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Abstract

This study focused on the purification and characterization of ACE inhibitor from Porphyra yezoensis.
The dried Porphyra yezoensis was ground and hydrolyzed with 2.5 N HCI, followed by neutralization
and centrifugation. Then, the subsequential purification of ACE inhibitor was carried out by Amberlite
XAD 8, DEAE-Toyopearl 650C, Sephadex LH~20 column chromatography and reverse phase HPLC with
Cis column. The purified ACE inhibitor was peptide which consisted of glycine (24.5%), arginine (56.8%)
and proline (18.8%). Also, it showed the competitive inhibition pattern to ACE. The apparent molecular
mass of purified peptide was 580 dalton, and an ICso value of ACE inhibitor was 10.6 ng.
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23 A8 1 gol 27 25 N HCI® 30 N NaOHE
100 mL 7}3f 05, 1, 2, 3, 6,9 A 7HE4t 37 & ¥ 53t
sho] o7} A] FH e} o] o] z}ped-& 1,000 dalton(Da) £
(Viskase Sales Co., Japan)& AH&-dted F48 & U
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S0 & & 7Rl

B3 A5 1 goll HCIY 525 051,15 2. 25 N=
Zelste] 3087 7 ¥ 3, o7, FA (molecular
size : 1 kDa, Viskase Sales Co., Japan), ¥, 72 A=
3le] ACE 4 AHslse v 7‘356}‘3&‘4.
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7) 450 g B8k of 7} o) 208 ¥ 2} 25 N HC1S
7hel 30 £ 5 52, AALAT F AL A2 E
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Co., USA)S Al4-3}e] 3 kDaolsle] PY-1, 3 kDaol4t
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o] 5 F ACE A &4 o] 714 E4d E-& 553t
Z542 33315 Amberlite XAD 8 column(4X 39 cm)
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€1-8714] linear gradient® £&A1#4 A &£-4& dgich
ool AL 0.05% TFAR B3 Cig column
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2690, Waters Associates, USA)E A A8} 57}7] peak
o 2 23 s}givt. HPLCAA #2] % peak®] ©X=+ high
performance capillary electrophoresis(HPSO CE, Hewlett-
Packard Co., USA)ell £} f%”ﬁ}ait} 16). Fig. 1»°A
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ACE ]3] 84 -2 Cheung# Cushman(17)¢] #-&

Porphyra yezoensis

Reflux with 25 N HCI (x 20 v/v) for 30 min
Neutralization with NaOH
Centrifugation at 7,000 rpm for 25 min

Filtration
PY-0
Ultrafiltration with 3 kDa membrane
I i
Permeate
(PY-1) Retentate

Desalting with Amberlite XAD 8 column

Ultrafiltration with a 5 kDa membrane |
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Eluted with methanol (PY-2) (PY-3)
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LDEAE Toyopear] 650C column chromatography
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Fig. 1. Extraction and purification scheme of angiotensin I-converting enzyme (ACE) inhibitors from Porphyra yezoensis.
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] ACE A&l &4 & =48} 32 Lineweaver-burk plot(18)
+ 08 ABE H7IsHA] ob-& vz} vlast gt

Zozxe] A" ACE A sl &2l 9] 82122 HPLC
(Waters 2690, Waters Associates, USA)E o]-8-3}f &
Aatdel. Columne 025 M NaClg &-§3 002 M
phosphate buffer(pH 7.2) 2 3 & 3}5 Superdex Peptide
HR 10/30 colum(10x 300 mm, Pharmacia Biotech Co.,
Sweden)& AH8-3t9].eH, ACE A&l &2-& F3 ¥
%Y bufferg 0.25 mL/ming] %28 £%4]7) 1 pho-
todiode array detector(Waters Associates, USA)Z ¥
Aol 2FA

aprotinin, bradykinin, glycined AH&-3tgth.

1 ®+ chymotrypsin A, cytochrome c,

ofali-pt B

ACE A3 ZA 9] ojn] itz A] £4-L HA| LA 6
N HCHE- 7}&ted 110°Coll A 24417} 7+4=8-3) 5} phenyl-
isothiocyanate(PITC) f= A& AA A7) % PICO-tag
free amino acid analysis column(3.9 X 300 mm, Waters
Associates, USA)e] A HPLC(Waters 510, Waters
Associates, USA)E AH&-3Fe] A A3k TH19). o9 col-
umn2%+ 40°C2 324 8ked 1.0 mL/min <22 6%
acetonitrileg -3t 140 mM sodium acetate bufferel]
A1 60% acetonitrile £47}=) linear gradient 2. 4-%1]7)

. photodiode array detectorE AF4-3}ed 254 nmell A

= < %553 24 bovine serum albumin(BSA)
& 2143} bicinchoninic acid(BCA) W (20)o1 2] 8] A
gFslgitt. £, 1% BCA-NaxCOs, 0.16% Nag-tartrate, 0.4
% NaOH, 0.95% NaHCO: & 24" A2k A9} 4% CuSO4
G-l Ak BE50: 1{v/v)E 4 e 2415 1k-8-A] 2k 200
B2 29 800 LlL°ﬂ AR F A4
5-%7 WF-3-A] 7] 3L 595 nmollA F2 55 Al 55
FAezRe iz okl 74]/33}9?1 1=

Zn o 2%

-4z Je-EsiEel ACE Matgd

natas EAo] gl HAEZ5Ee] ACEQ 24 A
HEALS A7) A3t 10452 %LM F2FZ AnA
A3t A A4 7 o2 8E & ACE Ad50] HE
= 4t} (data not shown). Wt B oA E A|RE
A ZE ARz 4, g FE kg AZe] OE
ACE A8l &4 & v asldch 2 A= 25 N HClL2.2 30
2 7t 4o M & ACE A3 57538
%)& et (Table 1).
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U(Porphyra yezoensis) M7tT2225E ACE

XNaliEalel 22

4% 7 450 g& 25 N HCIZ 100°Cl| A 3037 &
Fotd rheEal 8 A AT F 5392l ACE 34 A s)
=4 F8 & 95t SlpRdlES 3kDa%t 5kDal 2
el ng A Aot 2 A3 £A1sk 3 kDa ©l8le] &
A(PY-1,11.8 g), £A8F 3kDa ©] A, 5 kDa ©] 3l<l 24
(PY-2, 6.4 g) & &x}8F 5 kDa o]4Fal 4 (PY-3, 206

Balelgdn) o] 5 B ZPY-lo] A og o

Table 1. Angiotensin I-converting enzyme (ACE) inhibi-
tory activities of acid or alkali hydrolyzates from
Porphyra yezoensis in the different time periods
and concentrations

ACE inhibitory

ACE inhibitory

T(i;:;e activity (%) Concj‘lllt)raﬁ‘m activity (%)
HCIY  NaoH? HCP
05 492 6.2 05 137
1 176 3.2 1.0 294
2 12.0 11 15 34.3
3 24 24 20 50.0
6 19 47 25 54.4
9 24 5.1 3.0 488
0.1 N HCL

20.025 M NaOH.
3)Hydrolysis for 30 min.
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ﬂé% ko] oS FFslar g7l wiell dAAe} F23
,H) 523 2o] 22522} Amberlite XAD 8 column
2274 30, 70, 100% %9 L2 ¢AHog
4227 A3 Table 2oﬂx1g} 7o) 30% W EHE 4-%3
E(PY30)°] 83.3%2] =& ACE A s} &4 <& vetuglch,
“GH I pgo] ZF %3 PY30 A 2L 2823 35
3}%) DEAE-Toyopear] 650C column(3.3 X 36.5 cm)®l
%M]?l = 7:%%, 05M 1M, 15M, 2M NaCl9] &4

M

2

Zsle] BM3 3 ACE 34 A%< 2 A5
’Z‘%@M 429 Hl%a‘g-fow 2 ACE A s 2A
£ 297 g & 1.6 mL/min®] F422 F/HT-E 45

&¢} 6 ml/tube® B FAFY S 234 1 AR
PY30-1, PY30-II, PY30-1II¢] A } ] g3 ek
oh =gt 7h 3o A g AT A A 84
o] &8 PY30-II & &0 91%01"J£E(data not shown)
ezl geke A sha gko w2 7] AR o
ACE 34 Af&a-& 32 izl AR & 4
2l et

PY30-11 &g AA3t7] 43 size exclusion, par-
tition, adsorption $2| #2] ¥2]& 7}X]+ Sephadex LH-
20 column< A #abgdeh. 50% =ste 2 3833 column
ol PY30-I1E &2 A7) 3 0olA 50%74A] oiet2-9] 35
=5 F7HA1 710 £&314i ot Fig. 2004 By F%e] 280
nmell 4] PY30-1I-a, PY30-II-b, PY30-I1-c2] 37} &
o2 ¥elsledc) o] ¥ L ACE &4 A&eL 7
7+ 814, 87.1, 74.2%QrHTable 2). 71&o] 228 ACE

Table 2. Angiotensin I-converting enzyme (ACE) inhibitory
activities of inhibitor extracted from Porphyra
yezoensis by purification step

ACE inhibitory

Fraction activity (%)
Ultrafiltration
PY-1 (< 3 kDa) 56.7
PY-2 (5 kDa > > 3 kDa) 19.1
PY-3 (> 5 kDa) 14.1
Amberlite XAD 8
PY30 83.3
PY70 79.0
PY100 13.0
DEAE Toyopear] 650C
PY30-1 76.3
PY30-1I 873
PY30-1I 66.1
Sephadex LH~20
PY30-1I-a 814
PY30-II-b 87.1
PY30-II-¢ 74.2

PY30-1i-b
[

PY30-Il-¢
[ —

Absorbance at 280 nm
T
2
% of Methanol

PY30-Il-a

0 20 40 60 80 100 120 140 160
Fraction number

Fig. 2. Purification of angiotensin I-converting enzyme

(ACE) inhibitor from Porphyra yezoensis by Se-
phadex LH-20.
The column (1.5X 88 cm) was eluted by a linear gra-
dient of 0~50% methanol. The flow rate of column was
0.2 mL/min and fractions of 2 mL was collected. Frac-
tions were checked at 280 nm.

&) A 5L HMepo]| =2] Curt B-£ ol phenyalanine, tryp-
tophane, tyrosine$} z+-2 “Ji%bf‘ o} x4k #} proline®)
EAT o o)A g 7 Ade S vhebdicks B
(207} 317) Wl ol Wk otu] 4k FubAbal 280
nmell A 7MY & F35E 23 4 7B 2 PY30-
I-b & 2o} 55 FAAZRS.

PY-30-II-b¥ & reverse phase HPLC column<l
symmetry Cis2- & acetonitrile-0.05% TFA gradient&
Ap-g-sted A A skl vl o A 2 hl, h2, h3, hd, h52] 5702
peak =2 £2] 5 <dch(Fig. 3A). ) 59 ACE A &A4 &
A% A3 h-59 FAe] M F5& o 7 U o]
PY30-1I-b-h59} £ =& Falstr] $i8) HPCES 3¢
A3}, 220 nmell 4 20~30 mAUS] 2 F35E Holy
27 peako 2 F¢lH gl cHFig. 3B). =3 Helo]l ==
HE 5% oWl £&35+=d(22) PY30-1I-b-h5% 1.706
2o 4&Eglong AHaAH B4l o4 e xg]
< #Hldt 4 glgich

#HEH o2 A9 ACE A3 Hetol=o ACE &4
2 50% A st 28d AR & 7] 7HEEE)
£9] 44.32 ng/mLo A 106 ug/mLE 2t 4v] 8] A =&
e g th(Table 3). ¢] ok 71&9] R 1 enalapril
(0.024 ug/mL), bradykinin{(6.54 ug/mL) ¥t} kx| T
EGCG(182 ng/mL)Rche 4 A ch23).

X2 ol

HPLC system< ©]-4-3}¢3 0.25 M NaCl-& -3 0.02
M phosphate buffer(pH 7.2)2 3 3 3}%) Superdex Pep-
tide HR 10/30 colum(10x 300 mm)ell A A A &5 4&
% A3} PY30-TI-b-h5+% 2F 580 dalton &2 o}v] Al 5~
67 2 o] Foiz] A E=} slefo] =ol-& o 4= 9l rHFig. 4).
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Fig. 3. HPLC profile (A) and electrophoretigram (B) of

purified angiotensin I-converting enzyme (ACE)
inhibitor from Porphyra yezoensis.
The HPLC analysis was carried out on a Waters 2690
instrument, using a PDA detector and a column (3.9
X150 mm) of symmetry Cis by gradient elution of 20%
acetonitrile solvent. The high performance capillary e~
lectrophoresis (HPCE) conditions were: capillary length,
40 cm; injection, 40 mbar X 10 sec; detection, 220 nm;
running, pH 8.6 of 20 mM borate buffer.

Table 3. Inhibition tendency of Angiotensin I-converting
enzyme (ACE) inhibitors extracted from Porphyra
yezoensis by purification steps

Purification step ICs” (Rg/mL)
Acid hydrolysis 44,32
Ultrafiltration 42.68
Amberlite XAD 8 16.75
DEAE-Toyopearl 11.89
Sephdex LH-20 10.78
HPLC 10.60

PICs) was defined as the concentration which inhibits 50%
of angiotensin-I converting enzyme activity.

Xt

AAE A 87} ACESR Aslste 44 47) 98 7]
28] Fxo} A g9 FEE 22 Lineweaver-burk
plot3te] AR5 H7)ebx] 9b& gz v wd A7 7|
A A A7} Lol 2L B9o AAH o7 Agste
24 58] SA ¥l o) R 7H = 7)1 A 9 g Z71A]7]
= A %S Yl Fig. 5). o) A2 R 7] Alr)s
He25E A Y ACE AaAls 2485 AAH02
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Fig. 4. Molecular mass determination of purified angiotensin
I-converting enzyme (ACE) inhibitor from Por-
phyra yezoensis.

The standards were glycine (75 dalton), bradykinin
(1,060 dalton), aprotinin (6,500 dalton), cytochrome c
(12,400 dalton) and chymotrypsin A (25,000 dalton).
The apparent molecular mass of PY30-II-b-h5 was

580 dalton.
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Fig. 5. Lineweaver—Burk plot for the inhibition of angio—
tensin I-converting enzyme (ACE) by the purified
inhibitor from Porphyra yezoensis.

A & Ut =2 o33 Aeto] =4 A A
7t ACES wis A 28 (24)F, phenold A &)= 7}
HAAA A (1DE 8t A2 wud vpe} dA 3=
Aot

Ofol=th =4

opul A A& A3 4 3 glycine 24.5%, arginine
56.8%, proline 18.8% 1 .22 v}ebytr}(Table 4). £}
FOo 2 ALY AT 7] A sl B B 2R A AR A
Al = glycine, arginine, prolinee] z}7} 2, 2, 1704 <%
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Table 4. Amino acid composition of purified angiotensin
I-converting enzyme (ACE) inhibitor from Por-
phyra yezoensis

Amino acid Content (%)
Glycine 245
PY30-1I-b-h5 Arginine 56.8
Proline 18.8

5Ale] oteliate 2 TAH oligoBElel=2 FA A
o} o)A Aolele] whulyE e Eell A E¥ glycine-
arginine-proline® FA o}v] 4te] A A]3tr, Cheung
E£.(25)8] Citst Al7) 241+ tryptophan, phenylalanine,
tyrosine ¥ proline<, N2 &t 217 2% valine¥ isoleu-
cineg 74 &= dipeptide”} -2 ACE A s &4 & 7t}
= Ml o shd A a Al Coto] prolineyd 7HsAd o
=3tet.

(@) ok
=g =

=17
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t}. PY30-1I-b-h5+ #Ak27]+= oF 580 dalton 2.2 gly-
cine(24.5%), arginine(56.8%), proline(18.8%)9} o}r] =
A 2AE ZHe A BA Hepol =l oni, ACES] Ao
A AR A #2842 392, ICx 32 10.6 ng/mLe]
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