Biologiai szerkezetek stabilitasa

Smeller Laszlo

Destabilizalo kornyezeti
paraméterek

» Fizikai
— magas hdmérseklet
— alacsony hémeérséklet
—nyomas

» Kémiai
— urea (nagy koncentracidban)
— GuHCI [guadinium klorid] (nagy konc.)

1ge red-tipped tube worma. ..

HYDROGEN SuULFIDE (N

The vants spaw toxic chemicals.

http://ocean.si.edu/ocean-videos/hydrothermal-vent-creatures

Thermophiles, a type of
extremophile, produce some of the
bright colors of Grand Prismatic
Spring, Yellowstone National Park

The first extremophile to have its genome sequenced was Methanococcus
jannaschii, a microbe that lives near hydrothermal vents 2,600 meters below
sea level, where temperatures approach the boiling point of water and the
pressure is sufficient to crush an ordinary submarine. Image credit: NOAA




Makromolekularis rendszerek

Fehérjék % (2

Nuklelnsavak

Fizikai paraméter: hOmerseklet

Kétallapott modell: (1) és (2) allapot
AH(T)=H,(T)-H(T)
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Valasszuk T-t ugy, hogy T,-n:
G,(Tp)=G,(Ty)
AG(T)=Gx(T()-Gy(Ty)=0

(Azaz T, egy fazisatalakulasi hdmérséklet.)
AG(To)=AH(Ty)-ToASy(To)=0

ha C, fuggetlen a hémérseklettdl:

AH(T)=AH(T,) + IAdeT =AH(T)) +(T -T)AC,

To
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AG(T) = AH(T) — TAS(T) = . Tipikusan fehérjéknél:

AG(Tp) + (T — Tp) (AC, — AS(To)) — T AC, In (Fo)
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AG(T)=G,(T)-G(T)

Ha AG(T)>0 G,(T)>Gy(T)

Ha AG(T)<0 G,(T)<G(T) Nukleinsavaknal és membranoknal hideg denaturaciét nem figyeltek meg.
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FIGURE 7. The ARG function for RNase and Mb for the same conditions
as in Figure 6 calculated from the assumption that ARC, is temperature in-
dependent (dot-dash line) and temperature dependent (dashed line). "
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Hideg denaturacio

» Gyakran 0°C alatt
» Méréstechnikai problémak
* Megoldas:
— mas denaturalé agens hasznalata:
destabilizacio, T, emelkedik.
— a viz fazisdiagramjanak kihasznalasa:
nyomas alatt akar -20 °C-ig le lehet menni
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FIGURE 23. Temperature dependence of (a) relative changes (R) of phos-
phoglycerate kinase ellipticity at 222 nm (©) and 277 nm (4), (b) tryptophan
emission spectrum maximum containing 0.7 M GuHC1.'?
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FIGURE 3 (A) Stacked plot of the deconvoluted 1600 to 1700 em™!
regio! myoglobin upon cold unfolding. The sequence of the spectra is

from bottom to top. All spectra were taken at 2 kbar except for the bottom
[a] and top [d] spectrum, which are taken at atmospheric pressure and 20%C
before and after the cold unfolding. respectively. The temperatures at
which each spectrnum was taken are 20, 15, 11, 5, 0, =5, =10, —15, =20,
25, [b] —28. [c] 10.

1 unfolding. (8) Intensity of the band at 1650 em

] 20°C. Spectrum [c] 15 taken at 2 kbar and
1

10°C after the col

versus decreasing temperature, Dots are the expennmental data, and the full

line 15 the fitted curve




Fig.

=50 to +100°C up to a pressure of 2.2 GPa. L refers to the lig-
uid phase: roman numbers (I-VII) show the different ice

phase:

waler.

A viz fazis-
& diagramja
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1. Phase diagram of water in the temperature range of 37. dbra. A hideg denaturiciés utvonal

a p-T sikon. A kék girbe jelsn a
deszullalt  viz  fagyvasgorbéjét, amt
Bridgmann (1933) mérésel  alapjan

5. The dotted line shows the melting curve of heavy
rajzoltunk meg.

Lipid fazisatalakulas

Main transition
N

Endothermic
Role of heat flow

A nyomas-hémeérséklet fazisdiagram

Miért érdekes a nagy nyomas?
* Miért ne? » Technikailag nehéz
termodin. param.
T, p,.. * p=1 bar-os
« A bioszféraban atmoszféraban élunk

7700 metres down in the Pacific Ocean's

p=1 bar...1 kbar . T s

o
=1

* Olyan adatok nyerhe-
t6k amelyek 1bar-on
is értelmezhetbek

1 bar=0,1 MPa 1 kbar = 100 MPa 10 kbar = 1GPa 1Mbar=100GPa




Milyen nagy nyomas?

emberi élet 1 bar 100 kPa

max. nyomas a bioszféraban:1 kbar 100 Mpa
(mélytengerek)

fehérje szerkezetvaltozasok 5-10 kbar 0.5-1 GPa

. aviz megfagy szobah6m.-en =10 kbar 1GPa

a bolygok kdzpontjaban ~Mbar 100 GPa

. ). =
(
; a laboratériumban elért néhany Mbar n.100 GPa

Milyen hatasa van a nyomasnak?

Le-Chatelier-Braun-elv

nyomas <-> térfogat

nyomas <-> térfogat

(%J :_RT(aanj — AV
op ), op ),

InK =— PAV + konst.
RT




Milyen hatasa van a nyomasnak a

fehérjékre?
Nyomasdenaturacio
Fehérje oldatok
p
—

Vprotein= atom+Vvoid+AVhydration

Absorbance

Fehérjék: Nyomasdenaturacio!
Pl.: lizozim
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A nyomas-hémeérséklet fazisdiagram




A hémeérsékleti és nyomasdenaturacio
egyseges termodinamikai leirasa

A kétallapotu modell: N <->D

AG(T)=G(T)-

Gn(T)

Egy T, p, referenciapontbdl indulva integraljuk ki a
d(AG)= -4Sdt+4vdp

mennyiséget a T,p pontig:

TDp
AG(T,p):AGO+”—ASdt+AVdp

To Po

AG = Af(p— B)* +Aa(p— po)(T ~T,) -

—AC{T[lnl—ljﬁLTo}
TO

+ AVo( P- po) _ASO(T _To) + AGO

ahol: B= (OV /6p)T az un. kompresszibilitasi faktor,
a=(0V/oT), =—(35/0p);

a hétagulasi egyditthato,
C,=T(es/0T),

az allandé nyomason mért fajhd

T=T,esetén:

2
LN P s
0 2TO

A AC
AG =7ﬂ<p— P + Ac(p = P(T =Ty =22 (T =T,)°
0

+ AVO( P- po) - ASO(T _To) + AGo

Masodfoku T-ben is és p-ben is!
A denaturacios pontokon: AG =0

Ha Ad?> AC, ABIT, ,akkora AG (T,p) = 0 pontok
a T p sikon egy ellipszist hataroznak meg
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Altalanositott Clausius Clapeyron

egyenlet
OAG T-T,
~——  AS,—Aa(p- AC 0
0 p oT 0 (X(p p0)+ p TO
p _— = =
oT % AV + AB(P— Pp)+Aa(T —Ty)
op
meredekség=%,

Mennyire igaz ez a kétallapotu modell a
valodi fehérjékre, fehérjeoldatokra?

Csak egy denaturalt allapot létezik?
Intermolekularis kdlcsonhatasok?

Kiseérleti eredmények
T-p fazisdiagramokra

Mioglobin Lizozim




Mioglobin: fazisdiagram
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Lyzozim: T-p fazisdiagram
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Nyomas-hémeérseklet fazisdiagram:
a valdsag

AC
AG = AG, —AS,(T -T,)- 2T" (T =Ty’ +AV,(p—p,)+

B

+A2(p— D) +Ad(p— Po)(T —Ty)+....

aggregacio (concl)

nyomas- és hideg-
denaturacio: AV

hédenaturacio: AS

< hideé

Aggregaciora hajlamos
intermedierek keletkezése
nyomaskezelés hatasara
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Intermolekularis kolcsonhatasok és a
nyomas

3
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Intermolekularis kolcsonhatasok és a
nyomas
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tipikus nyomas 2 kbar (200 MPa)

Aggregatumok disszociacioja nyomassal
példa: mioglobin
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Aggregatumok disszociacidja nyomassal
példa: mioglobin
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Aggregatum
és Fibrillum

Day 1: (a) AFM (b)
amide | band of
TTR105-115 at

0.1 MPa (full line),
550 MPa (broken
line) and 0.1 MPa
after decompression
(dotted line).

Day 4: (c) AFM (d)
amide | band of

TTR105-115 fibrils at §

0.1 MPa (lower),

(b)

Absorbance

100 im . - 5_00 nIn

(d),

Absorbance

1.3 GPa (middle) and LA

0.1 MPa after
decompression

(upper).
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A DNS fazisdiagramja

A kétszalu DNS
Nyomasfliggetlen!
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Fig. 10. Pressure—temperature diagram of DNA helix—coil trans-
formation. Unlike the heat unfolding temperature of proteins,
the melting temperature of DNA does not show any curvature,
but a purely linear pressure dependence. The numbers refer to
the molar concentration of neutral salts. Drawn after [84].




Kulonleges DNS strukturak:

G-quadruplex
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A DNS fazisdiagramja

Egzotikus DNS strukturak, pl. G-quadruplex
nyomaseérzekenyek.
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A nagy nyomas technikaja

« vastag falu edény
* kis térfogatd gyémantcella




A nagy nyomas technikaja
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Alkalmazasok

Extremofil mikroorganizmusok

extrém hémérsékleten (T>100 C)
extrém nyomason (tébb 100 bar)
extrém kémiai korulmények
(savas v. lugos) kozott
élnek. (Pl. a tenger mélyén,

héforrasok kdzelében, stb.)

EXTREMOPHILES

Ezekbdl izolalhaték a termofil és piezofil fehérjék




Thermophiles, a type of
extremophile, produce some of the
bright colors of Grand Prismatic
Spring, Yellowstone National Park

The first extremophile to have its genome sequenced was Methanococcus
jannaschii, a microbe that lives near hydrothermal vents 2,600 meters below
sea level, where temperatures approach the boiling point of water and the
pressure is sufficient to crush an ordinary submarine. Image credit: NOAA

Nyomassal novelt enzimaktivitas
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High pressure enhancement of enzymes: A review

¢ 1, Reyes-De-Corcuera®

Michael |. Eisenmenger, |

Food ond Agricw il Sciences.

Experiment Stovion Road. Lot Agived. L US4

pl.:

o-kimotripszin 0,1 MPa => 20°C 480 MPa 6,5x
polifeniloxidaz 0,1 MPa => 500 MPa +40%
o-amilaz 59°C atm.p. => 64°C 152 MPa +25%
pepsin 0,1 MPa => 300 MPa 270x

Irodalom

Privalov PL. Cold denaturation of proteins. Crit Rev Biochem Mol Biol. 1990;25(4):281-305.

Meersman, F., Smeller, L., Heremans, K (2005) Extending the pressure-temperatura state diagram of
myoglobin Helv. Chim. Acta 88, 546-556

Tolgyesi, F., Bode Cs., Smeller, L., Kim, K. K., Heremans, K., Fidy, J. (2004) Pressure activation of the
chaperone function of small heat-shock proteins Cell. Mol. Biol. 50, 361-369.

F. Meersmann, L. Smeller, K. Heremans (2002) A comparative study of cold-, pressure- and heat-induced
unfolding and aggregation of myoglobin Biophys. J. 82 2635-2644.

L. Smeller (2002) Pressure-temperature phase diagram of biomolecules Biophys. Biochim. Acta 1595 11-
29.

L. Smeller, P. Rubens, K. Heremans (1999) Pressure effect on the temperature induced unfolding and
tendency to aggregate of myoglobin Biochemistry 38 3816-3820.

Smeller Laszl6: A fehérjék konformacios és dinamikai tulajdonsagai.

Uj eredmények nagy nyomassal kombinalt infravérds és fluoreszcencia spektroszkopiai médszerekkel.
MTA doktori értekezés

Ly-Nguyen B, Van Loey AM, Smout C, Verlent |, Duvetter T, Hendrickx ME. Effect of Mild-Heat and High-
Pressure Processing on Banana Pectin Methylesterase: A Kinetic Study J Agric Food Chem. 2003
Dec 31;51(27):7974-9.

http://bartlettlab.ucsd.edu/Research.html

http://ocean.si.edu/ocean-videos/hydrothermal-vent-creatures

http://www.hiperbaric.com/en

Dirix, C; Meersman, F; MacPhee, CE; Dobson, CM; Heremans, K High hydrostatic pressure dissociates
early aggregates of TTR105-115, but not the mature amyloid fibrils J. Mol Biol. 347 (2005) 903-909

Eisenmenger, Michael J.; Reyes-De-Corcuera, Jose |. High pressure enhancement of enzymes: A review
Enzmye Microbial Technol. 45 (2009) 331-347




