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Atom Name 
Symbol 
Color 
Valence Number 
Carbon 
C 
Gray lightly or Black
4 
Hydrogen 
H 
White 
1 
Oxygen 
O 
Red 
2 (donor acceptor ligand up to 4)
Nitrogen 
N 
Bluish 
3 + 1 (donor acceptor ligand up to 4) 
Sulfur 
S 
Yellow 
-2 , +6 
Phosphor 
P 
Yellow Intensive dark 
5 ( & 3 ) 
Sodium ion 
Na+ 
Blue 
+1 (coordination up to 6) 
Magnesium ion 
Mg2+ 
Green 
+2 (coordination up to 6) 
Calcium ion 
Ca2+ 
Gray Dark 
+2 (coordination up to 6) 
Iron ion 
Fe2+ 
Yellow Gray
+2 (coordination up to 6) 
Iron ion 
Fe3+ 
Yellow Gray 
+3 (coordination up to 6) 
	the CPK color scheme 1965 
Nature Journal 
publication of scientists 

Corey, Pauling, Koltun

for atomic modeling 

Protein Backbone is Cα trace 
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Polypeptide of Amino Acids
Side chains: Hydrophobic
Polar pH=7.36
Acidic-COO‑ negative
Basic–NH3+ positive


B Close RasMol application and get back the ISIS structural representation of Folder "Heme" The Heme molecule. Investigate HEMdabigs.tgf as formula and try to print it. Close ISIS Draw program! 

C. To investigate the Myoglobin molecule open the "MyoGlobOxDeoxCoBiliverdin" instead "Heme". Following click direct on the link will open that. 

Open the file "1MBODeOxyLopez.kin" by KineMAGE and should be lunched this Lopez represented Myoglobin molecule with adsorbed oxygen Oxy (O=O):

Do the Notes on Your Report Paper HEMdabigs.tgf of this Practical to investigate Myoglobin Molecule: 
1. How many helixes (secondary 2° structure forms) make up Myoglobin molecule call it and into which one structure kind they are lying? Find the N-terminal and C-terminal amino acids and call them! What is the number of amino acids on Myoglobin polymer chain starting with N-terminus and finishing with C-terminus?
2. Where is adsorbed oxygen O2 molecule on Myoglobin? 

3. Which proximal histidine (His__) with N atom touch to heme iron Fe2+ by donor acceptor-bond and call it? 
Which distal histidine (His__) at N atom is protonated with H+ ion at deoxy state and call it? Do account coordination number=      of iron Fe2+ ion in myoglobin molecule bound to numbers= N…..& =O…..atoms? 
4. What 29 amino acids compose the Heme site pocket into tertiary 3° structure of Myoglobin molecule? 
            List these 29 amino acids with depicted order numbers on the polymer polypeptide chain of Myoglobin! 
Ox-Red system analyze shows       O2       + 4 H3O+ +   4 e-    
 EMBED "ISISServer" \* mergeformat  

  6 H2O , 

                                                                present          absent    present                   absent   

Ox-Red system has high power of oxidation with well known standard potential Eo = 1.219 V for oxygen O2. 
5. How many free delocalized electrons e- are present into Heme structure n=         ?

6. Which one component(present) involving into oxidation prevents these kind pocket properties (absence of?)? 
7. Which place in life body is safe and against what reactions safe for storage of listed molecular components? 

8. Lunch the oxydeoxy.avi file in MyoGlobOxDeoxCoBiliverdin and describe oxy↔deoxy oxygen adsorption desorption equilibrium dependence on oxygen solution concentration [O2]=6•10-5M. 

D. Open the folder "HbOxDeoxCO" and click on "2HCOProTour8.kin" will be lunched KineMAGE application of representation for Human Hemoglobin investigation for Hb structure conformation change:

THE PROTEIN TOURIST #8 - THE T- R, DEOXY-OXY TRANSITION IN HUMAN HEMOGLOBIN

Read, sea and let to understand of given problem from description on 4 pages 
that You have, try to investigate on given interactive structure presentations 3HHB and 2HCO. 
Answer on given questions! 

1. How menu quaternary 4° structure subunits has Hemoglobin molecule to name it’s?

2. What means Tense state of hemoglobin?             3. What means Relax state? 

4. What means cavity of hemoglobin molecule? 
	+H4+deoxyT ↔
oxyR +4H+ +BPG5-!

	Draw compound BPG5-  which regulate [O2] concentration sensitive equilibrium shift to turn transition oxy R(deoxy T at lowered concentration below [O2]=6•10-5M in blood plasma because of BPG5- squeeze in to cavity desorbs 4O2. Draw the structural formula of 2,3 DiPhosphoGlycerate5- - left and explain equilibrium for 4O2 oxygen molecule adsorption in lungs on to venous blood deoxy Hb to turn it to arterial blood oxy Hb and reverse 4O2 desorption in tissues to make venous blood hemoglobin deoxy Hb.


At the lungs fresh air 20,95% adsobtion 4O2 on Hb↔ Tissues cells consume desorbing 4O2 from Hb4O2 oxygen  in exoergic oxidation reactions Equilibrium lungs ([+4+2•-1]=+2 + -1)= +1 ↔ (+2+4 + -5)=+1 tissues Homeostasis oxygen concentration is [O2]=6•10-5M and for glycerate [BPG5]=5mM. Oxygen 4 O2 adsorption on deoxy hemoglobin HbT in lungs from inspired fresh air but after in tissues cells concentration [O2]  decreases below <6•10-5 the BPG5- squeezes in to cavity-oxygen O2 desorbing from oxy HbR(O2)4. Lung↔tissue Homeostasis O2 adsorbtion on deoxy HbT equilibrium important is to form oxy HbR(O2)4 as released four 4 protons H+ shift equilibrium promoting the respiration out CO2( after breath in oxygen O2 air adsorbing on hemoglobin oxy HbR(O2)4 +4H+→ + 4CO2(:

4O2+ (H+His63,58)4betaVal1(NH4+PO42-)2HbTG-↔(His63,58)4Arg+His+betaVal1(NH4+)2HbR(O2)4+4H++BPG5-
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cell surface 
H2CO3+ Q=H2O +CO2(
	4H+ concentration increase in lungs? That shifts bicarbonate HCO3‑ transport through membrane with CO2 breezing out. As it shows blood buffer system physiological mechanism study for transport of protons H+ and bicarbonate HCO3‑ ions crossing membrane channels on alveolar epithelia cell surface. 
How does work Le Chatelier’s principles in equilibrium of oxygen O2 inspiration and breeze out CO2 in Homeostasis.  


H+ +HCO3‑+ Q endothermic reaction 
[image: image11.wmf]H2O +CO2( initial concentration increase elevate CO2(output. 

1) heating + Q shifts equilibrium right side → ; 
2) hydrogen H+ ion concentration (acidity) increase shifts equilibrium right side → Hb adsorbed O2 yield H+;
3) bicarbonate HCO3‑ concentration increase shifts equilibrium right side →.  
5. Where hems lay and how many hems has hemoglobin molecule? 
6. What is the maximum adsorbed oxygen molecules O2 into hemoglobin molecule and what the main sense where occur the hemoglobin molecules in animal bodies? 
7. Which proximal histidines of beta, alpha subunits touch to iron Fe2+ by donor acceptor-bond and call it?! 
  Which distal histidines of beta, alpha subunits are protonated with H+ ion at deoxy state and call it?!
Quit-Close the program MAGE.   Close the movie! 

8. Open "tetramer.avi" to lunch the movie player and observe Tense state and Relax state in the movie - 
the relax and tense state conformation change! Explain relax and tense state conformation change! 
E. Lunch the FireFox and choose lunch professor Eric Marz tutorial Hemoglobin at Massachusetts University prepared in Riga Stradin’s University: http://aris.gusc.lv/ChemFiles/hemoglobEricMarzUMas/INDEX.htm 
Hemoglobin molecules. Check out Your got remarks on questions by the MAGE program above! 
1. What kind of intermolecular bonds don't have hemoglobin molecule? 

    Are known 5 units of intermolecular bonds in Biochemistry – 1.Hydrogen, 2.Hydrophobic, 3.Salt bridges, 
     4.Sulfur -S-S- disulfide bridges                   and                                     5.Coordinative donor-acceptor bonds 
2. How many helixes (secondary 2° structure forms) make up Hemoglobin molecule β (beta) 
 
subunit, call its and call into which one structure kind they are lying ?

3. http://aris.gusc.lv/06Daugavpils/Research/Amineac20.doc;Call 20 amino acids using three letter and one letter abbreviations? Which are simplest and largest amino acid mass g/mol?!!
	1       Gly
	- G
	5       Ile
	- I
	  9     Met
	- M
	13     Gln
	- Q
	17     Phe
	- F

	2       Ala
	- A
	6       Ser
	- S
	10     Asp
	- D
	14     Arg
	- R
	18     Tyr
	- Y

	3       Val
	- V
	7       Thr
	- T
	11     Asn
	- N
	15     Lys
	- K
	19     Trp
	- W

	4       Leu
	- L
	8       Cys
	- C
	12     Glu
	- E
	16     His
	- H
	20     Pro
	- P


simplest is glycine Gly – G 75,0666.........................., tryptophan Trp – W 204,225...........................
4. How are made backbone of polypeptide sequence chains and which atom of amino acid is responsible for backbone trace formation?      Point four αCarbons of Amino Acids and Draw Backbone trace on given tetra
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	peptide molecular model picture! Write the tetra Peptide chain sequence using three letter Amino Acid names

starting from N-terminus and

finishing with C-terminus!

H3N+-Lys1-Ala2-Ile3-Thr4........

.-COO-
                                                                                                                                                                                                                                                                         Call terminus

N-terminus& C-terminus amino acid!

N-terminus Amino Acid: Lysine 1
C-terminus Amino Acid: Threonine 4...


Draw inside frame-boxes 
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 three peptide bonds for given tetra peptide molecular model picture!

4. What kind of intermolecular bonds make up the helix (secondary 2°) structure of proteins?
5. Whichever seven amino acid residues make up the hydrophobic property of given protein chain? 
Check and call them! :                                                                       
6. Whichever seven amino acid residues make up the hydrophilic property of given protein chain?
Check and call them!:                                                                        
7. Into which one kind of pocket is placed heme hydrophilic or hydrophobic? Are there present 

                water H2O, Hydroxonium ions H3O+, oxygen O2, free (delocalized) electrons 34e-? 

8. Whichever amino acids cause the sickle cell anemia, to call them and 
show its position number on the β protein chain? 
9. What kind of intermolecular bonds bind hemoglobin molecule subunits α1, β1, β2 and α2 
tightly together and ten of them perform conformation change between Relax to Tense state after entrance in to cavity 2,3-bisphosphoglycerate anion? Known 5 units of intermolecular bonds in Biochemistry-Hydrogen, Hydrophobic, Salt bridge, sulfur -S-S- disulfide bridge, coordinative donor-acceptor bond 
10. Complete the practical report for Hromoproteins and show it for teacher!
Good  by  till  next investigations  opportunities ! 
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