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New tools for reliable engineering of
complex biological systems
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Ceiling for engineering complex biological systems?
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Some explanations:
* Not enough parts?
* Insulation?
* Rules for composition?

Figure from Nat Rev Mol Cell Biol (2009) 10(6):410-422

Rational protein design: “Irrational” high throughput
protein engineering:
Knowldege-based, deterministic
engineering of proteins with
novel characteristics

Selection for desired properties
from libraries of random variants
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Genetic screen
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Step 1: Mutagem_ze gene of interest R e, o
Step 2: Put DNA in cells

Step 3: Look for mutant phenotype
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Mutations That Alter the Kinase and Phosphatase Activities of
the Two-Component Sensor EnvZ
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Evidence for the loose conservation of the
X-region in E. coli 2CS sensor kinases
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FIG. 2. Sequence aligament of the X regions from some E. colf sensor ki-
nases. Sequences of the sensor kinases were obtained from Swissbank. A mul-
tipl sequence aigament program, PIMA 1.4 (Patrn Induced foal] Muliple
Alignment) was used. The previously ideniified H, N, D/

dentiicd 2 conscevod mots through this program. Ib(,hly i
are shaded. Mutational changes within the X region are shown in boldface.

FIG. 1. Schematc presentation of the structure of EnvZ. Conserved regions
in the caulytic cytoplasmic domain are indicated with letered bones.

K-P+ Library Variations (in blue)

EnvZ A239T G240E V241G S242D H243A
Cph8 = Cphl/EnvZ A553 G554 V555  S556 H557
wt seq GCG GGG GTA AGT CAC
nutagenesis oligo NO294 RNS
t is oligo NO295 = GCC
mutagenesis oligo R=G, A
poss aa val N=G,ATC Ala
Al =
blue = K-P+ A | S5=6C
red = K+ P- Glu
Gly
lle
Met
Thr
Asn
Lys
Ser
Arg
# poss codons 16 1
# poss aa 12 1

NOTE: no stop codons should be in mix

Site-Directed Mutagenesis

Starting ¢ %

Site-Directed Mutagenesis

——

Starting < *%
Renattljre
nnea
\ = Round 1 Extend
Removed with
Dpnl digest @ O

Round 2

O O&

Building K-P+ library

Starting

pCph8

Genetic screen

pCph8
4231 bp

Cph8 (Cph1/EnvZ) 1996...4230

R0040 1919...1947
PLTetO-1 1919...1967

. H i RBS pprotet 1975...1988
Step 1: Mutagem;e gene of interest v Ll
Step 2: Put DNAin cells

Step 3: Look for mutant phenotype




Troubleshooting 101

Observation r
7/7 groups got >100 colonies with 20ul EP mix ~ “%25+3
5/6 groups got no colonies, even with 200 ul EP mix !! ~~=

What could be the explanation?

Screen on Tetrazolium
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I~ cells in suspension

Genetic screen
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Step 1: Mutagenize gene of interest R et o

Step 2: Put DNA in cells
Step 3: Look for mutant phenotype
Step 4: Study sequence change, phenotype

Dideoxy Sequencing: “Sanger” Method
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Dideoxy Sequencing: “Sanger” Method

Primer Template Cocktail:
ATTAGACGTCCG +dNTPs
TAATCTGCAGGC +ddNTP

+polymerase
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ATTAGA ATTAGACGTCCG,
ATTAGAC
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ATTAGACGT ATTAGACGTCC
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Dideoxy Sequencing: “Sanger” Method

Primer Template run products in four separate
ATTAGACGTCCG lanes on gel, expose X-ray film
TAATCTGCAGGC longer fragments
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Automated “one pot” sequencing

Primer Template Cocktail:
\| ATTAGACGTCCG +dNTPs
TAATCTGCAGGC +ddNTPs*
+polymerase
template, fluorescently tagged +buffer
ddATP, ddTTP, ddCTP, | etc.
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Genetic screen
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Step 1: Mutagenize gene of interest R et o

Step 2: Put DNA in cells
Step 3: Look for mutant phenotype
Step 4: Study sequence change, phenotype
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Ceiling for engineering complex biological systems?
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Some explanations:
* Not enough parts?
* Insulation?
* Rules for composition?

Figure from Nat Rev Mol Cell Biol (2009) 10(6):410-422

Beyond the C-dog
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