates.
Thus, peptide recovery increased from 0468.0012% to 0.306 The yield of this purification using affinity chromatography was
+ 0.013% of initial peptides (average of three determinations much higher than the yields that were obtained using other
+ standard deviation). The length of the incubation of the chromatographic methods such as gel filtration ionic exchange
hydrolysates with the immobilized extracts and the length of or reverse-phase chromatograpB${23). Reverse-phase chro-
the subsequent incubation with captopril also had a large effect matography of the original sunflower and rapeseed hydrolysates
on the recovery of ACE binding peptides. Thus, incubation of and the ACE binding peptides is shown kigure 2. The
the extract with the hydrolysates for 1 h and with captopril for chromatograms of the original and purified peptides are quite
30 min provided a recovery of 0.03% 0.0012, while running different, but some of the prominent peptides of the original
both incubations for 2 h improved the recovery to 0.513%  hydrolysates are kept in the ACE binding fraction.



Affinity Purification of ACE Inhibitory Peptides J. Agric. Food Chem., Vol. 54, No. 19, 2006 7123

3.5 A 1% ACE Inhibition
—B— Eluted peptides (mg)

9 120
| LMMML -
3 ke
100
- 7
0 =)
c
3.2 B ,g 6 80 é
IS 4
=1 1D ©
= T 60 &
- 8 4 J_ \ 8-
i 3 40 E
o et
A -~ & =
214 nm [ 2 w
1.4
C ' 20
0 0

2 4 6 8.5 1
Volume elution (mL)

Figure 3. Elution profile and ACE inhibitory activity of the sunflower
peptides purified using immobilized ACE. Rabbit lung ACE was immobilized
o on agarose and incubated with sunflower seed protein hydrolysates. The
peptides that were retained by the immobilized protein were eluted by
washing with NaCl 1 M.

0.4 D

desired substances on solid supports and/or to elute them from
the support. The immobilization of ACE on glyoxyl-agarose

7 supports and the high stability of the resulting ACE-agarose
derivatives were described in a previous paper (21). These
o derivatives were proposed for the assay of ACE inhibitory
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 peptides. Here, the use of these derivatives for affinity chro-
matography purification of ACE inhibitory peptides is described.
The process is described using either pig lung extract or pure
ACE as ligands for the purification of ACE binding peptides
that had a high ACE inhibitory activity. While using a tissue
extract is inexpensive, it requires the use of a specific ACE
ligand for the recovery of the ACE binding peptides. The
specific ligand that has been used, captopril, was removed by
reverse-phase HPLC. This cleanup chromatography was not
necessary when pure ACE was used as the ligand for affinity
chromatography because elution of the ACE binding peptides
in this case does not require the use of a specific ligand such as
captopril.

The 1G5 of the peptidic fraction purified using pure ACE
and a nonspecific elution method was significantly higher than
the IGsp of the fraction obtained using immobilized lung extract
and a specific elution method, probably indicating that more
peptides other than those that are ACE inhibitors are released
in the first case than in the second. These could be peptides
that bind to ACE but are not inhibitors of ACE, or peptides
that bind to proteins contaminating the ACE preparation and
are released by the nonspecific elution method. It is also possible
that the differences are due to the different origin of the
immobilized ACE protein, pig or rabbit lung.

Immobilized ACE is very stable (21), so that the ACE
derivatives can be easily reused and the process could be scaled
up for the purification of ACE inhibitory peptides in higher
4. DISCUSSION guantities. These peptides could be used as functional ingredients

Many ACE inhibitory peptides derived from food proteins for the elaboration of functional foods with antihypertensive-
have been purified in the past, usually by using several like activity. The high specificity of affinity chromatography
chromatographic steps that include size exclusion, ionic ex- has facilitated the development of these two methods for
change, and/or HPLC-RP chromatography. Affinity chroma- purification of ACE inhibitory peptides that represent a qualita-
tography is a powerful method for the purification of biomol- tive advance in the purification of these peptides from food
ecules. It is based on the use of specific ligands to absorb thesources, and could also be applied for the purification of other

Minutes

Figure 2. Cyg reverse-phase HPLC profile of sunflower and rapeseed
protein hydrolysates before and after affinity chromatography for purification
of ACE binding peptides. Lung tissue extracts were immobilized on
agarose, and specific elution of ACE binding peptides was carried out
using captopril. (A) Sunflower hydrolysate. (B) Rapeseed hydrolysate.
(C) Sunflower ACE binding peptides. (D) Rapeseed ACE binding peptides.

3.2. Purification of Sunflower ACE Binding Peptides by
Affinity Chromatography Using Immobilized Commercial
Rabbit Lung ACE. A commercial preparation of rabbit lung
ACE was also immobilized on agarose for affinity purification
of ACE binding peptides as described above. The use of pure
ACE has the advantage over the lung tissue extract that a
nonspecific method, namely, washing the immobilized protein
with a high ionic strength buffer as shownkigure 3, can be
used for elution of the ACE binding peptides. Most of the
peptides, which showed ACE inhibitory activity, were released
in the second and third washes. These peptides hadsgoiC
2.31+ 0.16 ug of peptides/mL, which is significantly higher
than the 1G of the peptidic fraction that was purified using
immobilized lung extract and elution with captopril (1.8
0.04ug of peptides/mL) (average standard deviation of three
experiments, differences significaRt< 0.05).
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bioactive peptides. For example, by immobilizing opioid recep-
tors, agonist and antagonist opioid peptides derived from food
proteins that bind to these receptors could be purified.
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