Introduction to Biochemistry Chem-527 (Spring 2009) 
…………………………………………………………………………………………………………………….
<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

HELP SESSION FRIDAY 7-9 PM 101 BROWN LAB (MAIN LECTURE ROOM)
EXAM SATURDAY 9-11 AM 101 BROWN LAB (BOTH SECTIONS)
…………………………………………………………………………………………………………………….
http://www.udel.edu/chem/thorpe/Chem527/links527.html

Instructor: 

Colin Thorpe




204 Drake Hall




Phone: 831-2689




EMail: cthorpe@udel.edu

Office Hours: 
Tuesday 3-4 PM
                                       Thursday 6- 7 PM
Lectures and out-of-class exams for sections 01o and 011 (taken from the catalog):

CHEM-527
INTRODUCTORY BIOCHEMISTRY
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CHEM 527 SECTIONS 010 AND 011 WILL BE EXAMINED ON COMMON DATES: SATURDAYS, MAR. 14 AND APR. 25 FROM 9:00 AM -11:00 AM.  NO EXCEPTIONS WILL BE MADE.
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CHEM 527 SECTIONS 010 AND 011 WILL BE EXAMINED ON COMMON DATES: SATURDAYS, MAR. 14 AND APR. 25 FROM 9:00 AM -11:00 AM.  NO EXCEPTIONS WILL BE MADE.
Examination               Date   



 % of Grade
Exam 1        

Saturday, March 14    

 
30
Exam 2

Saturday, April  25



30
Final Exam

Final’s Week




40
There will be no make-up examinations.  Medical excuses require a note from your doctor (for excused absences on Exams 1 and 2, your score on the final will be prorated to cover that 30% of your grade).     
Text:

Lehninger Principles of Biochemistry 5th Edition (Nelson, D.L. and Cox, M.M.).  Worth Publishers.  (Reading assignments also specified for the 4th edition.)
Visit the publisher’s web site at: www:worthpublishers.com/lehninger

 for useful information and links 
A tentative outline of major topics is listed here.  Please note that we cannot cover the whole of the book.  I will direct you to what I think is important as we progress.  In the past my tests usually come from, or are inspired by, material covered in class.  I anticipate that coming to class will be advantageous.
Tentative reading order

Chapters 1: 

An introduction to molecular logic, cells and biomolecules (a review of some basic chemical concepts). This is a support chapters for background and/or review.

Chapter  2: 

Water

Chapters 3-5:  
Amino acids through protein structure and function

Chapter  6:  

Enzymes

Chapter  7: 

Carbohydrates 

Chapters 10-11
Lipids and Membranes

Chapter 13 + Part II  Bioenergetics

Chapter 14/15
Glycolysis

Chapter 16

Citric acid cycle

Chapter 17

Fatty acid oxidation

Chapter 19

Oxidative phosphorylation

Chapters 20-22
Some topics in biosynthesis

Chapter 24 + 8
Genes and Chromosomes

Chapters 9

Topics in information pathways and recombinant DNA technology



Grading:  

The distribution of grades averaged over the last few years:

(A/A-) totalled 24%; (all B grades) 34%; (all Cs) 36%; (all Ds and Fs) 6%.   The average grade on the three exams was 59% (highest avg. grade was 95%).  Please consider these statistics in judging your prospects.  A part of each exam tests the application of concepts we cover in the course to material you may never have encountered.  The course is graded on the curve and, given a comparable class, we expect a similar distribution of grades.  To give you an idea what to expect a sample of exams will be included on the Website.  Note that metabolic charts will be included where appropriate.  Please also note that biochemistry is “CHEMISTRY brought to life” and there are chemistry prerequisites for this course.

Extra stuff:
 
I will regularly post a brief synopsis on the Webpage together with readings and announcements and extra material as appropriate.
Finally:

Good luck.

ANNOUNCEMENTS

<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

HELP SESSION FRIDAY 7-9 PM 101 BROWN LAB (MAIN LECTURE ROOM)

EXAM SATURDAY 9-11 AM 101 BROWN LAB (BOTH SECTIONS)
March 9, 2009:  Exam coverage will be up to and including protein purification – but NOT myoglobin (as previously suggested).  So material will be up to and including lecture material covered on Thursday March 9, 2009.
So material on Exam 1 for 2002, 2004 and 2006 has now been covered (as of March 5, 2009)
…………………………………………………………………………………………………………………………
March 5th 2009

Exam – material will probably cover into about the first half of TUESDAY’s lecture – giving you a bit of breathing room.

The material will probably cover up to and including MYOGLOBIN 

A definitive announcement on Tuesday of next week (see above for this)
…………………………………………………………………………………………………………..

March 5th 2009  

Next week we will start Myoglobin and hemoglobin 

Reading Lehninger V, 153-170
Reading Lehninger IV, 157-174
…………………………………………………..

Feb 19_09

Please note:  as requested - additional numerical calculations for practice are included here:

The questions:   PDFs\aa.pdf        

The answers:     PDFs\aa_key.pdf                      
……………………….
Wrong exam key PDFs replaced – hopefully 

………………………………………………………

Office Hours:

Tuesday 3-4 PM and   Thursday 6- 7 PM
EXAM PDFs
Green highlighted entries are some old exams.  Red .. are the keys.  Please don’t peek at the keys until you need to!  Here are some of the types of questions you may encounter. 
FIRST CHEM527 EXAM 2006F      
PDFs\exam1_chem527_06F.pdf 
FIRST CHEM527 EXAM 2006F                    PDFs\Chem527E1keyF06.pdf   
SECOND CHEM527 EXAM 2006F   
PDFs\exam2_Chem527_06F.pdf  
SECOND CHEM527 EXAM 2006F   
PDFs\CHEM 527 Second Ex_Key F06.pdf 
FINAL CHEM527 EXAM 2006F

PDFs\chem527_Final_ex_F2006.pdf 
FINAL CHEM527 EXAM 2006F

PDFs\CHEM527_06F_FinalKEY.pdf 
FIRST CHEM527 (CT) EXAM 2004
PDFs\1stFall2004.pdf 
FIRST CHEM527 (CT) EXAM 2004      PDFs\CHEM 527 First Exam F04.pdf     

SECOND CHEM527 (CT) EXAM 2004     PDFs\2ndFall2004.pdf 
SECOND CHEM527 (CT) EXAM 2004 
PDFs\CHEM 527 Second Ex_Key F04.pdf  
FINAL CHEM527 (CT) EXAM 2004          PDFs\FinalFall2004.pdf
FINAL CHEM527 (CT) EXAM 2004          PDFs\CHEM 527 Final Exam F04.pdf 
 
FIRST CHEM527 (CT) EXAM 2002         PDFs\CHEM 527 Exam 1 F02.pdf
  
FIRST CHEM527 (CT) EXAM
PDFs\CHEM 527 Exam 1 Key F02.pdf 
SECOND CHEM527 (CT) EXAM 2002    PDFs\CHEM 527 Exam 2 F02.pdf  
SECOND CHEM527 (CT) EXAM 2002    PDFs\CHEM 527 Exam 2 Key F02.pdf 
 
FINAL CHEM527 (CT) EXAM 2002       PDFs\CHEM 527 Final F02.pdf   
FINAL CHEM527 (CT) EXAM 2002         PDFs\CHEM 527 Final Key F02.pdf
 
Please note, as we have said already,  that there are chemistry pre-requisites for this course – so dust off that introductory text and remind yourself how to do basic stuff such as moles/molar/C1*V1 etc / logs / pH / stoichiometry / equilibria / kinetics / basic organic / curved arrows / bonding and etc.  

Biochemistry is bioCHEMISTRY.  A description of the Krebs cycle as a parade of chemical names is not the style of this course
< << < << > >> > >>
BRIEF SYNOPSIS OF MATERIAL COVERED IN LECTURE   
>>> Reading advisory: (for those who have the fourth edition of Lehninger (L) I will include suggested pages for both L(IV) and L(V) 

(L)V  Chapter 2  and Chapter 3 (pp. 71-85;  
or (L)IV  Chapter 2 and Chapter 3 (pp. 75-88) .    (The subsequent sections in Chapter 3  … on protein purification … will be covered a little later   Don't need them just now. 
Please note: Chapter 1 is not specifically covered – just useful background/synopsis and review from earlier classes.
<<<>>>
General introduction to the course.  Attention will be drawn to the typical grade distribution in CHEM527 taught by CT.  Please take a look at the sample exams (above) to judge the style of exams and your prospects in the course.
 
We started with water (again). Concepts polarized bond, dipole, H-bond, electrostatic bond, strength of typical covalent bond and "typical" H-bond, solvation, hydrophilic, hydrophobic, clathrates, amphipathic, surfactants, soaps, micelles, bilayers, biological membranes, monolayers, a molecular explanation of surface tension, the importance of surfactants in physiology (without surfactants breathing would be very difficult).  
 
Then we started with equilibria (again) ionization of water [remember - we need to assume basic familiarity with prerequisite materials – here equilibria such as  A ↔ B  +  C)]

We reminded you about: ion product of water and strong and weak acids/bases

We covered the Henderson Hasselbalch equation, titrations of a weak acid by a strong base, pH/titration curves, buffers, the components of the buffering capacity of biological fluids, the need for pH control, and the general effect of pH on the absorption of drugs with titrating groups. 
>>> Problems Water – titrations and buffers 
 
First exam 2006F:        
questions:  1a, b, c, e; q. 6
Final exam 2006F:        
questions: 8; 9c
 First exam 2004:         
 questions: 1a, b, c, d, e.
Final exam 2004:          
questions: 8 a, b, e.
 First exam 2002         
 questions: 1 a, b, c, d, e, f
Final exam 2002           
questions: 12 a, b 
<<<<<<
Please note:  additional numerical calculations for practice are included here:

The questions:   PDFs\aa.pdf        

The answers:     PDFs\aa_key.pdf                         
>>>>>>
Started "amino acids, peptides and proteins" section.  
READING:   
L(V) 92-106  and for the next part dealing with 3D structure of proteins  pp. 113-148        



L(V 96-111 and for the next part dealing with 3D structure of proteins  pp. 116-153 
<<>><<>>
We covered structures of amino acids – what you need to know (including 3- and 1-letter codes); ionization behavior of amino acids (including titration curves); charges on peptides and proteins; importance of amino acid sequence; invariant, conservative and non-conservative changes in homologous proteins (like a series of cytochrome c proteins from a range of different organisms).   I mentioned how the amino acid sequence of a protein might give clues to its function   – the example I gave was of the discovery of a protein from chicken egg white that was purified in the Thorpe lab by a former graduate student.  We got amino acid sequences of fragments of the protein that we prepared by digesting the protein with trypsin (we will talk about trypsin next lecture).

 

 I showed one such peptide for an example:

 

Here is its sequence (you can copy and paste as described below)

 

            SLYSPSDPLELLGADTAERRLLGSPSA

 

 

If you want to see what you can do with a peptide – interrogate  the hundreds of thousands of protein sequences in the protein sequence databases with a few key strokes  ……

 

1. Go to BLAST:                     http://www.ncbi.nlm.nih.gov/blast/Blast.cgi

 

2.  Under “Basic Blast” click protein blast  

http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?PAGE=Proteins&PROGRAM=blastp&BLAST_PROGRAMS=blastp&PAGE_TYPE    

3.  In box (“Enter accession number … or FASTA sequence)  paste the sequence: 
     SLYSPSDPLELLGADTAERRLLGSPSA

 

4.  Now click BLAST (the blue button)

 

5. the screen will tell how long it will take (depends on time of day) – usually few seconds to a minute or so ….

 

6.  then you should get a list of "significant hits"  

 

[when we did this for the very first time we realized that our obscure little project on chicken eggs was going to be relevant to human health – how about human "bone derived growth factor" – it was the first entry then you can scroll down  to find it now … about the 8th entry.
 

This should give you a feel for negotiating one of the most useful databases for protein primary structure similarities …
<<  >>  <<  >>

>>Reading:

Lehninger V  Chapter 4: pp. 113-148
Lehninger IV Chapter 4: pp. 116-153.  
Note the level of detail in lecture to judge relative importance of sections in readings.  
(also note: after this reading we will go back to address protein purification and characterization – see sections 
pp. 85-92 Lenhninger V

pp. 89-96; Lehninger IV)

On Thursday we discussed how the amino acid sequence of a protein may provide  insight into protein structure and function.  Using the example of the disulfide bond forming enzyme from chicken egg whites –we mentioned:

Recognition of other proteins with a similar sequence (and presumably 3D structure).

This similarity might imply that the two proteins [the query sequence and the sequences found in database searching (e.g. using the Blast Program discussed above)] might have the same, or a related, biological activity/function.

The sequence may contain sub-parts called domains (see later) which are independently folded.  The 3D structure of these domains may be already known from structure determination of other proteins.   (I mentioned that the egg white enzyme was found to contain two thioredoxin domains – thioredoxin proteins are often involved in oxidation reduction reactions in cells – and so that would have been a clue to check out).

Web-based computer programs can be used to quite accurately predict secondary structure of a protein.

Although still in their infancy – programs to predict tertiary structure of folded proteins (as well as their secondary structure) are getting better – although they are best suited for small proteins or domains.

Having stressed the primacy of primary structure, we discussed sequencing strategies; including disulfide bond reduction using dithiothreitol and cysteine alkylation strategies.  Enzymatic (trypsin and chymotrypsin) and chemical (CNBr) methods for fragmenting proteins into specific fragments was outlined (there are many other methods).  The need for overlaps in assembling sequences was introduced.  As an alternative, the deduction of protein sequences from DNA sequences was mentioned with the limitation that this does not provide direct evidence for post-translational modifications .  
 
 We then started a discussion of secondary structure … beginning with the planarity of peptide bonds and the existence of trans and cis peptide conformers.  We discussed:  phi and psi angles, and their representation in graphical form for various types of secondary structures (Ramachandran Plots – NOTE: I forgot to use this term in the morning section).  We dealt with disallowed regions of the plot with steric clashes.  
We covered the alpha helix and its characteristics and stability   …
More to come next week …..
 

  
>>More  Questions – the original ones posted:  
 
 Try them first before peeking at the answers:

 

[if you need exact pKs they will be provided – here you could use the front page of First exam 2004]

 

 

2006 FIRST EXAM:   Questions 3, 4, 5a, b.  Q7 a and b   

5c,d,ef,g (I, iv, v)
2006 FINAL                Questions 8   

 

 

2004 FIRST EXAM:   Questions 2, 3, 6.  Q7, a, b and f (the other parts will require a bit more context – see later)
2004 FINAL                Questions 5,   

 

2002 First exam           Questions 2, a, b, c, d; Q. 3a b; Q. 4, 5.  
2002 FINAL exam       12d
…………….
We discussed beta structure (parallel and antiparallel) and the (collagen) triple helix.  We stressed the importance of GLY in the sequence, and a genetic disease associated with a GLY-SER mutation (involving a dominant trait).  We discussed post-translational modifications in collagen (e.g. hydroxyproline and the modifications involving lysine crosslinking).

 

In a section concerning structural proteins we mentioned the archetypical ones: keratin, fibroin and collagen.  Particular emphasis was placed on keratins.  We dealt with the concept of pseudo-repeats abcdefg (with "a" and "d" being hydrophobic – helping stabilize the coiled coil); we mentioned soft and hard keratins and the correlations with cysteine (disulfide) content; we discussed the arrangement of the intermediate filaments (coiled-coils) embedded in disulfide-rich keratin associated proteins (we drew attention to the misrepresentations of hard and soft-keratins in the textbooks).  Permanent waving was mentioned as involving reversible reduction and reoxidation of disulfide bridges.  

Some additional problems: 

2006 FIRST EXAM:  Questions
5c,d,ef,g (i, iv, v); 7, 9
2004 FIRST EXAM:      Q4, 5. 7a, b, f, 
2002 FIRST EXAM:       Q6, 7b, 8
We next discussed briefly protein crystallography and solution and solid-state NMR and their utility in determining the structures of proteins.  We showed a series of overheads of the structures of proteins.  We discussed protein design principles and common structural motifs that can lead to more complex globular proteins – including bundles of helices, sheets, beta-alpha-beta structures, beta-turn-beta etc  … and how some of these can form barrels and etc.  

The concept of domain was introduced and examples of large multidomain proteins were given. 
Quaternary structure was illustrated - from the simplest dimer to the protein capsids of viral particles.  
We discussed the energetic differences between unfolded and folded protein states – 

the relative contributions of H-bonding, vDW forces, and hydrophobic and electrostatic interactions.  

Denaturation was next and the discussion included perturbants, denaturants and unfolding profiles.  Methods to studying the refolding of proteins were mentioned with the likely time-scales for refolding.  The hierarchical nature of protein folding was described and the slowest steps in folding outlined.  We mentioned that the term  "molten globule" 
We discussed protein misfolding and misfolding diseases

We mentioned protein folding for proteins with disulfide bonds – oxidative protein folding.
We then discussed the principles and logic of protein purification:

A short treatment of how to purify proteins   


Lehninger V     pp.  85-92
A short treatment of how to purify proteins   


Lehninger IV,  pp. 89-96
The general strategy of protein purification was discussed first highlighting the need for an assay for the specific protein of interest and a means to determine total protein amounts more generally.  The following protein purification techniques were covered:  ammonium sulfate precipitations (salting out); separations on basis of size (gel fitration/size exclusion chromatography and dialysis/ultrafiltration).  Next came separations on basis of charge (e.g. cation and anion exchange chromatography); and then the principles of affinity chromatography - and its more modern incarnations (e.g. involving His-tags).  We briefly mentioned hydrophobic interaction chromatography (HIC).

 

Next we discussed techniques for evaluating whether protein is pure or not:  SDS-PAGE under reducing or non-reducing conditions.  We discussed how the combination with molecular weight information from size exclusion chromatography can be used to get information about quaternary structure.  We discussed isoelectric focusing of proteins and protein mixtures and described 2D methods that can resolve complicated protein mixtures for proteomics.  Examples of how to combine SDS-PAGE data under reducing and non reducing conditions were given.  

Sample questions:

2002 First
1g; 2e, 7; 9, 10a, e, f, g  

2004 First  
7, 8, 9a, d,
2006 First
1d, 2; 8
2002 Final 
12e

2004 Final 
8c 

By now we have covered all of the material in the sample first exams ’02, ’04, ‘06 

<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>

Tuesday we will start Myoglobin and hemoglobin 

Reading Lehninger V, 153-170
Reading Lehninger IV, 157-174
<<<<<<<<<<<<<<<<<<<< >>>>>>>>>>>>>>>>>>>>>>>>

Biochemistry is “chemistry brought to life” 

