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Purpose of the laboratory course

* Introduce engineers to basic concepts in biology, biological
engineering, biotechnology, and synthetic biology

* Provide hands on laboratory experience to acquire the necessary
skills to conduct biological experiments

* No prior knowledge in biology is required...



Course Content

We will cover these main topics:

* Cell culturing techniques

* Molecular Cloning

* PCR

* Protein expression (fermentation)

* Protein purification

* Cell-free transcription-translation (cell-free synthetic biology)



A brief introduction to biology
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Cell Physiology Prokaryotes

Plasma membranes
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Cell Physiology Eukaryotes
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Macromolecular Building Blocks
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Central Dogma
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Transcription (make mMRNA from DNA)
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Translation (make protein from mRNA)
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Genetics (genomes, chromosomes, genes, etc.

AT GACG TG GGEACAACCCAGAAT TGTCT TEAGCGATGGTAAGAT CTAACCTCACT GCCGGGEGAGGCTCATAC CATGACGTCGE GGEACAACCCAGAATTETCT TGAGCGATGETAAGATCTAACCTCACTGCCOGGEGEGEAGH!
TG GGG T T TACTGAT G TCATACCGTC T TGCACGGEGAT AGAAT GACGETGCCCGTGTCTGCT TG C T CGAAGCACTGEEGE T T TACTGATGTCATACCGTCT TGCACGGEGATAGAATGACGGTGCCCETETCTGCTTGCCT!
AT T T T T GAAAGT TACAGACTTCGAT TAAAALGATCGGACTGE GG T GGG CCCGGAGAGACATGCGTEGETAGTCAATTTTCT GAAAGT TACAGACT TCGAT TAAAAAGATCGGACTGCGCGTGGECCCEEAGAGACATGCGTG!
TTT T T A T T AL G GA T CAAGGGAAT AT T TG e G EA G G T TA AT TCAAT T AL A T R AL GA T T T T T GA LG T T A A GGA T CA A GGAAT AT T TR GEAGCGTTACAGC T TCAAT TCCCAAAGGT!
AT AR AT TCAACTACTGGTTTCGGCC T AATAGGTCACGT TTTAT GTGAAAT AGAGGGGAACCEGCTCCCAAA T CoATAAAAT TCAACTACTGGETTTCGGCCTAATAGGTCACGTTTTATGT GAAATAGAGGGGAACCGGECT!
T GGG TGT TCTATGATAAGTCC TG T T TAT AACACGGGGLGGT TAGG T TAAATGACTCT TCTATCTTATGGTGCCCT GGG TETTCTATGATAAGT CCTGC T TTATAACACGGGGECGETTAGGTTAALATGACTCTTCTATCT'
T AA GG G T AAT T T T T TG T TAAT GT TCATAC CAATACT CACATCACATTAGAT CAMAGGATCCCCGATCCAAGCGLCCGUTAATTCTGTTCTGTTAATGT TCATACCAATACTCACATCACATTAGAT CAAAGT!
& AT G AAG GG T TG TG T GT TG TCGAC G TCATGTTAC T CCTGGAATCTACCTGCCCTCCCCTCACC AGCCCAGTCGCAAGGGTCTGCTGCTGT TG TCGACGCCTCATGTTACTCCTGGAATCTACCTGCCCT CE!
AG T TAAGGCG T GTGAT C oA GAT GLAGGTATACATCGGC T CaGACCTACAG TG T CGATCGAC T GG TACTGGC T GET TAAGGCGTETGAT CGACGAT GCAGGTATACATCGGCTCGGACCTACAGTGETCGATCGACTGGECT!
GGG T TG LG GTAGT TEAGTGCGAT AACCCAACCOGTGECAAGT AGCAAGAAGACCTACCTGGETCACCT T TCGLGGT TCGECGLGTAGT TGAGTGCGATAACCCALACCGGETGECAAGT AGCAAGAAGACCTACCTGGE
A AACCTAACTAATAGTCTCTAACGGGGAAT TACCTTTACCAGTCTCATGCCTCCAATATATCTGCACCGCT T AGACAACCTAACTAATAGTCTCTAACGGEGAATTACCTTTACCAGTCTCATGCCTCCAATATATCT G,
CAATGATATCGCCCACAGAAAGT AGGGTCTCAGGTATCGCATACGCCGCGCCCGGGT CCCAGCTACGC T CAGGAC CAAT GAT AT CGCCCACAGAAAGTAGGGTCTCAGGTATCGCATACGCCGCGCCCEEETCCCAGCTACGE
A AT A GAGA G TAT T TG TAAT T CAG G T CAG AT TCATCGACC T T T TG T TG T GAATAT TGTGC T AAT G A GACAGT AGAGAGCTAT TG TG TAAT TCAGGCTCAGCAT TCATCGACCTTTCCTGTTGTGAATATTGTGE
T T CGT G T A A GAT CTGGE GGG A A CCCAATAT G TATTCT G T TAC GGG T CCACAA T GAGAAAGT CC TCTCGTCCGTAACGATCT GEGEEGECAAAACCGAATATCCGTATTCTCGTCCTACGGETCCACAAT GAG!
TG TGATCGTCAG T TAAGT TALAAT TAATTCAGGCTACGGT AAACT TETAGT GAGCT AL GAAT CACGGGAATC TGUGCGT GATCGTCAGT TAAGT TAAAT TAAT TCAGGCTACGGTAAACTTGTAGTGAGCTAAGAAT CALI
G EGT TG TACA GA T GAACTGAAT T TATACACGGACAACTCATCGCCCATTTGGGCGTGGEGEACCGCAGATCA ACGEET TCGCTACAGAT GAACT GAAT TTAT ACACGGACAACTCATCGCCCATTTGEECGTGGEGECACCE!
AT GG CAGAT TAGGACTGCTTGAT CAGG T TAGCAGGTGGACTGT AT CCAACAGC G AT CAAACT TCAATAAAT A AT GECAGAT TAGGAGTGCTTGAT CAGGT TAGCAGGTGEACTGTATCCAACAGCGCATCAAACTTC:
S AAAGCGTTETAGT GG TC TAAGCACCCCTGAACAGTGLCGCCCAT CETTAGCGTAGT ACAACCCTTCCCCCT TR CAAAGC GTTETAGTGGTCTAAGCACCCCTGAACAGTGECGCCCATCGTTAGCGTAGTACAACCCTTC!
A TG GACAT GGG G AT TAGC TG CTATATCCC T TG A CAC G T TCAATAAGA GGGGCTCTACAGLGCCGC AGGT GLGACATEGGGECCAGT TAGCCTGCCCTATATCCCTTECACACGT TCAATAAGAGGGGCTCTACAI
TTT T TAAAT TAGGAT GCCGAC AT CAT TGET AAC TG TATGT TCAT AGATATTTCT T CAGGAGT AAT AGCGACA T T TTTAAAT TAGGAT GUCGACC CCATCATTGETAACTGTATGTTCATAGATATTTCTTCAGGAGTAAT
& T GAC A G A A GGG T CAACAATAAT TTCTACTAT CACCCC G T GAACGACTGTCT T TG AAGAACCAACTGLEAGC T GACACGCAAGGGTCAACAAT AATTTCTACTAT CACCCCGCTGAACGACTGTCTTTGCAAGAACC,
T TAGAT TG T T AACGTAGT GAGGGCCGAGTCATAT CATAGAT CAGGCAT GAGAAACCGACGTCGAGTCTACT TAGAT TCGEGTCCTAACGTAGT GAGGGCCGAGTCATATCATAGATCAGGCAT GAGAAACCGACGTC!
A A CGAGT TET ALAC AT TEAT TG TATACTGTAGC TACCGCAAGGATCTCCTACATCAAAGACTACTGGEGELGCACACGAGT TETAAACALACT TGATTGCTATACTGTAGCTACCGCAAGGATCTCCTACAT CAAAGACT AL
AT T GGATCCGAGT CAGAAATACGAGT TAATGCAAAT TTACGT AGACCGLTGAAAACACGTGCCATGLGTTGCGT ATCTGEAT CCGAGTCAGAAATACGAGT TAATGCAAAT T TACGTAGACCGETGALAACACGTGCCATGE!
A G T AGTCAGAAGTETGECGCGCTAT TCETACCGAACCGETGEAGT AT ACAGAAT TG TCT TCTACGACGT A AGACCGTAGTCAGAAGTGTGGLGCGCTATTCGTACCGAACCGETGRAGTATACAGAATTGCTCTTCTAL
A GEAGCTCGGTCCCCAATGCACGUCAAAAAAGGAAT AAAGTATTCAAACTGCGCATGGTCCCTCCGLCGGTGEGEEA AGGAGCTCEETCCCCAAT GCACGCCAAAAAAGGAAT AAACTATTCAAACTGCGCATGETCCCTCCGCI!
CTATTAT AT AL LT T AL TAC T T T GG T TAT G T G T L T A A AT AT O T TA T GAA T LG AT G TAT TA T CC AT O GAA LT T AL TAC T T T GG T TAT G TGTCC TCAACAGTATCGC T TATGAA
GG T GTGGEAT CT TAA C G CACATTC T TAAT T A CGA T A GATC T TTCC TG TG G TACAATGAGT CaGC TG T GEATC T TAACGGCCACATTCTTAATTCCGACCGATCACCGATCGCCTTTCCTCGCTGIET AC:
T AT TATCCAGAT CAAGGT T TRAACGGACTCGTATGACATGTGTGACT GAACCCGGEGAGGAAA T GCAGAGASL ACTAAGT TATCCAGAT CAAGGT T TGAACGGACTCGTATGACATETGTGACT GALACCCEEGAGGALATGI
T T T T AAGGCC T CT T T TEGTAT CAC T CAAT AT AT TCAGACCAGACAAGTGGCAAAAT T TCGTGCGCCTCT TG T T T AAG G TCTGE T T TG GETAT CACTCAATATAT TCAGACCAGACAAGTGECAAAATTTCGT Q!
CTAGGTAT TCACGCAACCGETCGTAACATGCACT AAGGATAACT AGCGCCAGGGGGGCATACTAGGTCCCGGAGCT CTAGGTAT TCACGCAACCGTCETAACATGCACTAAGGATAACTAGCGCCAGGGEEGECATACTAGGTCC!
A AT A T AT GEAT T T TG AG G GGG AT AA T G AGAC G T TAC A ACAAT TAT GG GAT O G T T AGA A A AT AT AT GLAT T T T GEAG G GEACAAT G AGACCGETTACGACACAAT TATCGGGEATIC!
ST AT TAT TAGC AL GACAAT AAAGGACAT TG ACAGAGACT TAT TAGAAT TCAACALACAGGAT CATATCATGLGGGETAT TAT TAGCAAGACAAT AAAGGACATTGCACAGAGACT TATTAGAATTCAACALAACAGGATCATA
ST T TGLGTCGGGCAAGTCCCCGAAGC T GG CAAAAGAT TCGCCAT GLAACCGTCT GG TCCTGT TAGCGTGTACGTGT TGEGETCGEGCAAGT CCCCGAAGCTCGGUCAALAGAT TCGCCATGGAACCGTCTGETCCTGTTAGI
S TGCTCC T ET TE GGG TACCAT AGATAGACT GAGAT TGCGTCAAAAAAT TECGGLGAALAT AGAGGGGCTCCT GCCTGCTCCTET TCC GGG TACCATAGAT AGACTGAGAT TGCGTCAAAAAATTGCGECGAAAAT AGAGE!
TETAGAAATACCAGAC T GGEGEAATTTAAGCGE T TTCCACTATCTGAGCGACTAAACAT CAACALATGCGTCTACT TETAGAAAT ACCAGACTGGGEGAAT TTAAGCGCTTTCCACTATCTGAGCGACT ALACAT CAACAAAT G
AT G AGT AGGCAAT TACAAC T GG T T AGAT CAC TG GT TAA T CA G AT T T T AT AAGAT TATACT T GA AT oG AT AGGCAA T TACA A LT LT TCAGATCACTOETTAATCAGGGATGTCTTCATAAGATT
L GAC G GA CAGCTCT T AAGG GG GAT T T TTEGAC T TCAGAT ACGCTAGAAT T T AL GGETCTCT TACACC CCCCGAC G GACAGCTC T TCAA GGG GCCGAT TTTTGGAC T TCAGATACGCTAGAATTTAAAGGGTCTC
TGCTGCGGCCTGCAGGGACCCCTAGAACT TGCCGCCTACT TGTCTCAGTCTAAT AACGCGCGAAGCCOTGLGGCATGCT GCGECCTECAGGGACCCCT AGAACTTGCCGCCTACTTGTCTCAGTCTAATAACGCGCGAAGCCG’
T GEAC T TAA TG A GA G GA T EAT AL T T T e GAC G TAATAT G TEAATAGAGAC T TATATCATCAG GGG TEAC T TAAG TG AGAGCGAGTGATGAAT T TGEGACGCTAATATGGGTGAATAGAGACTTATATC,



Genomes and Chromosomes
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Genome sizes

Genome sizes
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Genome sizes

Genome size vs. protein count across NCBl genomes
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Genes, Promoters, Terminators, Gene regulation

PHO4 Location: Chromosome VI 225020..225958
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Genetic Position: 47 cM

"A gene is a DNA sequence that codes for a diffusible
product. This product may be protein (as is the case in
the majority of genes) or may be RNA (as is the case of
genes that code for tRNA and rRNA). The crucial feature
is that the product diffuses away from its site of synthesis
to act elsewhere.”

Lewin B (2004). Genes VIlI. Upper Saddle River, NJ, USA:
Pearson/Prentice Hall.



Genes, Promoters, Terminators, Gene regulation
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Genes, Promoters, Terminators, Gene regulation
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Genes, Promoters, Terminators, Gene regulation

The /ac Operon and its Control Elements
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Genes, Promoters, Terminators, Gene regulation
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Genes, Promoters, Terminators, Gene regulation
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Systems
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How do biological engineers make things?
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One needs parts to build things...
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Oligos, Synthetic DNA, PCR

Oligonucleotide Synthesis

Oligonucleotides: e c’ 2

* Single stranded DNA ey 3 @ A';
* Up to 200 bases in length arallip o s  wiging
* Made by chemical synthesis af

Repeat x Times
(to desired sequence length)

e Custom sequences can be ordeteu

* Oligos can be used in PCR and assembled into longer double stranded
DNA



Oligos, Synthetic DNA, PCR
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Oligos, Synthetic DNA, PCR

Oligonucleotides:

* Double stranded DNA up to ~5kb
in length

 Available as linear templates or
cloned into a plasmid




Oligos, Synthetic DNA,

PCR

Price Per Base of DNA Sequencing and Synthesis (circa 2017)
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Oligos, Synthetic DNA, PCR
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Cloning
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* Use arestriction enzyme that cuts
dsDNA at specific sequences

De-Phosphorylation
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phosphate group from the cut sites, this
prevents re-ligation of the cut vector

Ligation

* Use an enzyme called a ligase to link
two pieces of DNA to one another
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* The cloned vector is then put into E. coli
cells which amplify the vector



Protein Expression and Purification
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Protein Expression and Purification
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What is Biological Engineering good for?



etabolic Engineering
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Antibody Therapeutics
$188.18 billion

The global monoclonal antibodies (MAbs) market size is expected to grow from $168.70 billion

$188.18 billion in 2022 at a compound annual growth rate (CAGR) of 11.5%.

https://www.thebusinessresearchcompany.com > report ~ :

Monoclonal Antibodies (MAbs) Global Market Report 2022
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Antibody Discovery

(A) Mouse hybridoma (B) Phage display (C) Transgenic mouse (D) Single B cell
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Antibody Production
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MRNA Vaccines
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MRNA Vaccines how do you make them?

1

Vaccine target sequence is identified
and cloned into a plasmid

Insert
(vaccine target sequence)

Plasmid

2
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