My Kitchen Table PCR Sophomore Year of High School
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Primer-Defined Changes to the PCR Copies
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Copying DNA with Polymerase Chain Reaction
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Creating the Chromophore Colorwheel
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Gibson Assembly for Mutagenesis and Drug Selection Swap

NEB Gibson Assembly Cloning Kit
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Plasmid Uptake by Calcium-Assisted Heat Shock
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A Primer for This Week
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DNA-Programming w/ Plasmids
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Viability Count (Colony Forming Units, CFU)
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NextGenSynth Assignment:
DNA-Programmed Coral Color

Think like a molecule.
-George Church

Acropora millepora
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NextGenSynth Assignment:
DNA-Programmed Coral Color Changes

Think like a molecule.
-George Church
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Machines in the Microbial Factory

Escherichia coli
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Drug Selection of Transformed E coli Cells
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Drug Selection of Transformed E coli Cells
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DNA-Programming w/ Plasmids

Beta-galactosidase (lacZ )
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DNA-Programming w/ Plasmids
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DNA-Programming w/ Plasmids
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DNA-Programming w/ Plasmids
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Hierarchy of Protein Structure
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Hierarchy of Protein Structure
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Hierarchy of Protein Structure
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@ CAP-cAMP complexes bind to

. . . . the CAP recognition site (C) near
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Solving for Structure: Cryo Electron Microscopy

a Sample treatment

Particle stabilization Glycerol/sugar removal Membrane protein treatment
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€ Image acquisition 1
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Electron micrograph
d Image processing l
e — | mr = = BB = s s
Particle 20 Projection angle 3D 3D D Model
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Solving for Structure: X-Ray Crystallography

X-ray
dectector




Color-Based Screens with Beta-galactosidase (lacZ)

CH,OH CH,OH Lactase CH,OH CH,OH
OH o) O0_ OH HO_  oH O._ OH O_ OH
OH Vb O K OH Af OH = OH
OH
OH OH OH OH

Lactose D-galactose D-glucose



Genetically-Encoded Green Fluorescence

Aequorea victoria

Image Credit: Roger Tsien Nobel Lecture



Chromophore Engineering
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. b, Rates of autoxidative fluorophore genera-
tion in wild-type (M) and S65T (A) GFP, measured by development of fluorescence after admission
of air to E. coli cultures anaerobically grown in GasPak pouches (Becton-Dickinson) for 3 days. Air
was readmitted while transferring the cells to phosphate-buffered saline containing 8 mM NaN; as
a metabolic inhibitor. The time course of subseguent fluorescence development measured the final
oxidation step in the protein’s self-modification to generate its internal fluorophore®.
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Fluorescent Spectrum & Structures
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Protein Pigments
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Protein Pigment Pellet Palette

BloBrick™ I....... Othor names |  Host | Chromo- | Exchation | Emission | Sourco
K1033922 | mefiRed | mefRFP v | wove 560 578 2
Ks92012 | eforRed | eforCP (oWnoporE | LMYG 589 609 2
k1033927 |asPink | 2P Anemonia | cmva 568 595 18
K1033925 | spisPink | spisCP e | wve 560 NF 2
K1033913 | scOrange | ScroogeOrange | Synthetic | cMYG 15
K1033910 | fwYellow | FezziwigYFP | Synthetic LTYG 520 540 15
K592010 | amiGFP m FQYG 503 512 2
K1033916 | amajLime 3?’% m FKYG 458 486 18
K592011 | cjBlue °"”°"“‘H a cQYG 810 NF 20
K1033802 | mefBiue mw,, Moo | e 502 NF 21
K864401 | aeBlue | aecPse7 A cMYG 507 NF 22
k592008 | amicP m cQYG 588 NF 2
K1033906 | sPurple | TinselPurple | Synthetic | cMYG 15
K1033927 | gfasPurple | gtascP gawos . | wave 577 NE 2




Creating the Chromophore Colorwheel

Chromophore
1 10 zla 60 70 80 a0 100
amilcp MSM I AKQMT Y KMYM S [€ T NINeE Y EDEKEK P E leLTleGlP-FAmm! PolcoMmEs | PETKEERED I P - -BIY VEAQ'S - EENeRd T \WER | MNEE
GFP  MSKGEELFTGVVP | LME L DMEDNMINERE K FEMEMED A |< HLEF  CHT-E<KMEEYPRe TV TTFS QCEHSREEEAD HMK Q HBIF F AMVQ-T|FIK
110 120 0 150 160 180 190 200

amilcP BIGAVCTVSNDSS | QENC FIY HVK F SEHENEP PNEP VMO KIATQGWE PITERLEFE - - - - - ARDEML LG ALKIE @G H YMCEF - - KTHY K AK K ERIKMEG Y EN
GFP BIDGNYKTRAEVKFEEMDTLVNRIELKEIDEAKEDENITLGHELE-YNYRSHNVY | MADK QKNET KV - R 1 dsvOMADH Y QQNIEP | GD GERL LD NENE

210 220 230 240 242
amilcP MDRKLDVT - - -MHNKBIY TS - - - -MEQCENS | ARKPMVA
GFP  LSTQSALSKDPNMEKRBIHMVLLEFMTAAGHTHGMDELYK

amilCP_Orange
VG

amilCP_Pink VL
AC




Part Map and Sequence for Assignment

BioBrcksuffix  Pstl (0)

(2912) Aard BioBrick suffix
(2%08) Bsal '\ /

VR (135 .. 154)

s

Lot | hisc
yror Opey
‘\\#““\?ﬁa rerminator " 4

(1511 .. 1930) VF2

Promoter (Start DNA -> RNA)
Ribosome Binding Site (RNA -> Protein)
amilCP: Chromoprotein Coding Sequence (CDS)
Transcription Stop (Stop DNA -> RNA)

VE2: Fwd Primer Site (PCR)
VR: Rev Primer Site (PCR)

AACCTATAAAAATAGGCGTATCACGAGGCAGAATTTCAGATAAAAAAAATCCTTAGCTTTCGCTAAGGATGATTTCTGGAATTCGGTCTCTATATGCAGG

bacterial terminator

-4
TGTTTACGGCTAGCTCAGTCCTAGGTATAGTGCTAGCTACTAGAGAAAGAGGAGAAATACTAAATGAGTGTGATCGCTAAACAAATGACCTACAAGGTTT
NN S VIS A K SEQiTEENEE T Y K .
[ 123106 RBS -,

GGTCAATGGACACTACTTTGAGGTCGAAGGCGATGGAAAAGGTAAGCCCTACGAGGGGGAGCAGACGGTAAAGCTCACTGTCACCAA
"N GRS Y F VO G EEDEe G K seGEs K P Y GO EEEENQTt T ENVaN K O EEEME T mavas T K

GGGCGGACCTCTGCCATTTGCTTGGGATATTTTATCACCACAGTGTCAGTACGGAAGCATACCATTCACCAAGTACCCTGAAGACATCCCTGACTATGTA
SIGEESGEE P P F W D p Y PESEaE T Yy p p Y

AAGCAGTCATTCCCGGAGGGCTATACATGGGAGAGGATCATGAACTTTGAAGATGGTGCAGTGTGTACTGTCAGCAATGATTCCAGCATCCAAGGCAACT
KT S F P B JE W R N F A C i1 S NIEEDE S IS N

T

la}

AT CTACCATGTCAAGTTCTCTGGTTTIGAACT T TCCTCCCAATCGACCTCTCATGCAGAAGAAGACACAGGECTCGCAACCCAACACTCAGT T
3

G
C ¥ R

14
=
v
z
z
=
=
~
=
z
~

TTTGCACGAGATGGAATGCTGCTAGGAAACAACTTTATGGCTCTGAAGTTAGAAGGAGGCGGTCACTATTTGTGTGAATTTAAAACTACTTACAAGGCA
F A R N F A K C E K ar aE Y K A

[ &)

z
<

AAGAAGCCTGTGAAGATGCCAGGGTATCACTATGTTGACCGCAAACTGGATGTAACCAATCACAACAAGGATTACACTTCGGTTGAGCAGTGTGAAATTT
K K i K P Y Y R K i N N oK .Y i I

CCATTGCACGCAAACCTGTGGTCGCCTAATAAGCTTCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGA
|2

rrmB T1 terminator

i
>
el
=
>

ACGCTCTCTACTAGAGTCACACTGGCTCACCTTCGGGTGGGCCTTTCTGCGCACCTGCATATTGAGACCCTGCAGTCCGGCAAAAAAGGGCAAGGTGTCA

B erminat T7Te terminator his operon terminator

CCACCCTGCCCTTTTTCTTTAAAACCGAAAAGATTACTTCGCGTTATGCAGGCTTCCTCGCTCACTGACTCGCTGCG

his operon terminator




Copying and Changing DNA with Polymerase Chain Reaction

Start: -

/ \ = = SS /\ M New Strand

. HHHTTH |

% o . . l 95°C - Strands Separate 1. Denaturing After !:II'St Cyde'
DNA Sample Primers Nucleotides 1y . I I L L] L] /

W U’& l 55°C - Primers Bind Template 2. Annealing § %

" N 4 Copies
Taq Polymerase  Mix Buffer PCR Tube
% 7znc -Synthesise New Strand 3. Extension § §

¥ After Third Cycle:
: 8 Copies

i

After Second Cycle:




Point Mutagenesis with KLD (Kinase, Ligase,Dpnl) Mix

2.275 2,285 2,295 2,305 2315 2,325 2335 2,345

'|_] ACCTCTGCCATTTGCTTGGGATATTTTATCACCACAGTGTCAGTACGGAAGCATACCATTCACCAAGTACCCTGAAGACA
F AW SIS P NGO C BNy NG S BN P F T OKE Y P EEEEDEN
EXPONENTIAL [2)
AMPLIFICATION < KiDGbson R | KIDF >
(PCR) TREATMENT AND
ENRICHMENT: B
Q5 HOT START KINASE, LIGASE AND
2X MASTER MIX DPNL ?éi:gggﬂi’:‘rfghl PL P F A W D 1 L S F Q ;cﬁrgr ¥ G S 1 P F T K Y P E D
10X KLD / ENZYME MIX NEB S-ALPHA
COMPETENT CELLS g

P L P F A W D 1 L S P ONSMENY G S | P F T K Y P E D

P L P F A W D ¥ L S P QNS Y G 5 ! P F T K Y P E D
MU I AGENES'S GTCTC
P F A W D 1 L S P oMY G S | P F T K Y P E D

WoriginalTemplate trand
Wewsiand

§ P T4 Polynucleotide Kinase 5" - G TC 5 .3l
4copies ATP (labelled or not)
CcT i

C : o
SN

- . - —

00000
2000000
/



Gibson Assembly Mechanism

2,275 2,285 2,295 2,305 2,315 2,325 2,335 2,345
lCCTCTGCCAYTTGCTTGEGAT!T'TTAYCACCACAGTGTCAGTACGEAAGCATACCATTCACCAAGTACCCTGAAGACA
EKN

n
-
"]
-
"
-4

Gibson Assembly " ebsnF

S
S
GC TGT
I 3 KR R ARG L U oG S (b R ST B R 3R
EEee—— 5 < KLDGibsonR
o —— . GbsonF
-~ = 2 I
v P P F A W D \’vo;;~>» P FOT K YR OSED
Exonuclease nibbles back the 5- ends 2 i — T o :
— ? . GbsonF
I 5
B L Co—
3 —— =
P L P F A W D 1 L S P ONSMENY G S P F T K Y P E D
l"““”"""‘"”"""e‘" S GbsnF
l DNA Polymerase extends the 3-ends P
P L P F A W D I L S P 0 Yy 6 s + P F T K Y P E D
e © KLDGbson R
L . GbsonF
lDNALisusedSt‘heniCk F.PCA\‘ID.,EPO%VGE:P‘TA?PEC
—— < KLDGibson R
— e = —— ' GbsonF
e EE— srcrc




Gibson Assembly for Mutagenesis and Drug Selection Swap

NEB Gibson Assembly Cloning Kit

B
A EEEmmm (NEB #E5510)
COo— " 7
+ : : - Gibson Assembly Master Mix 2,275 2,285 2,205 2,305 2,315 2,325 2,335 2,345
DNA inserts with 15-20 bp (NEB #E2611) ACCTCTGCCATTTGCTTGGGATATTTTATCACCACAGTGTCAGTACGGAAGCATACCATTCACCAAGTACCCTGAAGACA
F AN W S PG C Y EGE S CEEE P F T ORI Y P EEEEDE

overlapping ends (PCR-amplified) + NEB 5-alpha Competent E. coli LN
ee soze s S S e S N SR
8 < KLDGibson R

= Single-tube reaction
» Gibson Assembly Master Mix GC TGT
- 5" exonuclease 3 t P F A W D L S F QEEECH v G S P F T kK Y P | 3ERY .
e © KiDGbson R
- DNA ligase
g L GbsnF >
for 15-60 minutes
T AT
P P F A W D L S F QUWFEEN Y G S P F T K P E D
Bomicksutt L GbsonF
(2912) Aard \ i
Transformation f2308) Baal " P F A W D L S P QESMEN Y G S RAFL T K P E D
i ping P < KLDGibson R
GTCGG
Pvull " P E A W D L s o EEEEEN Y G S P F T K P E D
EcoRl L GbsonF
BamHlI GTC T
- z 5 <Rkl S
S ¢ P L F F A W D L S P OBNEEEN v G S P F T K P E D
_~ Hindlll < KLDGibson R
GTCA C
PVU” " P F A W D L s P ONEENN v G S P F T K P E D
r < KLDGibson R
e puctg o GbsnF
3
8
2686 bp ) Srere
® P E A WD L s ® s s 3 P D
Pvull (1911 .. 1930) VF2

rep (pMB1)

\GGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGAATAGGCGTATCACGAGGCAGAATTTCAGATAAAAAAAATCCTTAGCTTTCGCTAAGGATGATTTCTI
P S R EHI P FGY R R HEEEN A Hm

5...CAGCTG...3 lacZalpha gene [ bacterial terminator
, , pUC19 Pvull LrgEndl
3 G G T C GAC &= 5 CACCACCCTGCCCTTTTTCTTTAAAACCGAAAAGATTACTTCGCGTTATGCAGGCTTCCTCGCTCACTGACTCGCTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTG

his operon terminator HUC19 Pvull LrgEnd2



(Bonus) Primer Fitness Prediction

N' 'PA( 2,275 2,285 2,205 2,305 2,315 2,325 2,335 2,345
ACCTCTGCCATTTGCTTGGGATATTTTATCACCACAGTGTCAGTACGGAAGCATACCATTCACCAAGTACCCTGAAGACA
. E P EEN P F AW SIS P OEON C RNV NGEOSEEE P OF T RNV P EEEEDES
Analysis Design s
-
o < KLDGbson R
S— L GbsnF
GC TGT
MFE structure @ © Probability shading @ @/ Identity shading & PPL P F A W D 1 L S P QEEENY G S ! P F T K ¥ P E D
MFE structure at 60.0 C . GbsonF
T AT
P L P F A W D | L S P ONFEENY G 5 ' P F T K Y P E D
CAAT
P £ P F A W D I L S F ONESMENY G s I P F T K Y P E D
o © KuDGbson R
o . GbsnF
eG
T GTCGG
P L P F A W D ! L S P QNN ¥ G 5 ! P F T K P E D
P Shift -6nts
P shift-12nts
P Shift -18nts
Free energy of secondary structure: -19.23 kcal/mol > Shift -24nts
Download SVG @ | _ToDesign | ToUtiiiies 14
CACCACCCTGCCCTTTTTCTTTAAAACCGAAAAGATTACTTCGCGTTATGCAGGCTTCCTCGCTCACTGACTCGCTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTG

Copyright © 2007 - 2018 Caltech. All rights reserved. | Contact | Model | References | Funding | Terms his operon terminator



Alternative Antibiotic Selection

ANTIBIOTICS THAT INHIBIT THE SYNTHESIS OF ANTIBIOTICS THAT INHIBIT ANTIBIOTICS THAT INHIBIT
PETIDOGLYCAN SHEETS IN THE CELL WALL BACTERIAL METABOLISM DNA SYNTHESIS

Beta-Lactam Antibiotics Peptide Antibiotics such as Sulfonamides inhibit the dihydropteroate Quinolones inhibit the DNA gyrase
irreversibly bind to Penicillin Vancomycin (blue) bind to synthase enzyme (blue) which is essential for ~ (orange), a bacterial enzyme essential
the backbones of individual synthesis of vitamin B9. This in unwinding the
double helix for

Binding Proteins (blue), a
causes the bacteria to stop

group of enzymes essential in peptidoglycans
forming of the preventing the growing. DNA replication.
peptidoglycan formation of the Example: Example:
sheath . peptidoglycan sheath | ¥ Sulfamethoxazole (red) Ciprofloxacin (blue)
encasing the PDB IP 3TZF, DB ID 2XCT Q e _J e _J
cell membrane ! i DY : Eff (’ Decreased uptake
Example: b PR LY %
Ampicillin (red) a? | |1
PDB ID 5hi19 }
: QO Inactivating protein
enzymes Q
3 A
Q \/4 Target alterations ~ mRNA

AR 4 S
D AR

Alternative enzyme

o

Aminoglycosides bind
to the small subunit
of ribosomes (purple)
causing the enzyme to ? . " :
build erroneous protein % Tetracyclines bind to the small : (s 3 co§amlq és bind to the large
chains that ultimately subunit of ribosomes (purple) ; :;, subumt of nbosome; (pur[.)IeI)
kill the cell. preventing the addition of new amino = causing premature dissociation
acids to the nascent peptide chain. Jﬁ of the peptidyl-tRNA.
Example: Clindamycin (red)

Example: Example: Te line (red)
Paromomycin (red) ample: Tetracycline (r
PDB ID 1IBK PDB ID 5J5B PDB ID 4V7V

ANTIBIOTICS THAT INHIBIT PROTEIN SYNTHESIS



Plasmid Uptake by Calcium-Assisted Heat Shock
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Asif et al, Front Microbiol 2017



