LESSON:  Origin of Life- Spontaneous Generation, early scientific experiments, and Heterotroph Hypothesis.

OBJECTIVE:  Students will be able to explain Spontaneous Generation, and describe early scientific experiments that affected belief in this theory.

FOCUS:   Ask students to explain what they think Spontaneous Generation is?  Can they give an example?  Do they think that it can really happen?  Why/ why not?

                 Define Abiogenesis- living organisms can arise spontaneously from non-living matter.
CONTENT:  PowerPoint presentation of Spontaneous Generation and early experiments affecting belief in this theory. 

1. Spontaneous Generation:

a. Ancient Egyptians- felt that eels and frogs came from the mud of the Nile.

b. Aristotle- “active principle”, was responsible for life

· fleas came from sweat

· mice came from garbage

· flies and maggots came from dead and decaying meat

2. Early Scientific Experiments:

a. Jan Baptista van Helmont-  (early 1600’s) A Belgian physician, found wheat grains in a sweaty shirt.  After 21 days, the wheat grains were gone and mice were present.  He concluded that sweat was the “active principle” that changed the wheat grains into mice.

What was wrong with this experiment?  There was no control (uncontrolled).
b. Francisco Redi (1668)- was an Italian physician, proposed that flies produce maggots, after observing that after a few days, these organisms appeared on meat after flies were present.  They did not appear spontaneously from decaying meat, but from eggs laid by flies.  He used the scientific method to question the validity of the theory of spontaneous generation.
What is the Scientific Method? Defining the Problem, Formulate a hypothesis, test the hypothesis with controlled experimentation, observations and measurements, recording and reporting observations.
c. Anton Van Leeowenhoek- was the first to see tiny organisms under a microscope.  He called these “animacules”.  He discovered these microbes when he returned home from a day of boating with a sample of water.  The water was cloudy.  He placed a sample of the water under a microscope and found that it was filled with tiny living organisms.  For the next 200 years, scientists could not agree whether the “animacules” were alive or how they came to exist.

What do you think that these tiny organisms were?

Were they alive or not?

d. John Needham (mid 1700’s)- was an English scientist, he used an experiment containing “animacules” to refute Redi’s work.  Needham claimed that under the right conditions, spontaneous generation could occur.  He boiled gravy in a flask, for a few minutes, claiming to kill all the living things in it with heat, and then sealed the flask.  After several days he found organisms swarming in the gravy.  He came to the conclusion that the “little animals” came from the juice of the gravy.

e.  Lorenzo Spallenzini- an Italian scholar, read about Needham’s work.  He decided to improve upon Needham’s experiment by using 2 sets of flasks.  He boiled the gravy in both of them and then sealed one and left the other one open.  

What do you think Spallenzini observed?

Why would there be living things in the open flask and no living things in the closed flask?

                        The result was that the open jar was teeming with organisms, while the closed jar remained free of organisms.  He concluded that nonliving gravy did not produce living things.  He stated that Needham didn’t boil the contents of the flask for a long enough period of time to kill all the organisms. This experiment supported the hypothesis that new organisms are only produced by existing organisms.

f. .Louis Pasteur (1864)- was a French scientist, that finally settled the argument of spontaneous generation.  He designed a flask with a long curved neck that remained open to the air, but did not allow microorganisms to make their way through the neck into the flask.  Pasteur showed that as long as the broth was protected from microorganisms, it remained free of living things.  One year after the experiment began, Pasteur broke the neck of one of the flasks.  The broth quickly became filled with microorganisms.  He showed that living things come from other living things.   This finally disproved the theory of spontaneous generation.

I.) Heterotroph Hypothesis:  

The Heterotroph Hypothesis is an explanation for how early life forms may have developed on primitive Earth.  It is the most widely accepted theory of the origin of life, and was formulated by a small group of scientists in the 1920’s and 1930’s.  According to this theory, the conditions on the primitive Earth were much different than those on modern Earth. in terms of the make-up of the atmosphere, energy sources, and temperature.  It is thought that under those conditions, primitive heterotroph organisms that used some form of fermentation for energy arose by natural processes.  From these first organisms all other forms of life developed. 

a. Primitive Life Forms-

1. Raw Materials- primitive Earth was very hot, consisting of inorganic substances in solid, liquid, and gaseous states, having a rich supply of energy.

2. Matter- water, condensing and falling (rain), carried dissolved and atmospheric gases (ammonia, methane, water, and hydrogen) and minerals into the seas, forming a “hot, thin soup”.

3. Energy Sources- in addition to heat energy in the form of lightening, solar radiation, and radioactive materials in the rocks, provided an energy rich environment.

b. Synthesis- energy from the environment contributed to the formation of chemical bonds among the dissolved particles of the “hot, thin soup” of the seas.

What was formed by the chemical bonds? Organic molecules.

1. This type of synthesis led to formation of organic molecules such as simple sugars, amino acids, and nucleic acids.

2. Miller (1953) simulated the primitive environment in the lab, which resulted in the formation of organic compounds.

3. In time, these organic molecules interacted and formed more complex organic molecules, as demonstrated by Fox (proteins).

4. Under certain conditions, large organic molecules can form tiny bubbles called proteinoid microspheres.  These are not cells, but they have some characteristics of living things.  Several hypotheses suggest that structures similar to proteinoid microspheres might have acquired more and more characteristics of living cells. 

5. A series of experiments that simulated early conditions on the Earth have suggested that RNA may have existed before DNA.  These early small sequences of RNA, may have formed and replicated on their own.

c. Nutrition- Some of the large complex molecules formed aggregates, and probably used molecules from the sea, as “food”.  (heterotrophic nutrition).  Aggregates are non-living, surrounded by water membrane- “cogcervates”.

d. Reproduction- as the aggregates become more complex and highly organized, the ability to reproduce evolved.

II.) Heterotroph to Autotroph:

It is through these heterotrophs that a pattern of respiration evolved, which was similar to the anaerobic process of fermentation.

What did these heterotrophs add to the environment?  Co2

Some heterotrophs evolved a means of using Co2 to synthesize organic compounds.  These were called Pioneer Autotrophs.

III.) Anaerobe to Aerobe:

What did autotrophs add to the environment?  Free O2

a. Some autotrophs and heterotrophs evolved mechanisms by which they could use this O2 to derive their energy.

b. Present day organisms can be either autotrophs or heterotrophs/ anaerobic or aerobic.

In what order did the first life forms evolve?

How do you think that the origin of life occurred?

MATERIALS:

PowerPoint presentation

Notes

Overhead Transparencies

SUMMARY:

Ask students to name one scientist and describe the experiment he performed.

What is the Heterotroph Hypothesis?

What is Spontaneous Generation?

Ask students to give one fact they learned in class today?

HW:  Read textbook Chapter 1, section 2 (pg. 8-13), Chapter 17, section 2 (pg. 423-428)

