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Isotonic SI“M P

solution m fiseoived i SIS WEE.
® 0.9% sodium « Increases vascular and
chloride solution extracellular fluid volumes.
(Normal saline, * Replaces sodium. | -  Basoaioblr
NS, NaCl). e Causes no fluid shift. Bestatocr levels.
e May cause other electrolyte
imbalances.
e Inflammatory in high doses.
Balanced * Ringer’s solution contains « May cause fluid overload and
electrolyte sodium chloride, potassium generalized edema.
solutions chloride, and calcium chloride e Dilutes hemoglobin and lowers

* Ringer’s solution.

e | actated Ringer’s
solution (LR).

dissolved in sterile water.

e Lactated Ringer’s solution
contains sodium chloride,
sodium lactate, potassium
chloride, and calcium chloride
dissolved in sterile water.

e Lactate is metabolized by the
liver to form bicarbonate.

e Useful in treating metabolic
acidosis.

hematocrit levels.

e May cause other electrolyte
imbalances.

« Use with caution in clients with r.enal
insufficiency, congestive heart fa:{ure,
and in conditions in which potassium
retention is present. ;

e May be contraindicated in client§ with
hyperkalemia and hypernatremia.

e Excessive administration of LR may
result in metabolic alkalosis.

Continued



¢ Dextrose 5% in
water (DgW).

e Dextrose 5% in

0.225% saline

e Dextrose 5% in
0.45% saline

solution (Dg % NS).

solution (Dg %2 NS).

mtorstrtial space

e Mav irritata veins.

* May worsen hypotension.
* May increase edema.
¢ May cause hyponatremia.

Hypotonic saline

solution

® 0.225% saline
solution (% NS).

¢ 0.45% saline
solution (% NS).

* Hydrates cells.

¢ Replaces fluids when sodium
intake must be restricted.

¢ Shifts fluid out of the
intravascular space into the
intracellular and interstitial
spaces, causing cells to swell.

e May cause fluid overload.

* May worsen hypotension because
water moves out of the vascular
space.

* May increase edema because water
moves into the cells and interstitial
spaces.

* May cause dilutional hyponatremia
(see Chapter 3) because the sodium
content is less than that of plasma.

Continued
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* Dextrose 5% in
0.9% sodium
chloride solution
(DgNS).

* Dextrose 5% in
lactated Ringer’s
solution (D_._,LR).

o Supg;lies fluid and calories to

the body.

* Decreases edema.

* Replaces electrolytes.

e Shifts fluid from intracellular
compartment into intravascular
space, expanding vascular
volume.

Hypertonic

saline solutions

* 3% sodium chloride
solution (3% NaCl).

* 5% sodium chloride
solution (5% NacCl).

* Supplies sodium to the body;
treats hyponatremia.

* Decreases inflammation and
increases capillary
permeability.

e Shifts fluid from intracellular
compartment into intravascular
space.

OMWMMmm cellul
dehydration) as fluid is drawn aﬁﬂ‘
the cell. |

 Hypertonic solutions may be irritating
to veins.

e May cause hypernatremia.

e Use with extreme caution.

Continued
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plasma protein)

* 5% and 25%
concentrations.

* Natural plasma protein prep:

from donor plasma.

* Maintains vascular volume by
keeping fluid in intravascular
space.

* Replaces protein and treats
shock and burns.

* 25% concentration is used to
treat hypoproteinemia.

* Encourages movement of fluid
from the interstitial space to the
intravascular space.

® Decreases “third-spacing.”

Dextran

(polysaccharide)

* Low-molecular-
weight dextran
(Dextran 40).

* High-molecular-
weight dextran
(Dextran 70).

® Synthetic colloid made of
glucose polysaccharides.

e Expands volume.

* Mobilizes interstitial edema.

* Prolongs hemodynamic
response when given with
hetastarch.

¢ Shifts fluid from cells and
interstitial spaces into
intravascular space.

overload. :
e Increases risk of bleeding.

« Contraindicated in bleeding dis
congestive heart failure (CHF), and

renal failure.

Continued




fraction

e 5% concentration.

e Increases osmot

e Shifts fluid frorn cells and
interstitial spaces into
intravascular space.

'*MWWSQMMM

red a plasma substitute.

Blood and Blood Products

Types
Whole blood

e Rarely used.
e May be given emergently to an

exsanguinating client.
¢ Contains all blood components.

TNursing Considerations

« No medications or intravenous fluids
should be added to or mixed with
blood products except normal saline
solution.

Continued ‘
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Types

Packed red blood
cells (PRBCs)

=

* Used to treat acute anemia,

chronic anemia, and blood loss.
* Contains red blood cells in
approximately 20% plasma.
* Contains no clotting factors or
platelets.

« All blood and blood

Platelets

¢ Used to increase low platelet

counts or to treat coagulopathies.

e Usually given in pools of
6-10 units.

* One unit will generally increase
platelet count by 6,000 units.

Fresh frozen
plasma (FFP)

e Used to replace clotting factors.

* Contains plasma and clotting
factors.

¢ Not usually administered until
more than 6 units of PRBCs
have been infused.

* Reverses the effects of warfarin
(Coumadin®).

Cryoprecipitate

e Used to treat hemophilia,
fibrinogen deficiency, and
disseminated intravascular
coagulation.

e Contains clotting factors.

rimed with normal saline sOIUtiCH-
. than administering any
product, observe for:
o Acute hemolytic reaction: Fever,
chills, flushing, low back pain,
tachycardia, hypotension, vascular
collapse, cardiac arrest.
» Allergic reaction: Hives, urticaria,
flushing, and fever.
e Anaphylaxis: Urticaria,
restlessness, wheezing, shock,
cardiac arrest. -
« Bacteremia: Fever, chills, vomiting,
diarrhea, hypotension, septic shock.
« Circulatory overload: Pulmonary con-
gestion, restlessness, cou.gh, short-
ness of breath, hypertension,
distended neck veins.
« Febrile, nonhemolytic reaction: Fever,
chills, flushing, headache,
muscle aches, respiratory distress,
cardiac dysrhythmias.




Hypervolemic

¢ Client becomes hyponat
increases more than the
sodium content increases.
e ECF volume is increased.
* Edema may be noted.

Normal Hypervolemic

Hypovolemic

Sodium content and total

water decrease.

¢ Client becomes hyponatremic
because sodium content
decreases more than the total
body water decreases.

¢ ECF volume is decreased.

=)

Normal Hypovolemic
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¢ Client becomes hypernatremic
because sodium content
increases more than the total
body water content.

Normal Hypervolemic
Hypovolemic Sodium content and total body  ———, (%\
‘water decrease.
‘s Client becomes hypernatremic |
. because total body water | I8 ,
decreases more than the | By
sodium content decreases. < Log N
Normal Hypovolemic

electrolyte imbalance.

Hyponatremia (serum sodium less than 135 mEqg/L) is the most common




* Excessive mtako 'potonic

fluids; wound irrigati
hypotonic fluids.
e Acute renal failure (nephrotic
syndrome).
e Heart failure/congestive heart
failure.
e Third-spacing (interstitial
accumulation).
e Syndrome of inappropriate
antidiuretic hormone secretion
(SIADH).

m lus.

¢ Vomiting.

e Diarrhea.

e Decreased fluid intake.

* Burns.

* Diabetes insipidus.

* Mineralocorticoid excess.

¢ Increased insensible loss
(hyperventilation, excessive
diaphoresis).
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B Assists with maintaining acid-base balance.

B Moves by active transport across cell membranes.

B The sodium-potassium pump within the cell membrane maintains the
concentrations of potassium in the ICF and extracellular fluid (ECF)
compartment.

There is only a small amount of potassium found in the ECF
Potassium is excreted and conserved by the kidneys.

Aldosterone enhances kidney excretion of potassium.

The primary source of potassium is dietary intake, usually in a sufficient
amount to meet the body’s needs.

Recommended daily intake of potassium is 4700 mg for adults.

Normal serum potassium levels are maintained within a narrow range from
3.5 mEg/L to 5.0 mEq/L.

Critical serum potassium levels are less than 2.5 meq/| or greater than 6.5 meq/I.

68
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Sodium ions (Na*) are
pumped out of the cell
(K*) are pumped into

() ar o -
Inside cell E

Intracellular fluid with low concentration of Na*
and high concentration of K*
(98% of potassium is inside the cell)

Sodium-potassium pump.



(NPO) status.

« Ingestion of clay (bentonite).

e |V therapy with potassium-deficient
solutions.

(dilutional)

Extracellular Shifts
e Familial periodic paralysis.
e A rare genetic disorder
characterized by transient
episodes of profound

Relative Increase in Potassium
(dilutional)
Extracellular Shifts
e Metabolic acidosis.
e Massive tissue trauma.
e Burns.
e Rhabdomyolysis.
e Surgical procedures.

hypokalemia.
e Third-spacing. e Tumor invasion.
e Water gain. ¢ Water loss.

70




CALCIUM (caz"):
M It is the most abundant mineral

; the

Approximately 99% of body calc hw Enbamsmd teeth; the
ular fluid (ECF) and intravascular

remaining 1% circulates in the extracell

space.

It is essential for:

® Bone health (strength and density).

B Skeletal and cardiac muscle function.

B Blood clotting.

® Nerve impulse transmission.

B Activation of certain enzymes.

Calcium is an ion that has two positive charges and exists in the blood-

stream in a bound form and an ionized (unbound, active or free) form.

B lonized calcium is the active form and must be maintained in a narrow
range.

® lonized calcium circulates freely in the blood or other extracellular fluids.

® Bound calcium is attached to serum proteins, especially albumin.

Absorption of calcium takes place in the intestines and requires the active

form of vitamin D.

When serum calcium levels become too low, calcium is borrowed from the

bones, in response to the secretion of parathyroid hormone (PTH) by the

parathyroid gland and calcitrol, a form of vitamin D.

When excess calcium is present in plasma, PTH secretion is inhibited and

the secretion of calcitonin (also know as thyrocalcitonin [TCT]) is increased.

TCT, secreted by the thyroid gland, causes plasma calcium levels to

decrease by inhibiting bone reabsorption, inhibiting vita.amin D-associated

intestinal uptake, and increasing renal excretion of calcium.

Serum calcium levels are also affected by acid-base balance and plasma

protein levels, particularly albumin.
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Kidney filters
out calcium

Normal calcium metabolism.

B Total serum calcium levels represent both bound and unbound calcium.
B Normal ionized serum calcium level is 4.6-5.3 mg/dL (adults).

" Normal total serum calcium level is 8.2-10.2 mg/dL in adults; 7.6-10.8
mg/dL in children.




abels on food packages to determine calcium content.

m

Document All Assessment Findings and Interventions

B Evaluate and document the client’s response to interventions and education.

B Ensure that the client or caregiver understands specifics, rationale,
potential side effects, and desired effects of treatment regime.

® Include medication administration, nutrition, hydration, dietary restrictions,
and foods high in calcium in client teaching.

Phosphate Imbalance

PHOSPHATE (ro,):
B It is the major anion found in intracellular fluid.
B Although the terms phosphorus and phosphate are often used interchange-

ably, phosphorus (P) is actually an essential mineral never found as a free

element in nature because of its high reactivity.

¥ Phosphorus is found in the body in combination with oxygen as
phosphate (Po,").

It assists in muscle contraction, maintaining heart rhythm, kidney function,

nerve conduction, and the functioning of red blood cells.

Is needed for cell membrane integrity.



Phosphate
intake

Formation Resorption
Total absorbed
intestinal
phosphorus
<«

Digestive juice

phosphorus

Phosphate
excretion

Feces
Phosphate balance.

108



| -

. m m

¢ Chronic kidney disease.

¢ Pancreatitis.

* Metabolic acidosis.

Inadequate Intake/Impaired

Absorption

e Vitamin D deficiency (decreases
renal reabsorption of phosphate).

¢ Prolonged nothing by mouth status.

e Malnutrition.

® Excessive intake of phosphate-
binding antacids.

e Malabsorption syndromes.

* Treatment of diabetic ketoacidosis.

¢ Hyperparathyroidism.

e Hyperglycemia.

e Alcohol abuse.

° Aewe raml failure

® Hypoparathyroidism.

* Acromegaly.

¢ VVitamin D intoxication.

¢ Bisphosphonate therapy.

¢ Pseudohyperphosphatemia.

e Multiple myeloma.

¢ Calcium or magnesium deficiency.
¢ |nability to be removed by dialysis.

Relative Decrease in Phosphate
Shift From Extracellular
Compartment

e Glucose and insulin administration.
e Hyperglycemia.

e Total parenteral nutrition.

e

Relative Increase in Phosphate

Shift From Intracellular

Compartment

¢ Hemolysis.

¢ Chemotherapy for malignant
tumors.

Continued



® Insulins.

Nursing Assessment for Phosphate Imbalance

Hypophosphatemia Hyperphosphatemia
Blood pressure * Possibly decreased. * Possibly decreased.
Heart rate ® Decreased. * Possibly decreased.
Respiratory rate ® Decreased. * Possibly decreased,
depends on degree
of accompanying
hypocalcemia.
Temperature * WNL. * Within normal limits.

110
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The pH of a solution ¢

ions) to 14 (lowest concen n

ApHof7is considered newm*l

The body’s pH is normally maintained in a narrow range, which is slightly
alkaline.

Requires balancing acids and bases in the body.
Balance is regulated primarily by the lungs and kidneys.
» Both regulatory systems attempt to correct acid-base imbalances so the
pH can be returned to normal; this process is called compensation.
» The lungs work much quicker than the kidneys in compensating for
imbalances.
B Acid-base imbalances impair the functioning of many organs by:
» altering the response of excitable membranes.
» making the heart, nerves, muscles, and gastrointestinal tract either more
or less active.
» reducing the function of hormones and enzymes.
» affecting the distribution of electrolytes.
» decreasing the effectiveness of many drugs.
B Even small changes in the pH of body fluids can cause major problems in
functioning.

Blood (serum) pH

6.8 7.35 745 18

m Acidosis Nomal  Alkalosis [T




¥ Carbonic acid forms when carbon dioxide (CO,) combines with water in the
body; levels are normally controlled by the lungs through the retention or
excretion of carbon dioxide. It may lead to respiratory acidosis or alkalosis.

® Sulfuric acid is produced by the body as a byproduct ._ _
through the breakdown of sulfur-contain of protein metabolism

W Lactic acid forms when cells metabolize under anaerobic cond'itions and
glucose breakdown is incomplete.

Substance_s that bind free hydrogen ions in water, reducing the concentration of
hydrogen ions, and increasing pH (alkalosis).

W Bicarbonate (HCO; ) is the principle alkaline substance (base) in the body.

w !—ICO3 binds with free hydrogen ions in the extracellular fluid (ECF) and
intracellular fluid (ICF) to decrease hydrogen ion concentration.

W HCO; and hydrogen ion levels are controlled by the kidneys; problems of
regulation lead to metabolic acidosis or alkalosis.

a }/enous HCO; levels are higher than arterial levels because CO, in the blood
is converted into carbonic acid, which can quickly turn into bicarbonate.

Regulation of Acid-Base Balance

Buffers
W The first line of defense against pH changes.
B Bring body fluids back to normal pH range of 7.35-7.45 by either releasing
hydrogen ions or binding with hydrogen ions.
® Bicarbonate (HCO; ): The principle alkaline substance in the body; slowly
responds to changes in pH.
Considered the major buffer in the body; binds free hydrogen ions.
Active in the ECF and ICF.
The lungs work much quicker than the kidneys in compensating for
imbalances.
118



|
|

it
é

F203
1
£

i

B The second line
® Responds to pH
much faster than the
® If the pH is too low (acidic), an increase in the rate and depth of breathing

(hyperventilation) increases the rate at which CO, is exhaled (“blown off”)
from the lungs, attempting to normalize the pH of arterial blood.

W If the pH is too high (alkaloid), a decrease in the rate and depth of breath-
ing (hypoventilation) decreases the rate at which CO, is exhaled,
decreasing the pH of arterial blood.

® Carbon dioxide (CO,): One of the principle substances that affect pH.
® CO, level is controlled by the lungs and is exhaled during breathing.
® CO, is a natural waste product of carbohydrate metabolism.
® CO, combines with water in the body to form carbonic acid, meaning

CO, is considered an acid.
® Blood pH is influenced by how much CO, is produced by the cells during
metabolism versus how rapidly that CO, is removed by breathing.

Renal System

B The third line of defense against pH changes.

B Slow response to pH changes (24-48 hr) with the longest duration of the
three regulatory mechanisms. When pH changes persist, the kidneys
increase excretion and reabsorption of acids or bases (depending on the
direction of the pH change).

B When blood hydrogen levels are high (low pH), bicarbonate made in other
parts of the body is reabsorbed by the kidneys and put back into circulation
to bind with hydrogen ions, increasing the blood pH.

B The kidney tubules can make additional bicarbonate, which can also be
reabsorbed.

B The phosphate-buffering system inside the kidney tubules helps to bind
free hydrogen ions for excretion in the urine, increasing pH.

® Ammonia, which is formed during protein breakdown, is converted by the
kidney into ammonium, which traps hydrogen ions for excretion in the
urine, increasing pH.



ry is overwhelmed or is not healthy.

changes (24-48 hr) with longer duration than
n

=3 ‘ DENSE '0 5

® When hydrogen ion levels are low (high pH/alkalosis), the kidneys
excrete additional bicarbonate to lower the amount of circulating base
and decrease serum pH.

# When hydrogen ion levels are high (low pH/acidosis), bicarbonate made in
other parts of the body is reabsorbed by the kidneys and put back into vascu-
lar circulation to bind with the hydrogen ions, which increases the blood pH.

» The kidney tubules can make additional bicarbonate, which also can be
reabsorbed.

# The phosphate-buffering system inside the kidney tubules helps to bind
free hydrogen ions for excretion in the urine, which increases pH.

B When the kidneys can fully compensate, the blood pH returns to normal,
even though the levels of oxygen and bicarbonate may be abnormal; full
compensation is rare.

B When respiratory problems are severe, the kidneys can only partially com-
pensate, leaving the blood pH abnormal but preventing the acid-base

balance from becoming severe or life-threatening.

J COr

Respiratory Compensation |
® Occurs when the lungs attempt to correct acid-bas

metabolic problems.

e imbalances caused by
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pH 7.35-7.45 7.32-7.43

PO, 80-100 mm Hg 20-49 mm Hg
PCO, 35-45 mm Hg 41-51 mm Hg
HCO,™ (bicarbonate) 22-26 mEqg/L 24-28 mEqg/L
Lactate 3-7 mg/dL 5-20 mg/dL
Anion gap 8-16 mEq/L 8-16 mmol/L
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EX ve acid production.
Excessnve acid intake.

» Inadequate elimination of H".
e Decreased production of HCO,'.
* Excessive elimination of HCO;".

An increase in

blood pH
caused by:

* Base excess.
¢ Acid deficit.

Respiratory A decrease in blood pH caused by An increase in
retention of CO, (acid). blood pH
caused by
excessive loss
of CO, (acid).
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The body’s response to alkalosis.

Normal Acid-Baso
Balance (H")

A




Excessive Acid Production

* Poorly controlled diabetes.

* Diabetic ketoacidosis.

e Starvation.

* Sepsis.

¢ Cardiac arrest.

* Shock.

Excessive Acid Intake

¢ Alcohol.
* Also causes concurrent

respiratory acidosis.

e Salicylate (aspirin) overdose
or toxicity.

® Excessive infusion of
chloride-containing
intravenous (IV) fluids.

Inadequate Elimination of

Hydrogen lons/Decreased

Production of HCO;

* Renal insufficiency.

* Renal failure (acute or
chronic).

* Pancreatitis.

Excessive Elimination of HCO,

e Vomiting, diarrhea.

Potassium Shift

* When extracellular potassium
levels are high (hyper-
kalemia), potassium shifts
into the cells and hydrogen
ions shift out of the cell,
decreasing blood pH (meta-
bolic acidosis). There is a
need to keep ICF electrically
neutral, and therefore this
shift occurs.

Potassium Shift

* When extracellular
potassium levels are
low (hypokalemia),
potassium shifts out
of the cells and
hydrogen ions shift
into the cells, increas-
ing blood pH (meta-
bolic alkalosis).

Continued



of fOrBIgn body.
* Injury to respiratory center in
the brain.

ﬂm

R St

'w during

309“" a»nd fever
(i.e., hypermetabolic

states).
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2cre 0 compen-
SOMpeE sate)
HCO;~ Acute: Less than Normal or Greater
Normal or 22 mEqg/L less than than
slightly 22 mEq/L 26 mEq/L
elevated (HCO4
Chronic: excreted by
Greater than kidneys to
26 mEqg/L compensate)
(HCO4”
increases to
compensate)
Cardiovascular e Tachycardia (mild). ¢ Increased heart rate.
e Bradycardia (severe). * Thready pulse.
¢ Weak peripheral pulses. e Normal or low blood
¢ Hypotension (result of pressure.
peripheral dilation). e Increased digoxin
¢ Arrhythmias due to toxicity.
hyperkalemia.
Cerebral e Lethargy. ¢ Confusion.
e Confusion. e Lightheadedness.
e Headache. * Headache.
e Stupor or coma e Dizziness.
(severe). e Anxiety.
e |rritability.
e Tetany.
e Seizures.

Continued
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Figure 6.20. Formation of a Recombinant Plasmid Vector
ori: arigin of replication; amp': gene for resistance to ampicillin
(an antibiotic).

DNA LIBRARIES AND cDNA

DNA cloning can be used to produce DNA libraries. DNA libraries are large coll.
tions of known DNA sequences; in sum, these sequences could equate to the genome
of an organism. To make a DNA library, DNA fragments, often digested randomly,
are cloned into vectors and can be utilized for further study. Libraries can om
either genomic DNA or ¢cDNA. Genomic libraries contain large fragments o
and include both coding (exon) and noncoding (intron) regions of the
¢DNA (complementary DNA) libraries are constructed by reverse-transe
processed mRNA, as shown in Figure 6.21. As such, cDNA lacks noncoding
such as introns, and only includes the genes that are expressed in the tissu
which the mRNA was isolated. For that reason, these libraries are sometimes
expression libraries. While genomic libraries contain the entire genome
organism, genes may by chance be split into multiple vectors, Therefore, only
libraries can be used to reliably sequence specific genes and identify discase:
mptaﬁonu. produce recombinant proteins (such as insulin, clotting fack
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Figure 6.20. Formation of a Recombinant Plasmid Vector
ori: origin of replication; amp": gene for resistance to ampicillin
(an antibiotic).

DNA LIBRARIES AND cDNA

DNA cloning can be used to produce DNA libraries. DNA libraries are large collec.
tions of known DNA sequences; in sum, these sequences could equate to the genome
of an organism. To make a DNA library, DNA fragments, often digested randomly,
are cloned into vectors and can be utilized for further study. Libraries can consistof
either genomic DNA or cDNA. Genomic libraries contain large fragments of DNA,
and include both coding (exon) and noncoding (intron) regions of the genome.
¢DNA (complementary DNA) libraries are constructed by reverse-transcribing
processed mRNA, as shown in Figure 6.21. As such, cDNA lacks noncoding regions, \
such as introns, and only includes the genes that are expressed in the tissue from
which the mRNA was isolated. For that reason, these libraries are sometimes called
expression libraries. While genomic libraries contain the entire genome of @
organism, genes may by chance be split into multiple vectors. Therefore, Oﬁhm
libraries can be used to reliably sequence specific genes and identify disease
mgtations, produce recombinant proteins (such as insulin, clotting f:
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ng recognition of oxidation-reduction
n numbers, use of activity series

111. Reaction Types

Acids and Bases,
weak acids and bases,
Oxidation-Reduction, includi
reactions, combustion, oxidatio:

Precipitation, including basic golubility rules

IV. Stoichiometry 14%
Mole Concept, including molar mass, Avogadro's number, empirical and molecular formulas i
Chemical Equations, including the balancing of equations,
stoichiometric calculations, percent yield, limiting reactants

V. Equilibrium and Reaction Rates
kgl Sl 5%

Ethbnum Systems, including factors affecting position of equilibrium (LeChatelier’s
principle) in gaseous and aqueous systems, equilibrium constants, equilibrium expressions
Rates of Reactions, including factors affecting reaction rates,

potential energy diagrams, activation energies

VI. Thermochemistry
6%

Including conservation of energy,
with phase changes and chemical reactions, heating and cooling curves, randomness (entropy)

VII. Descriptive Chemistry
B L S LR ] B T L T T Ll LR L e TR L P ae . eun . 12%
Lnnc(:i\;;xgg c:lmmon re;eme?:}s], nonmenclature of ions and compounds, periodic trends in chemical i
ical properties of the elements, reactivity of elements odicti
: . nts, and prediction of prod i
reactions, examples of simple organic compounds and compounds of environmelx)atal gg:)scgf:hemcal

Lnbc;!:ii:tgilozoﬁ:gecc;fl iaulla:éatory ;aquipment, measurements, procedures
ns, ) € ons, data analysis, interpretati -
data, drawing conclusions from observations and daeg iR




6: DNA and Biotechnology
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CATIONS OF DNA TECHNOLOGY
pul

-+ utility as a research tool, DNA biotechnol,
nt?‘l[;reakthmughs. ranging from gene therapy
of the ml,;opmt‘ﬂt of personalized chemotherapeutic
o1 df.“hc tumor cells. DNA technology is also yseq i
“nolypmgl * genetically modified foods that are enrich
: loPmC"[_Ot - nvironment for risk assessment and cle

festing _Ot nhle eDN A technology also plays a key rofe
joned PrcVIOUze)’;tigation. This is likely only the beginni
aoIiVe area of research.
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Gene Therapy

ow offers potential cures for individuals with inherited diseases.
(Gene therapy_". tended for diseases in which a given gene is mutated or inac-
Gene [hcrap).( 15 In athology. By transferring a normal copy of the gene into the
(ive, giving Tise Lo p athology should be fixed, essentially curing the individual,
e phalf of children with severe combined immunodeficiency
- abmtlttion in the gene encoding the -y chain common to several of
e havc'a iy tors. By placing a working copy of the gene for the 7 chain
[heintel'.]e‘-lkln reC?Pn tr.a-nsmi t the functional gene into human cells. The hrst
g ‘;“;]iaf: f)ft:enc therapy was for SCID (caused by a different mutation)
successiu :

in 1990.

e . : delive
lacement therapy to be a realistic possibility, efficient gengNA B::y
For gene repla into the target cells’ . Be-
. ansfer the cloned gene in g
vectors must be used to trans ] . ic material, most
m:se viruses naturally infect cells to insert their own genett'l:he viral genome
can: ses v . :

ne delivery vectors in use are modified el . poroo;l 0[ but not complete
fre laced with the cloned gene such that the virus can . ated DNA poses
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itsr;lication cycle, a¥ shown Il SEROE Randomly; lrl;a:iong the children
: ne.

i i ting a host oncoge _
arnisk of integrating near and activa Y cers of white
mm:d for SCgID agsmall number have developed leukemias (can
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—

Real World

The Human Genome Project, initiated in
1991, involved the identification of all
3 billion base pairs of the hurhan DNAI
sequence. The first draft of this projec
was completed in 2000. This project
demonstrated that although humansf
appear to be quite different frono eot 1
other, the sequence of our DNA is, in
reality, highly conserved. Oh average,
two unrelated individuals still share
over 99.9% of their DNA sequences.

IK
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Bridge :
PCR provides 3 great example of t ZS
temperature dependence of enzymes.
While human DNA polymerase
denatures at the high temperatures
required in PCR, the DNA polym‘erase
from T. aquaticus functions optimally at
these temperatures. Refer to Chapter 2
of MCAT Biochemistry Review for more
on the link between temperature and
enzyme activity.

s |{

Polymerasé Chain Reaction

jymerase chain reaction (PCR) is an automated Procesg
Poly '

hat ¢,

o i P sequence without amplify; an py.
millions of copies of a DNA‘ ‘“'q_ % ' . T_””Y”lg the DNA .D Odllce
iia. PCR is used to identify criminal suspects, Familig) re] 1

: r _ s u[iunxhi dCle-
Jdisease-causing bacteria and viruses. Knowing the ge )

i G4 quenceg that g g
. el : ¢ s tor the amplificati d a
desired region of DNA allows phification of -\chence r.lk the

tween. A PCR reaction requires primers that are COmplemcmury % In b

that flanks the region of interest, nucleotides (dATP, dTTP, ¢ P e DNA
and DNA polymerase. The primer has high GC contept {4“"6()(;1; i:d dgTP)
as the additional hydrogen bonds between G and C confer “luhililyl ; img,
tion also needs heat to cause the DNA double helix tq Melt apygp ('d © rege.
Unfortunately, the DNA polymerase found in the humap, body . enalure).
at high temperatures. Thus, the DNA polymerase from Thermy a(‘m"o. Work
bacteria that thrives in the hot springs of Yellowstone Nationg] Park licys,

is used instead. During PCR, the DNA of interest is denatureqd A e

- s l‘&p]ic U
then cooled to allow reannealing of the daughter strands iy, [haled, ang
of DN4

able for

strands. This process is repeated several times, doub

. lmg the umou“t
with each cycle, until enough copies of the DNA

Sequence are avaj]
further testing.

Gel Electrophoresis and Southern Blotting

Gel electrophoresis is a technique used to Separate macromg
DNA and proteins, by size and charge. Electrophoresis of prote;
in detail in Chapter 3 of MCAT Biochemistry Review,
in a similar way. All molecules of DNA are negativ
phosphate groups in the backbone of the molecule,
grate toward the anode of an electrochemical cell. The preferred ge] fo; DNA
electrophoresis is agarose gel, and—just like prote

ins in polyacrylamide gel—
the longer the DNA strand, the slower it will migrate in the gel,

lecules, Such 4

ns was discusseq
but DNA cap be Separateq
ely charged because of the
8o all DNA strands Will ;.

Gel electrophoresis is often used while performing a Southern blot. A Southerp
blot is used to detect the presence and quantity of various DNA strands in g
sample. DNA is cut by restriction enzymes and then separated by gel electro-
phoresis. The DNA fragments are then carefully transferred to a membrane,
retaining their separation. The membrane is then probed with many copies of 2
single-stranded DNA sequence. The probe will bind to its complementary se-
quence and form double-stranded DNA. Probes are labeled with radioisotopes

or indicator proteins, both of which can be used to indicate the presence of a
desired sequence.

DNA SEQUENCING

DNA sequencing has revolutionized the world that we live in. The appljcaﬁumt.lf
this technique are far-reaching, from the medical field to criminal courts. A bﬂ‘
sequencing reaction contains the main players from replication, including



