Protein functions
* Enzymatic catalysis

« Transport and storage
» Coordinated motion

* Mechanical support

* Immune protection

* Generation and transmission of nerve
impulses

 Control of growth and differentiation
* More
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Features of proteins
» Polypeptide chains (linear)
— Monomeric: single polypeptide; 1 subunit

— Multimeric: = 2 individual polypeptides; multiple

subunits ﬂ

Heterotetramer, o,f3,

Homodimer, a, Heterodimer, of3

» Molecular weight (Mr) ~5,000-1,000,00
~50 — 10,000 AA res.
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Features of proteins
» AA sequence and composition vary

— E. coli: ~3,000 different proteins
— Human: ~100,000 different proteins

Structure & function AA composition and sequence

» May contain modified amino acids (e.g
hydroxyproline, g-carboxyglutamate

« May contain non amino acid components -
“prosthetic groups” covalent or noncovalent

— Lipids, carbohydrates, PO,3, metals, nucleotides,
etc.
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How to study a protein?
|dentify a protein of interest (function)
— Enzyme “activity”
Obtain a source of protein
Separate protein from other macromolecules
(purify)
— Centrifugation/precipitation
— Chromatography

* lon exchange
 Size-exclusion
« affinity

How do you know which protein to isolate?

S. Ensign Chem. 5700 lecture 3
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bacterial cell
\Each letter represents an individual protein

Protein
purification

Protein of interest = protein “a”

S. Ensign Chem 5700 lecture 3

General theory of column
chromatography

Reservoir

Solution :
(mobile mz i
phase)
Solid
porous
matrix
(stationary
phase)
Porous
support

]
4 —— Effluent

(a)
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lon exchange
chromatography

Key: @ Large net positive charge

@ Net positive charge
© Net negative charge
® Large net negative charge

Polymer beads | 5568
with negatively |§

charged
Tunctional groups

Protein mixture is added
to column containing
cation exchangers.

Proteins move through the
column at rates determined [
iy their net charge at the 1 ‘J

pH being used. With cation
exchangers, proteins with 1
amore negative netcharge | 2 3 4 § §
move faster and elute earlier.
{a)
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Size exclusion (gel
filtration) chromatography

Protein mixture is added
to column containing
eross-linked polymer.

Protein molecules separate =)= 711717
by size; lnrger molecules
pass more freely, appearing [ l i

in the earlier fractions.

(b)
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Affinity chromatog raphy/ﬁ“\\ =

| Protein of
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Enzyme activity

One unit (U) of enzyme activity is the
amount of enzyme that will convert 1
umol of substrate to product per minute

1 U =1 umol/min

Specific activity
How many units of activity an enzyme
has in each mg of protein sample

SA = “n" umol/min/mg = “n” units/mg

bacterial cell
\Each letter represents an individual protein

lyse a
collection of

many cells
—_— o o L — ope - [7P I H
| % e %27 Specific activity of enzyme “a” is low in
u = I .
e @y 0% & U the cell extract (“n” units/mg total
kv oy mer g Pon, o protein)

As we purify enzyme “a”, we get
rid of other proteins so the sp.
act. becomes higher (“m”
units/mg protein “a” )

Isolation (purification)
techniques to obtain a
homogenous preparation of
protein of interest

a collection of pure protein a molecules S. Ensign Chem 5700 lecure3 11
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Purification and Characterization of the Nickel-containing
Multicomponent Urease from Klebsiella aerogenes*

H2N C NH2 + HZO — > 2NH3 + COZ

Table 1

(Received for publication. November 17. 1986}

Urease purification from Klebsiella aerogenes

Speeifie Activity
Purification Step  (umais ures sin~lmg-!)

Cell extracts 2.06
DEAE=-Sepharosa 81,1
Phenyl-Sepharase ST
Mono Q b Rl
Superose 6 2260

Specific activity, fraction of interest

X-fold purification = Specific activity, crude extract

Total activity = (specific activity) x (total mg protein in fraction of interest)

Total activity, fraction of interest

Enzyme recovery = Total activity in crude extract

A good purification step gives a sizable increase in purity (fold) and a
reasonable recovery (yield) from the previous step

Alkene Monooxygelnse from Xanthobacfer Strain Py2

PURIFICATION 230 e
BACTHR TN MTAH O AR A

I and Scott &, Krv

What useful information does
purification table provide?

b ke woneowpcan

Four-component Alkene Moncoxygenase from Xanthobacter Pv2
1

Purification of the four ol

FORGOEY PSS COmPOnEnts

Total
netivity”

Velume Tola] pretain Specifie activity Vield Feld

117 111,414 19 100
206 57,306 33 52
140 32,806 161 0
&0 413 240 26

Reductase
F‘xuucr 407 100
1,000 Gl
140 43
L 22
7 10

Small protein

Extract 710 18,846 AR 639 20 100
DEAE-Sopharose 240 7108 317,681 44 T8
Phenyl-Sepharces 3 a8 113,643 3,004 28
8100 85 8 65,863 4,257 21

Fereedoxin
Extract 300 100
DEAE-Sepharose 196 T8
Q-Bepharose 47 5
H100 4.2 a0

A unit of activity is defined as 1 umol of prooviene desraded per minue at 30 °C.

a
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bacterial cell H H
ce"a\c\eEach letter represents an ind POIyacryIamlde gel eleCtrOphoreSIS (PAG
y Cathode
Iyseal h T,
awano WHEN your enzyme
many cells
- - e . 113 ” R e Ty f o '
| is fpure’™? Plastic__[|S°T 25 S =
ooy 9P @i frame T 3 vl (i |
):k:“c':mb‘fpnz :H—:h:h‘:_‘: :
g ux o®h g ) S = !
K b= L~ Anode B Eﬂl‘- = i
Isolation (purification)
technigues to obtain a
homogenous preparation of
protein of interest
a collection of pure protein a molecules S. Ensign Chem 5700 lecture 3 15 IO LR | P 16




Nondenaturing PAGE

Which moves
faster?

ef-vg
‘('ﬁ
‘;&

— Protein A: M, = 50,000 Which moves

faster?
— Protein B: Mr = 50,000

S. Ensign Chem. 5700 lecture 3 17

Denaturing PAGE

» Add detergent (SDS) and reductant (R-SH) to
protein

Na' O_E_O_ICH2,‘,CH_, 1 SDS bound/2 AA residues

Il
O

T C]CC/SIG[CICICICCIEICICIC,
2-mercaptoethanol ClC ClCICICICICICCICICIC)C,
SH

SH

+ Separation by SDS-PAGE oCM, only

S. Ensign Chem. 5700 lecture 3 18

v 2 SDS-PAGE of a
of L L )
newly-discovered
monomeric protein

Myosin 200,000

B-Galactosidase 116,250
Glyeogen phosphorylase b 97,400

Bovine serum albumin 66,200
Ovalbumin 45,000

Carbonic anhydrase 31,000

Soybean trypsin inhibitor 21,500
Lysozyme 14,400

®

M, Unknown
standards protein

(a)

S. Ensign Chem. 5700 lecture 3 19

Unknown
protein

log M,

Relative migration

(b)

S. Ensign Chem. 5700 lecture 3 20
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Purification and characterization of acetone carboxylase from
Xanthobacter strain Py2

MiriAM K. SLUIS AND SCOTT A. EnsiGN®

Depattment of Chemistry and B . Utah State University, Logan, UT 843220300

Communicated by R H Burris, University of Wisconsin, Madizon, WI, June 9, 1907 (received for review March 24, 1997)

ABSTRACT  Acetone metabolism in the aerohic bacte-
rivm Xanthobacter strain Py2 proceeds by a carhoxylation
reaction forming acetoacetate as the first detectable praduet.
In this study, acetone carboxylase, the enzyme catalyzing this
reaction, has been purified to homogeneity and characterized.
Acetone carboxylase was comprised of three polypeptides with
male cular weights of 85,300, 78,300, and 19,600 arranged in an
a2Bzy: quaternary structure. The carboxylation of acetone
was coupled to the hydrolysis of ATP and formation of 1 mol
AMP and 2 mol inorganic phosphate per mol acetoacetate
formed. ADP was also formed dunng the course of acetone

iom, but only lated at low, substoi ic
levels (~109 yield) relative to acetoacetate. Inorganic pyro-
phosphate could not be detected as an intermediate or product
of acetone carboxylation. In the absence of CO2, acetone
carboxylase catalyzed the acetone-dependent hydrolysis of
ATP to form both ADP and AMP, with ADP accumulating to
higher levels than AMP dvring the course of the assays.
Acetone carboxylase did not have inorganic pyrophosphatase
activity. Acetone carboxylase exhibited a V... for acetone
carboxylation of 0.225 prmol acetoacetate formed min~mg~!
at 30°C and pH 7.6 and apparent K, valuves of 7.80 pM
(acetone), 122 pM (ATP), and 4.17 mM (CQ; plus hicarbon-

ate). These studies reveal molecular properties of the first
bacterial acetone-metabolizing enzyme to be isolated and

suggest a novel ism of acetone car ion coupled
to ATP hydrolysis and AMP and inorganic phosphate forma-
tion. S. Ensign Chem. 5700 lecture 3 21

SDSPAGE analysis of acetone carboxylase, a multimeric protein

kDa

20 - ..

116 - . a subunit
68~ e N B subunit

45 -
31- — .

21 -

_— — y subunit
14 -
- : 0
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SDSPAGE Analysis of Alkene Monooxygenase Components

kDa
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Other techniques to characterize proteins:

sisoelectric focusing, 2-D electrophoresis
electrospray mass spectrometry (see text)
*many more!

The Isoelectric Points of Some Proteins

Protein pl

Pepsin ~1.0
Egg albumin 4.6
Serum albumin 4.9
Urease 5.0
B-Lactoglobulin 52
Hemoglobin 6.8
Myoglobin 7.0
Chymotrypsinogen 9.5
Cytochrome ¢ 10.7
Lysozyme 11.0

S. Ensign Chem. 5700 lecture 3 24




Levels of protein structure

Polypeptide chain

Assembled subunits

S. Ensign Chem. 5700 lecture 3 25

Primary sequence determination: short
polypeptide chains (~20 AA or less)

Deal with disulfide bonds

Determine total amino acid composition
Determine N-terminal residue
Sequence by Edman degradation

wbh =~

S. Ensign Chem. 5700 lecture 3 26
- HPLE or fon-exchange
Disulfide bond (a) 7y 6uhCl Free amino chrematography Amino acid Determine types and amounts
m (cystine) ,JJ o :)" acids composition of amino acids in polypeptide.
NH 0=C
CHaSH I NO, NO,
CHOH l-l(l"- —CH,—S8—8—CH,— (lfH A A,
CHOH =0 HN - L.l i
| R -\I,é' “NO, »\.‘I‘.;- "NO,
CHgSH k No, r‘[cH NH i
) . N & u HCI stk Identify amino-terminal
Dithiothreitol (DTT) o -R‘—EH S« R'-CH + ::\é:o Sihid st eptioe
=0 00~
2,4-Dinitro- HN 2,4-Dinitrophenyl
phenyl | derivative
derivative R*—CH of amino-terminal
LL JJ of polypeptide (I_‘,O residue
I'TIH (”) (”1 O=C ]'i-'l-l 0=(|‘.
H(lj—(‘.ib—?—()' 'O—ﬁ—C[{2—¢l| l[(lf—(fl'lu—Sli HS—CH,—CH =
| oy, o, %
C=0 0 0 HN C=0 HN % |
S ~
JJ Cysteic acid _H rr ; ‘.H L 1 ¥
4 acetylation ~" phenylisothio- NH N +
residues by ' § oranials . o NH,
iodoacetate 1 C=5 é gm" R’—fl:l-l
LL_ . . 1 HN "; 'I_" _o  Mdentify amino-terminal
e e me—2kN
m o v - A | gl T " R | enylthio-
HC—CH;—S8—CH,—C00 00C—CHy—5—CH;—CH ?::0 hydantain R“—(IIH through Edman process.
C=0 HN HN derivative of |
4 | amino acid C=0
(r Acetylated _L} R’—!’IJI-I residue
cysteine C=0
residues
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Primary sequence determination: longer
polypeptide chains (>20 AA)

Deal with disulfide bonds
Determine total amino acid composition
Determine N-terminal residue

Digest polypeptide into smaller peptides
suitable for Edman degradation

5. Sequence each fragment by Edman

B wbh =~

2 D7

The Specificity of Some Common Methods
for Fragmenting Polypeptide Chains

Treatment* Cleavage pointst
Trypsin Lys, Arg (C)
Submaxillarus protease Arg (C)
Chymotrypsin Phe, Trp, Tyr (C)
Staphylococcus aureus

V8 protease Asp, Glu (C)
Asp-N-protease Asp, Glu (N)
Pepsin Phe, Trp, Tyr (N)
Endoproteinase Lys C Lys (C)
Cyanogen bromide Met (C)

degradation i e o e R M ahE
tResidues furnishing the primary recognition point for the
rotease or reagent; peptide bond cleavage occurs on either
6' Deduce the Order Of fragments from Fh(letcarblonyl (Cg) ortt??eztrr?inob?N?side ofgthe indicated ;:ﬂno
overlaps acid residues.
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il weewr  mew Primary sequence determination: longer
2 g polypeptide chains (>20 AA)
o Deduce from gene sequence:
&= T == molecular biology

EGAAYHDFEPIDPR

DCVHSD

4 YLIACGPMTE

elemve with cyanogen

bromide; separnte fragments; (0] EGAAYHDFEPIDPRGASM (O3 overlaps with
\aequmcewl-ldmnn-iozradnum e -,

TEDCVHSD T-1jand (T-4), allowing
th be ordered
(08 ALTKYLIACGPM
establish T2 T-1 T4, T-3
sequence
torminus

> Amino o YLIAC rHgp Cerbexr
s H LPIDF ALIK G & i
[EGAAYHDFE s IAGGPMTKDCVHSD - fher

E)
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Amino acid

sequence (protein) GIn—-Tyr—Pro—Thr-Ile-Trp

DNA sequence (gene) CAGTATCCTACGATTTGG

S. Ensign Chem. 5700 lecture 3
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