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Hypothetical Binding of Substrate & Inhibitors to ACE

 

 

BINDING OF SUBSTRATES/INHIBITORS TO ACE  
     �;Cushman and Ondetti at Squibb used a model based on structure of CPA (ACE not known at the 
time) but  later cloning and structure of ACE showed no identity to CPA 
     �;zinc is required in the active center for peptide bond hydrolysis 
     �;COO�; binds to ARG+ 
-Original inhibitor was Captopril, based on C-terminal Pro from snake venom inhibitors and an SH 
group to bind the zinc, but SH group can cause rash and taste disturbances at higher doses. 
 
Second generation enalaprilat used a �;COOH group instead of SH to bind zinc, but nota as well 
absorbed, so it was synthesized the prodrug ethyl ester which is absorbed well and converted by 
esterases to the active drug.  
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Structures of Clinically Used ACE Inhibitors
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Mechanism of Action of ACE Inhibitors

 

 

Angiotensin Converting Enzyme (ACE) plays a central role in the control of peptide hormones that 
regulate blood pressure. Thus, ACE inhibitors are effective antihypertensive agents. Inhibitors of other 
steps in the pathway are also effective antihypertensives. These include Renin inhibitors and 
angiotensin receptor antagonists (e.g., Losartan).  
 
 

  



Clinical Use of ACE Inhibitors

Antihypertensive
~ 50% response (~90% with diuretic)
↓Systemic Vascular Resistance
↓St R lf i d d th ti ti l ti↓Stress or Relfex induced sympathetic stimulation
→ Heart rate 
↑ Sodium excretion, ↓ Blood volume

Congestive Heart Failure
↓Vascular Resistance, Blood volume, Heart rate
↑ C O ( h i di l O ti )↑ C.O. (no change in myocardial O2 consumption)

Diabetic Nephropathy
Dilates afferent and efferent renal arterioles 
↓Glomerular capillary pressure
↓Growth of mesangial cells/matrix due to Ang II?

Side Effects/Contraindications

Dry/Hacking Cough
5 – 20% of patients
Not dose-related; occurs within 1 wk. – 6 mo. 
WWomen > men
May Require cessation of therapy

Angioneurotic Edema
~0.5% of patients
Not dose-related; occurs within 1st week
S lli f th t li iSevere swelling of  mouth, tongue, lips, airway
may be life-threatening

Pregnancy
Not teratogenic in 1st trimester
Developmental defects in 2nd or 3rd trimester
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Additional Effects of ACE Inhibitors

Likely Due to Blocking Peptide Degradation:
Cardioprotective effects – (partially bradykinin)
Angioneurotic Edema - bradykinin? 
Dry cough – bradykinin/substance P in lung?
Enhanced “quality of life/mood elevation – enkephalins?
Treatment of congestive heart failure (Ang. + bradykinin)

Beneficial Effects Due to Unknown Mechanisms:
Treatment of diabetic nephropathy
Reduction of incidence of second heart attack
Reduced cardiovascular complications in patients with risk 
factors
Reduced incidence of diabetes in high risk patients
Reduced complications in diabetic patients

 

 

Novel and Unexpected Functions of ACE and ACE inhibitors 
 

ACE inhibitors potentiate B2 bradykinin receptor signaling by inducing crosstalk between 
ACE and B2 receptor. (Erdös EG, Deddish PA, and Marcic BM. Potentiation of Bradykinin Actions 
by ACE Inhibitors. Trends Endocrinol Metab 10: 223-229, 1999.) 
 
 
ACE inhibitors bind directly to B1 kinin receptors and induce high output nitric oxide 
production in endothelial cells. (Ignjatovic T, Tan F, Brovkovych V, Skidgel RA, and Erdös EG. 
Novel mode of action of angiotensin I converting enzyme inhibitors: direct activation of bradykinin B1 
receptor. J Biol Chem 277: 16847-16852, 2002) 
 
ACE itself is a signaling molecule that can be phosphorylated, activating JNK kinase and gene 
transcription in response to ACE inhibitors. (Kohlstedt, K., Brandes, R. P., Muller-Esterl, W., 
Busse, R. and Fleming, I. Angiotensin-converting enzyme is involved in outside-in signaling in 
endothelial cells. Circ. Res. 94, 60-7, 2004). 
 




