Fehérjek stabilitasa:
stabilitasi fazisdiagram,
extrém korulmeények,
termofil és piezofil enzimek

Smeller Laszlo

Destabilizalo kornyezeti
paraméterek

» Fizikai
— magas hdmérseklet
— alacsony hémeérséklet
—nyomas

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

Huge red-tipped tube worma. ..

HYDROGEN SuULF

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




Fizikai paraméter: hdmerseklet

Kétallapott modell: nativ (N) és denaturalt (D)
AH(T)=Hp(T)-Hy(T)
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— a viz fazisdiagramjanak kihasznalasa:
nyomas alatt akar -20 °C-ig le lehet menni
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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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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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region of 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 spectrum was taken are 20, 15, 11, 5, 0, =5, —10, —15, —20,

nd
1

=25, [b] =28, [c] 10, and [d] 20°C. Spectrum [¢] is taken at 2 kbar
10°C after the cold unfolding. (F) Intensity of the band at 1650 em

versus decreasin,

nperature. Dots are the expenimental data, and the full
line 15 the fitted curve.
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Fig. 1. Phase diagram of water in the temperature range of

50 to +100°C up 1o a pressure of 2.2 GPa. L refers to the lig-
uwid phase; roman numbers (I-VIII) show the different ice
phases. The douted line shows the melting curve of heavy

waler.

A viz fazis-
diagramja
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37. abra. A hideg denaturacios utvonal
a p-T sikon. A kék girbe jelsn a
deszullalt  viz  fagyvasgorbéjét, amt
Bridgmann (1933) mérésel  alapjan
rajzoltunk meg.

A nyomas-hdmeérseklet fazisdiagram




Miért érdekes a nagy nyomas?

* Miért ne? » Technikailag nehéz
termodin. param.
T, p,.. « p=1 bar-os
A bioszféraban atmoszféraban élunk
p=1 bar...1 kbar 7700 metresd;gg;nt:2§ciacificOcean's

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

1 bar=0,1 MPa

1 kbar = 100 MPa 10 kbar = 1GPa 1Mbar=100GPa

The vants spew toxic chomicals.

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

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

a viz megfagy szobahém.-en =10 kbar 1GPa
a bolygok kdézpontjaban ~Mbar 100 GPa

a laboratériumban elért  néhany Mbar n.100 GPa




Milyen hatasa van a nyomasnak?

Le-Chatelier-Braun-elv

nyomas <-> térfogat

nyomas <->térfogat

(GAGJ :_RT(aanj AV
op ), op ),

InK =— pA_;/ + konst.

Milyen hatasa van a nyomasnak a

fehérjékre?
Nyomasdenaturacio
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Nyomasdenaturacio: lizozim
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A nyomas-hdmérseéklet 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)= -A4Sdt+A4Vdp

mennyiséget a T,p pontig:
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ahol: B= (OV /ﬁp)T az un. kompresszibilitasi faktor,
a=(0V/0T), =—~(35/0p);  ahtagulasi egyiitthatd,
Cp = T(&S /T )p az allandé nyomason mért fajhd




T=T,esetén:
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Masodfoku T-ben is és p-ben is!
A denaturacioés pontokon: AG =0

Ha Ac?>AC,ABIT, ,akkora AG (T,p) = 0 pontok
a T p sikon egy ellipszist hataroznak meg
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Mennyire igaz ez a kétallapotu modell a
valodi fehérjékre, fehérjeoldatokra?

Csak egy denaturalt allapot létezik?
Intermolekularis kdlcsonhatasok?




Kisérleti eredmények
T-p fazisdiagramokra

Mioglobin: FTIR spektroszkopia
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Lizozim: nyomasdenaturacio
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Lyzozim: T-p fazisdiagram
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Nyomas-hémeérseéklet fazisdiagram:
a valdsag

AC
AG = AG, ~AS(T -T,)——_*(T =Ty)* + AV, (p—py)+

B

+A2<p— B) +Ad(p— po)(T ~Ty) ..

intermolekularis kh.:
aggregacio (conc!)

nyomas- és hideg-
denaturacio: AV

hédenaturacio: AS




Aggregaciora hajlamos
intermedierek keletkezese
nyoméskezelés hatasara

P

1580 1600 1620 1640 1660 1680 1700 1720
v [em]

0 10 20 30 40 50 60 70480 90 100 110
Trel T

Absorbance

m10glob1n

.
L,,AH

Thear T

Intermolekularis kolcsonhatasok és a
nyomas

2 =z

Intermolekularis kolcsonhatasok és a
nyomas

G
J /
\)

5%

tipikus nyomas 2 kbar (200 MPa)

Aggregatumok disszociacidja nyomassal
példa: mioglobin

p [GPa] 008 1
0.008 o
0.94 3
0.66 3o
0.35 < poz
= 0.28 son
E \/\ 0.21 - i
£ \/-/\— 0.11 [ 0z 04 08 08 1
@ 0.084 ploPa)
2 J& 0,066
] oos
\/\— 0.005 eos b
0.69 ¥ oo
1.21 épm
0.82 < oo I
0.45
0.14 ::;
1580 1600 1620 1840 1660 1680 1700 1720 L oe o o
PGP

vem™]




Aggregatumok disszociacioja 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 i

0.1 MPa (lower),

1.3 GPa (middle) and LN

0.1 MPa after
decompression
(upper).
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A nagy nyomas technikaja

« vastag falu edény
* kis térfogatd gyémantcella

A nagy nyomas technikaja

* Nagyon vastag
és szilard falu
edény (bomba)

@ kb 10 cm
minta & 10 mm

3 optikai ablak

A nagy nyomas technikaja

Force

DAC I
diamond anvil cell

« Nagyon kicsi Diamonds
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Extremofil mikroorganizmusok

extrém hémérseékleten (T>100 C)

extrém nyomason (tébb 100 bar)

extrém kémiai korulmeények
(savas v. lugos) kozaott

EXTREMOPHILE

Nyomaskezelt pizza az egyik , L1
nagynyomasos konferencian elnek. (PI- a tenger melyen’

héforrasok kdzelében, stb.)
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Nyomaskezelt élelmiszerek egy
japan aruhazban Ezekbdl izolalhatok 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

Fasyme and Micrebial Techeology 45 {2008 111147
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Review

High pressure enhancement of enzymes: A review

Michael |. Eisenmenger, José |, Reyes-De-Corcuera*

Citrus Reseorch ond Eidwoarion Ceaner, fnscicune of Food ond Agricuiral Sciences. Utversicy of Florida. 700 Experiment Storkos foa. Lobe Afivd. 7L (54

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

Hogyan valtozik a fazisdiagram?
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Nyomastlrés

Nem tul nagy kihivas:
p bioszféraban max. 1 kbar
normal fehérjestabilitas kb 5 kbar.

Mélytengeri éldlények

Enzimmikodés és extrém
korulmeények
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Figure 3. Heat-pressure iso-rate contour plots of 95 % inactivation of
purified banana PME (in 20 mM Tris-HCI buffer, pH 7.0) for a total process
time of 30 min (k = 0.099858 min-1) based on (A) the ‘classical
thermodynamic model (eq 4); (B) the third-degree thermodynamic model
(eq 6);

From: Binh Ly-Nguyen1 et al, Effect of Mild-Heat and High-Pressure
Processing on Banana Pectin Methylesterase: A Kinetic Study
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