
PROTEINS: T·HE EXTRACT10N 
AND P.URIFICATION OF WHEAT GERM 
ACID PHOSPHA' I ASE 

Protein Isolation Procedures 

Proteins play such a variety of important roles in the 
living cell that it should be no surprise that an enormous 
'!"'!N''Ot of time and effort has been spent in elucidating 
the structure and function of these versatile macromol
ecules. An absolute prerequisite to meaningful progress 
in the sNdy of any protein is an ample supply of highly 
purified material. Unfortunately, few if any proteins 
exist in nature at the desired concentration or at the 
degree of purity required for such detailed analysis. 
Consequently it has been necessary that laboratory pro
cedures be developed for the extraction, concentration, 
and purification of cellular proteins. 

The development of these procedures, which has 
taken a considerable period of time, has been hampered 
by the fact that the concentration of any given protein 
in a cell is usually extremely low (less that 0.01 per 
cent of the total cell mass) and further complicated by 
the presence of many other macromolecules {nUCleic 
acids, carbohydr&tes. etc.!. which must be eliminated. 
The task of a biochemist who chooses to develop an 
isolation technique for large amounts of purified protein 
is a difficult one and would typically include the follow
ing considerations: 

,. 	The development or selection of a simple assay pro
cedure that specifically demonstrates the presence 
and cgncentration of the protein in question. 

2. 	 The choica of material from which the protein can 
be isalated. The overri-:ling factors in this choice typ

ically ant the absolute concenntion of the protein 
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in a given natural source and the cost and availabif

ity of the material. 
3. 	 The s'election of a cell-disruption technique appro

priate to the cell or tissue type being used. Some 
materials. such as plant cells. for example, reQuire 
har!her techniques than others and run the risk of 
physical disruption of the protein. 

4. 	 The development of extraction conditions that 
maintain a pH, temperature. and ionic environment 

conducive to maintaining the. native configuration of 
the protein. Extremes of these conditions increase 
the likelihood of rnactiyating the protein by 
denaturation. 

5. 	The selection of a series of precipitation and cen
trifugation procedures that maximize the concentrlt 
tion of the chosen protein and minimize that of the 

other contaminating molecules. 

BiochemistS have. through a process of trial and 
error. addressed these considerations and have devel
oped an impressive array of techniques for the extrac
tion and purification of proteins. A point that should be 
emphasized is that there is no single. foolproof protein 
isolation technique uniformly applicable to all situations. 
A biochemist with the task of';!;olating a protein that 
has not been purified previously develops an isolation 
scheme by first trying several of the most reliable tech
niques for that general class at proteins. After each step 
in the scheme. the effectiveness of the technique is 
evaluated and subsequent isolation schemes modified 
aceordingly. Thus. any given isolation procedure .has in 
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all probaoility ariser. through the application of well~s

tablished techniques tested by . trial and error. 

Introduction 
Thll Enzyme 
The protein to be extracted and purified in the following 

ellercise is an enzyme called wheat gl!rm acid phospha
tase. This same enzyme is the subject of detailed ana~ 

ysis in Chapter 5. The systematic name of acid phos

phatase is onhophosphoric-monoester phospho
hydrolase (acid optimum). E.C. 3.1.3.2. The enzyme 

catalyzes the rElease of inorganic phosphate (FJ from 
such diverse substances as A TP. glucose-6~hosphate, 
and glyceroI-2.3-diphosphate at pH values ram;ing 
from 4 to 6 (Figure 4-1' . 

Acid phosphatase is found widely distributed aQ'1ong 

plants. animals, and microorganisms. although its pnr 
cise biochemical role remains unclear. Wheat germ has 
been selected as a source for the enzyme because it is 
inexpensive and readily available and contains high lev
els of the enzyme. 

Exuaction Procedures 

The procedures detailed below for the extraction of 
wheat germ acid phosphatase are representative of a 
typical protein isolation scheme. The initial water ex
traction of the enzyme (along with a number of other 
water-soluble proteins, cartJohydrates, etc.l is accom

plished by soaking the whellt germ in cold distilled 

·Nater. The insoluble material is removed by a brief cen

·trifugation, which yields a supernatant con,tainrng the 

enzyme and a variety of other soluble contaminants. 

These contaminants (protein and otherwise) are in turn 

removed by a series of selective precipitation and cen
trifugation steps to separate the soluble (supernatant) 

from the insoluble (pellet) fraction. 
Salt fractionation, or salting out, of proteins is otten 

used at the beginning of a protein isolation scheme b~ 

cause it is II convenient method for separating large 

groups of proteins in one or two steps. The solubility 
of proteins in aqueous solution depends on the number 
of hydrophilic amino acids in the protein and on the 
ionic strength of the solution. When the ionic strength 
is gradually increased by the addition of manganese 

chloride 0( ammonium sulfate, fewer and fewer water 
molecules are available to solubilize the proteins and 

eventually the proteins begin to come out of solution 
(salt outl. Thus, by carefully controlling the salt concen
tration. one can selectively precipitate whole groups of 
proteins while leaving others. in solution. Previous ex
periencs has demonstrated that acid phosphatase is 
soluble in a 35% ammonium sulfate solution and insol

. uble in 57% ammonium sulfate. 
The subsequent heat treatment and methanol frac

.tionation operate in much the same way, precipitating 
some proteins and leaving others in solution. Since this 

l 
Fig. 4- 1. A typical Jcid phosphatase reaction. in which glucose-6-phosphate is degraded to glucose and inorganic phosphatll. 
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.procedure. like all others. is not foolproof. it is highly 

visable to verify the presence of the enzyme in each 

"action before moving on to subsequent steps. 
The completion of this purification scheme is accom

plished by dialysis. a technique designed to remove 

small-molecular-weight contaminants. The enzyme ex

traet is enclosed within a dialysis sae (a semipermeable 
membrane) and suspended in a large volume of dilute 
salt. As the solution is gently stirred. the small mole
cules pass out through the pores, leaving the large-mo
lecular-weight enzyme inside the sac. At equilibrium, 

the ma;ority of the small molecules are removed in this 
fashion. 

AsslIY Procedures 

The method of choice for protein measurement during 
enzyme purification is the Biuret reaction. The Biuret re

agent' contains copper ions in alkaline solution. and 
these ions form colored complexes with the peptide 
linkages of protein. The concentration of protein is then 
determined calorimetrically. This method is advanta
geous because it is Quick and easy and because the high 
concentrations at ammonium sulfate typical of earty 

fractionation steps do not interfere with the color 
reaction. 

The assay for acid phosphatase activity depends 
upon tbe fact that the enzyme catalyzes the hydrolytic 

lease of para-nitrophenol and inorganic phosphate 
,rom the artificial substrate p-nitrophenyl phosphate 
(Figure 4-2) . Under alkaline conditions one of the re
action produC'ts (p-nitrophenol) absorbs light strongly 

at 405 nm. and its concentration can be determined 
colorimetrically. The . enzyme assay calls for combining 
the enzyme and substrate for a brief period of time. 
stopping the reaC'tion. and determining the amount of 
subs trate produced per unit time. 

Procedure 

The overall organization of this section is based upon 

what a group of students can be expected to accom

plish in three successive 4-hour laboratory sessions. 

This assumes that you have read all the preliminary mit

terial before coming to the laboratory and that all of the 
necessary solutions and equipment are readily available. 

A brief synopsis of 'Nhat you should be able to com

plete in each day follows: 

Day 1. 	 Extraction of acid' phosphatllse through super

nant V (SVI. This fraction is stable and may be 
stored frozen for several weeks with little or no 
loss in enzyme activity. 

Day 2. 	 Protein and phosphatase assays on all samples 
(51, 511, etc.) to assess the effectiveness of the 

enzyme isolation procedure. 
Day 3. 	 Final purification of the enzyme starting with 

SV and continuing through the dialysis step. 

Unless otherwise indicated. all procedures should be 
carried out at 0 to 4· C to minimize heat denaturation 
and protease damage to the enzyme. The flow sheet 
shown in Figure 4-3 illustrates in an abbreviated fash

ion all the steps in the procedure and may be used as 

a checkl~st throughout the process. 

Firsr D6Y 

1. 	 Water extraction at the enzyme from wheat germ 
a. 	 Transfer 50 9 of wheat germ to a 25D-ml 

beaker surrounded by crushed ice in an ice 

bucket. 
b. 	Add 200 ml of cold distilled water, mix, and 

ahow to stand for 30 minutes with occasional 
stirring. This procedure will dissolve the water
soluble proteins, including the llcid phosphatase. 

Fig. 4-2. The hytrolysi:s of ~nitrophenyl phosphate by !he enzyme acid phosphatase. 
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Fig, 4-3 . A ~ow sheet illusvating the entire isolation procedure for wheat germ acid phosphatase, Asterisks indicate fractions 
for w hich a small amount should be sat aside for later analysis, F indicates I pellet. and S indicates a supernatant. 



c. 	 Centrifuge the mixture at 6000 X g for 10 

minutes to separate the heavier ceilular material 

from the soluble proteins. 

NOTE: Operation of the centrifuge according to proper 

guideline. ia absolutely essential for satety in the labo

ratory and for reliable reaulu. 

1) 	 Be sure that the centrifuge tubes and inserts 

you are using are those designed for your 
particular centrifuge and rotor. 

2) 	 Do not fill the centrifuge tubes to more than 

two thirds of their total capacity. 
3) 	 Be certain that. as you place filled tubes in 

the rotor. there is a balancing tube of equal 
weight on the opposite side of the rotor. 

4) 	 Consult. your laboratory instructor for specific 
instructions regarding the operation of the 
centrifuge. 

d. 	When the centrifugation is complete. remove 
the tubes arid carefully decant the supernatant 
(51) into a chilled graduated cylinder. recording 
its total volume. The pellet (PI) at the bottom of 
the tube may be discarded. 

e. 	 The water extract (SI) contains the enzyme as 

well as a number of other soluble molecules. Set 
aside a small volume (1.0 mil of 51 for subse
quent protein and enzyme analysis. 

? . 	 Salt fractionation of the enzyme with manganese 

chloride 


a. 	 Transfer 51 to a large beaker in an ice bath on 

top of a stilTing motor. Place a magnetic stirring 
bar in -he solution and turn the motor on low 
speed to Slir the mixture gently (Figure 4-4). 

b. 	 Add '.0 M MnCI2 (2.0 ml for every , 00 ml of 
SI) to the mixture. The MnC~ solution should be 
added slowly and with gentle mixing. 

c. 	 Centrifuge at 6000 X 9 for '0 minutes. re
serving the enzyme-<:ontaining supernatant (Sill 
and discarding the pellet (Pill. 

d. 	 Determine the total volume of SII and set aside 
a small amount ('.0 mil tor later analysis. 

3. 	Salt fractionation of the enzyme with ammonium 
sulfate (35% cut) 

a. 	 Transfer Sit to a 50CMT11 beaker situated in a 
gently SliTTing ice bath (Figure 4-4) and add 54 

ml of cold saturated (NH.12SO. (pH 5.5) for 
every .1 00 ml of 511. 

Fig. 4-4. A suggested setup tor continually stirring the so
lution It iell-bath temperatures. . 

b. 	 The addition of ammonium sulfate should be 

done slowly to avoid localized denaturation of 

protein. This can be accomplished best by using 
a , Q-ml pipette to add the salt solution to the 
slowly stilTing supernatant over a '0 to 15 min
ute period. If there is any sign of foaming. the 

rate of stirring should be reduced because feam

ing denatures protein and may render the en
zyme inactive. 

c. 	 Centrifuge at 6000 X 9 for 10 minutes, saving 
the supernatant [51\1) and discarding the pel lilt 
(Pill). 

NOTE: Ammonium sulfate is extremely corrosive to .I~ 

minum. If it ia spilled on the centrifuge rotor. b. certain 

to rin•• it thoroughly with C1)ld t~ .water. 

d. 	 Measure the volume of Sill, which is now 35% 
with respect to ammonium sulfate and co.ntains 
the bulk of the . acid phosphatase. Set aside I 

small sample (1.0 mil of 5111 for subseQuent 

analysis. 
4. 	 Precipitation of the enzyme by ammonium sulblte 

(57% cut) and heat treatment (50·C) 

6 



a. Fa. every 100 ml of Sill. add 79 ml of cold sat all the fractions thus far collected (SI. SII. etc.l. Test 
urated ammonium sulfate (pH 5.5) in precisely cach sample for the amount of protein present and the 

the same fashion as described above. level of enzyme activity. These and other relevant data 

b. When all of. the ammonium sulfate has been should be entered in the enzyme purification table 

added. transfer the beak.er to a hot water bath (Table 4- 1). from which the per cent recovery at each 

(65 to 70 0 C) and swirl the mixture gently until step can be determined. 

the temperature reaches 60°.C. Maintain the ,. Protein concentration - 8 iuret test 

mixture at that temperature for exactly 2 min 8. Protein standard curve using bovine serum 

utes and then immediately return the beaker to albumin 

the ice bath. cooling the mixture to SoC as rap 1) Obtain a sample of bovine serum albumin ;' 

idly as possible. The temperature of the mixture (BSA) having a concentration of 10 mg/ml 

should be monitored throughout this procedure and prepare a series of 1.O-ml solutions con

with· a thermometer. which can also be used taining a range of protein concentration from 
(with care) to mix the lI;-::ution. o to 10 mg/mL 

c. Centrifuge at 6000 X g lor 10 minutes to col 2) To each 1 .O-ml sample. add 4.0 ml ot"Biuret 

lect the enzyme. which should now be in the in reagent . mix well. and allow to stand at room 

soluble portion (PIV). temperature for 30 minutes. 

·d. Retain the pellet (PIV) but do not discard the su 3) Determine the absorbance of each sample at 

pernatant (SIV) until the presence of acid phos 540 nm (A....,). 
phatase in PIV has bea;; vE;-ified by enzyme anal 4) Prepare a standard curve by plotting Awe 

ysis. The supernatant should be stored frozen versus protein concentration (mg/mlJ. 

until PIV has been tested for enzyme activity. b. Determination of protein concentration in en

5. Water extraction of the enzyme from PIV zyme fractions 

a. Add a small volume (5 to 10 ml) of cold distilled 1) Set up a series of labeled test tubes contain

water to each centrifuge tube containing an en ing 0.1-ml samples of the various enzyme 

zyme pellet (PIV). Resuspend the pellets by fractions you plan to assay (51. 511. etc.l. 

scraping and agitating the precipitated material 2) Add 0.9 ml of distilled water to each sample. 

with a blunt glass rod. bringing it to a final volume of 1.0 mL 

b. When a uniform suspension has been achieved. 3) Add 4.0 ml of Biuret reagent to each sample 

measure the total volume and add enough cold and let stand at room temperature for 30 

distilled water to give a final volume equal to one minutes. 

third the velume of the MnC12 supernatant {Sill. 4) Determine the absorbance at 540 nm for 

c. Centrifuge the suspension at 10.000 X g for each sample and. using the protein standard 

10 minutes. k.eeping the supernatant (SVJ and curve. determine the protein level (mg/ml) 
discarding the pellet (PVJ. for each fraction. 

d. Measure the volume of SV and save a small 5) Enter this information plus the total protein 
amount (1.0 mil for later analysis. per sample information in the appropriate 

e. Transfer S\i (a a plastic bottle and store it in the columns of Table 4- 1. 
freezer. The acid phosphatase may be stored in c. Notes 
this condition for several week.s with little de 1) If the absorbance is beyond the sensitivity of 
crease in enzyme activity. the standard curve. it.w.iH be necessary to rlt

6. Place all of the 1.O-ml samples (51. 511. etc.) you peat the assay at a more appropriate dilution 
have collected in the freezer. of the sample. 

2) 'As you do the final calculations for protein 
Second D.y concentration. be mindflJl of the dilution fac
It is your taslt at this point to evaluate the effectiveness tor introduced during the assay. For exam
of the protein isolation procedure through an analysis of ple. if a O. 1-m1 sample has been diluted with 
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T"ble 4-1
-yme· purification table tor wheat gllfm acid phosphatase 

Protein 	 Enzyme Ac:nviTy 

Specific: 

;oratein Total Total Ac:tIVITy 

Vr:I. Semele (mg/ ptOtein S.mele Ac:tiviTy Enzyme IUnltSimO 
(mil (mil mil (mol (mil (units/mil (unitsl protalnl 

SI 

SII 

Sill 

SIV 

sv 

SVl 

SVlI 

P... enzyme 

0.9 ml of water prior to the addition of Biuret 

reagent, the sample has been diluted ten 

times and the protein concentration must be 
adjusted accordingly. 

Enzyme activity-acid phosphatase assay 
The level of acid phosphatase is determined by an 
assay which uses the artificial substrate p-nitro

phenyl phosphate. To assay a single sample. set up 

two reaction tubes identical with respect to sub
strate concentration, temperature, etc., and add en
zyme to one tube · and an equal volume of water to 
the other. The reaction is tenninated after 5 min
utes by adding potassium hydroxide to each tube. 
The KOH stops the reaction by denaturing the en

::-:me and converts the p-nitrophenol to its colored 

form. The contents of the tubes are compared col
orimetrically, and the amount of p-nitrophenol pro
duced per minute is used as a measure of enzyme 
activity. 

a. 	 Acid phosphatase assay 

, ) Prepare 	two labeled test tubes (A and B) 

each ~ntaining the following reaction 
mixture: 

0.5 ml of 1.0 M sodium acetate buffer (pH 

5.7) 
0.5 ml of 0.1 M MgC~ 
0.5 ml of 0.05 M p-nitrophenyl phosphate 
3.3 ml of distilled water 

2) 	 Mix the contents of each tube and place 
them in a 37 0 C water bath. Allow the tem

perature to equilibrate for 5 minutes. 

3) 	 Add 0.2 ml of distilled water to tube A 

(blank.). mix the contents, and return the 
tube to the water bath. Add 0.2 ml of the 
er.zyme sample to ~ub8 B, start a stopwatch, 
mix. and return the tube to the water bath. 

4) 	 When the reaction has proceeded for 5 min

utes, immediately add 2.5 ml of 0.5 M KOH 

to each reaction tube. 
S} 	 11 the contents of the tubes appear cloudy 

due to the presence of .pr.ecipitated protein, 
centrifuge the samples for 10 minutes at top 
speed in a desktop clinical centrif1Jge. Dis
card the precipitate. 

6) 	 Using the contents of tube A as a blank., d&

termine the absorbance of tube 8 at 405 
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nm. If the absorbance is greater than 1.0. 

the assay must be repeated using a more di

lute concentration of the enzyme because 

such a reading is beyond the sensitivity of 
the colorimeter. 

7) 	 Convert the absorbance readings at 405 nm 

to micromoles of p-nitrophenol formed per 

minute. using the extinction coefficient for p
nitrophenol (1 8.S X 10l liter mole -1 cm - 'l, 
which assumes a path length of '.0 em. 

b. 	 Determine the acid phosphatase activity (units/ 

mil and total phosphatase activitY (units) for all 
samples (51. 511. etc.! and enter the data in Table 

4- 1. One unit of acid phosphatase is defined as 
the amount of enzyme that catalyzes the hy

drolysis of '.0 micromole of p-nitrophenyl phos
phate per minute at 37 ·C. 

c. 	 Notes: 

1) The method described above is for a single 
enzyme sample and should be expanded to 
test all the fractions (51, 511, etc.) for phos

phatase activitY. With proper organization. 
you should be able to set up a series of re

action tubes. start them in sequence (1 min

ute apart), and stop them in the s;:.me se

Quence 5 minutes later. A single blank tube 
is sufficient. 

2) 	 As indicated in the protein determination 
notes, you should keep track of sample di

lutions in order to accurately calculate en

zyme activity in the samples. 

Third DIIY 

Remove SV from the freezer and thaw it rapidly in luke
warm water. Proceed with the remaining steps in the 
extraction procedure. 


,. Methanol fractionation ot the enzyme 


a. 	 Consult Table 4-, to determine the protein con

centration ot SV. and if it is higher than 5 mgt 
ml, adjust it down to that level with distilled 
water. Measure and record the final volume. 

b. 	 For every ' .0 ml of SV. add O. " ml of 0.2 M 
disodium ethylenediaminetetraacetic acid 
(ECTAl. 

c. 	 For every 1.0 ml of SV. add 0.05 ml of satu

rated ammonium sulfate (pH 5 .5!. Record the 

volume of this solution. 

d. 	 Transfer the solution to a stirring ice bath and 

slowly add'. 75 ml of very cold (- 20°Cl meth

anol for Itach milliliter of enzyme preparation (SV 

plus additions just madel. 
It. 	 Centrifuge lit , 0,000 X g for '0 minutes. 

keeping the pellet (PVI) and discarding the su

pernatant (SVI) after saving 1.0 ml for later 

analysis. 
2. 	Water extraction of the enzyme from PVI 

a. 	 Suspend the pellet (PVI) in , 0 ml of cold distilled 

water with the aid of a blunt glass rod. 
b. 	 Centrifuge at 10,000 X g for 10 minutes. d~ 

cant the supernatant (SVIlI. and save it on ice. 
c. 	 Suspend the pellet (PVII) in' 10 ml of cold dis

tilled water and centrifuge at '0.000 X g for 
10 minutes. Combine this supernatant with SVII 

and discard the pellet. 
d. 	 Measure and record the volume of the combined 

supernatants (SVlll. Place about 1.0 ml of SVII 

in the freezer for later analysis. 

3. 	Dialysis of the enzyme 
a. 	 Obtain a piece of dialysis tubing approximately 

40 em in length ('.3 em in diameter! and place 

it in a beaker of distilled water for 5 to ',0 min
utes. This treatment hydrates the cellulose tub

ing and maKes it flexible. 
b. 	 R~b the tubing between your fingers to separate 

the side walls and open the lumen. When the 
dialysis sac is opened fully. tie a double knot in 

one end. 
c. 	 Using a Pasteur pipette, carefully transfer ~VII 

into the dialysis sac, being careful not to punc
ture the tubing. Tie two !tnots in the open end, 
trapping a small amount of air inside the sac. 

d. 	 Transter the filled dialysis sac to a large beaker 

or 11m containing 1000 ml of cold 5.0 mM so

dium ECTA. Place the container in a coldroom or 
refrigerator at 4 ° C and' mix' it gently overnight 

with a magnetic stirring .m,otor (Figure 4-5). 
e. 	 After removing the sac from the dialysis solu

tion. open one end with clean stainless steel 
scissa's' and transfer the contents to a glass test 

tube. 
f. 	 This solution is your purified acid phosphatase 
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Fig. 4-5. A recommended setup for overnight dialysis. This 
apparatus should be placed in a coldroom or · retrigl!f'ator. 

sample and is used for aU subseQlJent enzyme 

experiments. MeaSlJre the volume of the enzyme 

sample and Store it frozen in a carefully labeled, 
covered test tube. 

4. 	 Use the 8ilret and acid phosphatase assays to de

termine protein and enzyme levels in SVI, SVII, and 

the purified enzyme sample. Enter these data in 
Table 4-1. 

c..Jc:uJ"t;ons .. .-:d OUtlstions 

1. 	 Enter all remaining information (volumes, etc.) in 
Table 4-1. 

a. 	 Calculate specific activity (units of enzyme per 

mg of protein) for each fraction. 

b. 	 A ssuming that the total number of enzyme units 

in 5 1 represents 100 per cent recovery. calculate 

the per cent recovery for each subsequent 

fraction. 

- c. 	 With each subsequent step in the isolation pre>

cedure, what happens to the amount of total 

protein in each fraction7 What happens to the 

specific activity in each fraction7 How can you 

explain these two trends 7 

d. 	 At which point in the isolation procedure (35% 
ammonium sulfate cut. methanol precipitation, 

etc.) did you realize the greatest per cent recov

ery of enzyme7 If you were planning to improve 

the isolation procedure to give a higher yield, 

which step in the procedure woulp you Ctlnce~ 

trate on 7 Explain your answer. 

2 . 	VVny is it necessary to maintain low temperatures 

throughout the extraction procedure 7 

3 . 	The level of acid phosphatase present in the super

natant after the 35% ammonium sulfate cut (SHII 

was higher than that after the 57% ammonium sul

fate cut (SIV). How do you explain this7 

4 . 	 Investigate some of the literature cited in Additional 

Reading to determine how. it is believed that salts 

and organic solvents cause the precipitation of 

proteins. 

Additional Reading 

F. 	B. Armstrong, Biochemistry. 2nd ed .. Chap. 9 . Oxford 
University Press. New York. 198:3. 

T. 	G. COOPI!f' . The Tools of Biochemistry. Wiley. New Yori(. 
1977 . 

A. G. Gornall, 	C. J. Bardawill, and M. M. David. "Determi
nation of Serum Proteins by Means of the Biuret Reac

_ 	 tion , .. .J. BioI. Chem. 177:751 (1949). 
. e. K. Joyce and S. Grisofia, "Purification and Properties of 
) 	 I Nonspecific Acid PhospnatllSlI trom Wheat Germ," .J. 

'--BioI. Chem. 2:35:2278 (1960\. 
D. 	C. Wharton and R. E. McCarty. E~ptlf'imenrs ~nd Meth

ods in Biochemistry. Macmillan. New York. 1972. 


