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C l e a v a g e  o f  A c t i v e  P e p t i d e s  b Y  a L u n g  E n z y m e  ~ 

Plasma  ~ and  organs such as lung 3-6 and k idney  6.s 
con ta in  the  enzyme  d ipep t ide  hydrolase  (DH) t h a t  cleaves 
d ipep t ides  f rom the  C- terminal  end of angiotens in  (Ang) 
I and b radyk in in  (Bk). The enzyme 3,4 can l iberate  t he  
hyper t ens ive  Ang II  f rom Ang I or inac t iva te  t he  hypo-  
tens ive  pep t ide  Bk. Thus  it acts  as an Ang I conver t ing  
enzyme ~ and as a kininase,  ident ical  wi th  kininase I I  ~, 10. 
We  have  puri f ied the  e n z y m e  previously  2, 4 f rom  p lasma  
and  concen t r a t ed  i t  f rom homogena te s  of k idney cor tex  4, 7 
and  lung 4. Because subs tan t i a l  a m o u n t s  of c i rculat ing 
Bk and  Ang I are metabol ized  in t he  pu lmonary  circula- 
t ion n,  we puri f ied and s tudied  the  lung DH fur ther  to  
see how far is it  involved in these  processes. This repor t  
summar izes  our s tudies  on the  inh ib i t ion  of DH,  on the  
deve lopmen t  of a sensi t ive  chemical  assay  for the  enzyme  
and on its ac t ion in the  per fused  lung in situ 12,13. 

Materials  and methods. Hog lungs were homogenized  
in 0 .25M sucrose and the  par t icu la te  f ract ions  were 
sed imen ted  by  dif ferent ia l  centr i fugat ion.  The final 
100,000 g s u p e r n a t a n t  was the  source of DH. The enzyme 
was purif ied by  the  sequent ia l  use of gel f i l t ra t ion on a 
Sepbadex  G-200 column, A m i c o n  m e m b r a n e  f i l t rat ion,  
D E A E - S e p h a d e x  column c h r o m a t o g r a p h y  and f i l t ra t ion 
on a Biogel P 300 column.  Af te r  a disc gel e lectrophoresis  
t he  pro te in  band  conta in ing  the  enzyme  was eluted.  Re-  
pea t ing  the  e lect rophoresis  yielded ~a homogenous  D H  
prepara t ion ,  as shown by  the  single pro te in  band  o n  the  
gel. For  control  studies,  D H  was concen t ra ted  f rom gui- 
nea-pig  p lasma  by  ge] f i l t ra t ion on a Sephadex  G-200 co- 
lumn 2,~. (Of all animals  tested,  the  guinea-pig has the  
h ighes t  D H  ac t iv i ty  in blood4.) 

Similar to the  p lasma  D H  3, 4 the  puri f ied lung enzyme  
showed re la t ively  l i t t le  subs t ra te  specif ici ty in t h a t  it  
c leaved C-terminal  d ipep t ides  f rom several  shor t  and 
long subst ra tes .  I t s  pep t idase  act ion was measured  also 
in the  UV s p e c t r o p h o t o m e t e r  wi th  Hip-Gly-Gly  3, 
t -BOC-Phe (NO~)-Phe-Gly ~, or Hip-His -Leu  4 used as 
subs t ra tes .  The hydro lys is  of o the r  pep t ides  in v i t ro  was 
de t e rmined  in th in- layer  ch romatography3 ,  4 or in bio- 
assaya,  4. The ac t ion  of D H  in si tu was inves t iga ted  in the  
per fused  blood-free ra t  lung employ ing  radioact ive  pep-  
t ides  as subs t ra tes .  We used inhib i tors  of D H  in the  
expe r imen t s  to  show t h a t  the  various act ions s tudied  
can be a t t r i bu t ed  to  a single enzyme.  The mos t  act ive 
specific inhibi tors  were two recent ly  synthes ized  pept ides ,  
t h a t  were f i rs t  d iscovered in snake venoms  ~4,15, t he  
nndeeapep t ide  ' pep t ide  C', and  the  nonapep t ide  SQ 20881 
(M. Ondet t i ,  Squibb  Ins t i tu te ) .  

Table I.Is0 values of inhibitors of DH of hog lung (L) and guinea-pig 
plasma (p) obtained in the UV-speetrophotometer 

Inhibitor Substrates 

HGG HHL BPPG 

L P P L 

Glutathione 2 • 10 -2 3 • 10 -6 2 x 10 -2 
Peptide C 3 • 10 -s 3 • 10 -~ 3 • 10 -7 
SQ 20881 3 • 10 s 3 • 10 .9 1 • 10 -s 

1~0 = M concentration of inhibitor that inhibits 50% Substrates: 
HGG, Hip-Gly-Gly2; HHL, Hip-His-Leu4; BPPG, t-BOe-Phe 
(NOe)-Phe-Gly 2. Glutathione was tested in the presence of dithio- 
erythritol. Peptide C, Pyr-Gly-Leu-Pro-Pro-Gly-Pro-Pro-Ile-Pro-Pro, 
SQ 20881, Pyr-Trp:Pro-Arg-Pro-Gln-Ile-Pro-Pro. 

Results  and  discussion. The cleaving of opt ica l ly  act ive 
subs t ra tes  was inh ib i ted  by  3 pep t ide  inhibi tors .  Pep t ide  
C and SQ 20881 were the  mos t  p o t en t  wi th  150 values  in 
the  orders of 10 -7 and 10 9M (Table I). Glu ta th ione  had  
an 150 of 2 .10-6M in the  presence of d i th ioery thr i to l .  
Low concen t ra t ions  of all 3 inhib i tors  were ap p ro x i ma t e l y  
equal ly effect ive agains t  D H  prepared  f rom ei ther  hog 
lung or guinea-pig  p lasma.  This fu r the r  suggests  t h a t  the  
same enzyme  is p resen t  b o t h  in blood and  in lung. 

Since insulin inh ib i ted  D H  in v i t ro  4, it  was also tes ted  
as a subs t r a t e  of DH. The B chain  of insulin was cleaved 
by  D H  when  incuba ted  in v i t ro  f rom 0.5 to 24 h. Thin-  
layer  c h r o m a t o g r a p h y  ind ica ted  t h a t  D H  removed  t h e  
d ipep t ide  Lys=Ala f rom the  C- terminal  end of the  B 
chain. Thin- layer  c h r o m a t o g r a p h y  also p roved  t h a t  D H  
cleaved Phe -Arg  f rom Ac-Se r -P ro -Phe -Arg  represen t ing  
the  p ro tec ted  C- terminal  t e t r a p e p t i d e  in Bk. The cleavage 
of Lys-Ala  f rom the  B chain  of insulin was comple te ly  
inh ib i ted  by  1 • 10-4M SQ 20881.- 

Because D H  cleaves a va r i e ty  of pep t idy l  d ipep t ide  
bonds  3, 4, we p repared  a radioact ive ,  f luorescent  subs t ra te  
to de tec t  small  quant i t i es  of the  enzyme.  The N t e rmina l  
end of t r ig lycine was reac ted  wi th  14C labeled dansyl  
(1 -d imethy laminonaphtha lene-5-sn l fony l ;  DNS) chlori- 
de1% The resul t ing 14C-DNS-Gly-Gly-Gly (0.6 nmole) 
was cleaved by  DH to 14C-DNS-Gly and  to Gly Gly. D H  
did not  release 14C-DNS-Gly-Gly. The p roduc t s  were 
separa ted  in th in- layer  c h r o m a t o g r a p h y  on silica coated 
glass microf iber  sheets  in chloroform:  benzyl  alcohol:  
acetic acid (50:15:2.5), and were localized under  the  
UV-light .  The Rf  values of dansy la t ed  glycine der iva t ives  
on the  c h r o m a t o g r a p h y  sheets  used were:  0.17 for DNS-  
Gly-Gly-Gly,  0.47 fo rDNS-Gly -Gly  and  0.83 Io rDNS-Gly .  
The f luorescent  spots  were p u n ch ed  out  f rom the  chro-  
m a t o g r a p h y  sheets,  p laced in vials conta in ing  a l iquid 
scint i l la tor  and the  decrease in subs t r a t e  concen t ra t ion  
and the  increase in labeled p roduc t  (14C-DNS-Gly) af ter  
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hydro lys i s  b y  D H  were measu red  in a l iqu id  sc in t i l l a t ion  
counter .  ~4C-DNS-Gly-Gly-Gly was no t  h y d r o l y z e d  b y  
D H  in t h e  presence  of t he  i n h i b i t o r  SQ 20881 (10-4M).  

The  hog  lung  e n z y m e  p r e p a r a t i o n  i n a c t i v a t e d  B k  a n d  
c o n v e r t e d  Ang  I to  Ang  I I  in v i t ro  as d e t e r m i n e d  b y  
b io -assay  of t he  pep t ides  on  t he  isola ted r a t  u t e rus  or on 
t h e  i so la ted  r a t  colon*. These  two ac t ions  of D H  were 
i n h i b i t e d  s imi la r ly  b y  t h e  inh ib i to r s  SQ 20881 (3 x 10-6 M),  
pep t i de  C (1 x 10-6M),  insu l in  (1 x 10-eM)  a n d  b y  t h e  B 
cha in  of insu l in  ( 2 X 1 0 - 6 M )  (Table  II). G l u t a t h i o n e  
(1 X 10 4M) also p r e v e n t e d  t he  convers ion  of Ang I. 

The  ac t ion  of D H  was also s tud ied  in t h e  r a t  lung  
per fused  in s i tu  w i t h  Krebs  solut ion.  R a d i o a c t i v e  (Asp 1- 
IIeS-14C-Leul~ I was  added  to  t he  per fus ion  fluid 
a n d  t h e  pep t ide  and  t he  p r o d u c t s  of  i ts  c leavage  were 
col lected a f te r  a single passage  t h r o u g h  t h e  p u l m o n a r y  
c i rcula t ion.  The  p r o d u c t s  of t h e  hydro lys i s  of labe led  
Ang I were s epa ra t ed  e i the r  in  t h in - l aye r  c h r o m a t o g r a p h y  17 
or in h i g h  vo l tage  e lec t rophores is  a t  p H  2.1. 

The  conve r s ion  of Ang  I to  Ang  I I  in  t he  lung  was 
shown  b y  t he  a p p e a r a n c e  of His-Leu-14C and  b y  t he  
decrease  in t h e  c o n c e n t r a t i o n  of labeled  Ang  I. Af te r  a 
single passage  t h r o u g h  t he  lung,  45% of t h e  a d d e d  (0.87 
~g/ml) Ang  I was  h y d r o l y z e d  to  Ang I I  a n d  to  His-Leu-14C. 
Only  3% of t he  t o t a l  c o u n t  was  due to  free Leu-C 14. The  
convers ion  in t h e  lung  was i n h i b i t e d  b y  var ious  added  
endogenous  a n d  exogenous  c o m p o u n d s  (Table  I I I ) .  Since 
m u c h  more  Ang  I was  per fused  t h a n  found  usua l ly  in  
blood, t h e  i nh ib i t o r s  also h a d  to  be emp loyed  in h igher  
t h a n  phys io logica l  concen t ra t ions .  B k  was a r e m a r k a b l y  

Table II. Inhibition of the conversion of angiotensin I and the in- 
activation of bradykinin in vitro by DH of the lung 

S u b s t r a t e  

Inh ib i to r  Concen t r a t i on  Angio-  B r a d y k i n i n  
(M) tensin I 

Pept ide  C 1 • 10 .6 + + + + 

S Q 2 0 8 8 1  3 •  6 + +  + +  

Insu l in  1 • 10 .6  + + + + 

B c h a i n  of insul in  2 • 10 6 + + + + 

G l u t a t h i o n e  1 • 10 -4 + + N. t  

+ +,  greater than 75% inhibition. N.t, Not tested. 

p o t e n t  inh ib i to r ,  p r o b a b l y  because  i t  is a compe t i t i ve  
s u b s t r a t e  of DH.  Insul in ,  g l u t a t h i o n e  and  t he  nonapep -  
t i de  SQ 20881 i n h i b i t e d  t he  convers ion,  b u t  t he  s y n t h e t i c  
p e n t a p e p t i d e  SQ 20475 was m u c h  less effective.  

I n  o the r  s tud ies  14C-DNS-Gly-Gly-Gly (45 pmole  pe r  
ml) was per fused  t h r o u g h  lung.  The  pe r fusa te  was col lected 
a n d  desa l t ed  on  a Dowex 50W- • 8 co lumn.  The  radioac-  
t ive,  f luorescen t  s u b s t r a t e  a n d  t he  p roduc t s  of i ts  enzymic  
hydro lys i s  were s epa ra t ed  in t h i n - l a y e r  c h r o m a t o g r a p h y .  
14C-DNS-Gly was t he  m a j o r  r ad ioac t i ve  hydro lys i s  
p roduc t .  A b o u t  10 to  20% of t h i s  s u b s t r a t e  was hydro lyz -  
ed d u r i n g  a single passage  t h r o u g h  t h e  r a t  l ung  as de ter -  
m i n e d  in t he  sc in t i l l a t ion  counter .  W h e n  t he  Ac-Ser -Pro-  
Phe -Arg  t e t r a p e p t i d e  f r a g m e n t  of 13k was per fused  
t h r o u g h  t he  lung  a t  a r a t e  of 0 .4/*mole  per  min,  Phe -Arg  
was the  m a j o r  p r o d u c t  of hydro lys i s  de tec ted .  Th i s  reac- 
t i on  was also i n h i b i t e d  b y  SQ 20881. 

Conclusions. The  deta i l s  of t he  e x p e r i m e n t s  s u m m a r i z e d  
here  will be  p u b l i s h e d  elsewhere.  W e  conclude,  however ,  
t h a t  t he  p rope r t i e s  of D H  coming  f rom p lasma,  k i d n e y  
or lung  are qu i t e  s imi lar  2-4,1s, 19. The  e n z y m e  pur i f ied  
f rom hog lung  c leaved  d ipep t ides  in  v i t ro  f rom the  C- 
t e r m i n a l  end  of a v a r i e t y  of s u b s t r a t e s  inc lud ing  Ang  I, 
Bk,  the  B cha in  of insu l in  a n d  14C-DNS-Gly-Gly-Gly.  
The  las t  s u b s t r a t e  is r ad ioac t ive  and  f luorescent ,  to  be  
used for v e r y  sens i t ive  assays.  

I n  lung  per fus ion  e x p e r i m e n t s  Ang  I was conve r t ed  to  
Ang  I I  b y  t he  release of His-Leu-~4C Gly-Gly  was l ibe- 
r a t e d  f rom t4C-DNS-Gly-Gly-Gly,  and  C- te rmina l  Phe-  
Arg  f rom a B k  der iva t ive .  

The  e n z y m e  was  i n h i b i t e d  b y  severa l  agen t s  as de ter -  
m i n e d  w i t h  va r ious  t echn iques  in v i t ro  and  in t he  per fused  
lung  in situ.  Specific i n h i b i t o r s  b locked  t h e  i n a c t i v a t i o n  
of t he  h y p o t e n s i v e  pep t ide  (Bk), t he  release of the  h y p e r -  
t ens ive  one (Ang II )  and  t he  hydro lys i s  of t h e  B cha in  of 
insu l in  b y  DH.  The  resul t s  ind ica te  t h a t  D H  has  a n  
i m p o r t a n t  role in  t he  lung  in me t abo l i z i ng  ac t ive  pep t ides  
b y  t he  hydro lys i s  of C- t e rmina l  pep t i dy l  d ipep t ide  bonds .  

Zusammenfassung. Ein  E n z y m  (Angio tens in  I ~conver t -  
ing enzyme~> oder  K in inase  II;  DH) wurde  aus  Schweine-  
l ungen  isol ier t  u n d  gereinigt .  D H  spa l t e t  D ipep t ide  v o m  
C a r b o x y t e r m i n u s  der  P e p t i d s u b s t r a t e  m i t  E insch luss  y o n  
B r a d y k i n i n ,  Ang io t ens in  I, B - K e t t e  von  Insu l in  u n d  
~4C-DNS-Gly-Gly-Gly.  Zu den  bes t en  I n h i b i t o r e n  des 
E n z y m s  geh6ren  zwei ki i rz l ich syn the t i s i e r t e  P e p t i d e  
sowie G l u t a t h i o n  u n d  Insul in .  Die E x p e r i m e n t e  d e u t e n  
auf  ein einziges E n z y m  hin ,  das  alle e rwXhnten  S u b s t r a t e  
hydro lys ie r t .  
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Table  I I I .  Inh ib i t ion  of the  convers ion  of (Aspl-IleS-14C Leu  1~ angio-  
tens in  I d u r i n g  a single passage  t h r o u g h  the  r a t  l ung  in s i tu  
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Inh ib i t o r  Concen t r a t i on  Inh ib i t ion  (%) 
(M) 

Insu l in  2 x 1076 51 

Bradykinin 1 • 10 -s 43 
Glutathione 1 • 10 -a 57 
SQ 20881 (nonapeptide) 1 • 10 -s 61 
SQ 20475 (pentapeptide) 1 • 10 -4 14 
EDTA 1 • 10 .3 45 
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