Biotechnology Lecture 2: Chemical Components of Cells

	Reductionism (how we learn) verses Holism (how we understand)

Chemistry of life has 4 primary qualities: 

· Carbon based: tetra-valence. 

· Aqueous environment  (vs. solid/gas) 

· Extraordinary complexity of possible chemistry: function of compartmentalization and evolution. 

· Polymer is predominant form and is very diverse. Small monomeric pools (have lowest diversity) 


	


Progression of complexity

Atoms-(molecules-(monomers-( polymers-( macromolecules-( organelle( cells-( --(  /**?  tissue-( organ-( organ systems-( creature

** break is due the fact that the cell is smallest unit of life.

	Reductionism, so start with atoms: 

Generic atom diagram: 

· Electron

· Proton

· Neutron

Atomic / Molecular weight

· Ion

· Isotope 


	Draw a sodium: atom, ion, and isotope, all with the correct valence shells/ sub-atomic structures. . 




	Avogadro’s number:  6.02 x 1023 atoms/ equals a mole.  Allows for a rapid conversion from atomic weight (from periodic table) to grams (a useful measurement of weight in lab.) 


	· How many moles in 100 grams NaCl? 

· How many grams in one mole of NaHCO3? 

· How would you make 400 mls of a 0.25micromole solution of CaCl2.2H2O?

Want more practice?  See solution chemistry lab! 




Valence shell and orbital stability:  Determines the ALL IMPORTANT BOND!!

Bonds:  Occurs as a result of electron sharing along a continuum from none (i.e. no sharing) to complete (total sharing): Fig 2.6

	NONE

Ionic 


Weak in water


Small messengers/ signaling
	MODERATE

Polar Covalent

Moderate bond in water*

Oooh: very interesting
	COMPLETE

Covalent

Strong in water

Structural


* Most dynamic of bond types.

Draw examples: show electrons, degree of sharing and charges. 

	
	
	


Critical Thinking Question:: Why is there such a difference between ionic and covalent bond strengths in water vs. vacuum? (Table 2.1) 

	Covalent strength issues:  

· Length of bond (function of attractions between constituents) 

· Number of bonds: Function of valence 

      Shell requirements. 

· Bond strengths, function of both of aforementioned and quantum effects

· Note strength implies control (via enzymes, more later..) 


	Examples of range….


Some thoughts on functional groups and the worksheet1

1. Functional Groups: Separate Handout:  Alcohols: Hydroxyl  Aldehyde and Keytone : Carbonyl   Carboxylic Acids: Carboxyl    Esters,   C-----H bonds,  Aromatics, Conjugations,  Amines, Amides, Phosphates.. 

and a few others pgs 66-67.

2.  Complete the table: Functional group drawing, nature of bond(s), organic macromolecule (OMM) where found, solubility/unique property/etc…

3.  Example:  Alcohol: R---OH,  Polar covalent O---H bond,  common in many OMMs, most abundant in sugars,  makes compounds soluble, have caloric value, (only partially oxidized.) 

	Water Molecules: 
The chemistry of water is central to the chemistry of life (recall  of the original 4 chemistry of life requirement, it is # 2, probably should be listed as # 1) 

Draw complete water molecule to the right.  Show bond, partial charges and valence shells (nuclei detail not needed)

Terms: hydrophobic, hydrophilic, solvent, solute, N---H,  O---H
	


pH: a fundamental feature of biology/water…

	pH review: 

H2O <----(OH- and H+  Equilibrium idea, 

pH= -log 10 [H+]]

Acid: Less than 7, 

Base: Greater than 7

Each unit is factor of ten. 

Basic and Acidic can be relative: 

For instance: a pH of 5 is more basic than a pH of 3, even though both are acids….

Note: see separate handout on pH problems/terminology. 
	4-5 questions….




	pH significance: As a function of pH,  a substance may change charge as a function of H+ conc. COO- vs. COOH as a function of pH.  (e.g.: @ pH 2.5 COOH,  pH 5.6 COO-)   soooo.  At lower pH the substance would not be attracted to a cationic resin and at higher pH it would. 
	Diagram two columns at pH 2.5 and 5.6: 




Note:  In situ, pH shifts are typically very mild, but sufficient to effect changes (along with micro-environments.)  In vitro, can shift drastically to manipulate and create very novel chemical environments. 

Define: In Situ: 

In Vitro:

Microenvironment: 

Molecules in Cells

· Broadly speaking:  Carbon based 100-1000 is average molecular weight  of monomers whose characteristics include:  functional groups, elemental ratios/types, etc.  

· Most diversity is found in form of polymers with ephemeral pool of monomers and a unifying pathway (intermediary metabolism/acetyl S-Co A). 

· Hydrolysis/Condensation, Anabolism/Catabolism, Positive/Negative Delta G. 

Link these into two catagories under the headings of Digestion and Synthesis. 

Digestion




Synthesis

Four broad categories of organic macromolecules: 

	1. Sugars and Polysacharides: Pgs 72-73
· CxH2xOx

· Functional groups: alcohol is primary one…

· Diversity function of Keytone vs. aldehyde, isomer, rings, alpha and beta.

· Function: energy, storage, structural, cell/cell recognition 

· Biotech significance: Antigens, agars/cellulose, signals


	


	2. Fatty acids: Triacyles, and cyclic compounds 

· CxHxO<<x 

· Functional group: C----H, PO4 and acids, amphipathic

· Function: membranes (amphipathic), energy, hormonal

· Biotechnological significance: food science, interface chemistry, micelles
	

	3. Amino Acids/Proteins:pg 74-75

· CHON     NH2—C---COOH:  with side chain..

· Functional groups: Carboxyl and Amine(in synthesis) Side groups: as a protein/very eclectic and important to function.

· Function: energy, structure, enzymes, hormones, antibodies, carriers, chaperones, channels, signaling, 

· Lottery, 620 and protein diversity. 

· Biotech significance: enormous.. Amgen…454 million/kg Erythropoeitin.


	


	4. Nucleic Acids: Pg 76-77 

Empirical Formula: CHONP

Functional group PO4-- :in energy and sequence of bases in code…

Function: energy, signaling, coding of information

AT  CG   CUT pyrimidines 6 ring   GA 6 and 5 ring DNA three rings wide.

Biotech significance: monomers: energy, signaling, cofactor and as a polymer

Polymerization control: CRUCIAL AS DETAIL IS IN THE SEQUENCES..

43
	


Central Dogma of Biology…… (Viral Exception of Course…) 

· DNA-(RNA-( Protein look easy on paper, but detail is in the protein folding. 

· Protein:  Conformation oscillation until most stable form is achieved with consideration via: covalent AA. sequence, polar covalent, ion attraction, H bonding, Van der Waals forces and hydrophobic expulsion all influence structure….. Pg 78 -79

· In space below, diagram a polypeptide and show all six forces as they will relate to determining protein folding…

· I recommend you use a legend and take other liberties with your diagram (see lecture notes for ideas.)
