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3.8. EERBIITE
2 N P IR B A RS

In E.coli, 100 aa peptidefold in 5sat 37° C

L evinthal’s paradox: 10 x103s=10""yr

HE RN BAREVHHERIRE
Protein folding cannot be a completely
random ,trial-and-error process

There must be shortcuts!
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1. Hierarchial model: SCHR K&, BEEITE
B R gE ), SN, =REEN;

S
E-p-p
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2.Hydrophobic collapse model
(FRK IR AY) .
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Beginning of helix formation

3. HHHAEIR LAY

(folcmg funnel)

« RARMZHH HAER
%, BRI EEHED)

T2 KIER

« TBEREF, MWEH
H kb, 7—:5?‘1"]%! »é
Wi%ﬁﬂ, Ei )ﬁ}ﬁ E

K. B H AR,

as the protein folds,
entropy is traded for
enthalpy

and collapse

122288 227%

native con

Percentage of residues
of protein in
formation

1D
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ENCIER =
events taking place early along the folding

pathway are crucial in that they 'set-up'
downstream events

Image Credit: Peter G. Wolynes
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Molecular Chaperones
o F A8

® Person,usually a married or elderly woman
who, for the sake of propriety, accompanies

a young unmarried lady in public as guide
and protector

Oxford English dictionary(2" Ed.)
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® JVRTLEE H(Hsp70): 456 8 H bR /K
® 1B H(Chaperonins): A BIFEBRIK
REY
® it R EE(PDI): ¥ Bh Mg IE A EC XY

® JIR B =R U S+ I B (PP ) 75 Bl i & Bt It
J 7 14

S FHBR AT IBE, ©
ST 2 AR MR LS 10
HEBY BT R RAE PR ) [E T




E.ColilHRERESY
GroEL/GroES complex

(b)




' hsp70
machlner",.r

T ADP|+(P))
J .

currectlv folded
\m - ; protein
" hsp70- ADP
ribosome machinery ‘ ﬁ
: incorrectly folded

EHEBEIR HES —

chaperone Zi%EFRER &

GraES cap

incorrectly hydrophobic
falded protein-binding
protein sites N ™,

c:r.:u'n:a-c:tlw,.r
M folded
A ﬂ protein

Alberts et al (2002) Molecular Biology of the Cell (4e) p.357

hep60-like

protein complex



Alberts et al (2002) Molecular Biology of the Cell (4e) p.705

3.8.6 FEENRAY

§ p - 9 E
ZEITICH e
i% *ﬁ % gi E proteasome

accessory exit
proteins

Fe s REEA

N-glycanase

CYTOSOL

R EVNER ER protein translocator
(SecB1 complex) Lowe et al (1995) Science 268: 533

misfolded protein
, EANEH
chaperone

” Ml {2 B
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Proteasome (205) Chaperonin (GroEL)

Weissman et al (1995) Science 268: b24
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The Nobel Prize in Chemistry 2004 00co

¥ =

ohota PRB photo FRES) pta PRE

Aaron Ciechanover Avram Hershko Irwin Rose

Israel Israel USA

They discovered cellular ‘machinery’ by which
unwanted proteins are first marked for destruction
by attaching a small protein tag — called ubiquitin
(%) then digested by intracellular proteolysis by
a specialized organelle called the proteasome
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OFEp £ 44k (cystic fibrosis, CF)
CF R WA ™ BRI, 5%
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3.8.8 EHREIRTEB T SHEKR cece
QO it £ 44k (cystic fibrosis)

19895 B, 5IHECCRHI A2 -
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3.8.8 EEHREI®
1] S &%

Q¥ 4n i+ I
spongiform
encephalopathy
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EFXEFFERR AR T, 4 GZINFH Y s:
(1974-1982), 19824%, B. Prusiner 7t
«sciencey £ k—% x & .

Novel proteinaceous infectious particles
cause scrapie

REFBEAREHR—HEQRLET. &
#& 2 # Prion(Proteinaceous | nfectious only)

Protein(PrP), fr 34 R+ AL H (kB o)

6F0Er X BE B R TV, tndE HK B AT LLEPrionig
SRIRKGL s T R EN TR B AL BEX Prion G o
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Mad cow

From www.wiley.com/.../cutting_edge/prions/prions.htm
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2 PrPc o PrP*c @ 4% & @ 4 a7 &
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PrPc¢
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Prpse %
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PrP ¢ 1 PrP sc ZE SR &M
FEXREN

PrP ¢  Prp sc
a —HEJE 40% 21%
B—#H&d 3% 54%




From http://www.cmpharm.ucst.edu/cohen/media/pages/gallery.htmi
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Cellular PrPs ¢
A\

From www.wiley.com/.../cutting_edge/prions/prions.htm
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Native Molten globule

— Denatured

e AAAA e 5 Amyloid fibril
£, NW\ core structure

f'_:Further assembly of protofila rnents1

From www.nature.com/.../n6968/full/nature02264.html
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ffraction
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X-Ray D
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FEHRBER=-RCHER




NMR Procedure 835

+Creata cDMA and Insart cOMA in an

BELIESSOn System




Nuclear M agnetic Resonance

H—4E 3k

10.0 8.0 6.0 4.0 2.0 0.0
IH chemical shift (ppm)

-2.0



Nuclear M agnetic Resonance
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NMR determines
the solution
structur e of
proteins
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RIKEN Yokohama NMR Park sect
A A FE R T :

KAL) & B S Ml € B4t

4‘-7.:".1.1. =

OO0 MHzx 4
800 MHzXx 6
6OOI\/I Z X10

— R
7(740A

Eig. 1 Tha MNME faciby of Gainomed SOanoa s Cantan, the BEERN YoRohama
ITBL i,
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3.10.1 &8 RFA R EIT I F LR §

o
oNHp ¥OH o oNHg MO | fg B~ N7
\coon *H° Scoor *H “coo

pPH< pl pH = pl pH > pl
e TE X H =0 i e 1 £

S EH R IRAER —EpHER, (%R €& AR
¥ LR IE A A A S, FE FL3g A B ) FH AR AR

ANt Bk sh, SR I pHAE RN A 8 R B ¢
B & (isoelectric point, pl)
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3.10.3 8 A AT BT M F:

@ #h M 20 TE (A RPN\ B IR B A B
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KALE. RN AHMT&ERERGER, A

2R A PR R R AR ADTTE , XIS R A 26
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1. EWEPHEE (ERH)
2. S EUIE (MZEpH)
3. AVLEAITTE (FEEZRME)
4. BEEEHRYUE (pH>pl)
5+ AEYIBREAF AN T LRI YTIE (pH<pI)
6. FARPEYIVE
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3.11.1 WERRN

/NHZ NH
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AN C -\'—;——“-'*O .
NH; o 32 - NH -+ NH4
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o J | C :\“#O
N NH,
NH, :
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3.11.2. EERAIEIMNRIL S 1E Tt
£
FARETES 5 |
¥ X (200-230nm )
B RKB B, 7 "
280nm7F — ¢ 1iE W Wt :
g, "IHTEE R
%lﬁ%ié% 200 220 240 260 280 300
F I (nm)
FEHFRERE/ (mg/ml) =1.55AlM - 0.76A LT

MEVER: 0.1~0.5mg/ml
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3.14. HER (&) AR

(DSize-exclusion chromatography

o T HERELE T
(Gdl Filtration &L IE)

@l on-exchange chr omatogr aphy
BT

@Affinity chromatography

=]




/
ove0
| X

(DSize-exclusion £ )
chromatography
(o HERR R b=
Gel Filtration T A
( BRI T8) ;\]\:

Porous
polymer beads

PN | A
U "J l——l )Z } . Protein mixture is added '3 P/
to column containing )

eross-linked polymer,

3

Protein molecules separate
by size; larger molecules
pass more freely, appearing ; =

in the earlier fractions.



@l on-exchange
chromatography

B EN
BH B 1 AZ #5114l
R FIEL(CM)

A B FAZ #e1 l-
R 3 7 5 (DEAE)

ST XTI
5 S pHIATE
=P d

Polvmer beada
with negatively
charged
functional groups

Protein mixture iz added
to column contaming
cation exchangers,

Proteins move through the

column at ratez determined
by their net charge at the
pH being nsed. With cation
exchangera, proteins with
a more negative net charge |
mieve faster and elute earlier.

.1.

Key:

® Large net positive charge
@ Mot positive charge
2 Net negative charge

® Large net negative charge
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Affinity chromatography

and (B2XE) -

5/—

JR AT 1

N

_%jcﬁa\?ﬁn*

A

B

i
e

JRPIRAAD)

(LS /1WA

H,

R

R —PEFE

441’
I 3

Protein mixturs
is added to
eolumn containing
a polymer-bound
ligand specific
for protein of

interest. 1 23 405
Unwanted
proteins
are washed
through
column.

()

# ™\ Kew
¢
| | Protein of
e \ | interest
A .
Ligand
Mixture :.___::’_..; ~\_ ( \
Ut'prut.eri_liﬂh P L _-? .J‘ .ﬁ.
G =0 ) Ligand
i att.ﬂchefl to
Vi polymer bead
s
‘il |’: - ! s,
" e P i\\‘é Y, A
bal o L)/ ) —
g 2 o ... S
é’” OS]
Solution

of ligand

[ g
»
4
44 56 T 8
Protein

of interest
is eluted hy
ligand solution.
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0000
NSRS RIME
m T 5 étI:'_. 't.l/q E’]} b
D—9
A Purification Table for a Hypothetical Enzyme*
Fraction Total
Procedure volume protein Activity Specific activity
or step (ml) (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 3
3. lon-exchange
chromatography 90 400 80,000 200
4. Size-exclusion
chromatography 80 100 60,000 600
5. Affinity chromatog-
raphy 6 3 45,000 15,000

*All data represent the status of the sample after the designated procedure has been carried
out. Activity and specific activity are defined on page 137.
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3.16 Bk (electrophorysis) #7K

HE

[5],

(A

R F K.

M §1.37 Hy

Direction of
electrophoresis

. T AT A
E E AN A

Mixture of
"~ macromolecules

Electrophoresis

~ Porous gel




3.16 B3k (electrophorysis) A | see:

Jig: 1) oBEEH 2) XEeEHEH4E
3) MESFE 4 MEHEHES
3EAR M Bk

MK (SDS-PAGE)

X [r] FL K
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3.16.2 SDS- B8 7 Bk RS ER A Pk 3338
(SDS-PAGE) “e
o A 8 - .
ol & O =
Na+ 0O—S—O0 (CH2)110H3 m
| = 2 >
9 i & ™
Sodium dodecyl sulfate -
(SDS) Fe g -
%ﬁ: —

SDS: + — kL FE R R

BEFORE 5DS

charged R-groups

=

hydrophobic areas

+LHIH

SRS MEEN Y
|

N TE B
Y bl R 0 A7
IRl HEEER e )

RIS bR LBl

|
(NP

AFTER 5D5

e Y b (b)



@ SDS-PAGEEZ

Myosin

B-Galactosidase
Glyeogen phosphorylase b

Bovine serum albumin
Ovalbumin

Carbonic anhydrase

Soybean trypsin inhibitor
Lysozyme

@

200,000

116,250
97,400

66,200
45,000

31,000

21,500
14,400

®

$=P
1 2
[ | (|
-

M, Unknown
standards protein

(a)

log M,

Unknown
protein

)

Relative migration
(b)



3.16.3 FHERERNH
Proteins has isoelectric points

Rabad]
N

The Isoelectric Points of Some Proteins

B R B

Protein pl

Pepsin ~1.0
Egg albumin 4.6
Serum albumin 4.9
Urease 5.0
j3-Lactoglobulin h.2
Hemoglobin 6.8
Myoglobin 7.0
Chymotrypsinogen 9.5
Cytochrome ¢ 10.7

Lysozyme 11.0



3.16.3 %

SEER

B 17 -

AR 1 LA
(carrier ampholytes) ra

A ] DA X
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137 -
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In™

An ampholyte
aolution is

incorporated
into a gel.

application of
an electric
field.

iz reapplied.

000
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. X XX
~ 0 —t J1V N
- o000
o0
pH 9 S =S/
!
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=
:‘:I: E= }
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3l Nor |
A =
M
-T' —, e —
pH '3 |::|:_,' | @ T I'\-\.+_-'I
ey e
A stable pH Protein Adter staining,
gradient is solution ia proteins are
eatablished in added and shown to be
the gel after electric field  distributed along

pH gradient
according to
their pl values.
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More than 1,000 different proteins

can be resolve

| F e

d by 2D-PAGE
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3.17 [RiE (MS) =
HREAFHERTR

I SR B O AR T PR/ B A B
(MALDI-TOF MS)

RS B4R (ESIMS)
RIS (MSMS)
WRIEM (LC/MS,LC/IMS/IMS)
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MALDI-TOF Mass Spectrometry ‘ eecoo

(2)
Electrical field

accelerates ions

arrive at the
* Laser detector first

Matrix

Protein From Stryer Biochemistry




Intensity —

Sample MALDI-TOF Spectrum

(I + 2 H)*

Insulin

Theoretical value:

(1 +H)* = 57339

Insulin: 5733.5
B-lactoglobulin:18,388

- 1.
(L+2H) f-Lactoglobulin
(L + H)* = 18,364

(21 +H)' A
A

(L+3H)*

3,000

10,000 15,000 20,000

Mass/charge  Erom Stryer Biochemistry
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