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Fig. 14.1 Thedifferent ways that recombinant DNA technology has been exploited.
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TABLE 6.2
Ten-Year Sales Forecast of the Value of DNA Technology Products in the United States.

SECTOR BASE YEAR FORECAST AVERAGE ANNUAL

1996 YEARS GROWTH RATE (%)
2001 2006 1996-2006

Human therapeutics 7,5552 13,935 25,545 13

Human diagnostics 1,760 2,705 4,050 9

Agriculture 285 740 1,740 20

Nonmedical diagnostics 225 330 465 8

Totals 10,100 18,400 32,400 12

* Millions of 1996 dollars. Source: Consulting Resources Corp.
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Major Group

Ml Archaebacteria

Typical Examples Key Characteristics
- ARCHAEBACTERIA
Methanogens, Bacteria that are not members of the kingdom Eubacteria.
thermopbhiles, Mostly anaerobic with unusual cell walls. Some produce
halophiles methane. Others reduce sulfur.
EUBACTERIA

@
/.ama'mym

An }'.‘J:‘flc_r

Chemoautotrophs

Cyanobacteria

.
® &=

Tig
Wank )
Y

Gliding and
budding bacteria

&

7-‘¥‘é

Sulfur bacteria,
Nitrobacter,
Nitrosomonas

Anabaena,
Nostoe

Sabmonella,

Vibrio

Myxobacteria,
Chondrenpyces

Pseudomonads Pseudomonas

Q‘J‘h d‘\‘.("‘_é‘q

T e®
Rickettsias and
Shlamydias

j&imclmetes

Rickettsia,
Chlanrydia

Trgponema

Gram-positive bacteria. Form branching filaments and produce
spores; often mistaken for fungi. Produce many commonly used
antibiotics, including streptomycin and tetracycline. One of the
most common types of soil bacteria; also common in dental

Bacteria able to obtain their energy from inorganic chemicals.
Most extract chemical energy from reduced gases such as HS
(hydrogen sulfide), NH; (ammonia), and CHy (methane). Play a
key role in the nitrogen cycle.

A form of photosynthetic bacteria common in both marine and
freshwater environments. Deeply pigmented; often responsible
for “blooms” in polluted waters.

Gram-negative, rod-shaped bacteria. Do not form spores; usually
aerobic heterotrophs; cause many important diseases, including
bubonic plague and cholera.

Gram-negative bacteria, Exhibit gliding motility by secreting
slimy polysaccharides over which masses of cells glide; some
groups form upright multicellular structures carrying spores
called fruiting bodies.

Gram-negative heterotrophic rods with polar flagella. Very
common form of soil bacteria; also contain many important plant
pathogens.

Small, gram-negative intracellular parasites. Rickertsia life cycle
involves both mammals and arthropods such as fleas and ticks;
Rickettsia are responsible for many fatal human diseases,
including typhus (Ricketisia prowazekii) and Rocky Mountain
spotted fever. Chlamydial infections are one of the most
common sexually transmitted diseases.

Long, coil-shaped cells. Common in aquatic environments; a
parasitic form is responsible for the disease syphilis.
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An expression vector includes
the appropriate sequences
for transcription and
translation in the host cell.

Expression
vector

" Promoter — @

Ribosome- -
\ binding
%, sequence

- o BamHI

)

Terminator of
transcription

B Foreign
gene
A foreign gene is inserted at a
restriction site,

/ BamHI

—— Foreign
gene

AN
BamHI

E. coliis transfected with the
expression vector.

O-r-8)

DNA mRNA Protein

\

The foreign gene is expressed in E. coli
because the expression vector is present.
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Antibody binds to TPA as it is being
made on polysomes, allowing TPA
mRNA to be isolated.

Ribosome mRNA TPA Antibody

Purified
¥ mRNA
for TPA

Reverse transcription
makes a cDNA copy

MA.

cDNA
for TPA

~— BamHI

l Expression vector
for E. coli (see Figure 17.13)

EJ TPA DNA is inserted
into the expression
vector,

made in large
amounts.

ETPA is injected into a
stroke patient to

V‘L dissolve the blood clot.

17.14 Tissue Plasminogen Activator: From Protein to Gene
to Pharmaceutical

TPA is a naturally occurring human protein that prevents blood
from clotting. Its isolation and use as a pharmaceutical agent for
treating patients suffering from biood clotting in the brain or
heart—in other words, strokes and heart attacks—was made pos-
sible by recombinant DNA technology.
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(a)

Bacterial promoter

Signal sequence (mammalian)

Remove codons for

amp®
Transform into E. coli
amino acids 1-24

for amino acids 1-24

b
Synthetic ollgonuc&:l—e\\

lacZ EcoRI Hir."dlll
e — Cloned hGH cDNA
Insulin Insulin Pty Stop codon
A chain B chain

Cleave with EcoRI

- e ——— D
Hinc\ﬁlll EcoRl Isolate DNA fragment

encoding amino acids 24-191

Ligate

Hindlll Hindlll

—

Expression vector

Ligate

Culture cells EcoRl
Hindill
) Initiator
Purify LacZ~insulin il methionine  Gieave
fusion proteins of mature with
B chain Hindlll
LacZ
A chain
B chai )
= } Initiator
! Treat with CNBr CNBr cleaves methionine
the peptide Promoter.
La_cZ bond after
peptides methionine
M amp"®
7 Purify Aand B ch — Transform E. coli
A chain

ains B chai
chain
N—:\"\ ./

U

L—— COOH

L COOH Active insulin

Disulfide bond

Refold and oxidize cysteines

NH,
NH,

Initiator

Figure 13-6 Expression of human insulin in E. coli. The two
chains of insulin are made separately as fusion proteins with
B-galactosidase. They are processed chemically and then mixed, and
active insulin forms. (Copyright © 1992 by J. D. Watson, M. Gilman,
J. Witkowski, and M. Zoller, Recombinant DNA, 2d ed. Copyright ©
Scientific American Books.)

Growth hormone
coding sequence

Growth hormone
accumulates inside
bacterial cell

hGH isolated from
bacterial extract

methionine
@
COOH

Figure 13-7  Expression of human growth hormone (hGH) in E:

coli. (a) The human signal sequence

is removed, enabling the protein to

be produced in bacterial cells. The product contains an extra bacterial
methionine. (b) A bacterial signal sequence that targets the protein for
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Scientific American Books.)

@

secretion to the outside can be added. In this method, the produ(I:t has
no extra methionine. (Copyright © 1992 by J. D. Watson, M. Q]man,
1. Witkowski, and M. Zoller, Recombinant DNA, 2d ed. Copyright ©
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Table 10.1 Some human proteins that have been produced by recombinant
DNA technology for treating various disorders

Protein

Disorder(s)

a-Antitrypsin
Adrenocorticotropic hormone
B-cell growth factors
Bactericidal/permeability-
increasing protein
Brain-derived neurotrophic factor

Calcitonin

Colony-stimulating factors
Chorionic gonadatropin
Endorphins and enkephalins
Epidermal growth factor
Erythropoietin

Factor VIII

Factor IX

Growth hormone

Growth hormone-releasing factor

globin
LA gulin
Insilin-like growth factor

Interferons (a. 8. ¥)
Interleukins

Interleukin-1 receptor
Lymphotoxin
Macrophage-activating factor
Nerve growth factor
Platelet-derived growth factor
Relaxin

Serum albumin

Somatomedin C
Thyroid-stimulating hormone
Tissue plasminogen activator
Tumor necrosis factor
Urogastrone

Urokinase

Emphysema

. Rheumatic diseases
Immune disorders
Infections

Amyotrophic lateral sclerosis (Lou
Gehrig's disease)

Osteomalacia

Cancer

Female infertility

Pain

Burns

Anemia, kidney disorders

Hemophilia

Hemophilia

Growth defects

Growth defects

Anemia

Diabetes

Diabetes, renal failure

Viral diseases, cancer, multiple sclerosis

Cancer, immune disorders

Asthma, rheumatoid arthritis

Cancer

Cancer

Nerve damage

Atherosclerosis

Birthing

Insufficient plasma proteins

Growth defects

Thyroid cancer

Blood clots

Cancer

Ulcers

Blood clots
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Some recombinant proteins that have been approved for human use in either the United States or

8 10-1 '
e European Union
i

. .Fallct()f VH} &

Factor Vila &
 FactorIX e
Hirudin

Tissue plasminogen activator @
Truncated tissue plasminogen
~ activator
[nsulin @
Insulin analogues
Human growth hormone

Human growth hormone o
analogue

Human growth hormone

Glucagon

Thyrotrophin-o

Follicle-stimulating hormene ¢

Erythropoietin

Platelet-derived growth factor

DNasel »
f-Glucocerebrosidase analogue
IFN-a,,

Synthetic type 1 [FN-a
[FN-a,,

IFN-B,, analogues
IEN-B,,
IFN'YIL:
IL-2 analogue
- IL-11 analogue—

Company

Baxter Healthcare, Genetics Institute,
Centeon, Bayer

Novo Nordisk

Genetics Institute

Ciba Novartis, Europharm, Hoechst
Marion Roussel

Genentech

Galenus Mannheim, Boehringer
Mannheim/Centocor

Eli Lilly, Novo Nordisk, Hoechst AG
Eli Lilly, Novo Nordisk, Aventis

Eli Lilly, Genentech, Biotechnology
General, Pharmacia, Upjohn, Novo
Nordisk, Serono Laboratories

Genentech

Serono Laboratories
Novo Nordisk
Genzyme
Ares-Serono, Organon

Amgen, Ortho Biotech, Boehringer-
Mannheim

Ortho-McNeil Pharmaceuticals,
Janssen-Cilag

Genentech

Genzyme

Hoffmann-La Roche, Schering-Plough

Amgen, Yamanouchi Europe

Schering-Plough

Schering AG, Berlex Laboratories, Chiron
Biogen, Ares-Serono

Genentech

Chiron

Genetics Institute

Disorder

Hemophilia A

Some forms of hemophilia

Hemophilia B

Venous thrombosis, heparin-associated
thrombocytopenia

Acute myocardial infarction

Acute myocardial infarction

Diabetes mellitus
Diabetes mellitus
Growth hormone deficiency in children

Growth hormone deficiency in children

AlDS-associated catabolism and wasting
Hypoglycemia

Thyroid cancer

Anovulation and superovulation
Anemia

Lower-extremity diabetic neuropathic
ulcers

Cystic fibrosis

Gaucher disease

Hairy cell leukemia, hepatitis B and C

Chronic hepatitis C

Hairy cell leukemia, genital warts,
hepatitis B and C

Multiple sclerosis

Relapsing multiple sclerosis

Chronic granulomatous disease

Renal cell carcinoma

Prevention of chemotherapy-induced
thrombocytopenia

Abbreviations: [FN, interferon; IL, interleukin.
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1 Viruses infect the cell. Viral
proteins are displayed on
the cell surface.

jg] Antibodies bind to

viral proteins, some
displayed on the
surface of infected

< % Sy
&:ﬂ@' 11 Macrophages 6 | Cytotoxic T 2 Viruses and viral I
destroy viruses cells bind to proteins on infected |
and cells tagged infected cells cells stimulate [
with antibodies. and kili them. macrophages. |
S
IORE) e
Y'é\.\. = e @ . . ¢/ Cylotoxic T cell
cells become . "\2}' . Sl L
antibody- v)c)\' Bli Macrophage
producing ’\J
factories. T T e
7 Activated ‘ 5 | Interleukin-2
B cells activates B cells and
rz_;@ multiply. ‘ cytotoxic T cells,
e Interleukin-2
»
, g
S i

w Interleukin-1 Stimulated
/ macrophages
Helper T cell release {
X / interleukin-1.
8 Some B cells \J ! eukl

become memory

ells.
cefs _ 4 Interleukin-1

activates helper T
cells, which release
interleukin-2.

FIGURE 57.20
Overview of the specific immune response.
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_ Recombinant vaccines (selection) —
5 - antigen - status
viruses | hepatitis B 7 ~ surface antigens registered
Herpes simplextype2 ~ surface antigens clinical studies
rabies vaccine - - surface antigens : not registered
| yellow fevervirus - surface antigens b preclinical studies
| AIDSvirus ~ surfaceantigens  clinical studies
pacteria | Streptococcus ige  polysaccharide conjugate registered
| Clostridium ¢ - tetanustoxin - not registered
. Mycobacterium tuberculosis  surface antigens . clinical studies
parasites | Plasmodium falcipgrum ~ ~ (malaria} £ : clinical studies
| Trypanosomasp. ~ (sleeping sickness) clinical studies
Schistosomamansoni ~ (bilharziosis) clinical studies
_ Vaccination by recombinant Vaccinia virus .
; hepatitis
| gene coding for )
hepatitis B coat protein B coat protein {Q‘U‘({,
P s S Becells ﬁﬁf AN A
| //tecombio\\ injection =~ < synthesize B o
. St into blood (77 antibodies &{::} \W
L _— —_——
i Vaccinia
i virus
f antibody antibody against
; Vaccinia virus against hepatitis-B coat
i Vaccinia virus protein
r Immunization with virus coat protein or DNA —— —]
injection into muscle d =
B-cells synthesize antibody g i
injection, oral, intranasal i {-57)
administration N N
—_— = i Ei%
') B-cells synthesize antibody (T~ é‘:
plasmid with recombinant ",
. i i ¢ o By
gene for virus virus coat protein I L <
coat protein ‘J@_,, i’ § 3 7 gf
» £ !
in the event of infection, antibodies g ¢
bind to virus and lead to its destruction N ,:-_/’_
by the immune system atd g
|
— Fermentation and recovery of recombinant hepatitis B vaccine
bioreactor ' ~ recovery
recombinant S. cerevisige expresses ’ by precipitation, diafiltration, rHBAg vaccine
plasmid-coded rHBAg protein chromatography
E complex quality control (absence of pathogens, allergens, etc.)
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Table 11.1 Human disease agents for which recombinant vaccines are currently

being developed
Pathogenic agent
Viruses

Varicella-zoster virus
Cytomegalovirus

Dengue virus

Hepatitis A virus

Hepatitis B virus

Herpes simplex virus type 2
Influenza A and B viruses
Japanese encephalitis virus
Parainfluenza virus

Rabies virus

Respiratory syncytial virus
Rotavirus

Yellow fever virus

Human immunedeficiency virus
Bacteria

Vibrio cholerae

E. coli enterotoxin strains
Neisseria gonorrhoeae
Haemophilus influenzae
Mycobacterium leprae
Neisseria meningitidis
Bordetella pertussis

Shigella strains
Streptococcus group A
Streptococeus group B
Streptococcus preutioniae
Clostridium tetani
Mycobacterium tuberculosis
Salmonella typhi

Parasites

Onchocerca volvulus
Leishmania spp.

Plasmodium spp.
Schistosoma mansoni
Trypanosoma spp.
Wuchereria bancrofti

Disease(s)

Chicken pox

Infection in infants and
immunocompromised patients

Hemorrhagic fever

High fever, liver damage

Long-term liver damage

Genital ulcers

Acute respiratory disease

Encephalitis

Inflammation of the upper respiratory tract

Encephalitis

Upper and lower respiratory tract lesions

Acute infantile gastroenteritis

Lesions of heart, kidney, and liver

AIDS

Cholera

Diarrheal disease

Gonorrhea

Meningitis, septicemic conditions
Leprosy

Meningitis

Whooping cough

Dysentery

Scarlet fever, rheumatic fever, throat infection
Sepsis, urogenital tract infection
Pneumonia, meningitis

Tetanus

Tuberculosis

Typhoid fever

River blindness

Internal and external lesions
Malaria

Schistosomiasis

Sleeping sickness

Filariasis

ARE alse

<RITICcAL 79 Frepyyr Brolvkn Pows /

@




ARG e B10REACTLAST ¢ FEpArzaroe r

ARE wr&B8Es TO SFpour ABcarpmont
bALTeria K OR ANRee Scace Aofem
NS L ey

antl Alkali
oam
pHrecord
and control
Inoculum
or —lr . .
nutrients Filter f— —> Air
— 1—._—__ . Cooling
Anti- E © water
foam
probe
" pH probe
Temperature
record r
and control
Cooling .
water T
: ESparger
<= Steam
Air el Filter
Harvest
line

Fig. 5.4 Schematic representation of a stirred tank reactor. For clarity no seal is shown between the agitator shaft and the fermenter
body and baffles have been omitted.
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Figire 16.7 Membrane filtration systems for concentrating microbial cells. A.
Leal-end filtration. B. Cross-flow filtration. Arrows within each unit show the di-
rection of the liquid flow.
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_ Enzymes as additives in industry — — S—

application enzyme organisms market size economic
type (examples) (% oftotal) advantage
detergents proteases, Bacillus licheniformis 40 1
cellulases, Aspergillus nidulans
lipases Trichoderma reesei
starch hydrolysis a-amylase Bacillus amyloliquefaciens 5 3,4
glucose iso- glucose - Streptomyces venezuelae 7 1,3
merization isomerase ;
 peer brewing amylase Bacillus subtilis 3 3.4
fruit processing, - cellulases, ~ Aspergillus niger 5 3,4,5,6
wine hemicellulases, .
- i pectinases
flour, bakery o-amylase, - Aspergillus oryzae : 8 3
( : proteases.
cheese manufacture,  proteases, animal rennin, 12 2
goma chymosin, Rhizomucor miehei,
'Hpase; ' . Saccharomyces cerevisige
silage and animalfeed  phytases . Aspergillus niger 8 3
paperand textiles  a-amylase, lipase  Bacillus, Humicola 2 4
leather treatment proteases Aspergillus oryzae 10 7

o detergents quantities for different applicationsn

L= U SA

high-fruc-  and bakery  cheese leather fruitsand  starch
wine hydrolysis

goods

tose syrups

0
i processfapplication - .énzymecgstjperunit : important goals in application
§ i quantity (USS) technology
' starch liquefaction s 2pertstarch

dlucosefromstarch ~ $3.5pertstarch 1 higher product quality
 isomerization of glucose $ 6per t starch
i HES in USA Lo - $6-7 pertstarch 2 improved taste
ethanol | S$ipertstarch
" beer ' o4 ~ $0dpertool 3 betteryields
bakerygoodsUSA  $0.1per 100kg flour
 bakery goodsEU g1 ~0.5per 100kgflaur 4 reduced process costs
Wity BRETE e $0.1-0.5 per 100L juice

B R 5 betterfitration
B dii e Sty

lemonade

& better conservation

cheese man
‘ i Bt 9‘\"&-“' : = : G 7 improved working conditions,
gﬁﬁ\erm . - $12-3pertskin reduced environmental load

J
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~05 in E. coli
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F
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Processing of milk
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milk products
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cutting, activation at pH <5
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miehei or M. pusiflus

@% o and k-casein
lactase | @nimal feed, )
—— | fermentation| hydrophobic core
membrane raw material
l lSEDHTBUO"I _ polar part -— phosphate
of k-casein groups of o-
lactose and and f-casein
- whey protein
lipases, pro-
teases, other hydrolysis of the polar region of
yaroly: P giol
enzymes, Kk-casein by chymosin (rennin) leads
starter cultures to destruction of micelles, resulting
in coagulated milk (salted out by
lhard cheese | Ilactose syrupl Caz')
— Manufacture of chymosin -
native microbial ﬁm
Liﬁ',lmachs of young animals preculture recombIRant microorganism

Escherichia coli

-

.

v

extraction
salt water, 14d

bioreactor

dextrose syrup, soy meal,
30°C,72h

bioreactor
maltodextrins, 37°C, 36h

w

w

w

purification

ultrafiltration
standardization

purification

separation of mycelium, re-
verse osmosis, precipitation

purification

isolation of inclusion bodies,
Tritron-X100/EDTA, urea-/alkali-
extract, ion-exchange chromato-
graphy, acid treatment
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Table 6.2 Some applications of microbial cells.

Application

Microbial insecticide ®

Starter cultures for the
manufacture of dairy

products, e.g. yoghurt, cheese
Inocula for the production of

blue-veined cheeses

Inoculants for adding to legume
seeds to promote nodulation

and nitrogen fixation

Creation of artificial snow. Ice-
nucleation-defective mutants
for the prevention of frost

damage to crops

Single-cell protein production

Applications

Organism
®  Buacillus thuringiensis and
related organisms
@  Lactobacillus sp.,
Streptococcus cremoris and
related species
®  Penicillium roquefortii and
related species
Rhizobium sp.
Pseudomonas syringae
Many different organisms
Enzyme Source
«-amylase

B-glucanase
Glucoamylase
Glucose isomerase
Lactase

Lipase

Pectinase
Penicillin acylase
Protease, acid
Protease, alkaline

Protease, neutral

Pullulanase

Aspergillus oryzae
Bacillus amyloliquefaciens
Bacillus licheniformis
Aspergillus niger

Bacillus amyloliquefaciens
Aspergillus niger
Rhizopus sp.
Arthrobacter sp.

Bacillus sp.
Kluyveromyces sp.
Candida lipolytica
Aspergillus sp.
Escherichia coli
Aspergillus sp.
Aspergillus oryzac
Bacillus sp.

Bacillus amyloliquefaciens

Bacillus thermoproteolyticus

Klebsiella acrogenes

Preparation of glucose syrups

Removal of starch sizes

Liquefaction of brewing adjuncts
Liquefaction of brewing adjuncts
Improvement of malt for brewing

Starch hydrolysis

High-fructose corn syrup

Removal of lactose from whey
‘Flavour development in cheese
Clarification of wines and fruit juices
Preparation of 6-aminopenicillanic acid

Calf rennet substitute
Detergent additive
Dehairing of hides

Liquefaction of brewing adjuncts

Starch hydrolysis

Polysaccharide

Producing organism

Uses

Xanthan gum

Gellan
Emulsan

Pullulan

Dextrans

Xanthomonas campestris

Pseudonionas sp.
Aciuetobacter calcoaceticus
Arthrobacter
Aurcobasidivn pullulans

Leuconostoc niesenteroides

1 Food additive for stabilizing

liquid suspensions and gelling soft
foods, e.g. ice cream, cheese spreads
2 Lubrication in, for example,

toothpaste preparations
3 Enhanced oil recovery

1 Solidification of food products

1 Cleaning oil spills
2 Enhanced oil recovery

1 Biodegradable material for food

coating and packaging
1 Blood expander

2 Adsorbents for pharmaceutical

preparations

Table 6.8 Sources and applications of
some microbial enzymes.

Table 6.7 Commercially available
microbial polysaccharides and their uses.



GASTERML /16 7AG0L1E PATHEAY s

CAv BE &Epsirieeresd 7O
LT Mite PRoOAt ctrony
ox g‘wz Eod ot vl Prstocty

Sugars
NAD*
NADH + H* NADH + H*
NAD™ Pyruvic acid ———p- Acetaldahyde
NADH + H*
NAD"
Lactic acid Ethanol
{lactic acid bacteria) (yeasts)
Fig. 6.5 The formation of commercially
useful metabolic end-products. Note that
idi d duced
Acetyl-CoA a-Acetolactic acid pyr!dme nucleuhdg cofactfnrs arfa reduc
during the conversion of sugars to
pyruvate and subsequently oxidized by
further metabolism of pyruvate.
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Fig. 6.4 The different classes of low-molecular-weight CV‘QZ‘"H

compounds synthesized by microorganisms.
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