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Computer Eorner 

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 pI 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 pI value can be calculated. In this 
Corner a Pascal program is presented for the calcula- 
tion of the pI 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, Cpos, for a positively charged 
amino acid residue (arg, his or lys) or the N-terminal 
amino acid at a certain pH (pHtest) is thus calculated 
by  

Cpo s = 1/(1 + R) 

where a = 10 (pHt~<pK"') 

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

Cneg-= (2/(1 -~ a)  

The PKa' values from amino acid side chains or for 
the amino/carboxyl end can be found in literature 1. 
A net charge for every pHtest can thus be calculated 
from the number of positive and negative amino 
acids in the polypeptide. Using Newton-Raphson's  

iterative procedure it is possible to calculate the pH 
where the net charge is zero (p/). The iteration starts 
with two pHtest values (the secant method) and is re- 
peated, while the successive approximations of pI 
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 
pHtest values 1 and 14 a pI usually is generated within 
20 iterations (accuracy 0.0005). 

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

Protein pI 

Calculated Literature 

Human growth hormone (hGH) 5.3 
Asp 152 desamido hGH 5.1 
Glu 137, asp 152 desamido hGH 5.0 
20K hGH 5.6 
24K hGH (1-134 + 141-191) 

(plasmin digested hGH) 5.1 
Desialylated human 

antithrombin III* 5.3-6.0 
Thrombin, bovine 6.7 

5.22,3,5.54 
5.13 
4.93 
5.42,5.92 

< pI for hGH 6 

5.5-5.87 
5.6_7.18.* 

* pI interval calculated after assuming different degree of 
desamidation within the antithrombin III molecule. 

** Values for human thrombin. 

Derived pI 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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{ ============================ ...... = .... =============== .......... =-== } 

( Isoe lec t r [c  point determination of polypeptides } 
{ =================== . . . .  =================== . . . . .  ===================== > 

PROGRAM Iso point ;  

C~dST pRaS_arg~12,5; pKa3asp=B,9; pKaS_cys-8.3; 
pKa3_glu=4,3; pKa3_his=6.8 I pKaB_lys=10.5 i 
p K a 3 _ t y r = l O , l :  
Max chains=5; 
Max_ i te ra t ions= lOOi  
pH I= l ;  pH2=14; Accuracy=O,OOO051 

Al l  = 'a laargasnaspcy~glngluglyhis i le leulysmetpheproserthr tppt~rua 

TYPE St r3  = S t r i n g [ 3 } ;  
StrEO = S t r i n g [ 8 0 } ;  
Am inoacid ARRAY [~,,Max_chains} OF REALI 
TuPn = ARRAY [ 1 . . M a x _ i t e n a t i o n s i  OF REAL; 
N_va]ues = ARRAY [1,,20] OF REAL: 

• C values = ARRAY [i..20] OF REAL: 

VAR Name : Str80; 
Test : StP3; 

Num_arg, Num_asp, Numcys, 
Num_glu, Num_his, Num_lys, 
N u m t x r ,  Num_chains : INTEGER; 

N term, 
C_term : Aminoacid; 

Test_pH, 
Charge : Turn; 

TermN,TermC : REAL; 
Number~ N : INTEGERI 
NtermpK N values; 
CtermpK : "C_v~lues; 
Sum,Temp : REAL; 

FUNCTION Neg_charge (pKvalue : REAL; 

pH ; Turn) I REAL; 

BEGIN 
N e g _ c h a r o e : = ( e x p ( 2 . 3 0 2 6 * ( ( p H [ N i l - ( p K _ v a l u e ) l ) } /  

( l + ( e x p ( 2 i B O 2 & * ( < p H [ N ] ) - ( p K v a l u e ) } ) ) l ;  
END; {Neg_charge} 

FUNCT]~4 Poscharge ,~pK_v~lue : REAL; 
pH : Turn) : REALI 

BEGIN 
P o s _ c h a r g e : = ( l / < e x p ( 2 , 3 0 2 B * < ( ( p H I N ] ) - ( p K v a l u e > ) ) ) d l ) ) ;  

END; {Pos_charge) 

PROCEDURE Findendl 

BEGIN 
N te rmpK [ l ] : =9 .9 ;N te rmpK I2 ] : - 9 ,O iN te rmpk [3 ] : =G ,D ;N te rmpK [4 ] :=9 ,B I  
NtermpR[5]l=lO.G;NtermpK[dI:=R,l;NtermpK[TI;=R.7;NtermpKIBI:=9.8; 
NtermpK[B I :=R.2 ;N te rmpK[ lO ] :=9 ,G;Nte rmpK[ l~ i1=q .7~Nte rmpK[12 i :=9 ,0 ;  
N te rmpK[ IS ] : :9 .3 ;N te rmpK[14 i :=R.B ;N tePmpKIJS I :=10 ,& ;N te rmpK[Jd } :=9 .2 ;  
N te rmpK[ lTJ :=9 .J ;N te rmpK[18 ] :=9 .4 ;N te rmpKZ lR ] :=9 ,J iN te rmpK[2O] :=9 ,7 ;  
C te rmpK [1 ] :=2 .4 ;C te rmpK[2 i : =2 .2 ;C te rmpKtB i :=2 .1 ;C te rmpB[4 i : =2 .1 ;  
Ctermpk[5]:=i.7;CtermpK[Bi:=2.2;CtermpRI7]:=2.2;CtermpB[8]:=2,4; 
CtermpR[9]:=l.G;CtermpR[1O]:-2.3;CtermpRill]:=2.3;CtermpK[12]:=2.2; 
CtermpKI13 ] :=2 .1 ;C te rmpK[14 I :=2 ,2 iC te rmpK[15~ :=2 .0 ;C te rmpK[ j& ]~=2 .2 ;  
C te rmpK[ IZ ] :=2 .1 ;C te rmpK[1GI :=2 .4 ;C te rmpK[19 i :=2 ,2~Cte rmpKi20 i :=2 ,3 ;  
Number:=Pos{Test,All) i 
NumberI={Number+2) DIV 3; 
TermN:=NtermpK[Number]; 
TepmC:=CtermpK[Number]; 

END; (Findend) 

PROCEDURE Check<VAR I n s t r  : S t r 3 ) ;  

VAR Count : INTEGER; 

BEGIN 
FOR count :=  1 TEl 3 DB IF I rLstr ' Icount ]  IN [A . , ' Z ' ]  THEN 

Ins tp  count := CHR{ORD n ~ t r E c o u n t ] , + 3 2 ;  
END; {Check} 
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RRBCEBLIRE Input  ; 

iv'AR R : 

BEGIN 

END ; 

I I I Ma ; (  cha inE ;  

Wrrte('Name ot p r o t m i n ! p e p t l d e ;  "'i 
Readln<Name); 
Writeln; 
W r i t e l n ( ' P l e a ~ e ,  enter  the number ot charged ~mino ac~d~)I 
WrJ te ( ' a rg :  i: Readln(Num..arq}i 
N r i t e ( " a s p :  " ) ;  Readln<Nqm asp:); 
14rite<'uys: ' } ;  Rwadlrl<NUm. CyS)l 
Wrlte('o]uI ' )~ Readln(Nu~_glu); 
W r i t e ( ' h l = ;  ")i Re~dln(Numhis}~ 
W r i t e ( ' l y s ;  " ) i  Readln(Num_lys);  
Wr i t e< ' t y r . :  ")~ Readln(Num_tyr) i  
Write ln;  
Write('Number of poIzpeptlde chai~s: ' ) :  
Readln<Numchains}; 
FOR n:=l T0 Num chains DO 
BEGIN 

W r i t e ( ' C h a i n , n : 2 ,  N- termrnal  amino ac id :  ' ) ;  
Readln(Test); 
Check(Test); 
F}ndend; 
N._tePm[nil=TermN; 
Write('Chain',n:z,' C-termina l  amino ac id :  "); 
Readln{Test}; 
Check(Te~t); 
Findend; 
C termtniI=TermC~ 

END; 
{ i n p u t }  

PROCEDURE 

'JAR 

BEGIN 

END ; 

F ind charge~ 

: l.,Ma×chainsi 

SUnl:=O; 
Sum:=Sum-(Numaspl*(Neq_charge(pKa3a~p-Feot_pH)}; 
Bum:=Sum-(Num glu)*<Neg, charge(pKaS...glu,Test pH)) ;  
RumI=Bum-(Num_cys)*(Negcharqe(pKaG_cys,Te~tpH}); 
Sum:=Sum-(Num._typ}*(Negcharge(pKa3 t v r , T e s t p H ) ) ;  
~um:=~um+(NunLhiSl~(Po°.charge(pKaS_his,Test pH)l; 
Sum:=Sum+{Num ]Ys)*(Pos_charge<pKaG_lys,Test-pH)); 
RumI=Sum+(Num_arg)*(Pos._charge(pKa3_arq,TestpH)i I 
FOR i :=I  to Numchains DO 
BEGIN 

Ien, p :=(Po~_charge(N_termEi ] ,Test_pH)) ;  
Bum:=Sum+Temp; 
"Iemp:=(Neg_charge(Cterm[iI,Test_pH)); 
Sum:=Sum-Temp; 
Temp;-Sum; 

END: 
CharBe[N]:=Temp; 
{Find_charqe) 

PROCEDURE 

VAR 

BEGIN 

END i 

I t e r .a te l  

Factor ,  D i f f  ; REAL 

N:=I~ Test pHiNi:=pH1; Find charge I 
N:=2: Test pH[N]:=pH2; Find_charge; 
REPEAT 

N:=N+J; 
BEGIN 

Factor:=<(TestpH[N-Ji)-<Test pHIN-2]))/{(CharoeiN_ii)_(Charge[N_2])) ~ 
Test_pH[N]:=(Te~t_pHrN-IIi-(Charge[N-l]*Eactop); 
Find_charge; 
"remp;=(Ch~rge[N]}-(Ch~rqeEN-J])l 
Diff:-ABS(Temp); 

EhlD~ 
UNTIL ,[Diff)<=(AccuPac>,); 
Wr i te ln ;  

W r i t e l n ( ' I s c ,  e l e c t r i c  point calculated to pH= ',Test pH[Ni:5:3); 
Writeln; 
Writeln( 'Accuracv= " ,Accuracy:7:5. '  pH u n i t s " ) ;  
Write ln( 'NumbeP o4 iterations= '~N); 
{ i t e r a t e }  

BEGIN {main} 
Inputl 
Iterate; 

END. 


