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SU MMA RY

FracLion~ h i g h l y  enr iched i n  plasma m e m b r a n e , endop ) asmic

re t i cu lum , or brush border were prepared from rat k idney  cortex.

K a l l ik r e i n  was concent ra ted  in the pl asm a membrane f r ac t ion , but

not in the  brush border f r a c t i o n . Ang io tens in  I— c o n v e r t i n g

enzyme ( k i n i n a s e  I I )  and ang io tensinase  were localized in  the

brush border membrane.  It is suggested that  k al ii k re i n  in the

I ur ine  may o r ig ina te  from pl asma membrane other than the brush

1 border proximal tubules and the conversion of ang iotensin I and

the inact ivat ion of b radyk inin  and angiotensin II may occur on

the lumen membrane of the proximal tubular  cells.

INTRODUCT ION

I Because k in ins  and angiotensins are involved in regula-

tion of blood pressure , we are s tudying the renal enzymes that

mediate  the genesis and degradation of these vasoactive polypep-

-I t ides. Kidney contains kall ikre in (Nustad , 1970), angiotensin I—

converting enzyme or kininase II (ErdUs and Yang, 1967; Oshima

— et al., 1974; Erd~is, 1975), and angiotensinase (Erdds , 1971). Al-

though the isoenzymes of urinary kallikrein were isolated in very

pure form (Nustad & Pierce , 1974), less is known about kallikrein

in renal tissue . Changes in kallikrein excretion have been corre-

lated with changes in sodium excretion and with certain hyperten—

I sive states (Marin—Grez et al., 1972; Croxatto et al., 1973;

Margolius et al., 1974; Geller et al., 1975; Mills and Ward , 1975).

I Because the kinins possess natriuretic , diuretic , and hypotensive

i , , , •
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propcrt ics (Webster and Gilmoro , 196’l ; N a sj i et t i  ot a l .  , 1975),

it is though t tha t  they are important  physiological ly .

As a prelude to an invest igation of the biosynthesis, fa te ,

and physiological a l tera tions of these enzymes , we studied the

subcellular distribution of kallikroin , angiotensin I—converting

enzyme (kininase II) and angiotensinase in rat kidney . Kallikrein

had previously been reported to reside in the lysosomal fraction

(Carvaiho and Diniz, 1966), or in another study in the microsomal

fraction (Nustad , l970) of kidney homogenates.

METHODS

Unanesthetized male Sprague—Dawley rats (250 to 350 g) were

decapitated, and the kidneys then perfused through the aorta un-

til free of blood with a solution of 0.25 M sucrose and 5 mM NaHCO3,

pH 7.5. Renal cortex from three to six rats (about 10 g) was dis-

sected free , weighed, and minced.

Cells of the minced tissue were disrupted by nitrogen cavi-

tation (Dowben et al., 1968), and a microsomal fraction prepared

by diff erent ial centrifugation. Highly enriched fractions of plas-

ma membrane (PM) and endoplasmic reticulum (ER) were obtained from

the microsomal fraction by a modification (Birckbichler et al.,

1973) of the method of Wallach and Kamat (1966) using sedimentation

to equilibrium in a discontinuous gradient of Dextran 110.

Large fragments of brush border membranes from the proximal

convoluted tubular cells were prepared by the method of Wilfong

and Neville (1970). The cells were disrupted by gentle homogeni-
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1 . z at io n  in hypotoni . c med ium and ha rvest ed  i n  a low ~;p’~e(1 sediment  —

500 X g for 20 mi n u t e s .

Transmission and scanning  e lectron micrographs of the various

preparat ions  were obtained as described elsewhere (~Var d et al . ,

1976), and used to i d e n t i f y  the membranes and to moni tor  the puri-

ty of the preparat ions .

Renal kal l ikre in  was assayed by incubat ing samples (50 to

100 p1) wi th  dog plasma kininogen substrate in the presence of the

kininase  inhibi tors  nonapeptide SQ 20881 , EDTA , and o-phenanthroline

at 370 C. The amount of kinin generated was determined on an iso-

lated rat uterus (1 unit of kallikrein activity is the amount of

enzyme that forms the equivalent of 1 ng bradykinin in 1 m m )  as

described by Ward ot al., (1975). The esterase activity of kalli-

krein was assayed using a—N—tosyi-L--arginine [3H)methyl ester as

substrate (I3eaven et al., 1971).

Renal kininase was assayed by incubat ing samples of renal

tissues (20 p1), bradykini.n (200 ng in 200 p1) and 0.1 M Tris,

pH 7.4 , 0.2 M NaC1 (200 p1) at 370 C and following the inactivation

of the peptide on the isolated rat uterus (1 unit of kininase ac-

J tivity is the amount of enzyme that inactivates the equivalent of

1 pg of bradykinin in I mm ).

Renal angiotensin I—converting enzyme (ki.ninase II) (Yang

et al., 1971) was assayed by incubating samples of renal tissues

(500 p1) with 1 mM hippuryiglycyiglycine . The amount of glycyl—

glycine released was assayed in a Beckman l2lC amino acid analyzer.

The activities of various marker enzymes were also deter-

- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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mined . Alkal i ne phosphatase was assayed with ~-nitropheny]—

phosphate substrate (Linhardt and Walter , 1965). Glucose—6—

phosphatase was assayed in the presence of 4 mM EDTA and 2 mM KF

(Harper , 1965 , Jlllbschcr and West , 1965). Membrane ATPase was

assayed by the method of Post and Sen (1967). Inorganic phosphate

was determined by the method of Fiske and Subbaflow (1925). Pro-

tein was determined by the method of Lowry et al., (1951).

RESULTS

The results of six experiments are summarized in Table 1. j~~f1~2L~

The PM—enriched fraction collected at the interface of the two

densities in the discontinuous gradient showed high activities of

PM marker enzymes, particularly membrane ATPase activity and low

activities of ER marker enzymes , particularly glucose-6—phospha—

tase. The ER—enriched fraction which was pel leted contained high

activities of ER marker enzymes and low activities of PM marker

enzymes.

The PM—enriched fraction contained more than 10 % of total
kallikrein activity present in the crude homogenate. As determined

by bioassay , the specific activity of kallikrein in the PM—enriched

fraction was three times higher than in the microsomal fraction ,

five times higher than in the ER—enriched fraction and 28-fold

higher than in the crude homogenate. Similar enrichment of kalli—

krein activity was found by measuring the esterase assay with cz—N-

tosyl—L-arglnine [ 3H]methyl ester.

The specific kininase activity was not higher in the PM-en—

_________

___________
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riched than in ER—enriched fractions - It should he noted that

the potent  kini .nase i nh ib i t o r  EDTA was used in the preparation

of the membrane f r a c t i o n s ;  it is possible tha t  the enzyme a c t i v i ty

may be depressed and the apparent d i s t r i bu t ion  o k in in ase  i.s mis-

l ead ing  a f t e r  even transi.ent exposure to EDTA .

Brush border—enriched f ract ions , s tudied in f ive  experi-

ments , were found to cont ain high activities of the brush border

marker enzyme alkaline phosphatase. The relative specific activ-

ity of kallikrein in the brush border preparations was very low

(0.2) while those of angiotensin I—converting enzyme (kininase II)

and angiotensinase were high , the specific .activities being en-

riched about 10— and 9—fold respectively.

DISCUSSION

It has been found in the past that the microsomal fract ion

of the homogenatesofronal cortex contains enzymes that liberate or

inactivate vasoactive peptides including kininase and angiotensin

I—converting enzyme (Erdös and Yang, 1967; Yang et al., 197O~)~~~d~is, 
—.

1975), kallikrein (Nust ad, 1970), and renin (Wilson et al., 1976).

Considering the extensive washing procedures employed in preparing

the highly enriched membrane fractions used in the studies reported

here , the enrichment of kallikrein , renal kininase , angiotensin I-

converting enzyme , and angiotensinase in some of these fractions

indicate that these enzymes are integral membrane proteins.

Kallikrein was most highly enriched in plasma membrane frac—

tions but not in brush border preparations. Some kallikrein is

found in ER fractions which is consistent with the possibility that

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
j
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i.t is synthes ized by membrane—bound pol ysomes. In contras t  to

kallikrein , renal kininase , angiotensin I-converting enzyme, and

angiotensinase are present in h igh  concontr a ti(~~Is in brush border

preparations. This selective d i s t r ibu t ion  of these enzymes may

play an important role in their physiological function.
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(NIH); 72—744 (American Heart Association); N00014—75—C-0807 (ONR);
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a -Postdoctoral Fellow of the National Kidney Foundation .
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