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A novel inhibi tor  of angio tens in-conver t ing  enzyme (ACE) has been 
discovered and isola ted  in a pure form from acid  e x t r a c t  of tuna muscle by 
success ive  column chromatograph ies  and HPLC. The final p repara t ion  showed IC50 
values of 1 /aM and 2 )aM for ACEs from bovine and rabbi t  lungs, r espec t ive ly .  
The amino acid  sequence of the inhibitor  has been es tab l i shed  as Pro-Thr-His - I le -Lys  
-Trp-Gly-Asp by the Edman procedure  and ca rboxypep t idase  digest ion.  © 1988 ,(oad~m±o 
Press, Inc. 
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MATERIALS AND METHODS 

Enzyme assay; Rabbi t  lung ACE was purchased from Sigma Chemical  Co. 
A crude prepara t ion  of ACE was obta ined by ex t r ac t ing  bovine lung ace tone  powder 
with 50 mM potassium phosphate  buffer ,  pH 8.3, containing 1 pM ZnC12 at  4°C. 
The homogenate  was cen t r i fuged  for 30 min at  37000 x g at  4°C and the c lea r  

Abbreviat ion;  ACE, angiotens in-conver t ing  enzyme;  
M. W., molecular  weight .  
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superna tan t ,  conta ining the ACE, was d ia lyzed  against  the  buffer  a t  4°C to remove  
low molecular  weight  inhibitors.  The ACE ac t iv i t y  was assayed by measuring the  
amount  of l ibe ra ted  hippuric ac id  from hippuryl-His-Leu according to the  method 
of Cushman et  al. (4). The reac t ion  mixture  conta ined  0.1 M potassium phosphate  
buffer ,  pH 8.3, 0.3 M NaC1, 2.5 mM hippuryl-His-Leu and the ACE solution with or 
without  the  tes t  sample  in a final  volume of 0.25 ml. A f t e r  30 min at  37°C, 
the r eac t ion  was s topped by adding 0.25 ml of 1 N HC1, and the hippuric acid  was 
e x t r a c t e d  with 1.5 ml of e t h y l a c e t a t e .  A 1.0 ml aliquot of the  e x t r a c t  was 
evapora t ed  to dryness and the  res idue was dissolved in 1.0 ml of H20.  The 
hippuric acid concen t ra t ion  was de t e rmined  from the absorbance  at  228 nm. 

Sequence analysis;  Amino acid analyses  were  ca r r i ed  out with an amino acid 
ana lyzer  (Waters,  PICO TAG TM ). The pept ide  (1 nmol) was hydrolyzed in 4 N 
methanesul fonic  acid containing 0.2% t ryp tamine  or 6 N HCI containing 0.1% 
phenol at  l l0°C for 20 hr. Sequence analysis  of the  pept ide  ( 2.5 nmol) was 
pe r fo rmed  by s tepwise  Edman degradat ion  using a gas-phase au toma ted  sequenator  
(Applied Biosystems,  model 470 A), coupled with HPLC iden t i f i ca t ion  of resul t ing 
PTH-amino acid.  Carboxy- te rmina l  analysis  of the pept ide  (5 nmol) was ca r r i ed  
out by digest ing with ca rboxypep t idase  A and B (Sigma; 5 ~g each) in 0.1 M NaHCO 3 
at  37°C for 18 hr. Molecular  weight  was de te rmined  by HPLC on a Shodex 
OHpak Q-802/s column (0.8 x 25 cm) using 0.1 M sodium phosphate  buffer ,  p H J . 0 ,  
as a solvent.  Cal ibra t ion  pept ides  (Pept ide Ins t i tu te  Inc.) were  des-ArgU-[Leu°] - 
bradykinin (M.W. 870), b radyk in in -po ten t i a to r  B (mamushi, M.W. 1182) and 
para thyro id  hormone (human, 69-84, M.W. 1717). 

Isolation; The whi te  muscle  of tuna, approx imate ly  1.0 kg, was diced and 
homogenized with 8 volumes of cold 1 M AcOH-20 mM HC1. The suspension was 
au toc laved  at  120°C for 5 rain, cooled and cen t r i fuged  at  12000 rpm for 20 min. 
Fo r ty  g of a c t i v a t e d  ODS (Waters,  p r epa ra t ive  grade,  pa r t i c l e  size; 55-105 pa) 
was added to the superna tan t  and s t i r red  for 1 hr. The ODS recovered  by 
f i l t r a t ion  on a glass f i l t e r  was washed with 400 ml of 4% AcOH and e lu ted  with 
500 ml of 15% CHaCN. The 15% CHaCN frac t ion  was evapora t ed  under reduced  
pressure ,  and approRimately  0.5 g of b~own colored powder containing ACE 
inhibi tory ac t iv i ty  was obta ined from 1 kg of white  muscle.  Subsequent 
pur i f ica t ions  were  pe r fo rmed  by success ive  column chromatograph ies  and HPLC. 
Column ef f luents  were  moni tored  by measuring absorbance  at 210 nm, 280 nm and/or  
750 nm due to the  Fol in-Lowry reac t ion  (5). An aliquot of each f rac t ion  was 
sub jec ted  to the assay for ACE inhibi tory ac t iv i ty .  Through the pur i f ica t ion  
s teps  bovine lung ACE was used as the monitor ing enzyme.  The 15% C H . C N  f rac t ion  

,.~ + 
was dissolved in 0.2 M AcOH and absorbed on a SP-Sephadex C-25 column (H form, 
1.8 x 50 cm). The column was washed with 330 ml of 0.2 M py r id ine -ace t a t e ,  pH 
3.1, and then developed with a concave  gradient  made by 1 1 of 0.2 M pyr id ine-  
a c e t a t e ,  pH 3.1, and 500 ml of 2.0 M pyr id ine -ace t a t e ,  pH 5.0. ACE inhibi tory 
ac t i v i t y  emerged  in 250-580 ml f ract ions .  The ac t ive  f rac t ion  was dr ied and 
redissolved in 0.2 M AcOH, followed by gel f i l t ra t ion  on a Sephadex G-25 column 
(2.5 x 93 cm) with 0.2 M AcOH. The inhibi tory a c t i v i t y  was r ecove red  in 
f rac t ions  369-406 ml. The ac t ive  f rac t ion  redissolved in 0.05% HC1 was sub jec ted  
to p repa ra t ive  HPLC on a Develosi l  ODS column. The ac t iv i ty  was e lu ted  in an 
unsymmet r i ca l  peak (Fig. 1). The dr ied ac t ive  f rac t ion  was fur ther  f r ac t i ona t ed  
by HPLC on an Asahipak GS-220 column. The ac t iv i ty  was recovered  in a 
s y m m e t r i c a l  peak (Fig. 2). Final ly,  r ech romatography  by reverse -phase  HPLC was 
necessary  for desa l t ing  (Fig. 3). 

RF__~ULTS AND DISCUSSION 

An ac t ive  component  for ACE inhibit ion in the e x t r a c t  of tuna muscle  was 

pur i f ied by success ive  chromatograph ies  on SP-Sephadex C-25, Sephadex G-25, 

Develosil  ODS-7 and Asahipak GS-220 columns. The homogenei ty  was conf i rmed by 

another  HPLC of the final p repara t ion  on Develosi l  ODS-7 and Asahipak GS-220 
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Fig.1. Reverse phase HPLC of act ive fract ion obtained a f te r  Sephadex G-25. 
Column: Develosil ODS-7 (0.8 x 25 cm). Solvent system: (a) 10% CHaCN in 0.05% 
HC1, (b) 20% CHaCN in 0.05% HC1. Linear gradient  from (a) to (b) (30 min). Flow 
rate:  5 ml/min. One peak of a potent  ACE inhibitory act ivi ty  was fract ionated,  

u n d e r  t h e  s a m e  c o n d i t i o n s  as  shown  in Figs.  2 and  3. The  f ina l  p r e p a r a t i o n  was  

d e s i g n a t e d  as t u n a  A C E  i n h i b i t o r  (AI). The  y ie ld  was  a p p r o x i m a t e l y  100 /ag f rom 1 

kg of  musc l e .  Tuna  AI s h o w e d  IC50 v a l u e s  of  1 /aM and  2 jaM for  A C E s  f rom 

b o v i n e  and  r a b b i t  lungs,  r e s p e c t i v e l y  (Tab le  I). Tuna  AI was  p o s i t i v e  to  t h e  Fo l in -  

Lowry  r e a c t i o n  and  i t s  h y d r o l y s a t e  w i t h  6 N HCI a t  I 10°C  for  20 h r  was  p o s i t i v e  

to  t h e  n i n h y d r i n  r e a c t i o n .  T he  UV s p e c t r u m  (Fig. 4) r e v e a l e d  t h e  p r e s e n c e  of  
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Fig.2. Gel f i l t ra t ion HPLC of act ive fract ion af te r  reverse phase HPLC. 
Column: Asahipak GS-220 (0.76 x 50 era). Solvent: 50 mM sodium phosphate buffer,  
pH 7.0. Flow rate:  1 mI/min. One peak of a potent  ACE inhibitory act ivi ty  was 
seperated.  

Fig.3. Reverse phase HPLC of act ive f ract ion obtained a f te r  Asahipak GS-220. 
Column: Develosil ODS-7 (0.46 x 25 cm). Solvent system: (a) 10% CH3CN in 0.05% 
HCI, (b) 20% CH3CN in 0.05% HC1. Linear gradient  from (a) to (b) (30 min). Flow 
rate:  2 ml/min. One peak of a potent  ACE inhibitory act ivi ty  was obtained as a 
final preparation.  
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Table 1. ACE inhibitory activity of tuna AI 

IC50 (pM) 

Bovine lung ACE Rabbit lung ACE 

Tuna AI 1 2 

Bradykinin- 5 3 
potentiator B 

The data represent the mean value in two independent assays. 

tryptophanyl residue in the molecule. This evidence indicated that  tuna AI 

consisted of a peptide. 

The apparent molecular weight of tuna AI was es t imated to be 920 by gel 

f i l t ra t ion on a Shodex OHpak Q-802/s cal ibrated with peptides of known molecular 

weight. Amino acid analyses revealed that  this peptide contained Asp, Gly, His  

Thr, Pro, Ile, Trp and Lys per mol of the molecule (Table II). By stepwise 

Edman degradatioin of the peptide, l iberated PTH-amino acids were successfully 

identif ied up to the 8th step, as shown in Fig. 5, although the 8th PTH-Asp was 

recovered in a very poor yield. The first release of Asp took place by 

carboxypeptidase A and B digestion (Fig. 5). It was known that  these 

exopeptidases require a free COOH-group at the terminus of the peptide to be 

hydroryzed (6, 7). Consequently, the amino acid sequence was established as Pro- 

Thr-His-Ile-Lys-Trp-Gly-Asp. The molecular  weight of the peptide calculated from 

its amino acid sequence was 952, which was in agreement  with the apparent  

molecular  weight determined by gel f i l t ra t ion as mentioned above. 

Fi~.4. 

, t 

0 i 

240  2 6 0  280  3 0 0  3 2 0  

Wave length (nrn) 

UV spectrum of tuna AI. 
- -  Tuna AI (165 Jag/ml of H20). 
. . . . .  Trp (160 jaM in H20). 
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Table 2. Amino acid composition of tuna AI 

Amino acid 
Residues in 20 hr hydrolysate at 110°C with 

6 N HC1 4 N methanesulfonic acid 

Asp 1,1 (1) 1.1 (1) 
Gly 1,1 (1) 1.2 (1) 
His 1.0 (1) 1.0 (1) 
Thr 1.0 (1) 0.9 (1) 
Pro 1.0 (1) 1.1 (1) 
I le  1.0 (1) 1.0 (1) 
Trp 0.8 (1) 
Lys 0,9 (1) 0.9 (1) 

The figures in parentheses are rounded values. 

Thus the ACE inhibitor in tuna muscle was identif ied to be the octapeptide.  

So far as we know, this finding is the first report with respect to the ACE 

inhibitory peptide in marine products. The homology examinat ion of the amino 

acid sequence using a data base "PRF/SEQDB" revealed that tuna AI was a novel 

peptide and that its sequence was not contained within any other proteins. 

Among the natural ly occurring peptides with ACE inhibitory act ivi ty,  the most 

potent  and specific inhibitors are several s t ructual ly  similar peptides that  

have been isolated from the venoms of the South American pit viper Bothrops 

ja raraca  and the Japanese pit viper Agkistrodon halys blomhoffii. These venom 

peptides are Pyr-Lys-Trp-Ala-Pro (8), Pyr-Trp-Pro-Arg-Pro-Gln-I le-Pro-Pro (9) 

and Pyr-Gly-Leu-Pro-Pro-Arg-Pro-Lys-I le-Pro-Pro (10). The s t ruc ture -ac t iv i ty  

relationship of the venom peptides and their synthet ic  analogues indicated that  

the ACE had l i t t le  aff ini ty for substrates or compet i t ive  inhibitors with COOH- 

terminal  dicarboxylic acids, but an an tepenul t imate  aromatic  amino acid residue 

appeared to enhance binding ( l l ,  12). Tuna AI contains dicarboxylic acid, Asp, 

as its COOH-terminus and the amino acid sequence was different  from those of the 

Fi8.5. 

P r o - T h r - H i s - I l e - L y s - T r p - G l y - A s p  

Amino acid sequence determination of tuna AI. 
by Edman degradation. 

-'--- by carboxypeptidase A and B digestion. 
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venom peptide family, except that the antepenultimate amino acid, Trp, was 

aromatic. However, Tuna AI showed a more potent ACE inhibitory activity than 

bradykinin-potentiator B (Table II), especially for bovine lung ACE. These 

findings, which require confirmation, suggest that this octapeptide may interact 

with the ACE via another mechanism. 
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