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Bioactive peptides—
large-scale preparation

Kenji Sato and Kaori Hashimoto

Several scientific studies have revealed that inges-
tion of some enzymatic hydrolysates of food pro-
teins, namely, mixtures of peptides, produces vari-
ous beneficial activities beyond basic nutritional val-
ues. Moderation of hypertension and hyperlipidemia

is considered as one of these beneficial effects.

The emerging market for nutraceuticals and functional foods
is stimulating the production of enzymatic hydrolysates of milk,
animal, fish, egg, and plant proteins on an industrial scale. Grow-
ing worldwide interest in biodiesel and bioethanol production
have encouraged consideration of possible added value to be ob-
tained from the by-products arising from their manufacture. The
production of bioactive peptide fractions from protein by-prod-
ucts is one attractive approach.

The identification of an active peptide from a mixture of
peptides is the initial step required in determining its potential
health beneficial properties. In most cases, the active peptides are
tentatively identified by high-performance liquid chromatogra-
phy (HPLC) separation and in vitro assays using enzyme and cell
culture systems. Unlike many other functional substances, how-
ever, peptides are susceptible to degradation during the process of
digestion and lose their desired activity. Therefore, the beneficial
effects determined in vitro cannot be directly linked to those pres-
ent following digestion. The potential activity of the peptides
must be evaluated through feeding experiments.

Although liquid chromatography (LC) is the most powerful
tool for isolation of peptides, it is a relatively expensive system
for large-scale preparations, especially for the first purification
step. In addition, some solvents frequently used in LC, such as
methanol, acetonitrile, and trifluoroacetic acid are harmful, but
peptide fractions obtained with low selective techniques such as
filtration have been used for feeding experiments. Nonetheless, a
large-scale, low-cost, and biocompatible procedure for peptide
fractionation is needed.

BATCH TYPE AUTOFOCUSING OF
BIOACTIVE PEPTIDES

We have demonstrated that peptides can be fractionated on the
basis of the amphoteric nature (possessing both acidic and basic
properties) of sample peptides without adding chemically synthe-
sized ampholines (having the capacity to act either as an acid or a
base) by using a laboratory-scale preparative isoelectric focusing
apparatus. This approach has been referred to as autofocusing,
and has advantages in cost and biocompatibility over LC. Some
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FIG. I. Schematic drawing of a batch-type autofocusing appara-
tus. This apparatus can process up to 50 L. Smaller apparatuses
with a sample compartment of 5 x 10 x [0 cmor 5 x 7 x 8 cm
are also prepared. Total volumes of sample compartments of the
three types of apparatus are approximately 50, 5, and | L, respec-
tively (Hashimoto et al., 2005).

preparative matrix-free isoelectric electrophoresis apparatuses
have been developed. The main factor that decreases the resolu-
tion of matrix-free isoelectric electrophoresis is diffusion of sam-
ple by convection current. To minimize the effect of the convec-
tion current, a gravity gradient with sucrose and thin-layer focus-
ing cell have been used. These apparatuses can process a sample
of less than 1 L in volume. However, further scale-up is consid-
ered to be difficult due to the structural nature of the apparatuses.
Furthermore, addition of even nontoxic chemicals such as sucrose
to form a gravity gradient is not desirable for subsequent feeding
experiments. Therefore, we have simply used a thin agarose gel
layer (matrix) to avoid diffusion. By using this technique, an auto-
focusing apparatus which can process up to 5 L has been devel-
oped.

Figure 1 shows a schematic drawing of the apparatus. A tank
is separated by thin agarose gel layers supported on nylon screens
into 12 compartments. The anode compartment is filled with 0.1
N phosphoric acid. The cathode compartment is filled with 0.1 N
sodium hydroxide. Other compartments are used as sample com-
partments and numbered consecutively from the anode side. The
cell sample compartments or sample compartments Nos. 5 and 6
are filled with 1-10% peptide solution.

In the latter case, other sample compartments are filled with
water. Direct electric current at constant voltage at 300-500 V is

ert the separator into the tank compartment
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FIG. 2. Development of pH gradient (upper) and amino acid com-
position (lower) of each fraction after autofocusing of a commercial
enzymatic hydrolysate of wheat gluten by the batch-type apparatus
as shown in Figure |. Amino acid composition is expressed as per-
centage of acidic, neutral, and basic amino acids.

applied to the electrodes depending on sample condition. Normal-
ly, fractionation is completed after 12-24 h.

Figure 2 shows an example of separation of peptides by the
autofocusing apparatus as described in Figure 1. A pH gradient was
formed by the autofocusing of an enzymatic hydrolysate of wheat
gluten at 500 V for 24 h. Peptides in the acidic and basic fractions
are rich in acidic and basic amino acids, respectively, which indi-
cates that peptide separation occurs on the basis of the amphoteric
nature of sample peptides.

The pH profile obtained by autofocusing of the same protein
hydrolysate may be modified by the concentration of the sample
and by the presence of a salt. Fractions with similar pH collected
from different batches have essentially the same peptide composi-
tion. Thus, autofocusing allows reproducible large-scale separation
of peptides. This approach can be considered to be matrix-free elec-
trophoresis. However, separation occurs only in the thin agarose
gel layer, which allows separation in a shorter time than conven-
tional large-scale free-zone electrophoresis.

Application of autofocusing at the first purification step has
provided a basic peptide fraction, prepared from an enzymatic di-
gest of shark cartilage, that has anti-hyperuricemic activity. With
further preparative reversed-phase LC fractionation, we have suc-
ceeded in preparing a fraction having significant anti-hyper-
uricemic activity at 50 mg/kg body weight in an oxonate-induced
rat model. (Oxonate inhibits the activity of uricase, the enzyme re-
sponsible for the breakdown of uric acid that is produced normally
in the body and in excessive amounts in the condition of gout.)
Major peptides in the active fraction could be isolated by a series
of HPLC and identified without difficulty.

On the basis of the amino acid sequence data, the major pep-
tides in the active fraction were chemically synthesized and used
for the feeding experiment. Consequently, a pentapeptide, Tyro-
sine-Leucine-Aspartic acid-Asparagine-Tyrosine (YLDNY), was
identified as the active peptide. The in vivo activity-guided large-
scale fractionation of peptides by combination of autofocusing and
LC followed by identification of the peptides in the active fraction
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FIG. 3. Schematic drawing of the continuous type of autofocusing
apparatus. In this case, three units of the batch type apparatus with
sample compartment (5 x 7 x 8 cm) are used (Hashimoto et al.,
2006).

would be an effective approach for identification of bioactive pep-
tides following ingestion.

POTENTIAL OF AUTOFOCUSING FOR
INDUSTRIAL APPLICATION

The autofocusing system can process a relatively large amount of
peptides. The chemicals used, such as sodium hydroxide, phos-
phoric acid, and agarose, are all food grade. To demonstrate the
potential for industrial application, a prototype of a continuous
type of autofocusing apparatus has also been developed. As
shown in Figure 3, three autofocusing units are connected in tan-
dem. The electrode and sample solutions are continuously deliv-
ered to the electrode compartments and sample compartments
Nos. 5 and 6, respectively. Water is delivered to other sample
compartments. The solution in each compartment in the first unit
is continuously delivered to the corresponding compartments of
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the second and third units. The effluents from the third unit are
collected. By using this apparatus, peptides can be continuously
separated for 8 hours. This type of continuous apparatus can frac-
tionate larger amounts of peptides using less electric power com-
pared with the batch-type apparatus having the same sample com-
partment volume. Thus, the continuous-type apparatus is suitable
for industrial fractionation of peptides. Crude enzymatic hy-
drolysates of food proteins frequently show a bitter or odd taste,
and most of the constituting peptides are inactive peptides. Sepa-
ration of the active peptide by autofocusing would improve the
taste of peptide-based products by decreasing the amounts of un-
desired peptides.

CONCLUSION

A mixture of peptides dissolved in water can be fractionated in a
preparative isoelectric focusing apparatus on the basis of their am-
photeric nature. This approach is referred to as autofocusing and
has an advantage in processing cost and biocompatibility over and
LC system and can be scaled up. By using thin agarose gel layers
to prevent diffusion of the sample, both batch and continuous
types of autofocusing apparatus have been developed. The batch
type autofocusing apparatus enables in vivo activity-guided frac-
tionation for identification of bioactive peptide surviving inges-
tion. The continuous one would enable preparation of bioactive
peptide fractions in concentrated form for use as a functional food
ingredient. The present approach would be a breakthroughs not
only in basic research but also in industrial processing for devel-
opment of peptide-based functional foods.

Keniji Sato and Kaori Hashimoto are dffiliated with the Department
of Food Sciences and Nutritional Health, Kyoto Prefectural Universi-
ty, Shimogamo, Kyoto 606-8522, Japan. Contact Kenji Sato via e-
mail at k_sato@kpu.ac.jp.
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