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Project Description:

Endorphin peptides were shown to inhibit adenylate cyclase of NG108-15

cells. The inhibition constants (K,) were 12, 40, 63 and 98 nM for methionine

enkephalin, leucine enkephalin, B-endorphin and a-endorphin, respectively.

Thus, the endorphins are the most potent peptide inhibitors known and thus,

the activations of adenylate cyclase by other species of neurotransmitters or

hormones are suppressed. In effect, the opiate peptides act as pleitropic

desensitizers of many kinds of receptors, which in concert with the correspond-

ing ligands, activate adenylate cyclase. Exposure of cells to methionine

enkephalin for 12 to 97 hours results in an increase in adenylate cyclase activ-

ity which compensates for the inhibition of enzyme activity by methionine

enkephalin. The cells then have normal cAMP levels and appear tolerant to

methionine enkephalin because the increase in adenylate cyclase activity is

approximately equal to the inhibition of enzyme activity by the peptide.

However, the cells are dependent upon the opiate to maintain normal cyclic

AMP levels. Withdrawal of methionine enkephalin removes the enzyme inhibition

and reveals abnormally high adenylate cyclase activity. Dual regulation of

adenylate cyclase by opiates thus accounts for the phenomena of narcotic

dependence and tolerance. Thus, the endorphin peptides and narcotics are plei-

tropic regulators of cell responses to neurotransmitters and hormones which

are coupled to the activation of adenylate cyclase. In this way, opiates can
alter the perception of neurons to incoming messages which are destined for

adenylate cyclase.

Reactions mediated by the opiate receptors that inhibit adenylate cyclase

are closely coupled to subsequent reactions that gradually increase adenylate

cyclase activity of neuroblastoma x glioma NG108-15 hybrid cells. Opiate-

treated cells have higher basal-, PGE,-, and 2-chloroadenosine-stimulated activ-

ities than control cells. However, NaF or guanosine 5'~(8,a-imido)triphosphate
abolish most of the difference in adenylate cyclase activity observed with

homogenates from control and opiate-treated cells. Cycloheximide blocked some,

but not all, of the opiate-dependent increase in adenylate cyclase activity.

These results suggest that the opiate-dependent increase in adenylate cyclase

is due to conversion of adenylate cyclase to a form with altered activity.

Protein synthesis also is required for part of the opiate effect. A hypothesis

is proposed that the activity of adenylate cyclase determines the rate of con-

version of the enzyme from a high to a low activity form or via a new opiate,

by inhibiting adenylate cyclase.

5 Highly purified [Leu”Jenkephalin ang seven derivatives ing}yging Ala’,

Leu’ J-, [Ser°,Leu’ ]-, [Ser ,Leu°]-, [Aba”,Leu" ]-, and [des-Gly ,»Leu Jenkeph-

alin were obtained by solid phase synthesis and their morphine-like activities

in neuroblastoma x glioma cell homogenates were measured, Changes at the 2,

3, and 5 positions of the enkephalin provided analogues which were ail less
active than [Leu enkephalin. The results are discussed in terms of recently ©
suggested conformational structures for the enkephalin peptiges. .No melanocyte
stimulating ctivity was observed for [Leu Jenkephalin, [Ala’,Leu Jenkephalin,
or [Ser ,Leu Jenkephalin. ,
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Significance to Biomedical Research. Effects of endogenous opiate peptides
on adenylate cyclase activity was defined and molecular mechanisms for the
phenomena of narcotic dependence and tolerance were proposed.

Proposed Course: Further studies on the regulation of adenylate cyclase
by narcotics and endorphin peptides and the mechanism of coupling inhibition

of adenylate cyclase with a subsequent increase in adenylate cyclase activity

are in progress.
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