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TABLE 3-4 Conjugated Proteins

Class

Lipoproteins

Glycoproteins
Phosphoproteins
Hemoproteins
Flavoproteins

Metalloproteins

Prosthetic group Example
Lipids 3-Lipoprotein

of blood
Carbohydrates Immunoglobulin G

Phosphate groups

Casein of milk

Heme (iron porphyrin) Hemoglobin
Flavin nucleotides Succinate
dehydrogenase
Iron Ferritin
Zinc Alcohol
dehydrogenase
Calcium Calmodulin
Molybdenum Dinitrogenase
Copper Plastocyanin
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® Large net positive charge
© Net positive charge

© Net negative charge

@ Large net negative charge

Polymer beads with
negatively charged
functional groups

Protein mixture is added

o column aining [~
cation exchangers.

123456
Proteins move through the column at rates determined by their
net charge at the pH being used. With cation exchangers, proteins
with a more negative net charge move faster and elute earlier.
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Protein of
interest
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Mixture
of proteins

Solution (¢
of ligand |

Protein mixture is
added to column
containing a
polymer-bound
ligand specific for
protein of interest.
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are washed through is eluted by ligand
column. solution.

Unwanted proteins H'_‘ -: NN q“ I.(ﬂ Protein of interest
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TABLE 3-5 A Purification Table for a Hypothetical Enzyme

Fraction volume Total protein Activity Specific activity
Procedure or step (ml) (mg) (units) (units/mg)
1. Crude cellular extract 1,400 10,000 100,000 10
2. Precipitation with ammonium sulfate Y&5%% 280 3,000 96,000 32
3. lon-exchange chromatography [j‘?tﬂﬁ & 90 400 80,000 200
4, Size-exclusion chromatography 7K 80 100 60,000 600
5. Affinity chromatography EJ;_ 'IEEFKJFBW‘(S 3 45,000 15,000

Note: All data represent the status of the sam‘ple after the designated procedure has been carried out. Activity and specific activity are de-

fined on page 94.
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Virtually all peptide bonds in proteins occur in
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TABLE 4-2 Approximate Amounts of a Helix and
b Conformation in Some Single-Chain Proteins

Residues (%)*
Protein (total residues) a Helix 3 Conformation
Chymotrypsin (247) 14 45
Ribonuclease (124) 26 35
Carboxypeptidase (307) 38 17
Cytochrome ¢ (104) 39 0
Lysozyme (129) 40 12
Myoglobin (153) 8 0

Source: Data from Cantor, C.R. & Schimmel, PR. (1980) Biophysical Chemistry, Part |: The Confor-
mation of Biological Macromolecules, p. 100, W. H. Freeman and Company, New York.

*Portions of the polypeptide chains that are not accounted for by « helix or B conformation con-
sist of bends and irregularly coiled or extended stretches. Segments of « helix and 3 conforma-
tion sometimes deviate slightly from their normal dimensions and geometry.
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3 Conformation
2,000 X 5A

o Helix
900 X 11 A

T 5 12 RV
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TABLE 3-2 Molecular Data on Some Proteins

Molecular Number of Number of
weight residues polypeptide chains
Cytochrome ¢ (human) 13,000 104 1
Ribonuclease A (bovine pancreas) 13,700 124 1
Lysozyme (chicken egg white) 13,930 129 1
Myoglobin (equine heart) 16,890 153 1
Chymotrypsin (bovine pancreas) 21,600 241 3
Chymotrypsinogen (bovine) 22,000 245 1
Hemoglobin (human) 64,500 574 4
Serum albumin (human) 68,500 609 1
Hexokinase (yeast) 102,000 972 2
RNA polymerase (E. coli) 450,000 4,158 5
Apolipoprotein B (human) 513,000 4,536 1
Glutamine synthetase (E. coli) 619,000 5,628 12
Titin (human) 2,993,000 26,926 1
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Stained section of cerebral cortex from autopsy of a patient

&

The propagation of infectious prion protein
Occurs via conversion of normal prion protein
(left) to a disease-causing form (right)
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Motion and Fluctuations in Proteins

Spatial Characteristic
Displacement Time
Type of Motion (A) (sec) Source of Energy
Atomic vibrations 0.01-1 107"°-10"""  Kinetic energy
Collective motions 0.01-5 1071077 Kinetic energy
or more

1. Fast: Tyr ring flips;
methyl group rotations
2. Slow: hinge bending

between domains

Triggered conformation 0.5-10 1077-10° Interactions with
changes or more triggering agent
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Myoglobin (Mb)

Hemoglobin (Hb)
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Heme assumes a more

Planar conformation,
Porphyrin is slightly shift the position of
Puckered, heme iron His F8 and F helix
protrude on His F8 side

. Val FG5

Helix F
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T state R state
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H1\|I 6 M HCl in H,0

R”"—CH 110°C, 12 hr

C=0 Peptide
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Key:

Aromatic
IU 7 - -‘!L[iphi.-lli{‘ - (Phl.", 'rl'P1 T}rr)
B Acidic 1 Amide
Small hydroxy B
_ - (Ser and Thr) - Sulfu
54 - Basic
- » LV BCN o § (a8
- L PRRRSRY 5T
-
4 -
b 3
2 1.18%
I )
- l

Leu Ala Ser Gly Val Glu Lys e Thr Asp Arg Pro Asn Phe Gin Tyr Met His Cys Trp
B 3LPEPYAS 55 53 47 Frequencies of various amino acidsin proteins

sE &1 o F 1ETRVEF BLBEAS Y, H 3947 : the SWISS-
PR T.'?.ﬁ‘f‘.lk éﬁﬁéqsl)wm i B ﬁmﬁlm ;



TABLE 3-3 Amino Acid Composition of
Two Proteins
Number of residues
per molecule of protein*

Amino Bovine Bovine
acid cytochrome ¢ chymotrypsinogen
" - - FWYI% ¢ 50/104 (48%)
Arz 5 1 Chymotrypsin: 126/245 (51%)
Asn 5 15 Allphatlc,
Asp 3 g Aromatic
Cys 2 10 O
Gln 3 10
Glu 9 4]
Gly 14 23
HiS 3 P
lle 6 10
Leu 6 19
Lys 18 14
Met 2 2
Phe 4 6
Pro 4 9
oer 1 20
Thr 8 23 , ,
*In some common analyses, such as acid hydrolysis, Asp and Asn are not
Trp 1 3 readily distinguished from each other and are together designated Asx (or
Tyr 4 4 B). Similarly, when Glu and Gin cannot be distinguished, they are together
designated Glx (or Z). In addition, Trp is destroyed. Additional procedures
Val 3 23 must be employed to obtain an accurate assessment of complete amino
Total 104 245 acid content.



Values expreaaed are percent represenlaliﬂn of each amino acid.

teia
Amino Acid RNase ADH ( Mb ) Histone H3 kﬂpllag'en.
Ala 6.9 75 o~ 13.3 77
Arg 8.7 3.2 1.7 18.3 1.9
Asn 7.6 2.1 2.0 0.7 1.0
Asp 1.1 4.5 5.0 3.0 3.0
Cys 6.7 3.7 0 1.5 0
Gln 6.5 2.1 3.5 5.9 2.6
Glu 42 5.6 8.7 5.2 4.5
Gly 3.7 10.2 9.0 5.2 32.7
His 3.7 1.9 7.0 1.5 0.3
lle 3.1 6.4 5.1 5.2 0.8
Leu 1.7 6.7 11.6 8.9 2.1
Lys 7.7 8.0 13.0 9.6 3.6
Met 3.7 2.4 1.5 1.5 0.7
Phe 2.4 4.8 4.6 3.0 1.2
Pro 4.5 5.3 2.5 4.4 22.5
Ser 12.2 7.0 39 3.7 3.8
Thr 6.7 6.4 3.5 7.4 1.5
Trp 0 0.5 1.5 0 0
Tyr 4.0 1.1 1.3 2.2 0.5
Val il 10.4 4.8 4.4 1.7
Acidic 8.4 10.2 13.7 8.1 7.5
Basic 15.0 13.1 21.8 El 8.8
Aromatic 6.4 6.4 7.2 52 L.7
Hydrophobic 18.0 30.7 97.6 23.0 6.5
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)

(I:HOH

ICHO
C

Dithiothreitol (DTT)

NH o o= NH
H(IZ—CHz—l‘:'!—O‘ -0 —Q—CHz—IIZH
c|=o g ¢I:|: H I\Il =0
Cysteic acid —H r‘(_
residues

Y TSR

Disulfide bond

ﬁ_] (cystine) J_J

INIIH 0=cC
I
HCI —CH,—S—S—CH,—CH

l_L

I‘ill-l

!-I(IZ—CHz—S—CHZ—COO"

C=0

r_f'

0=C

| I
1-|cI —CH;—SH HS—C Hz—CIH

HN

acetylation —L]
iodoacetate JJ

0=CI
“"00C—CH;—S—CH> —CIH
HN
Acetylated
cysteine

residues



Polypeptide | = < NO,

N02 M| > =I »
N Rt
NO,
FDNB FDNB NO,
NO; NH NH
\ . i c|H 6m HCI i —cl 7 Identify amino-terminal
(a) | e residue of polypeptide.
CI=0 Coo
2,4-Dinitro- HN 2,4-Dinitrophenyl
phenyl Rz-—éH derivative
derivative | of amino-terminal
of polypeptide C=0 residue
E W PLEAR
PIT C N; Phenylisothio- 'TH rim
] cyanate 5=C
ﬁ 4 |j ) C-\\~ _ A Identify amino-terminal
\5 H "'i': CF.COOH e " 5_? (f=0 residue; purify and recycle
(b) > N R'—CH 2 C —CH HN CH remaining peptide fragment
+~ OH \_)‘l: =0 of }1 A, through Edman process.

______________.h
N
Il
o

-

Phenylthiohydantoin
derivative of amino
acid residue

Anilinothiazolinone
derivative of amino
acid residue

Shortened
peptide




B &

TABLE 3-7 The Specificity of Some Common
Methods for Fragmenting Polypeptide Chains

Reagent (biological source)*

Cleavage pointst

Trypsin Lys, Arg (C)
(bovine pancreas)
Submaxillarus protease Arg (C)

(mouse submaxillary gland)

Chymotrypsin

Phe, Trp, Tyr (C)

(bovine pancreas)

Staphylococcus aureus V8 protease

(bacterium S. aureus)
Asp-N-protease

(bacterium Pseudomonas fragi)
Pepsin

(porcine stomach)

Asp, Glu (C)

Asp, Glu (N)

Phe, Trp, Tyr (N)

Endoproteinase Lys C Lys (C)
(bacterium Lysobacter
enzymogenes)

Cyanogen bromide Met (C)

*All reagents except cyanogen bromide are proteases. All are available

from commercial sources.

TResidues furnishing the primary recognition point for the protease or
reagent; peptide bond cleavage occurs on either the carbonyl (C) or the
amino (N) side of the indicated amino acid residues.




Edman[& e~ i

c U 0 >

n Phenylisothio- | NH
I(_! cyanate 5>C |

c |j LIS . N _ Identify amino-terminal
\5 = '?’ CF.COOH S\ }" o s _(|: ? o residue; purify and recycle
- b3 R'—CH 2 C~—CH HN CH remaining peptide fragment
; L \,CI —0 .;;j‘ar \R‘ E! 1 through Edman process.

Gllmz Anilinothiazolinone  Phenylthiohydantoin
R‘—(l: H derivative of amino derivative of amino

| acid residue acid residue

C=0

E R2 H 3

| |
H,N —C—C —N—C —C /A Shorfened

PTC adduct H g H H !cl) peptide

T T —————— —



=8 Procedure Result
;:7_""; _ \ hydrolyze; separate A 5 H 2 R 1
= % amino acids c 2 1 3 S 2
—v D4 K 2 T1
P} E 2 L 2 vV 1
- < F 1 M 2 Y 2
Polypeptide G 3 P 3

react with FDNB; hydrolyze;
separate amino acids

NS »  2,4-Dinitrophenylglutamate
reduce detected
disulfide
bonds (if present)

Conclusion
Polypeptide has 38
amino acid residues. Tryp-
sin will cleave three times
(atoneR (Arg) and two
K (Lys)) to give four frag-
ments. Cyanogen bromide
will cleave at two
M (Met) to give three
fragments.

E (Glu) is amino-
terminal residue.

Qs E'E. l@ﬁt&ﬁ"iﬁ;ﬂ

placed at amino terminus

because it begins with E (Glu).

placed at carboxyl terminus
because it does not end with

R (Arg) or K (Lys).

overlaps with

@and,allowing

them to be ordered.

deavewith sl (1) GASMALIK
separate fragments; sequence
by Edman degradation (2) EGAAYHDFEPIDPR
@ DCVHSD
YLIACGPMTK
cleave with cyanogen
bromide; separate fragments; @ EGAAYHDFEPIDPRGASM
\sequence by Edman degradation @ TKDCVHSD
@ ALIKYLIACGPM
establish @ @ @

sequence .
N_—— Amino

terminus

IEGAAYHDFEPIDPRIEASMALII&’LIACGPMT'&)CVHSD
[ Il —— |

| Carboxyl
terminus

© @ e



Partial protein

(a) digest of sample is
smeared along one

/ct!gc’. ol paper

HCOOOH-treated
strip is attached

to new sheet of
paper and second

electrophoresis run
is performed

Peptides derived

/ Mi igration of pep

Buffer

(c)

toward (3 electrode

@
@ "
from a.disulﬂdc-lin ked

PI‘OlL’! n fr‘agmen s

\
tides %

1

"&

A T o e

Fd
L4

Diagonal

Sample strip is cut from
electrophoretogram and treated
with performic acid vapors

A

\ SeRgEpvLRe

lL/ \\‘j‘]— Performic acid - Di agon al d mtr Oph or a S (%TEﬁf{ﬁL’Fﬁ‘]ﬁr)
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S PR R s

Mass

Glass Sample spectrometer
capillary solution

High
voltage
Vacuum
interface

- J

(1) A Protein solution is dispersed into charged droplets by passage
through a needle under a high-voltage electric field

(2) The droplets evaporate and ions enter the mass spectrometer
for m/Z measurement
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Glu
Met
Ala
Leu
Lys
Phe
GIn

lle
Val

Ser

Asn

o Helix

3 Conformation

B Turn
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Helix-Forming and Helix-Breaking Behavior of the Amino Acids

Amino Acid

Helix Behavior®

A Ala H (I)
C Cys Variable

D Asp Variable

E Glu H

I Phe H

G Gly | (B)
H His H (1)

I lle H (C)
K Lys Variable

L Leu H

M Met H

N Asn C (1)
P Pro B

Q Gln H §8)
R Arg H (I
S Ser C (B)
T Thr Variable

v Val Variable

w Trp H (C)
Y Tyr H (C)

#1 = helix former; | = indilferent; B = helix
breaker; C = random coil; { ) = secondary ten-
dencey.



Helix Sheet
Amino Acid P. Classification Py Shssitication
A Ala 1.42 H, 0.83 is
C Cys 0.70 ” 1.19 hg
D Asp 1.01 I. 0.54 B
E Glu 1.51 H, 0.37 By
F Phe 1.13 ha 1.38 hg
G Gly 0.57 B, 0.75 bg
H His 1.00 Le 0.87 hy
I lle 1.08 ha 1.60 Hg
K L}rs 1.16 ha 0.74 bﬁ
L Leu 1.21 H,, 1.30 hg
M Met 1.45 H, 1.05 hg
N Asn 0.67 b 0.89 ip
P Pro 0.57 B, 0.55 By
Q Gln 1.11 ha 1.10 hg
R Arg 0.98 iy 0.93 ig
S Ser 0.77 iy 0.75 bg
T Thr 0.83 i 1.19 hg
V Val 1.06 h 1.70 Hp
W Trp 1.08 h, 1.87 hg
Y Tyr 0.69 b 1.47 Hp
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Hormone

l

Inactive — ™ Active Amplification of signal
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- — fa
Inactive —— & Active > fe
cAMP-dependent cAMP-dependent T |
protein Kinase protein kinase ATP >1< ADP
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. kinase kinase — ()
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PERE 3 TN -

c-myc, c-fos, p53 oncogene products

RNA polymerase I

Tyrosine aminotransferase

Deoxythymine kinase

Phosphoenolpyruvate carboxykinase
Aldolase

Glyceraldehyde-3-phosphate dehydrogenase
Lactate dehydrogenase (isozyme 5)
Cytochrome ¢
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(b) —NH,

E1 E2 Cytosolic

Ub  amp | .
+ATP +pPp, C=0 E2 E1 C=0 target protein

E1;A> ljb Lulb

] 2 Z)] 3 |
E2
E1 = ubiquitin-activating enzyme ti:l)
E2 = ubiquitin-conjugating enzyme —NH—C—Ub

E3 = ubiquitin ligase
Ub =ubiquitin
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