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General Steps in Biochemical Separation

Natural source

Extraction, Dialysis
Filtration / Centrifugation

Crude extract

Ulfraﬂltratlon, Flash evaporation,
Freeze drying etc.,

Concentrated crude extract

: : _ —-3= Fractionation (salt, solvent, acid, thermal method
Design for isolation &

———— - . =
purification of desired 3= Centrifugation methods
product —3  Chromatographic techniques

— FElectrophoretic methods

Y Yield (%)
Purified product > Purity

T Biological activity



Separation of Macromolecules
B Chromatography, precipitation
M Electrophoresis, ultracentrifugation

— B. Structure of an animal cell

Golgi complex Plasma

6%, 2 membrane
Nucleus Lysosome
6% 1 1% 300
Rough

endoplasmic Endosome
reticulum 1% 200
9% 1

Mitochondrion Eirlfgsmmes
22% 2000

Peroxisome Cytoplasm
1% 400 54% 1

Number per cell Proportion of

10-30 um cellvolume




Densities of biological material

Material Density (g/cm?)
Microbial cells 1.05-1.15
Mammalian cells 1.04-1.10
Organelles 1.10 - 1.60
Proteins 1.30
DNA 1.70
RNA 2.00




Introduction (vem 3.1)

Principles of centrifugation

A centrifuge is a device for separating particles from a
solution according to their size, shape, density,
viscosity of the medium and rotor speed

In a solution, particles whose density is higher
than that of the solvent sink (sediment), and
particles that are lighter than it float to the
top. The greater the difference in density, the
faster they move. If there is no difference in
density (isopyknic conditions), the particles
stay steady. To take advantage of even tiny
differences in density to separate various
particles in a solution, gravity can be replaced
with the much more powerful “centrifugal force”
provided by a centrifuge.




Centrifugation

A centrifuge Is used to separate particles or macromolecules:

-Cells

-Sub-cellular components

-Proteins

-Nucleic acids
Basis of separation:

-Size

-Shape

-Density
Methodology:

-Utilizes density difference between the
particles/macromolecules and the medium in which these are
dispersed

-Dispersed systems are subjected to artificially induced
gravitational fields



Type 1- Preparative Centrifugation
B Collect (isolation) material:
cell, subcellular structure, membrane vesicles

Handle larger liquid volumes (i.e.
1 to several thousand litres)

F!:'I:wmn rv'it Captor
i “ Range of designs

Typical rotating speed: 500 - 2000
rpm

Immunofluorescent imaging of
human cells (U20S) with pan
Cadherin antibody 7



Type 2— Analytical Ultracentrifugation (AUC)

B Determine the mass, shape and stoichiometry ratio of non-
covalent association of macromolecules (protein-protein,
small molecule-protein, quaternary structure)

Molecular Organization of Skeletal Muscla Calj
Dystrophin-Glycoprotein Complex (Dt

Laminin2

a-D Agrin

[ o8

Basal Lamina f I I &:’ Meurex
= Perlec:

SowaaS  Perleci

- 2
Sarcolemma ) G B-DG

» Iﬂ.i.. Hin '. a-—'—* Caveolin 3

o -Dystrobrevin
Cytoplasm % nNOS @

Actin-Cytoskeleton Metwork

http://www.cgmh.org.tw/chldhos/intr/c4a90/new_page 50.htm

Rotates at high speeds e.qg.
30000 rpm

The high speeds used in
such devices generate
considerable amounts of
heat

Therefore cooling
arrangements are required
In ultracentrifuges



3.2 Basic Principle of Sedimentation (AB 3.4.3)

Relative centrifugal force

0_‘\16‘:""‘0“ of r Otg, o,

SN

-, Apparent centrifugal force
5 N /B

Centripetal
force

Figure 338 Centrifugal effects, 1

F=M@®@3r

M: mass of particle

r: radius of rotation (cm) (ie
distance of particle from axis
of rotation)

o :Average angular velocity
(radians/sec)
27 rev min™
60
Rev: revolution per minute

(r.p.m.)

1 revolution = 21t radians
=360 9

) =



Centrifugal Field

G:r(DZ depends on the radical distance of the particle from the
rotation axis and the square of the angular velocity

G Ar? (rev min'l)zr
3600

CALCULATION OF CENTRIFUGAL FIELD

What is the applied centrifugal field at a point equivalent to 5 cm from the centre
of rotation and an angular velocity of 3000 rad s—1?

The centrifugal field, G, at a point 5 cm from the centre of rotation may be
calculated using the equation G= w?r

G =(3000)2 X 5cms™2=4.5X107cms™*

10



Angular Velocity

. _1 . .
_ Zzrevmin rev: revolution per minute (r.p.m.)

Q) =
60

"CALCULATION OF ANGULAR VELOCITY

For the pelleting of the microsomal fraction from a liver homogenate, an ultra-
centrifuge is operated at a speed 0f 40 000 r.p.m. What is the angular velocity, w, in
radians per second?

The angular velocity, w, may be calculated using the equation:

2arrevmin !
w -
60

w=2X3.1416 X 40000/60rads! =4188.8rad 51



_ _ Because rotors are
Relative Centrifugal Force different from various

RCF manufactures, we use
fo_ Mo S) ) RCF value RCF to represent the
fg Mg "No. x g"

ntrif | force.
R centri ug[atoplc
RCF:( pj rxg
60

RCF =

(multiples of earth's gravitational force).

Radius \/ Radius Radius
Min . Ave - 1 Max
RCF = oL 1/ vl K
1.12x10°x (rpm)=~ / /// |
S < ,
< [/ h
< //
=
D— R. Min. 47.0 mm
rp m : D: R. Av. 77.1 mm
revolution per mi| 0 25 50 75 100 125 150 175 200 225 250 275 3(0  \ R. Max. 107.3 mm
r: radius of rotor RCF (x1000) | S

12



Relative centrifugal force

RCF =

CALCULATION OF RELATIVE CENTRIFUGAL FIELD
1.12 x 10> X (rpm)? X r

A fixed-angle rotor exhibits a minimum radius, 7,y at the top of the centrifuge
tube of 3.5 cm, and a maximum radius, 7., at the bottom of the tube of 7.0 cm.

See Fig. 3.2a fora cross-sectional diagram of a fixed-angle rotor illustrating the
position of the minimum and maximum radius. If the rotor is operated at a speed
0f 20000 r.p.m., what is the relative centrifugal field (RCF) at the top and bottom of
the centrifuge tube?

The relative centrifugal field may be calculated using a
Q Supernatant

RCF=112X10"5rp.mzr

Top of centrifuge tube:

RCF=1.12X 1075 X (200002 X 3.5¢=15680¢g

Bottom of centrifuge tube:

RCF = 1.12 X 10=5 X (20 0002 X 7.0 g = 31360 ¢

This calculation illustrates that, with fiXed—angle rotors, the centrifugal field at
the top and bottom of the centrifuge tube might differ considerably, in this case
approximately two-fold. '

13



Interacting Forces in Centrifugation

S . .
edimenting force, m mr, IS opposed by... F eentifuge
m, = the mass of equal volume of solvent . Q —

Frictional Resistance against

particle moving through fluid.
=f.v

f = frictional coefficient of particle in the solvent

v = particle velocity

=
friction + Fbuoyancy

. Flotation Force F=mg rm?

BALANCE between the sedmenting force and counteracting force

Net force = (mp —mS)rmZ - fv

14



Sedimentation Coefficient (s),

When the frictional force balances the driving force, — =0

dt
w2r(m,-my) - fv=10
v, :m(l—?y)
w*x f

where S = terminal velocity / unit acceleration

S:

Sedimentation coefficients have units of sec. 1013 sec 1s called 1 svedberg (or 1 S).

T. Svedberg pioneered research on sedimentation in an ultracentrifuge.

18S=10" sec

Theodor Svedberg (1884-1971),
Chemist from Sweden

1926 Nobel prize

1908. He described a new method
(ultracentrifuge) of producing colloid particles
and gave convincing evidence of the validity of
the theory on the Brownian movements 15




S Can be considered

§=—-= 1—%p) “Sedimentation Rate” of a particle
WX / under centrifugation force
=(dr/dt)/(1/ r®?)

m= particle mass

f = frictional coefficient of the particle in the solvent
p= density of solution

v = particle velocity

M S is increased for particle of larger mass
(because sedimenting force a m(1-vr)

M S is increased for particle of larger density (equal volume)
M S is increased for more compact structures (Shape) of
equal particle mass (frictional coefficient is less)

M S is increased with rotational speed

Mild, non-denaturing procedure, useful for protein

purification, and for intact cells and organelles
16




Separation by Sedimentation

weor 00 I OB @ ¢ m

Material Iron Stone Iron Stone lron

Mass
Density
Shape

Sedimentation
Higher density

<

17



Subcellular Fractionation
Densities and sedimentation coefficients for

biomolecules, cell organelles, and viruses.

12 == @@ Mitochondria
- Microsomes
o
Soluble MNuclei
. 1.4 proteins " \iruses
E
E 1.6
%‘ : pNa <= Glycogen
2 e
18 Ribosomes, Polysomes
7 | <= RNA
| 10 104 103 0 100 108 10/

Sedimentation coethicient  (Svedberg, 5)

\4

GV :m(l—Fy)
0*x f

Require high
density media

High concentrated
CsCl

Koolman, Color Atlas of Biochemistry, 2nd edition © 2005 Thieme



Sedimentation

Soluble
protein

DNA
RNA

em3)

Density (g

1.2

=
L

o

—
5 +]

2.0

Soluble
proteins

1 A(m 0 1w0d ot 105 106 107
Sedimentation coefficient  (Svedberg, 5)
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— A. Isolation of cell organelles
Wll'il:rle
g2 Ch cells,
£ | connective
Lissue
homo-
Buffer enizer
Centrifuge
' g- 300000 g = 100 000 g = 15000 g=600 '
1207 R0 15 1 ]
( N T B TR b’
Cytosol 4% "-.__‘I‘_l':: i

| = L___ '.. .l'
! ?ﬂﬁf Ee | Y ".u '
— e e8| Centrifuge
i FEH L_\_ B L tulbse
| r—-? V

Ribosames Plasmia membrans Mitochondria Mucleus

Vinuses ER fragments Lysosomes Cytoskeleton

MacromolEcules Samall s bes KiLoimiey

Microsomal {Plants:
fraction chilaroplasts)

Koolman, Color Atlas of Biochemistry, 2nd edition © 2005 Thieme
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NOMOGRAMS

Conversion
between
relative
centrifugal
force

’ 100 000

_~—"70000
60 000

1000 000
900 000
800 000
700 000

600 000
500 000

400 000
300 000

200 000

90 000.
80 000

Equation used to calculate NOMOGRAMS (BMB Fig. 3.1)
for quickly finding RCF at given speed and rotor type

Radical
distance

20 —

10—

(mm)

Relative
centrifugal
field (xg)

(radius).

W vy o
9000 =
8000 5

7000
6000

5000 —

T

4000

3000 ——

2000 —~

Rotor
speed 1

(r.p.m)



Types of Centrifuge swve 331

B Maximum speed of sedimentation
M Presence /absence of vacuum
B Temperature control refrigeration)

B VVolume of sample and capacity of
centrifugation tubes

22



® Microfuge

0.5-1.5cm3, 10,000(g
Concentration of protein samples

I Large-capacity preparative centrifuge
5-250 cm?3, 3,000-7,000 g

' 23
H2500R-2



B High-speed refrigerated centrifuge
5-250 cm3, 100,000 g
Differentiation separation of nucleus,

mitochondrial, protein precipitate, large
Intact organelle, cellular debris

B Ultracentrifugation
5-250 cm3, 600,000 g
Microsomal vesicles, ribosome

/
:

e/

Has to reduce excessive rotor temperature
generated by frictional resistance

— sealed chamber, evacuated, cooling o



Centrifuge Rotors (vsm33.2)

BFixed Angle Rotor

Supernatant

Sedimenting particles have only
short distance to travel before
pelleting. Shorter run time.

The most widely used rotor type.

B Swinging Bucket Rotor

Longer distance of travel may allow
better separation, such as in density
gradient centrifugation. Easier to
withdraw supernatant without
disturbing pellet.

25



Centrifuge Rotors (vsm33.2)

Centrifugal field

—_——
1)

mFixed Angle Rotor /=1 =
Jb?ﬁf%% » - \ \\ e = =

Axis of rotor

mVertical Tube Rotor | e

Centrifugal field
_———

=71

C A\

Axis of rotor

Centrifugal field

Centrifugal field

-1 O=ID=

B Swinging
Bucket Rotor

Axis of rotor



Centrifuge Its Use and Safety Bwms 3.3.4)

On December 16, 1998, milk samples were
running in a Beckman L2-65B ultracentrifuge
using a large aluminum rotor . The rotor failed
due to excessive mechanical stress

27



Mechanical stress

B Always ensure that loads are evenly balanced before a run.

B Always observe the manufacturers maximum speed and sample
density ratings.

B Always observe speed reductions when running high density solutions,
plastic adapters, or stainless steel tubes.

Corrosion

B Many rotors are made from either titanium or aluminum alloy, chosen
for their advantageous mechanical properties. While titanium alloys are
quite corrosion-resistant, aluminum alloys are not. When corrosion
occurs, the metal is weakened and less able to bear the stress from the
centrifugal force exerted during operation. The combination of stress and
corrosion causes the rotor to fail more quickly and at lower stress
levels than an uncorroded rotor

28



Differential Centrifugation BmB 3.4.1

Based on the differences in the
sedimentation rate of the biological particles
of different size, shape and density

Time of centrifugation

< Solvent

€ Small-sized particles

€ Medium-sized particles

Centrifugal field

1 Large-sized particles

_—
-5

29



Moving Boundary (differential velocity) Centrifugation

X
=] X
X o
.y o
I ) Initial e % o o
e X
position o . *
o X o % o
5 E o x o
2) Intermediate M o o 4 ox
.y X
osition °
P x x C x o %
T [ .
t 1
1 1
1 |
] ]

1
1
1
i
1
{
1
i o °
<]
o
<)

fx P Loy Faster Higher Highest
Speed Spead Speed Speed

Figure 2: Differential Centrifugation.

Concentration

1) The entire tube is filled with sample and centrifuged

2) Through centrifugation, one obtains a separation of two
particles but any particle in the mixture may end up in the
supernatant or in the pellet or it may be distributed in both
fractions, depending upon its size, shape, density, and
conditions of centrifugation

3) Repeat sedimentation at different speed
30



Differential Velocity Centrifugation —cont.

05
0 e
o R
: L0n
o A
Lo Faster Higher Highest
Speead Speed Speed Speed

BEMedium: same density

B The sedimentation speed is determined mainly on the
size, shape of particle.

mApplication: low resolution separation such as
preparation of nucleus a1



— A. Isolation of cell organelles

Tissie Whole
o —, cells,
connective
Lissue
hoamo-
Buffer genizer
Centrifuge
I g = 300 00 =100 000 g =15 000 g=&00
120 &' 15" L[1) ¥
"'-I r T "'-I i T
( o P ol - . = |
Cytosol |, i ot
a® M . .‘ a ]
Super- L | *u W 1'?-'
natant | TS S
s ol Bl Centrifuge
Ribsosormmes Plasma membrans Klitochondria e |t
Wirises ER fragments Lysosoimes Cytoskeleton
Macromalacules Smallvesicles Peroxisomes
Microsomal {Plants:
fraction chioroplasts)

Koolman, Color Atlas of Biochemistry, 2nd edition © 2005 Thieme
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Density Gradient Centrifugation (swvs 3.4.2)

* Important technique for purifying proteins
and particularly nucleic acids.

Two different types of density gradient centrifugation, for
two different purposes are:

m Zonal (or Rate Zonal) Centrifugation
(Sucrose density gradient centrifugation)

M |so-density (Isopycnic) Centrifugation
(Caesium chloride density gradient centrifugation)

33



Moving Zone Centrifugation

Initial x o
position o x
¥ 0O
Intermediate .
position - i
%
1 %
| :
1. Preparation of for

centrifugation medium

Density, < Density, < Density , < Density , < Dens.ityAnalyte

2.Sample is applied in a thin zone at the
on a



Moving Zone (differential) Centrifugation —cont.

Initial e . ) Figure 3b: Fate zonal centrifugation.
position o x A
- i ~ -~
X X o 0
Intermediate ) ) o © ) Fom ]
position o o b :
. T o o i - Sample i .
; ; s S Three Proteins
1 !
o ; Separate
! B O0q]  according to si
and shape.

Concentration

L

3. Under centrifugal force, the particles will begin
sedimenting through the gradient in separate zones

Insufficient time--------- Incomplete separation
Overtime-------------------- co precipitation of all analyteg



Iso-density (Isopyncic) Centrifugation (ssas

1. Preparation of for
centrifugation medium

Figure 4. lsopycnic separation with a self-generating
gradient

b i b After centrifugation proteins migra
to their isopychic densities.

pen) o Low density

OO -f— Medium density

- High density

LY

The sample is evenly distributed through-out the centrifuge tube
centrifugation. 36



Iso-density (Isopyncic) Centrifugation (ssas

-equilibrium
Isopycnic = Equal density
® Molecules separated on , NOT by

After centrifugation, each molecule floats or sinks (=r
) to position where density equals density of CsC
(or sucrose)l solution. Then no net sedimenting force on

molecules and separation is on basis of of
the particles. N
- - N After centrifugation proteins migra

to their isopycnic densities,

sl o Low density

OO «— Medium density

-y High density

L

The sample is evenly distributed through-out the centrifuge tube 37
centrifugation.



Comparison of Two Methods

Moving Zone Isopynic
Centrifugation centrifugation

Ei;_ «4-ample S

- L000 QOCC
W L e
Centrifugation: , hot Completely sediment to where

complete sedimented, the density is equilibrated,
stop at proper time , long running time

Sedimentation Rate Sedimentation equilibrium

Sample:
Nucleic acid / Protein (similar density,

cell Organe”e but different in MW) 38



Density Gradient Centrifugation

— B. Density gradient centrifugation

Particles migrate

Centrifugation Probe according to Swvalue
T Ty
Sucrose | R [ ﬁ
density e o I
gradient S
A N

Aftert= 0 0.5 1 2h

according to density

'DDDG ca B g

Centrifugation
e S ~sume- S ~—
o060 oo

CsCl
density

Particles distributed |

gradient

o
Seog [88e  [B%e8
Blocs

oo g Sg
Dd:’ Bon O
2a
0 Z 4 8h

Zonal centrifugation

Isopyknic centrifugation

e
D [

JE0EEEE0C

5 6 7 8
Fraction

@ 0]
0D o
Saels

2

& | Sucrose or
CsCl gradient

Concentration

o 1 2 3 4 & 6 7 8§ 9
Fraction

Fractionation

Detection
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a)

29

Subcellular Fractionation @ws 3.4.9)

Centrifugation

Extracellular matrix

Sarcolemma

ongitudinal
- tubules

Skeletal Muscle

40



| A I
y Tk
I [ H M rils |
I Z 1 [ WM 1
— = = LA e T-tubule
e p—— %{ it TH sarcokmma out
E— — — AL R s L. sarcoplasmic
— . e ¥ rebicuium
—— = —— ok (I o ) PoErrEErETEE.
= T 7% 7))
= 5 e g = Vit oo : : i = 2
::-_f} FE sarcoplamic s ¢ 1;:__ 8 2P i o
% E !’L‘.'liELIILIE " Ii # ;;:E:'::'; =a .‘: . g‘:"ﬁ” %‘-}1 :':FA. A ) d ‘E{%E-’-;-%E’;
- - o
i mitochondria voltage sensor?  junction foot
3 : transverse myofibrils
terminal cisternae
tubule

sarcolemma

Sarcolemma :lt is the surface membrane of the entire fiber

T-tubular membranes
They contain extracellular fluid (high in Ca and Na ions)
They are continuous tubes of sarcolemmal membrane that run through

(transversely) the muscle fiber.
Sarcoplasmic reticulum The sarcoplasmic reticlum (SR) is the Ca
store. It is a diffuse membrane structure that surrounds the sarcomere
41



Organelle Separation

b)
. Homogenisation .
Muscle tissue = Tissue homogenate Homogenisation
( T 10min at 10000 g —

0 ==

Nuclei, cell debris
Supernatant :

10min at 10000 g . T

Contractile apparatus

Supernatant Differential
centrifugation

20min at 20000 g

- (Different centrifugation

Supernatant Vel OCIty)
60min at 100000¢g :

Mitochondria

<& Crude Cytosol
10-60% Sucrose density gradient <#&—— MIcrosomes

Surface membranes
e | riads " Gradient
I 360min at1500025> -

Light sarcoplasmic reticulum fraction centrifugation
Heavy sarcoplasmic reticulum fraction

Debris

(Isopynic

centrifugation)
42



Step 1- Cell homogenization

. Homogenisation .
Muscle tissue —»= Tissue homogenate

Homogenisation
10min at 10000 g

|

Nuciei, ceil debris
Supernatant :

¥

@ P To obtain pure organelles, the cells

\@@ must be ruptured, so that the cell
cell membrane is broken, but the

suspension organelle to be studied is not. The

£ process of rupturing a cell is known

tissua
Tf/g”f‘a as homogenization of the cell and
\ %ﬂ the subsequent isolation of
= organelles is fractionation. 43




(1) break cells with
high frequency
sound

force cells through
a small hole using
high pressure

usa a mild dalnrﬂnnt
to make holes in the
plasma membrane

shear cells between

a close-fitting rotating
plunger and the thick
walls of a glass vessal

Using gentle
mechanical procedures,
called homogenization,
the plasma membranes
of cells can be ruptured
so that the cell contents
are released.



by e dordipn o Ruptured cells producing a
contains large and small molecules

from the cytosol, schasenzymes,  lIJUITIED  cellular homogenate

rihosomes, and metabolites, as well
as all the membrane-bounded
organalles.

=TT = S Mitochondria
1.
2 | \Mifmsnmes
% @ Nuclei
o= o 0eh 0 _ 14} proteins Vinuses
. e O a # m
Gnc;_::’pﬂ -fTJ”?'{} g
SQ B T @l 5
TS aCo ). =
CY e .oz ONA SRS Glycogen
'ﬂ I-Iq. ﬁ'ﬁ}": :' - E 0
. EII'I::' f::]' 44 .I .- ] -IIIII
2 C—{) CFJ) - - Ribosomes, Polysomes
7, | = RNA
When carefully applied, 1 1w 1w ¢ 108 0t 107
homogenization leaves most sedimentation coefficient (Svedberg, S)

of the membrane-bounded
organalles intact.



Step 2-Cell Fractionation by Centrifugation.

. Homogenisation .
Muscle tissue »= Tissue homogenate Homogenisation

10min at 10000g —

Nuclei, cell debris
Supernatant :

10min at 10000 g l _ '
Contractile apparatus

Supernatant Differential

= Qi fasmaa] . .
. centrifugation
20min at 20000 g
‘“ a ,ﬁ Mitochondria

Supernatant

60min at 100000 g | .

Crude Cytosol

B Repeated centrifugation at progressively higher speeds will
fractionate homogenates of cells into their components.
M |n general, the smaller the subcellular component, the

greater is the centrifugal force required to sediment it. o



Contractile Apparatus of Muscle

e Electron

Sl micrographs of
g individual myosin
SERER protein molecules

100 nm

Myosin is a major component of the contractile
apparatus of muscle. As shown here, It Is composed
of two globular head regions linked to a common

rodlike tall. 47



Step 3- Density Gradient Centrifugation

Surface membranes

Triads

Light sarcoplasmic reticulum fraction
Heavy sarcoplasmic reticulum fraction

1 360min at 15000@

Debris

Sarcolemma

£ line
Extracellular matrix

Sarcolemma

|
1 Sarcoplasmic
I reticulum

£ ling




Step 4- Collection of Fractions

B Manual collection by pipette

B Automatic fraction collector for unstable
gradient

M Freezing and slicing

=l Surface membranes
Triads

Light sarcoplasmic reticutum fraction
Heavy sarcoplasmic reticuium fraction

1l360min at 150 ooo‘é>

Debris
49



Affinity Purification of Membrane
Vesicles BwmB 3.4.5)

. T g: ‘--;: :;rj
B Cross-contamination of *l* '*.-HT_*.-‘?LH
vesicular membrane il T e
rOte | n ._t"- g .:.—') F"—::} f'-:?"l
p . | .1. <> t""wﬂi-':'l._w-.-:}
B [nside-out vesicles, T 1
. : : (™ D i |
right-side-out vesicle, 1 fl_ﬁ % 2
membrane sheet, leaky - ™
vesicles o N e
) i
B Smaller vesicles are _;>
trapped in large
vesicles In-side-out (cytoplasmic side out)
Right-side-out (apoplastic side out)
vesicles

50



Lectin Agglutination Method
(by Lectin-carbohydrate Interaction)

& LILshad Neskc
i o ALk Mafa
& Fya-Lnsed O
& Fii-lirked Os

Lectin: protein that interact with carbohydrate

There are many carbohydrates on the surface of
cell

51



pig, B

L

£ ling ——

No carbohydrate

Inside-out: No carbohydrate

SOME LINKING GROUPS
— NH— (CHp); — NH— Ligand

—NH— (CHp)¢ —NH— CO @N = N — Ligand

52



Lectin Agglutination Method

Crude surface membrane
Mixture of|sarcolemma] transverse tubules and sarcoplasmic reticulum

-
+purified WGA lectin @

2min at 15000g
Agglutinated 8 I
sarcolemma 47

SL vesicles @

@

Agglutinated and
solubilised SL
-vesicles

2min at 150009 | WGA: Wheat germ agglutinin
Agglutinated SL vesicles £ SL SarCOIemma
‘Lw.mm SN: supernatant

Deagglutinated Si. vesicles

- No carbohydrate
I 20min at 150000g -

Highly enriched sarcolemma
Supernatant

53



Immunoblot Analysis for Verification of
Different Subcellular Fractions

o) Total protein SL marker Non-SL marker

P e o
B 5

standards (x 10-3)

Relative molecular weight

1 2 3 1 2 3 1 2 3

Gel/blot lane 1: Crude surface membrane
Gel/blot lane 2: Lectinvoid fraction
Gel/blot lane 3: Highly purified sarcolemma

54



Analytical Ultracentrifugation mem3s.1
An analytical ultracentrifuge spins a rotor at an accurately

controlled speed and temperature. The concentration
distribution of the sample is determined at known times
using absorbance measurements. It can determine:

Continuously monitor the sedimentation process

B Purity of macromole

B Relative molecular mass of solute (within 5% SD)

B Change in relative molecular mass of supermolecular
complexes

B Conformational change of protein structure

B Ligand-binding study

55



Optical System of an Analytical =
Ultracentrifugation —=

This figure displays a schematic

| diagram of the Beckman
/// ( |,f'zﬂ [| Sormeemon . [T Optima XL-A absorbance
// r mm system. A high intensity xenon
oo AT flask lamp allows the use of
BZ 4!’—@ sit znm) wavelengths between 190 and

800nm. The lamp is fired briefly
as a selected sector passes the
detector.

Photomultiplier tube

56



Sedimentation Velocity Method

|

<>
L e—
_\H_
I
R
) ~_
:\1 T~ |
BN
|
Cell Top | i Cell Bottom
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Sedimentation velocity experiments
are performed at high speed to

overcome the effect of diffusion. For a
sedimentation velocity experiment, an
initially uniform solution is placed in a
cell and a sufficiently high angular
velocity is applied to cause rapid
sedimentation of solute towards the
cell bottom. As aresult, there is a
depletion of solute near the meniscus,
causing a characteristic spectrum as
shown in the following figure. A sharp
boundary occurs between the depleted
region and the sedimenting solute (the
plateau)
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Determination of Sedimentation Coefficient (s)
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— individual particles in SV ...
by __t be resolved, but the rate of
movement of the boundary region can be
measured. From this, the sedimentation coefficient (s)
can be determined. Remember, s depends directly on
the mass of the solute particles and inversely on the
frictional coefficient, which is a measure of size of the

httpolutevpaiticiése.edu/bios576/AU/AU_Page.html#au

'
— &= {irr
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Sedimentation Equilibrium Methods
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Sedimentation equilibrium
experiments have a lower rotor
speed than sedimentation
velocity experiments. Solute
particles do not pellet at the
bottom of the cell, but instead the
process of diffusion opposes the
process of sedimentation until
after a period of time, the two
opposing forces reach
equilibrium and the apparent
concentration profile does not
change. At equilibrium, the
concentration of the solute
Increases exponentially towards
the cell bottom. Each column
displays a different absorbance
profile, because the
concentrations of sample are
varied in each.
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Sedimentation Analysis of
Supramolecular Protein Complex

The binding of ligands may induce
conformational changes in subunits of

Molecular Organization of Sheletal Muscle Cell

e S 7 e T biomolecules, which changes the
H{: BB supramolecular structure of complex.
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