Chapter 1- “Scientifc thinking”
What is science?
· An intellectual activity encompassing observation, description(prediction), experimentation and explanation of a natural phenomenon. 
What is Pseudoscience?
Scientific sounding claims that are not supported by a good scientific experiment. 

Scientific thinking is empirical which means
· Based on experiences and observations that are 
· 1. Rational	
· 2. Testable
· 3. Repeatable 

Scientific method steps: (5)
1. OBSERVATION
2.  HYPOTHESIS
3. PREDICTION 
4. CRITICAL EXPERIMENT
5. CONCLUSION/ REVISIONS.
Ex: Hypothesis: Echinecea reduces symptoms of common cold. 
Group 1: given treatment
Group 2: (control) Placebo, not given treatment
Randomly devided. 
Elements common to most experiences:
1. Treatment
2. Experimental group
3. Control group
4. Variables




Experimental design: 

1. Open- Label:  The experimental subjects know that they are receiving the treatment. Conclusions are less reliable.

2. Blind: The experimental subjects do not know which treatment (if any) they are receiving


3. Double blind: Neither the experimental subjects nor the experimenter knows which treatment the subject is receiving.

4. Randomized:  The subjects are randomly assigned into experimental and control groups.

Experiments must be _______ and ________.  (reproducible and repeatable).
Hypothesis vs Theory: 
A hypothesis is a proposed explanation for a phenomenon. 
 a good hypothesis leads to testable predictions. 
A theory is a hypothesis for natural phenomena that is exceptionally well-supported by the data. 
 a hypothesis that has withstood the test of time and is unlikely to be altered by any new evidence.
Cell Theory: 
“All organisms are composed of cells and all cells come from pre-existing cells”
Evolution Theory: 
“Species change over time and are all related to each other through common ancestry”
How can we reduce bias? 
CAREFUL CONTROLS.
VARIABLES: 
Independent Variables 
 A measurable entity that is present at the start of the experiment 
•  Dependent Variables  is the measured result of an experiment. 




The scientific method does not provide: 
 Value judgments 
 Subjective information 
 Moral statements 
 Solution to ethical problems
 Chapter 2- 	“Chemistry” 
Cells- Basic unit of all life 
Molecules are made by_________ (combining atoms)
Atom is the basic unit___ (of matter)
Organization of life:
1.Atom
2.Molecule
3.Cell
4.Tissue
5.Organ
6.Organ system
7. Organism
Structure of a cell is created by different molecules(combined atoms). 
Different kinds of atoms: 
Elements:  Atoms of same kind in particular arrangement (Carbon, copper) 
Molecules: Two atom of same kind in particular arrangement (Hydrogen, Nitrogen)
Molecules:  Two or more atoms of different kind in particular arrangement (Sugar, H2O)
Ions: Two or more ions of different kind in a particular arrangement. (Sodium chloride)
Atomic number = the number of protons. 
• Normally, the number of electrons is the same as the number of protons. 
Atomic number of hydrogen is 1. 
Hydrogen atom has 
 - one proton 
 - one electron  (no neutrons) 


Isotopes: Atoms with same atomic number( same number of protons) but different atomic mass
Radioactive Atoms: A few atomic nuclei are unstable and break down spontaneously.
They release at a constant rate, a tiny high speed particle carrying a lot of energy 
4 elements found in human body: 
Oxygen (65%)
Carbon(18.5%)
Hydrogen(9.5%)
Nitrogen(3%)
 Hydrogen has 1 proton, 1 electron, 0 neutrons. 
Carbon has 6 protons, 6 electrons, 6 neutrons
Nitrogen has 7 protons, 7 electrons, 7 neutrons.
Oxygen: 8 protons, 8 electrons, 8 neutrons. 
Electronic shells:
An atom can have up to 7 shells total. 
First shell:  can carry 2 electrons
Second shell: can carry 8 electrons
Third shell:  can carry 18 electrons. 
Vacancy: an available or empty spot on a shell causing it to be unbalanced. (Only when have vacancy do atoms bond with other atoms… usually)
Ions: charged atoms. 
An atom that gives = positively charged
An atom that takes= negitavely charged
Atoms can bond together to form molecules or compounds. (joined by chemical bonds, ex: 2 Hydrogen + Oxygen= H2O)
Types of chemical bonds: 
Covalent Bond(strongest): A strong bond formed when atoms share electrons in order to become more stable, forming a molecule.
Ionic Bond(weaker): An attraction between two opposite charged ions forming a compound (opposites attract)
Hydrogen Bond(weakest): An attraction between the slightly positively charged hydrogen atom of one molecule and the slightly negatively charged atom of another. 
Types of chemical bonds possible depends on the number of electrons on the most outer shell. (Most likely to bond if the shell is not full)
Polar vs. non polar covalent bond:
The greater the electronegativity difference, the more ionic the bond is. Bonds that are partly ionic are called polarcovalent bonds. Nonpolar covalent bonds, with equal sharing of the bond electrons, arise when the electronegativities of the two atoms are equal.
POLAR: 
Unequal pull between atoms creates small charges. 
 • Water molecule is made with polar covalent bonds.
A molecule’s shape gives ita unique characteristic. 
· Shape determines function: taste,smell
The properties of a molecule such as how the molecule tastes or smells, or its likelihood of bonding with other molecules depends upon 
•  the shape in which the atoms are linked together 
•  the electrons in their outermost shells.

Water Molecules:
2 hydrogen atoms and 1 Oxygen atom are joined  by a polar covalent bond to form a water molecule
Many water molecules= formed by hydrogen bond
Polar-covalent = found WITHIN a water molecule while a Hydrogen bond= found BETWEEN.
4 Properties of water: 
1. Low density as a solid- frozen water( molecules further apart) 
2. Cohesion- hydrogen bonds make water cohesive(molecules stick together).
3. Large heat capacity
4. Good solvent 
Water is a good solvent for molecules with charges. 
  Ions (such as salt) 
  Polar molecules (such as sugar) These molecules are said to be hydrophilic (hydro=water, philic= like), as they interact with water molecules. 
• Water repels non-polar molecules such as oil. 
•  Non-polar molecules are hydrophobic (hydro=water,  phobic=dislike) 

Ionization of water 
· = water can break up simultaneously into ions: OH AND H+.
· Pure water contains and equal amount of OH and H+. 
· The amount of H+ in a solution is a measure of its acidity (PH)
· Living systems are sensitive to acidic substances.

The PH scale:
Acids vs. Bases
Acids: fluids with greater proportion of H+ ions than OH ions. (ex:  Battery acid, soda, Beer, coffee) 
· Strong acids are corrosive to metals
· Acids break down food in your digestive tract
· Acids are generally sour in taste

Bases:  fluids with greater proportion of OH ions than H+ ions.
· Strong bases are caustic(able to burn) to skin. 
· Bases found in many household cleaners.
· Bases are usually bitter and soapy.

PH of water =7 (Neutral) 
Acids are 6 and less on the PH scale
Bases are 8 + on the PH scale 
 
Carbon and Biological Molecules

· Living organisms are mainly made of organic molecules (molecules containing carbon) 
• Carbon atom can form stable bonds with 4 other atoms creating infinite possibilities to create new molecules. (4 vacancies in outermost shell) 
4 major classes of biological organic molecules:
1. Carbohydrates: sugar, starch
2. Protein: enzymes
3. Lipid: fat
4. Nucleic acids: DNA and RNA
Macromolecules: 
• Macromolecules are made from smaller units called monomers. 
• Monomers are sometimes called “building blocks”. 
• Monomer units are combined to make polymer. 


Carbohydrates: 

· Made of primary elements C,H,O 
· Primary fuel for organisms
· Make up Cell structure
· Starch= polymer, monomer unit for starch= glucose
· Glucose molecules are covalently joined to create starch 
Cellular respiration: chemical bonds being broken down to release energy
· Excess of glucose = fat 
Complex carbohydrates are time-released packets of energy 
1.  Monosaccharides (Simple sugars) 
•  Glucose 
•  Galactose 
•  Fructose 
2.  Disaccharides 
•  Sucrose 
•  lactose 
•  mannose 
3.  Polysaccharides 
•  starch 
•  Cellulose 
•  Chitin 
•  glycogen

Depending on structure, dietary carbohydrates can lead to quick but brief or slow but persistent increases in blood sugar. 

• Glycogen is a complex carbohydrate made with glucose. 
• Glycogen is made in animal body and used as short-term energy storage.


Lipids 
Lipids are macromolecules with several functions, including energy storage. 
•  Lipids are insoluble in water (hydrophobic) 

· Greasy to touch
· Significant source of energy storage

Fats: long-term energy storage and insulation

Sterols: Regulate growth and development 

Phospholipids: Form the membrane that encloses cells. 

Fat molecules contain much more stored energy than carbohydrate molecules.
 
Saturated and Unsaturated Fats 
• Depends on the number of bonds in the hydrocarbon chain in a fatty acid 
• Health considerations 

Sterols
·    Steroid hormones: regulate sexual development, estrogen influences memory and  mood, testosterone stimulates muscle growth.  
· Cholesterol: Important component of cell membrane in animals. Can attach to vessel walls and cause heart attacks. 
Phospholipids
• Phospholipids are the major component of the cell membrane. 
• Waxes are strongly hydrophobic.
 
Proteins are versatile macromolecules that serve as building blocks. 

· Unique combinations of 20 amino acids give rise to proteins, the chief building blocks of physical structures that make up all organisms. 
        • Proteins perform countless functions. 

Proteins are an essential dietary component. 
•  Growth, repair and replacement

Essential amino acids cannot be made by the body  must come from food. 
The nine essential amino acids are: 
1.  histidine, 
2.  isoleucine, 
3.  leucine, 
4.  lysine, 
5.  methionine, 
6.  phenylalanine, 
7.  threonine, 
8.  tryptophan, 
9.  valine

Peptide bond: A peptide bond is a chemical bond formed between two molecules when the carboxyl group of one molecule reacts with the amino group of the other molecule, releasing a molecule of water (H2O). This is a dehydration synthesis reaction (also known as a condensation reaction), and usually occurs between amino acids. 

Primary structure of proteins: sequenced amino acids in a polypeptide chain, similar to the sequence of letters that spell out a specific word. 


Denaturation is When a protein's shape is deformed by factors such as temperature and pH etc. , the protein usually loses its ability to function.

Proteins as enzymes…
Enzymes help facilitate chemical reactions (ex: the enzyme lactase breaks down the milk sugar lactose into 2 simple sugars that can be broken down for energy.)

“Misspelled proteins” 
· Incorrect sequence of amino acids 
Active site disruptions 
  Eg., Phenylketonuria in the absence of proper functioning of phenylalanine hydroxylase. 

Nucleic acids are macromolecules that store information. RNA and DNA are the present nucleic acids
Two types of nucleic acids: DNA AND DNA
DNA is the long term-stable hard copy which transcribes into RNA which is the unstable short term copy. RNA is rapidly degraded outside nucleus.
· DNA holds the genetic information to build an organism.
· DNA is like a ladder in which the long vertical element of the ladder is made from a sequence of sugar-phosphate molecules and rungs are nucleotide bases.

RNA is a universal translator, reading DNA and directing protein production. 

· RNA structure: The sugar molecule in the backbone contains an extra molecule of OXYGEN. RNA only has one sugar-phosphate backbone while DNA has 2. Instead of thymine , RNA has a similar base called uracil. 

· 
Chapter 4
The cell is the smallest unit of life. It is surrounded by the plasma membrane. 
Plant leaf- multiple cells
Salmonella- single cell
Eggs are the largest single cell in nature.
Cell theory-  All living organism are made up of one or more cells. All cells arise from pre-existing cells.
Organisms are made of cells 
•  Unicellular organisms: 
¤ An individual is made of only one cell. Can be seen only using a microscope. 
 Example: bacteria 
 
•  Multicellular organisms: ¤ An individual is made of multiple cells. Normally large. Some are microscopic. 
 Example: human 

Eukaryote vs Prokaryote:
Eukaryote: 
· DNA in nucleus
· Internal structures organized into compartments.
· Larger
· Cytoplasm contains organelles.

Prokaryote:
· No nucleus- DNA in cytoplasm
· Internal structures not divided into compartments.
· Much smaller
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All cells contain: 
1. Plasma membrane separate cell contents from environment. 
2. Cytoplasm cell contents in thick fluid, consisting of: ¤ Organelles, DNA etc. ¤ Cytosol (only fluid portion) 
3. DNA genetic information 
4. Ribosomes organelle for protein synthesis 

Symbiosis refers to a situation where two organisms co-exist and benefit from each other. 
• Endosymbiotic theory: Theory that explains the origin of bacteria-like organelles (mitochondrion and 
chloroplast) 
• Bacteria-like organelles are derived from bacteria-like organisms. 
• The ancestors of mitochondrion and chloroplast were engulfed by the ancestor of eukaryotic organisms.
Plasma membrane 
Functions: 
· Holds cell in place
· Takes in food and nutrients
· Aids in building and exporting molecules
· Allows interaction with environment and neighbour cells.

Phospholipid bilayer: 
Hydrophillic head and hydrophobic tail. 

FAULTY MEMBRANES CAN CAUSE DISEASE: 

•  The plasma membrane is a fluid mosaic of proteins, lipids and carbohydrates. 
•  Proteins found in the plasma membrane enable it to carry out most of its gatekeeping functions. 
•  The proteins function as receptors, help molecules gain entry into and out of the cell, and catalyze reactions on the inner and outer cell surfaces. 
•  Carbohydrates and plasma proteins identify the cell to other cells. 
•  Phospholipids make up the majority of plasma membranes, while cholesterol influences membrane fluidity. 

Beta blocker chemicals: Letting in hormones (ex: prescription for anxiety to stop adrenaline from crossing)

Two methods of entry 
•  Molecules can pass across the plasma membrane either through 
1.  Membrane lipids 
 This process is known as simple diffusion. 
2.  Transport proteins 

Molecule movement across the plasma membrane 
1. Passive Transport 
¤  No energy required 
2. Active Transport 
¤  Energy required 
3. Endocytosis and Exocytosis
 
Passive transport (from higher concentration to lower)
No energy required 
• Move according to gradient 
•  differences in concentration/ pressure/ charge 
• Molecules move to equalize gradient 


Three Types of Passive Transport 
A. Diffusion 
B. Facilitated diffusion 
C. Osmosis 

A. If there is differences in concentration (this is known as concentration gradient), solutes move from the high concentration area to the low concentration area to equalize the concentration.

B. Most molecules cannot get through plasma membranes on their own. •  Carrier molecules  ¤ transport proteins. Diffusion is FACILITATED by the help of carrier molecules.

C. Osmosis is the spontaneous net movement of solvent molecules through a semi-permeable membrane into a region of higher solute concentration, in the direction that tends to equalize the solute concentrations on the two sides. 
Hypertonic: Solute concentration in the environment is higher than in the cell. 
Hypotonic:  Solute concentration in environment is lower than in the cell. 

Tonicity = the relative concentration of solutes outside of the cell relative to inside the cell 
1.  Hypertonic 
2.  Hypotonic 
3.  Isotonic 
(Osmosis is the passive diffusion of water across the membrane. )

Active transport 

· Proteins assist the movement of ions and other molecules. 
•  Molecules move against the concentration gradient. 
•  Requires energy 


Endocytosis 
•  Plasma membrane surrounds material 
•  Edges of membrane meet 
•  Membranes fuse to form vesicle 
•  Types of endocytosis 
¤  Phagocytosis – cell eating 
¤  Pinocytosis – cell drinking

Exocytosis 
• Reverse of endocytosis 
• Cell discharges (secretes) materials into the surrounding. 


Connection between cells 

1. Tight junction: water seal tight- like caucking
2. Desmosomes: Act like Velcro and fasten cells together
3. Gap junction:  Act like secret passageways and allow materials to pass between cells

The nucleus is the cell’s genetic control center.
Control center- It directs most cellular activities by controlling which molecules are produced and in what quantity they are produced (transcription). 
•  Nucleolus- site of ribosome assembly. 
•  Chromatin- DNA and protein. 
•  Nuclear membrane- 2 bilayers with pores 
Mitochondria
• Site of cellular respiration: Break down glucose and generate ATP 
¤ ATP is an energy currency in living organisms. 
•  Mitochondria may have existed as separate single-celled, bacteria―like organisms billions of 
years ago. (Endosymbiosis) 
•  Mitochondria have their own DNA!
Lysosomes
Act as flowing disposal for cells, digesting and recycling cellular waste products and consumed material.
Rough ER
Modifies proteins that will be shipped to other locations in the Endomembrane system, the cell surface or out the cell. Rough ER is covered in ribosomes.
Smooth ER
Synthesizes lipids such as fatty acids, phospholipids and steroids. Detoxifies molecules such as drugs and alcohol and metabolic waste products. 
Gogli Apparitus
Processes and packages proteins, lipids and other molecules for export to other locations in or outside of cell. Uses transport vesicles. 
Transport vesicle buds from the 
smooth or rough ER. 

Endomembrane system at work 
1.Transport vesicle fuses with Golgi apparatus, dumping contents inside. 
2 Golgi apparatus modifies the molecules as they move through its successive chambers. 
3 Modified molecules bud off from the Golgi apparatus as a transport vesicle. 
4 Vesicle may fuse with the plasma membrane, dumping contents outside the cell for delivery 
elsewhere in the organism.
Plant cell wall
Provides cell with structural strength. Increases water resistance in cell. Provides protection from insects and other animals that might eat plant part. 
Vacuoles:  multipurpose storage sacs for cells.
FUNCTIONS 
• Stores nutrients 
• Retains and degrades waste products 
• Accumulates poisonous materials 
• Contains pigments, enabling plants to attract birds and insects that help the plant reproduce 
• Provides physical support
Chloroplasts:
SITE OF PHOTOSYNTHESIS

What happens if by mistake a patient is given distilled water (mineral free) intravenously ?
It will engulf the cell and it will explode.  Red blood cells can burst. 
Plasma membrane is the Gate keeper of the cell…Comment!
Chapter 5 ``Dna and gene expression`
Two Important Features of DNA 
(1) DNA contains the instructions on how to create a body and control its growth and development. 
 (2) The instructions encoded in the DNA molecule are passed down from parent to offspring.
The structure of DNA: Nucleotides 
• DNA is composed of nucleotides. ¤ Each nucleotide consists of a sugar, a phosphate, and a 
base. 
• Nucleotides have one of four bases:  ¤ Adenine (A), Thymine (T), Guanine (G), Cytosine (C) 
• There are two strands of DNA that are held together by base pairing (hydrogen bonding) between the bases of each strand. 
¤ The complementary base pairing rule: 
· A always pairs with T 
· C always pairs with G 

What is a chromosome? 
•  A chromosome consists of a unique DNA molecule wrapped around proteins
Genome: An organism`s complete set of DNA. In eukaryotes, found in nucleus. 
Chromosomes: One or more unique piece of DNA. Humans = 23 pairs. 
Gene:  Specific sequence of DNA that consists of all the info. Needed to produce all or part of protein molecule. 
If DNA were a dictionary, genes would correspond to word entries in the DNA. 
¤  Meaning of the word is determined by the alphabet sequence. 
•  If DNA were a playlist in your MP3 player, genes would correspond to songs in the playlist. 
¤  Tune of the song is determined by the note sequence. 

Prokaryotes- DNA found in cytoplasm. 
Allele: alternate versions of the same gene. 
•  Different alleles are created by different DNA sequences 
•  Individuals carry two alleles: one inherited from the mother and the other from the father.
The genotype of an organism is the genetic make-up of that organism (instruction book)
The phenotype is the physical attributes of the organism, including observed and nonobserved characteristics. Influenced by genotype +environment. 
Genes are organized into two parts :

•  Regulatory sequences determine when and how much protein a gene makes. 
•  Coding sequences determine the amino acid sequence of the encoded protein.
Structure of a gene: 
The beginning is marked with the promoter sequence and the end is marked with the terminator sequence.
Controlling Gene Expression Transcription factors: proteins that bind to specific regulatory sites on the DNA 
• They can have a  “positive control”  OR “negative control”
Gene expression has two main steps: 
1. Transcription 
2. Translation
Transcription 
1. RNA polymerase recognizes and binds to the promoter sequence. 
2. RNA polymerase synthesizes RNA using DNA as the template. 
3. RNA polymerase is released when it reaches the terminator sequence.
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