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Absiract

An angiotensin converting enzyme (ACE) inhibitor was isolated and partially purified from bovine blood plasma.
Bovine blood plasma was obtained after removing blood cells by centrifugation, follewed by the addition of anti~
coagulant to whole bovine blood. To precipitate plasma proteins, bovine blood plasma was treated with 4% trich—
loroacetic acid (TCA) as a final concentration. An ACE inhibitor was isolated from TCA supernatant, using ultra-
filiration, gel permeation chromatography, and reverse~phase high pressure liquid chromatography. The ACE
inhibitor purified from TCA supernatant had ICs values of 9.4 uM.
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INTRODUCTION

Considerable amount of blood coming from slanghtered ani-
reals as waste materials have caused many problems. Since
utilization of bioods released in the slaughter house is scarce
except for a few applications where the hinod is usually dried
and used as food ingredients for sausages and puddings (1-6),
the blood is mostly discharged without suitable wastewater
treatment. Therefore, disposal of biood causes sericus water
pollution. To solve this problem encountered in the slaughter
house, there have been a few reports regarding the utilization
of porcine blood plasma (7-10). In this study, to develop the
utilization of waste materials and find out new functional hio~
materials from bovine blood, angiotensin converting enzyme
(ACE} inhibitory peptide was researched. ACE (peptidyldipep-
tide hydrolase, EC3.4.15.1) converts angiotensin 1 into angio-
tensin II by cleaving the C-terminal dipeptide (His-Leu) of
angiotensin I and also inactivates bradykinin which depresses
blood pressure, Thus, ACE inhibitor acts on the inhibition of
ACE and resuits in the decrease of blood pressure and was
screened from protein bydrolysates of various food sources
(11-14). We report here the isclation and partial purification
of ar: ACE inhibitory peptide from bovine bleod TCA superna-
tant.

MATERIALS AND METHODS

Preparation of TCA supernatant from bovine biood

Whole bovine blood was freshly collected right after slaugh-
ter and immediately used for plasma preparation. Bovine blood
was centrifuged at 5000 > g for 40 min to remave bload cells
after adding ethylenediaminetetraacetic acid (EDTA, 2 g/L) to
prevent coagulation. To precipitate plasma proteins, 4% trich-
loroacetic acid (TCA) as a final concentration was added to
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bovine plasma. The TCA supernatant was used to isclate the
ACE inhibitor in the next step.

Isolation of the ACE ighibitor from TCA supernatant

TCA supernatant was filtered using PM-10 membrane
{Amicon Co.) and the membrane-filtered solution was loaded
onto Sephadex G-15 column (1.5 cm* 120 cm) erquilibrated with
20 mM phosphate buffer (pH 7.0). The eluate was monitored for
peptides by meastiring the absorbance at 214 nm. Using the
most ACE Inhibitery fraction of ge] filtration profile, it was
reloaded anto the Sephadex colurnn te obtain a single peak,
And finally, to purify the ACE inhibitory peptide, reverse-
phase HPLC with ProRPC column (Cs, 5 mim X 10 ¢m, Pharmacia
Chemical Co.) was performed under the condition of buffer A
(0.1% trifluroacetic acid, TFA) and buffer B (acetonitrile con-
taining 0.1% TEFA), having a gradient of 20% of B to 80%.

TNBS assay
Concentration of peptide was determined according to the
modified TNBS method (15).

ACE assay

ACE activity was measured by the modified method of Cush-
man and Cheung (16}, The reaction mixture contained 150 ul
of 5 mM Hip-His-Leu as a substrate, 50 ul of rabbit lung ACE
powder (5 munit) in 50 mM sodium borate buffer (pH 8.3), and
501 of sampie solution. The reaction was carried out at 37°C
for 30 min, and terminated by the addition of 250 Wl of 1 N HCI
and 1 mi of ethylacetate. After centrifugation, the absorbances
of the supernatants were measured at 228 nm.

Peptide sequencing
ACE inhibitory peptide was analyzed using a protein se—
quencer (Applied Biosystem 476-A).
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RESULTS AND DISCUSSION

Bovine blood was freshly collected from the slaughter house
and used for plasma preparation. To isolate the low molecular
weight molecules from bovine blood plasma, plasma proteins
were separated by the addition of 4% TCA as a final concentra-
tion to the bovine plasma. Most plasma proteins were precipi-
tated and segregated and the major protein of the TCA precip-
itate was albumin as reported in the previcus article (13). This
suggests that this should be an efficient way to treat blood
plasma with TCA to isolate new functional materials from
TCA supernatant, After membrane filtration of the TCA super-
natant, small molecular weight molecules were fractionated
on gel filtration chromatograhy. There were two major peaks
and a few minor peaks (Fig. 1). F1 fraction having the most
ACE inhibitory activity was selected and was reloaded onto
the same column to get homogeneity. After the second run of
Sephadex G-15 column, the main peak was obtained (Fig. 2).
And finally, to purify the ACE inhibitory peptide, reverse-
phase HPLC was used according to the methods reported
previously (3-10). A major peak, F, which has ACE inhibition,
were separated during the gradient elution (Fig. 3). It came
out at 53% acetonitrile sclution. The major peak isolated by
HPLC contained the most inhibitory peptide having 9.4 UM as
1Csy value according 1o ACE assay. Comparing with the reports
of porcine hiood plasma TCA supernatant (89), ICs value of
the ACE inhibitory peptide is lower. However, it is still a
promising candidate for ACE inhibiter since most ACE inhibi-
tors reported in the Jiterature were isolated after proteoiytic
hydrolysis and the processing in this study dees not need it,
which is one of the major advantages. The sequence of F
fraction was identifled as an octapeptide, Ser (Ala)-Ala (Ser)-
He-Trp-X~Thr-Met-Gla (Lew), using a protein sequencer. Al
though it is not completely purified, this fractionation is a
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Fig. 1. Elution profile of bovine plasma TCA supernatant from
Sephadex (G-13.
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Fig. 2. Flution profile of the fraction #1 (Fig. 1) from Sephadex G-15.
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Fig. 3. Elution profile of bovine piasma TCA supematant from reversa-
phase HPLC. The main fraction (Fig. 2) from Sephadex G-15 was
loaded onto the column.

good way to utilize wasted bovine blood for new functional
materials. And it is a promising result in terms of the fact
that much of bovine blood can be screened and utilized for
new bicfunctional materials as a high value-added product.
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