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Abstract: As the energy curency of the cell, ATP is mainly produced by the catalysis of ATP synthase in the mitochondria. In the past 50
years, scientists have done much on ATP synthase’ s structure and its function already, but people have known more about function but fewer
about the mechanism, so there is much more work to do. High purified ATPase which should come fist is the key factor in the dudy of enz
ymé s structure and catalytic mechanism. So solation of the ATP synthase has become the primary work for the researchers who want to
study it.This article has summarized and introduced some valuable methods in the isolation of mitochondria and submitochondria, and purifi
cation of ATP synthase, and the assay of the enzymé s activities in details respectively.
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1 Introductions

The enzyme ATP synthase (EC 3. 6. 1. 34), also known as H'—=ATPase, ', F-ATPase or protor-translocating AT~
1

Pase, has a very complex and intricate structure and is more complicated than any other ior-translocating ATPase .
The enzyme is composed of a wa ersoluble Fi moiety and a transmembrane, detergentsoluble Fy moiety, in which Fr
ATPase is the complex that catalyses the terminal step of oxidative phosphorylation. The phosphorylation of ADP by this
enzyme is driven by a proton electrochemical gradient, generated by electron transport in the membrane. And this pro-
cess takes place in an extra membrane assembly F'y, which is attached to an intrinsic membrane assembly Fy. In which,
Fo is buried in the imner membrane of the mitochondrion and contains a proton channel through which the proton elee-
trochemical gradient is coupled to the synthesis of ATP and F, is exposed to the mitochondrial matrix . 1 can be
detached from Fo and is an ATPase. In the past 50 yeals[l_ "% hundreds of experiments and researches”” have been
done in this field, which have involved many different types of materials such as bovine heart, rat liver, yeast and so on
and many new methods of purification and assay of enzyme’ s activities. Here we just give the bovine heart as the

example.

2 Mitochondria Preparation
Fresh bovine hearts'” without fat connective tissue are cut into small pieces (about 2. 5 cm3) and passed through a

precooled electric meat grinder ( plate with hole of 4mm diameter) . The maerial is then homogenized in a large capacity,
high- speed blender in lots of 400 grams. To every 400 grams are added 1200 ml. of 8 5% suaose (0.25 mol*L 1) cor-
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taining 1. 85 grams of Ko,HPO, per liter(about 0. 01 mol* L ]) . The blender is operated for 30 s a full speed.The pH
should be around 7.2 to 7.4 by adding 1 to 2 mlL of 6 mol* I " KOH at the outset of blending and 2 to 3 mL at the end.
The homogenate is immediately centrifuged for 13 min at 1 900 r. p. m. in a refrigerated Internaional Serum centrifuge.
The red supernatant is decanted through a single layer of dheesecloth and the sediment and a partially sedimented buff
layer are discarded. There are two different but quite common solutions of mitochondria as follows:

I. Sucrose- Mitochondria 8. 5% sucrose solution is added in the proportion of one volume to four volumes of su-
pernatant. And the mixture is now passed through a refrigerated supercentrifuge at 50 000 r. p. m. Anozzle is used which
perimite the passage of 10 liters for 7 min' " . The mitochondria which have been sedimented in the bowl of the centri-
fuge by this procedure, are scraped out in a room They are blended with 400 mL of 8. 5% sucrose solution for 10 to
15 s at low speed until they form a sooth paste. The mixture is finally brought to a volume of 2 liters per contents of one
bowl, with the same sucrose solution. The resulting suspension is again passed through the sharples centrifuge at a rate
of 10 L per 20 min. The residue is removed as before and blended with the desired volume of 8. 5% sucrose solut+
on'™ . This is the so-called sucrose-mitochondria.

II. KGF mitochondria  With 0. 9% KCl solution, we can get the KClmitochondria through the similar procedure

as the sucrose-mitochondria do.

3 Sub mitochondrial Preparation

Two types of procedures have been developed for the preparation of submitochondrial particles ( SMP) "3 Both
of them are remarkably similar in general composition and catalytic properties but they differ in their content of non
heme iron and cytochrome c. At O~ 4 ‘C, bovine heart mitochondria are suspended in a solution of 0.25 mol*L™ ' su-
crose, 0. 01 mol* L' tris-C, and pH 7. 8 at 60 mg protein per 1 mL and frozen at — 20 ‘C.The mitochondria susper
sion is then thawed and diluted to the concentration of 40 g*1.” " with the same buffer. The pH is adjusted to 7. 5 with
HCI. The mitochondrial suspension is sonicated for 1 min in 100 mL beakers at room temperature. The beak ers should
be cooled on ice for 1 min. This sonicaion is repeated twice with each batch. And the sonicator is a Branson Model —
S 125 which should be equipped with 1/2-in probe and set at number 8 and full power. The suspension is adjusted to
pH 7.5 and centrifuged ( 35 000 g for 10 min). The supernatant would collect and recentrifuged (78 000 g for 90
min) . The pellets are suspended in a solution of 0. 25 mol*L " sucrose, 0. 01 mol* L' Tr-Cl pH 7. 8 at 20 mg protein
per 1 ml.These submitochondrial particles could be stored frozen for several months. H

4 Extraction of F—- ATPase

In the experiments[ "3 bovine hearts mitochondria have been used as the source material and prepared extracts
containing soluble ATPase by sonic oscillation of mitochondrial suspensions. Then, they applied kinds of purification
techniques such as polyacrylamide gel electrophoresis in phenotureaacetic acid, polyacrylamide gel electrophoresis in
soditm dodecylsulfate, sedimentation equilibrium ultra centrifugation in 8 mol*L.” = guanidine hydrochloride and protein
estimation. However, the yields and activities obtained are very low, and the major problem is at the stage of protamine
sulfate precipitation. Conversely, heat treatment always gives a good purification of the enzyme and an activation of the
ATPase activitym . By checking on the effect of pH, ionic strength, time of sonication, temperature, etc, at each step, the
method described below consistently yields large amounts of enzyme of high activity.

Step 1 Release ATPase by Sonication at High pH.

The submitochondrial particles proteins are routinely used as the starting materials; 0. 3 mL of 0.5 mol*T.” 'ED-
TA,pH 7.5 and 0. 2 mL of 0. 5 mol* L. " ATP are added to each 100 mL suspension at 0~ 4 C(described previous-
ly) . The pH should be adjusted to 7.4 with KOH or HCI. Batches of 42 mL suspension are sonicated at full power at

room temperature n 50 mL beakers until the temperature reaches 38~ 40 C. Then, the suspension that has been pre-
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warmed to 25 C would be centrifuged ( 150 000 g for 45 min) and the supernatants should be discarded. The pellet is
homogenized with buffer again and the suspension can stand at least 18 hours at room temperature. The pH should be
adjusted to 9.2 with 1 mol*L ' NH4OH and then the suspension can be sonicated in a tap water cooled chamber until
the temperature reaches 50 ‘C.Then the suspension would be centrifuged in rotors warmed to 30 ‘C( 100 000 g for 90
min) and at last the supernatant should be collected. 7

Step 2 Ammonium Sulfate Fractionation.

At 25 °C, satrated (NH4) 2804 solution could be added slowly with stirring to 37. 5% saturation and the pH can
be maintained at 7. 5 with KOH'*' . The suspension is stirred for 15 min at 25 C to remove the precipitate. The super
natant can be adjusted to 52. 5% (NH,),SO, saturation with saturated ( NH4) 2S04 solution, and again stirred for 15
min. The precipitate would be collected by centrifugation at 0 C and then the supematant will be discarded.

Step 3 lom exchange Chromatography.

The operations’ temperature should be kept at 25 ‘C during this step and the next one (step 4) . A column of DE-
AE-Sephadex A-50 should be equilibrated with the a buffer containing 40 mmol* L™ ' Tris-SO4, 1 mol* L™ ' EDTA, 2
mmol* L™ ATP, pH 7.5 ( called TEA) . The final column dimensions are 6 an high and 4 cm in diameter. The protein
from the latest step would be dissolved in the minimum volume of TEA buffer, then desalted in Sephadex G-25 in the
same buffer and applied to the DETA-Sephadex column. The columns are washed with 150 mL TEA buffer that contains
0. 125 mol* L' KCI, pH 7.5 and the effluent should be discarded. Then the column can be washed with 200 mL of T
EA huffer containing 0. 2 mol* L. "KCl at pH 7.5.The effluent would be collected, and saturated ( NH4) 2S04 solution
would be added to give 55. 0% saturation.

Step 4 Gel Filtration.

'

The ammonium sulfate suspension is centrifuged and the protein will be dissolved in TEA buffer at 30 g* I.”
soluble material would be removed by brief centrifugation. The solution would be then applied to a column of Sephadex
G-200. Upward flow will be maintained at 20 mI/ hour with a pump;the column buffer is TEA'""" . The ATPase eluted
in a single symmetrical peak, Ve= 240 mL, Vo= 180 mL. Some inactive, low molecular weight material eluted in later
fractions. An approximate molecular weight of 260 000 is obtained from the V/ V ratio. The protein should be collected
by precipitation in 55% saturation (NH4) »S0; . .

Step 5 Hea.

The protein should be dissolved in TEA buffer to a final protein concentration of 10 g*L. ' ATP would be added
to give a final concentration of 4 mmol* I,” ' The solution should be heated for 2 min at 65 C in awater bath. The pre-
cipitate will be removed by brief centrifugation. The soluble protein remaining in the supernatant should be collected by

precipitation in 55% sauration (NH4)2304. And that is the right thing we need.

5 Extraction of Fr- ATPase

As one moidy of the ATP synthase, the detergent-soluble Fy is buried in the inner membrane of the mitochondria.
Due to the fac'"*” ,we can perform the solvent extraction from the submitochondria particles (SPM) , and those are ex
perimental methods, i. e. , plans of the experiments will be improved with the development of the medhanisms of the AI'P
synthase.

Stepl  Solvent Extraction.

The final SMP fraction from above would be used for solvent extraction and for every 100 HL of this fraction, 2. 5
mL of Z 1 chloroform: methanol mixture will be added and mixed end over end for 1 hour. Then this mixture will be
centrifuged for 5 min in a Beckman GPR bench cenirifuge at 2 800 g and supernatant should be kept[ " The pellet is
resuspended in 100 PL of buffer (0. 4 mol* L ' Tris-HC, pH 7. 4) and re-extracted with 20 1 chloroform: methanol
mixture as above and supernatants should be pooled. To this pooled supernatant, 0. 2 volume of water is added, vortexed
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and mixed end over end for 10 min, and centrifuged as previously. The upper phase is removed and discarded and the
lower phase is divided into 1.5 mL aliquots and placed in Eppendorf tubes. The volume in each Eppendorf tube is re-
duced to about 0. 1 mL by evaporation at 30 C, then ice-cold ether is added to 1.4 ml. and vortexed to mix and tubes
are stored at — 7 C'" until needed for future experiments. The chloroform: methanol solubilized material precipitated

«

out in the presence of the added ether when stored at — 70 C, forming a loose pellet that is referred to as “ pellet”
throughout the text. This loose pellet is then used for solubilization experiments. A typical preparation, using 50~ 60 g
of liver will result in enough material to give 24~ 25 Eppendorf tubes containing these pellets. 1

Step 2 Solubilization of Pellets Using Various Detergents.

Ether-developed pellets are removed from — 70 C storage and centrifuged at 19 000 g for 30 min at — 20 C and
supernatants, which are essentially the added ether, would be discarded. The pellets are then mixed with 100 mL of 50
mmol* L' Tris-HCI, pH 7. 4, at room temperature, containing any one of the following detergents: Triton X100,
C12ES8, roctyl b- > glucopyranoside, Zwittergent series, sodium cholate, sodium deoxycholate, NP-40, and DS Al
detergents should be used at their CMC values and at several concentrations above and below their MC"" . Once the
buffer containing a specific detergent, at a specific concentration, is added to the pellet, the sanple would be gently vor
texed and then sonicated for 20's at an amplitude of 6~ 8 mm and allowed to stand for 5 min. Sonication is repeated as
earlier for three to four more times. If any of the pellets were solubilized completely, the resulting samples would be then
used directly or stored at — 20 C for future use. For pellets that could not be solubilized completely by the added buff
er that contained a given detergent at any concentration and after repetitive sonication, they should be centrifuged at
16 000 g in a bench centrifuge for 30 min to sediment the undissolved pe]letsl6J .The supematants would be removed

and their protein concentrations are determined, then the supernatant is the right thing we need. t

4 Discussion
Our experiments would be the processes to continue probing on the relations of the buffers and regents conditions
to the characters of the ATPase "

are the challenged things in the way of studying on the structures and functions of the ATPase. High purified ATPase

, that is to say, the techniques of the extractions and purifications on the ATPase

led our work to be true, at least can be used for studying their structure with the assistantance of AFM, TEM, SEM, X
ray,optic tweezers. With other biophysical and biochemistry techniques, the experiment would try a comprehensive
study in the catalytic mechanism of ATPase. High purified ATPase will give us much more valuable work to do.
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