Dr. Nedwidek Biology 2 (SLS44QM) Endocrine System Introduction: 2/20/2013
Aim: What do hormones do?

Reminders: Read all notes ahead of published dates, or you’ll definitely go under the sea. Endocrine/Locomotion exam 2/25/13.
DN: What is homeostasis?  Name one function each of the nervous system and the endocrine system.  Why do we need hormones?

-Our strength and coordination allow us to respond to stimuli.  This is mediated by cellular communication.

-Nervous system and endocrine system work in tandem to maintain homeostasis, which is the ability of an organism to maintain a stable internal environment even though the external environment changes.

-Homeostasis is maintained by the hormone molecules that let cells communicate effectively and by chemicals (NTs) produced by nerve cells.  On a chemical level, blockage or augmentation of these signals therefore disrupts cell communication and affects homeostasis.

-Endocrine system regulates communication between animal cells; regulates cell division.

-What is a receptor?
-Receptors are critical to receive a cell-to-cell message that gets sent inward to the nucleus, which regulates genes, then expressed as proteins.  These control cellular functions and other hormones in turn.  Gene expression is central to hormonal control.  

Feedback (+ and -) is an important regulator of endocrine signals.  It allows a measured, appropriate response.

Aud 646-forms of cellular communication

Type


Chemical Messenger


Mechanism
Direct


ions/ ex. Na+, K+


direct (gap junctions/tubes)

Paracrine

local hormones/ex. Prostaglandins
Near (diffusion)

Endocrine

hormones/ex. Insulin+Glucagon
carry far (thru blood)




Defects in insulin metab: diabetes

Synaptic

Neurotransmitters/ex. Acetylcholine
near (synapse)

Know diagram on aud 647.

Hormones are secreted – move from cell to cell.

Endocrine: generalized gland secretion: picked up by capillaries.

Exocrine: secretions are released into ducts that regulate release outside the body (ex: sweat, tears, milk)

All hormones are either direct protein products of genes or are made by enzymes that act in biochemical pathways.  All enzymes are proteins that are products of genes.  Order of the amino acids expressed in a gene is established by genes in the nucleus of a cell.

4 general classes of hormones 

**Peptide hormone class is an actual protein:

peptide: miniprotein—aa chain—is encoded by a gene: ex. Insulin
**The next three classes are made by enzymes acting in pathways:

amino acid derivatives: modified aa-ex epinephrine and norepinephrine , which are also neurotransmitters.

Prostaglandins: fatty acid/ring structures; all cells make them; they are involved in paracrine crosstalk.

Steroids: derived from cholesterol rings-ex testosterone and estrogen

Prostaglandins and steroids are able to get through the phospholipid membrane OK.  Substrate-ligand interactions that bind and turn on a receptor are necessary for the transmission of these hormone signals.  

Peptides and amino-acid based hormones are too large to enter cells.  They act by stimulating second messenger formation inside the cell: conversion of ATP to cAMP.  These nucleotides play a role in regulation.  Chemical energy then transmits the signal (signal transduction).  Cell crosstalk needs ATP (nucleotide) energy.  

Refer to aud 652 and 653 and to your board notes for mechanistic diagrams of the following:

Peptide hormones can control ATP to cAMP conversion.  First messenger (peptide hormone) communicates to second messenger (cAMP) to start a cascade of communication that talks to nuclear genes.  ex: insulin, EGF-R: receptor comes together due to phosphorylation (adding of phosphate) and talks to nuclear genes via cAMP.

Steroids carry out more direct control-enter a cell’s cytoplasmic receptors and are carried directly into the cell, then move to the nucleus or enter nuclear receptors directly.  Steroid receptors have a DNA binding domain that carries them to the nucleus to stimulate transcription (ex estrogen).

What are the consequences to an organism if hormones are regulated incorrectly? Cancers, gender abnormalities.

Drugs such as tamoxifen are used as long-term breast cancer therapies to prevent further progress of a cancer.  Tamoxifen blocks estrogen’s interaction with its receptor.

Drugs such as anabolic steroids can have the opposite effect.  In addition to the desired effect of stimulating muscle cell growth, anabolics are essentially testosterone.  Too much testosterone is automatically converted to estrogen, and this has sexual side effects in individuals who abuse anabolics.

Hormone release is controlled by feedback—a form of self-regulation that is iterative, and occurs in real time, relative to the situation.   Negative feedback systems such as TSH, insulin/glucagon, and ADH utilize a shutoff “valve”.  ADH turns off when kidneys have absorbed sufficient water.  The water “tells” ADH to downregulate itself.  ADH=antidiuretic hormone.  Positive feedback systems such as oxytocin (synthetic syntocin) ramp up in an always “on” state.  Uterine contraction stimulates oxytocin.  More contractions, more oxytocin, more contractions closer together in time.  Syntocin is used to induce labor when called for in late term pregnancies.

Hormones with complementary function (see chart, aud 650):

Ex. Testosterone and Estrogen: Gonads make these to regulate secondary sex characteristics.

Ex. Insulin (delivers glucose to cells) and Glucagon (reverses insulin effects): regulate blood sugar; pancreas makes.  Diabetics lack the ability to make insulin—is deadly without treatment.

