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THERMODIFFUSION /| THERMOPHORESIS
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Figure 5. (Colour online). Soret coefficient S of ethanol-water as a function of ethanol mass
fraction at various temperatures. See text for references.

A. Koniger et al. Philos Mag 89, (2009)907-923.
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THERMOPHORESIS

Microscale thermophoresis (MST) determines the binding constant K,

e Monitors protein-ligand interaction
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OBJECTIVE

Can we quantify the relation between thermodiffusion and hydration

Member of the Helmholtz Association

reoriented
H,O

Hypothesis:

Movement in a temperature
gradient Is sensitive to
changes in the hydration

layer
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APOMYGLOBIN

« Apomyoglobin (apo-Mb), myoglobin without the heme group, serves as a model

system in the field of protein folding.

* |t consists of 153 amino acids, which form 8 a-helices connected by loops.

« Hydrophilicity and conformation changes with pH variation.
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Myoglobin po-myog 0.0

folded -

Yuji Goto and Anthony L. Fink. Journal of
Molecular Biology. 1990, 214(4), 803-805.
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protein state
=) apo-Mb at pH 2 unfolded
apo-Mb at pH 2, 100 mM NaCl MG
=>| apo-Mb at pH 4 MG 11
apo-Mb pH 2, 20 mM NaTCA MG 12
=> apo-Mb at pH 6 folded
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SAMPLE PREPARATION:

Protein dissolved in water or

20mM Na-phosphate (NaP) buffer or 10mM/20mM Na-
Acetate (Ac) buffer

Centrifugation (29000g at 10°C for 10min)
0.2um filter

pH adjustment

Concentration confirmed by nanodrop

52.2uM for CD at 20°C
412uM for TDFRS at 15°C-45°C

Andreas M. Stadler, Michael Marek Koza, and Jorg Fitter. The Journal of Physical Chemistry B 2015 119 (1), 72-82

Charles Twist, Catherine Royer, and Bernard Alpert. Biochemistry 2002 41 (32), 10343-10350 ‘ ' J U L I C H
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CIRCULAR DICHROISM

Principle
Light Monochromator Photoelastic
source and linear Modulator Sample Detector 20

polarizer a-helix

{ \ [
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LCP L. (LCP%)

RCP |
| (RCP%)
~~
%80 200 220 240
Wavelenath (nm)
Differential absorption:  AA=A-A,
Beer—Lambert law AAz(EL_ER )cl € = molar extinction coefficient

¢ = molar concentration
| = path length (cm)
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CIRCULAR DICHROISM

Results a-helical content: pH6 > pH4 > pH2
12 - i ' ' ' ' ' ' 52.2uM ApoM at 20°C
—— pH2 y
\ gH4 protein state a-helical content (%) " a-helical content (%)/
‘ - this work Reference
\ - - pH4, 10mM Ac buffer . apo-Mb at pl12 unfolded 6 5
apo-Mb at pHA4 MG 12 4249 43 (Ref. l-’l]
pH4’ 20mM AC bUffer apo-Mb at pH4, 10mM Ac buffer MG T 3.7 -
— pH6 apo-Mb at pll4, 20mM Ac buffer MG 11 34.2
] p H 6, 20 m M N P b Uffe r ] I apo-Mb at. pHE folded 51.9 19 I

apo-Mb at pHG, 20mM NaP buffer folded 51.2

« pHG6: same a-helical content with and without buffer

* pH4: buffer graph deviates significantly from normal
acidic solution

* pH2: minimum a-helical content

M- .-c m-)

Ag

-6 - . : . : :
180 200 220 240 260
A (nm)

Member of the Helmholtz Association Uzawa et al. Biophysics and Computational Biology 2004 101(5), 1171-1176
Andreas M. Stadler, Michael Marek Koza, and Jorg Fitter. The Journal of Physical Chemistry B 2015 119 (1), 72-82
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TDFRS: HOW DO WE MEASURE?

Refractive index grating absorption spectrum: water
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IR-TDFRS: MEASUREMENT SIGNAL

1*order

 Intensity of the read-out beam
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IR-TDFRS: MEASUREMENT SIGNAL

1*order

 Intensity of the read-out beam

Molecules/colloids with higher refractive

index move to warm side witte read
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DISCUSSION OF TDFRS RESULTS IN STEPS

No buffer

—— pH2
—— pH4
—— pH6
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' SORET COEFFICIENT (S;) - NO BUFFER

e Sign change of S;for pH2 and pHG6
e Positive S; for pH4

o T
+ Sp (T) = 57 + Aexp(— 1)

S. lacopini, R. Rusconi, and R. Piazza, Eur. Phys. J. E, 19, 59-67 (2006)

(thermophilic) ST = —_T
D « What can we learn from it?

15 20 25 30 35 40 45
T/°C

_08 1 . 1
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TEMPERATURE SENSITIVITY OF S; CORRELATES WITH LOG P

For non-ionic solutes

10
ASt is measure for temperature sensitivity
20 . . . ] +
_ 4 .
ASt = ST(Thigh) - ST(TZOW) _ 15¢ + B ] ‘TX 5t + ®
v . o
- e s S 10 - ASt o s [
log P is a measure for hydrophilicity . B _ = m 8
) ’ [
0.5y « 2] . B cyclodextrins +
u < 0 @® sugars
0.0 : : : A amides B
20t 4? /°C60 @ alcohols vV &
organic emperature Vv glycols ®
phase: ¢, p - foo 5 . .
. C '15 '10
water: ¢, aq

-5 0
AS; correlates with hydrophilicity (log P)
hydrophilicity and thermodiffusion are connected

saccharides: P. Blanco et al., J. Phys. Chem. B (2010)

cyclodextrins: K. Eguchi et al., Eur. Phys. J. E (2016) Log P works only for small molecules
urea: D. Niether et al., PCCP. (2018) . .
formamide: D. Niether et al., PNAS (2016) For proteins, we need a different measure
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Temperature sensitivity of S; at different pH [~

No buffer
1.8 : : : : ,
| AS; = S{(40°C) - S;(15°C)
®
— 16} Y
\¢ F
N 14¢} o
(@)
s
\I_ 1.2} _ -
< 1.0} U & i
o &y
0.8 ' L L
pH 2 pH 4 pH 6

The folded protein is more hydrophilic

than the unfolded
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« FOLDED state @ pH 6: ratio=2.7
« UNFOLDED state @ pH2:ratio=1.2
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DISCUSSION OF TDFRS RESULTS IN STEPS

No buffer
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not change D,

0.8 —
Comparison of S;at pH6 B J-S—
E{ 0.6 .
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DISCUSSION OF TDFRS RESULTS IN STEPS

No buffer NaP buffer no influence Ac buffer influences CD
on CD spectrum spectrum
12 —oH2 : 12 A~ e ] ' — oH4
—— pH4 - = pH6, 20mM NP buffer - = pH4, 10mM Ac buffer
——pH6 1 - ] pH4, 20mM Ac buffer
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v | Y C ;ﬁ#’
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Member of the Helmholtz Association 19 J Forschungszentrum



Comparison of S;at pH4

24+

Sy /102K
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35 40 45

Phosphate vs Acetate buffer

12 r T T
|
10 1 -
X
@ 8 - -
(@)
<
T 6
— 64 i
05
< 4 | 4
pH 4 10mM Ac 20mM Ac

Acetate buffer reduces the temperature
sensitivity of S; of the protein

Can we understand this?

G.V. Barnett et al. Journal of Pharmaceutical Sciences 2016, 105,1066e1073

20
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COMPARISON OF S;:WITH DEXTRAN-UREA

Non-ionic polymer: dextran Charged protein in a molten globule state
v 006} ] 3.2t -
S—
c
©
£ 0.03} . _ 24} i
O v
°. 000 P A -
v Y — m.-m - W
= :1.6; - -
Q0 -
&
£ -0.03f . 2
3 08F B pH4
= Dextran ] SH4,10mMAcbuffer ]
= -0.06¢ - pH4, 20mM Ac buffer
w " ' & 'l " i . '] &
10 20 30 40 50 60 ooL— - L
o 15 20 25 30 35 40 45
temperature / C
T/°C
urea = water structure breaker . . .
Increasing the concentration of hydrophilic compound —
R. Sugaya, B. A. Wolf, and R. Kita. Biomacromolecules, 7 (2006) 435 Promotes dlsruptlon Of hydrogen bonds
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Correlation between Circular Dichroism and TDFRS

3-2 [ T T T T T T T ]
' ' 25 — . :
241 . ; e
o e [ M’i
Nx 16 w. - W - m - W 20 i cV eev el pH 6 20mM NaP ]
= 08' ' A3 | ﬁ-:ir 23 ]
i Ld | “®H 'pH 6 ]
2 ® oH2 ap] ‘I 5 = -
0.0 W pH4 . IC) I |
I pH4, 10mM Ac buffer ! i
pH4, 20mM Ac buffer h | y i
-0.8F." H ﬂ:g, 20mM NaP buffer | — 1 0 - G A
L . 1 . 1 . 1 . 1 . 1 . 1 — = =
15 20 25 30 35 40 45 V)] [ ®oH2 ]
T/°C <] [ H 7
—— 5F pH 4 10mM NaAc .
:gﬂj | - pH 4 20mM NaAc
- - pH4, 10mM Ac buffer | /
pH4, 20mM Ac buffer 0 1 1 . 1 . 1
——pH6
EH6, 20mM NaP buffer] 0 20 40 60 80

a - helical content/ %

For Apo-Mb the a-helical content is a good measure for hydrophilicity

T 0 20 20 260 a-helical content « hydrophilicity and temperature sensitivity of S;

l) JULICH
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CONCLUSION

 a-helical content and AS; follow the trend : pH6 > pH4 > pH2

* Hydrophilicity (pH6 > pH4 > pH2) and temperature sensitivity of S;
(AS; (pH6) > AS; (pH4) > AS, (pH2)) decrease with pH:

« Phosphate buffer leads to stronger aggregation at pHOG, reflected in a
lower diffusion coefficient. Acetate buffer promotes solubilization of
protein.

« Temperature sensitivity of S; decreases with increase in
concentration of acetate buffer at pH4.

* We observe a correlation between AS;and the a-helical content.

Member of the Helmholtz Association 23 J Forschungszentrum



FINISHED AND FUTURE PROJECTS

* Guanidinium salts: PR . Z

I ®* By ]

[Rudani, B. A., Jakubowski, A., Kriegs, H., Wiegand, S. Deciphering the | - —

guanidinium cation: Insights into thermal diffusion. The Journal of fEin &
chemical physics 2024,160,214502.]

* |Interpreting the results and writing a manuscript :
Thermophoresis: The case of Apomyoglobin

e Ammonia salts (collaboration Holger Gohlke, IBG 4)
e Chelating agents (combination of ITC and TDFRS)

* Protein ligand binding (apomyoglobin binds with ligand
e.g. protoporphrin IX, sodium tetradecysulfate)

l) JULICH

Member of the Helmholtz Association 24 Forschungszentrum



ACKNOWLEDGEMENT

'S

Peter Lang

Andreas Stadler Johan Buitenhuis Wim Briels

Simone
(protein, JCNS-1) (CD-measure- Wiegand Kriegs (theory of thermo-  (head IBI-4)
ments) (technical diffusion of salts)

support)
Group of IBI-4

] |
BioSoft

Biophysics and Soft Matter

l) JULICH

Member of the Helmholtz Association Forschungszentrum




Member of the Helmholtz Association

THANK YOU

Page 26

/.

JULICH

Forschungszentrum



	Slide Number 1
	Thermodiffusion / Thermophoresis
	Factors influencing ST
	Thermophoresis
	Objective
	Apomyglobin
	Slide Number 7
	CIRCULAR Dichroism�
	CIRCULAR Dichroism�
	Tdfrs: How do we measure?
	IR-TDFRS: measurement signal
	IR-TDFRS: Measurement Signal
	Slide Number 13
	Slide Number 14
	Temperature sensitivity of ST correlates with log P�
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26

