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Biotechnology

* Cell technology
— Isolating cells
— Growing cells in culture
— Fractionating cells

* Molecular technology
— DNA cloning
— DNA sequencing
— (Gene expression
— Analyzing protein functions



Isolating Cells

* Disrupting extracellular matrix: proteolytic
enzymes or EDTA

» Separating different cell types

— Antibodies coupled to a fluorescent dye
(fluorescence-activated cell sorter)

— Microscopic dissection

» Cell growth
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Microscopic dissection

laser beam cuts arouwnd
region of interast

thin section of
organ containing
tumor

sacond laser beam
used to ‘catapult’
selected region
glass microscope slide into container



Growing cells in culture




Composition of a Typical Medium Suitable for
the Cultivation of Mammalian Cells

AMINO ACIDS VITAMINS SALTS MISCELLANEOUS PROTEINS
Arginine biotin NaCl glucose insulin
Cystine choline KCI penicillin transferrin
Glutamine folate NaH,PO, streptomycin growth factors
Histidine nicotinamide NaHCO, phenol red

Isoleucine pantothenate CacCl, whole serum

Leucine pyridoxal MqgCl,

Lysine thiamine

Methionine riboflavin

Phenylalanine
Threonine
Trytophan
Tyrosine

Valine



Cell line

Most vertebrate cells stop dividing after a
finite number of cell divisions in culture —
senescence;

"Immortalized” cell line: telemerase
Inactivate the checkpoint mechanisms

Cell lines can often be most easily
generated from cancer cells.



Hybrid cells

a heterocaryon, a combined cell with two
separate nuclel

SUSPENSION OF TWO CELL
TYPES CENTRIFUGED WITH
A FUSING AGENT ADDED

CELL FUSION AND
FORMATION OF
HETEROCARYOMS,
WHICH ARE

=] THEN CULTURED §

human
fibroblast

MoUSe
tumor cell

heterocaryon

three clones of hybrid cells, each
af which retains a small number
of different human chromosomeas

together with the full complement
of mouse chromosomeas

SELECTIVE MEDIUM
ALLOWS ONLY
HETEROCARYONS TO
PROLIFERATE. THESE
BECOME HYERID
CELLS, WHICH ARE
THEM CLOMED

hybrid cell



mouse immunized mutant cell line derived from
with antigen X a tumor of B lymphocytes

cell making _& a0s

anti-X antibody Bg®

B lymphocytes (die after icells grow indefinitely in normal

a faw days in culturel medium, but die in selective medium)
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products plated in multiple wells
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only hybridomas grow on the selective medium

secreted
i-X antibody

s
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antibody and redistribute cells from
positive well at -1 cell per well

o] 18l . B E.E
allow cells to multiply, then test l
supernatant for anti-X antibodies;

positive clones provide
a continuing source of
anti-X antibody



Ultracentrifuge

armorad chamber sadhimeanting material
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refrigeration



cull
homogeanate

peallet contains
| ] o '
ra ct I O n at I o n SUPERMATANT SUBJECTED TO
MEDIUM-SPEED CENTRIFUGATION
; YSOS0MEas
- - \w'l =" peroxisomeas
c e n rI u a I O n SUPERMATANT SUBJECTED TO
HIGH-SPEED CENTRIFUGATION

pallet contains
mitochondria

pellel containg

o
SUPERMATANT SUBJECTED TO VERY
HIGH-SPEED CENTRIFUGATION

{

pellel containg
ribosomes
viruses

§| — |arge

macromolecules




velocity sedimentation vs.
equilibrium sedimentation
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Column chromatography

solvent continuously
applied to the top of
gample column from a large
applied rasarvoir D‘l"ECIhI'HI'I‘I
solid

matrix

POrous

plug
test
tube

tirmmg fra-:tmnat&d moalecules
eluted and collected




Matrices used for chromatography
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(Al IOM-EXCHANGE CHROMATOGRAFHY

salt concentration

relative amounT  ——

Protein P oo Fctom s
purification by
chromatography

(B) GEL-FILTRATION CHROMATOGRAPHY
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\
(D)
1 2 3
fraction number —e L1
pool these fractions and apply them 220
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SDS polyacrylamide-gel
electrophoresis
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POLYACRYLAMIDE-GEL ELECTROPHORESIS
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Western blotting




rotein identification via MS
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single protein spot excised from gel
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PEPTIDES RELEASED BY
TRYPTIC DIGESTION AND
THEIR MASSES MEASURED
USING MALDI-TOF MASS
SPECTROMETRY
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PROTEIN SEQUENCE DATABASES SEARCHED FOR

MATCHES WITH THEORETICAL MASSES CALCULATED
FOR ALL TRYPSIN-RELEASED PEFTIDES

IDEMNTIFICATION AND ISOLATION
OF CORRESPONDING GEME

"lai A

single protein peak from
column chromatography
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TRYPSIMN DIGESTION OF

PEFTIDES PRODUCED BY
PURIFIED PROTEIM

FIRST MASS SPECTROMETER
GIVES PEPTIDE MASSES, AS IN (A}

|:| EACH PEPTIDE IS

| — FURTHER FRAGMEMNTED
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THE MASS DIFFEREMCES BETWEEN FRAGMEMNTS CAN BE USED

TO CONSTRUCT A PARTIAL AMING ACID SEQUENCE, THE DATA

MAY ALLOW A GEME IDENTIFICATION, OR PROVIDE THE MEANS
FOR CLOMING THE GEME



DNA recombination technology

1. Cleavage of DNA at specific sites by restriction nucleases, which greatly
facilitates the isolation and manipulation of individual genes.

2. DNA cloning either through the use of cloning vectors or the polymerase
chain reaction, whereby a single DNA molecule can be copied to generate
many billions of identical molecules.

3. Nucleic acid hybridization, which makes it possible to find a specific
sequence of DNA or RNA with great accuracy and sensitivity on the basis
of its ability to bind a complementary nucleic acid sequence.

4. Rapid sequencing of all the nucleotides in a purified DNA fragment,
which makes it possible to identify genes and to deduce the amino acid
sequence of the proteins they encode.

5. Simultaneous monitoring of the expression level of each gene in a cell,
using nucleic acid microarrays that allow tens of thousands of hybridization
reactions to be performed simultaneously.



Restriction
nucleases
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Restriction nucleases produce DNA
fragments that can be easily joined together
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DNA Gel
electrophoresis
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pairs
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1A}
purified DA restriction fragment
5
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¥ 5
denature and anneal with
misture of hexanucleotides
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add DNA polymerase and
labeled nucleotides

5 El

DNA polymerase incorporates labeled
nucleotides, resulting in a population of DNA
molecules that contain labeled examples of all
saquences on both strands
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{B)
purified DNA restriction fragment
5:’

DMA labeled at 5" ends with
o ?;al‘rnuclamir.‘le kinase and
G)‘LF' A P-labeled ATP

restriction nuchease cuts DNA
helix into two different-
sized fragments
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DNA hydridization

single-stranded
DMNA probes
for gene A

A .
mixture of
single-stranded

O DMNA molecules
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hybridization in 50%
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anky A forms stable
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hybridization in 50%
formarmide at 35°C
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basa-pairing

S

&, C, and E all form
stable double helices
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Gel transferred hybridization

stack of paper towels remowve nitrocellulose
paper with tightly bound
{A) unlabeled ~ 8 B} I} nuclelc acids
RINA or DMA Clroy,

nitrocellulose

paper gel

labeled RMA or
DMA of known sizes
8% size markers
agarose
gel
LABELED PROBE
alkali solution HYBRIDIZED TO
SEPARATED DNA caaled
NUCLEIC ACIDS SEPARATED SEFPARATED MNUCLEIC ACIDS BLOTTED
ACCORDING TO SIZE BY AGAROSE ONTO NITROCELLULOSE PAPER BY SUCTION
GEL ELECTROPHORESIS OF BUFFER THROLUGH GEL AND PAPER

labeled
probe
in buffer
LABELED PROBE HYBRIDIZED TO
COMPLEMENTARY DNA BANDS
VISUALIZED BY AUTORADIOGRAPHY
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In situ hydridization




In situ hybridization for RNA
localization




DNA recombination

circular
double-stranded
plagmid DMNA&
{cloning vector) :::-:;.- recombinant DNA

DNA fragment
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DNA cloning

double-stranded
recombinant

plasmid DNA
intraduced into

haclﬂriﬂl cedl : :

C) O T ), 000
mﬁ:ml v cell culture produces many copies of purnified
ool hundreds of millions of plasmid isolated from

new bacteria lysed bacterial cells



YAC

YEAST ARTIFICIAL CHROMOSOME VECTOR HUMAM DNA
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Human

genome library

human double-stranded DNA
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The synthesis of cDNA
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cDNA clones and genomic DNA
clones
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PCR
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PCR based gene cloning
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isolate mAMA
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SEPARATE PCR PRODUCTS ON GEL
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PCR
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Protein
expression
system
via a plasmid
expression vector

promoter l
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Molecular biology research

determine gscrean cDMA

: synthasize .
partial = — D:M prt;:zh& —# OF genomic
/ aming acid DMA library
SEfUance
introduce into ingart imto /
PROTEIN E. coli or ather -— axpression
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Studying gene functions

Genetic screening
Monitoring gene expression
Site-directed mutagenesis

Gene replacement or knockout



LDA

chromosome pair in same chromosome pair
mother with disease in disease-free father
defective gene

causing dimsg\"‘\\

SNP marker on

this copy of
chromasome anly

g9 - - sperm
1
- + + - - - + disease
- + + - - - —  SNP marker
TESTS PERFORMED ON 7 CHILDREN

COMCLUSION: gene causing disease is coinherited with SNP marker from diseased maother in

T5% of the diseased progeny. If this same correlation is observed in other families that have basn
examined, the gene causing disease is mapped to this chromosome close to the SNP. Note that a SNP
that is eithar far away from the gene on the same chromosome, or located on a different chromosome
than the gene of interest, will be coinherited only 50% of the time.



Reporter gene

(A} STARTING DNA MOLECULES EXPRESSION PATTERN
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(C) CONCLUSIONS —regulatory sequence 3 turns on gene X in cell B
—ragulatory sequence 2 turns on gena X in cells D, E, and F
—regulatory sequence 1turns off gene X in cell D



Site-directed Mutagenesis

plasmid cloning vector inserted normal gene
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synthetic oligonucleotide
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mutated sequence
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normal protein is made protein with the single desired
amino acid change is mada



Genome manipulation

MORMAL GENE X
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Anti-sense RNA strategy

normal gena X chromosome
I
GENE + .

ADDITION gene X altered to make

antisense RNA

rcrrmal — antisense
mRNA L o [ RNA

|

Ie—— FNA double helix

FORMATION OF mRNA/RNA HELIX PREVENTS THE SYNTHESIS
OF A PROTEIN PRODUCT FROM NORMAL GEME X



Making collections of mutant
organisms

SEUETICE selectable unigque “barcode™ transposable element target gene
homologous to marlu!-r gene 5E|qua nca disrupting target gene
yieast target . ",

yeast
hrummnmv

gene x T by chromasome

PCR primer based on
transposable element
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target gena
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target gene x replaced by selectable marker gene and transposahble element has inserted in
associated “barcode” sequence [ . target gene of interest
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1A ES cells

growing

in tissue culture
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altered version
of target gene
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genatic
anginearing

INTRODUCE A DMNA

FRAGMENT CONTAIMING

ALTERED GEME INTO
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LET EACH CELL
GROW TO FORM
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NORMAL GEME

(B} female mouse
ATE AND

WAIT 3 DAYS
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INJECT early embryo
ES CELLS
INTO
EARLY EMBRYD

EARLY EMBRYD PARTLY
FORMED FROM ES CELLS

INTRODUCE EARLY
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PSEUDOPREGMANT
MOUSE
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ES cells with one copy of target
gene replaced by mutant gene

SOMATIC CELLS OF
OFFSPRING TESTED FOR
PRESEMCE OF ALTERED
GEME, AND SELECTED
MICE BRED TO TEST FOR
GEME IN GERM-LIMNE CELLS

TRANSGENIC MOUSE
WITH ONE COPY OF
TARGET GENE REPLACED
BY ALTERED GENE
IN GERM LINE



Mouse with an engineered
defect in fibroblast growth
factor 5 (FGFS5)




