()

1. }n TR wmbechl &30 HitRigda- Lt
Lwmed LN t‘ﬁ.‘a‘-ﬁi’ CEEFESNT
2. 3¢ FAAGRLehL Y
0 Fa R proteomics)
7 fFF-0 ?mﬁﬁﬁ‘g‘\%%f“ﬁ"’é}h-ﬁ- R R
PO OFhERasA R ATVATE T NA SRR
- e R Arat i ehded Tk S Kk



¥ Fehd Pty
=R kRN (s
LALES A %
S XL 30, R G0, B R
i Iuin Fev | s R
E A PGS LS S
B S FR, AR, e TS
C =Rl e dev (2 47), P o Fov , GRS R0
BEplFa R F, AEER
v mEd kB

=
(s

7

L he St
Bf VTR
= Cell adhesion (577, 1.9%)

Miscellancous (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%)

Motor (376, 1.2%)

Structural protein of muscle (296, 1.0%)

Transfer/carrier protein (203, 0.7%)

Transcription facctor (1850, 6.0%)

Protoncogene (901, 2.9%)

Nucleic acid enzyme (2308, 7.5%) / Select calcium-binding protein (34, 0.1%)

Intracellular transporter (350, 1.1%)
Transporter (533, 1.7%)

& (~20%)

T (14%)
%)

5
SRR

J

S 5%)
i
i

Signaling molecule (376, 1.2%)

Receptor (1543, 5.0%)

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

Synthase and synthetase
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Oxidoreductase (656, 2.1%)
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Hydrolase (1227, 4.0%) Molecular function unknown (12809, 41.7%)

Ligase (56, 0.2%)
Isomerase (163, 0.5%)
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TABLE 3-4 Conjugated Proteins
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Phospholipid
membrane

Class Prosthetic group Example
Lipoproteins Lipids BB,-Lipoprotein ’TF]EE—E I
of blood s
Glycoproteins Carbohydrates Immunoglobulin G | FREE !
Phosphoproteins | Phosphate groups Casein of milk
Hemoproteins Heme (iron porphyrin)  Hemoglobin :‘"ﬁl’z’_f};]{l
Flavoproteins Flavin nucleotides Succinate DI
Metalloproteins | Iron Ferritin |§'E{f'§?£"
Zinc Alcohol
dehydrogenase
| Calcium Calmodulin |
Molybdenum Dinitrogenase
Copper Plastocyanin
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ﬁﬁﬁm‘(ultrafiltration)

cuum
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support é’/// - W
Ultrafiltrate

— Dialystac

(b)

Magnetic stirrer

_ Stir bar

Magnetic stirrer
for mixing

>33 §5(molecular sieve)ﬁ??&ﬁﬁﬁﬁ(gel
filtration)‘F’fEFgﬁ(column chromatography)

polymer beads

Protein mixture is added

to column containing C'u_%

cross-linked polymer.

Protein molecules separate
by size; larger molecules g
pass more freely, appearing =
in the earlier fractions.
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SDS-PAGE (SDS-polyacrylamide gel electro-
phoresis)*
2D % # (two-dimensional gel electrophoresis)*

£ E § A

‘ﬂ\

¥

@ Large net positive charge
© Net positive charge

@ Net negative charge

® Large net negative charge
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Polymer beads with |\ "._.'.'.,
negatively charged |\ 7
functional groups [ F
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Protein mixture is added é

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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%’Fﬁﬁ'!r&_% (isoelectric focusing)
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salting-in

salting-out

Protein solubility

Salt concentration

uﬁu
patch 20
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Mixture
of proteins
Protein mixtureis [.% g
added to column Nl
containing a
polymer-bound
ligand specific for |
protein of interest. \;u B
&0
&
Unwanted proteins =
are washed through 2
column. 12345

BRI (salting out)

¢
Protein of
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!
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Ligand# #[15L

f X 2
g/
Solution %
of ligand

- = | Protein of interest
S 3¢ is eluted by ligand
34 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 280 3,000 96,000 32
3. lon-exchange chromatography 90 400 80,000 200
4, Size-exclusion chromatography 80 100 60,000 600
5. Affinity chromatography 6 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.

(35 Fensip)
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Ramachandran plot*
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coo~ A L
+
Hal _c| —H The carbonyl oxygen has a partial negative
H 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
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Linus Pauling (1901-1994)
- 1954 % ﬁ‘, AL T o2

Robert Corey (1897-1971)

a- WIS

@ carbon

Amino terminus | O Hydrogen
()

@

(a) Caroxyl terminus  (b)

) Oxygen
@ Nitrogen

@Rgroup

SHydrogen bond

17



a- R

R group (RIS
e

R group

(a) Antlpurallelx_rru:‘ = B-RSIR

R group (fIFD

Side view “§92%

18



(a) 8 Turns

N

Proline isomers
B 2
H

C
7N R H
Pl AT R
(o] Vs .2 \C—N
7

H ¢=0
| o

=0

trans Cis
S8 f*, ProBﬁ. R trans’;%cis&'ﬁ%?“

TABLE 4-2 Approximate Amounts of a Helix and
b Conformation in Some Single-Chain Proteins

Protein (total residues)

Residues (%)*

a Helix B Conformation

_Chymotrypsin (247) 14 45
Ribonuclease (124) 26 35
Carboxypeptidase (307) 38 T7
Cytochrome ¢ (104) 39 0
Lysozyme (129) 40 12
Myoglobin (153) 78 0

Source: Data from Cantor, C.R. &

I, PR. (1980) Biophysical Chemistry, Part I: 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

of & helix and 3 conforma-

tion sometimes deviate slightly from their normal dimensions and geometry.
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Cytochrome ¢ Lysozyme Ribonuclease

HRLERREE! ~ 100 129 124
a-JREEE 40% 40% Very little

Supersecondary structures
- B H e (motif, fold) & B %8> 5 = nifi

- kR (domain)™ o & R e Lo sl
w &
i

Random coil or unorganized structures
- “Random coil is not random!”
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Qs S, HIHY AP

B-a-3 Loop \_ ) a-aCorner Typical connections Crossover connection
E in an all- 8 motif (not observed)

g
SR — TR

B-a-£ Loop a/BBarrel
Fupvpyruvate ki naseﬁ‘uﬁ TR BBRLY nwﬁ.ﬁmgg RyRY

3 Conformation

2,000 X 5A

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

FHaE 12 RV
- I} R3S F O 1(human serum albumin) £
Mr 64.500 kDa, 5858 %l [&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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5. 4 & + Fi(supermolecular organization)
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- DNAs % % (replisome)

- 3¢ ' j24 (proteasome)

- & 4-H (transcriptosome)

- %= f¥(apoptosome)

- % ¢ H (inflammasome)

- ATP & = # (ATP synthasome)

- » 2§ (respirasome)
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iIZHOH

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

mercapto-ethanol %ﬁﬂ]ﬁr—ﬁﬁlﬁ

=urea
+ trace 2 ME

l addition of urea and

Unfolded state;
inactive. Disulfide Native ribonuclease A
cross-links reduced to
yield Cys residues. +2 MEH—Z ME
+ urea =urea

1of d Inactive ribonuclease A with
removaliof urea an randomly formed disulfide bonds

mercapto-ethanol

—

-2ME
+ urea

Native,

catalytically

active state.
Disulfide cross-links
correctly re-formed.

disulfide bonds have been reduced
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9. 3¢ Wi Bl

Anfinsen% 4 &% %% 11“All of the information

necessary for folding the peptide chain into its

“native” structure is contained in the amino

acid sequence of the peptide”

PN B ST

- Levinthal’s paradox (1968+ )
Bk - 39 5§ 100%%@hE - £5 - Brehm R
F AT hg B A G R Ry T
210013 7 g {4 » oipl3dF - A7 i 12 10134 »
Al %4 x10%% » & /nvivotrx § — 5%

FVINEB™. BURIR™
(nme con olﬁmation) Tt
- dynamic, flexible

BIRET N 1T PR
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g™
- r1overall energy minimum 3 % g
- ¥ & enBpds 4 (driving force)
3 & (entropy)
Pk e e
- &L 558 (funnel model)™*
Energy landscape (it £ Bl # > i 5 &)
=B o Ha RS

U’Wéa
RIS

BRI 1T
i 36[&'§$§1 J};—E lmlllln’-l‘i;éﬁ(t%actlngf,h—]g I
5| BpEYmicrovillin lining)

&ﬁﬁ?ﬂiﬁiﬁﬁﬁ‘ﬁl msec
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Substantial exclusion of water
- Occurs very early in the folding process

The funnel represents a free energy surface or energy landscape
for the folding process, the folding process is highly cooperative, rapid
and reversible formation of local secondary structures followed by a
slower phase to establish the partially folded intermediates that leads to
the final tertiary structure

* o Folding
Unfolding
Unfolded protein Native protein

i L

- The hydrophobic residues of a polypeptide chain tend to cluster
together, somewhat like an oil drop, on the inside, or core, of a
folded protein, driven away from the aqueous surroundings by the
hydrophobic effect

- The charged and uncharged polar side chains appear on the protein's
surface where they can form stabilizing interactions with surrounding
water and ions

29



Waters released into bulk

Nonpolar Highly ordered solution
substance water molecules

Hydrophobic g
aggregation

10. 38483 |
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& F 3 -9 (molecular chaperones)

- Eag v & K F-9 (chaperones, ## & ¢ )*
ELAMPITPW/P T FRE NEFLEAE
AR TR 3
Invivo shR BB A 0 T Bz A ?k’f#_r‘é
#1% % > 4oHsp70s (#4 k& 39 70)

- 3 ¢ (chaperonins, i # & ¢ )*

§ BRI RD F el » 4oHsp60

30



Chaperone-mediated protein folding

Ribosome §)
P, app 9o
o
Op—Hsp70-ATP  portially ATY Properly
O_ Protein foldesi fo[deq
protein protein
OO
o Properly
. ADP folded
- Protein ;i protein
ATP@
GroES
GroEL

Chaperonin-mediated protein folding

- Protein disulfide isomerase (PDI)
BEagE el FEfe ¥
- Peptide proyl cis-transisomerase (PPI)

Bﬁ‘ Bi’gpﬁ:
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11. #1330 T4 3 Menp R

¥ * 5 5 (the prion disease)

- Prion (proteinaceous infectious only)
Prusiner, 1997 & %L § 2 ¥

% g " (cystic fibrosis)

- Cystic fibrosis transmembrane conductance
regulator (CFTR)
FRAp(F508)# ' % % $xMbpEsy FiF
/iEp PRy wiE CFTRE Z#EH B ¥ 1v% o

W § ' (emphysema)

- a 1-Antitrypsin
M4 F-v > elastase

Stained section of cerebral cortex from autopsy of a patient
with C-J disease shows spongiform degeneration

BRI L SN DY TR
b o™

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

~FEPIPRE BT YRR ()Y
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= %% (hemoglobin, Hb)

- B e e e B4R T O i 32
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Kendrew Z]jz Ji ¢ @ &2 Perutzie & # P § ;?;’s
i3 BaxdA@AaBRBLIHE~AS - e B> H
7 eXhgx H ’0(5 141 U*E&)g@ B'kﬁ -
(3 146BMAR)NAS T ¢ v DU L AFT &
O,k ¢

axHEABBxH Aenpiset R 24P R ARAF 0L

P HBu "Eﬁlg# 3ol Fu BT 0 BEoT
BARAANGZHEHEAAR ST 39 i M

Hemoglobin Hb(Oy)
(Hib) 7_> o)y

4

Hemoglobin Hb(Og) 4
(Hb) ;

402

Lungs

Tissue

Heart

Myoglobin {3 subunit of
hemoglobin
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(35 Ty )

1. %v ?é‘ﬁf#_ﬂ;
9 FA3F % dynamic
IRk F-v

- A3 dRE o oA L plda B < 8

Subtle » 4*“breathe”

- #3; % 1* (conformational change)™

Dramatic » & & 127 B
b+
-BEEERT L 2R20,

- VU fTEERE IR B Bl B 0 Catiend d

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
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Steric effects caused by ligand binding to the heme of myoglobin
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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

HelixF - N
¢ LeuF4

R state
B S - J Ozﬁf"ﬁl?mﬁﬁiﬁﬁ%ﬁ%%
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(35 % Hcninl 222 38 R))
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B fRkfE

f# 4 1972# #. B f 1 & f£7 1 Stein & Moore#*t
B aveilp sk

SRARE SV R BT

+I?IH1 "ITJH 3
R—CH R—(|3H
I
Cc=0 COOH
I
HIT +
+
NH
R'—CH |
| R'—CH a-Amino
C=0 | acids
I COOH
HN 6 M HCl in H,0 +
S 110°C, 12 h
R"—CH r +TH3
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HN COOH
RF"_CH +
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Key:

Aromatic
10+ E Aliphatic B i Trp, Tyo)
B Acidic [ Amide
Small hydroxy i
0 (Ser and Thr) E sulfu
84
B Basic
6 . o0 -
| %ﬂ.:&pﬁ& 590
’ |
. | -
|
|
|
94
Il .18%
u 7 - I

Leu Ala Ser Gly Val Glu Lys Ile Thr Asp Arg Pro Asn Phe Gln Tyr Met His Cys Trp
B ELRFVRZRY 55 17 Frequencies of various amino acids in proteins

BEACYFILOP B R BT, T PR

(the SWISS-PROT protein knowledgebase)

TABLE 3-3 Amino Acid Composition of

Two Proteins
Number of residues
per molecule of protein*
Amino Bovine Bovine
acid cytochrome ¢ chymotrypsinogen
P 2 = | AFHREIk ¢ 50/104 (48%)
Ag o T Chymotrypsin: 126/245 (51%)
Asn 5 15 Aliphatic,
Asp 3 8 Aromatic
Cys 2 10 o
Gin 3 10
9 5
Gly 14 23
IS 3 Z
lle 6 10
Leu 6 19
Lys 18 14
Met 2 2
Phe 4 6
Pro 4 9
—Ser T 78
Thr 8 23 .
*In some commaon analyses, such as acid hydrolysis, Asp and Asn are not
Tp 1 8 readly distinguished from aach other and are together designated Ast (or
TYF 4 4 B). Similarly, when Glu and Gin cannot be distinguished, they are together
designated Gix (or Z). In addition, Trp is destroyed. Additional procedures
Val 3 23 must be employed to ablain an accurate assessment of complate aming
Total 104 245 acid content.



Values expressed are percent representation of each amino acid.
Amino Acid RNase ADH ( Mb ) Histone H3 Qlollagen )
Ala 6.9 75 \9'8/ 13.3 11.7
Arg 37 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 L5 0
Gln 6.5 2.1 35 5.9 2.6
Glu 42 5.6 8.7 5.2 4.5
3.7 102 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 45 5.3 25 44
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 1.3 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

- MRA BRI R
17 mefh e R 51
Sanger*%i-z 3% § 2 & 5 mf#. b Jel PR o S
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Erp TP
Disulfide bond

ol Wj (cystine) J_J
pHsn) T >3

CHOH HCl—CH;—S—S—CHz—(lﬂ

vl IE: Y

=0 HN

C
Dithiothreitol (DTT)

hIIH I? ﬁ o=? NH o=c
H?—cuz—ﬁ—o- -0 ~ﬁ—cuz»—?u Hcl —CHz;—SH HS—CH;—(lH
c=0 O o HN c=0 HN
JJ Cyste:lc acid -H (r acetylation -H
residues I by
iodoacetate
hlltvl 0=C
a?—cuz—s—cn,—cow 'ooc—cuz—s—cuz—?}l
c=0 HN
rI_ Acetylated _H
cysteine
residues

Polypeptide =~ "-" NO; NO, P o =L
N3 s
FDNB FDNE NO,
NH
R —CH 6m HCI / —1|ZH i lde.ntifyaminn—terrr!inal
(a) é I residue of polypeptide,
I-O €oo”
2,4-Dinitro- HN 2,4-Dinitrophenyl
phenyl ll‘—l!l-i derivative
derivative of amino-terminal
of polypeptide C=0 residue
; BRELT
Phenylisothio- NH
N
PITC 1l cyanate 5S> |
c I-) LS M Identify amino-terminal
\-Ll‘:l M7 cecoon X N e residusypurify and scycle
(b) i S R'—CH 3 C—CH HN——CH ining peptide fr; t
o \*cl =0 0'; \g‘ l!- through Edman process.
G||\|H1 Anilinothiazoli Phenylthiohydantoin
R‘—% H derivative of amino  derivative ofarninu

acid residue acid residue




_ TABLE 3-7 The Specificity of Some Common
§J{“ ﬁ:, fl' ﬁ?ﬁﬂ Methods for Fragmenting Polypeptide Chains

Reagent (biological source)* Cleavage points!
I Trypsin Lys, Arg (C) I
(bovine pancreas)
Submaxillarus protease Arg (C)

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

(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) I

*All reagents except cyanogen bromide are proteases. All are available
from commercial sources.

'Residues fumishing 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 degradation

¢ @ ©

n Phenylisothio- | ITH
I cyanate S>C
ﬁ o4 I*) S _ N Identify amino-terminal
5 5 lI': CF,COOH 5\ ,P + 5—? ‘f =9 residue; purify and recycle
1 3 H .. .
R H C—CH HN CH g peptide fragment
[ C=0 o’ \R' A‘ through Edman process.
I G Anilinothiazoli Phenylthichydantoin
2 o s 7
i 2 | derivative of amino derivative of amino
R*—CH
| | acid residue acid residue
I c=0
: E RI 2 FIlS
| + Shortened
! HsN —C—C—N—C—C A~
i PTC adduct " Ij’ H H ﬁ peptide
1



- Procedure Result Conclusion

({*" X hydrolyze; separate A S H 2 R 1 Polypeptide has 38
= g . amino acids c 2 13 5 2 amino acid residues. Tryp-
{ D 4 K 2 T sin will cleave three times
L EE L2 VI (at one R (Arg) and two
4 F 1 M 2 Y 2 H -
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 m b . =
2,4-Dinitrophenylgl E (Glu) is amino-
reduce detected terminal residue.

disulfide
bonds (if present)

TR

b cleave with trypsin; @ GASMALIK @ placed at amino terminus
fi : " N o
;n:dr::“ ;:g;r'n:;;u:enuenm @ EGAAYHDFEPIDPR because it begins with E (Glu).
@ DCVHSD placed at carboxyl terminus
because it does not end with
YLIACGPMTK R (Arg) or K (Lys).

cleave with cyanogen
bromide; separate fragments; @ EGAAYHDFEPIDPRGASM verlaps with

o Biend (€9 TKDCVHSD nd,allowing

@ ALIKYLIACGPM them to be ordered.

establish @ @ @

| sequence .
Amino :EGMYHDFEHDP#&J\SW\UﬂrLl.\QGPMﬂTwaHSD

D) ®@

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

from disulfide-linked
protein fragments

of peptides
toward (3 electrode

Buffer

Diagonal

(c)

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

T Rl
Pecformic acid - Diagonal electrophoresis (%]‘E"‘ﬁﬂ%‘?ﬁ*)



Hw 2 /32
- ¥ # 4 47% (mass spectrometry)™
P FEITF(TH)
Fenng Tanakak 2002 & %6 § i § &
- 2FFERE

Erf ' UTRV R ST AT
Mass

Glass  Sample spectrometer
capillary solution

1 +.h = +t+
[ + g+ + +
. I—‘—— —_— +1] .__: + — +
|~ +mert - ot
+
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



Relative intensity (%)
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Erf \ETRVETRSI ARG

100 47342
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e 751 40+ 47,000 48,000
g r
E
g T
2= 50 | ‘ 30+
.
@
e

25

0

800 1,000 1,200 1,400 1,600

m/z

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

Collision
MS-1 cell MS-2  Detector

e

Electrospray Separation B;eaka‘ge

ionization
e -
s
b
R R 0 R®
[ 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 o
2 R*
y
RS
H | ]
N—C—C—N—C cf
H | | H [+
R* O

400 600 800 1,000
m/z
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1 1 1 1 1 1 5 {}
00 80 60 40 20 00 -20 ZDB&*LW F%?
TH chemical shift (ppm)

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

"H chemical shift (ppm)

10,0 80 6.0 4.0 2.0 0.0 -2.0

100 80 60 40 20 00 -20
TH chemical shift (ppm)
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R PR S AL R B

o Helix 3 Conformation /3 Turn
Glu | |
Met | |
AN T ! ' | | Helix-Forming and Helix-Breaking Behavior of the Amino Acids
Lys | 1 ] Amino Acid Helix Behaviar®
EI: f T I | 1 A AN T i3]
Trp l I { i Cys Variable
il 1 I D Asp Variable
val | i E Gl H
I F__ Phe H
Asp ] ﬁ_j G Gly | (B)
:'s | { T s 0 T
T;g 1 1 1 e H ()
Se: T I 1 K Lys Variable
Cys ] | I L Leu H
s T T 1 M Met H
I I I N Asn C {1
K { T P P B
4‘] (SR T
Gly I | R A )
p ()
T Thr
vooval
w Trp ()
Y Ty (©)
*H = helix former: 1= indifferent; B = helix
Breaker: = random coil; { ) = secondary wn-
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. 0.37 Bs
F Phe 1.13 h, 1.38 hg
G Gly 0.57 B, 0.75 bg
H His 1.00 I, 0.87 hg
I Ile 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 b, 0.89 ig
P Pro 0.57 Ba 0.55 Bg
Q GIn 1.11 he 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 h, 1.37 hg
Y Tyr 0.69 ba 1.47 Hg
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3+ B it 4 (computer-based calculation, 14
energy minimum= RB) > feéig- H A5 &
By ¢ 7 kA s wmitig (knowledge-
based method, database)

- W RN EG IR S

(35 Fensipome)

1. 447 30 Fevefpe S8R5 7 HREFD F
EFRAF-AL(TRRR)
i Fd BE R SRy T - b

2.7 Fd B kR g
i ded R HR S LR haxE AR B E A
Bl Y PR RE G KT N TR
P - Bk i A
- — B R ehrg 3d
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] n
Myoglobin Glv—— = Leti= Ser—Asp= Gly= Glu=Trp= Gln=Leu=Vall- Leu = Asn - Val =1
@ Val- — L& Ser“Pro— Ala— Asp=Lgi— Thr=Asn ¥l | v —AE— Al

Gly= Alaj= His= Ala=Gly T - Gly
Asii—— —— =Vl = Aop— Gl Val -Gl

50 [r
n-liu-l:u-l vs = Ser=GhrAsp— Gl Met-Lys = Ala = Ser [~ Glu~
-}hs —————————— Glyﬂ Ser Ala =

= Thr=Pro=Asp-Ala=Val -MerGly- Asn— Pro—

_ﬁ:uh‘q—lm-u ru=Val =Val = Tyr=Fro—Trp—Thr =l -!\.‘,-I'h:—m-(.lu- Ser: =y =Aspr

il S0

.v.\—( iy —His = His= Glu=Ala = Gli-Tle = Lys = Pro< Leu — Ala—

=Asp=Lew=Lys-Lys & His =Gy ~Ala = Thiet Val =Leu=Thr Al = Leu=Gly=Gly =lle = Len=Lys
Ser - Al - Lot =Ser-

—tiln=Val +Lystil ~His ~Gly -Lys ‘I‘?"Lmj Ala = Asp 7AB = Leu=Thr=Asn =Ala=Val
L <Vl =Lys—A1a ~His ~Gly —Lys —Lys—Val —Lev— Gl ~Ali — Phe—Scr — Aap —Lil— L;.s%éﬁ—m

120
Lew-Gli=Ser= Lys = His = Pro. - Gh—
y =His— Leu=Pro — Ala=
~Hh‘—l'.|n—l"h =las=

1idh

—Clu-'lzu"nh—( i —A.-p-Lp-I'..r liu‘aw-uasp—l'uo—( Iu-h'-!hu-,\lrx —url.d-(.l -r\m-\al-l'a-qu—\ al = Asn=Val -I.p:— A\

130 140 150

=Asp=Phe=Gly=Ali=Asp=Ala =Gin=Gly= Ala =Met— Asn ~Lys = Ali = Lew=Gli —Lewe Phe =Arg —Lys = Asp=Met=ALi = Ser = Assi= Tyr = Lys = GlimLew-Gly =P he=GlirUly
“ThrPro—Ala <Val - His Al Ser ~Lew—Asp =Ly = Phe< Lew-AIR —Ser—Val ~Ser ~Thi-Val <Leii—The Ser Ty =Ty Arg—
~Phe=ThrPro-Pro -Val - Gin--Ala- Ala - Tyr — Gl <Lgs — Val ~Val —Ala —CGlv—Val - Ala —Asn—Ala—Let—Ala — His—Lyp=Tyr—His—

TR R R R P K IR 4 IR PR BT

Myoglobin B 13

Ancestral
c-glohin

Ancestral

Brglobin

B TR 0 IR AR
E‘— ﬂ,?.i ims-:t.
BH wm—1140fﬁl§s(r§lmflleje4ﬂﬁiﬁlrfd
Ancestral - qn :&"E Ea -i'F' E] 38fﬁ'§§§lmﬁ'ﬁl

Ancestral globin

a~chain of horse methemoglobin f-chain of horse methemaoglobin Sperm whale myoglobin

U TR VIR Y BT BT PR
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3. fn% & CHEE g
LR ek iRenimie ¢ B CHMRARMA 7] 0 WP R T
hG AT EHF M Rz 2
IR Ity ULER E IV CIEp gy av et
FEERE LR
- AR EER 2 *“F§40$fﬂeiﬁﬁvwaa 3c
B fih- s dApk eiri 4 43R

W d RCTiog G 104R AR £Y §28F % 2
oy

281} ”*Eﬁ&'frﬁm"a 3 % CHhE i

?%”M“’fﬁﬁ—whﬂmwﬂ“ﬁfmuﬂm
W e

Bk B

28 2R

&

g%

2 g

2% B8y

-
3

PERITANT Y

2

H

¢ % CenF ¢

Chimpanzee
Rattlesnake

Human
Chimpanzee
Sheep [ 20 11 24 27 44 46 46
Rattesnake [0 985 a7 44
Cap [ 96 %6 4447 46
Garden snail —

Tobacco hornworm molh
Baker's yeast (iso-1) [ g g
Cauiower i

T TSRS Sk R PRSI B PV P
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WG e ¢ FCaRARE S| BRI F

FREGORINLBER T RGN

>

-dr A Hme d RCORABE BT BRI 2R
gHU T OB RARGDLE » ZRAFT
14BER » 2 A% - HWEFPF - R AHRBRAAZE
EHR AL 18% ~29% ~31REA0B M FehL B

A 5imse & A CHIRARE R T4 B ot e R
(phylogenetic tree, )k sv8 4 BHgr ¢ # @33 2 %7
Fragit M eE R ET
- A AT A R FarRAR A S

- L R S s VA S
- 48 & ;% i (divergent evolution)
- 4 I ;7 i* (convergent evolution)
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Monkey

Pigeon

25 Snapping turtle
4
R Tun @
. . i

Bullfrog ¢
4
.. Fruit ]
> gy 12 7
9 /

i
3

!
16
\«

\
5

ESTARE 1 1 She BRI T

—

(39 FLHHET LI LT IER)

1. 36 FARIPALEGHA T A
&ﬁﬂi%£$%~%—ﬁ~i ¢
AEAFE RGBS & e i
g T LM W
LR RS R R 2 E S FTE BER
M RHERFHLI I 2L - FRREARIS A4
-BETHY FALE - PBRESLS TR RA
(ligand) » 4t P F ~ A4 ~ W F1F ~ 123 A
i H 3 ER R I e TR

7 E /AR
AT S A
P F-v B e

A
v

bz
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2. MAvkendk & 8%

B FoRfANRETF LT B I“i
-R-BkpAFHBIIHES FREVT AL
Freng Tivw 4

B FEMAr AL Fenfh £ 5050 2L fanfer 4

s Vi OuEAR

FRIF0 FERANRLETFEL AL I P - B
%2 1B 2R 1>

7 BRI

- f RN AR AR B AR A TR
B FIRV A 4 LR F E(cooperativity) ¢
v fEM A B F 22k (homotropic effect) -

drg & B0, 8

- B FAIR ‘”ﬁ ? AR AR SN

—1F%kikb“ MAfrREZEFE AT AL
el JL AR ﬁ-,—» ¥; (e x}%(heterotroplc
effect) » 4re =3 20,48 & X 2,3-BPGE A §
Al e 3
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=3 (allostery)

30 Fend Bnin B ehjp 3 B

7 EEaBREL Y FTET

P R ehdv %ﬁ'g 7oA fe en=c H ~

:\"'ﬂ P lﬂ

- FRLAEHIE A EXFAF B L

ARAEIEA AAGTFRE DN
# 53 - A AZENRTFIRIrRAEER 5]}}1:#_;1,
B R R EL
ECE ¥ FE-2ca- 55 0:-F-F I LR L) R o -
P chE i ]S

(35 Fristtam &)

-2 ¥ S Y Aozl by
FERSPHE X~ FF SBEFRERS
= BREER O

L

R
=

N
-—\

fe
ﬂ L

-—\ -

"‘"&

$% R FlF - 2R

\

- ¥ & A FE 7 B ahd T (precursors)

x,x,‘-/‘é L ﬁ—qy- *
#%Qﬁgﬂ—'&kﬁﬁhﬁmipmﬁ’%
- * ¥ i ad CAPE
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Chymotrypsinogen Trypsinogen

(inactive) (inactive)
Val-{Asp),-Lys-lle- .
s 2 T e
ltrmin %ﬁl'lg ¥ Le.nteropeptldase ’-}E{fﬁ_ Ay
Val-(Asp);-Lys
a-Chymotrypsin Trypsin
(active) (active)
1 '1|5- 1]‘ 245 7 245
Arglle lle
a-chymotrypsin
(autolysis)
Ser'4-Arg's
+ Thri47-Agn148 " - -
) BREP R RV |
a-Chymotrypsin
- (active)
1 113' .1]6. 146 149 245
Leulle Tyr Ala
A B c

INTRINSIC PATHWAY

Damaged surface f.?ﬁ&ml’; T@

w

Kininogen
Kallikrein EXTRINSIC PATHWAY
ﬂ
xn XH, Trauma

C,

Trauma

() < Srpqt
ﬁ:' '%‘%hE I

FINAL Fibrin
COMMON
PATHWAY i |%é$£' | JF“{ il

v
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S
LAY B SR A R R

= \

- NHBEDE S v AR

- A ERRL T RO R SIS I F e

AR 2 R LR T R B R AR A

GRS e m G R R I Fla o R e

it @ v FenE e gt
VIEER D b Y BT R R B R T R
(KmE) » > BB o s 7 it 225 (Vmax-—

I L-Threonine

%/?f'_l@l threonine

k1 dehydratase

\
m m
w (4]

—) p— O — ) — O —— D

(=]
=]
[

i . B R A S R R

--H—C—CH; |L-Isoleucine
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.f%_éqj? it E>5uhstrate
C R @ Positive modulator
Less-active enzyme v
(e ‘0]@ [ ARSI
|
:
—
> : ,
More-active enzyme Sl L '3 Vm;??ﬁj

@ e
enzyme-substrate Koz Kos Ko=
complex [S] (mm)

B I CERRITNE A SOl R I

4. % 34
ax ek zE Fae N Hi R
PR 1° L At
- R0 FRHORABAREF Fnt B AR A R
HEM
Lig AR iET B E BRI FIRERRL LR
SHUER FET
S F Lw e N R R S s e

2

I L Hivck

E S
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Ser'® pH
side |
chain SHz

phosphorylase
phosphatase

Many activated

(l)H :iedr:' glucose molecules HPO3 HO
CHa2  chain
Phosphorylase b 4 : Phosphatase yogen
iless:cti::} QH glmlm N
- ’ Kinase
(more active) (less active)
2P, 2ATP ATP ADP
phosphorylase GLYCOGEN
kinase (A polymer of glucose)
2H,0 2ADP ATP ADP

Kinuse
— OH

(less active)

HPO? H,0

?ﬁm I\’!Jrﬁ]:iﬂi:ﬂlll::::*!l;ulLLu!u qIﬁ Fbl 59!@

Active
ti).
R—0—P—0"

ADP jé,- H,0
Protein Protein
kinase phosphatase
ATP P;

R—OH

Inactive

b ra?f‘r’?mtﬁ%a?ﬁ‘l’?mmﬂlmﬁﬁﬁflmﬁﬁ

Phosphatase | :
(more active)

orol-
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Hormone

Inactive — & Active
adenylyl cyclase adenylyl cyclase

Amplification of signal

m

Inactive ~— =

cAMP-dependent

protein kinase

B

cAMP-dependent
protein kinase

'/‘";E" v ?m##‘r' (13

AELE s

- £Cat R inhky FARES

3 4F 3-v (calmodulin)
F-0 Feh4 iF (protein compartmentation s

localization)

-0 A RER Y

ATP ADP

Inactive Active
phosphorylase phosphorylase
kinase kinase -

o 7

Inactive Acuve
glycogen glycogen
phosphorylase b phosphorylase a— (@

v Fgps A (protein kinase A, PKA)™*
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Catalytic site

Nucleotide- Pseudo- N

bmdlng site cubstiots

S008 R0 08,

Inactive PKA cAMP

B VTR TRAR

(3-v T ePRTR S 38E)

e P R0 AT A BH(A 1)
o i SR a0 e
“ERVAWE > F5 TGRS EED 0 EF Ra

ERER SRR R
-dovRA B L agEi R 3§ AP ARAREE B KR
viRff 4B e FRoRiTH o pend ’}#_1“ ie® » i gy
TERE2MIERDF (Y b)F

¥R hRd TR A
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B Fend o p A RETE
-t FAREH RS RS
- B0 FE AR AL
- ALFRTR A E . B lﬁg ok nded o BB A G
(AeFId >3 BB R ETIRESNE LE)

2. BEFS FA3E FehF S
B0 A BCkR) SR
-F R B
-E - BF Bead 4 B
- A fRPFY AT EAESE R

T K p A gt ) A A R 5

- 30 Fend 2 8 (half-life)

- mte A R F R (L 4 P RE)
AFATERS > STHLIEY > Ll it S H
PREMAESTHE LT o ARE N HRR Y e
JaFL AT
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of S8t N Fov Frend 4

23 Falk Sk 20 L 4 3 (hr)
c-myc, c-fos, p53 oncogene products 0.5
RNA polymerase | 1.3
Tyrosine aminotransferase 2.0
Deoxythymine kinase 2.6
Phosphoenolpyruvate carboxykinase 5.0
Aldolase 118
Glyceraldehyde-3-phosphate dehydrogenase 130
Lactate dehydrogenase (isozyme 5) 144
Cytochrome ¢ 150

HE G FRF0 TN RN 2 35 TR 5
(PEST)endicp &2 3¢ FenX 2 5 22 b 1%
- Nz ersde 2l pe 46 8F
e (48 >20 hr)—ﬁ % Met ~ Ser ~ Gly ~ Ala »
Thr ~ Val
?RI(L2H 7 ~30min)F ZArg ~ Lys -~ Asp
Leu ~ Phe
FRIBE(XLH 2~3min)F 5 lle~Glu-
Pro ~ Tyr ~ GIn
- PESTE 7](Pro ~ Glu ~ Ser ~Thr)
10 — 60 residues
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RalS

3. 30 [ A fRchis
e p v FihA jRd &
-BMSRpER o}

wd a3 BiR

L= TN

ek el g 3 LA

Fv FEfRRRE-A ch3-9 Bk fz(proteasome-

mediated proteolysis)

- Ciechanover, Hershko & Rose [ £ #2004 &
RERER

- iZ% (ubiquitin)#:& ¢ %-v F (ubiqutination)ix
26SHv TR IREY A2 FATPZ 5 18
0 F 52 (FE#EL E2,E3)

(b) £,

E2 Cytosolic

E1
Ub  ame | target protein

+ATP  +PP ‘|:=° E2 E ‘I:=°
E1 Ub ;L— Ub
1] 2] 3] 3 |

E2

E1 = ubiquiti
E2 = ubiquiti jugating —NH—C—Ub
E3 = ubiquitin ligase

=0Q

Ub = ubiquitin

Steps1,2,3

I
el T Rt

—Ub—-Ub—Ub n+1

S Srf VU BRI SRR e p 1R

a
ADP
Release Recognition
Uk Ubyp

Ub

Ub byp

nTp) ™~ Unfolding

Peptides
T Cleavage

— = Discharge



