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Jaky je puvod vsech slov?




Kalorimetrie

calor = teplo

metri = mérit

Antoine Laurent Lavoisier

(1743 -1794)

Biokalorimetrie

Lavoisier surrounded |
the animal with an
ice-filled jacket.

L

out of the apparatus
for collection and
measurement.

1]
lce melted by animal
If | heat yielded liquid
= \”M,___ water, which dripped




Kalorimetrie biopolymeru

Cilem je méreni termodynamickych parametru AH, AS, AG u
molekularnich procesu

Jejich znalost umoznuje nahlédnout pod poklicku regulace prubéhu
reakce z termodynamickeho hlediska



Popis termodynamickeé stability DNA

Entalpie H Entropie S
AH=(; (p=konst) AS = —

— vytvareni. zanik nebo . ., . ,
— zmeéna usporadanosti systemu
deformace vazeb

| AG = AH-TAS




Volna energie AG a rovnovazna konstanta K

AG = —-RTInK
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1cal=4.184 ]




Pomerna velikost nekovalentnich interakci

Typ interakce kcal mol! kJ mol-?
lon-10n 14.0 58.6
Stacking 5.0 20.9

Vodikove mustky 1.3 5.4



Denaturace proteinu

N @ IN]
[D] l-« [N]+[D]
5 / (?(3;) (I(AC(;l) AG/RT K o
3 743 1.78 3 0.05 0.047
£ 495 1.18 2 0.135 0.119
£ 248 0.59 1 0.368 0.269
:;:j ) ) : 0 0 0 1 0.5
Ej 248 -059 -1 2718 0.731
; 495 -1.18 -2 7.389 0.881

-1.43 -1.78 -3 20.09 0.953




Diferencni skenovaci kalorimetrie DSC

(DSC)
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Veliciny ziskané z mereni DSC

Termogram Teplota tani T,

/Zm¢na entalpie AH

AH =[AC,dT

T Zmeéna entropie AS
AS AC,
.............. AS — IT dT
Teplota \Volna energie AG

AG = AH-TAS
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Pouziti DSC pro stanoveni vilivu kovalentni vazby ligandu

na termodynamickou stabilitu DNA

T AH AS AG
DUpleX (°C) (kcal mol1) (cal °C -1 mol 1) (kcal mol1)
unmod.
mod. | 70.2 | 151 446 18.0
ligand | 61.8 | 135 404 14.6

40.0 A

20.0 A1

0.0

AAH
' -TAAS

AAG

-20.0 A1

-40.0

AA(H,S,G) - A(H,S,G)L - A(Hls1G)unmod.
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http://www.youtube.com/watch?v=cYj5IOELaVI
https://www.youtube.com/watch?v=o_IpWcWKNXI
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Veliciny ziskané z jednoho mereni ITC

Time (min)
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1 AH =-108 kcal mol™
201 AS =-317 cal K" mol™

1 _ 7
S 40 K=16310 ]
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Molar ratio [DNA:protein]

Vazebna entalpie AH
Stechiometrie N

Vazebna konstanta K

Volna energie AG
vypoctena z AG = -RTInK,

Zmena entropie AS
vypoctena z AG = AH -TAS
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e meritelné na ITC

&.H ':'—r

|

Kcal
Mole Injectant

0.0

M+L &

M.L
c = K.MN

c=h00

M — makromolekula, L -
Ligand

M,,; celkova koncentrace makromolekuly
K, vazebna konstanta
N stechiometrie interakce

Pr.

M tot = 10°M

pak je meritelny rozsah
vazebné konstanty

K, =106 az 108 M1

5 < ¢ <500

A K, =10%az108M ~
Ko~ pM -nM



Pouziti ITC pri navrhovani lécCi

ZlepSeni farmakokinetickych vlastnosti |€Civa Ize dosahnout jeho navazanim na molekulovy

nosic
Po podani komplexu nosicCe a leCiva dochazi k cilenému transportu na misto ucinku,

kde dochazi k uvolnovani |éCiva

cyklodextrin lecivo komplex

« Cyklodextriny jsou v prirodeé se vyskytujici cyklické oligosacharidy
« Cyklodextrinové nosiCe jsou v soucasnosti testovany pfi vyvoji
novych |éCiv proti malarii, rakoviné a zanétam
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Termodynamickeé parametry popisujici stabilitu
dvousroubovice DNA v zavislosti na teploté

T,<T, T=T, T,>T,

AG>0 AG <0

H l_T

BEAH & -TAS BN AG
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Vypocet termodynamicke stability DNA

Z primarni sekvence

Model nejblizsiho souseda predpoklada, ze termodynamicka stabilita
dvousroubovice DNA zavisi na typu a orientaci sousednich paru bazi.

velky zlabek

Stabilita dvousroubovice je pak pfedpovézena pouze

na zakladé primarni sekvence, jestlize je znama relativni
termodynamicka stabilita kazdeho typu interakci

dvou sousednich paru bazi
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Termodynamicke parametry pro vypocet

stability dvousroubovice DNA

Breslaéjer et Santalucia® Allawi - Sugimc;to et
Sequence al. & SantalLucia al.
AH AS AH AS AH AS AH AS
5
AT AATT 91 |-240]-84 |-236|-7.9 |-222]|-80 |-219
AG/CT -78 ]1-2081]-6.1 |-16.1]-7.8 |-21.0]-6.6 |-16.4
GC AT/AT -86 |-239]-65 |-188|-7.2 |-204]|-56 |-15.2
5 AC/GT -6.5 |-173]1-86 |-23.0]-84 |-224]-94 |-255
GA/TC -56 |-1351|-7.7 |-2031]-82 |-222]-88 |-235
GG/CC -11.0 | -26.6 | -6.7 |-15.6 | -8.0 ]-19.9 ]-10.9 | -28.4
D 4 GC/GC -11.1 | -26.7 | -11.1 | -284 | -9.8 |-244 ]|-105 | -26.4
TA/TA -6.0 |-169]-63 |-185]-72 |-21.3]|-6.6 |-18.4
AG/CT TG/ICA -58 |-129|-74 |-193]|-85 |-227|-82 |-21.0
CG/CG -119 | -27.8 | -10.1 | -25.5 | -10.6 | -27.2 | -11.8 | -29.0
Initiation with one or two G-C 0.0 -20.1 1 0.0 -5.9 - - 0.6 -9.0
Initiation with A-T only 0.0 |-16.8 0.0 -9.0 - - 0.6 |-9.0
Symmetry correction 0.0 ]1-1.3 |0.0 -1.4 0.0 |-14 0.0 |-14
5'T-A correction - 0.4 0.0 - - - -
A-T base pair end - - - - 23 |41 - -
G-C base pair end - - - - 0.1 |-28 - -
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Vypocet entalpie tvorby dvousroubovice DNA

AH :ZAHx
460 -38.1 -38.1 -46.0

56 GAATTCC &
3c c, T T,AAGG ¥
(R B |

-23.4  -36.0 -23.4
AH,,, = (2 x GGICC) + (2 xGAITC) + (2 x TCIGA) + (1 x AT/AT)
AH_, = (2 x -46.0) + (2 x-38.1) + (2 x -23.4) + (1 x -36.0)

AH_, = -251 kJ mol
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Van't Hoffova rovnice

onK  AH
o(1/T) R
mernice = —AH
Jacobus Vant Hoff T SIETICe R
(1852-1911)
Nobelova cena 1901
, InK
VR pro tani DNA:
1 R AS —In4R

= InC,, +
I AH AH

m
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http://www.nobel.se/chemistry/laureates/1901/hoff-bio.html

Spektroskopické sledovani tani DNA

S6ADbs/ 6T

Absorbance (260 nm)

0 20 40 60 80 100 — .
teplota (°C) A

teplota (°C)

Vyuziva se hyperchromického efektu DNA:
Po oddéleni komplementarnich fetézcu se zvysi absorbance pfi 260 nm
Ze zavislosti I1ze urcCit T,, vypo€tem jako hodnotu T, pfi které je prvni derivace maximaini,

23 nebo graficky jako hodnotu T, ve které se protina kfivka tani a osa smérnic poCatku a konce krivky tani.
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Praktické urceni DHVH

AS —In4R
~ AH A
= _ AH
9 smérnice = —
~ T R
Y 1Ty
(&)
(=
(0]
®)
o >
2
< InC,,
- 1 R AS —In4R
0 20 40 60 80 100 = InC,,, +
teplota (°C) L,

Pri zvysovani koncentrace DNA dochazi ke zvysovani teploty tani T
Ze smérnice zavislosti reciproké hodnoty T, na celkové koncentraci retézcu se urci AH
z pruseciku zavislosti s osou 1/T,, se urCi AS a vypocte se AG.



Vztah mezi AH,, a AH-,

AH,,  zavisla na modelu - ptfedpokladd dvoustavové
chovani

AHg,  pfimo a nezavisle urcena velikost

AH,y = AHg,, dvoustavovy proces

AH < AHg, pii tani se systém nachazi v ,,mezistavech*
pomér AH, ., /AH,, definuje velikost
kooperativni jednotky
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Obecné odvozeni Van't Hoffovy rovnice

olnK AH
O  RT~
AG =—-RT InK AG _ ﬁ—AS
T T

AH =Q = jC dT, AS= ? j(_:rPdT

o 1 0
of T o(/T)
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Odvozeni VR pro vznik dvousroubovice DNA

1:RlnCTOt+AS_Rln4

I AH AH
s LKL —% %

S, + S, duplex-D

AG=-RTIhK g _ | D] C,.—celkova koncentrace
AG = AH — TAS [Sl ] [Sz] obou fetézcu

Pro T =T [S1]=[S,]=[D]=C,/4 Kip=7?
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Vypocet teploty tani DNA

AH
T, = — 273.15+ 16.6log[Na™]

AS + Rln (%)

Pr.. GGAATTCC
AH=-251 kJ

AS =-686 J K-'mol-!
Cr.=5 uM. [Na*]=1M

T =45.6°C
30



Zajimaveé odkazy

) —aDr= 2 .
Ini'un'feirfﬂc'i:;rn!hesfx 'ﬁ ﬂ ﬂl IEU Anul?zﬂr

INTEGRATED DNA TECHNOLOGIES

Biophysical So

H
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http://www.biophysics.org/Education/WhatisBiophysics/tabid/2287/Default.aspx
http://www.basic.northwestern.edu/biotools/oligocalc.html
http://www.basic.nwu.edu/biotools/oligocalc.html
http://www.basic.northwestern.edu/biotools/oligocalc.html
http://eu.idtdna.com/analyzer/Applications/OligoAnalyzer/
http://eu.idtdna.com/analyzer/Applications/OligoAnalyzer/
http://eu.idtdna.com/analyzer/Applications/OligoAnalyzer/
http://www.biophysics.org/Education/WhatisBiophysics/tabid/2287/Default.aspx
http://www.biophysics.org/Education/WhatisBiophysics/tabid/2287/Default.aspx
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