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lonization of amino acids



Why do amino acids get ionized?

H
carboxylgroup [ 4 ‘ H 1 aminogroup
N\ |
negativecharge /C —Ep —— W - positivecharge
I
acid (proton & R - base (proton
donor) acceptor)

-Positive and negative charge cancel each other



/witterion and isoelectric point

@ At physiological pH, amino acids (without ionizable groups) are electrically
neutral.

¥ Zwitterion: a molecule with two opposite charges and a net charge of zero.
Amino acids generally in their

physiological PH are H H -4
zwitterion/zwitterionic form 3

a Zwittenon



Effect of pH

Isoelectric zwitterion
doctor supposed 2.34 =2, 9.69=9
COOH H COO~ H COO™
HN —C—H = J >H,N —C—H = L _, H,N—C—H
pK, =234 pK, =9.69
R I:;Z(')SX;TngILapfor R This is the Pka for R

-When PH is very low (Lower than 2 this
number indicates to the pka of carboxyl
group not the pka of amino acid ),
carboxyl group and amino group will be
protonated so carboxyl group will be
neutral and amino group will have
positive charge , why?

PH low that means we have high
concentration of protons for both
(carboxyl group and amino group)

amino group

-When PH =2, 50% of carboxy!
group is protonated and 50%
unprotonated and amino
group 100% in protonated form

-When PH is higher than 2 and less
than 9, the carboxyl group will start
losing it’s proton so it's going to be
unprotonated ( negative charge) for
that the amino acid will be in it's
zwitterioic form because the total net
charge is zero now, and amino group
mainly will be protonated (positive
charge)
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Effect of pH

Isoelectric zwitterion
COOH H COO~ H COO~
; J ; J
H3N _C_H < >H3N _C_H < > HQN_C_H
pK, =2.34 pK, =9.69
R R R
Amino acid can function as buffers while they
-When PH =9, 50% of amino -When PH is higher than 9, have pka and can donate or loss proton , but
group is protonated/acidic form amino group will start losing  the question what is the buffering capacity /
and 50% unprotonated/ it's proton so it will be buffering range for them?
conjugated base form and unprotonated and carboxyl First one. (when Pka=2) the range is 1-3, the
carboxyl group 100% group ( negative charge) , the  midpointis 2 Second one. (Pka=9) the
unprotonated total charge now is -1 range is 8-10, the midpointis 9, they have

two buffering capacity

Outside the range, amino acid
can’'t act as buffer 6



Concentration ——

\ Twitterionic form

Recall , It represents the Pka for the
carboxyl group so 50% protonated

carboxyl group

Both groups
protonated

carboxyl group and 50% unprotonated

0 -Ii HzM o

N

Both groups
deprotonated

Recall , It represents the Pka for
the amino group so 50%
protonated amino group and 50%
unprotonated amino group

EL\ 10 12 14

eventually when pH be at 8 , the amino

Isoelectric witterion
?OOH i ?00' i c|oo-
HN —C—H J SN —C—H A HN—C—H
| K2 | K= |

R \ R
eventually when PH be As we increase the

very high , both groups PH more than 2 , this

i 0
will bo 100% form (2) will increase
unprotonated form :
because the reaction
goes to the right and
(1) will decrease

Remember when PH =2, 50%
will be in form (1) and 50% will
be in form (2) , when PH = 9,
50% will be in form (2)and 50%
will be in form (3)

group will start losing it’s proton so it will be -

unprotonated and it will lose it's charge



Example 1 (alanine)

1.Alanine have two ionized groups ( amino group and carboxy!
group) , when the equivalent of the strong base is zero and the
solution is acidic,100% of alanine’s groups will be protonated so

12+ oK, the carboxyl group (no charge) and amino group (positive
N .\_\ :\ (l:H3 charge) so total charge is +1
Midpointof  Hal ~CH—000° 5 A5 we are adding the strong base ,the solution is becoming
s | amine gipp o) more and more alkaline( or we can said less Acidic) and PH is
Plas : CH increasing of course so we will reach to the buffering range of
§ | ® | 3 Carboxyl group (1-3) therefore the amino acid will start buffering/
—— H;N—CH—C00™ (gsjstance the change of PH
ok, : (zwitterion)
= % : CH, 3. Now we are out of the carboxyl range , note that the
" Midpoint of | ® | change of PH become dramatic because | don’t have
carboxyl gfou H3N_C.H_C00H buffering
| . {cation)

1 1 ]
0 05 o 15 20
Equivalents of OH©

If you want to know how buffering

Is the amino acid here will be 100% in happens go to the next slide

zwitterionic form? No , Although in this
region | don’t have buffering , the
conjugated base doesn’t present 100%

because | still have the acidic form ,may the Someone asked the doctor if we can
ratio between the conjugated base and acid consider zwitterion as amphoteric (act as
be 100:1 acid and base) , doctor mamoon said :

“it's possible according to the def8inition”



If we want to apply it in the Henderson-

_ Hasselbalch Equation
When we add strong base , the protons in the

solution will decrease and therefore the reaction [C oninoate bﬂSB] We are looki

: : . . — e are looking
will go to the rlghF dlrectlon,why? Because the q = pK + lo JUg {0 the group
carboxyl group will make releasing and a

L

. not the Amino
compensation for the protons that we lost so the x [WEHI{ ac1d] acids
PH will slowly increase , that's how buffering For
takes place. carboxyl
group



Example 1 (alanine)

At pH=9, the total carboxylic group is
unprotonated , so it has a full -1

The isoelectric point is
the pH when the
molecule has charged
groups, but the net
charge is zero,

charge , and 50% of the amino group

is protonated and 50% is

unprotonated, so it has +1/2 charge .

The net charge is -1/2

At pH=2 , most amino groups are
protonated , with +1 charge , while 50% of
the carboxylic groups is protonated , and
50% is unprotonated , (the charge of the

carboxylic group is -1/2).

The net charge is +1/2 , and it’s not the

isoelectric point.

= CH,

f
H,N—CH— C00®
(anion)

CH,
@ | o
H,N— CH—C00

I {zwilterion)
;
1 CH3
| ® |
! H,N—CH—COOH
AtpH=1, the ) / (cation)
total charge is +1 0 ' : r—
, SO it’s not the 0 0.5 1.0 1.5 20
isoelectric point. Equivalents of oH®

pK, + log [conjugate base]

pH =
[weak acid]

pKa? It's the pH when 50% of the group (not the molecule) like
amino group or carboxylic group is protonated , and 50% is
unprotonated. (50% in the acidic form , and 50% in the
conjugate base form).

Here, in the zwitterionic form , most of
the amino groups if not all are
positively charged, and most of the
carboxylic groups if not all are
negatively charged, so we have
reached the isoelectric point .

At this point , there is no buffering ,
because we're outside the buffering
range , but the amino groups will start
loosing their own protons.

The point when the
maximal concentration
of the amino acid is
neutral is about 5.5

10



Isoelectric Point

@ The isoelectric point or pl is the pH where the net charge of a molecules
such as an amino acid or protein is zero.

For the nonpolar and polar amino acids with two pKa’'s, the isoelectric

point is calculated by taking the average of the pKa’s of the carboxyl group
and the amino group.

RLSRA L
2

pl
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lonization of side chains

-7 of the 20 amino acids have ionizable side chains near
physiological pH.

-These amino acids are tyrosine, cysteine, arginine, lysine,
histidine, and aspartic and glutamic acids.

-Each side chain has its own pKa values for ionization of the side
chains.



pl of amino acids

_ Amino Acid Side Chain
Memorise all oK. (approx.

Arginine 12.5 10.8
Aspartic Acid 4.0 3.0
Cysteine 3.0 5.0
Glutamic Acid 4.1 ~4 3.2
Histidine 6.0 7.5
Lysine 11.0 10
Tyrosine 10.0 95->55

Let’s consider pKa of -NH, =9 and pKa of —=COOH = 2 for all
amino acids



Example: Glutamate

50%

Not zwitterionic pH=2 protonated pH=4 pH=9
50% |
COOH Alpha carbon coo- / nprorenatee COO‘ Eﬂna;?zonated C|OO'
| +
HsN— Cﬂ/ —cln HsN—CH " [H,N —CH
‘f"’ iy g I
K K K
(|5H2 PA, C|H2 PAR CH, PA> ?Hz
COOH COOH CO0~ COO
K‘ 50% protonated
R group

Net charge =+1

@ To calculate the
isoelectric point of Glu,
the pKa’s of the two
carboxyl groups are
averaged.

* pKaof COOH =2
* pKa of NH3=9
» pKa of Glutamate =4

50% unprotonated

Two buffering capacities
for the R group and the
carboxylic group, and
between them the
Isoelectric point.

10}

Amino group charge:
Protonated=+1
Unprotonated=no charge
Carboxylic group charge:
Protonated=no charge
Unprotonated=-1

2.0
(eauivalents)

1.0
OH-

13.0



Also:

At pH=6, R group is predominantly
unprotonated , carboxylic group is
unprotonated , amino group is
protonated (we’re still under pKa for
amino group -which is 9- and since
pH is less than it's pKa , it will be
protonated.

The net charge =-1

10+ GlU"C

At pH=3, carboxylic group is
mainly unprotonated, we’re 8 A
out it’s buffering range , the
amino group is protonated ,
the R group is still protonated

because we're at pH less 6r i
than it's pKa. H

The total net charge is zero,

so we’re in the zwitteronic e e e s e s e d

form.

Low pH and no
addition of a strong
base, all groups are

protonated , the net 0 ‘liO 21.0 3.0
h is + .
Fhargete OH™~ (equivalents)

- ——_——————————————————
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pKa values of the groups are
changeable according to the

| it's a very important amino acid because the pKa of its groups is .
environment.

H i St i d i n e close to the physiological pH. Its really important in buffering the
blood, cells, etc.

. . ll -1 NH*
_~ .
@ pl =~7.5 (The imidazole group .
/_((,Hg—(l.—(,OO
. ° l‘—) - ; —
can be uncharged or positively HNNH H N NH,
charged near neutral pH) 10 Ky=9.2 T
. i PR3 =9. =
g P pl NyNH H
8-
pH \ NH;
: : : =i CHy—CH—-COO"
Note that the pKa’s of the side chains are 5 =60 \/=<\HZ
. . . . Q.- NN
different when amino acids are part of proteins. g
PN < NH;
protonated NH3+ (+1) pH=4 pH=7.5 PRy =122 CH —(l‘—(‘OOH
protonated R groups (+1) protonated NH3+ (+1) protonated NH3+ (+1) 21 = i
protonated COOH (no unprotonated COOH (-1) unprotonated COOH (-1) / HN & NH H
charge) protonated R groups (+1) unprotonated R group (no charge) 0
. . . I I I I
Zwitterionic form 0 1.0 2.0 3.0 4.0
+2 net charge +1 net charge 0 net charge -1 net charge Moles of OH™ per mole of amino acid
pkK, = 1.82 ”‘{&,_(:_” pK, = 6.0 ”“&,_(:_“ pK,=9.17 HN—C —H we have 3 buffering -
e . : S — = ranges , the isoelectric
CH, CH, pointis 7.5
T ZNT
/ .. ..
H H

Isoelectric zwitterion



Questions
@ Draw the titration curve of histidine.

0 What is the ratio of conjugate base/acid of glutamate at pH 4.5?

o What is the total charge of lysine at pH 77

17



What do you need to know?

ne names of amino acids
ne special structural features of amino acids
neir abbreviations or designations

ne uncommon amino acids, their precursor and function (if any)

e © © © ©
- 4 o4 o -

ne pKa of groups
@ not exact numbers, but which ones are acidic, basic, or near
neutral

18



For any feedback, scan the code or click on

It.

Corrections from previous

varcinnc:

VeI IOITVITO.

Versions Slide # and Place of Error Before Correction After Correction
slide 8 , in the first point so the carboxyl group (positive so the carboxyl group (no charge)
charge) and amino group (no and amino group (positive
V1> V2 charge) so total charge is +1 charge) so total charge is +1
Slide 6 Pka=9 they have two buffering
capacity
. 55
V2 S V3 Slide 13 pl of Tyrosine 9.5 (the true number)

(the number in the original slides)

The doctor said we shall fix it as it
is a mistake in the original sildes



https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97

Additional Resources:

Ll Conid ULty (Guat g

1. e Marks' Basic s gl ) Ly & sai
Medical (ad s 1 il 13
Biochemistry Lol sl ol (g (3

qﬁéghﬁﬂ\ﬂmtﬁhﬂdﬁ
LY W g Gaay aaa g

AL Glils s Baladl
815 ,Y) g Blall 3la

20



	Slide 1: Introduction to Biochemistry and Molecular Biology
	Slide 2
	Slide 3: Why do amino acids get ionized?
	Slide 4: Zwitterion and isoelectric point
	Slide 5: Effect of pH
	Slide 6: Effect of pH
	Slide 7
	Slide 8: Example 1 (alanine)
	Slide 9: If we want to apply it in the Henderson-  Hasselbalch Equation
	Slide 10: Example 1 (alanine)
	Slide 11: Isoelectric Point
	Slide 12: Ionization of side chains
	Slide 13: pI of amino acids
	Slide 14: Example: Glutamate
	Slide 15: Also:
	Slide 16: Histidine
	Slide 17: Questions
	Slide 18: What do you need to know?
	Slide 19: For any feedback, scan the code or click on  it.
	Slide 20: Additional Resources:

