Lecture 5 (9/18/23)

OUTLINE
Amino Acids
— Definition, Structure, and Properties
+ The 4 S’s
« Common Properties
+ Five Classes
— Hydrophobic—aliphatic [6]
— Hydrophobic—aromatic [3]
— Special-sulfur [2]
— Hydrophilic—polar [4]
— Hydrophilic—charged [5]
+ Other amino acids
+ Linking amino acids
+ Acid/base properties
— Titrations
— Isoelectric point
+ Electrophoresis

Protein Purification

+ Reading: Ch3;76-82, 87-89
* Homework #5
NEXT
* Reading: Ch3; 83-87, 89—90
Ch1; Fig7
Ch9; 313-314

e Homework #6

Amino Acids: Classification

+ The 20 amino acids found in proteins can be
placed in five families based on the physical and
chemical properties of their R groups:

+ Hydrophobic, aliphatic (6)
+ Hydrophobic, aromatic (3)

Gavlip family
PTT family

+ Special (hydrophobic/hydrophilic)(2) MC family
* Hydrophilic, polar (4)

- Hydrophilic, charged (5)




Hydrophilic, polar Amino Acids: Classification

CO0~ Co0~ COo0™ CO0~
+ + + +
H3N—CI—H H3N—C|—H H;N—C—H H;N—C—H
CH, Cle CH,O0H H—Cl—OH
(IZHz PN CH;
H;N [o]

\ These amino acids side chains can form hydrogen

a ; g bonds.
Qnst fa1$

Ser Thr
\ GIn Amldes Asn ) . Alcohols Structure
Year bund mnemonic
Name 3-letter |1 Ietter discovered | n l;r:oz::se NOTES device
Glutamine GIn Q 1883 4 Glx; gets hydrolyzed to Glu | Amide of GIu
. First isolated from asparagus| = .

Asparagine Asn | N 1806 4 | Asx; gets hydrolyzed to Asp [Amide of Asp
Serine Ser | S | 1865 | 7 |Isolatedirom Sericin, polar |hydroxyl+Ald
Threonine v/ Thr | T 1935 6

Two chiral centers (L & D) |Me+Ser

Amino Acids: Classification

+ The 20 amino acids found in proteins can be
placed in five families based on the physical and
chemical properties of their R groups:

+ Hydrophobic, aliphatic (6) Gavlip family
+ Hydrophobic, aromatic (3) PTT family
+ Special (hydrophobic/hydrophilic)(2) MC family
* Hydrophilic, polar (4) Qnst family

@philic, charged (5)




Hydrophilic, Charged  Amino Acids: Classification

Co0~

[«(e]0)

+ +
H;N —CI —H H3;N—C—H

CH,

coo™

o Structure
Year N mnemonic
Name 3-letter [1-letter |discovered | ir orctane NOTES |PKa|  device
Aspartate Asp | D | 1868 5 |eamino-succinate; | 3.7|Ala+carboxyl
Glutamate Glu E 1866 7 a-amino-glutarate 4 3|Ala+acetate

Amino Acids: Naming Dicarboxylic Acids

Dicarboxylic acids: OMSGAP

Rubric | Name Name of Structure X =(CHz); in "O0C-X-COO~*
(conjugate base) | Acid (conjugate base) z=?
Oh oxalate oxalic -00C-CO0O- 0
My malate malic ~O0C-CH.-CO0O- 1
Such succinate succinic ~O0C-CH2-CH2-COO- 2
Good glutarate glutaric ~O0C-CH2-CH2-CH,-COO- 3
Apple adipate adipic ~O0C-CH2-CH,-CH2-CH,-COO~ 4
Pie pimelate pimelic ~O0C-CH2-CH,-CH2-CH,-CH,-CH2-COO- 5




Hydrophilic, Chafgfd Amino Acids: Classification

B NH, ’[‘“2 o
| e oc B
N S Hr\ll/ “NH, .
R R
! ! 5
rquz ® thz
fo [0
@HNé NH, N \NHZ
| |
_ R R .
As the electrons creating the double
bond become de-localized, the
positive charge also becomes
delocalized
o Structure
Year N mnemonic
Name 3-letter [1-letter |discovered | fr oot NOTES [pKa device
a-amino-succinate;
Aspartate Asp | D 1868 5 Veet aoidio 3.7|Ala+carboxyl
Glutamate Glu E 1866 7 a-amino-glutarate 4 3|Ala+acetate
Lysine Ve Lys K 1889 6 |Only “bis” amino acid |10.5|c-amino
Arginine Arg R 1886 5 [Most basic 12.5|s-guanidino
Histidine /| His | H | 1896 | 1 |9y Bhysiological | g o) ajayimidazole

Hydrophilic, Charged  Amino Acids: Classification

Ccoo~
.
H;N—C—H
CH,
C00~

coo coo”
|-|3ﬁ—cI —H  HN Et:: —H
éH, Bf“z
&, G
cloo‘ ° TH’

Dekrh family

Co0~
4 a
H;N—CI —H

H

coo~
.
sN—C—H
-
C—NH
| CH

Vi
—N

|

X,

C
H

\_ Asp Gu ] Lys Arg His )
Y Y
Negative % Positive Structur_e
Year | avundance mnemonic
Name 3-letter [1-letter |discovered | in proteins NOTES |PKa device
a-amino-succinate;
Aspartate Asp | D 1868 5 |Wost acidic 3.7|Ala+carboxy!
Glutamate Glu E 1866 7 a-amino-glutarate 4.3|Ala+acetate
Lysine V| Lys K 1889 6 |Only “bis” amino acid |10.5|s-amino
Arginine Arg R 1886 5 |Most basic 12.5|s-guanidino
Histidine /| His | H | 1896 | 1 |9y physiclogical | g ) aayimidazole




Amino Acids: Classification

+ The 20 amino acids found in proteins can be
placed in five families based on the physical and
chemical properties of their R groups:

+ Hydrophobic, aliphatic (6) Gavlip family
* Hydrophobic, aromatic (3) PTT family
+ Special (hydrophobic/hydrophilic)(2) MC family
* Hydrophilic, polar (4) Qnst family
+ Hydrophilic, charged (5) Dekrh family
Year % Structure
Name 3-letter [1-letter | discovered | 22urdance NOTES = pKgmnemonic devicd
Glycine Gly G 1820 7 Smallest, not chiral H
Alanine Ala A 1888 8 Foundational for ~10 other AA | Methy!
Valine Val \'% 1856 7 isopropy! V-shaped
Leuciney’ Leu L 1819 10 Most abundant, dominant | Ala + Val
Isoleucine v’ lle I 1904 6 Two chiral centers (L & D) | Val + Me
Proine | Pro | P | 1901 | 5 |gumaseizamne s | smemieedig
Phenylalaninel/Phe | F 1879 4 | aromatic o Phenyl+Ala
Tyrosine Tyr | Y | 1846 | 3 |@omalic carionize: 10.1 p-phenol+Ala
ic & flu ;
Tryptophan v | Trp | W | 1901 1 [omato & fuorescent Indole+Ala
Methionine v'| Met M 1922 2  |Mostlike straight-chain aliphatic | Aja+Me/ether
Cysteine Cys C 1899 2 |can ionize; nucleophile 10.5) Aja+SH
Glutamine Gin | Q | 1883 4 | Gl gets hydrolyzed to Glu I Amide of Glu
Asparagine | Asn | N | 1806 | 4 |Asseihdoyredionss® | Amide of Asp
. Isolated fi Sericin, pol.
Serine Ser | S | 1865 7 |t e Senei PO hydroxyl+Ala
Threonine | Thr T 1935 6  |Two chiral centers (L & D) Me+Ser
Aspartate Glu D 1868 5 | «-amino-succinate; 37| Ala+carboxy!
Most acidic
Glutamate ASp E 1866 7 a-amino-glutarate 4.3| Ala+acetate
Lysine V| Lys K 1889 6 | Only "bis” amino acid 10.5( c-amino
Arginine Arg | R | 1886 5 /\O/lolsf 1/?783!3 125 guanidino
L . n iologica
Histidine | His | H | 1806 | 1 [Q7¥Emeco 6.0] Ala+imidazole




Other Cool Amino Acids
ch, coo~ oo~
| HsN—C—H H—C—NH
CH” = [ 3
Hg\l/ \COO- CHj CHj
. L-Alanine p-Alanine
L-a-alanine
(e}
HO\/\HJ\OH
(o Y ]
S
“NH, HO Y B NH,
®NH,
D-homoserine D-ornithine
HO (Orm)
| |
e} O
L-thyroxine (thyroid hormone) | Hgl OH

Modified Amino Acids Found in Proteins

*Not incorporated by ribosomes
—except for selenocysteine

important in regulation and signaling.

y-Carboxyglutamate

Reveorsible:

+Arise by posttranslational modifications of proteins
*Reversible modifications, especially phosphorylation, are

+
= o
HyN, €00 ;
OH cIH ’o—T—o CH,—CIH—COO’
- +
+ (CH,) + o NH,
Dcoo‘ H3N, 2 NH; Phosphotyrosine
N = =
H, _OOC/CH (CH,), (CH,), écoo_ HzN\\
N M. CH. M. — CH OO
4-Hydroxyproline & +))C—NH—CH,—CH,—CH, clu coo
| " N,
+ (CH,), CH; .
H3;N—CH,—CH—CH,—CH,—CH—C00~ | @-N-Methylarginine
!|)H MM, Wi /cﬂ‘coo HN—CH—CHy —CHy—CH,—CH—C00™
3 3 - <=0 “NH.
¥ . = 3
5-Hydroxylysine Desmosine éH3
6-N-Acetyllysine
FH;—NH—CH,—CH,—CH,—CH,—CH—C00~ HSe—CH,—CH—C00~ o
TNHy “NH. H,C—0; ! CH,—CH,—CH—C00™
. 3 3¢ O L= L= CH, = e —
6-N-Methyllysine Selenocysteine *rlms
Glutamate y-methyl ester
[<oTo N NH,
| ¢ C—NH—CH,—CH,—CH,—CH,—CH—C00~ M
~00C—CH—CH,—CH—C00~ l N " Sy o
| 0 NH; I I
*NH, CH3 N~ N O Hzc—o—T—o cH,—cIH—coo’
Pyrrolysine A H H N e +NH,3
OH OH

Il
’OfP—O—CHI—TH—CDO’
*NHy

Phosphoserine

-0
P ™
*o—rla—o—cu—cu—coo*
-0 *NH,
Phosphothreonine

Adenylyltyrosine




Amino Acids Polymerize by Peptide Bonds

OH

Rl'l H RZ
N
H3N—CH—ﬁ—OH + H—N—CH—CO0O0" ‘E;ﬁ‘”z

o) CH,OH

|
c
+ | | | _
S S S T T
H o H o HO HO H
H,0 H,0
hydrolysis condensation
RZ

+ Using full amino acid names:
R H — serylglycyltyrosylalanylleucine
+ | + Using the three-letter code abbreviation:
H;N—CH—C—N—CH—COO™ - Ser-Gly-Tyr-Ala-Leu
|| « For longer peptides (like proteins) the
one-letter is used:
- SGYAL

Peptide Bond

N-term w0 /Ff2 : %o T“N Y C-term
SR <
H H H H H H H H H |
Amino-terminal Carboxyl-terminal
residue residue

In a protein, the lonizable Side Chains
have altered pK, values

pK values of ionizable groups‘in proteins }

Group Acid == base + H* Typical pK* as AA ApKa
Terminal carboxyl —COOH — —COO0~ + H* 3.1 23 +0.8
Aspartic and —COOH == —CO00~ + H* 44 3.7 +0.7
glutamic acid 4.3 +0.1

—CH, —CH;,
Histidine e S + H* 6.5 6.0 +0.5
HNNH Ny NH
Terminal amino —NH;* == —NH, + H* 8.0 9.6 -1.6
Cysteine —SH = —S§~ + H* 8.5 10.5 2.0
Tyrosine OOH _— 4</:>—0' + H* 10.0 10.1 -0.1
Lysine —NH;* == —NH, + H* 10.0 10.5 -0.5
+
W N, W ;
Arginine AN—C\ = —N—C\ +H 12.0 12.5 -0.5
NH, NH,

*pK values depend on temperature, ionic strength, and the microenvironment of the
ionizable group.




Chemical Environment Affects pK, Values

EXAMPLE: a-carboxy group is much more acidic than in
carboxylic acids. P* 2 4 6

CH;—COOH L‘T CH;—C€00~
Wt
Acetic acid
The normal pK, fora
carboxyl group is about 4.8.

NH H NH
3 3
| / |
H—C—COOH H—C—C00™
[ . [
H H H
a-Amino acid (glycine)

pK, = 2.34

The protonated amino group
withdraws electrons from the carboxyl
group, lowering its pK,.

IN PROTEINS, the environment can be much different than in
bulk solution, and pK, values can change by several orders of
magnitude.

Amino Acids Can Act as Buffers

Question: For one mole of completely protonated Gly, how many moles of base are required to

titrate all the protons? . . . .
2 Cation = Zwitterion = Anion
+
NH, NH, NH,
| pK; | P, |
CH, — CH, — CH,
Question: What does the curve of pH | |
COOH Co0~ Coo~

versus moles of base look like (i.e., the
titration curve)? 13

Curved

Amino acids with uncharged side chains, ; ______________
such as glycine, have two pK; values:

I- Glycine

Buffer

*The pK; of the a-carboxyl group is 2.34. Regions

7
*The pK; of the a-amino group is 9.6. PH

As buffers prevent change in pH close to
the pK,, glycine can act as a buffer in two
pH ranges.

Lo o N °
Question: Why is this not linear? 0 05 1 15 2

OH~ (equivalents)




Amino Acids Can Act as Buffers

Question: Why is this not 5 p—
linear? Henderson-
Hasselbalch
Eqgn!
= o+ o (1) 4+
pH = p g THAT

%
dissoc [A_]/[HA] pH

+ +
NH,; NH;

| pK,

CH, —— CH,
COOH COO0~

PK, = 2.34

iated 3
50 1/ K,
10 10/90 pK— 0.95 2
1 1/99 pKa—2
01 1/999  pK.3
90 90/10 pKat+ 0.95 1
99 99/ pK+2
99.9 9991 K43
‘Those amino acids with . O ; 2 s T i
lonizable side chains can be ™" ~{" HN—GH HN—GH N
. CH, H CH, H CH, H CH, H
also titrated. His cl/N\ I ) BN |/N\
CH ok CH ok CH ok CH
N !\j LR ﬂ\m" L N !\ / X “\ /
-Titration curves are now more  H B H N H N H N
complex, as each pK, has a +2 +1 0 -1
buffering zone of 2 pH units.
Asp 10 | Histidine PKy= /]
9.17
CH,— C00~ !
& 8 ! .
H,;N—CH — COO 1
PK = | E
14r @m0 oo 6_ .0 : i
12+ HaN — CH — COO~ pH 6 i E
- o} i i
Aspartic acid | 1 1 _
P CH,— COOH 4 i E
6" HaN—CH— COOH Pk, = i i
o CH,— COOH 5 1.82 ] ! i
: HN—CH—COO- [T~ ! i E
1 1 1
o 1 2 3 H ] H !
0 1.0 2.0 3.0

Moles OH~ added per mole aspartic acid

OH™ (equivalents)




Amino Acids Can Act as Buffers

Moles OH™ added per mole aspartic acid

OH™ (equivalents)

‘Those amino acids with L o : T . il
lonizable side chains can be ™"~{" PN=H HaN—gH HN—GH
. CH, H CH, H CH, H CH, H
also titrated. His CI/N\ Cl/u\ S |/N\
CH K CH K CH K. CH
N !\j LN !\J Lk N !\ / X !\ /
-Titration curves are now more  H N HN H N H N
complex, as each pK, has a +2 +1 0 -1
buffering zone of 2 pH units. —
Asp 10 | Histidine PK;= /]
9.17
CH,— 000~ H
8 I~ 1 -
H,N—CH — CO0~ !
PK = [
1r Gy-Cooe: ocNE 2 | 6_ 0 ! |
12} HaN — CH — COO~ pH 6 : i
o i |
Aspartic acid - 1 I ]
oF CH,— COOH 4 i E
6" Hg—CH— COOH pK, = ! !
L CH,— COOH 5 1.82 ! ! i
: HN—CH—CcOO- [T~ ' ] !
: , : i i i
% 1 2 3 H ] H !
0 1.0 2.0 3.0

Amino Acids Carry a Net Charge of Zero
at a Specific pH value (the pl)

» The Isoelectric Point (equivalence point, pl) is the pH value
where the net charge is ZERO.

+ Zwitterions predominate at pH values between the pK, values

of the amino and carboxyl

groups.

+ The exact value is the average of the two pK, values forming

or titrating the zwitterion.

* At the pH equal to the pl:

— AA is least soluble in water.

2

p] — pKl +pK2

— AA does not migrate in electric field.

— AA does not bind well to other charged media/compounds

10



How to Calculate pl
What is the pl of glycine? .

i
CH,

« ldentify the zwitterion (species i >
that carries a net charge of Z(M;
I- Glycine

Coo~

+ Identify the pK, value for the
reaction that protonatesthe 4 |
zwitterion. / I

+ Identify the pK, value for the 7t

reaction that titrates a proton fromf’ pEe——————
the zwitterion.

r pK,=234
+ Take the average of these two i

pK, values. = :

;- PKi+ Ky |

plL = 0 .

2 0 0.5
pl = (23 + 96)/2 OH~ (equivalents)
pl =595

How to Calculate the pl When the

Side Chain Is lonizable His
+ Identify species that carries a net zero charge.

proton frorT the zwitterion. For His this is the a-amino group
(PKNH - ol = PK, + pK,
+ Take the average of these two pK, values.

pl=(60+92)2

_ et i 0
What is the pl of histidine =76

11



How to Calculate the pl of a peptide

Estimate the pl value of the following hexapeptide:

Step 1: Determine the total positive charge on the peptide when all acidic and basic
groups are fully protonated (at low pH).

Step 2: Determine the total negative charge on the peptide when all the groups are
titrated (at high pH).

Step 3: List the pK, values of all acidic and basic groups in order from lowest (pKj,) to
highest.

Step 4: Calculate the pl as the average of the values for pK, value of the proton
dissociation forming a neutral species from a +1 species, and pK, value of the
proton dissociation forming a —1 species from the neutral species.

So for this peptide

Step 1: charge when fully protonated +2

Step 2: charge when fully de-protonated -4

Step 3: pK, values are:

9.0(N-term), 10.5(Lys), 3.9(Asp), 8.4 (Cys), 10.5(Tyr), 3.5(C-term)
List from lowest to highest

pKa 35 39 84 9.0 105 105
Charges 22541505185 2535 4

Step 4: The plis (3.9+8.4)/2=6.2

Proteins and their pl Values

Cation = Zwitterion = Anion
pHat: <pI pl >pl
* IN GENERAL, if you take the % abundance of acidic and basic residues

(Glu+Asp) and (Lys+Arg), you have ~12 and ~11%.

* So, there are slightly more acidic residues than there are basic residues.

+ Half way between the most basic of these acidic residues lies the pl values
for most proteins; most are below the average of 4.3 (Glu) + 10.5 (Lys) + 2
=7.4.

» Therefore, given that there is 1% more (Glu+Asp) than (Lys+Arg), most
proteins are slightly more acidic than physiological pH.

» That doesn’t mean there are not many proteins that are very acidic (pl
values <<7.4; negatively charged at pH 7.4):

— Transcription factors *Like AA, for proteins, at the

- g?/glsti):min pH equal to the pl:
— Serum albumin -
> Or, very basic (pl values >>7.4; positively ~ — Frotein is least soluble
charged at pH 7.4): in water, could precipitate.
- EYVS‘Z‘Z"QL?Q‘E ¢ — Protein does not migrate
— Histones in electric field.

— Ribosomal proteins

12



Lecture 5 (9/18/23)

OUTLINE * Reading: Ch3; 76-82, 87-89
Amino Acids * Homework #5
— Definition, Structure, and Properties NEXT
+ The4S’s .
- Common Properties * Reading: Ch3; 83-87, 89-90
+ Five Classes Ch1; Fig7
— Hydrophobic-aliphatic [6] Ch9; 313-314

— Hydrophobic—aromatic [3]
— Special-sulfur [2]
— Hydrophilic—polar [4]
— Hydrophilic—charged [5]
+ Other amino acids
+ Linking amino acids
+ Acid/base properties
— Titrations
— Isoelectric point
+ Electrophoresis

Protein Purification

e Homework #6

Electrophoresis for Protein Analysis

- Electrophoresis is the migration of molecules in an
electric field.

+ Electrophoresis is one of the most commonly used
analytical scale separation techniques
— The electric field pulls proteins according to their charge.

+ Gel electrophoresis adds a solid support in which the
separation occurs. The gel matrix hinders mobility of
proteins according to their size and shape.

— The commonly used gels are either polyacrylamide
(proteins) or agarose (nucleic acids).

— separation of proteins via electrophoresis is often called
polyacrylamide gel electrophoresis, or PAGE.

 For proteins to separate, they have to have a charge.

13



Electrophoresis for Protein Analysis

Gels

Agarose

...... -CH - 4 N e =
o 012 (% G'|2 C(|:O O-iz (%H
2 ?=O ; ?£
@ N-‘Z N"Z rl\'-l
CH=CH N Free Radical H
2 | T2
(I3=O + ?“2 Chain Reaction NH
NH 2 'I‘* (TEMED & persulfate) |C=0
|
B e - Q.|2 CH -CH-CH _Q.]Z.Q.{
=CH | 2
g e
NH 2 NH 2
N.N'-Methylene ‘
Acrylamide Bis-acrylamide
i ) Polyacrylamide Gel

Electrophoresis for Protein Analysis

Gels

Polyacrylamide

S
| Direction of
| electrophores
\ f
°l w u@e UQUUU ©
(@] O
Sample Well
©) O
(@] (@]
@] ® O
(@] 1 O ‘

14



Electrophoresis for Protein Analysis

+ For proteins to separate, they have to have a charge.
* The charge on a protein will depend on the pH.

But once they are moving, Electric field
what does the velocity —

depend on? . Eez \
Velocity = 7 charge on the protein
\ friction

f a¢mass, shape, viscosity of media
f=6r*ner

E
where: 6nemn

Velocity =
1 = coefficient of viscosity

r = Stokes radius (mass and shape)  This is essentially the'charge:mass
[this is from actual radius and specific volume (cm¥/g)] ~ ratio if all proteins are roughly the
same shape (globular).

Electrophoresis for Protein Analysis

+ For proteins to separate, they have to have a charge.

* pH and pl dependence:

o At pH near the pl, not much movement

o At pH below the pl, proton concentration is higher, so
charge becomes positive é

o At pH above the pl, protons will be titrated off, so the
charge will become

Cation = Zwitterion = Anion
pHat: <pl pl >pl

Recall:

15



Isoelectric Focusing Takes advantage of the
pl differences in Proteins for Separation

Can also be used to determine the pl values

Isoelectric
Focusing
A protein sample may be applied to one end of a gel
strip with an immobilized pH gradient. Or, a protein
sample in a solution of ampholytes may be used to
rehydrate a dehydrated gel strip.
Velocity = 61‘[%@ |\\
Ampholytes are highly charged An electric field is applied
small MW polymer with variable
pI values. Due to their high 2/, S ®
they migrate rapidly setting up a | 3 ’ » » 3 |
buffered pH gradient. Once they
reach the pH equal to their pH9 Decreasing pl ———> pH3
individual pl values, they STOP
migrating, thus creating an After staining, proteins are shown to be distributed
immobilized pH gradient. along pH gradient according to their pl values.

Sodium Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis (SDS PAGE) Separates
Proteins by Molecular Weight

e SDS - sodium dodecyl sulfate — a detergent

0 E
+f I Velocity = ———
Na O—ﬁ—o (CH,)1;,CH; 6r1en
o

Sodium dodecyl sulfate

(SDS)
e SDS micelles bind to proteins and facilitate unfolding.

— SDS gives all proteins a uniformly negative charge and shape
(micelle)

— The native shape is perturbed; de-natured.

— SDS binds proteins at a constant ratio of mass (1.4g SDS/g
protein), coating them with a negative charge.

— So much charge is added that all proteins have the same
charge:mass ratio, and the rate of movement will only depend on

the sieving properties of the gel: small proteins will move farther.

16



SDS PAGE Separates Proteins by
Molecular Weight

7
g &
SDS-PAGE e F &£ e 8 s
F o ¥ &§£FfFE
¥ & & 8 5 5 £
o & 5 & & &F & »
S T ¢ ¥ s S8
FfFgS e S
M 35 §&FP$&FEL
standards[
) I 97,400 —| e E : mm
@] (@) 66,200 -waw | :
vuuuuuwuuuyu E ] =
45,000 - “
(@) @) 31,000 e '
¢ e} [
21,500 -
o ® o - ak
14,400 - 3
- =

RSN

J

Used to detect purity or purification

SDS PAGE Can Be Used to Calculate
the Molecular Weight of a Protein

1 2
s &
ofl Fed it i
y SIFTELSE
Myosin 200,000 | =» e BHE
.;m,_ﬁgi
- = -
B-Galactosidase 116,250 || e =R
Glycogen phosphorylaseb 97,400 | e ::: -
Ja00- = s
Bovine serum albumin 66,200 || — - H
Ovalbumin 45,000 || s : ,
Carbonic anhydrase 31,000 | e Unknown
protein
Soybean trypsin inhibitor 21,500 | =— s
Lysozyme 14,400 | o 2
|
. I
Used to determine |
the molecular @ v :
M Unknown . . .
Weight standards protein Relative migration
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SDS-PAGE + Isoelectric Focusing Can
Separate nearly ALL the Proteins in E. coli

>

charge

Protein sample

Separate proteins in first
dimension on gel strip
with isoelectric focusing.

Gelstrip [pH9 —————————— > pH3 |

Separate proteins in
second dimension on
SDS-polyacrylamide gel.

Decreasing | *

A4

Courtesy of Axel Mogk, from A. Mogk et. al.:

EMBOJ.18:6934, 1999, Fig. 7A

Used to separate all proteins in a cell: proteomics

Decreasing pl ———

Protein
Purification

18



Protein Purification

Proteins are separated from each other
(along with other macromolecules) due to
the vast variability they have. The basis of
the separation can be put into 4
categories:

- Size, shape, density } Hydrodynamic properties
+ Charge

* Solubility
* Binding characteristics } Biological properties

} Chemical properties

Protein Purification Procedures

Basis Procedure Covered
Hydrodynamics  Gel filtration Chromatography Lab 4o
(size, shape, SDS-PAGE Lab 4
density Centrifugation Lab  fes
Charge Ton exchange Chromatography

Isoelectric focusing

Native electrophoresis Lab (e
Solubility Salting out Lab 4

Organic extraction

Hydrophobic interaction

Chromatography
Binding Affinity Chromatography Lab
Specificity

I
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Before you can separate “your favorite protein
(YFP)” from all the thousands of others, you
need a way to “see’it........ An Assay!

* enzymes - activity assay
- binding proteins = binding assay
« other proteins — immunoblot or ELISA

How do you monitor the purification?

Activity of YFP

Total protein

- Specific Activity =

Activity of YFP

Total protein

* Specific Activity =

— —. [
N S
/ " / \ \}
| /
/

l\ 3 L

2

g —<
How do you measure Specific Activity?

Figure 6-3 Activity versus specific activity. The

difference between these two terms can be illus- 1 1
trated by considering two jars of marbles. The jars What IS the Yleld ?
contain the same number of blue marbles (repre-

senting an unknown protein), but different amounts (of red proteins‘?)
of marbles of other colors. If the marbles are taken

to represent proteins, both jars contain the same

activity of the protein represented by the blue mar-

bles. The second jar, however, has the higher spe-

cific activity because here theblue marbles repre-

sent a much higher fraction of the total.
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What)ls the specific activity” From [activity] (U/mL

From [protein] (mg/mL
Purifigaﬁm\of a hypothetical protein

Fractign Total

Procedure volyfme protein Activity Specific activity
or step ( (mg) (units) (units/mg)
1. Crude cellular \*

extract 1,400 10,000 100,000 10
2. Precipitation 280 3,000 96,000 32
3. Ion-exchange

chromatography 90 400 80,000
4. Size-exclusion

chromatography 80 100 - 60,000
5. Affinity chroma- )

tography 6 3 45,000

* All data represent the status of the sample after the procedure indicated in the first column
has been carried out.

-If protein was “pure” after step #5, what would the
Specific Activity be after you performed a step #67?

-What is the Yield?




