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Experiment 1 Precipitation and Separation of
Proteins—Operation of Centrifuge

Part One Precipitation and Separation of Proteins

[ Purpose )

(1) To master the basic principle and operational procedures of centrifuge.
(2) To understand the installation and debugging,safe use and daily preservation of centri-
fuge.

(3) To know the basic components and daily maintenance of centrifuge.
[ Principle )

Proteins do not dissolve in some organic solvents,so proteins can be precipitated out if the
organic solvent ( such as alcohol ) reaches to a certain concentration. Organic solvents decrease
protein stability by dehydration of protein colloidal particles in water solution. Precipitation will
be more quick and complete when a small amount of neutral salts ( such as Na,SO, )is also add-

ed in the solution.

[ Apparatus and Reagents ]

1. Apparatus

(1) Centrifuge and filter paper.

(2) Centrifuge tubes, medicine spoon, graduated pipettes.

2. Reagents

(1) Protein solution: dissolve 0. 5g standard bovine serum albumin( BSA)in 100mL dH,O
to get a Smg/mL protein solution.

(2) 95% ethanol.

(3) Na,SO, powder.

[ Procedure]

(1) Add 1mL protein solution in a centrifuge tube and then add a small amount of Na,SO,
powder, shake to dissolve.
(2) Then add 2mL 95% ethanol slowly and shake violently,observe whether there is pre-
.4 .
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cipitate formed. Centrifuge the solution at 4000 rpm for 5 minutes and collect the precipitation.
[ Questions]

(1) List the factors which affect the centrifugation efficiency?
(2) What fields do the centrifuges be applied?

Part Two Introduction of Centrifugation

I . Centrifuge Principle

1. Centrifugal force

Centrifugation is one of the preferred methods for separating various biological macromole-
cules, for example, cells, nucleic acids and proteins. When the suspended particles rotate around
the centrifugal axis, they will be affected by the centrifugal force and media buoyancy at the
same time. The movement trajectory of the suspended particles depends on the direction of the
resultant force. According to the principle of physics, it leads to the following physical formula,
Fo=F.-F,=Vpx4mNr/3600 - Vo x 4 ©’N°r/3600 = V4 n°N*r/3600 x (p - o)

F : Resultant force; F. Centrifugal force; F,, : Media buoyancy; V. particle volume;
N: revolutions per minute; R: distance from the particles to the axis; p and o : particles density
and the medium density.

Obviously ,it can be concluded as follows from the above formula. First,when p=0 and F =
0,all kinds of forces loading on the particles are balance,the particles will maintain a fixed dis-
tance and a constant speed rotating around the centrifugal axis and can not be separated. Second,
when p<o and F< 0,the particles are mainly subjected by the effect of centripetal force and will
move in the direction of centrifugal axis until floating to the medium surface. Third, when p>o
and Fp> 0, the particles are mainly subjected by the effect of centrifugal force and will move
away from the direction of centrifugal axis until precipitating to the bottom of centrifuge
tube. Therefore ,p>0 is the basic condition of centrifugal separation particles from suspension lig-
uid. The main purpose of using centrifuge is to separate such particles from suspended solution.

Theoretically ,all the particles which can be separated by the centrifugal method, can be
also separated by the gravity automatically under the action of gravity and buoyancy together,
but it results in more time and poor efficiency. The relative centrifugal force ( RCF) is
commonly used to represent the centrifugal separation ability. RCF= F,/ F', =4 n’N’r/3600g

F: Resultant force when the suspended particles are separated by centrifuge; F';, : Result-
ant force when the suspended vparticles are separated by standing, and /'y, = V, X
g = Vg X (p — o) ;g:gravitational acceleration.

The RCF value can be affected by the regulation of N and /or r, which results in the
change of centrifugal separation ability.

2. Accumulation effects of the centrifugal force and the time

The separation speed of suspended particles in solution is not only related to the rotating rev-
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olution but also to the centrifugal time. That is to say there are some time accumulation effects of
centrifugal force on the suspended particles. The same separation efficiency can be achieved by
centrifuge at higher speed for a shorter period of time or lower speed for a longer period of

time. But if the rotating speed is too slow,the diffusion will weaken the separation efficiency.

II. Component of Centrifuge

There are various centrifuges for separation different particles. For example,a horizontal or
angle centrifuge is selected according to the experimental requirements. All the centrifuges
consist of centrifugal lid, centrifugal cavity and sleeves, panel , centrifugal power and appendixes
for balance , etc.

1. Sleeve of centrifuge

Sleeves should be checked to make sure the presence of the rubber buffer pad inside of
them. If there are broken glasses or other debris inside the sleeves they should be cleared com-
pletely.

2. Centrifuge power

Power supply should be selected and used according to the instruction of centrifuge. The
socket must have power grounding for safety. The power line should be installed if no proper
power is available in lab,and the socket should be installed near from the centrifuge in order to
operate easily.

3. Appendixes for balance

(1) Balance scale; ordinary centrifuge uses 1/1000 balance scale to balance. The two
beakers with same weight are fixed on balance scale for use.

(2) Beaker and suction tube: beaker is used for holding the balance solution,and suction

tube is used to balance.

. Operation of Centrifuge

Before centrifuging,examine the centrifuge and the following staff; the stability of centri-
fuge,the firmness and lubrication of the rotating shaft,the absence of foreign matters inside the
sleeves , the lock of the lid.

After examination,do a test run and observe the centrifuge without samples,and centrifuga-
tion is carried out if everything is normal.

(1) Balance: after balanced, put the centrifuge sleeves and centrifuge tubes with samples
at the symmetrical positions. The weight difference between the two opposite centrifuge tubes
should not exceed 0. 1 gram.

(2) Put the balanced centrifuge sleeves at the symmetrical positions of centrifuge.

(3) Check the stability of centrifuge.

(4) Close and lock the centrifuge lid.

(5) Insert the power plug and turn on the power.

(6) Set up the speed and time of centrifugation.
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(7) When the centrifugation is finished, close the centrifuge , take off the power plug and
let the centrifuge stop automatically.

(8) When the centrifuge is stopped completely ,open the lid and take out the tubes.

(9) Clean the centrifuge sleeves,tubes and cavity,close the lid.

IV. Attention

(1) The centrifuge sleeves, tubes and solutions at the symmetrical positions must be bal-
anced accurately. The weight difference between the two opposite centrifuge tubes should not
exceed 0. 1 gram. For high speed or ultracentrifugation, not only the weight,but also the density
of the samples should be similar in order to achieve the balance of torque.

(2) Centrifuge should be placed horizontally and stably,the spin axis should run smoothly
with good lubricating property.

(3) The solution in centrifuge tubes should be less than three-quarter of the full volume.

(4) The lid should be closed and locked tightly. When the centrifugation is finished , turn
off the centrifuge,unplug the power, and let it stop automatically. It is prohibited to stop the ma-
chine by hand, which may cause accidents and stir the precipitates.

(5) Pay attention to the maintenance of centrifuge. After using, clear the cavity, sleeves
and engine base. Keep centrifuge from moisture ,extreme temperature and corrosive solution.

(6) Unplug the power immediately if there is abnormal situation happened in the process
of centrifugation. Check again to figure out the problem. For example , the tube may be broken if

glass sound is heard. In this condition,the tube should be replaced.

(& % HaL)
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