Computationd Biology 03-310, Spring 2006 R. F. Murphy

Problem C1
Modeling Acid-Base Equilibria
Due: April 4,2006

In this assignment you will make amodd of the ng charge on an amino acid by consdeing thepK's of its
ionizable groupsand entering appropriate equaionsinto a spreadsheet program. Consde theaminoacid
lysing, which has three ionizable groups the carbaxyl group (with apK of 2.2), theaphaamino group (with a
pK of 9.2), and the epslon amino group (with apK of 10.8). Startingfrom avery low pH (e.g., pH 1) at which

thefully protonated form (H;LyS**) would bethe main species, we can identify the major species produced
as each grouploses a proton: first the carboxyl (yielding H,LYy S*), then thea phaamino group (yielding

HLys), andfindly the epslon amino group(yielding LyS"). For any ionizable group theratio of the base and
acid forms at any pH can befoundusng the Henderson-Hasselbd ch equdion:

- H-pK
(B"1/[HB]=10""P%)
If only thefour species listed aboveare consdered to be present (but see extra credit question 10 bdow!), the
ratiosof their coneentrationscan befoundusng this equaion:

[HZ LyS+++] _ 10(PH—PK1)
[H3L)’S ]

[HI—yS] _ 1O(pH—pKz)
[H,Lys"]

'$' [Lys ]?/0= 10(PH! PK)
#HLys]&
The sum of the concentrationsof these four speciesis thetotal concentraion of lysine
Lyspy, =[H;Lys™ " 1+[H,Lys" |+[HLys]+[Lys]
This can be conveted so tha only [H;LYyS*™*] and theratiosaboveremain by first dividing throughby
[H;Lys*™*] and expanding each ratiq
+ _
LySTot - [H3LyS++]< 1+ [HZLyS++] + [HLyi-]+ + [Lys -J+
[HyLys™] [H,Lys""] [HsLys""]

-

[HzLys+] N [ HLys] [HZLyS+] \
[H3Lys++] [HzLys+] [H3Lys++]

Lysg,, = [H3Lys++]< .
[Lys"1|( [HLys] \( [H,Lys"]

[HLys])\[ HyLys" 1)\ [H;Lys""]
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Once [H;Lys™*] isfoundby solving this equaion, the concentrationsof the other species can befoundin
orde by usgng the Hendeson-Hasselbach ratios

By the method outlined above we can find thefraction of thetotal lysine present tha isin each charged form,
and also determinethetotal chargeof all the species. The spreadshest bdow shows onemethodfor doing this.

A B | C D E

lonization
1 |of Lysine
2
3 pH= 7
4
5 pK1= 2.2 Carboxyl [H2Lys]/[H3Lys]= =10A(B3-B5)
6 pK2= 9.2 Alpha amino [HLys]/[H2Lys]= =10A(B3-B6)
7 pK3= 10.8 Epsilon amino [Lys]/[HLys]= =10A(B3-B7)
8

Charge Contribution to total

9 lonic Form on form Mole Fraction of form charge
10 H3Lys 2 =1/(1+E5+EG*ES+E7*E6*E5) =B10*C10
11 H2Lys 1 =C10*E5 =B11*C11
12 HLys O =E6*C11 =B12*C12
13 Lys -1 =E7*C12 =B13*C13
14
15 Total Charge =SUM(D10:D13)

Questions (T otal of 40 points)

1. Congruct themodd shown above What isthemaor ionic form of lysineat pH 7? Hand in written
answer .

2. Theisodectric point (pl) of amoleculeis defined as tha pH at which the sum of thechargeonall ionic
formsis zero. Use God Seek to find theisodectric point of lysine (to thenearest tenth of a pH unit) by
varying thepH in themodd (cell B3) urtil theTotal Chargereaches zero. Important: start your god seek
fromapH valueof 7. Hand in written answer.

3. Wha isthemajorionic form at thispH? Hand in written answer.

4. Modify themodd so tha it appliesto tyrogne for which pK1is2.2, pK2is9.1, and pK3is 10.9 (theionic

formsare H, Tyr*, H, Tyr, HTyr, and Tyr ). UseapH valueof 7. Submit a copy of the spreadsheet

file (see below).

Wha isthemajor ionic form at thispH? Hand in written answer .

Use God Seek to findthepl of tyrogneto 4 decimal places. Important: start your god seek from apH

valueof 7. Hand in written answer .

7. Reorganize themodd for tyrogne so tha it can calculate values of thetotal charge for more than onepH
value (hint: put all calculationson a single row and then copy that row to create new rows for other pH
values). Create oneentry for every integer pH valuefrom 1 through14. Generate a plot of total charge
versuspH. Submit a copy of the spreadshest file.

8. Add Namesfor thepKsand pH values to your spreadshest. Submit a copy of the spreadsheet file.

oo
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Extra credit

9. (10points) Modify your spreadsheet to consder al eight possible ionic forms of lysine Submit a copy of
the spreadsheet file.

10. (10 points) (Youmug do question 10first.) Generate a 3D surface plot of Total Chargeas afundionof pK,
and pH ugng your spreadsheet from question 10. Let both pH and pK3 vary from 2 to 12 in increments of
2. Submit a copy of the spreadsheet file.

Submitting files via Blackboard
«  Name your spreadsheet files according to thefollowing format: OhtnameC1Q#.2??Owhere # isthe
question number and ???shows thefiletype(e.g., .xIsfor Excel). An example would be
MurphyC1Q8.xls.
« You can also submit the written answerson paper or in aWord document. If youusea Word

document, namethisfile with your lag namefollowed by " Cl.doc"' (e.g., MurphyC1l.doc). You till
need to electronically submit the spreadsheet files separately.
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