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The angiotensin-I converting enzyme (ACE) inhibitors from laver hydrolysate was isolated. Among the 13 kinds of proteases,
Maxazyme NNP was most effective for preparing the high ACE inhibitory compound. In extraction conditions of ACE inhibitory
peptide from laver hydrolysate, ACE inhibitory activity of hydrolysate treated with diethylether for decolorization and that of 70%
ethanol soluble fraction among the different ethanol concentrations were higher than other preparations. Low molecular fraction less
than 3,000 dalton of laver hydrolysate separated by ultrafiltration had the highest ACE inhibitory activity. For further separation of
ACE inhibitory peptide from laver hydrolysate, gel filtration chromatography (Sephadex G-25), reverse-phase HPLC (ODS & Vydac
C-18) and gel permeation chromatography (Superdex Peptide HR) were performed. The molecular mass of the ACE inhibitory
peptide fractions of gel permeation chromatography determined by electrospray-mass spectrometer were 413.48 (S102V2V1P), 346.86
(S102V2V2P) and 320.32 (S206V3V1P) dalton and their amino acid sequence were Val-Gln-Gly-Asn, Thr-Glu-Thr and Phe-Arg,

respectively.
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A% A AARAAN ot Ze A LS 2= bradykining ¥
AgNHozZN 18P €de] H3 %t} (Horovitz, 1981).

2 d7dAe SfZ2FE5H ACE Ad5E 7M1 7154 84
$ 2o dozA gz Ady o]4xE FAAIL 1YY 9
A 7%E A N2E AF 2AE ML) A8t AH (Lee
et al, 1999)¢] Al wre} ACE A& &7t 714 & 29 Ma-
xazyme NNP 7}2318& A8 € 8o o8 @49 column ch-
romatography % reverse-phase (RP) HPLCE %3 ACE A3
A3t & 99 peptideE £33, ]9 £A4%FF amino acid
sequence® ® 34t

M2 Y

1. AExz

£ Agel A3 A (Porphyra tenera, $E4)2 A& 718 %

FHE AN AZ2ES A3 Y3} 20 mesh M2
2 B3g BTE AEE ANy

ACE A} &% AL 9% Angiotensin-1 A3 &4 (ACE)
¥ rabbit lung acetone powder (Sigma Co., St. Louis, MO. USA)
€, 7122< hippuryl-L-histidyl-L-leucine (Hip-His-Leu, Sigma
Co)S A3z, g A 7188 B4%E Alcalase (Novo Co.,
Neumatt, Dittingen, Switzerland), bromelain (Sigma Co.), Collu-
plin (Gist-brocades Co., Charlotte, NC. USA), Esperase (Novo
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Co.), Flavourzyme (Novo Co.), Maxazyme NNP (Gist-brocades
Co.), Neutrase (Novo Co.), papain 30,000 (Genencor Co., Ro-
chester, NY. USA), Promod 192P (Gist-brocades Co.), Promod
194P (Biocatalysts Co., Pontypridd, Wales, UK), Protamex
(Novo Co.), Sumizyme MP (FHHAZK{LE Co.), Thermoase
(Daiwa Kasei K. K. Co)& AMS-34 )

2} 9 column chromatography®ll AH-2¥ resin Sephadex
G-25 (Pharmacia Biotech, Uppsala, Sweden)® ODS (octadecyl-
silica, YMC Co) %l 2™, 2 99 2& Al 2 §7] &uje 47

e S9F2, HPLCY A3 &= HPLC 8¢ AHEatT.
2. d3dd

ar9 My
7Y AR 30 FHTFE M O, A2 g A F
b (ww)el B22 #Hrtste] 74 aa¥e HHo 84
Alcalase: pH 7.0, 60C, bromelain: pH 6.0, 43C, Colluplin:
pH 6.5, 60T, Esperase: pH 8.0, 60T, Flavourzyme: pH 7.0, 50T,
Maxazyme: pH 5.5, 50T, Neutrase: pH 6.0, 50C, papain: pH 6.0,
70T, Promod 192P: pH 4.5, 50T, Promod 194P: pH 7.0, 50T,
Protamex: pH 6.0, 40T, Sumizyme MP: pH 8.0, 50C, Thermoase:
pH 80, 0C) 22 ABFeyzd A Ztzt 42417 B ZMeRe g
T 4% (7,000Xg, 30) 3t 3 A3k o] o Hef 20%
TCA (trichloroacetic acid) & 7}3te] &4 4% ¢ & gz g
AAAN F A 4T A 7000Xg2 2083 QAR T A=
Bt F3} etherZ2H ZE TCAS AAT § 524 X3y
g JtpRe a4 Y ARE AMSA
(2) 72 =4
A kRl AR (Lee et al, 1999)9] Z3bof ufa} 7| £
A& 308 FHSE 73k pH 5.5, 50CY =AM Maxaz-
yme NNPoll &3] gAIZF &<t 7HeE8iA A
(3) Peptide-nitrogen &2 % ACE X3 &1 &%
AE (Lee et al, 1999)¢% §2T WHoz APsgch
4) 722 &
fael o3 ThrEES
£S5 100CoA 1083 F

B3 24 ug 2E HFEE
A8 HEAIL, 20% TCA

L9485 REER 5F 1o 7,000XgE 20+{¥ ARG
¥ 4349 7H44 ALE KjeldahlH o2 A F3o 7123808
(degree of hydrolysis, DH)& T34t}
A& F 20% TCA 7H&4 Z&
pH (%)=2% % \ 7He X100

NE FY F AL

2) ACE Naf 229 & 2 43

7 MR EZEE ACE A% E24E& 8302 F58]
9% 274¢ AEIAS. &, 29 F 44 4R chlorophyll
phycobilin ¥ (o] 3, 1999)& A A7 HA3te [ AT 3
2 Algel 10819 diethyletherS 7}8Fe] 24417 A3 q o,
IHz7E A8 30808 FF+E 7hste] 98TAA 3A2HF<

rn‘.

o, WA TE diethylether X&) F 98T A 3412 F<F wet
= 4z 7}-T~-‘?"3H3}%14 =g o] e 4Es AR
F % 2EA gdd F (3, 19805 AA7] o 3

12 10419 dlethyletheri 24’*]{} A F teEds ke
slde HF Fx7t 50, 60, 70, 80 F 90% 7+ HEZ ethanol
7hated 2412 AAAZ F AAEEHET AFEL 2Y F5
&3 2 AFAA ethanol 7144 & AE= 31 HHE
2% FHF £dAA T2 2E23HY ethanol A £
22 3y

3) ACE Ao 22| 22 ¥ FH|
2 B2 AR diethylether 48] F, 30819 F/5+E 7Hetn
pH 55, 50C9] =7l Maxazyme NNPZ 8A1T F< 7H¢&
&3 F 70% ethanol M FFA0ZHE A& 7 71423
E A ACE A3 4% —‘:ﬂ, A A8l e o] DA
column chromatography ¥ HPLC (AKTA explorer 100, phar-
macia, sweden) & #3814 ACE A& S3¢ 82 AKTAexp-
lorer 100 (Pharmacia Biotech)& AH-3ted 33 2.1, peptide
e &L AKTA explorer 1009) Z&E UV detectorS AH$
3te] 215 nmell A A48
(1) Ultrafiltration
Ultrafiltration® Turgeon and Gauthier (1990)¢] o] uhet
gaoq At &, A 72 AE AEE molecular weight cut-off7}
Z7} 30002 10,0008 #9134t (YM-3 and YM-10 membrane,
DIAFLO ultrafiltration membrane, Amicon Co., Beverly, MA.
USA) & AHg3te] &2 3000 o139} 3,000~ 10,000 Atol, ZE] X
10000 o14o2 42t Yol §5A2 F FE Az 449
ACE A3 878 ZA3Huh
(2) Sephadex G-25 columnoil 2{S} £z
#o)oq3E T ACE A8 37 71} w2 EA4ES A7 6g8
HPLCE #%% 10mLol $9 045 yum membrane filter2 o %3}
¥ Sephadex G-25 column {7X100cm)o FUFIL, 0.05M tri-
fluoroacetic acid (TFA) €902 £ZA)H 20mLy #3334
280 nml A FHFES ACE A3 &3S ZAFAT
(3) ODS-AQ column0f &5t 22|
ODS-AQ columne] 9% & Matsui et al. (1993) 2} W&
Hysle] +g55 &, Sephadex G-25 columndl 93 $&¢
Y5 F ACE A3l 277t Hold Y& §4 AZ A8 02g2
HPLC# 4% 2mLd %9 10% §922 BE ¥, ODS-AQ
column (26X30cm)e} FY3gch &viel FF€ [ mL/ming]
42 elution volume 500 mL7}4] ethanol =& 20%7HA] &
Aoz F7H47 F Al 100 mLE ethanol = 30% 74 A
Aoz F7HIA 10mlA 38t G&ol ot 74 F5AA
ACE A3 a%tg 33U
(4) Vydac C-18 column0f 2|8t 22|
Vydac C-18 column®l 2@ RP (reverse-phase)-HPLCY £4
& &4 27 g T dAZ Uy
@ Linear gradient elution®l <3 ¥&
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ODS-AQ columnel] 93] &5 € ¥ 5 ACE A3 371 9
ot E-& ¢ 5389 Vydac C-18 column (1.0X25cm, Vy-
dac)el FY4sdch 479 FFS 2ml/min® £EZ elution
volume 80 mL7tAl 0.1% TFAE %3 acetonitrile (ACN)9] %
=5 10%7A HHdHeg F7HAA 2mLY £3H5 o & o}
gt Zst 55414 ACE Asl 238 A3,

@ Isocratic elution®] &J& A #g

Vydac C-18 column©ll 93 133e=z £%€ ¥ 5 ACE
A3 £ Hojd HES Vydac C-18 columndl A FY3tgon
o] wje] &v] FHL 2 ml/ming] £%& clution volume 80 mL7}
# 3% ACN3 007% TFAE B4 $F5E 4384 344
2mlY 233 2o E& T w58

(5) Superdex Peptide HR 10/30 column0l 2|8t £

Vydac C-18 columnol4 £%¥ HEES Superdex Peptide
HR column (1.0X30 cm, Pharmacia Biotech)dl F3tZ HPLC

FHTE L34 1mlA 389 AY s5F0ZN HF
Hoz AZde ¢ TY BCES AASN £, A4 L

4) ACE M3 g 22X &3 ¥ 7Z 24

Superdex Peptide HR column chromatographyol o3 %3
o2 23, AAE ACE A3) peptide FEE FAEFE LC-Elec-
trospray Mass Spectrometer (MassLynx, 2.1, Micromass Platform
I, Manchester, UK) & ©ol-83le] ZA8%.29 amino acid se-
quence?] ¥4 Applied Biosystems 473A Protein Sequencer
(Perkin Elmer) & AM-8te] $33}¢ch

21 3 uF

L

1 CHE JleEs 34 M

ACE A &n7

b2 AR peptided] Bl e e
22 Q7 A% AepA BLE AW Sdste] 3% HF
3§ w92 gd Z2E NEE 2% (Table 1), ACE A3

E9E 60%9M 372% 2 AB (Lee et al, 19999 & F&59)
B gte] Z4o] tth ole BFold dF FEEH 54 R
&2 ACE A&l &3 vl@A] Ak 7152859 ACE A8 &
7} #UE Kim et al. (1996)9) 3ol dXdle A2 Ei
7t 7t & F%0) "8 ACE A8 E345 Ze G4 pep-
tide® A7 oz Pz

H4¥ ACE A3 %% Maxazyme NNPoll &]3t 7p 88 o)
372% 2 7V 321 papain 30,000 (349%), Neutrase (34.3%),
bromelain (34.2%), Esperase (32.8%), Alcalase (310%) £22
U2y 2 A& EHUZ Promod 194P (199%), Thermoase
(19.8%), Protamex (19.5%), Sumizyme MP (194%)7} 1 &
&oldem Colluplin (15.1%), Flavourzyme (11.7%), Promod
192P (60%)7} )24 ¥& AL Yt 7teEsl & 2 pep-
tide-nitrogen ¥FxT A4S FFH wat Zoj7} glded, Jig
239 %9 Maxazyme NNPo| 9% 7}¢E3180] 60.1% 2
7} %St Peptide-nitrogen ¥ %2 Alcalased) & 7H-2# &

m
o,
ofl
[
=
off

Table 1. Yield, degree of hydrolysis (DH), peptide-nitrogen
content and ACE inhibitory activity of laver hydroly-
sate with various proteases

5 Yield pH  Peptide  ACE
nzyme (%) (%) nitrogen 1qh}b1t0w
content (mg/g) activity (%)
Alcalase 716 576 173 31.0
Bromelain 829 524 143 342
Colluplin 657 409 0.90 15.1
Esperase 774 539 1.69 328
Flavourzyme 685 448 047 11.7
Maxazyme NNP 759 601 147 372
Neutrase 795 507 141 343
Papain 30,000 869 513 1.50 349
Promod 192P 878 297 026 6.0
Promod 194P 66.1 551 126 199
Protamex 796 519 1.50 195
Sumizyme MP 728 537 122 194
Thermoase 738 527 1.65 19.8

o] 173 mg/gl2 7H} ¥R, FE o2 Esperase (1.69), Ther-
moase (1.65), papain 30,000 (1.50), Protamex (1.50), Maxazyme
NNP (147), bromelain (1.43), Neutrase (141), Promod 194P
(1.26), Sumizyme MP (122)9] #1912 Colluplin (0.90), Fla-
vourzyme (047), Promod 192P (026) 5& wl% WA yehdch
o)¢e AfM B W Ao ©E 7 A5EIHE oA
ACE Adl53 715888 2 peptide &3 Atolols @40l
At £& T3 657~878% FE2 YEGOY JheEE o]
U peptide-nitrogen 3% 2 ACE As &Zzsle] AH4e Qe
Ao 2 Jebsth Suh et al. (1997)% pronase$t actinidin® ¢)&
o o] 7 EHENA ACE Al 7M5-E8& Atoldl 4
Aol 9eE EXFHL, Kim et al. (1996) % @5ole &4
ME 5o Ao1A peptide FEHT ACE A3 &3 Alole 4
Aol glvtn Buste B A¥a 22 Zag veplgld,
olg} 22 dY To2 u|Fo] ACE A3 EFe 7t+E8&]
L} peptided] FFRTE 24 peptided FF WE 9o
ReZ AZEy Hh9 FFd et 713 Sol4olvt #E F9
7t 27] g ol 7hEA A E peptided AHE Aol T4
olu]iAte] vido] gl ek Yol Sitkn AHI

2. ACE N3l £2e =& =H

(1) M HHE 913 MAMelol @2 ACE X st

A0 QR AAE 39 diethylether X2 & & F 7t5E3)3ld
70% ethanolZ X3 AEE 1 Az F, 98CAA 347
e F 7hRESA 70% ethanol2 M3 A8E 11 AT,
diethylether X2 ¥ 98T A 37t 5 AWt 7h4E 8 3l
70% ethanol2 HAF A EE Wl A& 3o, A glo] 7}
FE83td 70% ethanolZ Ml E 1 A/ &% ACE A3 A3
& 2 peptide-nitrogen FF-E 74z} v & 4ot (Table 2).

ACE A3 A9 peptide-nitrogen FFE ZE Hg ol A
ethanol 71843 o] AA | vz A vdegrovt 42
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Table 2. Yield, peptide-nitrogen content and ACE inhibitory
activity of soluble and precipitated fractions of laver
hydrolysate with different treatments for decoloriza-

tion
Yield Peptide-nitrogen ACE inhibitory
Treatment (%) content (mg/g)  activity (%)

Control Soluble 243 4.96 699
Precipitate  15.6 0.89 254
I*  Soluble 239 4.33 671
Precipitate  17.8 092 260
1I°  Soluble 20.9 3.54 59.7
Precipitate  22.5 0.66 201
III°  Soluble 19.5 341 550
Precipitate  25.6 0.70 211

a: laver hydrolysate treated with diethylether for 24 hrs.

b: laver hydrolysate treated with distilled water at 98C for 3 hrs.

¢: laver hydrolysate treated with distilled water at 98C for 3 hrs
after diethylether preparation.

98Tl 3AZF Fot WA U AT I AT B¢
ethanol 7H&-4 R AW RGN O 4 Yeted o<
98CellA mytehe F F5E dFe thdFEo] ethanolol 3
AAHA7] W&oz AZAHUAT (%, 1996). Ethanol 7H-4 F&-&
A rE 2 vlaas] BY ether2% A 1 AH2+9 ACE A3l
e 67792 ET (699%)0) w8} & WA vehd wk
98Col A A I, I Ml ACE A Ade 42 597% 9%
550%2 1 Helge] 93 o @A Jebsch £ peptide-nitro-
gen $FE HE2T (496 mg/gel Hs)l I A2+ (433mg/e)e
oFZk @A, I HYT BS4mg/p) L I HYF B4lmg/pe o
@A el ACE A8l Aol 28 HEFE BUh o) Auta
A7t EAERYE ACE A 53¢ F&317] 943 44 AA
AAe e diethylether2 A8 F 7t4283 1 A7 44
3.
(2) Ethanol 5T X2|of 2 ACE N4 &

A9 dPEe 4R AASE R 1A g 5

o A% $E7} 50~90%7F HEE cthanolS 7H3td Zzte) 7}
44 987 AA YE9 ACE A 559} & 2 peptide-nitro-
gen FF S vy (Fig 1).

A AT BF 744 HEo] A i v} ACE A
277t A e ACE A5 S 712 peptides A& EAQ
Ao AAHAL ole FFolF 44 755 L £ /4R
Zoll 70% ethanol AHE-d 23 AA FLRHEG 7184 RN
ACE A3 371 453 F9%the Kim et al. (1996)9) Big%
AR 3 A et

50~90% ethanol 7t & 2l ACE A3 ate 474
519, 550, 67.7, 656 L& 3L 62.7% 2, ethanol % 70% A &7
3] Z7}8 47t ethanol F=7 Fopdel wel ok ZAade
A& Vet o] de] peptide-nitrogen % E3+ 247t 3.06,
328, 433, 402, 381 mg/eS 2 ACE At aztel 248 43 &
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Fig. 1. Yield, peptide-nitrogen content and ACE inhibitory ac-

tivity of soluble and precipitated fractions of laver hyd-
rolysate with different ethanol concentrations.

Laver hydrolysate was treated with maxazyme for 8
hrs after decolorization.

A, soluble; V| precipitate.

& vehge] 3 7R EEe) vehlle ACE A Zgole
7hrdsl Fol HRE peptide’t ATt TS FE L £ AN
o} FE& 350~19.6% 2 ethanol FE7F S713e] wa} M A F)
BRI 0% GBF FAHHT 2 o)F2 A AT
e AgE JERI

BB

3. ACE N3 23 2| ¥ IF

A BT AR diethylether M2 ¥ Maxazyme NNPo} 2} &)
8AIZE B9t HESE S 70% ethanol 7HEA ER3% B
Az% 3 7MFRHEREE ACE A3 228 @AM column
chromatography & 53 &2, AA¢ dae 57 2ot ol 4
7 7teEEE e ACE 1ICs2 15072 pg/mLSATh

(1) Ultrafiltration0| 2|8t 2}

AF7HA B3R WEEY ACE A3 peptides £ 2,000
o] Rog B (Ariyoshi, 1993) 52 gleng 1829 poly-
peptideS A AL AL A peptideTte PolA o]F ¢ B #A
& 28322 337 93t9 molecular weight cut-off7} 42
3,000% 10,0002 ) HeHE ALS-3te] ultrafiltrationd 2 A8}
Ak (Table 3). £&AF 3,000 o]3} L& =&o] 864% 2 0
HE2& AAWI 3,000~10000 AFelE 66%, 10,000 ol 4 £HELS
70% 2 o $ BA JeR 7 RS g2 o) B3 3000
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Table 3. Yield and ACE inhibitory activity of ultrafiltrate with
different molecular weights

Range of molecular ACE inhibitory

weight (daltons) Yield (%) activity (%)
> 10000 70 483
10000~ 3000 66 5.1
<3000 86.4 69.4

ol3te} MEA A Aoz etk oy o] Maxazyme
(from Bacillus subtilis)oll 93} A¥z E42 7l4Es] 938
Uetl e RO E Matsui et al. (1993)% Folg] @8 EAE Bacillus
licheniformis alkaliné protease® 7F-E3 RS o 4 250~
1,0009] AEA peptide’t 93% FEH-SS B3t ACE A3
¥ =3 BEAF 3000 o3t 2ZEo] 694%2 7t Ehon,
3,000~10,000 AFol7} 57.1%, 10,000 o14Fo] 483% 2 EApo]
258 ACE A8 £38% A JYey 7 7153 E 9 ACE 43
peptide 3 AL2AL & £ iNem, ACE A8 £347} 713
E2 A 3,000 o) EYE9 ACE ICs 134.82 yg/mLSi
(2) Sephadex G-25 column0| 2|8t 22|

2 7t EAES ultrafiltrationdte] ¥ EAEE £8E T ACE
A& 7} g £ 3,000 0|3t} AEA EAE Sephadex G-
25 column®] F93+4 gel filtration chromatographyE 3%t
005SM TFA $902 £33 RYE9 FFE 280nmolH
ARE W Fig. 29 23k, o] chromatograme fraction peak®!
we 47l Egoz o 4 BB 4§ 2L ACE A &
45 434 (Table 4).

F&€ Slol 882% 2 Y REL AAgon, $27t 11.5%, S3¢9
S4v 4 02%9 01%2 WS 24t @H ACE A Adte
S37F 923% 2 713 wgkew, 827} 734%, S1 58.6%, S4 53.2% 2
#o2 Yoy &3 ACE A3l 2742 FAd 1dd §]
3 28 tL £7) 949 AEE AFgT A2 A3 19
$22}) ACE ICsS 7zt 186.80 ug/mL$F 13222 pg/mLSA T

5 *
£ —SL
e L [ - A
® .
7 !
R
]
o
=
< 5 f
T ]
5 3
2 —S4
<

OAJ

L] 5’0 180 1;0 200

Fraction number (20 mL each)

Fig. 2. Gel filtration chromatogram of laver ultrafiltrate (M.
W<3,000) on a Sephadex G-25; eluent, 0.05M tri-
fluoroacetic acid (TFA).

Tubes 31~87 were Sl, 88~125 were S2, 126~138
were S3 and 139~190 were S4 fractions.

Table 4. Yield and ACE inhibitory activity of the fractions of
laver ultrafiltrate (M.W<3,000) on a Sephadex G-
25 Unit; %

ACE inhibitory

Fraction No.  Yield (A) activity (B) (A)X(B)/100
S1 882 58.6 51.69
S2 11.5 734 8.44
S3 02 92.3 0.19
S4 0.1 532 0.05

(3) ODS-AQ column0| 25t £2|

Sephadex G-25 column chromatography®l Al A/ 22 A& € Si
%2 RYEERE A GANAM A &322 G AAt peptide
BI& FAd HAE 2322 ODS-AQ columns AT
(Fig. 3).

o] chromatogram® elution volume 600 mL7}A] S1& 5719 £
Yoz S2v oh £Ho2 ol & 29 ACE AT}

RIEEL 5709 B3 (S101~510522 Y¥sied SIole
ACE A3 &32 Jehlx ¢kor) S102, S103, S104 ¥ S105
= 47 819, 336, 553, 73.0% 9 ACE A EHE Yepdiich
I F 10~20% ethanol £¥1A &&¥ S1027t 819% 2 ACE
A A7t M wol g He 9A AR AFHUT 29
A4E oRA7FAR 10~30% ethanol £X 02 SEA]H 6719
23 (3201~5206)22 U 23 oF EF7 47 317, 714,
843 913, 91.0, 902% 9] ACE A3 £3%& Jehller, 10~20%
cthanol £4 ol &2 5 5204, 2059 S2067+ 4% 913%, 910
%, 902%2 & ACE A3 A#E uehllof S1029 #2o] thg
22 A ARE AAHAT oL @A ARR A E S102 %
$204, S205, S2069] ACE ICsp Table 5% o] et} S1oju
S2of Hl& A =AU

(4) Vydac C-18 column0f of8t 22|

@ Linear gradient elution®] g &

ODS-AQ column chromatography?l Al A82 A% € £8%
¢ 47 Y ¥ F Vydac C-18 columnoZ Eelatgrt
(Fig. 4). Elution volume 80 mL7}A S102¥ 370¢] #3822, 520
4, $205 2 206 4Z A EYo2 vwreo] 7 BEEY
ACE A8 %E 2439t §1029 4% £8€ 3y 28&
% S102v23te] 29.1% 9 ACE A&l AFE E Y1, S204, S205
2 5206 A NE 108~44.1% ] ACE A EFHE Uehhe

Table 5. ICs, value of active fractions on a ODS-AQ column

chromatography
Sample ICs* (ug/mL)
S102 88.65
S204 76.52
S205 75.73
5206 5046

a: ICs defined as the concentration of ACE inhibitor required
to inhibit 50% of the ACE activity.
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Fig. 3. Reverse-phase HPLC chromatogram on a ODS-AQ column of active fraction (S1 & S2) eluted from

™AU

Absorbance at 215 nm

Sephadex G-25 column.

Column: ODS-AQ (26X300 mm), Mobile phase: 0 to 30% ethanol (600mL), Flow rate: 1.0
mL/min, Fraction size: 10 mL, Monitoring absorbance: 215 nm, AU: Absorbance Unit.
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Fig. 4. Reverse-phase HPLC chromatogram on a Vydac C-18 column of active fraction (S102 & S206)

eluted from ODS-AQ column.

Column: Vydac C-18 (10X250 mm), Mobile phase: 0 to 10% acetonitrile (ACN) containing 0.1%

TFA (80 mL), Flow rate: 2.0 mL/min, Fraction size: 2 mL, Monitoring absorbance: 215 nm.
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(5) Superdex Peptide HR 10/30 columnof 2|8t £2|

Vydac C-18 column chromatographysl Al #2318 & E¢) 3
FH02 Yo} v 4 T ELEES AAG 449 AHA
A= g #asts] Y8l Superdex Peptide HR column® 23} gel
permeation chromatography& 2 AJ3ke] @ peak (S102V2VIP,
S102V2V2P, S206V3VIP, S206V4VIP ¥ S206V4V2P) S )3}
At

4. ACE N3l 229 22X 53 4 7% 24
(1) Electrospray-MSol| 2|8 &2t =%

Superdex Peptide HR column chromatography®] o}s} 33 2
2] ¥ ACE A&l peptide 8% E (S102V2VIP, S102V2V2P, $206
V3VIP, S206V4VIP ¥ S$206V4V2P)9 EAFE Electrospray-
Mass Spectrometerg °]-§-3t Z ¢t S102V2vIPY #A%
& 41348 dalton 22 YER} o}n=At 3~4/i2 T4 B pep-
tided Ao2 FHH00H, S102V2V2PY] H4E EAFFo] 346,86
# 41286 dalion® 2 YERY 2709] peptide’t 419 A& Aoz
ALY B¢ S206V3VIPY EAFE 32032 dalton 22 #<)
HA 21, S206V4VIPS S206V4V2PY —“rx} FE FAHA o}
o] G¥EL peptide® HIF T oA EAE0] 4o e EFEY

o2 AZH A

old} 2ol HUdd EAFEL BF ARAE, AFNA ¥
Z R ACE A peptide’t AEAATE B (Matsui et
al,, 1993; Ariyoshi, 1993)9} <33t}

{2) Amino acid sequence2] B4

YA column chromatographyoll 93] HEHoz #32 AA
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1%.91 100
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s102Y2v1
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V3) eluted from Vydac C-18 column.

L

H ACE A3 peptideE 2 amino acid sequence® #43rHt}
(Table 6.

S102V2VIPE olul=4t 4702 F4E peptide® amino acid
sequence7} Val-Gln-Gly-Asn®] 2.2 Yetstom, of peptide]
BAFE AL Fol 41645 daltono 2 29 electrospray-MSel
o3 ZAHE EAF 41348 daltonF X3} SI02V2V2PE 2
FFY peptide’t A AAEH, T F IUE electrospray-MSH
o EAF 41286 dalton® 2 S102V2VIPY Val-Gln-Gly-Asn#
FYE peptide@ o1, hE 3tE Thr-Glu-Thre) €22 YERG
tripeptide 24 A %9 §o] 349.34 dalton 2 electrospray-MS4
o A% 34686 dalton® 2 Aol S206V3VIPY B4e
Phe-Argd) ol WS 7k Ao e, of AA pe-
ptide A%< 3 (321.38 dalton) ¥ electrospray-MS*$e] A%
(32032 dalton) ©] ¥R 3te FY Bl 22yt S206V4VIP
g 5206V4V2P9] ofr=at Wi H & UertA]l ke, ol elect
rospray-MS9ll &% FAF ZHAIG e AH2, o)5 FE
peptideS ¥E og] E4E0] 49 e EFEYe] FAHUT

Cheung et al. (1980)& o3& 7}A] dipeptide® #4338t4] ACE
A3 mel MAe C-EY R N-ZD op| =it 79 G

Table 6. Amino acid sequence and molecular weight of ACE
inhibitors from laver hydrolysate

. Amino acid Molecular weight (dalton)
Inhibitors
sequence Calculated LC-Mass
S102V2ViP  Val-Gln-Gly-Asn 41645 41348
S102V2V2P  Thr-Glu-Thr 349.34 346.86
S206V3V1P Phe-Arg 321.38 320.32
mAY S206V3Vl )

16,63

10¢

80

60

Absorbance at 215 nm
b3

a0

Elution volume (mL)

. 5. Reverse-phase HPLC rechromatogram on a Vydac C-18 column of active fraction (S102V2 & S206

Column: Vydac C-18 (10X250 mm), Mobile phase: water containing 3% ACN and 0.07% TFA,
Flow rate: 2.0 mL/min, Fraction size: 2 mL, Monitoring absorbance: 215 nm.
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nylalanine, tyrosine 2 prolined, N-T@ ol #7122 va-
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Ala-Pro°]®, N-2¢ o}u| 4o} phenylalanine?! ACE A3 &
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HEE & AYoA B2 peptide5 Y ACE As) B4 S peptide
synthesizer® ©] 83 &3t FAHo2 Lo} BHI in vivo AEL
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