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}TE E-F' 'j H" Cell adhesion (577, 1.9%)

Miscellaneous (1318, 4.3%) Chaperone (159, 0.5%)
Viral protein (100, 0.3%) Cytoskeletal structural protein (876, 2.8%)

Extracellular matrix (437, 1.4%)
Immunoglobulin (264, 0.9%)

* Lo channel (406, 1.3%)
Motar (376, 1.2%)

Structural protein of muscle (296, 1.0%)

Transfer/carrier protein (203, 0.7%)

Transcription facetor (1850, 6.0%)

Protoncogene (901, 2.9%)

/ Select calcium-binding protein (34, 0.1%)
Intracellular transporter (350, 1.1%)

Nugcleic acid enzyme (2308, 7.5%)

Transporter (533, 1.7%)
Signaling molecule (376, 1.2%)

Receptor (1543, 5.0%)
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F HTPES (>40%)

Hydrolase (1227, 4.0%) Molecular function unknown (12809, 41.7%)

Kinase (868, 2.8%)
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Select regulatory
molecule (988, 3.2%)
Transferase (610, 2.0%)

Synthase and synthetase
(313,1.0%)

Oxidoreductase (656, 2.1%)
Lyase (117, 0.4%)
Ligase (56, 0.2%)

Isomerase (163, 0.5%)
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TABLE 3-4 Conjugated Proteins
Class Prosthetic group Example
Lipoproteins Lipids B,-Lipoprotein ’i‘F',};];'l
of blood s
Glycoproteins Carbohydrates Immunoglobulin G | FR&f !
Phosphoproteins | Phosphate groups Casein of milk
Hemoproteins Heme (iron porphyrin)  Hemoglobin :"'ﬁl’zt‘rg—]g'l
Flavoproteins Flavin nucleotides Succinate DI
Metalloproteins | Iron Ferritin |§»'E{f'§?£"
Zinc Alcohol
dehydrogenase
| Calcium Calmodulin
Molybdenum Dinitrogenase

Copper Plastocyanin
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S (ultrafiltration)

icuum ?
(/2 22 428 v
FEifv(dialysis) ?
Z
Z
2 i
Semipermeable bag (:{‘ ﬁqﬁ) 2 Membr:
Containing protein solution Sinter 7/////4////// embrane
rt TR :
N7
Ultrafiltrate

— Dialystac

(b)

Magnetic stirrer

Magnetic stirrer
for mixing

53" &(molecular sieve)gs B RER(gel
fi Itration)?‘filéfg?ﬁ(column chromatography)

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

Protein molecules separate
by size; larger molecules g
pass more freely, appearing :
in the earlier fractions. 123456




I F T HE

- A E TR

-ERRRERT
e APHER » 35 Ford end Eﬁﬁwﬁ’
HERTIFHZF o ARIY A HE 0 Y pHERE
(pl)

- T
SDS-PAGE (SDS-polyacrylamide gel electrophoresis)*
= &% 7 (two-dimensional gel electrophoresis,
2D & A&)*

£ g R

@ Large net positive charge J "\,
© Net positive charge A &
© Net negative charge (

® Large net negative charge "-\_

i i A= =

Polymer beads with
negatively charged
functional groups

‘l 23456
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.




%ﬁ%'!r&_% (isoelectric focusing)

An ampholyte T
solution is pH9 ©)]

incorporated
into a gel.

pH3 @
S 4

A stable pH gradient
is established in the
gel after application

Decreasing pH

@

}

e

Protein solution is
added and electric
field is reapplied.
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©

After staining, proteins
are shown to be
distributed along pH

(€

of an electric field. gradient according to

their pl values.

-~ Ay _CHy CH, - - |
| ch, ~en, Tehy, el o, d,
o
Nat SDSF‘\'ﬁsﬁ Myosin 200,000 | D
[-Galactosidase 116,250 | =
' Glycogen phosphorylase b 97,400 | s
- o AN Bovine serum albumin 66,200  =—
-
- = Ovalbumin 45,000 =
- = —
= Carbonic anhydrase 31,000 |
Sample -—
1 - Soybean trypsin inhibitor 21,500 | w—
Well b= Lysozyme 14,400 | w—
; : -
= Direction =
L of e ®
migration - 3 M,  Unknown
< "‘E IE’T & protein standards protein
=
@& E l a
-

( |

Relative migration

TEFEN(gel electrophoresis) SDS-PAGEF B HIEF 1¥1535 1)
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R (salting out)

salting-in

salting-out

Protein solubility

Salt concentration

RE——
d. &\

Hydrophobie
patch 22722

.‘/I I\‘ °
i Protein of

HA 'F?E’Eﬁ |:'/ \"| interest
. Eg:ndﬁlﬁ%l

i) /

/ /<
lestg/

Solution |
of ligand

Protein mixtureis |
added to column
containing a

polymer-bound |
ligand specific for |
protein of interest.

Unwanted proteins
are washed through
column.

- = || Protein of interest
S 3¢ is eluted by ligand
345678 solution.
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TABLE 3-5 A Purification Table for a Hypothetical Enzyme

Fraction volume Total protein Activity Specific activity
Procedure or step (mi) (mg) (units) (units/mg)
1. Crude cellular extract 1,400 10,000 100,000 10
2. Precipitation with ammonium sulfate i@fjﬁ“& 280 3,000 96,000 32
3. lon-exchange chromatography [c"?-ﬁﬁ & 90 400 80,000 200
4, Size-exclusion chromatography 734K 80 100 60,000 600
5. Affinity chromatography Ef” ‘EE‘QFE]}HG 3 45,000 15,000

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

fined on page 94.

1 -
(&)% 757 RAT e & g 5% B>

TILE
_a_iﬂ\”

(35 Fensip)

CyN-Cpm » B 305 Bl

H#i¢ (amide plane, peptide plane) - ¢ i
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CHOH H H H CH, H CH; H c|H2
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Sl ! gl mE:
Amino- Carboxyl-

terminal end terminal end

FHPURS HFEA i
- Serylglycyltyrosylalanylleucine, Ser-Gly-Tyr-Ala-Leu, SGYAL

(1) Secendary siruture

le) Tertiary structure

i) Quaternary structure f'{*
Hemoglobin

VR R R PO
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| |
HsN—CH —ﬁ—N—-CH—COO'

0
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+
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H
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H,C CH,
Proline

=0

=0
o
1
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Cor i a h

H H H

The carbonyl oxygen has a partial negative
charge and the amide nitrogen a partial positive
charge, setting up a small electric dipole.
Virtually all peptide bonds in proteins occur in
this trans configuration; an exception is noted in

TGN 1B, ST S

terminus

- L ) i )
N-Ca Ca-C C-N
Antiparallel Collagen triple

fsheets parallel  helix  pgiops twisted
3 sheets

3 sheets

~, Carboxyl
|\ terminus
i

+180 ===
+180 |- Left-handed
a helix 120
120

o W &S
) 60 -
o g
@ o 0
(=1 [i] %
2 FRight-handed =
S -0 awhelix

e -120 [

-180 — 1 = -180 —._\ L a

-180 0 +180 -180 o +180

¢ (degrees)

flIRamachandran plotsﬁiﬂ]ﬁﬁﬁfﬁﬁiﬁ

¢ (degrees)
¥ FI(pupupyruvate kinase), #H=Gly
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Ramachandran plot*
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Robert Corey (1897-1971) :
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TABLE 4-2 Approximate Amounts of a Helix and
b Conformation in Some Single-Chain Proteins

Residues (%)*

Protein (total residues) « Helix B Conformation
in (247) 14 45
|Ribonuclease (124) 26 35 |
Carboxypeptidase (307) 38 17
Cytochrome ¢ (104) 39 0
Lysozyme (129) 40 12
Myoglobin (153) 78 0

Source: Data from Cantor, C.R. & Schi I, PR. (1980) Biophysical Ch y, 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 £ conformation con-
sist of bends and irregularly coiled or ded hes. of & helix and 3 conforma-
tion sometimes deviate slightly from their normal dimensions and geometry.
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A2 = B4 ¢ (supersecondary structures)

- B (motif, fold) & B %8> > 5 = Kigpg
et &

- # i %P (domain)* o E B R dEindd T o Bfpig
el &

Random coil or unorganized structures
- “Random coil is not random!”
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A

Yo 3 S S

B-a-8 Loop -\g a-a Corner Typical connections  Crossover connection
in an all- 8 motif (not observed)

g
SR — TR

B- a-,B Loop a/BBarrel
Fupvpyruvate klnasep‘uﬁ TP BBRLY lﬂ("ffﬁ""?.ﬁm‘_f R RYRY

3 Conformation

2,000 X 5A

@
« Helix Native globular form
900 X 11A 100 X 60 A

Y 15 RO
- I * FEEEF 1 3F [(human serum albumin) 3 (5
Mr 64.500 kDa, 585%F%{ F&residues in a single chain
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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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(a) Reactants

L - - "
Q o TEMNPHTEMRER

(b) T Reactants Products
N A
Reactaﬁ'ts OR ‘ 3 >
Brodiscts Scaffold
(<)
Reactants Products

5. 42 4+ S (supermolecular organization)
Wi pH ehdd F(EF 25w afpbd)FET
Faom A2 I EY R ERG

A
- DNA# % %8 (replisome)

- -9 B ' 24 (proteasome)

- #& &% (transcriptosome)

- &= %8 (apoptosome)

- % ¢ % (inflammasome)

- ATP & = %8 (ATP synthasome)
- v 23 ¥ (respirasome)
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8. 3¢ WHipgr=ivnp 7 B ik
d Anfinsen® X r P& -k f2 5 (RNase) #7it {7 ¢h
- AR %P
- RNase* 2 124 s gt - 5 4B st > § R RA
2 Bk FJZRNase™ P » FarstatiB m oo 2 G (v 4
AL
- RNasez # “$4” » & &% -K FRNAE (&

-F R FEBRERME R B RNasesiE i
v 2 2% 0 A £ #7347 RNase o #1ip] F ehie 32
LR Sl Ry B S ¥l

AnfinsenE™ * pU¥ER f”@

?HOH

tIIHOH
Native state; C
catalytically active. Dithiothreitol (DTT)

addition of urea and
mercapto-ethanol

SRR

=urea
+ trace 2 ME

Unfolded state;

inactive. Disulfide Native ribonuclease A
cross-links reduced to
yield Cys residues. +2 MEI -2ME

+ urea =urea

ooneg,
of

Inactive ribonuclease A with
randomly formed disulfide bonds

removal of urea and
mercapto-ethanol

—

-2ME
+ urea

Native, . : L 2 :
catalytically ',. & Boonosged 4
activestate. ~  ood P

Disulfide cross-links Reversibly denatured ribonuclease A;
disulfide bonds have been reduced

correctly re-formed.
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-Anfinsen® A EFI1972# L B

35 F g SR
Anfinsen® X 8 7 2 % % 21 “All of the information
necessary for folding the peptide chain into its “native”
structure is contained in the amino acid sequence of

the peptide”

SR E AR S LTl

- Levinthal’s paradox (1968 )
B - B0 37 L00%RAR - F5 - BIRAES
FARAT T FA G R B0 A
2100,]}——; s ].,} , ‘li‘-"/? fé-ﬂ- _ ﬁ-—: oy ]v} 10-131,; ’
Pl E4x10%9% » 4 R m(invivo)T 4 E % ~54)
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FVIRI, RO
(native conformation)
- dynamic, flexible

BIRET N 1T PR

:p gt g il

- r1overall energy minimum % % pJ*

- $#8 4 cngpds 4 (driving force) 3 g & (entropy) %1 &
Frok vRA L RI4BL G

- &L #5038 (funnel model)*
&<l % energy landscape (it £ BB > =i & B
= &f#ﬁ — # i R
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microvillin lining, &ﬁpﬂ%ﬁ)ﬁ@#&fl msec

50
-5

Core

%‘ Foldi
s olding

* Unfolding o
Surface
Unfolded protein Native protein
(gl e =X
Ao B TR R
Waters released into bulk

Nonpolar Highly ordered  solution
substance water molecules

Hydrophobic g &
aggregation |y
R i b

Lower entropy Higher entropy
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& 3 3£ -9 (molecular chaperones)
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- Protein disulfide isomerase (PDI)
Eridtenit FEfe
- Peptide proyl cis-trans isomerase (PPI)

EF Bi’{-ﬁj‘i

Proline isomers

c i
H
7 e—N R 7 S
Va = C. 7Y
[ P " Ne_n
4

H C|=O
trans cis

S5 —r‘*, Profj, 3 PR3 transEcisBIE ="
- Prot3cisER#=S pula £35 ~ 30% , H PR RLERN"P#¢0.1%

11. 2 3% T84 5 M P
% %7 s (the prion disease)
- Prion (proteinaceous infectious only)
Prusinerf& #1997 # % b § 2 %ﬁ’:

& ‘2 & 74 (cystic fibrosis)
- Cystic fibrosis transmembrane conductance regulator

(CFTR) > FPi=A e (FO08)# 1% R % > F [ 2eh

PRFAPEEE LERY miE CFTRE 2 KEH
BB AT Foor
¥ F " (emphysema)

- a -Antitrypsin
Frd|38 4 J-9 fx(elastase) » H 4 Fv

27



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)

S FEPTPR (S SR ()

(35 FRBpus MGt F6l)

1370 3o B o3

iz F-v (myoglobin, Mb)

S fFeR e Oyl AR 0 B AR T
7153 B AR e AT

- pul b chB
d XXk B EE T FRAT LK
B LFER HP75%5 a-fxdpg 2 AT Y
LAV AE LN SRR B A S OJF - 4 f?ﬁs?]ﬁ 2
# %0, > Kendrew 7% :':.%f?ﬁvﬁ}%jﬁ%&' 1962 &
=SS AY 5
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Perutz (=, 5“E$)¥Kendrew(‘];,, ENED
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& %= % (hemoglobin, Hb)
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£

d

Ry -5

BxEA(FUOBRAR) DA TP AU FTL AT
7&0

R P
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aF BAfBEE ARt ek &R0
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-2 2R B0, ¥ ¥ % 2,3-bisphosphoglycerate
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Tﬁ‘-_q? charged

2. 815 R AP M R
&A% % § o g (sickle-cell anemia)*
- d Pauling*t1949# # ) e*“molecular disease”
- Sickle-cell hemoglobin (HbS) » # 8= H ~ e3Glu6
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Ala side chain Gly side chain
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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 10715107 Kinetic energy
Collective motions 0.01-5 1072-107° Kinetic energy
or more
1. Fast: Tyr ring flips;
methyl group rotations
2. Slow: hinge bending
between domains
Triggered conformation 0.5-10 107°-10° Interactions with
changes or more triggering agent

3. % ehdk & Fv
¥ui v (Mb)2? 5 %= % (Hb)

- O, ede £ 30 5 4B % & 2 & A F (heme, Fe'?)

’

-k ATEOHE i 4 £ Ty FRHEREP
Peageng B COMdg &1 O, ende & = 25,000 : 1

PLirFev B i F % COge £: 0,5 £ =200: 1
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FCS Fo- S

- TH25(T state, tensed 2t taut)
A3 BT H 0 A & F 64558 (deoxy form) -
#HO, e 33

- R4 (R state, relaxed)
A+ BREOER 0 & F 6538 (oxy form)
O, 84 5
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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

o
&
<

HelixF - ‘v
‘( Leu F4

T state R state
S S - J Ozﬁﬂjf"ﬁl@%i’iﬁiﬁﬁ%ﬁ%m

2% 5 B %9 (allosteric protein)
- Allos (# " < & 5 other) » Stereos (# "~ R 3 shape)

SRR
£ R B0, g A B iR
HO R LT ki

- B IR

B o R chde & IR i

FEzg 3 » 402,3-BPG ~ H* ~ COZ.'%‘-
w13
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Key:

Aromatic
10+ [ Aliphatic B Fne Top, Ty
B Acidic [ Amide
Small hydroxy ]
0 (Ser and Thr) E sulfu
84
- Basic
: » Y 6:. Y
: %ﬂ'mﬁt 590
ES
. ‘ ‘
94
‘ ll .18%
o | i

Leu Ala Ser Gly Val Glu Lys Ile Thr Asp Arg Pro Asn Phe Gln Tyr Met His Cys Trp
B ELPRRVRZRY 55 1. Frequencies of various amino acids in proteins

S F I 10F B SaF 1 ETRSELERRE 75, H94T ; he SWISS-
B B Rty P, ST B (e oW

wiedgebase)

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

Amino Bovine Bovine
acid cytochrome ¢ chymotrypsinogen
Ala 6 2 |
Arg 2 4
Asn 5 15
Asp 3 8
Cys 2 10
Gin 3 10
9 5
Gly 14 23
5 3 ¥
lle 6 10
Leu 6 19
Lys 18 14
Met 2 2
Phe 4 6
Pro 4 9
—Ser T 78
Thr 8 23
Tp 1 8
Tyr 4 4
Val 3 23
Total 104 245

AP EISk c: 50/104 (48%)

Chymotrypsin: 126/245 (51%)
Aliphatic,
Aromatic

S

*In some common analyses, such as acid hydrolysis, Asp and Asn are nol
readily distinguished from each other and are together designated Asx (or
B). Similarly, when Glu and Gin cannot be distinguished, they are together
designated Gix (or Z). In addition, Trp is destroyed. Additional procedures
must be employed to oblain an accurate assessment of complete aming
acid content.
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Amino Acid Composition of Some Selected Proteins
Values expressed are percent representation of each amino acid.
teins®
Amino Acid RNase ADH ( Mb ) Histone H3 (Collagen )
Ala 6.9 7.5 \9'8/ 13. 11.7
Arg 3.7 3.9 17 19
Asn 7.6 21 2.0 0.7 1.0
Asp 4.1 45 5.0 3.0 3.0
Cys 6.7 37 0 1.5 0
Gln 6.5 21 3.5 5.9 2.6
Glu 42 5.6 8.7 5.2 4.5
3.7 10.2 9.0 5.2
His 3.7 1.9 7.0 1.5 0.3
Ile 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 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 25 4.4
Ser 12.2 7.0 3.9 3.7 3.8
Thr 6.7 6.4 3.5 7.4 1.5
Trp 0 0.5 1.3 0 0
Tyr 4.0 1.1 1.3 2.2 0.5
Val 71 10.4 4.8 4.4 1.7
Acidic 8.4 10.2 18.7 8 7.5
Basic 15.0 13.1 21.8 8.8
Aromatic 6.4 6.4 7.2 5.2 1.7
Hydrophobic 18.0 30.7 27.6 23.0 6.5

- bzl Bk et S E B

B T /B RB o Sanger*Flid-e L | & A4 3
i E R AR - Bt 2o A EWE
1958 # b # 1 & f&(Sanger F1#& 1) & 41 DNAFR 51| e
323010804+ L EEHEE 1L 5 )

Rf o r SRy oA BAEs7d g‘ﬂm
Bt - mfpid chA HEEAT L B AR
&

FHideg AT (9 FE R E

P
=7
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P

fn)

CHOH

ICHO
C

Dithiothreitol (DTT)

Erp TP
Disulfide bond

11 (cystine) _’_J

NH 0=cC

| I
HCI —CH;—S—S5—CH;—CH
|

hIlH ]Cl) I 0=? NH o=cC
H?—cuz—isl—o— “0 —S—CH; —CH HC—CHy—SH  HS—CHy—CH
C=0 (o] HN C=0 HN
JJ Cyste:lc acid -H (r acetylation _H
residues b
y
iodoacetate
hlll'l O=C
H?—CH;—S—CH;—COO‘ ‘OOC—CHZ—S—CHZ—ClH
C=0 HN,
Acetylated _Ij
cysteine
residues
Polypeptide NO, NO, s R f
N N3 s
NO:
FDNB FDNE NO,
NO, NH NH
L Rl_én 6m HCl R —J:H Identify amino-terminal
(a) | I residue of polypeptide,
Cl-O oo™
2,4-Dinitro- HN 2,4-Dinitrophenyl
phenyl i derivative
derivative 1 of amino-terminal
of polypeptide C=0 residue
5 WAL
: NH
Phenylisothio- | NH
N
PITC Il cyanate S=C |
c I-) LS M Identify amino-terminal
\l‘:l M ercoon 30 1 w i [alauerpurifysndrscyce
(b) i S R'—CH 3 C—CH HN——CH ining peptide fr; t
+© "OH \é =0 g‘f \g‘ A 1 through Edman process,
Gilqul Anilinothiazoli Phenylthichyd .
R;_cl H derivative of amino derivative of amino
] acid residue acid residue
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_ TABLE 3-7 The Specificity of Some Common
§J{“ ﬁ:, fl' ﬁ?ﬁﬂ Methods for Fragmenting Polypeptide Chains

Reagent (biological source)* Cleavage points?
[ Trypsin Lys, Arg (C) |
(bovine pancreas)
Submaxillarus protease Arg (C)

mouse submaxillary gland)
Chymotrypsin Phe, Trp, Tyr (C) I

(bovine pancreas)
Staphylococcus aureus V8 protease Asp, Glu (C)
(bacterium S. aureus)

Asp-N-protease Asp, Glu (N)
(bacterium Pseudomonas fragi)

Pepsin Phe, Trp, Tyr (N)
(porcine stomach)

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.

'Residues 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(et 2 i

N; Phenylisothio- ’]‘H ITH

I cyanate S5>C

ﬁ o4 | ,C% _ A Identify amino-terminal

HH: 5 N o =% ‘f =0 residue; purify and recycle
| CF,COOH \ 7/ H I =7 ;
s R'—C C—CH HN CH g peptide fragment
/~ TOH éno 0’ P F|| - through Edman process.
| Gr’qu, Anilinothiazoli Phenylthiohydantoin
i RP— é H derivative of amino  derivative of amino
1 . -
1 | acid residue acid residue
I c=0
z E ? 2 1 3
+

i HN —C— —N—C—ﬁm Shor:;ned
H PTC adduct Hl HH Peptice
1 [+] o]
S 1
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- Procedure Result Conclusion

@715 hydrolyze; separate A5 H2 BRI Polypeptide has 38
== amino acids c 2 13 5 2 amino acid residues. Tryp-
T@ o b4 K 2 T sin will cleave three times
> E lz :;‘ i : ; (atone R (Arg) and two
Polypeptide & '3 P 3 K (Lys)) to give four frag_-
ments. Cyanogen bromide
will cleave at two
M (Met) to give three
react with FDNB; hydrolyze; fragments.
separate amine acids = g oy " =
2,4-Dinitrophenylg E (Glu) is amino-
reduce detected terminal residue.

disulfide
bonds (if present)

P A T
o
>
cleave with trypsin;
separate fragments; sequence

|, by Edman degradation

GASMALIK @ placed at amino terminus
EGAAYHDFEPIDPR because it begins with E (Glu).

@ DCVHSD @ placed at carboxyl terminus
because it does not end with
(-4) YLIACGPMTK R (Arg) or K [Lys).

deave with cyanogen .
bromide; separate fragments; EGAAYHDFEPIDPRGASM verlaps with

seauenceby Edman degradat (€9 TKDCVHSD (f-Djand({-4),allowing
(&3 ALIKYLIACGPM them to be ordered.

establish @ @

sequence .
Amino :EGMYHDFEHDP#EJ\SNFI.\Uﬂ\erQGPM"THb';UHSD

® @ e

1 Carboxyl
| terminus

Partial protein
(a) digest of sample is
smeared along one

Jedge of paper HCOOOH-reated
/

strip is attached
/ 1o new sheet of
paper and second
electrophoresis run
is performed
®) d
(2)
@ _ Peptides derived
— from disulfide-linked
of peptides A protein fragments
toward (3 electrode
Buffer
;
Diagonal
(c}

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

s
Performic acid - Diagonal electrophoresis (%}E"J:S%‘Fr)
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His TR
- F# A $77% (mass spectrometry)*
B FAE o P REFE TR AT
Fenngr Tanakal #£2002# # b # i § f2
-2 FERE

3.2 b Z BB BB
T?%ﬁ%%%
1% 30 FrdHikiEtaige i S Pk
mﬁﬂ’“*‘&ﬁéﬂaﬂﬁﬁﬁaf ’2
- AU Xk SR g R ’F’paamf#_ » B 18
B ez sfie B BHSR

‘\+_

ﬁ*
T

Erf ' UTRV R ST AT
Mass

Glass  Sample spectrometer
capillary solution

1 +.1 (= +++
M + i +
I_IT"" B % 1"-.-" i ey g &
+
High
voltage
]
Vacuum
interface

(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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100 47342
50+
50t
100 |- l

~J
w
T

| | e
| 40+ 47,000 48,000
‘ |

Relative intensity (%)

800 1,000 1,200 1,400 1,600
m/z

The spectrum generated and a computer-generated
transformation of the spectrum

Relative intensity (%)

200

Collision
MS-1 cell MS-2  Detector
i]_ﬁ:——— —e—:—o.:—'- @ e . m :]

Electrospray Separatioﬁ Breakage

ionization
e -
i i
b
R R 0 R®
I H H ol H H | 29
H;N—C—C—N—C—C—N—C—CF+N—C—C—N—C—C
H [ H H | H o
2 R* ©
y
“5
H | o
N—C—C—N—C— f
H | | H [+

400 600 800 1,000
m/z
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CD% ﬁ?:’]‘ﬁ

As(M" cm™) per residue

180 200 210 220 230 240 250
Wavelength {nm)

260

R Il e T—
-]

b b

&
a

Standard

1 1 1 1 1

10.0

8.0 6.0 4.0 2.0 0.0

"H chemical shift (ppm)

One-dimensional NMR spectrum of
a globin from a marine blood worm

-2.0

2Dy REH ISR

e it ek

P T R TR S <8 S W WA T T
10,0 80 6.0 40 2.0 0.0 -2.0

TH chemical shift (ppm)

=2.0

10,0 80 6.0 4.0 20 0.0

"H chemical shift (ppm)
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R PR S AL R B

aHelix 3 Conformation 3 Turn
Glu | |
Met | |
‘I'_‘;: [ I I I I Helix-Forming and Helix-Breaking Behavior of the Amino Acids
Lys ] | ] Amino Acid Helix Behavior®
E'I‘: f T I | 1 A AN T i3]
[ Cys Variable
;rlrep 1 1 I I D Asp Variable
Val ] ] E Gl H
“a I F__ Phe i
pr ] ﬁ—J G Gly | (B)
J\Is | { T s 0 T
T;Q I 1 1 Te H &}
Se: T I ] K Lys Variable
L Leu H
ﬁvs |] T I I 1 Mo Met H
sn [ ] T N Asn & {1}
i { T P Pro B
4‘] T O T T
Gly I | R A " n
s Ser C [1:3]
T Thr ¢!
v wal Variable
W T H (©)
Y Ty H (©)
*H = helix former: | indifferent; B = helix
breaker: € vandom coil; () secondary 1en-
deney,

Chou-Fasman Helix and Sheet Propensities
(P, and Pg) of the Amino Acids

Helix Sheet
Amino Acid Py Classification Py Classification
A Ala 1.42 H, 0.83 ig
C Cys 0.70 ia 1.19 hg
D Asp 1.01 | P 0.54 Bg
E Glu 1.51 H, 0.7 Bg
F Phe 1.13 h, 1.38 hg
G Gly 057 B. 0.75 bg
H His 1.00 9 0.87 hg
I1le 1.08 h., 1.60 Hg
K Lys 1.16 h, 0.74 bg
L Leu 1.21 H,. 1.30 hg
M Met 1.45 H, 1.05 hg
N Asn 0.67 by 0.89 ig
P Pro 0.57 Ba 0.55 Bg
Q GIn 1.11 h, 1.10 hg
R Arg 0.98 i 0.93 ig
S Ser 0.77 ig 0.75 bg
T Thr 0.83 iy 1.19 hg
V Val 1.06 h, 1.70 Hg
W Trp 1.08 | 1.37 hg
Y Tyr 0.69 be 1.47 Hg
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it * (computer-based calculation, *2energy minimum
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] 1 20
Myoglobin Gly—— = Lot~ Ser-Asp— Gly= Glu=Trp= Gln=Len=Vall- Len—Asn = Val+ Tlp— Ala=Asp =1l =Pro=Gly=His= Gly = Gln=
4 (¥al- — <Leu+ Ser-Pro- Ala— A-\p-l.,w—Tln--\-m-Lu-In—Ah—;\L.. Alal= His=Ala=Gly Ty -Gy

B Val- His=Leu~Thr—Pro— Gl Glu-Lyg— Ser —Als <Val-Thr —Al— Lew! p—Chy— L= Val— Av—— ——— Vil =Aspr = Glu=Val = Gly
30 40 50 60
—Leu=lleAng-loeu= = His~ Pro~Glu—=Thr=Leu=Glu=1 u—l‘]w-\q:- L \\-Pilr ys=HisLeu=Lys = Ser = GhreAsp—Glu- Mer—Lys = Ala = Ser[~ Glu=

~Len-ci AT -Leu=Leu=Val =Val = Tyr —m—'rrp—'nu—n = «.;,-i'h.—m-(.lu- Ser=Phe-Cly: -m- Thr=Pro=Asp=Ala=Val ~MerGly— Asn—Pro-

il &0 S0
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