
Тема: Методи клітинної біоенергетики

План

1. Виділення мітохондрій та клітин

2. Визначення активності ферментів

3. Полярографія

4. Потенціометрія

5. Ядерний магнітний резонанс (ЯМР)

6. Позитронно-емісійна томографія (ПЕТ)



• «Метод – найперша, основна річ… Від 

методу, від способу дії залежить уся 

серйозність дослідження. Метод тримає у 

руках долю дослідження»

(Іван Павлов)
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Диференціальне центрифугування



Локалізація мітохондріальних ферментів

Зовнішня мембрана:

Моноамінооксидаза*

Тіокінази жирних кислот

Редуктаза цитохрома с

Ацил-СоА-синтаза

Фосфоліпаза А2

Простір між мембранами:

Аденілатциклаза

Нуклеозиддифосфокіназа

Цитохром с

Внутрішня мембрана:

Ферменти дихального ланцюга 

(в т.ч. цитохромоксидаза*)

Ферменти синезу АТФ

Дегідрогенази α-кетокислот

Сукцинатдегідрогеназа

D-β-оксибутиратдегідрогеназа

Карнітин – ацилтранфераза

Матрикс:

Цитрат-синтаза

Ізоцитратдегідрогеназа

Фумараза

Малатдегідрогеназа*

Аконітаза

Глутаматдегідрогеназа*

Ферменти окиснення жирних 

кислот

* - маркери для виявлення мітохондріальних структур.



Схема полярографічної установки



Типова полярограма дихання мітохондрій (А) 

та її діаграмне зображення (Б)



рН-метрія



Protons Align With An External 

Magnetic Field

Spinning protons act like magnets
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Protons, or spins, posses a positive charge and 

are constantly turning around an axis.  A moving 

electrical charge is an electric current, which is 

accompanied by a magnetic field.

Ядерно-магнітний резонанс (NMR)



A slight excess number of protons align parallel with the external magnetic 

field.  The other protons align anti-parallel to it.

Boltzmann’s equation 

can be used to calculate 

the ratio of the particles 

in one energy state to 

that of another.

Boltzmann’s Equation

K= 1.38066 x 1023:  Boltzmann's 

constant

ni = the number of particles in 

energy level one 
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ω0 = γB0

Larmor Equation

•ω0 = precession frequency (in Hz or MHz)

•B0 = strength of external magnetic field (in Tesla, T)

•γ = gyromagnetic ratio (42,5 MHz/T for protons)

* Higher magnetic field = faster precession



The Coordinate System
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Proton vector

•Z is the direction of the magnetic field, B0

•A vector represents both direction and magnitude (magnetic force)
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Spinning protons wobble or precess. 

This precession is directly proportional 

to the magnetic field strength. The 

stronger the magnetic field, the faster 

the protons precess.
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Opposing protons cancel each other out



Because more protons align with the magnetic field than against it, 

there is a net magnetic force in the direction of the magnetic field 

called longitudinal magnetization
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Longitudinal magnetization 

cannot be measured directly 

because it is in the same 

direction as the external 

magnetic field.

In order to measure 

magnetization, a new 

magnetization transversal

to the external magnetic 

field must be introduced.



RF pulseZ
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The RF pulse causes some protons to go to a higher energy state.

As a result of the new anti-parallel protons canceling out the charge of 

other parallel protons, the longitudinal magnetization decreases.
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The RF pulse also causes the protons to precess together, or be in phase

(resonation)

This results in a transversal magnetization in the x-y 

plane that moves with the precessing protons.
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Z When the RF pulse is switched off, the 

protons begin to become out of phase 

because protons do not all precess at 

exactly the same rate due to magnetic field 

inhomogeneities and influence by small 

magnetic fields from surrounding nuclei.

This disappearance of transversal 

magnetization is called 

transversal or T2 relaxation.
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Also after the RF pulse is switched 

off, the protons return to their original 

energy state in a continuous process. 

This results in the longitudinal 

magnetization recovering and the 

transversal magnetization decaying, a 

return to equilibrium.

This recovery of longitudinal 

magnetization is called 

longitudinal or T1 relaxation, 

also known as spin-lattice 

relaxation because the protons 

hand over their energy to the 

lattice, surroundings, in order to 

return to a lower energy state, 

parallel to the Bø field.



T1 is described as the time it takes 63% of the original longitudinal 

magnetization to recover. It is mathematically described by an 

exponential curve. T1 is about 300-2000 milliseconds long. T1 

values are usually longer at higher field strengths.

Time in milliseconds
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T1 Recovery Curve



T2 is described as the time it takes the transversal magnetization to 

decay to 37% of its original intensity. It too is mathematically represented 

as a exponential curve. T2 is about 30-150 milliseconds long

T2=160

T2=80

T2 Decay Curve
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What Influences T1

• When the lattice consists of pure liquid/water, it is difficult for the 

protons to get rid of their energy because the small water molecules 

move too rapidly. As a result, T1 takes a long time.

• When the lattice consists of medium-size molecules (fat) that move, 

and thus have fluctuating magnetic fields near the Larmor Frequency of 

the precessing protons, energy can be transferred easier so T1 is short.

What Influences T2

• Water molecules have local magnetic fields that fluctuate fast 

because the molecules move around a lot. So, the fields average each 

other out, decreasing local magnetic field inhomogeneities, causing T2

to be long because the protons take longer to dephase since their 

frequencies are not that different from one another.

• With substances that contain larger molecules, the local magnetic 

field is more varied because the molecules do not move around as 

fast. T2 is shorter (the protons dephase faster) as a result of these 

larger differences in the local magnetic field.



NMR/MRI

MRI imaging of the human head

Modern 3 T clinical MRI scanner. 

Magnetic Resonance Angiography
1.5 T magnet, occupied be researcher’s leg (Dr. Britton Chance)

http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5:Mri.jpg
http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5:Mri.jpg
http://en.wikipedia.org/wiki/Image:Modern_3T_MRI.JPG
http://en.wikipedia.org/wiki/Image:Modern_3T_MRI.JPG
http://en.wikipedia.org/wiki/Image:Mra1.jpg
http://en.wikipedia.org/wiki/Image:Mra1.jpg


9.4 T NMR Scanners in the Imaging Center of 

Radiology Department, IUPUI 



Set-up for NMR in vivo experiment with surface coil
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FDG Distribution in RIF-1 

Tumor before and 3 Days 

after 5FU Injection

Indy I and II Positron 

Emission Tomography (PET) 
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