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Adrenomedullin: A Novel
Therapy for Intractable
Ulcerative Colitis

To the Editor: :

In May 2010, a 68-year-old woman
undergoing treatment for diabetes presented
with a 3-year history of ulcerative colitis
(UC). The patient was steroid-dependent, so
a regimen of mesa-lazine (5-aminosalicylic
acid [5-ASA]), prednisolone (PSL), and
azathioprine (AZA) was prescribed. Despite
this therapy the patient experienced a rapid
deterioration, with severe abdominal pain
and bloody stool (>10 times/day). Further
evaluation revealed deep ulceration and ero-
sion throughout the large intestine, which

Supported in part by a Translational Research grant
(09156271) from the Ministry of Health, Labour and
Welfare of Japan.
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FIGURE 1. Colonoscopic findings. Wide and deep ulcers were observed in the transverse
colon (a) and the sigmoid colon (b) before AM therapy. Two weeks after AM therapy (c.d),
significant neovascularization and mucosal regeneration were observed at the margin and
base of deep ulcers in the transverse colon (c). In the sigmoid colon, fibrosis (scarring) and
vasodilation were seen in relatively shallow ulcers. Scarred regions had a reticulated, spider
web-like appearance (d).

FIGURE 2. Colonoscopic findings. Three months after treatment with AM the ulcers had dis-
appeared and ulcer scars were observed in the transverse colon (a) and the sigmoid colon (b).
One year after the treatment with AM the mucosa of the transverse colon (¢) and sigmoid colon
(d) remained in remission without steroid therapy.

Copyright ® 2013 Crohn’s & Colitls Foundation of America, Inc. Unauthorized reproduction of this article is prohibited.
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gave an Ulcerative Colitis Disease Activity
Index (UCDAI) score of 12. Higher doses
of PSL and AZA in combination with leu-
kocytapheresis failed to induce remission
(UCDALI score: 7). Addition of inumuno-
suppressants or biologics was deemed
unfeasible due to the patient’s age, impaired
glucose tolerance, and old tuberculosis, as
well as the significant risk of concomitant
infectious disease. After ruling out the pres-
ence of ischemic heart disease, cerebrovas-
cular disorder, or other cardiovascular or
malignant disease, adrenomedullin (AM;
1.5 pmol/kg/min) was intravenously admin-
istered for 8 hours per day for 12 days. A
few days after starting the AM treatment the
patient’s abdominal pain and bloody stool
appeared to go into remission. No adverse
events were observed apart from a slight
decline in blood pressure. Endoscopy at
2 weeks revealed significant mucosal regen-
eration (Fig. 1) and spider web-like scarring
in some ulcers (Fig. 2), and the patient’s
UCDALI score had declined to 2. After
3 months, all of the patient’s colonic lesions
had healed with scarring and her UCDAI
score had reached 0, so the PSL was
discontinued.

AM was first identified as a biologi-
cally active peptide with potent vaso-dilating
action,! but is now known to exert a wide
range of physiological effects, including car-
diovascular protection,? neovascularization,
and suppression of inflanimation and apo-
ptosis. We previously reported that AM
therapy was effective in an animal colitis
model,® and that AM’s mechanism of action
is likely attributable to its suppression
of inflammatory cytokines and activation
. of regulatory cytokines in intestinal intrae-

pithelial lymphocytes, as well as to its
protection of intercellular junctions and
its antibacterial activity.* In addition,
AM reportedly suppresses cytokine pro-
duction in trinitrobenzene sulfonic acid
(TNBS)-induced colitis,” and exerts bene-
ficial effects on microvascular function®
and the reepithelialization’ of ulcers in
an experimental model of colitis.

Although AM has potent hypoten-
sive activity, we observed only minor
hemodynamic effects after administering
a dose of 1.5 pmol/kg/min, which we

considered safe based on human dose-
response data in our possession,
Conventional treatment of active UC
focuses on steroids, immunosuppressants,
and biologics. but the use of these drugs is
restricted in geriatric and immunocompro-
mised patients.® AM, on the other hand, is
a physiological peptide and is therefore
anticipated to have excellent safety. Here
we present the first reported case in which
AM was used to treat a patient with intrac-
table UC. AM treatment produced mucosal
regeneration accompanied by marked neo-
vascularization and vasodilation visible on
endoscopic examination. These findings
are suggestive of AM’s potential to be
a ground-breaking modality with a novel
mechanism of action that differs from
existing immunomodulation therapy.
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Haruhiko Inatsu, MD

Kamo Kitamura, MD, PhD
Division of Circulation and
Body Fluid Regulation
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University of Miyazaki
Miyazaki, Japan
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Potential Oncogenic
Properties of Mobilized
Stem Cells in

a Subpopulation of
Inflammatory Bowel
Disease Patients Infected
with Helicobacter pylori

To the Editor:

Marlicz et al' concluded that
Crohn’s disease (CD) triggers the mobili-
zation of various types of stem cells, such
as hematopoietic stem progenitor cells,
into peripheral blood in patients suffering
from this disease, while the significance
and precise role of these mobilized cells
in repair of damaged intestine requires fur-
ther study. However, the authors did not
discuss the possibility of potential onco-
genic properties of the mobilized stem
cells, at least in the subgroup of patients
possibly infected with Helicobacter pylori
(H. pylori). =~ ;

In this regard, although relative data
indicate an absence or inverse association
between H. pylori and inflammatory bowel
disease (IBD), the prevalence of H. pylori
infection in the IBD patients appears to be
38.2%47% in Europe.> Moreover, enter-
ohepatic and gastric Helicobacter species
have been documented in fecal specimens
from children with CD using polymerase
chain reaction (PCR), and H. pylori, for
example, was recently found in the intes-
tinal mucosa of a patient affected by CD.?

Experimental data . indicate that
H. pylori infection leads to development
of chronic inflammation, hyperplasia,
metaplasia, dysplasia, and recruitment
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Big angiotensin-25: A novel glycosylated angiotensin-related
peptide isolated from human urine
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ARTICLE INFO ABSTRACT

The renin-angiotensin system (RAS), including angiotensin II (Ang II), plays an important role in the reg-
ulation of blood pressure and body fluid balance. Consequently, the RAS has emerged as a key target for
treatment of kidney and cardiovascular disease. In a search for bioactive peptides using an antibody
against the N-terminal portion of Ang II, we identified and characterized a novel angiotensin-related pep-
tide from human urine as a major molecular form. We named the peptide Big angiotensin-25 (Bang-25)
because it consists of 25 amino acids with a glycosyl chain and added cysteine, Bang-25 is rapidly cleaved
by chymase to Ang II, but is resistant to cleavage by renin. The peptide is abundant in human urine and is
present in a wide range of organs and tissues, In particular, immunostaining of Bang-25 in the kidney is
specifically localized to podocytes. Although the physiological function of Bang-25 remains uncertain, our
findings suggest it is processed from angiotensinogen and may represent an alternative, renin-indepen-
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dent path for Ang II synthesis in tissue.

© 2013 Published by Elsevier Inc.

1. Introduction

The renin-angiotensin system (RAS) plays key roles in the regu-
lation of blood pressure and electrolyte and body fluid dynamics.
According to the classical concept, the systemic RAS consists of re-
nin, angiotensinogen (Aogen), angiotensin-converting enzyme
(ACE), angiotensin (Ang) I, Ang I1, and the Ang II type 1 and 2 recep-
tors. Upon activation of the systemic RAS, renin is secreted from the
juxtaglomerular apparatus in the kidneys into the circulation, where
it acts on Aogen secreted from the liver to produce Ang[, which is in
turn converted to Ang Il by ACE[1,2}. Ang 1l then binds to Ang Il type 1
and 2 receptors to exert its biological effects. In addition, it is now
recognized that a wide variety of tissues and organs, including the
heart, vasculature, kidney and nervous system, among others,
produce Ang II, which then acts in an autocrine/paracrine fashion
independently of the systemic RAS [3,4]. Within the heart, for exam-
ple, local Ang II appears to contribute to both the maintenance of
myocardial homeostasis and to adaptive responses induced by car-
diac stress, such as those caused by prolonged hypertension. Ele-

* Corresponding author. Address: Circulatory and Body Fluid Regulation, Faculty
of Medicine, University of Miyazaki, 5200 Kihara, Kiyotake, Miyazaki 889-1692,
Japan. Fax: +81 985 85 6596. .
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vated levels of cardiac Ang Il activity are also associated with
diseases of the heart and vasculature, including cardiac hypertrophy,
coronary artery disease and myocardial infarction. Similarly, excess
local Ang11in the kidney is associated with glomerular sclerosis, dia-
betic nephropathy and renal arterial stenosis.

Over the past 20 years, novel components of the RAS, including
the (pro)renin receptor, ACE2, Ang (1-7), Ang Il and Ang IV, as well
as their receptors, have been identified and studied {5-8]. To
examine the biosynthesis of Ang Il within tissue, we developed a
radioimmunoassay (RIA) that recognizes the N-terminal sequence
of Ang II. Then using that assay, we isolated and characterized pro-
angiotensin-12 (proang-12), as a major molecular form in rat small
intestine [9]. Proang-12 is an angiotensin-related peptide with the
same amino acid sequence as Ang I plus two additional amino
acids. When measuring tissue levels of proang-12 and Ang Il in rats
treated with RAS inhibitors or fed a low-salt diet, we found that the
tissue levels of proang-12 and Ang II did not correspond to the cir-
culating RAS activity. Instead, Proang-12 appears to be an impor-
tant intermediate involved in the regulation of rat tissue Ang II
{10,11L

Up to now similar angiotensin-related peptides had never been
reported in humans. In the present study, however, we describe an
angiotensin-related peptide isolated from human urine and assess
the potential function of the novel peptide.
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2. Materials and methods
2.1. Ethics statement

Urine samples were collected from healthy volunteers. Tissue
samples were obtained from the Miyazaki University Hospital.
Written informed consent was obtained from all patients, and
the study protocol was approved by the institutional review board
(No. 817). -

2.2, Peptides and enzymes

Ang I and II were purchased from Peptide Institute Inc. (Osaka,
Japan) and Ang II + Cys was synthesized by Bex Co., Ltd. (Tokyo, Ja-
pan). Renin and chymase substrate were synthesized by Peptide
Institute Inc. (Osaka, Japan). Aogen was purchased from Calbio-
chem. Renin and mast cell chymase were purchased from AnaSpec,
Inc. (Fremont, CA, USA) and Elastin Products Company, Inc.
(Owensville, MO, USA), respectively.

2.3. Radioimmunoassay for the N-terminal portion of Ang Il

The radioimmunoassay (RIA) for the N-terminal portion of Ang
Il was performed using the method described previously [9]. The
standard buffer was 50 mM sodium phosphate (pH 7.4) containing
0.5% bovine serum albumin (BSA), 0.5% Triton X-100, 80 mM NaCl,
25 mM EDTA-2Na, 0.05% NaN; and 500 KIU/ml of aprotinin. The
RIA incubation mixture was composed of 100 ul of standard Ang
Il or the sample to be determined, 50 pl of antiserum against the
N-terminal of Ang II at a dilution of 1:5000, and 50 pl of 2°I-la-
beled ligand (18,000 cpm). After incubation for 24 h, the reaction
was stopped by adding 50 pl of 1% y-globulin and 200 pl of 23%
polyethyleneglycol (#6000) in the standard buffer. After vigorous
shaking, the mixture was-incubated at 4 °C for 15 min and centri-
- fuged at 2000xg for 30 min. The radioactivity in the resultant pel-
let was measured in a gamma counter (Aloka ARC-600, Tokyo). All
assay procedures were performed in duplicate at 4 °C, as with the
RIA for the C-terminal region of adrenomedullin [12]. This RIA
cross-reacted with Ang I and Ang III at levels of 50% and 12.5%,
respectively, but did cross-react with Ang IV or Ang (1-7).

2.4. Purification procedure

After collecting 5.5 L of urine from three healthy subjects, the
urine was applied to a Sep-Pak C18 cartridge (35 ml, Waters) and
eluted with 60% acetonitrile in 0.1% trifluoroacetic acid. The eluted
sample was lyophilized, dissolved in 10 mM NH4COOH (pH 4.0),

and then applied to a CM 52 column (2.5 x 75 cm). After washing

the column with 10 mM NH,COOH (pH 4.0), the fraction contain-
ing immunoreactivity was eluted with 100 mM NH,COOH (pH
4.0). The eluate was concentrated and subjected to gel filtration
on a Sephadex G-50 column (3.0 x 150 cm), after which the frac-
tion showing immunoreactivity was subjected to reverse-phase
high-performance liquid chromatography (RP-HPLC) on a diphenyl
column (0.46 x 25 cm, Grace Vydac Inc., Deerfield, IL, USA). The
fraction with immunoreactivity was then further purified on an
affinity column (Affi-Gel 10 Active Ester Agarose; Bio Rad, Tokyo,
Japan), which had been prepared with anti-Ang Il N-terminal anti-
serum. Finally, the purified peptide was subjected to RP-HPLC
using an ODS-120A column (0.46 x 15 cm, Tosho, Tokyo, Japan).
During these purification steps, levels of immunoreactive Ang II
N-terminal were monitored using RIA described previously [9].

2.5. Structural determination

To determine the amino acid sequence and molecular weight of
the purified peptide, a tandem mass spectrometric analysis was per-
formed using a positive electrospray ionization with a QSTAR Elite
Hybrid LC/MS/MS System (AB SCIEX, USA), and the amino acid se-
quence was determined using a Procise 494 HT Protein Sequencing
System (Applied Biosystems, USA). For mass spectroscopy, the sam-
ple was dissolved in a solution of 50% acetonitrile in 0.1% formic acid.
To characterize the glycosyl chain, the conditions used for the enzy-
matic release, fluorescent labeling, separation and structural identi-
fication of N-glycan were the same as reported previously [13,14].
Briefly, the delipidated extract was subjected to proteolysis cata-
lyzed by pepsin plus glycoamidase A, and the resultant peptides
were further digested to amino acids using pronase. After purifica-
tion on a Bio-Gel P-2 column, the reducing ends of the released N-
glycans were labeled with fluorescent 2-aminopyridine, and any ex-
cess reagents were then removed by Sephadex G-15 chromatogra-
phy. The pyrimidylamino (PA)-glycans were then separated based
on charge on a TSK-gel diethylaminoethyl (DEAE)-5PW column

~ (Tosoh, Tokyo, Japan), after which each separated fraction was ap-

plied to a Shim-pack HRC octadecyl silica (ODS) column (Shimadzu,
Kyoto, Japan) for separation based on hydrophobicity, and the elu-
tion time of each peak was expressed as a glucose unit (GU) value.
The molecular mass of each PA-glycan fraction was then analyzed
using Maldi time-of-flight mass spectrometry (MALDI-TOF-MS).
Fractions containing two types of glycan were further subfractionat-
ed based on molecular size using a TSK-gel Amide-80 column (Tos-
oh), and the elution positions were calibrated in GU values. Sample
PA-glycans were mapped on the basis of their GU and molecular
mass values, and their coordinates were compared with those of ref-
erence PA-glycans in the GALAXY database.

2.6. Renin and chymase kinetics

Human Bang-25 and NonG-Bang-25 were synthesized by Pep-
tide Institute, Inc. (Osaka, Japan). Renin substrates (Bang-25,
NonG-Bang-25, Aogen) at a concentration of 1-200 uM were incu-
bated with 25 ng.of recombinant human renin for 0, 30 or 60 min
at 37°C in 0.5M PBS buffer (pH 7.4) containing 0.02% BSA. The
reaction was stopped by addition of 4 volumes of acetic acid and
boiling for 5 min. Ang I was then quantlﬁed using the previously
described RIA for Ang I [9].

Chymase substrates (Bang-25, NonG-Bang-25, Aogen) at a con-
centration of 1-200 pM were incubated with 10.85 mU of mast cell
chymase for 0, 30 or 60 min at 25 °C in 0.6 M Tris-HCl + 3 M NaCl
(pH 8.0). The reaction was stopped by addition of 4 volumes of
HPLC Buffer A (10% CH5CN, 0.1% trifluoroacetic acid) and boiling
for 5 min. Ang Il was quantified using the aforementioned RIA for
Ang II [9]. .

2.7. Immunohistochemical staining of human Bang-25

Human Bang-25 was detected using antiserum raised in rabbit
against the C-terminal portion of the peptide. Thereafter, the poly-
clonal antibody was affinity purified by Scrum Inc. (Tokyo, Japan)
using Bang-25-(18-25) as the antigen. For subsequent immunohis-
tochemical staining, formalin-fixed, paraffin-embedded tissue
blocks were cut into 4-pm-thick sections and labeled using the
anti-Bang-25 antibody (100x dilution in PBS). As a negative con-
trol, the antibody was replaced with non-immune rabbit serum
(Dako Japan, Inc.). Then after blocking endogenous peroxidase
activity using hydrogen peroxide, the sections were incubated with
an EnVision+/HRP System (Dako Japan, Inc.), and the staining was
developed using 3,3'-diaminobenzidine. Finally the sections were
counterstained with Meyer's hematoxylin.
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2.8. Statistical analysis

Values are presented as means + S.E. Comparisons of enzyme
kinetics data were made using analysis of variance (ANOVA) fol-
lowed by Bonferroni's test. Values of P<0.05 were considered
significant.

3. Results and discussion

When we screened human urine gel filtration fractions for pep-
tides using an antibody raised against the N-terminal portion of
Ang 11, we found a highly immunoreactive peptide with an appar-
ent molecular weight of about 5000 (Fig. 1A). Notably, this peptide
was present at concentrations estimated to be more than 100
times higher than those of Ang I and Ang II.

We next purified this peptide from 5.5 L of human urine using
ion-exchange, gel-filtration and affinity chromatography steps,
and then finally RP-HPLC, which yielded a single peak (Fig. 1B).
With this protocol we obtained 200 pmol of purified peptide from
the 5.5 L of urine: When the sample of purified peptide was sub-
jected to mass spectrometry, we found a hexahydric charged ion

with mfz=780.18, a pentavalent ion with m/z=936.02, and a

quadrivalent ion with m/z=1169.76 (Fig. 1C), which collectively
indicate the molecular weight of the purified peptide to be
4675.1. The amino-acid sequence of the peptide was then deter-
mined to be DRVYIHPFHLVIHX'ESTX?EQLAKAN (X, not identified),
and from the known amino acid sequence of Aogen {15}, X! and X?
were identified as Asn and Cys, respectively (Fig. 1D). In addition,
because we found a MS/MS peak for a glycosyl chain, the purified
peptide was digested with N-glycosidase and again subjected to
mass spectrometry. Under these conditions, the pentavalent ion
had a mfz=611.71 and the quadrivalent ion had a m/z=764.39
(data not shown), which indicates the molecular weight of the
deglycosylated peptide to be 3053.6 and confirms that X2 is Cys—
Cys.

Structural analysis of the glycosyl chain was delegated to GLY-
ENCE Co., Ltd. After using diethylaminoethyl (DEAE) and ODS col-
umn chromatography te purify the glycosyl to a single peak
(Fig. 1E), the resultant ODS fraction was subjected to MALDI-
TOF-MS. glycoanalysis using the three MS axes and the
chromatography database (GALAXY) [14,16]. The results showed
the peptide in this fraction to have a molecular mass of 1720 Da
and to give rise to an oligosaccharide of 9.8 (ODS) and 6.9 (DEAE)
GU, which corresponds to reference PA-glycan code No. 2004 in
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Fig. 1. (A) Immunoreactive Ang Il N-terminal in human urine. Extract of human urine was subjected gel filtration (Sephadex G50), and the immunoreactive Ang Il N-terminal
in each fraction was assayed using a specific RIA: closed circles, immunoreactive Ang II N-terminal (fmol/tube); open circles, absorbance at 280 nm (mg/ml). The arrow
indicates the highly immunoreactive Ang Il N-terminal fraction. (B) Final purification by RP-HPLC. An elution gradient of 10-60% CHsCN in 0.1% trifluoroacetic acid was run
for over 60 min at a flow rate of 1 mi/min. (C) Determination of the molecular weight of the purified peptide based on quadrupole time-of-flight (Q-TOF) mass spectrometry.
(D) Amino acid sequence analysis using a protein sequencer; 25 amino acid residues were detected. (E) Primary structural analysis of the glycosyl chain. A single peak was
detected. (F) Secondary structural analysis of the glycosyl chain. Both the candidate (arrow) and GALAXY glycosyl chains were run on an ODS column. {G) Structure of human
Bang-25 isolated from urine. GlcNAc: N-acetylglucosamine, Gal: galactose, Man: mannose.
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the GALAXY database. The identity of this sample was then con-
firmed using co-chromatography (Fig. 1F) and MALDI-TOF-MS
analyses, which showed the glycosyl chain to be a complex sugar
chain consisting of nine sugars, which is often found with N-linked
glycosylation. The complete structure of the molecule is shown in
Fig. 1G. We are calling this novel peptide Big angiotensin-25
(Bang-25), because it consists of a 25-amino acid peptide that is
N-glycosylated on Asnl4 and has a cysteine linked to Cys18.
Human Aogen contains four putative asparagine-linked glycosyla-
tion sites (Asn14, 137, 271, 295) and contains four cysteines
(Cys18, 138, 232, 308) [15,17-19], with Cys18 and Cys138 linked
by a disulfide bridge. From its structure it appears clear that
Bang-25 is a derivative of Aogen.

Knowing the structure, we synthesized Bang-25 using a combi-
nation of solid phase and liquid phase techniques, which will be
described elsewhere. The synthetic peptide was confirmed by ami-
no acid analysis, MALDI-TOF-MS analysis and RP-HPLC, With the
RP-HPLC, for example, native and synthetic Bang-25 emerged at
the exact same elution position.

Using the synthetic peptide, we found that renin processed
Bang-25 into Ang 1, but the rate was slow (Fig. 2A and C). By con-
trast, chymase rapidly digested Bang-25 to produce Ang Il (Fig. 2B
and D). When we compared Aogen, Bang-25 and nonglycosylated
Bang-25 (NonG-Bang-25), each at a concentration of 1 pM, as sub-
strates for renin and chymase (n =6 for each reaction), we found
that renin rapidly produced Ang I from Aogen, but production of
Ang 1 from Bang-25 was much slower (Fig. 2A). Consistent with
that result, the Ky, for Aogen was estimated to be 1.2 uM, which
is comparable to the value reported previously [17,19], while the
Km and Vi for Bang-25 were 95 uM and 340 pmol/min/ml
(Fig. 2C). In addition, the K, and V.« for NonG-Bang-25 were

Bang-25

: Ang Il production (pmol/min/ml) UJ

24 uM and 307 pmol/min/ml (Fig. 2C). It therefore seems doubtful
that Bang-25 functions as a substrate for renin in vivo. Moreover,
renin catalyzed significantly greater production of Ang I from
NonG-Bang-25 than from Bang-25, indicating the glycosyl chain
protects the peptide from renin (Fig. 2A and C). This is consistent
with the earlier observation that N-linked glycosylation on Asn14
is an important inhibitor of binding to renin. Still, renin does not
cleave NonG-Bang-25 as efficiently as it cleaves Aogen. Given that
the Aogen N-terminus is linked to the rest of the molecule by a
disulfide bridge between Cys-18 and Cys-138, which plays a key
role in the peptide’s binding to renin [19] and is absent from
Bang-25, it is not surprising that Bang-25 is cleaved less efficiently
by renin than is Aogen, with or without glycosylation. )

Chymase, by contrast, does not act on human Aogen (Fig. 2B)
[20], but it efficiently digests both Bang-25 and NonG-Bang-25
{Fig. 2B and D). The Ky, and Viqax were 9.6 pM and 129 pmol/min/
ml for Bang-25 and 7.5pM and 155 pmol/min/ml for NonG-
Bang-25 (Fig. 2D). And although production of Ang II from NonG-
Bang-25 tended to be greater than from Bang-25, the difference
was not statistically significant in the present experiment
(Fig. 2D). This suggests Bang-25 functions as a substrate for chy-
mase, which is consistent with our finding that the tissue Ang II
concentration was much higher than the Ang I concentration,

We then assessed the distribution of Bang-25 in tissues by
immunostaining with an antiserum raised against the C-terminal
portion of the peptide. We found that Bang-25 was abundantly ex--
pressed in a number of human tissues, including kidney (Fig. 3G

and H), heart (Fig. 3C), adrenal gland (Fig. 3A), pancreas (Fig. 3B)

and placenta (Fig. 3D-F), among others (Table 1), For practical rea-
sons, we used the placenta as an exemplar for further study. There
we found Bang-25 to be localized to extravillous trophoblasts. The
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Fig. 2. (A) Velocity of renin-catalyzed Ang I formation at a substrate concentration of 1 gM (n = 6). The results are shown as means + SEM. *P < 0.05 vs. NonG-Bang-25 and
P<0.01 vs. hAogen. P <0.01 vs. hAogen. (B) Velocity of chymase-catalyzed Ang II formation at a substrate concentration of 1 UM (n=6). The results are shown-as
means t SEM. (C) Michaelis-Menten plots for the renin-catalyzed release of Ang 1 from Bang-25 {closed circles) and NonG-Bang-25 (open circles) (n = 2-6). The K, and Viax
. were 95 uM and 340 pmol/min/ml for Bang-25 and 24 M and 307 pmol/min/ml for NonG-Bang-25. (D) Michaelis-Menten plots for the chymase-catalyzed release of Ang Il
from Bang-25 (closed circles) and NonG-Bang-25 (open circles) (1 = 2-6). The K, and Vipax were 9.6 uM and 129 pmol/min/mi for Bang-25 and 7.5 pM and 155 pmol{min/ml

for NonG-Bang-25.



