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Development of Continuous Type Apparatus for
Ampholyte-Free Isoelectric Focusing (Autofocusing) of Peptides
in Protein Hydrolysates
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An apparatus for continuous fractionation of peptides on the basis of amphoteric nature of sample
peptides was developed. A tank (66.5 cm x 8 cm x 8 cm, L x W x H) was divided into 12
compartments by a thin agarose gel layer. A drain tube (5.5 cm in length and 0.7 cm in i.d.) was
fixed through the bottom of each compartment to give a height of 4 cm from the bottom. The tank
with 12 compartments and electrodes was referred to as an autofocusing unit. The peptide solution
or water was delivered to the sample compartments of the first unit. The solutions drained from the
first unit were successively delivered to the second and third units. To the electrodes of three units,
a direct electric current was applied. By using the present apparatus, peptides in casein hydrolysate
can be continuously fractionated at least for 5 h. Better resolution was obtained in the second and
third units.

KEYWORDS: Autofocusing; peptide; peptide fractionation; continuous; isoelectric focusing; electro-
phoresis; functional foods

INTRODUCTION compartmentsl(, 16). By using this technique, peptide samples

For past decades, it has been demonstrated that oral ingestiofP 0 50 L could be fractionated in the previous batch type
of some enzymatic hydrolysates of food proteins can promote 2PParatus (16). As the fractionation of peptides occurs in the
human healthX—8). In most cases, crude enzymatic hydroly- 29arose layer, the focusing time by using this system is
sates of food proteins are used as functional food ingredients.considerably shorter than that by using large-scale free zone
As interest in the biological activity of peptides in food protein €!ectrophoresis (17—24)or industrial applications of this
hydrolysates has increased, demand for fractionation of peptides2PProach, much larger amounts of sample should be processed.
in an industrial scale has increased. In some cases, liquid!t Might be difficult to simply scale-up the inner volume of the
chromatography (LC) has been used for industrial fractionation @PParatus due to difficulty in preparation of a large agarose gel
of peptides T, 9—12). The LC system is, however, relatively aYer: Then, an alternative approach for scale-up may be

expensive for the preparation of food ingredients, while it ©fféctive. For this purpose, an apparatus, to which sample
generally shows a high resolution. solution was continuously applied, was developed in the present

We have demonstrated by using a commercially available StUdY-
preparative isoelectric focusing apparatus (Rotofor, Bio-Rad
Laboratories, Hercules, CA) that peptides in enzymatic hy- MATERIALS AND METHODS
drolysates of food proteins can be fractionated on the basis of  \aterials. An enzymatic hydrolysate of casein (CE9QOGMM) was
the amphoteric nature of peptides dissolved in wel8j.(This commercially obtained from DMV Japan (Tokyo, Japan). This prepara-
approach has been referred to as autofocusing, which hasion consisted of peptides with an average molecular mass of 640 Da
potential for preparation of active peptide fractions for functional and free amino acids up to 15% (w/w).
foods and nutraceuticals (134). Polyester membranes were Agarose powder (analytical grade) was purchased from Nacalai
used in the Rotofor to avoid diffusion of the sample. However, Tesque (Kyoto, Japan). Other reagents were of analytical grade or better.
such types of membranes could not prevent the diffusion of Scotch tape (sealing tape in replacement accessories for Rotofor) was
sample, when the sample compartment volume became |arge,obtained from Bio-Rad Laboratories. All reagents were analytical grade
than 500 mL {5). To solve this problem, thin agarose gel layers ©" Petter.

supported with nylon screens were inserted between the sample ASSembly of the Autofocusing Apparatus.Three tanks (66.5 cm
PP y P x 8cm x8cm, Lx W x H) were made from polyacryl plates of 0.5

cm thickness. As illustrated iRigure 1A, 11 rows of slots (0.5 cm in

* To whom correspondence should be addressed. F8It-75-703-5405.

Fax: +81-75-723-3503. E-mail: k_sato@Kkpu.ac jp. width x 0.5 cm in depth) were made in the inner st_Jrface of each tank
T Present address: Faculty of Food Culture, Kurashiki Sakuyo University, €very 5.5 cm. Between the slots, a tube (5.5 cm in length.7 cm
Kurashiki, Okayama 710-0292, Japan. i.d.) was fixed through the bottom to give a height of 4 cm from the
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Figure 1. Schematic drawing of an assembly of an autofocusing unit. (A) Tank with slots and drain tubes. (B) Preparation of separator to make

compartments.

bottom, which was named as a drain tube. As showFRigure 1B,
polyacryl plates (7 cmx 7 cm), each with a window (5 cre 3 cm),

were prepared. A nylon screen (100 mesh) was mounted on the window
and fixed with the Scotch tape. On the screen of the plate, an agarose
gel layer was made as described previoud)( The polyacryl plate

with the agarose gel layer was named as a separator. To divide the
tank into 12 compartments, the separators were inserted into the slots
of the tank. The compartments at either end of the tank were filled
with 0.1 N phosphoric acid (anode) or 0.1 N NaOH (cathode) and used
as electrode compartments. Titanium plates coated with platinum (6.5
cm x 3.5 cm) were purchased from Tanaka Kikinzoku Kogyo (Tokyo,
Japan) and used as electrodes. As showRigure 1B, the sample
compartments were numbered from the anode side (no. 1) to the cathode
side (no. 10). Before delivery of the sample solution, the sample
compartments were filled with water (1—85/cm). As illustrated in
Figure 2, the tank was covered with a lid with 12 holes, through which
sample and electrode solutions were delivered into the compartments.
The tank with separators, electrodes, and lid was referred to as an
autofocusing unit. To the electrode compartments of the first unit, the

electrode solutions were delivered at 8 mL/min. To the sample delivered at the same flow rate by two six-channel pumps (model 7553-
compartments, water or casein hydrolysate solution (1 or 5%) was 80, Cole-Parmer, Barrington, IL). The second and third units were

Deionized water, sample and clectrode solutions
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Figure 2. Schematic drawing of an assembly of a continuous type of
autofocusing apparatus.



652 J. Agric. Food Chem., Vol. 54, No. 3, 2006 Hashimoto et al.

A B in amino acid composition. Significant difference in the following
H sections meanB < 5%.

P Ist Unit a1 h 4h —— st unit

2r ——4h - -»-2nd unit RESULTS

10 ——6h —&—3rd unit

5 Resolution of peptides by using single unit was examined in

the two sample application methods. When 1% casein hydroly-
sate solution was delivered to all sample compartments (method
1), most of the fractions showed a pH near 7 even after
prolonged focusing except for fractions 1 and 10 as shown in
— Figure 3A. In addition, there were small differences in amino
FFEI8®THAD A RTARRTE EN acid composition of peptides between fractions, which indicated
that no significant fractionation of peptide occurred in method
Figure 3. pH profiles in the autofocusing fractions in method 1 at 100 W. 1 by using a single unit at 100 WFigure 4, upper row). When

(A) pH profiles in the first unit. (B) pH profiles in the each unit after 4 h. a 5% sample solution was delivered to sample compartments 5

located under the first unit. When the level of solutions in the and 6 (method .2)’ a hlgh_er vol_tage (1200 V). can be applied at
compartments of the first unit became higher than the drain tubes (4 100 W dug tq high electric re5|stanC(_a by dellvery_ of the water.
cm), the solutions were poured into the drain tubes and delivered to AS Shown inFigure 5A, stable pH gradients approximately from
the corresponding compartments of the second and third units through3-3 t0 11.0 were formed between 1 and 6 h. More than 90% of
silicon tubes, which connected the drain tubes and the holes on the lidpeptide was distributed in fractions 5 and Bigure 5B).

of the adjacent unit. To cool the sample during focusing, a silicon tube, However, only small but detectable amounts of peptide were
in which 80% ethylene glycol cooled t620 °C was circulated by an migrated to other fractions. These acidic and basic fractions were
Eyela Coolace CCA-1100 (Tokyo Rikakikai, Tokyo, Japan), was put rich in acidic and basic peptides, respectiveRigire 5C).

into the sample compartments. Autofocusing of peptides was performed These facts indicate that some acidic and basic peptides can be

at constant voltage or power modes in two samp_le appllc_atlon methOds'continuoust separated by the present apparatus using a single
In method 1, all sample compartments were delivered with 1% sample

- ; unit at least from 1 to 6 h.

solution. In method 2, sample compartments 5 and 6 were delivered . . . .

with 5% sample solution and the others were with the water. To Improve the resolution (_)f peptide, thre_e unlts_ were
The assembly of the three autofocusing units, cooler and pump units, cONNected in tandem as showrFiigure 2. To all units, a direct

and power supply (model HAR-1P 1200, Matssada Precision, Ohtsu, €lectric current was applied in a constant voltage mode at 500

Japan) was referred to as a continuous type autofocusing apparatusY. In method 1, similar pH and peptide profiles to the first unit

During focusing, all solutions in the compartments were stirred. were observed in the second and third units (Figuresadil
Analytical Procedures. To monitor fractionation of peptide by 4, middle column). In method 2, the second and third units

autofocusing, amino acid analysis of the autofocusing fractions was showed different pH and peptide profiles in comparison to the

performed in triplicate according to the method of Bidlingmeyer et al. fjrst unit. In the second and third units, pH gradients with
(25) with a slight modification (26). Peptide in a glass tube was

hvdrolvzed with 6 M HCl a1 150C for 1 h. Ami o shallow slope in the acidic and basic regions were formed
ydrolyzea wi vapor ntla or L . AMINO ACIAS WETe - iqyre GA). In the first unit, most of the peptide remained in
derivatized with phenyl isothiocyanate. The derivatives were resolved

6

Fraction number

by a Superspher RP-18(e) column (250 mm 4 mm, Merck fractions 5 and 6, of which the pH was near 7. In the second
Darmastadt, Germany). The elution condition was described in a @nd third units, higher amounts of peptides were migrated to
previous paper (26). acidic (fractions +5) and basic (fraction #10) fractions

Statistical Analyses.One-way analysis of variance and multiple  (Figure 6B). Resolution of peptide in the second and third units
comparison test of Fisher’'s PLSD were used to evaluate the differencewas significantly improved on the basis of amino acid composi-

Ist lh 4h
10(

unit OO M . il oy o o BEEEEE -
8

(-}
=

60) 60

e

D997, 4

N
N
N

\ it 0y
composition )

Amino acid

1 2 34567 8910
I

Fraction number ~ 8 Fraction number
2nd = 60
unit -3 2 40 Basic amino
2 8 7 A b acids
2z :{]Z%%%%
2 g Z
<8 0
[INeutral amino
100) 3
2 . s. .. acids
I 80
3d TBE ¥
unit =240 2 Acidic amino
(== B
g E— 20 ? 7 acids
5 8 «

2345678910
Fraction number

Figure 4. Amino acid composition of autofocusing fractions. Casein hydrolysate was fractionated in method 1 in constant electric power mode at 100
W.
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Figure 5. pH and peptide profiles in the autofocusing fraction from the first unit in the method 2 at 100 W. (A) pH profiles. (B) Distribution of peptides.
(C) Amino acid composition.
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Figure 6. pH and peptide profiles in the autofocusing fraction from the first, second, and third units in method 2 at 500 V. @No significant amounts of
peptide were observed in fractions 1 and 10. See the legend for Figure 5 for marks A—C.

tion of each fraction (Figure 6C). Essentially, the same in the sample application method 1 by using the present
resolution of peptide was observedrrdl h offocusing (data continuous one, while significant fractionation of peptide

not shown). The recovery of peptides was estimated to be occurred in the previous batch type apparatus in method 1 after
apprOXImater 90% on the basis of the peptlde contents in the a pr0|onged focusing t|me]_6) In the previous batch type

sample solution and the effluents from the third unit. apparatus, pH values of the fractions 1 and 10 became

After prolonged focusing more than 8 h, the slope of pH 555r6ximately 2 and 12, respectively, after 12 h. In the
gradient became shallowFigures 6A and 7A). A wider

distribution of peptide was also observédgures 6Band7B). ggnmtg]:r?;zringrgt:;’ezHa;/iu:: do; tik;lergg':;isdpcl)nolllngoﬁﬁjmg ée

Differences in amino acid composition between fractions X

became smaller afte8 h (Figure 7C). In addition, portions of assumed that t_hes_e pH values V.VOUId not (_:ha_nge after _the

peptides penetrated into the anode compartment after 12 hprolonged.focusmg tlmg due to continuous ap.phcat.lon of pepthle

(Figure 8). sample with buffer action. Most of the peptides in Fhe casein

hydrolysate have pl values between 4 andl6)( which are

not distant from pH values of fractions 1 and 10. In method 2,
In the present study, a prototype of continuous autofocusing fractions 1 and 10 in the continuous type apparatus showed

apparatus was developed. No significant fractionation occurred approximately pH 3 and 11, respectively. Thus, peptides in

DISCUSSION
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Figure 7. pH and peptide profiles in the autofocusing fraction from the third unit in method 2 at 500 V after prolonged focusing (8—16 h). See the legend
for Figure 5 for marks A—C.

Anode compartment Cathode compartment Table 1. Summary of Performance of the Previous Batch (50 L) and
Present Continuous Types Autofocusing Apparatus
I b E ST HRTAF TVM [LF‘K
8h batch type? continuous type
time (h) 24 6
12— 1 1 s = total processed sample (g) 400 288
performance (g/h) 16.6 57.6
L AI " II I I N consumed electric power (W h) 20.4 13
I6h for fractionate 1 g sample
Figure 8. Presence of peptides in anode compartment after prolonged aRef 16.
focusing. Aliquots from electrode compartments were hydrolyzed and
subjected to amino acid analysis. advantage over liquid chromatography and membrane tech-

nigques in cost and selectivity, respectively, for the industrial

fractions 1 and 10 and adjacent fractions will have a weaker application.
charge in method 1 in comparison to that in method 2 in the
continuous apparatus. Together with these facts, the sampleACKNOWLEDGMENT
application method 2 is preferable for the continuous apparatus,
while both methods can be used in the previous batch system.We thank Meiji Milk Products Co. for invaluable advice.
Resolution of peptide in method 2 was extensively improved
by connecting the secon_d and third un_its. Peptides in the casein | TErRATURE CITED
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