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Preface

This laboratory manual is intended for undergrad-
uate and beginning graduate students who are cur-
rently enrolled but have not taken an introductory
course in biochemistry/biophysics. In addition, the
manual is designed around modules that could be uti-
lized as separates by students enrolled in traditional
biochemistry/biophysics courses or alternatively
those in basic health-oriented biochemistry courses.
The latter is evident, as basic biomedical information
is included in certain modules, thereby rendering this
manual different from standard available biochem-
istry laboratory manuals. Furthermore, this manual
presents biochemical techniques in application to
“cutting-edge” research problems in biotechnology,
life sciences, and biomedical sciences. In this connec-
tion, molecular biology methodologies are included,
and thus this manual bridges the gap between tradi-
tional biochemistry/biophysics on the one hand and
molecular biology on the other. This lab manual will
be well-suited for biochemistry lab courses that are
oriented toward biotechnology, since the use of anti-
bodies, recombinant DNA, and batch culture tech-
niques is presented here; the quantitative aspects of
these disciplines have not been ignored.

The underlying theme centers about the purifica-
tion, physiochemical properties, and overproduction
of enzymes, certain of which are relevant to biomed-
ical research. This manual will be particularly relevant
to schools possessing preprofessional undergraduate
and/or graduate professional curricula. With the
proper selection of topics, depending upon the equip-
ment available, this manual may also be used in two-
year colleges or those four-year colleges lacking a
research thrust. However, it should be emphasized
that this manual is “geared” toward problem-solving
oriented programs. An alternative outline that could
be performed in a one-semester course that empha-
sizes spectrophotometry, electrophoresis, enzyme
kinetics, and recombinant DNA techniques with less
concern for antibodies and radioisotopes, and the
more sophisticated biophysical approaches could
involve selected modules as highlighted in the Table of
Contents.

To test the student’s comprehension and retention
of the contents of the modules in relation to the
theme, review/self-study questions are included. The
manual is keyed to the up-to-date versions of certain

traditional biochemistry textbooks such as Lehninger,
Stryer, Zubay, and others. Relevant references are
included. Certain two-year schools will not be able to
perform the physiochemical experiments; however,
the majority of the schools could perform the bio-
chemistry/ molecular biology experiments.

Finally, the strengths of this manual are 1) an
exposure and appreciation for the problem-solving,
research-oriented approach; 2) the integration of
traditional biochemistry/molecular biology and bio-
physics with basic medical approach, as well as an
appreciation for some relevant environmental prob-
lems; 3) an introduction to classical and highly con-
temporary biochemical/biophysical techniques, as
well as “state-of-the art” molecular biology method-
ologies centering about recombinant DNA techniques;
and finally 4) an appreciation for the quantitative
aspects of biochemistry. Relevant recent references,
as well as enduring references from the research liter-
ature, are included.

In summary, students will find this manual a unique
resource book throughout their careers, and instruc-
tors can avail themselves to a manual that fills the gap
between traditional biochemistry/biophysics and
biotechnology.

This edition was conceived while H. Zeidan and W.
V. Dashek were Associate Professors of Biochemistry
and Biology, respectively, in the Biomedical Sciences
Program at Clark Atlanta University. The edition,
which was written while H. Zeidan was on academic
leave at the University of Texas, and W. Dashek was a
visiting research botanist at the University of Georgia,
will be followed by subsequent editions incorporating
recent advances in the topics covered in the labora-
tory modules and other biomedical research topics.

Henry M. Zeidan Ph.D., FACB
Associate Professor of Biochemistry
Life College

Marietta, GA

William V. Dashek, Ph.D.
Visiting Scientist
Biodeterioration and Its Control
Forest Products Laboratory
Madison, WI
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2 Module 1

Introduction

The objectives of this module are twofold. The first is
to introduce the student to the mathematics and sta-
tistics used in biochemistry. A clear understanding of
arithmetic and simple algebra is an essential compo-
nent of biochemistry and molecular biology.!*
Therefore, sections I, II, and III discuss exponents,
logarithms, experimental measurements, algebraic
equations, and biostatistical approaches. Since bio-
chemists are interested in studying reactions in solu-
tion, a survey of the various ways for expressing and
interconverting concentrations of solutions forms
the second objective. Section IV is devoted to these
topics.

I. Exponents (Scientific Notation)

An exponent is a number that indicates how many
times the base appears as a factor. For example, 8 x 8
can be indicated by 8% the exponent 2 appears as a
superscript on the base 8. The base 8 is raised to the
second power.

In scientific research, exponents are very useful,
and the representation of either very large or very
small numbers can be easily written. Any number can
be represented in an exponential form. The ten (using
the decimal system) is normally the base to use. The
number 10,000 can be written as 1 x 10*, 600,000 as
6 x 10°, 0.00008 as 8 x 10 and so on. Numbers that
are integral (whole) as well as nonintegral powers of
10 can be represented. Generally, the exponential
form is chosen so that it is the product of a number
between 1 and 10 to some power. This exponential
form is called scientific notation. The student can use
the following two steps for writing a number in scien-
tific notation.

1. Shift the decimal point so that the resulting num-
ber is between 1 and 10.

2. Determine the power of ten. To do this, count the
number of positions the decimal point needs to be
shifted to restore it to the original position. If this
shift is to the right, the exponent will be positive,
and if it is to the left, it will be negative.

Example 1: Convert 0.0000983 to scientific notation.
Solution:
1. Write as a number between 1 and 10:

9.83

2. The decimal point can be restored by shifting 5
places to the left. The exponent on 10 is -5, and
thus the number in scientific notation is

9.83 x 10

Scientific notation is very useful in the mathemati-
cal operations of addition, subtraction, multiplication,
and division provided that the student follows the fol-
lowing rules.

Addition and Subtraction

All the terms must have the same exponent. It is most
common to convert all terms to the most positive
exponent that appears. This gives the sum in scientific
notation directly.

Example 2: Perform the following addition:
8.0x 10" +65x10%+94 x10°
Solution:
0.08 x 10 + 6.5 x 10 + 0.00094 x 10
Remove the common factor, 102, to yield

(0.08 + 6.5 + 0.00094) x 102 = 6.580 x 10

Example 3: Perform the following subtraction:
5.94 x 10° - 4.2 x 10°

Solution: Convert to the largest positive exponent,

which is 8:
5.94 x 10% - 0.042 x 10°
Remove the common factor, 10% to give

(5.94 - 0.042) x 10* =5.898 x 10*
=5.90 x 108

Multiplication

For multiplication of exponential numbers, the
numerical portion is treated as usual, and the expo-
nential part uses the law for multiplication of expo-
nents. For the base 10 (decimal), it becomes

10):1 X 10;: = 10Hl+l/

The exponents are added algebraically to obtain
the product in exponential form.

Example 4: Multiple 900 x 4000.
Convert to exponential numbers:

(9.0 x 10%) x (4.0 x 10

Solution:

Regroup the product:
9.0 x 4.0 x 10* x 10*
Multiply the parts:
36.0 x 10°
And convert to scientific notation:

3.6 x 10°



Example 5: Multiply 0.0085 x 3500.

Solution: Convert to scientific notation:
8.5 x 107 x 3.6 x 10°
Regroup the product:
8.5x3.5x 107 x 10?
29.75 x 10° = 29.75

Division
For division of exponential numbers, the quotient for
the numerical part is obtained by the rule for division
of exponents:

10 m

o IONI —
10)1

Example 6: Divide 6440 by 0.0025.

Solution: Convert all factors to exponential num-
bers:

6.44 x 103

55 %102 = 2.576 x 10° = 2.58
BHx10~

II. Experimental Measurements

Significant Figures. The measurement of a physical
quantity, no matter how precise, is still unreliable in
a mathematical sense. A certain amount of error is
associated with it. If, for example, the weight of a
sample of a certain chemical is found to be 0.864 g
and 0.868 g in two successive measurements, the
answer is unreliable in the third decimal place. The
measurement is said to contain three significant fig-
ures; that is, three of the digits are obtained with some
reliability. The average weight obtained for the sam-
ple is 0.866 g, so the answer rounded off to the proper
number of significant digits is 0.870 g. This problem
illustrates the principle that the results of a calcula-
tion cannot be more reliable than the least reliable
number used. Thus, we must drop digits that are not
reliable. This process, which is called “rounding off,”
is governed by three rules.

1. If the digit to be dropped is less than 5, leave the
last significant digit unchanged.

2. If it is more than 5, increase the last significant
digit by one.

3. If the digit to be dropped is 5 followed by zero, the
last remaining significant digit is left even.

Example 1: Indicate the number of significant dig-
its in the following numbers:

1560.0, 16.8, 2.520, 0.0268, 0.02460

Biochemical Calculations and Solution Preparation 3

Solution:
Number Significant Digits
1560.0 5
16.8 3
2.520 4
0.0268 3
0.02460 4

Example 2: Multiply 4.7 x 400. Give the answer to
the proper number of significant digits.

Solution:
4.7 x 400 = 1880

The minimum number of significant digits is 2, so
that the product can be expressed to only 2 significant
digits; thus,

4.7 x 400 = 1900

The student may question how a number such as
1900 has only two significant figures. The answer to
this question can easily be explained when the stu-
dent writes this number in scientific notation, i.e.,
19 x 10°. This illustrates that only 1 and 9 are signifi-
cant, and thus clarifies this point. In general, however,
we assume the final zeros before the decimal point to
be significant unless otherwise indicated. Final zeros
after the decimal point are significant digits and
should not be carelessly omitted. Thus, a reading of
10.0 g indicates that the weight is known to tenths of
grams. Zeros appearing ahead of a number are not sig-
nificant even though they may be to the right of the
decimal point.

II1. Biostatistical Approaches

Standard Deviation. Standard deviation, or root-
mean-square error, is preferred for some types of mea-
surements. The standard deviation, o, is defined as:

To understand the significance of standard devia-
tion we need to examine the nature of the distribution
function that determines the curve in Figure 1.1. Its

Frequency

(A

a. m. X

FiGure 1.1 Gaussian/curve distribution.
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mathematical representation for a large number of
measurements is generally called the Gaussian distri-

bution function,
2
1 B (xl - a.m.)
—e
1/2 202

o(2r)
where x , am. arithmetic mean and ¢ is as defined
earlier, and F is the frequency of occurrence of a
particular observation. Every experimental measure-
ment that is made lies somewhere on this curve. The
most probable value is the true value.

For a given range of X, about the true value, the
probability that a measured value will fall in this
range is proportional to the area under the curve.
Since the standard deviation is a range of values span-
ning the true value, it is thus related to the probabili-
ties for the Gaussian function, using a large number of
measurements, as follows:

am. + Q 68.3%
am. + 2Q 95.4%
am. + 3Q 99.7%

Thus, 95.4% of the measurements should be within
two standard deviations, and 99.7% of the measure-
ments should be within three standard deviations.

Example 1: The following data were gathered for
the pH of a given buffer solution on six successive
readings: 6.71, 6.75, 6.74, 6.77, 6.73, 6.74.

Solution: Evaluate the arithmetic mean and the
sum of the square of the deviations from the arith-
metic mean and the sum of the square of the devia-
tions from the arithmetic mean.

Observations [X, -am.] [X - a.m.]?
6.71 0.03 0.0009
6.75 0.01 0.0001
6.74 0.00 0.0000
6.77 0.03 0.0009
6.73 0.01 0.0001
6.74 0.00 0.0000
IX =4044 [r,-am]=008 E[x,am.]’=0.0020

The arithmetic mean is

Substitute

m =204 gy

The standard deviation is calculated by:

2
~ (x —a.m.)“
b . .

Substitute
o =10.0004
o =%2.0x%10
The pH of the solution can then be expressed as
6.74 + 0.020

This means that if more measurements were made,
then 68.3% would fall between a pH of 6.72 and 6.76.

Review Questions

1. Express the results of the following operations to

the proper number of significant figures.
3.1x 3.57 x62.5
a) ——
14.6
b) 0.0071 + 0.00364 + 0.00118
c) 3120.1 + 610.3 + 56

2. Six separate determinations of the concentration
of a solution of HCl gave these results: 0.1021,
0.1017, 0.1013, 0.1020, and 0.1016. Calculate the
average deviation and standard deviation.

3. Calculate the average deviation and standard devi-
ation for a radioactive sample that when counted
gave the following data for 10 five-minute counts:
22,700, 21,650, 22,200, 23,100, 23,900, 22,000,
21,400, 22,300, 21,700, and 23,050.

4. The weight in grams of a sample of hexokinase on
six successive weighings showed the following
variations: 1.3146, 1.3131, 1.3137, 1.3135, 1.3141,
and 1.3138. Express the average reading to the
proper number of significant figures.

5. Five determinations of the molecular weight of
the enzyme ribonuclease by ultracentrifugation
gave the following results: 13,100, 13,640, 13,400,
13,250, and 13,790. Calculate the average devia-
tion in molecular weight to the appropriate num-
ber of significant figures.

IV. Solution Preparation

Concentration Based on Volume
Concentrations based on the amount of dissolved
solute per unit volume are the most widely used in
biochemistry laboratories. The most common con-
ventions are defined below.

Molarity (M) = the number of moles of solute per
liter of solution.

To calculate M, we need to know the weight of dis-
solved solute and its molecular weight, MW.

number of moles = —=&

MW



Dilute solutions are often expressed in terms of
millimolarity, micromolarity, and so on, where

1 mmole = 10 moles

1 umole = 10-° moles

1 nmole = 1 mp mole = 10~ moles

1 pmole = 1 pu mole = 10-'? moles

therefore,

1 mM = 10® M = 1 mmole/liter = 1 pmole/ml
1 uM =10"°M = 1 pmole/liter = 1 nmole/ml
1 nM = 10" M = 1 nmole/liter = 1 pmole/ml

Normality (N) = the number of equivalents of solute
and its equivalent weight, EW.
wi, _ MW

5

EW n

where 7 is the number of replaceable H* or OH- per
molecule (for acids and bases). The molarity and nor-
mality are related by:

N =nM

To calculate N, we need to know the weight of dis-
solved solute and its equivalent weight, EW.

Equival M
. ts= g
quivalents EW
One equivalent (i.e., the EW) of an acid or base is
the weight that contains 1 gm (1 mole) of replaceable
hydrogen, or 1 g- ion (1 mole) of replaceable
hydroxyl. The EW of a compound involved in an
oxidation-reduction reaction is the weight that pro-
vides or accepts 1 faraday (1 mole) of electrons. In
general:
MW

EW = ——
N

For example, 0.01 M solution of H,SO, is 0.02 N.

Weight/Volume Percent (% w/v) = the weight in g of
solute per 100 ml
of solution.

Weight/volume percent is often used for routine
laboratory solutions where exact concentrations are
not too important.

Milligram Percent (mg%) = the weight in mg of a
solute per 100 ml of
solution.

Problem 1: a) How many grams of solid NaOH are
required to prepare 500 ml of a 0.04 M solution?
b) Express the concentration of this solution in terms
of N, g/liter, % w/v, mg%.
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Solution: a) The number of grams of NaOH equals
the desired molarity (M) X the molecular weight for
NaOH (40.0 g/mole). Number of grams to prepare
0.04 M solution = molecular weight of NaOH (40.0
g/mole) x 0.04 = 1.60 g.

Therefore, if you dissolve 1.60 g in deionized water
and diluted to 1 liter, this will give you 0.04 M NaOH
solution. If you dissolve 0.8 gram or 800 mg in deion-
ized water and diluted to 500 ml, this also will give
you 0.04 M NaOH solution.

b)

0.04 M NaOH = 0.04 N NaOH
1.60 g/liter = 0.04 M NaOH
1.60 x 10 mg% = 0.04 M.
Therefore, take 0.6 ml of the concentrated solution
and dilute to 1.5 liters.
Concentration Based on Weight

Weight/Weight Percent (% w/w) = the weight in g of
a solute per 100 g
of solution.

Problem 2: Describe the preparation of 2 liters of
0.4 M HCI starting with a concentrated HCI solution
(28% w/w HCIl, SG = 1.15).

Solution:
liters x M = number of moles
2 x 0.4 = 0.80 mole HCI needed
wt, =29.2 g pure HC]

The stock solution is not pure HCI but only 28%
HCl by weight.

(2)972 = 104.3 g of stock solution, we can calculate
. the volume required.
wt
vol =—F£— 1y48 = 97.7 ml stock solution needed

m-0 115

Therefore, measure out 90.7 ml of stock solution
and dilute to 2 liters with water.

All of the above relationships (between weight,
density, and percent w/w) can be combined into a sin-
gle expression.

wt,=vol  x0, X% (as decimal)

where wt, = weight of pure substance required in g
vol , = volume of stock solution needed in ml

% = fraction of total weight that is pure
substance

wt 292
0x% 1.15x%0.28

s.vol = =90.7 ml
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Molality (m) = the number of moles of solute per
1000 g of solvent.

Mole fraction (MF) = the fraction of the total num-
ber of moles per 1000 g of solvent.

Molality is used in certain physical calculations (e.g.,
calculations of boiling-point elevation and freezing-
point depression). For dilute aqueous solutions,
m and M will be quite close. In order to interconvert
m and M, we need to know % w/w.

Mole fraction = the fraction of the total number of
moles represented by the compound in question.

For example, in a solution containing 7, moles of
compound 1, n, moles of compound 2, and 7, moles of
compound 3, the mole fraction of compound 2, MF,, is
given by
y

MF, = —————
2 my4n, +n,

Problem 3: a) Calculate the molarity of the con-
centrated stock HCI solution described in Problem 2.
b) Calculate the mole fraction of HCI in solution.

Solution:
a) The solution contains 28% w/w HCI, or 28 g HCl
per 100 g total, or 28 g HCl per (100 — 28) = 72 g water.

28 g HCI
B = 3.88. HCl1/1 H.
0 X 1000=3889 ¢ C1/1000 g H,0
wt 9
—g: l - = A 2
W = moles —— 10.65 moles HCI/1000 g H,O

therefore, the solution is 10.65 m.

b) In 100 g of solution, for example, we have

% = 0.767 moles of HCI
72gH, 0
Kgginﬁ = 4.0 moles of H,0
n 0.767
MF — HCl —
O gty o 4767
MF,,, = 0.161

Acids and Bases

An understanding of acid-base chemistry is essential
if we are to appreciate the properties of biological
molecules. A great many of the low molecular weight
metabolites and macromolecular components of liv-
ing cells are acids and bases, and thus, have the
potential to ionize. The charges on these molecules
are important factors in the rate of enzyme-catalyzed
reactions, in the stability and conformation of pro-
teins, in the interactions of macromolecules with

each other and with small ions, and in the analytical
and purification techniques used in the biochemical
laboratory.

Bronsted Concept of Acids and Bases

An acid is defined as a substance that donates pro-
tons (hydrogen ions), and a base as a substance that
accepts protons. When a Bronsted acid loses a pro-
ton, a Bronsted conjugated base is produced. The
original acid and resulting base are referred to as a
conjugate acid-conjugate base pair. The substance
that accepts the proton is a different Bronsted base;
by accepting the proton, another Bronsted acid is pro-
duced. Thus, in every ionization of an acid or base,
two conjugate acid-conjugate base pairs are involved.

HA + B =

[conjugate acid],

A~ +HB
[conjugate base], [conjugate acid],
pH and pOH

pH is a shorthand way of designating the hydrogen
ion activity of a solution. By definition, pH is the neg-
ative logarithm of the hydrogen ion activity. Similarly,
pOH is the negative logarithm of the hydroxyl ion
activity.

1
H=-loga}, =log——
p gaj gaH*

= ~log[H']

=1
8 1H]

pOH = —loga,, = log [—OH‘]

In dilute solutions of acids and bases in pure water,
the activities of H* and OH- may be considered the
same as their concentrations.

1
pH = —log[H*] = log ——
[H*]

1
pOH log[OH™] = log (OH ]

In all aqueous solutions the equilibrium for the ion-
ization of water must be satisfied; that is, [H*][OH"]
=K_ =10". Thus, if [H] is known, we can easily cal-
culate [OH"]. Furthermore, we can derive the follow-
ing relationship between pH and pOH:

[(H'][OH] = K
Taking logarithms:
log[H*] + log[OH] =log K
-log[H']=pH  -log[OH] = pOH -log K =pK_

~.pH + pOH = pK_



