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Rat Angiotensinogen and Des(angiotensin I)angiotensinogen: Purification,

Characterization, and Partial Sequencing'

Jacob Bouhnik, Eric Clauser, Donny Strosberg, Jean-Pierre Frenoy, Joél Menard, and Pierre Corvol*

ABSTRACT: Rat angiotensinogen was completely purified by
a six-step procedure including (1) ammonium sulfate precip-
itation, (2) affinity chromatography on Affi-gel blue, (3)
chromatography on DEAE-Sephacel, (4) chromatography on
hydroxylapatite, (5) chromatography on Ultrogel AcA 54, and
(6) isoelectric focusing. Two peaks of pure angiotensinogen
were obtained, distinguishable by their isoelectric points (4.55
and 4.75). Both contained 23 pg of angiotensin I/mg of
protein. Sodium dodecyl sulfate—polyacrylamide gel electro-
phoresis of the peak with pI = 4.55 revealed two protein bands
(respectively M, 57000 and 59000) and a single protein band
(M, 57000) for the peak with pI = 4.75. The molecular weight
of the latter homogeneous form, as determined by sedimen-
tation equilibrium, was 55000. Only one immunoprecipitin

Angiotensinogen, a plasma protein synthesized by the liver
(Nasjletti & Masson, 1971), is split by the enzyme renin (EC
3.4.99.19), thus releasing the decapeptide, angiotensin 1. The
latter is then converted by a dipeptidylcarboxypeptidase to
angiotensin II which plays a major role in blood pressure
homeostasis and hydromineral metabolism control.

Angiotensinogen is a limiting factor of the renin—-substrate
reaction in the rat (Ménard & Catt, 1972) and in humans
(Gould & Green, 1971). For small concentrations of substrate,
the rate of reaction is proportional to the substrate concen-
tration. Moreover, there is a specificity for the substrate since
human angiotensinogen is only cleaved by human and primate
renins (Braun-Menedez et al., 1946); this may suggest dif-
ferences in the primary structure of angiotensinogen molecules.
Finally, it has been reported that the renin—substrate reaction
may also be subject to various activating (Sambhi et al., 1975)
or inhibitory plasma factors [see reviews from Poulsen (1973)
and Oparil & Haber (1974)]. Thus, the importance of an-
giotensinogen prompted us to purify it completely in a labo-
ratory animal such as the rat.

Angiotensinogen was purified for the first time from hog
plasma (Skeggs et al., 1963). Since then, several attempts have
been made to purify angiotensinogen from different species
(Rosenthal et al,, 1971; Skinner et al., 1975; Eggena et al.,
1976; Printz et al., 1977; Morris et al., 1979; Tewksbury et
al., 1977), and this was done from human plasma by Dorer
et al. (1978) and by Tewksbury et al. (1979) and from rat
plasma by Hilgenfeldt et al. (1980). The sequence of the
N-terminal amino acids determined for horse (Skeggs et al.,
1957) and human angiotensinogen (Tewksbury et al., 1979)
made it possible to establish that to release angiotensin I, renin
must cleave a leucyl-leucyl bond in the case of horse an-
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line was observed when antiserum reacted with the hetero-
geneous angiotensinogen in Quchterlony gels. The first 17
amino acids of the N-terminal region of the angiotensinogen
with pI = 4.75 are reported. The amino acids in positions 10
and 11 which correspond to the renin cleavage site are leu-
cyl-leucyl. The des(angiotensin I)angiotensinogen obtained
after hydrolysis of angiotensinogen with pure mouse sub-
maxillary gland renin was found to consist of a single protein
band with an M, of 56000 as revealed by sodium dodecyl
sulfate—polyacrylamide gel electrophoresis. Only one N-ter-
minal residue (leucyl) was obtained for this des(angiotensin
Dangiotensinogen. These findings establish that renin only
cleaves angiotensinogen at a single site.

giotensinogen and a leucyl-valyl bond for human angioten-
sinogen.

For a greater insight into the characteristics of angioten-
sinogen, the aim of this work was to determine the main
physicochemical properties of rat angiotensinogen and to
prepare and characterize des(angiotensin I)angiotensinogen.

Materials and Methods

Materials

Male Wistar rats (300 g) were bilaterally nephrectomized
and bled 24 h later. Blood was taken from the aorta under
cther anesthesia and collected in tubes containing Na,EDTA!
(final concentration 0.2%) and the plasma separated by cen-
trifugation. Hog renin (specific activity 0.87 Golblatt unit/mg
of protein) was partially purified up to step 4 of the method
of Skeggs et al. (1967).. Pure mouse submaxillary gland renin
(specific activity 50 Golblatt units/mg of protein) was prepared
in this laboratory according to Cohen et al. (1972). All
chemicals were of reagent grade.

Methods

Purification of Angiotensinogen. All purification steps were
carried out at 4 °C. Plasma (250 mL) was diluted with 250
mL of distilled water in the presence of 2 mM phenyl-
methanesulfonyl fluoride (PMSF) and 5 mM sodium tetra-
thionate. Silicic acid was added to the plasma as described
by Hilgenfeldt et al. (1980). The fraction containing an-
giotensinogen precipitated between 1.5 and 2.4 M ammonium
sulfate, and the precipitate, after having been dissolved in
water, was dialyzed for 16 h against 5 L of water containing
10 mM Na,EDTA. Insoluble material was then removed by
centrifugation.

The protein solution was applied to a blue dextran—Se-
pharose column (Affi-gel blue, Bio-Rad) equilibrated with 0.05
M Tris-HC]), pH 8.0, with 0.1 M NaCl (Tewksbury et al.,

! Abbreviations used: EDTA, ethylenediaminetetraacetic acid;
PMSF, phenylmethanesulfonyl fluoride; Tris, tris(hydroxymethyl)-
aminomethane; NaDodSO,, sodium dodecyl sulfate.
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1977). Fractions of 12 mL were eluted with the same buffer,
and those containing the highest specific activity of angiot-
ensinogen were pooled and applied to a DEAE-cellulose ion-
exchanger column (DEAE-Sephacel, Pharmacia) equilibrated
with 0.05 M Tris-HCI, pH 8.0, with 0.1 M NaCl. The column
was eluted with a linear gradient of NaCl from 0.1 to 0.35
M in 0.05 M Tris-HCI, pH 8.0, as described by Tewksbury
et al. (1977). The peak fractions were pooled and applied to
a hydroxylapatite column (Hypatite C, Clarkson Chemical)
as described by Tewksbury et al. (1977). Elution was per-
formed with 0.035 M phosphate buffer, pH 6.80. The frac-
tions with the highest specific activity were concentrated by
ultrafiltration to 1.6 mL and applied to an agarose—poly-
acrylamide gel (Ultrogel AcA 54, LKB) column (1 X 100 cm)
equilibrated and eluted with 0.1 M phosphate buffer, pH 6.5.
Peak fractions were pooled, dialyzed against | mM phosphate
buffer, pH 7.0, and submitted to preparative isoelectric fo-
cusing in an LKB column (110 mL) with 1% Ampholine, pH
4-6 (Vesterberg & Svenson, 1976); 500 V were applied for
36 hat 5 °C. The column was emptied by using a pump, and
1-mL fractions were collected. The pH, optical density, and
angiotensinogen concentration were determined in all fractions.

Preparation of Des(angiotensin I)angiotensinogen. Pure
angiotensinogen (0.6 mg of protein) was incubated with 0.5
ug of pure mouse submaxillary gland renin for 180 min at 37
°C in 0.2 M phosphate buffer, pH 6.5, containing 10 mM
Na,EDTA and 3 mM PMSF. Angiotensin I was completely
removed by dialysis, as verified by the addition of [**I]an-
giotensin I as tracer. The amount of renin used was sufficient
since subsequent hydrolysis under the same conditions no
longer released any angiotensin I.

Physicochemical Characterization. Polyacrylamide gel
electrophoresis was performed with Buchler equipment.
Acrylamide and bis(acrylamide) (Sigma) were recrystallized
from acetone. The tracking dye was bromophenol blue
(Aldrich). Proteins in the gel were stained with Coomassie
blue R 250 (Eastman) (Vesterberg, 1971). Glycoproteins were
stained by the method of Zaccharius et al. (1969). For the
identification and quantification of angiotensinogen, gels were
cut transversely into 0.5-mm slices with a gel fractionator
(Gilson), and angiotensinogen was eluted by diffusion over-
night at 4 °C in 1 mL of 0.2 M phosphate buffer, pH 6.5.
NaDodSO,—gel electrophoresis was performed as described
by Weber & Osborn (1969) in 10% acrylamide gels. An-
giotensinogen or des(angiotensin I)angiotensinogen was in-
cubated at 37 °C for 2 h with 1% mercaptoethanol and 1%
NaDodSO, before application to the gel. Calibrating curves
for molecular weight determinations were constructed with
standard proteins (Galen et al., 1979).

Analytical Gel Filtration. For determination of the mo-
lecular weight of angiotensinogen, it was cochromatographed
with 4 mg of albumin, ovalbumin, and a-chymotrypsinogen
on an Ultrogel column (AcA 54, LKB). The column was
developed in 0.1 M phosphate buffer, pH 6.5, and fractions
of 1.0 mL were collected for protein and angiotensinogen
determination.

Sedimentation Equilibrium. Studies were performed with
a Spinco Model E analytical ultracentrifuge equipped with
interference optics. The temperature was controlled by an
RTIC unit. Angiotensinogen was exhaustively dialyzed for
40 h against 0.050 M sodium phosphate buffer, pH 6.80,
containing 0.15 M sodium chloride, before the experiments.
Equilibrium measurements were made at 23 150 rpm and 20
°C until the data did not change with time. The results re-
ported in this paper were obtained after 48 h of centrifugation.
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Data were plotted as In ¢ vs. 72, and molecular weights were
calculated according to

_ 2RT dilnc¢
M"((l—vp)wZ)( dr )

Partial specific volume & was assumed to be 0.720 as reported
for the human angiotensinogen, a glycoprotein (Tewksbury
et al., 1978).

Amino-Terminal Sequence Analysis. A 9-27 nmol sample
of angiotensinogen or des(angiotensin I)angiotensinogen was
analyzed by automated Edman degradation in a Beckman
Model 890C sequencer. Polybrene and glycylglycine were
submitted to three complete degradation cycles before sample
loading (Klapper et al., 1978; Hunkapiller & Hood, 1978).
The degradation program was the one previously described
(Brauer et al., 1975) using 0.1 M Quadrol and 5% PITC with
single cleavage. Complete conversion of the phenylthiazolinone
derivatives was obtained with 20% trifluoroacetic acid. The
phenylthiohydantoin derivatives were identified by high-
pressure liquid chromatography on Waters apparatus equipped
with a C18 pBondapak using a sodium acetate-methanol
gradient (Zeeuws & Strosberg, 1978).

Productions of Antibodies and Immunodiffusion. Anti-
bodies were raised against pure angiotensinogen (peak C,
Figure 2) in three Fauve de Bourgogne rabbits according to
the method of Vaitukaitis et al. (1971). Every second month,
50 ug of angiotensinogen, diluted in 0.5 mL of 0.9% NaCl and
mixed with an equal volume of Freund’s complete adjuvant
for the first injection and incomplete adjuvant for the subse-
quent injections, was injected intradermally at 15-20 sites on
the back and neck of the rabbits. Double immunodiffusion
was performed according to Quchterlony (1953).

lodination of Angiotensinogen. Pure angiotensinogen (3
ug) was iodinated according to Greenwood et al, (1963).
Chloramine T was used as an oxidizing agent, and sodium
metabisulfite was added to prevent any subsequent iodination.
Todinated angiotensinogen (specific activity 31 uCi/ug) was
separated from free iodine on a Sephadex G-25 (Pharmacia)
column and applied to an Ultrogel AcA 54 (LKB) column.
A single symmetrical peak was found with an apparent mo-
lecular weight of 59000. Angiotensinogen binding to an-
tiserum was tested in phosphate buffer, pH 7.5. ['%5I]An-
giotensinogen was incubated with various dilutions of rabbit
antiserum for 24 h at 4 °C, and precipitation of bound an-
giotensinogen was accomplished in the presence of 1 mg of
bovine -globulin (Sigma) by using 1.0 mL of a 20% solution
of poly(ethylene glycol) 6000 (Fluka) in 0.1 M phosphate
buffer, pH 7.5.

Optimum pH of Renin for Pure vs. Unpurified Angioten-
sinogen. The pH dependency of rat renin was determined on
pure angiotensinogen by comparison with a pool of bilaterally
nephrectomized rat plasma. Buffer pH ranged from 4 to 6.5
(100 mM citrate—phosphate) and from pH 7 to 9 (100 mM
phosphate). The renin source was a plasma from water-de-
prived rats with a renin content 5 times that of normal animals.
Incubations were carried out at 37 °C for 1 h with Na,EDTA
and PMSF as indicated below.

Angiotensinogen Assays. Angiotensinogen was determined
by enzymatic assay. Samples were incubated for 60 min at
37 °C with 0.5 mg of hog renin in 0.2 M phosphate buffer
containing 0.05 M Na,EDTA (pH 6.5), and 2.8 mM PMSF,
and liberated angiotensin I was measured by radioimmu-
noassay (Ménard & Catt, 1972).

Protein Assays. Proteins were measured by the method of
Lowry et al. (1951). At protein concentrations below 200
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Table I: Purification of Rat Angiotensinogen®

angiotensinogen
total protein pg of Al/mg recovery purification
step (mg) of P total AT (ug) (%) factor
nephrectomized rat plasma 19000 0.06 1102 100 1
1. ammonium sulfate precipitation 6184 0.17 1033 94 3
2. Affi-gel blue 944 0.68 641 58 12
3. DEAE-Sephacel 200 2.52 484 44 43
4. hydroxylapatite 23 11.10 256 23 191
5. Ultrogel AcA 54 6.89 17.17 117 11 296
6. isoelectric focusing, pH 4-6 3.4¢ 23.0 80 7 405

% Summary of a purification run out of six. Al, angiotensin L. b Protein concentration measured by Lowry’s method. € Protein concen-

tration measured by fluorescamine method.
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FIGURE 1: Sodium dodecyl sulfate—polyacrylamide gel electrophoresis
of rat angiotensinogen during purification after step 5, gel filtration
on Ultrogel AcA 54. (Lower part) Gel stained with Coomassie blue
showing three protein bands; (upper part) the corresponding an-
giotensin [ content of 0.5-mm gel slices after incubation with hog renin.
Only the two fastest bands contain angiotensin I.

pg/mL, the fluorescamine (Fluram, Roche) method was used
(Undenfriend et al., 1972; Galen et al., 1979).

Results

Angiotensinogen Purification. As shown in Table I, pure
angiotensinogen was obtained after a 400-fold purification with
an overall yield of 7%. After the fifth step (Ultrogel filtration),
the specific angiotensin I content of angiotensinogen was 17.2
ug/mg of protein. The analysis by NaDodSO,-polyacrylamide
gel electrophoresis of this fraction revealed two main proteins
and another larger molecular weight protein (Figure 1).
Elution of these proteins from the gel slices and determination
of their angiotensin I content after incubation with renin
showed that only the two lower molecular weight proteins
produced angiotensin I.

The sixth step (preparative isoelectric focusing) separated
two peaks of angiotensinogen (peaks B and C, Figure 2) from
the contaminating protein (peak A, Figure 2). The mean
isoelectric points for six different preparations were 4.55 *
0.23 for peak B and 4.75 £ 0.27 for peak C. After step 6,
the theoretical angiotensin I content (23 pg/mg of protein)
for a pure angiotensinogen molecule was obtained for both.

Physicochemical Properties of Angiotensinogen. Molecular
Weight. The apparent molecular weight as determined by gel
filtration of angiotensinogen (peaks B and C, Figure 2) was
59000. Each of these peaks (B and C) was analyzed by
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FIGURE 2: Preparative isoelectric focusing of rat angiotensinogen.
The sample obtained after Ultrogel AcA 54 filtration was applied
to an LKB column with 1% Ampholine (pH 4-6). After electro-
phoresis, 1-mL fractions were collected for determination of pH (&),
angiotensin I content after incubation with renin (---), and absorbance
at 280 nm (®). High background absorbance was due to the presence
of ampholine.

NaDodSO,—polyacrylamide gel electrophoresis. Angiotensi-
nogen with a higher isoelectric point (peak C) appeared as a
single protein band with a molecular weight of 57000 (Figure
3). However, angiotensinogen with a lower isoelectric point
(peak B) exhibited two protein bands, one with a molecular
weight of 59000 and the other with a molecular weight of
57000. When the gels were stained for glycoprotein, all the
angiotensinogen proteins were visualized. The molecular
weight of the form with p/ = 4.75 (peak C) obtained by
sedimentation equilibrium was 55000 £ 3000. A good line-
arity of the slope was observed when In ¢ vs. r* was plotted.
Since the angiotensinogen with p/ = 4.75 was homogeneous,
all further studies were carried out with this preparation.

Amino-Terminal Sequence. The N-terminal region of an-
giotensinogen was determined on four separate preparations.
Analysis of the first 17 steps is indicated in Figure 4. A
comparison with the published NH,-terminal sequences for
horse and human is given.

Immunological Assays. Antisera selected for immunolog-
ical studies gave 50% binding of iodinated angiotensinogen (75
pg) at a final dilution of 1/100000. An excess of antiserum
(1/5000) led to total binding. Only a single immunopreci-
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FIGURE 3: NaDodSO,—polyacrylamide gel electrophoresis of purified
angiotensinogen with a pI of 4.75 (peak C of Figure 2). Coomassie
blue staining reveals a single protein band (M, 57 000).

1 5 10 15
Rat DRVYIHPFHLLYYSKST

DRVYIHPFHLL\V|YS

Horse

DRVYIHPFHL|VIH

Human

1
LYYSKST

Rat des-angiotensin’l-
angiotensinogen

FIGURE 4: Comparison of the N-terminal sequences of rat (this work),
horse (Skeggs et al., 1963), and man (Tewksbury et al., 1979) an-
giotensinogen. Note that angiotensin I, which comprises the first 10
residues, is identical in the three species. (Last line) Rat des(an-
giotensin I)angiotensinogen. The new amino acid in the N-terminal
sequence of des(angiotensin I)angiotensinogen is leucine.

FIGURE 5: Ouchterlony method. The antiserum was in the center
well; the surrounding wells contained (A) binephrectomized rat plasma,
(B) nothing, (C) pure angiotensinogen, and (D) angiotensinogen during
purification (step 5).

pitation line was observed when antiserum reacted with an-
giotensinogen in Ouchterlony gels (Figure 5).

Optimum pH of rat renin was the same (6.5) for pure
angiotensinogen and for unpurified angiotensinogen corre-
sponding to bilaterally nephrectomized rat plasma (Figure 6).

Preparation and Characterization of Des(angiotensin I)-
angiotensinogen. The hydrolysis of pure angiotensinogen by
pure mouse submaxillary gland renin was complete since a
second incubation with the same renin did not release further
angiotensin I. NaDodSO,—polyacrylamide gel electrophoresis
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FIGURE 6: Determination of optimum rat renin pH for pure (@) and
unpurified (¥) angiotensinogen. Plasma with a high renin content
from water-deprived rats (2.5 pL) as source of renin was incubated

with 20 ug of purified angiotensinogen or with 0.2 mL of bine-
phrectomized rat plasma at all the specified pHs for 1 h at 37 °C.

FIGURE 7: NaDodSO,—polyacrylamide gel electrophoresis of rat
angiotensinogen (left side) and des(angiotensin I)angiotensinogen (right
side). Des(angiotensin I)angiotensinogen was obtained after an-
giotensinogen incubation with pure mouse submaxillary gland renin.
A single protein band (M, 56 000) appeared with Coomassie blue
staining.

of des(angiotensin I)angiotensinogen revealed a single protein
band with a molecular weight of 56 000 (Figure 7).

N-Terminal sequence analysis confirmed that the first
residue of des(angiotensin I)angiotensinogen corresponding
to the 11th residue of the intact angiotensinogen molecule is
leucine and that the next 6 amino acids were the same as for
this angiotensinogen molecule (Figure 4). A single immu-
noprecipitin line was observed when antiserum reacted with
des(angiotensin I)angiotensinogen in Quchterlony gels (Figure
8).

Discussion

The six-step procedure used in this work allowed us to purify
rat angiotensinogen completely. Bilaterally nephrectomized
rat plasma offers the advantage of starting with a renin-free
plasma with an angiotensinogen content 3—4 times that of
normal animals. The purification procedure followed differs
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FIGURE 8: Ouchterlony method. The antiserum was in the center
well; the surrounding wells contained des(angiotensin I)angiotensi-
nogen.

notably from that described by Hilgenfeldt et al. (1980).
Hydroxylapatite used by Tewksbury et al. (1977) proved very
effective. The last step of purification was isoelectric focusing
which allowed separation of two angiotensinogen peaks with
an angiotensin I content of 23 ug/mg of protein as determined
by RIA. This value is quite close to the theoretical value of
22.7 expected for an angiotensinogen with a molecular weight
of 57000.

The two peaks of angiotensinogen differ in their isoelectric
points 4.55 and 4.75 and in their M, as determined by Na-
DodSO,—polyacrylamide gel electrophoresis. The peak with
pI = 4.55 contained two protein bands with M, 57000 and
59000, and the peak with p/ = 4.75 contained a single protein
band with M, 57000. This might be due to differences in their
carbohydrate content which could produce a slight change in
molecular weight since carbohydrates greatly affect molecular
weight determination (Andrews, 1965). Hilgenfeldt et al.
(1980), who also started from bilaterally nephrectomized rat
plasma, only obtained one form of angiotensinogen. However,
the number of components found may largely depend on the
resolving power of the technique used, as isoelectric focusing
which was not employed by Hilgenfeldt et al. (1980) separated
the angiotensinogen into two peaks in this work. Such focusing
has been used to demonstrate the presence of multiple forms
of hog (Printz et al., 1977), rat (Faiers et al., 1977), rabbit
(Printz et al., 1977), sheep (Printz et al., 1978), and human
(Lentz et al., 1978; Faiers et al., 1978) plasma angiotensi-
nogens. Importantly, these multiple forms have been dem-
onstrated in both partially purified preparations of angioten-
sinogen and unfractionated plasmas, thus confirming that they
are not artifacts of the purification procedure. Moreover,
Gordon et al. (1976) in normal human plasma and Eggena
et al. (1977) in pregnant woman plasma detected slower
migrating forms by using polyacrylamide gel electrophoresis.

The characterization of rat angiotensinogen and amino acid
sequence of the N-terminal region were determined on the
form with p/ = 4.75, because it appeared as a single protein
band. The physical properties of rat angiotensinogen proved
similar to those reported for hog and human molecules. Thus,
the molecular weight around 57 000 reported by Skeggs et al.
(1963) for hog, Tewksbury et al. (1978) for man, Hilgenfeldt
et al. (1980) for rat, and Skinner et al. (1975) for a semipu-
rified sheep angiotensinogen preparation is the same as that
found here (M, 55000 by sedimentation equilibrium or M,
57000 by NaDodSO, electrophoresis). However, Eggena et
al. (1976) reported a higher molecular weight (M, 110000)
for human angiotensinogen. This may well depend upon the
experimental techniques. All angiotensinogens examined so
far are glycoproteins. The amino acid composition of an-
giotensinogen is similar for rat (Hilgenfeldt et al., 1980), hog
(Skeggs et al., 1963), and man (Tewksbury et al., 1978).
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However, there are important differences in its primary
structure. The NH,-terminal sequence of the first 17 amino
acids for rat angiotensinogen is described here for the first time.
The initial 11 amino acids are the same as those found by
Skeggs et al. (1957) for horse renin substrate. In the present
work, leucine was the 11th amino acid determined by se-
quencing angiotensinogen, and it was also the N-terminal of
the des(angiotensin I)angiotensinogen obtained by incubation
of rat angiotensinogen with purified submaxillary gland renin.
Moreover, the fact that a single N-terminal residue is obtained
for des(angiotensin I)angiotensinogen and that the M of this
product is close to 56 000 establish beyond doubt that renin
cleaves angiotensinogen at one site only.

For human angiotensinogen, the 1-10 sequence is the same
as for horse, hog, and rat, but the 11th amino acid is a valine
residue (Tewksbury et al., 1979). This difference may explain
why rat angiotensinogen, which contains the same Leu'®-Leu'!
bond as hog angiotensinogen, is well hydrolyzed by hog renin
and human angiotensinogen is hydrolyzed by this renin only
very slowly. The strict conservation of the sequence corre-
sponding to angiotensin I strikingly contrasts with the varia-
bility observed after position 10 (Figure 4). In all cases studied
the renin cleavage site is constituted by hydrophobic amino
acids surrounded on both sides by charged amino acids.

Several authors have suggested the existence in plasma of
either renin activators (Sambhi et al., 1975) or more often of
inhibitors. Thus, it was reported that human renin was in-
hibited by various plasma substances such as proteins and
peptides (Workman et al., 1974), -1 antitrypsin (Scharpé et
al., 1976), prostaglandins A, and E, (Kotchen et al., 1974;
Eggena et al., 1975), and acetone-soluble lipids (Ostrovsky
et al., 1967; Kotchen et al., 1975). However, Poulsen (1971),
who studied the reaction between renin and its substrate in
untreated plasma, did not find evidence of inhibitors or ac-
tivators. In the present work, in which pure angiotensinogen
was compared with nephrectomized rat plasma containing an
equivalent quantity of angiotensinogen, no difference was found
in the optimal pH of renin or in angiotensin I formation at
each pH.

Thus, the availability of pure angiotensinogen and des(an-
giotensin I)angiotensinogen opens up a new field for investi-
gation of the renin system by allowing kinetic studies with pure
proteins. In addition, the production of highly specific anti-
bodies against angiotensinogen makes possible the passive
transfer of antibodies into rats.

Acknowledgments

We thank Dr. Simon Foote for his gift of pure mouse
submaxillary gland renin. We also thank J. Benichou for
excellent secretarial assistance.

References

Andrews, P. (1965) Biochem. J. 96, 595-606.

Brauer, A. W., Margolies, M. N., & Haber, E. (1975) Bio-
chemistry 14, 3029-3035.

Braun-Menedez, E., Fasciolo, J. C., Leloir, L. F., Munoz, J.
M., & Taquini, A. C. (1946) Renal Hypertension, p 134,
Charles C. Thomas, Springfield, IL.

Cohen, S., Taylor, J., Murakami, K., Michelakis, A., & In-
agami, 1. (1972) Biochemistry 11, 4286—-4293.

Dorer, F. E., Lentz, K. E., Kahn, J. R., Levine, M., & Skeggs,
L. T. (1978) Anal. Biochem. 87, 11-18.

Eggena, P., Barrett, J. D., Sambhi, M., & Wiedeman, C. E.
(1975) Biochem. Med. 14, 290-296.

Eggena, P., Chu, C. L., Barrett, J. D., & Sambhi, M. P. (1976)
Biochim. Biophys. Acta 427, 208-217.



RAT ANGIOTENSINOGEN AND DES(ANGIO I)ANGIOTENSINOGEN

Eggena, P., Barrett, J. D., Hidaka, H., Chu, C. L., Thana-
nopavern, C., Golub, M. S., & Sambhi, M. P. (1977) Circ.
Res. 41, Suppl. II, 34-37.

Faiers, A. A., Loh, A. Y., & Osmond, D. H. (1977) Can. J.
Biochem. 55, 869-875,

Faiers, A. A., Loh, A. Y., & Osmond, D. H. (1978) Can. J.
Biochem. 56, 892-899.

Galen, F. X, Devaux, C., Guyene, T., Ménard, J., & Corvol,
P. (1979) J. Biol. Chem. 254, 4848-4855.

Gordon, D. B., Sachin, I. N., & Dodd, V. N. (1976) Proc. Soc.
Exp. Biol. Med. 153, 314-318.

Gould, A. B., & Green, D. (1971) Cardiovasc. Res. 5, 86-89.

Greenwood, F. C., Hunter, W. M., & Glover, J. S. (1963)
Biochem. J. 89, 114-123.

Hilgenfeldt, U., Blandfort, N., & Hackenthal, E. (1980) in
Enzymatic Release of Vasoactive Peptides (Gross, F., &
Vogel, G., Eds.) pp 209-224, Raven Press, New York.

Hunkapiller, M. W., & Hood, L. E. (1978) Biochemistry 17,
2124-2133.

Klapper, D. G., Wilde, C. E., & Capra, J. D. (1978) Anal.
Biochem. 85, 126-131.

Kotchen, T. A., Hedrick, J. L., Miller, M. C., & Talwalkar,
R. T. (1974) J. Clin. Endocrinol. Metab. 39, 530-535.

Kotchen, T. A., Talwalkar, R. T., Kotchen, J. M., Miller, M.
C., & Welch, W. J. (1975) Circ. Res. 36, 37, Suppl. I,
17-27.

Lentz, K. E., Dorer, F. E,, Kahn, J. R., Levine, M., & Skeggs,
L. T. (1978) Chim. Acta 83, 249-257.

Lowry, O. H., Rosebrough, N. J,, Farr, A. L., & Randall, R.
J. (1951) J. Biol. Chem. 193, 265-275.

Ménard, J., & Catt, K. J. (1972) Endocrinology (Philadel-
phia) 90, 422-430.

Morris, R. J., Moffat, B., & Reid, L. A. (1979) 4m. J. Physiol.

236, 655-659.

Nasjletti, A., & Masson, G. M. C. (1971) Can. J. Physiol.
Pharmacol. 49, 931-932.

Oparil, S., & Haber, E. (1974) N. Engl. J. Med. 291, 389-401.

Ostrovsky, D., Sen, S., Smeby, R. R., & Bumpus, F. M.
(1967) Circ. Res. 21, 497-505.

Ouchterlony, O (1953) Acta Pathol. Microbiol. Scand. 32,
231-240.

Poulsen, K. (1971) Scand. J. Clin. Lab. Invest. 27, 37-46.

Poulsen, K. (1973) Scand. J. Clin. Lab. Invest. 31, Suppl. No.
132, 11-83.

VOL. 20, NO. 24, 1981 7015

Printz, M. P., Printz, J. M., & Dworschack, R. T. (1977) J.
Biol. Chem. 252, 1654-1662. :

Printz, M. P., Printz, J. M., & Gregory, T. J. (1978) Circ.
Res. 43, 1-21.

Rosenthal, J., Wolff, H. P., Weber, P., & Dahlheim, H. (1971)
Am. J. Physiol. 221, 1292-1296.

Sambhi, M. P., Eggena, P., Barrett, J. D., Tuck, M., Wie-
deman, C. E., & Thananopavarn, C. (1975) Circ. Res. 36,
37, Suppl. I, 28-37.

Scharpé, S., Eid, M., Cooreman, W., & Lauwers, A. (1976)
Biochem. J. 153, 505~507.

Skeggs, L. T., Kahn, J. R., Lentz, K. E., & Shumway, N. P.
(1957) J. Exp. Med. 106, 439-453.

Skeggs, L. T., Lentz, K. E., Hochstrasser, R. H., & Kahn, J.
R. (1963) J. Exp. Med. 118, 73-98.

Skeggs, L. T., Lentz, K. E,, Kahn, J. R, & Hochstrasser, R.
H. (1967) Circ. Res. 21, Suppl. II, 91-100.

Skinner, S. K., Dunn, J. R., Mazzetti, J., Campbell, D. J.,, &
Fidge, N. H. (1975) Aust. J. Exp. Biol. Med. Sci. 53,
77-88.

Tewksbury, D. A., Premeau, M. R., Dumas, M. L., & Frome,
W. L. (1977) Circ. Res. 41, Suppl. II, 29-33.

Tewksbury, D. A., Frome, W. L., & Dumas, M. L. (1978)
J. Biol. Chem. 253, 3817-3820.

Tewksbury, D. A;, Dart, R. A., & Travis, J. (1979) Circulation
59, 60, Suppl. II, 132, Abstr. 513.

Undenfriend, S., Stein, S., Bulhen, P., Dairmon, W., Leim-
gruber, W., & Weigele, M. (1972) Science (Washington,
D.C) 178, 871-872,

Vaitukaitis, J., Robbins, J. B., Nieschalag, E., & Ross, G. T.
(1971) J. Clin. Endocrinol. Metab. 33, 988-999.

Vesterberg, O. (1971) Biochim. Biophys. Acta 30, 148-152,

Vesterberg, O., & Svenson, N. H. (1976) Acta Chem. Scand.,
Ser. B 20, 820-834,

Weber, K., & Osborn, M. (1969) J. Biol. Chem. 244,
4406-4412,

Workman, R. J.,, McKown, M. M., & Gregerman, R. L.
(1974) Biochemistry 13, 3029-3035.

Zaccharius, R. M., Zell, T. E., Morrisson, J. A., & Woodlock,
J. J. (1969) Anal. Biochem. 30, 148-152.

Zeeuws, R., & Strosberg, A. D. (1978) FEBS Lett. 85, 68-72.



