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Separation and Purification of Angiotensin I-converting Enzyme
Inhibitory peptide from Mackerel

Jeong-Ryong DO
Korea Food Research Institute, 46-1 Backhyun Bundang, Kyunggi-Do, Korea

Hydrolysate which inhibit the Angiotensin I-convertin
inhibitory activity of mackerel muscle hydrolysate%

enzyme (ACE) was prepared from mackerel muscle by protease. The ACE
MMH) was 967 ug of ICs.. ACE inhibitory peptides were isolated by

ultrafiltration, gel permeation column chromatography (GPC), reversed phase column chromatography (RPC), reversed phase-
high performance liquid chromatography (RP-HPLC), and gel permeation high performance liquid chromatography (GP-HPLC)
from the MMH. The amino acid sequence of the ACE inhibitory peptides was Tyr-Val-Ala. The ICs, of this peptide for ACE

from rabbit lung was 1.4 uM.
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150l Mol ¥ BxHe 982 F2 o]&Hy, d¥e g2
Fozk ol fHE dgA oF2ZA I AT AFE 10TE
ojolt}, 5ole ¥Fg opukAt € X EI 3} Pite)l o
F EgfEe] gloy, AMFE Fof EEFOZ o]&F £ Qe
tE7ee] Mde] Badd 4F BEFY ACE AETY &
F AT2E 7IZSEAE (Do et al, 1993), Folal& (Matsuda
et al, 1992), 7+ (Kinoshita et al, 1993)% $AI3 22 Bav}
Atk F2 ACE AEAHEE vehle AEeze 992y 7t
23 A AAEE peptideolH, ol EAA el BF AT
7} $8 5 0%t} (Matsuda et al, 1992; Matsumura et al., 1993).
B dpdMe 1508 4 VIR du¥Y M54
peptideZ A 23t Sephadex G-25 column, ODS AQ column,
Vydac column, superdex peptide column$ ol43te] £, A
&3 °]F peptides ACEANEATAE ZAISAY
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B Agd A4d nB5ode HEF F5AE AFAA ARt
Fxg A4g T Ao, AHgE LFole AR
32~33cm, A5 380~430gol Utk A8 AAMEE FF WF R
WE AASE LFAES AR, Y F oEEE AA
7] 98 FASA AL AASY] A5ty e g
€9 (005%9 NaClel $#¥ 01% Na,CO; §9)& H7hgn
Zzolzyz vyt teoz YAE2 (7000Xg, 208) 3
ol & FALE 3L AFFHALE A €A ZHE Az

Angjotensin Iconverting enzyme (ACE)® E7}9] 83 2%H ¢

153

(=]

< HE HAED (Sigma Co)e AHE-3HT, 71AE hippuryl-
histidyl-leucine (Sigma Co.)& A&t 15§ 7teEsd
A}£-3 Papain 30,0002 NovoAl, Promod 192p Gist-brocades
Aol A FQJte] AHg-3 ATt Peptided] £ B A AHEE $ul=
HPLCE< AH-3t5it.
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%50 peptide® AR37] §3te] BAF 1Fo £LE endo
39| Papain 30,0002 2 70T A 41zt 14} 7hrEA 3T, exod
9] Promod 192pE 4R 50CAA 2412t 2347k 25 sttt 28
i, 548 B84} A7V Hato 58 #Y g TREE A
L3t A AFHT F £949 BIE £0)7] A3 2L FFI}2
AFFE AZ3o 139 7R E 22 Azsi

Peptide2| &3 % EXig 53

Peptide®] ¥ %< Superdex peptide column® 33 # AKTA
explorer 100 (Pharmacia Biotech) & ] &3te] AFw 2 A3}
%tk Peptide EE S22 Angiotensin II (Sar-Arg-Val-Tyr-lle-
His-Pro-Phe, MW 1002.2)E AH&-3t3th. peptided] EAFE
Superdex peptide column@ 2 233 g o ojmf AL pep-
tide ¥¥2 2% Cytochrome C (M.W. 12,500), Aprotinin (M.
W. 6,500), ACTH (M.W. 2,934), Substance P (M.W. 1,348),
Angiotensin II (M.W. 1,002) 28 Glycyl-L-Leucine (M.W.
188) AH&-3 5o

Angiotensin I-converting enzyme (ACE)2| & g4 £%

ACEA #2429 £3& Cushman¥ Cheung (1971)9) Wi o2
2334 &, 2AFEY A E 50 ploll ACE ZHAY 508 2
sodium borate buffer (pH 83) 100 pbE 71$F 37CoA 583
preincubationA] Z1t}, &i7]¢] 7142 A Hippuryl-His-Leu$% (25
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mg/2.5 0 sodium borate buffer) 50 uéE 7}3ted, ThA] 37C A 30
£ ¥gAIE IN HCl 250 S 7hete) ¥he-& AHAANZT
(FAF& A2 49 dAd FFHF 50 ulE A3 2T+ IN
HCl 250 2 718 O3 ACEZEAY 50 plE 713, of7lq
ethyl acetate 1.5 & 7}8} 1527k vortex® ¥ 3000 rpm) A 5
B2 AREAA AE3Y 1 g FI o FE54L 4A3 A
ZA ¥ F5FF 30E 7MY §34712 228 nmoAN FEEE
23] oleg o) st ACEAHEZHA el

ACEA# & (%)= (1——%—)X1oo

A NE F7hre §3E
B: A]i FANT FR=
@ A BEER dzTFY FFEE AT £A

ICo 99 4olA] T3 ACEAN &) 50%E Vepdd o 4t
SA59 AHEEAY FEE FEE ved

$t2]04 1} (Ultrafiltration)

250 7t ES cutoff 10,000 dalton®] membrane (YMI0,
Amicon Co)& &% #2933 (Amicon Co)E 10,000 dal-
ton°l/de] HE7} 10000 daltoneldte] HEoz2 Fe3n A%

¥ A3FZ 1239 159 peptide® AX3}A

Sephadex G-25 column®| 2@ gel permeation chromatogra-
phy

Ultrafiltration®] ¢33 #2# IL5 ] peptided Sephadex G-
258 2% column (50X950 mm, Vt : 1,865 m) 22 ¥ FA
4o olg §&4L 0.IM trifluoracetic acid (TFA), F&2
22m/min2 £&AA 2008 £ g on, 280 nmol A &3
TE SH3 L, 4 peakE® Ro} FUYFEZIF V¥ FEAZ
Ao

ODS AQ column0lf 2|8l reverse-phase chromatography

Sephadex G-25 column2 2 £ Y3 peptideE ODS AQE %
A% column (26X 300 mm, Vt : 160 md) 0.2 EE B A3t A}, o]
£&9 2 HPLCE water® A&1, HPLCE ethanold B& | 23
o gradient2ZAA EEFID. §452 1nd/minZE FEAA 10
oY B3 3gen, 215 nm, 280 nmoA detection3t3, Z
peakE Eo} AL FFHF AFTFANZFAL

Vydac C18 column0] 2|8} reverse-phase chromatography

ODS AQ column® 2 ¥ 3 peptide® Vydac column (10X
250mm, Vt : 196m0) 22 ¥RARY ol $EHL 0.1%
TFA in waterS A&7, 0.1% TFA in acetonitrile (ACN)€ B&
23] gradient ZUAA e $&5L 20/minZ &3
AA 2y 23 s9.2om, 215 nm, 280 nmolA detectiond}Z,
7 peakE Eol AU ES ¥ AF3FAUAzRIAYUL

Superdex peptide columnOf 2|8t gel permeation chroma-
tography

Vydac C18 column® 2 # 8% peptideZ Superdex peptide
column (10X30 mm, Vt : 24me)& o] &3t ¥JAA g

olf £&9& HPLCE water, 752 050/minZ §EAA 1
md B3 gen 215 nm, 280 nmolA detectiondty, Z
peak® EZo} AYFE T F AT FAAZIAG.

ojo| & Bl (amino acid sequence)2| £4

159 {oA 2§ peptided] obv|x=4t vl EAL Procise
TM (Perkin Elmer, protein sequencing system, Foster, CA.,,
USA)E o439t £ Bio-Brened & A2 34 standard®
248 g, AE 20ulE AHESt EAME.

’éﬁq] ’\}%“} "%019] ?J.‘%‘}"é-“?:*% ’QFH": @J—} ¥ 68.1%,
B9 #Foz2 B
il “*‘“‘”T—Jﬁl 633%i "’}‘1‘1"‘°] %-‘?-‘I’} J—‘I’f‘ﬂ‘, AELALE
g 4 Aok £¥ FEF AFY FFo] 326% 2 L0 §o=2
FH peptide AZA e A2 Z'ﬂﬂ%”‘oq ¢ Aoz y
ettt Moj2RE TR UF ¢ ME A €& 159
9 F82 6552920, A& AAI A3t gz A
¥ 5E A2 150 A F&& 15 Ko di5y
182% 2 JEgy, 1%5¢ d¥AL FhviseEdste Axd
259 FteEdEy £&& 150 @A it 506% 2
et
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89| 03} (Ultrafiltration)

150l HEHE cut-off 199 membrane® 2 ultrafiltration
g Az, MW 10,000013t7F 79.6%, 10,000 ol4o] 204% G om,
ACE A &3 10000013 £ 10000014 JEETG $L2 7
o2 JENT (Table 1). 919 2258 AL A peptide’} =
& ACEAA#E JedE 2 ¢ & A

Sephadex G-25 column®] |3 gel permeation chromatogra-
phy

Sephadex G-25 #AE &A% 5000013 ¢844 & Fe¥ o
F2 AgHY, o] FAHdAM ALY dg AAY 5 A #9
o7ate d& 1% ol F¥E Sephadex G-25 columnlZ
BY3d, 7719 YE& AT (Fig 1), o€ Y¥& 520X
o] MS1, MS2, MS3, MS4, MS5, MS6 28] MS7T2.2 3¢, °]
7hed MS28%9¢ ACEA#EHI 744 34 (Table 2).

Table 1. Fractionation of ACE inhibitors by ultrafiltration
from mackerel muscle hydrolysate

sample 1Cso () content (%)
Hydrolyzate 185 100
Ultrafiltrate
10,000 MW below 138 79.6
10,000 MW above 216 204
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Chromatography®} StelA €& =& £ ACERN &7} &
Aoz ebd AL proteaseR 75 EHE o AP E ofv| it
AASE 9gez AaHAY

ODS AQ column0f 2/t reverse-phase chromatography

ACE A EH7} 713 £2 MS23#-% ODS AQ columno 2
283, MS201, MS202, MS203 LEli MS204E 31
(Fig. 2), ©] 7h&El MS2038 £ 9 ACEASIE%7} 7H8 3t
(Table 3). Matsuda 5 (1992)& ODSF 3 2 & o] 43td Hof
Y25 peptide® £HBHUS W &L FT 10~25%0A £
g8 peptide’t ACEAHAA7} FRXhe Husdtgon & 27
S A A
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Fig. 1. Gel permeation column chromatogram of mackerel hy-

drolysate on Sephadex G-25.

Eluent : 0.1 M TFA in water

Flow rate : 2.2 m¢/min

Fraction : 20 mé/tube

Fractionation : MSI (tube no. 41-70), MS2 (71-80)
MS3 (81-90), MS4 (91-100), MS5
(101-110), MS6(111-130), MS7
(131-180)

Table 2. Purification of ACE inhibitory peptide by Sephadex
G-25 column from mackerel hydrolysate

ACE inhibition ratio, %
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Fig. 2. Reverse phase column chromatogram of mackerel hyd-
rolysate on ODS AQ (2.6X30 cm).
Eluent : A solution (water), B solution {ethanol)
Flow rate : 1 m{/min Fraction : 10 mé/tube
Fractionation : MS201 (tube on. 11-12). MS202 (13-
15). MS203 (24-28. MS204 (29-41).

Table 3. Purification of ACE inhibitory peptide by ODS-AQ
column from mackerel peptide (MS2)

sample ACE inhibition ratio, %
MS201 38.7
MS202 889
MS§203 89.2
MS§204 86.5

sample
100 pg 200 pg
MSI (12%) 8.0 172
MS2 (203%) 210 38.1
MS3 (353%) 12,6 229
MS4 (34.1%) 92 18.4
MS5 (63%) 82 156
MS6 (1.4%) 124 233
MS7 (14%) 7.1 157

*

sample : adding 50 p¢ among each fraction 2 mé

Vydac C18 columnO| 2|3t reverse-phase chromatography
(RPC)

9 A 7tpR 82 3H peptided] Al SlolA RPCY
o R ¢ ARFA Wygoz dAA Atk (Herraiz, 19
97). MS2038 &% Vydac column2Z AE Y3 MS203Vi
(tube no 9), MS203V2 (tube no 21), MS203V3 (tube no 22-23),
MS203V4 (tube no 24-25), MS203V5 (tube no 27-28), MS203
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Fig. 3. Reverse phase chromatogram of mackerel peptide on
Vydac 218TP column (1.0X25 cm).
Eluent : A solution (0.1% TFA in water), B solution
(0.1% TFA in ACN)
Flow rate : 2 mé/min Fraction : 2 mé/tube

Table 4. Purification of ACE inhibitory peptide by Vydac 218
TP column from mackerel peptide (MS203

sample ACE inhibition ratio, %
MS203V1 153
MS203V2 7.8
MS203V3 8.5
MS203V4 205
MS203V5 254
MS203Vé 132
MS203Vv7 154
MS203V8 140

* sample : adding 50 uf among each fraction 1 mé

V6 (tube no 32-33), MS203V7 (tube no 35-36) LI MS203V
8 (tube no 49-50) Y& o2 A3 (Fig 3). © 7H&d MS20
3Vs8 29 ACEAREH7} 718 =4t (Table 4). MS203V5Y
L ALY dY peakE I32H (Fig. 4), fraction no 23
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Fig. 4. Reverse phase chromatogram of mackerel peptide (MS
203V5) on Vydac 218TP column (1.0X25 cm).
Eluent : A solution (0.1% TFA in water), B solution
(0.1% TFA in ACN)
Flow rate : 2 m¢/min Fraction : 2 mé/tube

< A

Superdex peptide column0| 2/t gel permeation chromato-
graphy

MS203V58EE Superdex peptide column22Z FHH|5%2
0 (Fig. 5). MS203V5PAIZ22 81 ofofkdt HiHE ZTAFSHY
ct.

o] BiY (amino acid sequence)2] &4

150l $02HH Sephadex G-25 column, ODS AQ column,
Vydac column, Superdex peptide column® ©]&-3tef Aoz
23, A peptided N-ZHo 2N olnit w4 (amino
acid sequence) Tyr-Val-Ala2 2 YEltom ACEAAEANL
ICs°] 14 ME UEIT Matsumura 5 (1992)2 Aol 7h4
2HE25H MY dipeptide® ¥2/3}3, ACEAANEANS &
§ A3, ICx0l 51~2440 pMolEt B33 27, Matsumura
F (1993)& 7ttteo] /AR HAEZRE 6709 peptidesE 23t
I ACEA S 84S 3339, IC»°l 1.8~1,100 pMOIZ L 8O
o, 4709 tripeptide®] ACEA&&A ] £}t At
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Fig. 5. Gel permeation chromatogram of mackerel peptide on
Superdex Peptide HR column (1X30 cm).
/Eluent : Water Flow rate : 0.5 m/min Fraction : 1 mé
tube

o o}
ped =1

259 F# peptideE A3}, Sephadex G-25 column,
ODS AQ column, Vydac column, Superdex peptide column$
ol &3te] w3 o g R AA(Pon 1 AAE 2% o
&7 2,

agol Hejzie FR UF 2 WE AR d& 159
&9 £& 655% 720, 1Fe5 @A §FL 633%, 1
g2 AFEFL 326% 2 e AZE AARI] H3tq &
Zre] Ae@ § 54 432 150 eiAY £8& 15 F
ate 182% 2 Ve, 150 DAL AAVIFEHSA A
2% 1% /MFEAEY 8L 506%2 JeR 159 7

FE28E cut-off 1718 membranc® 2 ultrafiltrationd 23 MW
10,0001 317} 79.6%, 10,000 °] 4] 204% H 2, ACEA | &3}&
10000013t &Eo] 10000014 EET & Aoz dERd
(Table 1. 1% o]3}] # & Sephadex G-25 columnoZ ¥
o 7709 gL 4T (Fig. 1, of 7+&6 MS28 ¢ ACE
A AT} 714 ¥k (Table 2). ACE A a7} 713 £&
MS28£-& ODS AQ columnl 2 #¥3ld 4719 oz £
39 (Fig. 2), ©) 7hedl MS2038%9 ACEAN&HI} 7H3
F9t (Table 3). MS2038¥& Vydac columno 2 ¥ 3§t
g7le] oz EHIH (Fig 3. o 7Hd MS203V5E &2
ACEAHEH7} 74 F94 (Table 4). Superdex peptide column
o2 ARA T dL peptide?] N—-LHOoZHE ojnit vl g
< Tyr-Val-Ala®2 ACEANEA L ICyol 14uMZE e
Matsumura % (1993)2 7}thd o] 7152224 L& 6719
peptides 7+ tripeptide®] ACEA & &40l &4t dqom,
2 A7 dFdgNE FAE FEE JeEdA
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