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A h s t r a c t : A novel metallo-endopeptidase f rom human neuroblastoma NB-OK-1 
cells was pa r t i a l ly pur i f ied and c h a r a c t e r i z e d . This enzyme act ivi ty was 
detected in the cul ture médium and could be detached from intact cells by 
gentle wash ing , suggest ing a pe r i phe ra l local iza t ion of the enzyme. This 
endopept idase inactivated Atrial Natr iure t ic Peptide (AN?) by a unique and 
sélective cleavage of the S e r * P h e ' bond. H aiso produced hydrolysis at 
the Xaa-Phe, Xaa-Leu, or Xaa-Ile bonds of o ther peptide hormones such as 
b r a d y k i n i n , s o m a t o s t a t i n 14, l i t o r i n , s u b s t a n c e F, n e u r o m e d i n C and 
angiotensin I I . The subs t ra te selectivity and inhibi t ion profi le of the enzyme 
s h o w e d o b v i o u s s i m i l a r i t i e s wi th t he p e p t i d e h o r m o n e i n a c t i v a t i n g 
endopep t idase (PHIE) recently puri f ied f rom Xenopus laevis skin s é c r é t i o n s 
and indicated a thermolysin- l ike activity d is t inc t f rom neu t ra l endopept idase 
(EC 3.4.24.11) and from angiotensin convert ing enzyme (EC 3.4.15.1). ® 1992 
Académie Press, Inc. 

The human neuroblastoma NB-OK-1 cell line is a good model lo study Atrial 

Natr iure t ic Pept ide (ANP) metabolism at the receptor Icvcl since thèse cel ls 

posses s h igh a f f i n i t y R i - t y p e reccptors for ANP- (99 -126) but no R 2 - t y p e 

recep tors . Occupancy of thcsc ANP reccptors is couplcd with cyc l ic G M P 

accumula t ion (1). h was recently observed that human neuroblastoma NB-OK-1 

cells inacl ivate ANP-(99-126) by a S c r ' ^ S . p h e ' 2 4 ( j g^ j cleavage (2). The activity 

rcspons ib le for this ANP dégradat ion was scns i t ive to divalcnt métal ca t ion-

chela tors and was detected in the incubat ion méd ium (2). This endopep t idase 

° O n l e a v e f r o m D e p a r t a m e n t o d e F i s i o l o g i a e F a r m a c o l o g i a d a U n i v e r s i d a d e F é d é r a l d o C e a r â , 

R u a C e l N u n e s d e M e l o 1 1 2 7 , C x . P o s t a l 6 5 7 , 6 0 . 0 0 0 F o r t a l e z a , C E , B r a z i l . 
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activi ty is of par t icular interest s ince bolh amino-terminal and carboxy- te rminal 

f ragments of ANP do not exhibit any affînity for the Ri- type ANP rcceptors (1). 

Part ial pur i f ica t ion and charac ter iza t ion of this endopept idase al lowed to 

compare its funct ional propert ies with those of neutral endopept idase (NEP, EC 

3.4 .24.11) , angiotensin convert ing enzyme (ACE, EC 3.4.15.1) and of a pept ide 

hormone inactivating enzyme (PHIE) isolated from Xenopus laevis skin sécrétions 

which produces a sélective S e r l 2 3 . p } , e l 2 4 bond cleavage of ANP, and hydrolysis 

of Xaa-Phe, Xaa-Leu ou Xaa-Ile bonds in a number of other peptide hormones (3). 

We demonst ra te that the ec to -endopept idase présent at the per iphery of 

h u m a n neu rob l a s toma NB-OK-1 ce l l s , possesses a t he rmo lys in - l i ke cha rac te r 

clearly distinct from NEP (4) and from ACE (5), and exhibits obvious similaritics 

with the frog enzyme (PHIE) (3). We hypothesize that this enzyme might play an 

important rôle in ANP mctabolism at the cell surface. 

M A T E R I A L S AND MRTHODS 

P u r i f i c a t i o n p r o c é d u r e . Neuroblas toma NB-OK-1 cells (70 mg proteins) 
were suspended and incubaled according to Delporte et al. (2). The supernatant 
was submitted to ion exchange chromatography on DEAE MemSep 1000 cartridgc 
(Milliporc). The sample was clutcd stcpwise with 0.05 N Tris-HCl (pH 7.4), from 0 to 
IM NaCl. The active fract ions wcre concentratcd ten times by ul t racentr i fugat ion 
( U n i s e p ^ " Ultracent-30 membrane cartridgcs, Bio-Rad) to 0.7 ml . This sample was 
then applied to an hydroxyapat i te column (2x5cm) cluted with a 10-500 mM 
phosphate buf fe r (pH 7.3) gradient . Proteins wcre dctermined using the Bradford 
assay (6). 

E n z y m e a s s a y . Endopeptidase activity was monitored by HPLC using ANP 
as substratc (see below) as in (3). DABTC-[DR*]-Kermit , a dcrivativc of Kermit (i.e; 
D V D E R D V R G F A S F L N H 2 ) which undergoes cleavage at the Se r ' ^ -Phe '^ bond, was also 
uscd as subs t ra te (7). A l t e r n a t i v e l y , when ANP, subs t ance P, b r a d y k i n i n , 
somatostat in 14, angiotensin II, l i torin and neuromcdin C were used as substrale, 
the conditions were as follows: 1-2 nmol of peptide were incubated 30-180 min in 
100 mM phosphate buffer (pH 7.4) in the présence of a 10 p-l aliquot of the active 
fractions in a final volume of 20| i l . The reaction was stopped by hcating 10 min at 
100 °C, and the resulting products applied on HPLC using a Nucleosil'^" 5 p. C 1 8 
column (146x4.5mm) elutcd under condi t ions described in Fig. IB. The remaining 
subs t ra te and resul t ing p roduc t ( s ) were moni tored at 220 nm. Fragments 
produced by endoproteolytic cleavage(s) were analysed for thcir amino-acid 
composit ion using a picoTag station (Watcrs) . Inhibitors were tested (as shown in 
Table I) in routine condit ions of the endopeptidase assay (see above) and ANP-
(103-126) as substrate. Inhibit ions wcre expressed as percentages of the référence 
act ivi ty in the absence of chemica l reagents under the same expér imenta l 
conditions. The pH profi le of endopept idase activity was obtained using ANP-(103-
126) as substrate (2 nmol pcr assay) incubated 60 min with 10 \il aliquot of the 
active fractions in a 100 mM phosphate buffer adjusted to cover a pH range of 5.8 
to 8.0, in a final volume of 20 n i . Under thèse condi t ions , e n z y m e kinet ics 
remained linear. Both enzyme assays and inhibition experiments were run two or 
three times for each given peptide. Analysis of peptide products was performed at 
least in duplicate. 

P e p t i d e s a n d C h e m i c a l s . [ D R * ] - K e r m i t was p repa red by sol id phase 
synthesis (8) on a Mul t i synthe t izer NPS 4000 (Neosys tem, S t rasbourg , France) , 
purified by HPLC and checkcd as in (9). Chemicals were reagent grade from Sigma 
(Saint Louis, Mo, USA) and the other peptide substrates or f ragments were f rom 
Neosystem or Sigma. 
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R E S I J L T S 

P a r t i a l p u r i f i c a t i o n of a n e n d o p e p t i d a s e f r o m h u m a n 

n e u r o b l a s t o m a N B - O K - 1 cell l ine. Endopep t idase act ivi ty was mon i to red by 

HPLC using both A N P and DABTC-[DR*]-Kermit as substrates (Methods) . Enzyme 

activity was detachcd from intact suspendcd cells ( 70 mg protein) by gentie 

washing. The concentrated enzyme activity was submit ted to a d ie thylaminoethyl 

(DEAE) chromatography and a major peak of activity was eluted with 0.05 N Tris 

(pH 7.5) -0 mM NaCl (Fig. lA) . Fractions containing this enzyme activity were 

concentrated and applied on a hydroxyapatitc column where it was eluted with 10 

mM phosphate buffer (pH 7.3). This allowed to eliminate some of the contaminant 

proteolyt ic act iv i t ies . H P L C prof i le of A N P hydrolys is demonst ra tcd a un ique 

sélect ive c leavage at the S e r ' 2 3 . p h e 124 bond by showing unequ ivoca l ly the 

product ion of bolh amino terminal ANP-(103-123) and carboxy terminal P h e ' 2 4 . 

A r g l 2 5 . x y r l 2 6 f ragments (F ig . lB) . 
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F i g u r e 1 ( A ) E n z y m e w a s s u b m i t t e d t o i o n e x c h a n g e c h r o m a t o g r a p h y a n d e l u t e d 
s t e p w i s e w i i h 0 . 0 5 N T r i s - H C l ( p H 7 . 4 ) f r o m 0 t o I M N a C I . A b s o r b a n c c o f t h e c o l u m n 
e f f l u e n l w a s m o n i t o r e d a l 2 2 0 n m . 1 m l f r a c t i o n s w e r e c o l l e c t e d a n d a l i q u o l s o f 4 0 
n i a s s a y c d f o r e n z y m a t i c a c t i v i t y . T w o d i f f é r e n t s u b s t r a t e s w e r e u s e d : D A B T C -
( D R l ^ l - K e r m i t a n d A N P - ( 1 0 3 - 1 2 6 ) a n d t h e r c s u l t s e x p r c s s e d in n m o l o f D A B T C -

[ D R ^ l - K c r m i l h y d r o l y s e d / h r / m l ( • ) a n d by i hc z o n e s s h o w i n g e n z y m e a c t i v i t y 
o n A N P - ( 1 0 3 - 1 2 6 ) ( — ). ( B ) E l u t i o n p r o f i l e o f f r a g m e n t s o f A N P - ( 1 0 3 - 1 2 6 ) g e n e r a t e d 
b y t h e a c t i o n o f h u m a n n e u r o b l a s t o m a N B - O K - 1 e n d o p e p t i d a s e a f l c r i o n e x c h a n g e 
c h r o m a t o g r a p h y . T h e A N P - ( 1 0 3 - 1 2 3 ) ( b ) a n d t h e A N P - ( 1 2 4 - 1 2 6 ) ( a ) f r a g m e n t s 
w e r e i d c n t i f i e d b o t h b y r é f é r e n c e t o s t a n d a r d s a n d b y a m i n o a c i d c o m p o s i t i o n . 
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(5 -28 ) A N F S S C F G G H M D R I G A Q S G L G C N S ^ F R Y 

S u b s t a n c e ? R P K P Q N F ' F G ^ L M ( N H 2 ) 

A n g i o t e n s i n II D R V Y ^ I H P F 

Bradykinin R p p G^F S P F R 

Somatostat in-14 A G C K N F^F w K T F T s G 

N e u r o m e d i n C G N H w A V G ' H ' ^ L M ( N H J ) 

L i t o r i n p E Q W A V G | H ^ F M ( N H 2 ) 

N e u r o m e d i n B G N L w A T G H ^ F NKNHJ) 

V a s o p r e s s i n C Y F Q N C P R GCNH^I 

O c y t o c i n C Y I Q N C P L G C N H J ) 

|Leu5|-Enkephal in Y G G F L 

F i g u r e 2 . A m i n o a c i d s é q u e n c e s o f I h e p e p l i d c h o r m o n e s u s e d a s s u b s l r a t e s f o r 
h u m a n n c u r o b l a s l o m a N B - O K - 1 e n d o p e p t i d a s e . P l a i n a r r o w s i n d i c a t e t h e m a j o r 
c l c a v a g c s i t e s . D a s h e d a r r o w s c o r r e s p o n d t o m i n o r c l e a v a g e s i t e s . A U 
c o r r e s p o n d i n g f r a g m e n t s w e r c i d c n t i f i e d u n a m b i g u o u s l y b y a m i n o a c i d 
c o m p o s i t i o n . 

S u b s t r a t e s e l e c t i v i t y . The partially purified enzyme hydrolysed Xaa-

Phe, Xaa-Leu or Xaa-I le bonds in ANP, bradykinin , somatos ia t in 14, l i tor in, 

substance P, neuromedin C and angiotensin II (Fig. 2). ANP-(103-126) hydrolysis 

produced the amino terminal ANP-(103-123) and the carboxy terminal t r ipeptide 

P h c ' ^ ' * - A r g ' 2 5 . j y , - 1 2 6 j^jf, rneasured toward ANP was 19 |a.M . Bradykinin was 

cleaved at the Gly '^-Phe^ bond with a minor cleavage at the P r o ^ - P r o ^ bond. The 

hydrolysis of somatostatin 14 at the P h e ^ - P h e ^ bond, within the disulf ide bridged 

segment, led to a single product. Litorin was submitted to a major cleavage at the 

H i s ^ - P h e ^ bond and a minor one at the Gly^-His^ bond. Hydrolysis of substance P 

resultcd in a major cleavage at the Gly^-Leu^* ' bond and a minor cleavage at the 

P h e ^ - P h e ^ doublet. Neuromedin C was principally cleaved at the H i s ^ - L e u ^ bond 

and at the Gly^-His^ bond. Angiotensin II was hydrolysed at the Tyr^- I le^ bond. 

However, analogous bonds were not cleaved in ocytocin, vasopress in or [Leu^] -

e n k e p h a l i n . 

O p t i m a l pH a n d i n h i b i t o r p rof i l e . The optimal pH was 7.0 ( not shown). 

EDTA, EGTA and 1 ,10-o-phenanthrol ine inhibited enzyme act ivi ty, suggcst ing its 

me ta l l o - endopep t ida se charac te r (Tab le I) . N-ethyl ma le imide ( N E M ) and p-

c lo romercu r ipheny l su l fon i c acid (PCMPS) , inhibi tors of cys t e iny l -pep t idases , at 

the mM concent ra t ion , inhibi ted the meta l lo-endopept idase ac t iv i ty , suggest ing 

eithcr a direct or indirect involvmcnt of thiol group(s) in enzyme activity. Table 

I compares the meta l lo-endopept idase f rom human neuroblas toma NB-OK-1 cells 

versus the peptide hormone inact ivat ing endopept idase f rom Xenopus laevis skin 

exuda te (3). Spéc i f i e inh ib i to r s of e i ther NEP, l ike p h o s p h o r a m i d o n and 

th iorphan, or of ACE, l ike captopr i l , were unable to inhibi t endopep t idase 

activity at concentra t ions up to 0.1, 0.001 and 1 mM respect ively . Serine- and 

carboxyl- protease inhibitors had no effect in the 0.1-1 mM range. 
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Table I . Effccl of protease inhibilors on human neuroblastoma NB-OK-1 
endopeptidase 

P E P T I D A S E 
CLASS 

INHIBITOR C O N C E N T R A T I O N 
(mM)) 

INHIBITION 
(%) 

N B - O K - 1 X. laev is 
( re f .3 ) 

MFTAI 1 O- 95 9 8 
O . I 0 5 

E D T A 10. 91 6 7 
1 64 5 9 

EGTA 10. 6 6 6 3 
27 5 1 

CYSTEINYL- PCMPS 93 0 
5 1 

NEM 1 88 0 

S E R I N E - P M S F 0 0 
o 1 1 0 0 
A P R O T I N I N 1 2 0 
TPCK 21 2 

CARBOXYL- P E P S T A T I N 1 0 0 
GEMSA 0 . 1 0 1 

NEP PHOSPHORAMTDON 0 . 0 0 1 0 4 1 
0 . 0 0 5 0 5 2 

T H I O R P H A N 0 . 0 0 1 0 0 

A C E C A P T O P R I L 1 0 Ô 

A S P E C I F I C BENZAMIDINE 0 . 1 10 0 
T A M E 1. 12 0 

Enzyme activity was assaycd as described in Materials and Methods in ihe présence 
of a single inhibitor al a lime. Ail values werc calculalcd with référence lo ihe 
amounl of Scr-Phe cicavagc observcd on 2 nmol of ANP-(103-126) in 60 min undcr 
standard conditions (takcn as 0 % inhibition). 

D I S C U S S I O N 

NB -OK -1 ccl ls possess , at thcir pcr iphcry , A N ? rcccptors of thc R i - t y p c 

whereas no A N P rcccptors of the Ra-typc, implicatcd in A N ? clcarancc, could bc 

d e t c c t c d (1). T h u s , t h e p r e s c n t l y d e s c r i b e d m c t a l i o - e n d o p e p t i d a s e , w h i c h 

pe r fo rmed a sélect ive c icavagc at the S e r ' 2 3 . p h e ' 24 bond, might bc of par t icular 

impor t ance in thc phys io logica l régulat ion of A N P concentrat ion at the r ecep to r 

level in this cell modcl . Sincc this enzyme cleavcd othcr peptide hormones at Xaa-

Phe, Xaa-Leu or Xaa-I le , a more gênerai physiological rôle for this e n z y m e is 

pos tu la tcd (3). 

It is ihc f irst t ime that such a mcta l lo-endopcpt idase has been pa r t i a l ly 

pu r i f i ed and cha rac t e r i zed f rom a human cell type t issue. This novcl h u m a n 

m e t a l l o - e n d o p e p t i d a s e s h o w c d obv ious s imi l a r i t i e s with thc pep t i de h o r m o n e 

i nac t i va t i ng e n d o p e p t i d a s e i so la ted f rom Xenopus laevis skin exuda te (3). Both 
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enzymes cleaved Xaa-Phe, Xaa-Leu or Xaa-Ile in ANP, bradykinin, somatostat in 14, 

litorin, substance P, angiotcnsin II and neuromedins B and C, but nol in ocytocin, 

v a s o p r e s s i n or [Leu^ ] -enkepha l in . Th i s sugges ted that the topography of the 

conscrved motif in the pept ide substrates is an important and l imit ing factor for 

their hydro lys i s by e i ther human or f rog enzymes . The minimal requis i te for 

hydrolysis seemed to bc the présence of four amino acids on the amino terminal 

and one amino acid on the carboxy terminal side of the conserved motif (3, 

C a r v a l h o et al . , u n p u b l i s h e d rcsu l t s ) . Both e n z y m e s exh ib i t ed the me ta l lo -

e n d o p e p t i d a s e c h a r a c t e r , but h u m a n e n d o p e p l i d a s e was inh ib i ted by some 

cys te iny l -p ro tease inhibi tors , sugges t ing a direct or indirect involvmenl of thiol 

group(s) for its activity. 

The présent study establishes that the metal lo-endopept idase was capable of 

a single and sélective cleavage on the A N P molécule, a conclusion only suggested 

prev ious ly (2 ,10 ,11) . The me ta l lo -endopep t idase f rom human neurob las toma NB-

OK-1 cel ls as well as the f rog enzyme shows some similari i ics with the atrial 

p e p t i d e d e g r a d i n g e n z y m e f r o m b o v i n e k idney (12) . H o w e v e r , f u r t h e r 

r e l a t i o n s h i p can not bc e s t ab l i shed b c t w c e n both e n z y m e s because of the 

res t r ic ted number of subs t ra tes s tudied in the lat ter case. Moreover , s ince the 

c o m p l c m e n t a r y f r a g m e n t s A N P - ( 1 0 3 - 1 2 6 ) and P h e ' 2 4 . A f g 1 25 . ' py f 1 26 r e s y i t j n g 

f r o m A N P - ( 1 0 3 - 1 2 6 ) c l e a v a g e at t he S e r ' 2 3 . p h e ' 24 bond, could not be 

d e m o n s t r a t e d . Km dé te rmina t ion on k idney enzyme was unfcas ib le (12) . Both 

human and f rog me ta l lo -endopep t idases exhibi t a thermolys in- l ike charac te r and 

c lear ly appeared d is t inc t f rom NEP and ACE since spéc i f ie inhibi tors for 

thèse e n d o p e p t i d a s e s ( th iorphan and p h o s p h o r a m i d o n or captopr i l , r e spec t ive ly ) 

had no e f fec t on iheir activity. Both human and frog enzymes , which hydrolysed 

subs t ance P pr inc ipa l ly at G l y ^ - L e u ' ^ bond, appeared to bc d i f fé ren t f rom a 

subs tance P deg rad ing endopep t idase f rom human brain and which c l eaves at 

G I n 6 - P h e 7 . P h e ^ - P h e » and P h e 8 - G l y 9 bonds (5). 

Th i s s tudy d e m o n s t r a t e s a nove l e c t o - m e t a l l o - e n d o p e p t i d a s e at the cell 

su r face of human neuroblas toma NB-OK-1 cel ls with a thermolysin- l ike character , 

c lear ly dis t inct f rom NEP and ACE. This human meta l lo -endopep t idase is very 

similar to Ihe Xenopus laevis endopept idase (PHIE) and might have a physiological 

importance in both A N P and other pept ide hormone metabol ism at the cell surface 

i.e. near the receptor level. 
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