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A protocol to follow the processing of angiotensin I into
angiotensin II by rabbit angiotensin-converting enzyme
(ACE) and its inhibition by a novel natural antagonist, the
leech osmoregulator factor (LORF) using capillary zonal
electrophoresis is described. The experiment was carried out
using the Beckman PACE system and steps were taken to
determine (a) the migration profiles of angiotensin and its
yielded peptides, (b) the minimal amount of angiotensin II
detected, (c) the use of different electrolytes and (d) the
concentration of inhibitor. We demonstrated that LORF
(IPEPYVWD), a neuropeptide previously found in leech
brain, is able to inhibit rabbit ACEwith an IC50 of 19.8 lM.
Interestingly, its cleavage product, IPEP exhibits an IC50 of
11.5 lM. A competition assay using p-benzoylglycylglycyl-
glycine and insect ACE established that LORF and IPEP
fragments are natural inhibitors for invertebrate ACE.

Fifty-four percent of insect ACE activity is inhibited with
50 lM IPEP and 35% inhibition with LORF (25 mM).
Extending the peptide at both N- and C-terminus
(GWEIPEPYVWDES) and the cleavage of IPEP in IP
abolished the inhibitory activity of both peptides. Immuno-
cytochemical data obtained with antisera raised against
LORF and leech ACE showed a colocalization between the
enzyme and its inhibitor in the same neurons. These results
showed that capillary zonal electrophoresis is a useful
technique for following enzymatic processes with small
amounts of products and constitutes the first evidence of a
natural ACE inhibitor in invertebrates.

Keywords: capillary electrophoresis; invertebrate; leech;
natural angiotensin-converting inhibitor.

In mammals, angiotensin-converting enzyme (ACE) is a
well known zinc-metallopeptidase that converts angio-
tensin I to the potent vasoconstrictor angiotensin II and
degrades bradykinin, a powerful vasodilator, both for
regulation of vascular tone and cardiac functions [1,2].
Synthetic substrates were developed for the determination
of ACE activity in various biological fluids, mostly human
plasma, for the diagnosis of sarcoidosis and other granulo-
matous diseases [3]. After the successful use of captopril, the
first ACE inhibitor in the treatment of hypertension, a
number of molecules have been synthesized and used in the
treatment of congestive heart failure and for preventing
cardiac impairment after myocardial infarction [2–4].
The development of this class of anti-hypertensive drugs

benefited from structural data on carboxypeptidase active
sites [5]. In the last two decades, the ACE gene has been
cloned allowing the identification of two isoenzymes:
somatic ACE resulting from gene duplication and primarily
expressed in endothelial cells, and the germinal or testicular
ACE, resulting from the transcription in the male repro-
ductive system from intragenic promoter of a hydrophobic
C-terminal peptide for membrane-anchoring, specifically
cleaved by a metalloprotease to release soluble forms of
both isoenzymes [6]. Recently, a new ACE, termed ACE2,
has been characterized [7–9]. The ACE2 gene maps to
defined quantitative trait loci on the X chromosome in three
different rat models of hypertension, suggesting ACE2 as
a candidate gene for hypertension [7–9]. As mice deficient
in both ACE2 and ACE show completely normal heart
function, it appears thatACEandACE2 negatively regulate
each other. The mechanisms and physiological significance
of the interplay between ACE and ACE2 have not yet been
elucidated, but it may involve several new peptides and
peptide systems [7–9].
Moreover, the recent work of Dive and colleagues [10]

showed that the cleavage of angiotensin I and bradykin
by somatic ACE appear to obey to different mechanisms.
In vivo experiments in mice demonstrated that the selective
inhibition of either the N- or C-domain of ACE by
inhibitors prevents the conversion of angiotensin I to
angiotensin II, while bradykin protection requires the
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inhibition of the two ACE active sites. The conversion of
angiotensin I seems to involve the two active sites of ACE,
free of inhibitor. These findings suggest that the gene
duplication of ACE in vertebrates may represent a means
for regulating the cleavage of angiotensin I differently from
that of bradykin, implicating natural inhibitors [10]. In this
context, research of natural ACE inhibitors [11,12] seems to
be a promising way for discovering novel pharmaceutical
drugs to treat cardiovascular diseases [5,13]. Moreover, the
discovery of such molecules in different animal models
would allow a variety of such natural ACE inhibitors to be
identified.
In insects, ACE substrate/inhibitor peptides have been

characterized fromNeobellieria bullata ovaries. One of them
is a peptide of 1312.17 Da named the N. bullata ovary-
derived ACE interactive factor (Neb-ODAIF: NKLKPSQ
WISL) [14,15]. It interacts with both insect and humanACE
and shows high sequence similarity to a sequence at the
N-terminal part of dipteran yolk polypeptides [16]. Two
peptides are active towards human somatic ACE, the Neb-
ODAIF(1–9) and its shorter form Neb-ODAIF (1–7). Km

values of Neb-ODAIF and Neb-ODAIF(1–9) or human
somatic ACE (sACE) are 17 and 81 lM, respectively.
Additionally, Neb-ODAIF(1–7) (NKLKPSQ) also inter-
acts with sACE (Km ¼ 90 lM) [14–16].
In leeches, the central nervous system is known to

influence water balance [17,18]. In the rhynchobdellid leech
Theromyzon tessulatum genital maturity is concomitant with
a phase of water retention reflected by an increase inmass of
the animals and correlated to a cœlomic accumulation of
yolk proteins [19]. The neuropeptide (IPEPYVWD) named
leech osmoregulator factor (LORF) seems to be implicated
in this biological phenomenon [20,21]. Its amount greatly
increases during this stage of the leech life span. When
injected into leeches, it increases the animal mass [20,21].
However, its mode of action is as yet unclear. LORF has
been isolated from the CNS of T. tessulatum [20] as well as
from sex ganglia [21] and in rat CNS [22].
In this context, in order to check the ability of LORF to

act on water balance through ACE activity inhibition, we
developed a quick, reproducible, highly sensitive test of
angiotensin I processing by ACE and its inhibition in a one-
step analysis by capillary zonal electrophoresis. Thus, we
report for the first time in invertebrate the existence of a
novel ACE inhibitor, the LORF peptide and its cleavage
product IPEP.

Materials and methods

Chemical

Angiotensin I (DRVYIHPFHL: AI), angiotensin II
(DRVYIHPF: AII), FMRF-amide, rabbit ACE were
obtained from Sigma.

Peptide synthesis

LORF (IPEPYVWDamide, IPEPYVWD), IPEP, YVWD,
IP, YVWDamide and GFEIPEPYVWD were synthesized
according to classical Fmoc chemistry on p-alkoxybenzyl
alcohol resin on a 25-lmol scale with a ABI 432A.
Conventional side chain-protecting groups were used

2,3,5,7,8-pentamethylchroman 6-sulfonyl (Arg), triphenyl-
methyl (Cys, Asn and Glu), t-butoxycarbonyl (Lys) and
t-butyl (Ser and Tye). Briefly, a standard Fmoc deprotec-
tion was used in conjunction with benzotriazol-1-yl-
oxytris(dimethylamino)phosphonium hexafluorophosphate/
N-hydroybenzotriazole/diisopropyethylamine. Coupling
reactions were allowed to proceed for 15 min. After two
dimethylformamide washings, a second coupling with the
same excess of reagents was routinely performed. At the end
of the synthesis, the resin was washed with dichloromethane
and ether and dried under nitrogen. The final trifluoroacetic
acid cleavage was performed in the same reaction vessel with
5 mL of reacting buffer (100 lL trisopropylsilane, 100 lL
ethanedithiol and 1.8 mL trifluoroacetic acid) for 150 min.
At the end of this time, the peptide was drained in a 40-mL
polypropylene centrifuge tube previously filled with 25 mL
of cold ether. The peptide was then centrifuged, and the
pellet was washed twice with ether. After the second
centrifugation, the pellet containing the reduced peptide was
dissolved in 0.1 M ammonium acetate buffer (pH 8.5) at a
concentration of 35 mgÆL)1 andwas allowed to refold by air
oxidation for 17 h at room temperature under constant
stirring. The refolded peptide was purified by semi prepar-
ative reversed-phase chromatography (Aquapore RP300
column, 250 · 7.0 mm) with a linear gradient of acetonitrile
1% min)1 in acidified water (0.1%) at a flow rate of
1 mLÆmin)1.

Inhibitory kinetic studies by capillary zonal
electrophoresis

Assays of ACE activities were carried out with 12.5 lU
ACE incubated with 30 lM angiotensin I in absence or in
presence of 10–40 lM inhibitors in Tris/NaCl (100 lM Tris/
HCl, pH 8.4) with a total volume of 100 lL. Reactions
were incubated for 45 min at 37 �C and were terminated
by addition of 1% trifluoroacetic acid (v/v). The internal
standard FMRF-amide was added and samples were
centrifuged at 20 000 g for 10 min at 4 �C. Supernatants
were collected and dried by speed-vac. Finally, 30 lL sterile
water was added on the pellet and peptides were analyzed
by capillary zonal electrophoresis.
Samples (2 nL) were injected under vacuum into a PACE

5000 capillary electrophoresis system (Beckman) equipped
with a silica capillary (length 57 cm, internal diameter
75 lm). Separation from anode to cathode was carried out
in phosphate buffer (25 mM pH 2.5) during 17 min at a
voltage of 25 kV and a temperature of 25 �C. The capillary
effluent was monitored by absorption at 214 nm. Retention
time of each peptide was determined under these migration
conditions [23]. The quantification of peptides was carried
out by capillary zonal electrophoresis [24].

Competition assay

The ACE competition assay is based on the ACE activity
assay using a simple radio assay for angiotensin-converting
enzyme [14,15,25]. Briefly, ACE-activity in diluted fly
hemolymph is measured with a synthetic, tritiated ACE
substrate p-[32]benzoylglycylglycylglycine (Sigma) (¼ stand-
ard condition). Adding 10 lM final concentration of
captopril (Sigma) served as a negative control. Only the
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activity that could be inhibited by captopril was regarded as
ACE activity. To find out if a peptide is an inhibitor for
ACE, different concentrations of this peptide were added to
the standard condition setup. Addition of an ACE inhibitor
or an ACE substrate results in competition with the tritium-
labelled substrate for ACE and appears as a reduction in
ACE activity [25].

Kinetics of degradation

Kinetic parameters were determined from the regression
line fitted to the data plotted as 1/V vs. 1/[S]. Correlation
coefficients were greater than 0.99 [26,27].

Colocalization between enzyme and inhibitor

Antisera. Polyclonal antisera anti-(LORF-amide) and anti-
ACE were raised in rabbits using the synthetic LORF-
amide or leech ACE N-terminal region (GLPESPGF)
coupled to human serum albumin according to the
glutaraldehyde method [28]. No cross-reaction with LORF
was obtained. The specificity of ACE antiserum has been
described elsewhere [29]. In brief, 20% of cross-reaction
with rabbit ACE was observed.

Immunohistochemistry. Animals were anesthetized with
0.01% chloretone. Leeches T. tessulatum were fixed over-
night at 4 �C in Bouin–Holland fixative (+ 10% HgCl2
saturated solution). They were then embedded in paraffin
and then sectioned at 7 lm. After removal of paraffin with
toluene, the sections were successively treated either with the
anti-(LORF-amide) or with the anti-ACE diluted 1 : 800
and with goat anti-(rabbit IgG) IgG conjugated to horse-
radish peroxidase as described elsewhere [30]. The specificity
of the antisera were tested by preabsorbing the antisera
overnight at 4 �Cwith the respective homologous antigen at
a concentration of 500 lgÆmL)1 pure antiserum.

Results and discussion

In order to perform a highly and reproducible test allowing
the quantification of the ACE hydrolysis activity in absence
or presence of selective inhibitor using capillary zonal
electrophoresis, several parameters have to be established.
Fig. 1 shows the capillary zonal electrophoresis profile of
FMRF-amide (internal standard), angiotensin II, angio-
tensin I and LORF a-amidated. Each peptide possesses a
specific retention time permitted it identification. No peak
related to ACE has been observed because of the enzyme
elimination by acidic precipitation before the centrifugation.
The peak area is proportionnal to the peptide concentration
as shown in Fig. 2.
In order to determine optimal digestion duration, time-

dependent angiotensin II formation from angiotensin I
was measured (Fig. 3). After 75 min digestion, the amount
of angiotensin II produced by ACE remains constant
and 70% of the angiotensin I is cleaved in 40 min by
ACE (12.5 lM). No influence of ionic concentration of
the digestion buffer was observed on ACE activity
(Fig. 4). Taken together, the optimal digestion conditions
were determined to be 30 lM of angiotensin I, 12.5 mM

ACE in Tris/NaCl 100 mM for 40 min at 37 �C. Under

Fig. 1. Capillary zonal electrophoresis migration profile. 1, FMRF-

amide; 2, angiotensin I; 3, angiotensin II; 4, LORF-amide. ACE did

not appear because the enzyme is eliminated after acidic precipitation

and centrifugation.

Fig. 2. Different concentration of angiotensin II detected by capillary

zonal electrophoresis. Each concentration was measured four times.

Fig. 3. Determination of the optimal digestion time condition. Thirty

micromolar angiotensin I digested by 12.5 lU of rabbit ACE. The

experiments were conducted six times.
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these conditions, the specific activity measured was
5.75 nmolÆmin)1Æg)1 enzymewhich is in line with the specific
activity found for human ACE with Hyppuryl-His-Leu
as a chromogenic substrate (10 nmolÆmin)1Æg)1) [31].
Taking the above parameters into account, the inhibitory

effect of LORF (data not shown), LORF a-amidated
(Fig. 5) and the cleavage products of LORF (IPEP
(Fig. 6A), YVWD) were tested. LORF and it a-amidated
form, found in the leech brain, have the same inhibitory
activity towards rabbit ACE. LORF and LORF a-ami-
dated present an IC50 of 19.8 lM and a Ki of 55 lM.
Interestingly, the cleavage product of LORF, IPEP presents
an IC50 of 11.5 lM (Fig. 6) whereas, the YVWD has no
inhibitory activity (data not shown). The LORF inhibition
is compared to IPEP inhibiton in Fig. 6B. The IC50s are in
the same range as various previously described endogenous
ACE inhibitors [11] as well as the ones found in insects [25].
The N. bullata ovary-derived ACE interactive factor
(Neb-ODAIF: NKLKPSQWISL) interacts with human
ACE at a km of 17 lM. Additionally, Neb-ODAIF(1–7)

Fig. 4. Influence of the ionic concentration of the digestion buffer on

ACE activity. Different concentrations of angiotensin I were digested

during 40 min in either Tris/NaCl 50 lM or Tris/NaCl 100 lM buffers.

The experiments were conducted six times. s, 100; d, 50.

Fig. 5. Digestion of angiotensin I (30 mM) by ACE in presence of dif-

ferent amounts of LORF (10–40 mM).

Fig. 6. Digestion of angiotensin I (30 mM) by ACE in presence of different amounts of IPEP (10–20 mM) (A) and comparison of LORF inhibition and

IPEP inhibition (B).

Fig. 7. ACE competition assay. IPEP (50 lM, 25 lM, 10 lM and

5 lM); IPEPYVWD (25 lM, 10 lM and 5 lM); IP (10 lM and 5 lM)
were incubated with 1 lM p-[32]benzoylglycylglycylglycine and fly

hemolymph.
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(NKLKPSQ) also interacts with sACE at a K(m/i) of 90 lM
[14,15].
A competition assay using p-[32]benzoylglycylglycylgly-

cine and insect ACE was performed with LORF and IPEP.
36% inhibition is found with IPEP (25 lM) and 18% with
LORF (25 lM) (Fig. 7). However, LORF appears stable
under the experimental conditions as no cleavage and/or
degradation was observed upon incubation with ACE
suggesting that LORFbehaves as a true inhibitor and not as
a competitive substrate like that found in insects [16,25].
Moreover, the IC50 value obtained for LORF is similar to
the one found for other natural ACE inhibitors, i.e. the
nonclassical opioid family like hemorphins [11].
Taken together, the inhibitory effect of LORF towards

ACE could explain the anti-diuretic effect of this peptide
in leeches. Injected into leeches, LORFs increase the
animal weight. Moreover, the immunocytochemical data
show a colocalization of LORF a-amidated and leech
ACE in same neurons and in the coelomocytes (Fig. 8)
confirming the role of LORF as a leech ACE inhibitor
and its involvement in water balance control. These data
are in line with previous studies demonstrating that LORF
level increased at stage 3 corresponding to a high water
retention in the animal and gametogenesis [19]. Similarly,
ACE as well as angiotensin II levels decrease at this stage
of the animal [26,32,33]. These data show that yolk
proteins are a natural source of ACE inhibitors in
invertebrates; ovohemerythrin is a potential source of
LORF [34] and ACE is implicated in the modulation of
the reproduction. Such a hypothesis is supported by the
data found in N. bullata [15,16] and in the blood sucker
insect mosquito Anopheles stephensi [35,36]. In the female

mosquito, after a blood meal, ACE activity increases four-
fold with much of the enzyme finally accumulating in the
ovaries. Addition of two selective inhibitors of ACE,
captopril and lisinopril, to the blood meal reduced the size
of the batch of eggs laid by females in a dose-dependent
manner, with no observable effects on the behaviour of
the adult insect. The almost total failure to lay eggs after
feeding on either 1 mM captopril or 1 mM lisinopril, did
not result from interference with the development of the
primary follicle, but was due to the inhibition of egg-
laying. As very similar effects on the size of the egg-batch
were observed with two selective ACE inhibitors, belong-
ing to different chemical classes, these suggest that these
effects are mediated by the selective inhibition of the
induced mosquito ACE, a peptidase probably involved in
the activation/inactivation of a peptide regulating egg-
laying activity in A. stephensi [35,36].

Acknowledgements

This work was supported by the CNRS and the MNER. The authors

would like to thank Annie Desmons for her skilled technical assistance.

References

1. Corvol, P., Michaud, A., Soubrier, F. & Williams, T.A. (1995)

Recent advances in knowledge of the structure and function of the

angiotensin I converting enzyme. J. Hypertens. Suppl. 13, S3–S10.

2. Corvol, P., Jeunemaitre, X., Charru, A., Kotelevtsev, Y. &

Soubrier, F. (1995) Role of the renin-angiotensin system in blood

pressure regulation and in human hypertension: new insights from

molecular genetics. Recent Prog. Horm Res. 50, 287–308.

Fig. 8. Immunolabelling of same neurons with

anti-LORF (A) and anti-(leech ACE) (B) in

brain and in coelomocytes of the leech Thero-

myzon tessulatum.

� FEBS 2004 ACE inhibition studies by natural leech inhibitors (Eur. J. Biochem. 271) 2105



3. Baudin, B. (2002) New aspects on angiotensin-converting enzyme:

from gene to disease. Clin. Chem. Laboratory Med. 40, 256–265.

4. Junot, C., Pruvost, A., Creminon, C., Grognet, J.M., Benech, H.

& Ezan, E. (2001) Characterization of immunoreactive acetyl-Ser-

Asp-Lys-Pro in human plasma and urine by liquid chromato-

graphy-electrospray mass spectrometry. J. Chromatogr. B Biomed

Sci. Appl. 752, 69–75.

5. Nakagomi, K., Ebisu, H., Sadakane, Y., Fujii, N., Akizawa, T. &

Tanimura, T. (2000) Properties and human origin of two angio-

tensin-I-converting enzyme inhibitory peptides isolated from a

tryptic hydrolysate of human serum albumin. Biol. Pharm. Bull.

23, 879–883.

6. Rector, T.S. (1995) Effect of ACE inhibitors on the quality of life

of patients with heart failure. Coron Artery Dis. 6, 310–314.

7. Guy, J.L., Jackson, R.M., Acharya, K.R., Sturrock, E.D.,

Hooper, N.M. & Turner, A.J. (2003) Angiotensin-converting

enzyme-2 (ACE2). Comparative modeling of the active site,

specificity requirements, and chloride dependence, Biochemistry

42, 13185–13192.

8. Danilczyk, U., Eriksson, U., Crackower, M.A. & Penninger, J.M.

(2003) A story of two ACEs. J. Mol Med. 81, 227–234.

9. Oudit, G.Y., Crackower, M.A., Backx, P.H. & Penninger, J.M.

(2003) The role of ACE2 in cardiovascular physiology. Trends

Cardiovasc Med. 13, 93–101.

10. Georgiadis, D., Beau, F., Czarny, B., Cotton, J., Yiotakis, A. &

Dive, V. (2003) Roles of the two active sites of somatic angio-

tensin-converting enzyme in the cleavage of angiotensin I and

bradykinin: insights from selective inhibitors. Circ Res. 93, 148–

154.

11. Zhao, Q. & Piot, J.M. (1997) Investigation of inhibition angio-

tensin-converting enzyme (ACE) activity and opioid activity of

two hemorphins, LVV-hemorphin-5 and VV-hemorphin-5, iso-

lated from a defined peptic hydrolysate of bovine hemoglobin.

Neuropeptides. 31, 147–153.

12. Lantz, I., Glamsta, E.L., Talback, L. & Nyberg, F. (1991)

Hemorphins derived from hemoglobin have an inhibitory action

on angiotensin converting enzyme activity. FEBSLett. 287, 39–41.

13. Nicola, W., Sidhom, G., El Khyat, Z., Ibrahim, S., Salah, A.

& El Sayed, A. (2001) Plasma angiotensin II, renin activity and

serum angiotensin-converting enzyme activity in non-insulin

dependent diabetes mellitus patients with diabetic nephropathy.

Endocr J. 48, 25–31.

14. Vandingenen, A., Hens, K., Macours, N., Zhu, W., Janssen, I.,

Breuer, M., De Loof, A. & Huybrechts, R. (2001) Captopril, a

specific inhibitor of angiotensin converting enzyme, enhances both

trypsin and vitellogenin titers in the grey fleshfly Neobellieria bul-

lata, Arch. Insect Biochem. Physiol. 47, 161–167.

15. Vandingenen, A., Hens, K., Baggerman, G., Macours, N.,

Schoofs, L., De Loof, A. & Huybrechts, R. (2002) Isolation and

characterization of an angiotensin converting enzyme substrate

from vitellogenic ovaries ofNeobellieria bullata.Peptides. 23, 1853.

16. Zhu, W., Vandingenen, A., Huybrechts, R., Baggerman, G., De

Loof, A.C.P.P., Velentza, A. & Breuer, M. (2001) In vitro

degradation of the Neb-Trypsin modulating oostatic factor (Neb-

TMOF) in gut luminal content and hemolymph of the grey fleshfly

Neobellieria Bullata. Insect Biochem. Mol Biol. 31, 87–95.

17. Malecha, J., Tramu, G., Cardon, C. & Verger-Bocquet, M. (1986)

Evidence of apparent vasopressin and oxytocin peptides in the

brain of the leech Rhynchobdelle Theromyzon tessulatum

(O.F.M.). General Comp Endocrinol. 64, 13–20.

18. Malecha, J. (1983) Osmoregulation inHirudineaRhynchobdellida

Theromyzon tessulatum (O.F.M.). Experimental localization of the

secretory zone of a regulation factor of water balance. Gen. Comp.

Endocrinol. 49, 344–351.

19. Baert, J.L., Britel, M., Slomianny, M.C., Delbart, C., Fournet, B.,

Sautiere, P. & Malecha, J. (1991) Yolk protein in leech.

Identification, purification and characterization of vitellin and

vitellogenin. Eur J. Biochem. 201, 191–198.

20. Salzet, M., Vandenbulcke, F. & Verger-Bocquet, M. (1996)

Structural characterization of osmoregulator peptides from the

brain of the leech Theromyzon tessulatum IPEPYVWD IPE-

PYVWD-amide. Brain Res. Mol Brain Res. 43, 301–310.

21. Salzet, M., Bulet, P., Weber, W.M., Clauss, W., Verger-Bocquet,

M. & Malecha, J. (1996) Structural characterization of a novel

neuropeptide from the central nervous system of the leech

Erpobdella octoculata. The leech osmoregulator factor. J. Biol.

Chem. 271, 7237–7243.

22. Salzet, M., Salzet, B., Sautiere, P., Lesage, J., Beauvillain, J.C.,

Bilfinger, T.V., Rialas, C., Bjenning, C. & Stefano, G.B. (1998)

Isolation and characterization of a leech neuropeptide in rat

brains: coupling to nitric oxide release in leech, rat and human

tissues. Brain Res. Mol Brain Res. 55, 173–179.

23. Hillaert, S. & Van den Bossche, W. (2000) Optimization

of capillary electrophoretic separation of several inhibitors of

the angiotensin-converting enzyme. J. Chromatogr. A. 895, 33–42.

24. Zhang, R., Xu, X., Chen, T., Li, L. & Rao, P. (2000) An assay for

angiotensin-converting enzyme using capillary zone electrophor-

esis. Anal Biochem. 280, 286–290.

25. Hens, K., Vandingenen, A., Macours, N., Baggerman, G.,

Karaoglanovic, A.C., Schoofs, L., De Loof, A. & Huybrechts, R.

(2002) Characterization of four substrates emphasizes kinetic

similarity between insect and human C-domain angiotensin-

converting enzyme. Eur J. Biochem. 269, 3522–3530.

26. Laurent, V. & Salzet, M. (1996) Metabolism of angiotensins by

head membranes of the leech Theromyzon tessulatum. FEBS Lett.

384, 123–127.

27. Laurent, V. & Salzet, M. (1996) Metabolism of enkephalins in

head membranes of the leech Theromyzon tessulatum by pepti-

dases: isolation of an enkephalin-degrading aminopeptidase.

Regul Pept. 65, 123–131.

28. Vaitukaitis, J., Robbins, J.B., Nieschlag, V. &Ross, G.T. (1971) A

method for producing antisera with small doses of immunogen.

J. Clin. Endocrinol. Metab. 33, 988–991.

29. Vandenbulcke, F., Laurent, V., Verger-Bocquet, M., Stefano,

G.B. & Salzet, M. (1997) Biochemical identification and gang-

lionic localisation of leech angiotensin-converting enzymes. Mol

Brain Res. 49, 229–237.

30. Verger-Bocquet, M., Wattez, C., Salzet, M., Tramu, G. & Mal-

echa, J. (1992) Can. J. Zool. 70, 856–865.

31. Laurent, V. & Salzet, M. (1996) Biochemical properties of the

angiotensin-converting-like enzyme from the leech Theromyzon

tessulatum. Peptides. 17, 737–745.

32. Milde, H., Weber, W.M., Salzet, M. & Clauss, W. (2001) Reg-

ulation ofNa (+) transport across leech skin by peptide hormones

and neurotransmitters. J. Exp Biol. 204, 1509–1517.

33. Salzet, M., Verger-Bocquet, M., Wattez, C. & Malecha, J. (1992)

Evidence for angiotensin-like molecules in the central nervous

system of the leech Theromyzon tessulatum (O.F.M.). A possible

diuretic effect. Comp Biochem. Physiol. A. 101, 83–90.

34. Coutte, L., Slomianny, M.C., Malecha, J. & Baert, J.L. (2001)

Cloning and expression analysis of a cDNA that encodes a leech

hemerythrin. Biochim. Biophys. Acta. 1518, 282–286.

35. Ekbote, U., Looker, M. & Isaac, R.E. (2003) ACE inhibitors

reduce fecundity in the mosquito, Anopheles stephensi. Comp

Biochem. Physiol B Biochem. Mol Biol. 134, 593–598.

36. Ekbote, U.V., Weaver, R.J. & Isaac, R.E. (2003) Angioten-

sin I-converting enzyme (ACE) activity of the tomato moth,

Lacanobia oleracea: changes in levels of activity during dev-

elopment and after copulation suggest roles during metamor-

phosis and reproduction. Insect Biochem. Mol Biol. 33, 989–

998.

2106 L. Deloffre et al. (Eur. J. Biochem. 271) � FEBS 2004


