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Synthesis of Carbonic Anhydrase CA indispensable Attractor.

Carbonic Anhydrase reactivity and generate Physiologic buffer solutions total equilibrium value pH=7.36
as Self-Organization Attractors. In reaction CO,+2H,0 products (COzaqua) H3O*+HCO3™ accumulate free energy
content Guzo++1c03-=8.38 /mort60 /ma is indispensable for functional activity of bicarbonate buffer system on
the planet Earth for perfect reactions order in homeostasis complex processes.

CO: no reaction with water H,O at absence of CA. CO; is small soluble and slow react with OH".
Solubility CO344s tH20+AG<=>C1aquat+Q product constant: Kpcoraqua=[CO2aqual/[ CO2g4s]/[H20]=0.034 is
unfavored but exothermic AHpess=AHc024-AH® co2¢a5=-20.3 /imol.

AGipc02aqua=-ReTeIn(Kpcoraqua)=-8.3144*298.15*In(0.03397)/1000=8.3845 */5,o1 minimum.
Air 0.04 % mol fraction [CO1g,]=0.0004 dissolute concentration is:
[COzaqual=Kspcozaqua*[H20T*[CO2445]=0.03397%55.3457*0.0004=0.0007512 M.

Carbon dioxide CO2aqua react with OH times 10'*** slower about neutralization reaction:
H;0"+HCO3=>C02,qut2H,0+AG+Q, jo neitralizacijas atruma konstante ir k,=5,17%¥10'® M %s!, bet reakcija
ar OH" joniem: COzyquar OH'=>HCO; atruma konstante ir kion=1,5*10*> M ?s"'. Eksotermiska reakcija Q:
AHHeSS=AH°Hco3-AH°coz-AH°0H=-48,68 kJ/mol. Keq0H=KeqCA/KH20=2,906* 10/\('1 1)/3,26/10/\('18)= 9180981 ,6

vion=K10n*[CO2aqua] *[OH J=Kk101*0,0076* 10" ¢=k65*0,00000000178;
vicos=Kkuco3*[HCO3]=Kkuco3*0,0154=
Keqon=Keqca/Kizo =[HCO371/[CO2aqua]/[OHT=2,993%10711/3,26/10"N =Kk on/Kkncos=9180981,6.
HCO3=>CO14quatOH+AG+Q decomposition reaction: kncos=1,5%10"%/9180981,6=0,000016338 M 's™';
Keqor=9180981,6 > Kuomeostasison=HCO3)/[CO24qua]/[OH]=0,0154/0,0076/10"***=8643848

[HCO;1[H,0" [HCO;][H 0"
~[coy] aqua.[[o3H-]_][H3o+]= [co; aqua.[Kizo.][HzoF: Keqon=Keqea/Kio=2,993*107(11)/3,26/1019= 9180981,6;

Reaction with OH- ions is tims 10° slower about CA carbonic anhydrase velocity constant.
CA carbonic anhydrase protolysis reactivity functional activate bicarbonate buffer self-organizing with
attraktor pH=7,36 generate concentration gradients H3O*, HCO3", CO24qu. for transport and osmosis. ]

CA karbo anhidraze liela atruma protolizé reagét CO2zaqua ar divam tidens molekulam:
CO2qua2H,0+AGHQ=vI2>H;0*+HCO5, kura atruma konstante ir: Kicozaqua=1,5%108 M's™!. P!
Neutralization H3;O"+HCO3 <=“2>C014qu2H20 atruma konstante ir reizes 10'°* lielaka par karbo anhidrazes

atruma konstanti: Ka/Kicozaqua=5,17*10"%/1,5/108=10""". Keqca=K1cozaqua’ka=1,5%10"8/1017187=2 993% 011Dy
Keqon=kion/k.=1,5/10%/5,17%10"8=10"¢",
CA protolizes Iidzsvara konstanti aprékina atruma konstanSu attiecibas izteiksme:
Keqcancozaqua=Kicozaqua/Ka= [HCO;]aqua-[H30°] =Ka co2aqua/[H2017=107-%12/55 32=2 993*10'",
[C O2] aqua'[H20] 2
Bikarbonata bufera sisteémas skabes protolizes konstante pKa co2aqua=7,0512 ir draudziga pH vértibai 7,36:
Ka cozaqua=Keqcancosaqua*[H201*= [HCO; Jaqua-[H307] — 107:0512=1 ()-pKa_CO2aqua
[C 02] aqua
Originala pKa cozaqua=7,0512 vértiba iegtita un aprekinata BUFERA $kidumam. [

Neutralization: H3O™+HCO;<=>C0.qu.72H-0 ir inversa protolizei un lallalvéliga: [C O] aqua’ [H20]2

KequitralizacijaHCOSaquazI/KeqCA=1/2,993/1 07'=33412482242= [ H Coé]aqua-[H;;OJr]

Hesa brivas energijas izmaina ir eksoergiska: AGuess=2AG°u20+AG°c02-AG°H30-AG°Hc03=-102 /im0l un
entalpijas Hesa izmaina ir eksotermiska: AHpess=2AH n20+AHC co2-AH H30-AH nc05=-7,2 /ol .
Neutralization isr favored reaction. Brivas energijas izmainas minimums izteiksme ir negativs:
AGeqneitrlizacijatcosaqua=-RoTeIn(Keqeitralizacijaticosaqua)=-8,3144*298,15%In(33412482242)/1000=-60 /1.
CO24qua protolizes minimums ir pozitivs: AGeqcancozaqua=-ReTeIn(Keqca Hc03aqua)=60 /imol.



AGmin= '60| kJ/mol é,

A+B 50 % C+2D
Reactant H;O"™+HCO3"

products COzaquat2H20.

A Figure 2. Exothermic and exoergic neutralization Hess Free energy change

AGequutralization l’legaﬁVe -102 kJ/ mol, but minimizes AGmin=AGequutralization='60 kJ/ mol
reaching equilibrium mixture: KeqNeutralization=34459000000 at presence of CA

Carbonic Anhydrase. Carbon dioxide reaction with hydroxide anions is slow

because of small factorials: velocity and concentrations kion=1.5*10* M%s™",

[CO2qua]=0.0007512 M, [OH]=10"*%* M. Carbonic Anhydrase synthesis solve

for bioenergetic perfect order homeostasis as Self-Organization Attractor. B4



pH=7.36 multipurpose Self-Organization Attractor creates positive and negative
charged groups R-COO", R-NH;", HP O, R-PO.*, HCO; as free and linked
in R molecules: amino acids, proteins, nucleic acids, carbohydrates, coenzymes.

Buffer systems in the Life organism trend to Self-Organization Attractor pH value 7.36. Each of dominate
buffer system have 7.36 friendly maximum (Figure 3. and 4.) of the buffer capacity: dihydrogen phosphate
pKa n2r04=7.199 " and Carbonic Anhydrase create protolysis calculate constant: pK, coraqua=7.0512. !

Table 2. ¥ Proteins as long chain polypeptides and free amino acids with four type acid groups constitute 47
values for classic acid constants. In three forms pKa-coon, pKa-nms+, pKargroup:
for deprotonate carboxylate negative anion R-COO",
for protonate positive charged ammonium cation R-NH3",
neutral phenolic acid Tyr—OH and Cys-SH neutral sulthydryl groups.

Amino Acid pKacoon pKanis: pKargroup 20 amino acids four type protolysis groups
Isoleucine 236 968 classic 47 acids constant pK, values:
Valine 232 9.62 1. R-COOH<=>R-COO +H", 22 values of groups 47,
Leucine 2.36 9.60 2. R-NH;3'<=>R-NHy+ H* 22+1=23 values of groups 47,
Phenylalanine 1.83 9.13 3. Tyr-phenol-OH<=>Tyr-phenolate-O~ +H";

Cysteine 1.96 10.28 8.18 4. Cysteine-SH<=>Cysteine-5 +H" one group.

Methionine 2.28 9.21 Biochemical environment Self-Organization Attractor

ﬁrlgﬁ;r;e ?33 196.6996 pH=7.36 creates molecules functional activity as charged groups:
Glycine 234 9.60 carboxylate R-COO™ and ammonium R-NH;".
Threonine 2.11 9.62 Maximal carboxylate pKa-coonvalue smaller about 7.36=pH:
Serine 2.21 9.15 pKa-coon=4.25< including fatty acids too 4.9<7.36 and
Tryptophan 2.38 9.39 smallest ammonium pK,.nu3+ value grater about 7.36<9.04=pK.nu3+.
Tyrosine 2.20 9.11 10.07 NpK. number of parallel protolytic equilibria
Histidine 1.82 9.17 6.00 average mean pKa mean value is calculated as:
Aspartate 1.88 9.60 3.65 PKa mean=(ZpKargroup+ ZpKanmz +EpKacoon)/NpKa .
Glutamate 2.19 9.67 4.25 Ostwald’s dilution law calculates the pH of solution
éfpflragine g(l)% g?g at concentration C logarithm:

utamine . . _
Lysine 218 895 1053 pH= PRa_mean ~logC ,
Arginine 217 9.04 1248 2

Shuttle hemoglobin stabilized multipurpose Self-Organization Attractor pH=7.36.

Hemoglobin in tissue desorbs oxygen Ozaqua for exchange to HCOs  and H™ but in lungs releases HCOs™ and H*
due to adsorption of oxygen O2aqua. [ Exchange equilibrium depends on oxygen concentration in arterial 6-107
M and venous 0.426-10° M according actual hemoglobin sensitive equilibrium to oxygen concentration in blood:
(6] Osaqua(HHis63,58)Hbr...salt bridges...(HCO;)+H,O<=>Hbr(0>)+H3;0*+HCOs
arterial concentration [Q24qua]=6-10° M ,

fraction [(H")Hbr...salt bridges...(HCO;)]=0.04 , fraction [Hbg(0-)]=0.96, 6]
venous concentration [2,qua]=0.426-10° M ,
fraction [(H")Hbr...salt bridges...(HCO;)]=0.37, fraction [Hbr(0,)]=0.63. [
In one blood circulation organism consume 0.96-0.63=0.33 fraction of oxygen from arterial saturated fraction
0.96=[Hbgr(0,)]. %! Stabilized Norma concentrations [HCO3]=0.0154 M, [CO14qua]=0.0076 M sustain
Self-Organization Attractor pH=7.36.
Henderson Haselbalh expression for Brensted protolysis calculates Attractor value 7.36:
HCO;
pH=pK.tlog [&Taqil' =7.0512+10g(0.0154 M/0.0076 M)=7.36.

Self-Organization Attractor 7.36 creates functional activity of molecules with charged groups negative ,
positive: HPO4*, HCO;~, R-COO", R-NH;*, R-PO4* as free and linked in molecules R: amino acids, proteins,
nucleic acids, carbohydrates, coenzymes. 11" and 12" pages: BUFFER solution. [




ﬂ , eq.mmol/L
a0

Proteins buffer s A =
have silence region i // ¥
from pH=6 to 7.36 . i PN \\
23 thousand protein 120 / \\ // \\
total buffer solution o / . 7 !
concentration is . y \\ /’ \\ -
Cbuffer:3 mM Muscle ;g // R-COO- -\\ // R—NH3+ \VJ <
cytosol proteins 50 1 i\ | -
the B.uffer. capacity at ;g X 7
physiologic pH=7.36 is 5 N
B=40mM 1o
30'3 %=40/132*100 % " 1 2 3 4 5 4] 7 8 9 10 11 12 13
B, camly Attractor pH=7.36 pH
Total phosphate e \
buffer systems
concentration
[Hz O4+HHPO4*] HPO.
in muscle cells
cytosol is 0,05
Cbufferzo. 155 M
The Buffer capacity at
physiologic pH=7.36 is
B =80 mM
66.6 %=80/132*100 % 0
1 2 3 4 5 6 7 8 9 10 11 12 13
B, caml Attractor pH=7.36 pH
Total bicarbonate %92
buffer system
concentration
[CO2aqua+H[HCO37] COzaqus HCO;
is
Couer=0.023 M. o |~ \
The Buffer capacity at |
physiologic pH=7.36 is
B =12 mM
9.1 %=12/132*100 %
0 -
1 2 3 4 5 6 7 8 9 10 1 12 13
Total Buffer capacity Bsum=40+80+12=132 cammel/, Attractor pH=7.36 pH

Figure 3. Cytosol muscle cells. Buffer capacities versus pH values from 1 to 13. Actual buffer capacity at
Attractor pH=7.36 for two dominate phosphate , bicarbonate and total protein made buffer capacity sum.

proteins + phosphate +  bicarbonate ,
at pH=7.36: proteins +([H2P Q4 +[HP 04> ) H[CO2aqua] H[HCO5)),
total buffer capacity: 100% = 30.3 % + 66.6 % + 9.1 %;

Buffer capacity is acid Anac or base Any, equivalent mols/ in one Liter changing pH per one unit ApH==1.
Three type buffer systems create multipurpose Self-Organized Attractor pH=7.36 for perfect homeostasis
order with charged groups as free and linked in molecules R.
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Figure 4. Extra Cellular space Blood plasma. Buffer capacities versus pH values from 1 to 13. Actual buffer
capacity at Attractor pH=7.36 for two dominate phosphate , bicarbonate and total protein made buffer capacity

sum. proteins +  phosphate + bicarbonate ,
at pH=7.36: proteins +([H2P Q4 +[HP 04> ) H[CO2aqua ] H[HCO5)),
total buffer capacity: 100 % =46.15 % + 7.7 % + 46.15 %;

Buffer capacity is acid Ana. or base Anp equivalent mols/ in one Liter changing pH per one
unit ApH=+1. Three type buffer systems create multipurpose Self-Organized Attractor pH=7.36 for perfect
homeostasis order with charged groups as free and linked in molecules R .

11" and 12" pages: BUFFER solution. [!!
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