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Interacting systems on AUC

SELF-ASSOCIATION (oligomerization)

eg. A+A A,

- two or more identical molecules

HETERO-ASSOCIATION - two or more different proteins
- protein-DNA
e.g. A + B < AB - protein-polysaccharide

What can be determined?

» stoichiometry (reaction scheme)
« affinity - K,
- shape of the complex
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Models in SEDPHAT

nA & A, A+B+B+C &..

A+A+A S A,

A2A, 2 A,
—>
A+ A< AZ A+B+C ...
A+B +B ZABB competing B and C for A
2 non-symetrical sites A <:) A2 (:) A4

(A+tA)+B+B &...
A + B ? A B self-associating A with two sites for B

A+B+C & ABC

A+B+B & ABB
A+B+B+C+C&...

(A+A) + (B+B) & ...
A+B+B+B & ABBB heterodimer of homodimers
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Affinity range of biomolecular interactions studied by AUC

FDS

Kq [M]

very strong interactions

moderate-strength
interactions

weak/very weak
interactions

very low concentration,
dye-labeled proteins

SPCEITEC

proteins 0.1 - 5 mg/ml

higher concentrations
necessary (= 5 mg/mil)
— complications due
to non-ideality effects
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Dissociation constant (K,)

 equilibrium constant that measures the propensity of a larger object to dissociate
reversibly to smaller components

- commonly used to describe the affinity between the molecules (lower K, ~ higher affinity)

* inverse of association consant (1/K,)

[A]*-[B]Y

A,By &= XA +yB

d —
[AxBy]
frequently x =y = 1:
Al-|B
AB &= A +B Ky = Lalild
[AB]

SPCEITEC
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Dissociation constant (K,)

A]:|B

AB == A +B Kd:[][]
[AB]

When [A] = K, then [B] = [AB] ! mass conservation:

[Alo = [A] + [AB]
[Blo = [B] + [AB]

For a 2-component system, K, has concentration units (M)
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Effect of concentration on species” populations

Self-association Hetero-association
A+A2 A2 A+B <_—> AB
Ky=1uM Ky=1uM
total conc. % of A as % of A as total conc. total conc. % of A in % of A in % of B in % of B in
of A amonomer adimer of A of B a free form a complex afree form a complex
0.1 uM 85 15 0.1 uM
0.3uM 70 30 3 uM 0.3uM 92 8 26 74
1uM 50 50 3 uM 1uM 77 23 30 70
3 uM 33 67 3 uM 3uM 43 57 43 57
10 uM 20 80 3uM 10 uM 12 88 74 26

Populations changing in the concentration-dependent manner...

Below K, equilibrium shifted towards smaller oligomer (self-assoc.) /free species (hetero-assoc.)
Above K, equilibrium shifted towards higher oligomer (self-assoc.) /complex (hetero-assoc.)
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Determination of K,

Self-association Hetero-association
A+AZ22A2 A+B = AB
Ky=1uM Ky=1uM
total conc. % of A as % of A as total conc. total conc. % of A'in % of A in % of B in % of B in
(o] AN a monomer a dimer (o] AN of B afreeform | acomplex | afreeform a complex
0.1uM 85 15 0.1uM
10x 0.3uM 70 30 3uM 0.3uM 92 8 26 74
1uM 50 50 3uM 1uM 77 23 30 70
10x 3uM 33 67 3uM 3uM 43 57 43 57
10 uM 20 80 3uM 10 uM 12 88 74 26
— Dilution series — Titration series (A with B and/or B with A)

Dilution series of a purified complex

Using a broad concentration range (one order above and below K,) for accurate K
determination!
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Question: Any idea on K, of BSA?

raw SV data: c(s) distribution of 16 uM BSA:
+0F monomer
3.5F 28 04
_30¢
g2 16 A
E 20F
S 15¢ 14 - ‘
=] J
% 10t .
05f 0 12 1
| T
0.0 : ; . . . L 10 S
60 62 64 66 68 7.0 k=
radius (cm) = 8 -
48,000 rpm, 20 °C % 6 -
IF detection 4 £
BSA, 1 mg/ml 1';”3 trimer
PBS buffer, pH 7.5 2 2 5%
0 . T L M T T

0 2 4 6 8 10 12 14
sedimentation coefficient (S)



Question: Any idea on K, of BSA?

raw SV data: c(s) distribution of 16 uM BSA:
+0F monomer
351 78 %%
30t
8 25¢ ]
£ 20] 16
15t 14
2 ol “ BSA IS NOT REVERSIBLE
0'5 I n 12 A SELF-ASSOCIATING SYSTEM
' o)
0.0 ® 10 4
L e Y R T =2 ALWAYS MEASURE MULTIPLE
radius (cm) é 8 - CONCENTRATIONS!!!
48,000 rpm, 20 °C % 6 -
IF detection 4 _
BSA, 1 mg/ml d'm(?r trimer
PBS buffer, pH 7.5 9 . 3% 59
0 T T M T

0 2 4 6 8 10 12 14
sedimentation coefficient (S)



General workflow

STEP 1: Performing SV experiment at different loading concentration/ molar ratios
+ comparing c(s) distributions

Is there a reversible interaction?
- emerging of new peaks in c(s) distribution?
- shifts in peak position with protein concentration?

- changes in peak areas with protein concentration?

BSA His kinase
— 4 uM 2.0 — 0.05 mg/ml
44 — 8uM — odsmam
— 16 uM 0.8 mg/m
O —— 32uM @ 1.5- — v
S 3 ©
o o
kS X 8
E 2. g 1.0
2 2

t\/

°- LA 0:0;& ; @é ;

0 2 4 6 8 10 12 0
sedimentation coefficient (S) sedimentation coefficient (S)

-
o
(€]

10
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General workflow

STEP 1. Performing SV experiment at different loading concentration/ molar ratios
+ comparing c(s) distributions

Fast or slow interaction?

SLOW INTERACTIONS FAST INTERACTIONS

(ky < 10-3-104 s) (kq > 103 s)

Z|ﬁ A, 2A 2 A,
Sedimenting species stable, peak Rapid interconversion between
positions constant, relative peak areas complex and free species, peak
change with increasing concentration position change with increasing

concentration

% slow self-association ||, [ ! | I i I i
[ O-Lum o4 | fast ménomer-dimer o1v ]
0.3uM ’ o : 03 uM y
: 1uM == self-association | | Y -
I
3uM 02 : ! 3uMm —
= 10 uM .
g @ ! : 10 uM |
Kg=1uM 01 : ' Kg=1uM —
ky=5105 s
00 LS| M Y |
3 4 S 6 74 )

Self-association (monomer-dimer)

svale (S) Brown, 2008
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General workflow

STEP 1. Performing SV experiment at different loading concentration/ molar ratios
+ comparing c(s) distributions

Fast kinetics system:

Sedimentation of A, B and complex AB

.. |
; || ' | = A
= n
4 L4 — 1
- B
£ S AB =R
. n
: W
‘. "
5 5
n =
R ¥
K u
' m -
5 7
. = Schuck, 2010
v ¥
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General workflow

STEP 1. Performing SV experiment at different loading concentration/ molar ratios

+ comparing c(s) distributions

Fast or slow interaction?

SLOW INTERACTIONS
(ky < 10-3-10 s°2)

AH|B AB

Sedimenting species stable, peak
positions constant, relative peak areas
change with increasing concentration

25 — : : : : - : : —
I |
20 slow:hetero-assoTzlatlon @ "ﬁm as | 01um
0.3uM
1uM
3uM
10 uM

Kg=1uM
ky=5105 s

Hetero-association (A + B —> AB)

SPCEITEC

FAST INTERACTIONS

(kg > 103s)

AHB = AB

Rapid interconversion

complex and

position change with
concentration

between

free species, peak

Increasing

fastA +B<->AB |
- equimolar

—

svalue (S)

—T1—
1uM
3uM

4 10uMm
“‘ ] Ke=1um
,'Ak‘; |
12

] 7 8 a 10

0.1 uM
0.3 uM

" 13

Brown, 2008
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General workflow

STEP 2: Analyzing the interaction, determination of K

SEDIMENTATION VELOCITY
- direct fitting of sedimentation boundaries
- analysis with binding isotherms
- multi-signal SV (MSSV technique) — hetero-associations only

SEDIMENTATION EQUILIBRIUM
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Direct fitting approach

Lamm equation for interacting system (1:1 hetero-association):

dc; 1 o ac.
koFF
1=k, fr2™ kgc; and 0, =0,=—0;=—1

g — chemical flux, 1 and 2 are free species, 3 is a complex

* necessary to globally fit the data obtained
at different concentrations/molar ratios

Balbo, 2006

« difficult to apply in practice

* high requirements on sample purity
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Analysis with binding isotherms

ISOTHERM — ,dependence of a physical property of a mixture of interacting components
on the loading concentrations (keeping all other parameters constant, including temperature)“

Some macroscopis observations of a mixture are dependent on the relative
concentration of free and complex species, and a set of measurements in a
concentration series generate an isotherm that can be analyzed to determine
reaction scheme and K

s,y — Weight-averaged s-value of the whole system as a function of loading concentration of
sample (integration of distribution over all species participating in interaction)

Swriast — Wweight-averaged s-value of the reaction boundary as a function of loading
concentration (fast kinetics only)

pop — concentration-dependent shift of peak areas (populations)

Analysis with binding isotherms:
* most frequently used approach, more tolerant to impurities

* information extracted from the c(s) distributions

SPCEITEC



Analysis with binding isotherms

Example of analysis — A + B & AB with slow kinetics fitting of data to A+B & AB
model for binding isotherms

Different concentrations of proteins — dilution serie, A and B in equimolar concentrations

S,, Isotherm
=
3.0 - 55|
= o Sw 2% 00|
2SI
"U'; 30:M 4o
T 2.0 4 I i ]
o |< 10 10 :10 10
Q) 1 concentration (M)
Nqs{ | POPa
g ' . pop isotherms
B : 100 —‘ free A I I ;
c 1 0 ] : E’; 10 ggﬁgexAB/z
£ 1 v ]
| = E
| S ]
0-5 n 1 i t—é- 0 v 3
I g 0
IJ—. g
0.0 = e = "

10° 107 10™ 10™

concentration (M)

sedimentation coefficient (S) Ky = 3.4 uM

1 2




Analysis with binding isotherms

Example of analysis — A + B & AB with fast kinetics fitting of data to A+B & AB
model for binding isotherms

Different concentrations of proteins — dilution serie, A and B in equimolar concentrations .
Swand s, ,; ISotherm

< >
5.5
204 — Sy _
= 3uM -uu)gp_
10 uMm %% 50
—_ o ! %(.:
1 4.5
= 1.5 - >
- Sw, fast ! 40} ]
§®} ’ ! 07100 107 100 1070
G'N> >: concentration (M)
© 1.0 - 0 : :
e POPeac | pop isotherms
— ! - ; . .
@) | t| — slow boundary
cC 1 5‘100? — reaction boundary
I S, F
0.5 1 1 'E 10
1 8 f
| g8 1l
- s
1 §; 0F
0.0 . — | ;
e _ _ - 3
6 8 10 10 10 10 10 10

concentration (M)

sedimentation coefficient (S) Ky =12.2 uM



Real example — K, determination

His kinase

SPCEITEC



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

2.0 - 0.05 mg/ml SV experiment performed at
different loading concentrations of

— protein.
©» 1.5 -
o The distributions do not overlay,
§ there is a shift to higher s with
= 1.0 - increasing concentration.
S : : . :
S = sign of reversible interactions
c

0.5 N j

OO | | | I | | | |

o 1 2 3 4 5 6 7 8 9

sedimentation coefficient (S)



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

2.0 - 0.15 mg/ml SV experiment performed at
different loading concentrations of

— protein.
©» 1.5 -
o The distributions do not overlay,
§ there is a shift to higher s with
= 1.0 - increasing concentration.
S : : . :
S = sign of reversible interactions
c

0-5 _\ J

0.0 | | | I | | | |

o 1 2 3 4 5 6 7 8 9

sedimentation coefficient (S)



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

— N
O o
! !

N
o
L

normalized c(s)

0.45 mg/ml

1

3 4 5 6 7
sedimentation coefficient (S)

8

9

SV experiment performed at
different loading concentrations of
protein.

The distributions do not overlay,
there is a shift to higher s with
increasing concentration.

= sign of reversible interactions



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

2.0
G 15 -
(&)
©
]
N
5 1.0 -
: ﬁ
@]
C
0.5 - }
00 A‘ T T ‘I/j T | E— T T
o 1 2 3 4 5 6 7 8

sedimentation coefficient (S)

SV experiment performed at
different loading concentrations of
protein.

The distributions do not overlay,
there is a shift to higher s with
increasing concentration.

= sign of reversible interactions



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

2.0 - SV experiment performed at
different loading concentrations of

— protein.
©» 1.5 -
o The distributions do not overlay,
§ there is a shift to higher s with
= 1.0 - increasing concentration.
& : : . :
S = sign of reversible interactions
c

0.5 / \\

00 '& T I Ik I h_T I I

4 5 6 7

o 1 2 3
sedimentation coefficient (S)

8 9



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

N
o
!

2.00 mg/ml SV  experiment performed at
different loading concentrations of
protein.

N
a
!

The distributions do not overlay,
there is a shift to higher s with
increasing concentration.

N
o
L

normalized c(s)

= sign of reversible interactions

) & j
0-0 | | I | ! ! !
o 1 2 3

4 5 6 7 8 9
sedimentation coefficient (S)



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

2.0 A ——  0.05 mg/ml (230 nm)

0.15 mg/ml (230 nm)

— 0.45mg/ml (230 nm)

e 0.80 mg/ml (280 nm)

© 1.5 1.40 mg/ml (280 nm)

O ——  2.00 mg/ml (280 nm)
o
[0}
N

T 1.0 -

=
| -
o
=

2 3 4 5 6 7 8
sedimentation coefficient (S)

SV experiment performed at
different loading concentrations of
protein.

The distributions do not overlay,
there is a shift to higher s with
increasing concentration.

= sign of reversible interactions

REVERSIBLE DIMER-
TETRAMER EQUILIBRIUM



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

S,, Isotherm analysis:

2.0 - Sy 5.0t |
@ 15 - 0.05 mg/ml: °® 45/ |
o sy=3425S 20
§o) c g
X o ©
N g o
s 1.0 L 40t -
E
o
c
0.5 - 3.5} . J
0.0 T 0% 10 10
- 0 1 2 3 4 5 6 7 8 9 concentration (M)

sedimentation coefficient (S)
=l =



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

S,, Isotherm analysis:

2.0 - Sw
3 15 - 0.15 mg/ml:
G S, =3.589 S
o
[0}
N
< 1.0 -
£
o
c
0.5 -
0-0 T T T T T T T T

o 1 2 3 4 5 6 7 8 9

sedimentation coefficient (S)
&/O/o =l =e

weighted
s-value (S)

o
o
T

e
&)
T

-y
(<)
T

S T

concentration (M)

o



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

S,, Isotherm analysis:

2.0 - S

B 15 - 0.45 mg/ml:
G S, =3.850S
o

]

N

T 1.0

£

(]

c

0.5 - j
0-0 T T T T T T T T

0 1 2 3 4 5 6 7 8 9
sedimentation coefficient (S)

P =l =

weighted
s—value (S)

o
o
T

>
o
T

B
o
T

BRI TR TS

concentration (M)

i



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

S,, Isotherm analysis:

2.0 - S

1.5

1.0 -

normalized c(s)

0.5 -

0-0 T T T T T T T
0 1 2 3 4 5 6 7 8 9
sedimentation coefficient (S)

P =l =

weighted
s—value (S)

o
o
T

>
o
T

B
o
T

L TR T

concentration (M)

i



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

S,, Isotherm analysis:

2.0 - : SW :
| |
> 15 : | 1.40 mg/mil:
S | | s, = 4.307 S
3 | |
N | |
T 1.0 - | |
E | i
@] | |
c | |
0.5 - | |
| |
| |
| |
0-0 T T I T T T II T T

o 1 2 3 4 5 6 7 8 9

sedimentation coefficient (S)
&g}) =l =e

weighted
s—value (S)

o
o
T

»
o
T

ey
o
T

0T 0T 0T

concentration (M)

10




Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

S,, Isotherm analysis:

2.0 - Sw
3 15 - 2.00 mg/ml:
G S, =4.476S
pe]
[0}
N
< 1.0 -
£
o
c
0.5 -
0.0 T T T T T T T T

o 1 2 3 4 5 6 7 8 9

sedimentation coefficient (S)
&/O/o el =e

weighted
s—-value (S)

ok
o

o
3
T

y
o
T

R R UL TR

concentration (M)

1072



Example of analysis of an interacting system

Oligomerization of histidine kinase:

Sedimentation velocity AUC:

20° C, 48000 rpm, ABS detection (230 nm or 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

S,, Isotherm

analysis:

2.0 |

1.5 4

1.0 4

normalized c(s)

0.5 4

0.0 .

2.00 mg/ml:
S, =4.476S

0 1

P =l =

2 3 4 5 6 7
sedimentation coefficient (S)

weighted
s—value (S)

residuals

S20w
(tetramer)

l (dimer)

Soo,w

BN TR TN
concentration (M)



Multi-signal sedimentation velocity (MSSV)

» determination of complex stoichiometry in heterogeneous
interactions of species with significantly different spectral

properties (e,g0/ €250, €280/€iF)
« acquisition of multiple signals (wavelengths) necessary

 useful even for impure samples, multi-step associations,
or in cases the correct reaction model is unknown

SPCEITEC

]

1.0 -

08
0.6 -

G(s) (uM/S)

04

0.2 T \,I

00 Lk

sedimentation coefficient (S)

MSSV analysis of triple protein mixture of viral
glycoprotein, its cognate receptor and antigen-
recognition receptor fragment, c,(s) of mixture
shown as solid lines, c,(s) of each protein alone
dotted (Brown, 2008)



Sedimentation equilibrium

« sedimentation + diffusion + physical association - all
in equilibrium

 high sample purity crucial

+ global fitting of data obtained for different loading
concentration/molar ratios needed for accurate K
determination

absorbance
[AU]

diffusion sedimentation

chemical
equilibrium |

6.4 6.5 6.6
radial distance [cm]

Collected SE data are fitted with the appropriate model to obtain K

2A 2 A,

A+B & AB Cm(?')=<u(fa)exp{ﬂffa

SPCEITEC

2
VR 2.2 2.7 €2=Kgacq
$ O°(T —15) 5 $ OT (7 —15) A = _
Cror (1) = 1(rp ) exp| M HK 121 (o) exp| 2M M* = M(1-vp)
IRT 2RT M* - buoyant molar mass
I S
' 'l
A A,
A B
' — N\ ' — Y K
1.2 2 2,2 2 Cag = RNaBCaCga
= (1 = ()
@) )}+ cy(7y) exp{ﬁdrﬂ @) )}
2RT 2RT c(r) — concentration of molecule at

_|.

K 5

—

L (1y)eg(ry) exp [(A{; +M

E

2RT

.o —;f}}

—

—~—

AB

radial distance r, c(r,) — concentration
of molecule at reference position rg,
K;, and K,z — association equilibrium
constant [M1]



Sedimentation equilibrium

Example of stoichiometry + K, determination

20° C, 10500 rpm, 17500 rpm, 30000 rpm, ABS detection (230 nm and 280 nm)
20 mM Tris/HCI, 100 mM NaCl, pH 7.4

L L . L . L L L L . L L
sim #89, ML step #100, step #0 N g [EY-EE " - Lk :H | HF'L* j| ‘ ek
glob red chisq = 2.788407e+00 [n = 3644) | ¥ =L 52 Fl E £ - ns il
loermsd=0.009808 [n=217) A L 0.009637 (n=344) o L g7 0.008172 (n=336) .+ | [ 0.005160 (n=415) 0.010510 (n=401}
_all_i_celd_231.xp e all_i_cel_281xp o, 3| . an_m_cen1_231.xp o7 B yalm_cen_281xp - ..all_o_celll 231.xp
{vbar20=0.7479 ) :’I’ N ':"‘ B . 053 g e o3 E R .
log10{Ka12} = 4 452 . 1T 1 3 -7 I'E 0s E Concentratlons USed
M(?:G1BJE NS 1 F IR | ; c E
exmLﬁ.Jlﬁswa : 01 6.990e+03 ) = 04 |'as xpa £ 6.990e+03 asxpl g3 S O 06 m /ml
seline | 4 Baseline RI ol L J| Baseline R1 £ ‘Baseline RI 217 Baseline RI E . g
1.00290g/mi - +=20.0C,d=1.00280g/ml 2 03 | ©=20.0¢,6=1.00280g/mI [ t=20.0C,d=1.00290g/m| £=20.0C,d=1.00280g/ml =
i _61 - 1 5895&-5.125‘36‘:’ K l.r J|'s.3954 - 6.6222 | E 6.3954-6.6301 6.3346 - 7.1350 £ O 12 mg/ml
nis T fasxptpE . 27| 371800 T E das xp3l e £.361400 3 E .
WA e s xpl) 1| &.684900 1 las xp3jy Fis 7.159308 | - % ~
‘| i~ : 0.24 mg/ml
E [ : - i .
B 3= -l E Dl ¥ oF - -
- . PE = B v g
ul}=7.799, n = 2.07F Y qtanze : 1 E cinxp#alf 1.950 H 1 } F O 35 / |
ot 00 003 3 o053 E . m m
002 002 E 5 £
00l 001 002 ] E
0 3 E R 5 E m
0l ) h 001 o v i AN E 071 I“g/ |
00 001 Y LE| E| E
003 . E g} 005 E
8] el , A Eomd ‘ ; : : ‘ 1.30 mg/ml
59 1 54 85 55 54 55 56 ) 7 71
“1 1 kel ] L
o1 - E E ] Ly . - )
0.005475 [n=403) 1 0.008243 [n=320) F 4| 0.004808 (n=370) 'L 0.010954 [n=315) 0.010538 (n=373), [
all_o_cell_281xp |, o7 _.all_i_cell3_280.xp 7 |E gsd|-alm_celz_280.xp 5L all o celz_230.xp + | .all_o_cell3_280. - | F o
o ke Al E b . 034 - -
- 05 i E g Foo14 i [
N L ] i/ E ] A H1.
R * | o5 o E o3o e 11* - ] [ . .
oosy 6.990e+03 5 E 6.990e+03 E 1| 6.990e+03 [ asxpt . 6.890e+03 | L I I I o d el fI ttl n
Baseline RI 7 Foosg Baseline RI E | Basetine ri [ Baseline RI . ' Baseline Rl 1
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global analysis of SE data collected at three rotor speeds, 6 different protein concentrations
(detection at 280 and 230 nm)
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