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Lomputer Corner

Calculation of the isoelectric points of
polypeptides from the amino acid

composition

B. Skoog and A. Wichman
Stockholm, Sweden

The isoelectric point (p/) of a polypeptide is of prac-
tical importance in many separation procedures,
both analytical and preparative. The p/ is defined as
the pH where the net charge of the peptide is zero.
Contributing to the net charge are terminal amino
acids and charged amino acid side-chains within the
sequence. Therefore, by using the primary struc-
ture, a theoretical p/ value can be calculated. In this
Corner a Pascal program is presented for the calcula-
tion of the pl value of a known carbohydrate-free
polypeptide.

The fundamental Henderson—Hasselbach rela-
tionship:

pH = pK,’ + log (basic species/acidic species)

describes the ratio of conjugate acid and base in a so-
lution. Using this equation an ionization ratio at a
specific pH can be calculated from the pK, value.

The contribution, C,,, for a positively charged
amino acid residue (arg, his or lys) or the N-terminal
amino acid at a certain pH (pH,,,) is thus calculated
by

Cpos = V(1 + a)

where g = 10Pe?%)

In the case of a negatively charged amino acid
(asp, cys, glu or tyr) or the C-terminal amino acid the
contribution, C,,, is calculated by

Cheg = /(1 + @)

The pK,' values from amino acid side chains or for
the amino/carboxyl end can be found in literature’.
A net charge for every pH,., can thus be calculated
from the number of positive and negative amino
acids in the polypeptide. Using Newton—Raphson’s
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iterative procedure it is possible to calculate the pH
where the net charge is zero (pl). The iteration starts
with two pH,., values (the secant method) and is re-
peated, while the successive approximations of p/
converge with increasing accuracy.

The number of charged amino acids, number of
chains and their terminal amino acids are input
values from keyboard. Starting with the two extreme
pH,; values 1 and 14 a pI usually is generated within
20 iterations (accuracy 0.0005).

TABLE 1. Comparison of pI values generated by the Pascal
program and literature values.

Protein pl

Calculated Literature

Human growth hormone (h\GH) 5.3 5.2%3 5,54
Asp 152 desamido hGH 5.1 5.13
Glu 137, asp 152 desamido hGH 5.0 4.9
20K hGH 5.6 5459
24K hGH (1-134 + 141-191)
(plasmin digested hGH) 5.1 < pl for h\GH®
Desialylated human
antithrombin I11* 5.3-6.0 5.5-5.8
Thrombin, bovine 6.7 5.6-7.18 =

* pl interval calculated after assuming different degree of
desamidation within the antithrombin 111 molecule.
** Values for human thrombin.

Derived p/ values are in many cases comparable
to reported values (see Table I). Discrepancies will
arise due to, for instance, carbohydrate moieties or
modifications of amino acid residues.

The program is written in Apple LisaPascal but
will work directly on any computer with an UCSD-
Pascal compiler and with only minor changes on any
Pascal environment. Program code length is 3.6 kB.
With only minor modifications the program can also
be used to generate theoretical titration curves.
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N
g Tsoelectric point determination of polvpeptides ) FROCEDURE Inputs
i T
{ y VR n IoMax_chaine;
PROGRAM Iso_point;
BEGIN
CONST pKad_arg®12.5; pKal as .95 pKad_ . Wrirted ‘Mame of protein/peptide; ~i:
pKa3_glu=4.3; pKal3_his=é.0; pKa3_lys=10.5; ReadiniName?;
pKad_tyr=10,1; Wrotelng
Max_chains=5; Weiteln( Flease, enter the number of charged aming acide )y
Max_iterations=100}; Writed’ara: "0 ReadlniNum_argi:
pH1=1; pHz=14; Accuracy=0.00005; Wi ted” s Readln(Num_asp>;
Writel cye: ‘0 RezdiniNum_cys)y
All = “alaarpasnaspcysglnglugivhisileleulysmetpheproserthrirptyrua Weitedtglus ‘b ReadinMum _gtud;
Writed his: 7y ReadiniMum_his);
TYPE Str3 = Stringl&1; Weite! 1y R Readln(Mum 1y
Str80 = String{801; Writedts ek ReadiniNum_tyr);
Aminoacid =  ARRAY [}..Max_chainsl OF REAL; Writeln;
Turn =  ARRAY [1..Max_iterationsl OF REAL; Writel ‘Mumber of palypeptide chains: “);
N_values = ARRAY [1..201 OF REAL; ReadlniNum_ chains);
<C_values = ARRAY [1..20] OF REAL; FOR ni=t 70 Mum_chains DO
BEGIN
Write("Chain " ,n:Z," N-terminal amino acid: “hy
UAR Name i Stren; ReadiniTecty;
Test H 8tr3; CheckiTect)
Findend;
Num_arg, Num_asp, Num_cys, M_terminl:=TermN;
Num_glu, Num_his, Num_lvs, Writed“Chain,n:Z,” C-terminal aming acid: * 3
Num_tyr, Num_chaing INTEGER; Readin(Testy;
CheckiTestd;
N_term, Findend;
C_term : Aminoacid; C_termln):=TermC;
END;
Test_pH, EMD; {Input?
Charge : Turn;
TermN,TermC . REAL; PROCEDURE Find_charge:
Number, N H INTEGER;
NtermpK N_values; VAR i 1..Max _chains;
CtermpK € _valuec;
Sum, Temp REAL; BEGIN
Sum=0;
Sul Sum={Num_aspr=iNeg _charge(pKa2_asp Test_pHiog
Sui ~Sum (Num_glu)*{Neg_chargeipKa3 qlu,Test_pH));
Sul —Num_cred#(Neg rhargeipKai_cve, Test pHid;
FUNCTION Neg_charge (pK_value REAL; Sul {Mum _tyrixiNeg char getpkald tyr, Test pH)d;
oH s Turnd : REAL: Sum 1=Sum+ {Num_ h.mﬂP0= _chargedlp _hie,Teet _pH)oy
Sum+t (Num_1»5)*(Pos_charg Kal_lvs,Test_pHid;
BEGIN Sum i=Sumt (Num_arg) *(Pos_charge (pKa3_ara, Tect pHY)
Neg_charge :={exp(2,3024%{ (pRINI )~ (pK_value))))s FOR i:=1 to Num_chains DO
(14{exp(2.3028%{pHINI)~(pK_value))))); BEGIN
END; {Neg_charge? f
Neg_charge(C_termlil Test_pHid;
FUNCTION Pos_charge {pK_value : REAL;
pH : Turn) : REAL; END:
BEGIN ChargelNY:=Temp;
Pos_charger=(1 Cexp(2, 30243 { ({pHINI) -(pK_uvalue3) D413 END; {Find_charge}
END; {Pos_charge}
FROCEDURE Iterate;
PROCEDURE Findend: VAR Factor, Diff REAL ;
BEGIN . BEGIN
NtermpKI11:=%.7;NtermpKI2] =90 NtermpK{ 3] JENtermpKI 4] Test pHINI:i=pHi; Find charge:
NtermpKI51:=10.8;NtermpK[ 4] :=9. 1 ;NtermpKL 7] NtermpK{g1: Test pHINI 1=pHZ; Find_charge:
NtermpKI91:=9.2;NtermpK{10):=9,8;NtermpKI111:=9.7 ;NtermpKE 1 2) ; REPE»«T - °
NtermpK{131:=9.3;NtermpK(14] «25NtermpKI15] 0.4;NtermpKE16) 23 Ni=N+]
NtermpK[17]:=9.1;;NtermpKI 18] SAsNtermpKIL19) 3 H BEGIN
CtermpKL1 2.4;CtermpK{2]:=2,2;CtermpKI3]:=2 Factaor ect pHIN-11)~iTest pHIN-212)3./(:Char I~
CtermpKi{S 1.7;CtermpKI &) 1=2.2CtermpKI 71 . Test_pHIN {Test pHIN- IJr—\Chzrae[N 1]¥Fac::r??m Y tharseihozny
CtermpKI91:=1.8;CtermpKI101:=2.3;CtermpKl11]:=2,3;CtermpKI12] Find_charge;
CtermpK[121:=2.1;CtermpKI141:=2,2;CtermpK[{5] -2 CtermpKiié Temp:={Charge[N))~{ChargeliN-1));
CtermpKLi71:=2.1;CtermpK[183:=2.4;CtermpK{191:=2,2;CtermpKI 20 Diff:=ABS(Temp);
Number osiTest,Al1); END ¢
Number ;={Number+2) DIV 3; UNTIL (Dif4) Accuracy);
TermN termpK[Number]; Writeln;
TermC termpKINumber1; Writelni lecel ] ! H= K]
END; (Findends p i i an: ectric point calculated to ph yTest_pHIN]:S:3)
NrMeIn- Accuracy= “ Accuracy:?:S,’ pH unite g
Writeln{ Number of iterations= SN
END: {Iteratel
PROCEDURE CheckiVaR Instr : Strad;
UaR Count INTEGER;
BEGIN {main}
BEGIN Input;
FOR count:= 1 TO 3 DO IF Instrlcount] IN [“& ‘21 THEN Iterate;
Instrlcount] := CHR{ORD{Instrlcounti»+32); END.

END; {Check?



