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o In Vitro Transcription and Translation

Harvest E. coli 4 Filter to enrich

/"‘\\ cellular contents f protein-production Add energy
'W -‘J_.;_x = components chemicals,
amino acids,

~, other metabolic

P \ components

You now have a “cell-free”
means to produce protein.

Add DNA, incubate, assay.
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Cellular Lysates — Early Work

Establishing the Central Dogma of Molecular Biology
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Cracking the Code

NOCNANISTNY . MATTNART AND KTREN AW P m A n

CHARACTERISTIES AND STANIIZATION OF DNAASEXENAITIVR
PFRNOTRIN XYNTUESR IN £ O EXTRACTS

T d Fwwmen Marmuam® oo Mosssacs W N o

Crmnand by Songh & Svdit. hagus 8. 101

JH. Matthaei and M.W. Nirenberg
Proc Natl Acad Sci Unit States Am, 47 (1961),
pp. 1508-1588, 10.1073/pnas.47.10.1580

- MOCUENTETEE . NIRENBERU AND NATTUAN Fou X Ak

TUE DEVESDENCE OF CELL PREE PROTRIN SYNTRENK IN ¥ Ot
VPN NATURALLY OXCTRRING O SYNTHVRTYS
MNILY REMONUCLAOTTINA
e Manawacs, W Nonsreres avis 1 Heovmon Marman®
W L

TR, Mt

Vit by Sowagh K. Bonated, Mgt 8. 100

M.W. Nirenberg and J.H. Matthaei
Proc Natl Acad Sci Unit States Am, 47 (1961),

1519

Livrleny

The Nobel Prize in Physiclogy or Medicine 1968
was awarded jolntly to Robert W, Holley, Har
Geobiexd Khorana arshall W. Nizenbery “for
thede Interprotation OF the gerwtic coxde and its
Function in protein syithesis

pp. 1588-1602, 10.1073/pnas.47.10.1588




5/12/2022

Shining light in the black box; increasing productivity EIIEVCBM

Proc. Nal. Acad. 8a. USA
Vol. 71, No. 5, pp. 12031807, May 1974

Prolonged Transeription in a Cell Free System Involving Nuclei and Cytoplasm
(trumseription neda/RNA synthesis/) ymth )
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Possible Involvement of the 90-kDa Heat Shock Protein in the
Regulation of Protein Synthesis*
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A Continuous Cell-Free Translation System a0t
Capable of Producing Polypeptides in High Yield
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Spirin, Alexander S, et al. "A continuous cell-free translation
system capable of producing polypeptides in high yield."
Science 242.4882 (1988): 1162-1164.
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ENGINEERING THE SYSTEMS
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Regeneration of Adenosine Triphosphate
from Glycolytic Intermediates for
Cell-Free Protein Synthesis

i OEVCOM

Kim, Dong-Myung, and James R.
Swartz. "Regeneration of
adenosine triphosphate from

glycolytic intermediates for
cell-free protein synthesis."
Biotechnology and bioengineering
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Metabolic Engineering

This ene stupid trick makes organic

chemists FURIOUS!
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Lee, Joongoo, et al. "Ribosome-mediated incorporation of
fluorescent amino acids into peptides in vitro." Chemical
Communications 57.21 (2021): 2661-2664.

Fielding
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engineering.” Biochemical Society transactions vol. 45,3 (2017): 785-791.
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Testing an Engineered Protein

(BT L)

Stitch together a linear ORF from
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Overnight culture, grow to
density, induce, lyse, purify,
label, test.

717 .
|17 Express in vitro

=" Throw that PCR product into a tube
with lysate and reaction buffer, purify,
label, test.
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Miklos, A. E., R. A. Hughes, and A. D. Ellington. "Design and
assembly of large synthetic DNA constructs." Current
Protocols in Molecular Biology (2012): Unit3-23. 9
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Using Syn Bio in the Field - The Question: EIIEW:BM

If I had an engineered organism which could turn latrine contents into
freshly-crimped 5.56 rounds, would someone let me USE it?

L) "\
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Cell-Free Syn Bio Sensing E‘EVEEM

Lysates and energy mixes can be stable when freeze-dried, and you can even embed
these reagents in paper before freeze-drying, so we can make shelf-stable devices
that run various sensing schemes.

| sample P PrepModule |
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@ In-house experience making cell-free systems [aEveam
+ CBC established protocol for * Known 'key considerations: '
generating E.coli cell-free lysate * Tuning mRNA and protein

. . . degradation rates
» CBC experience in creating novel cell- e
free lysate for V. natriegens * DNA stabilization
* Regeneration of energy (ATP)
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Cole et al. 2020
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Organism
Bacillus megaterium

Bacillus subtilis
Clostridium autoethanogenum
Corynebacterium glutamicum

Escherichia fergusonii
Klebsiella oxytoca
Lactococcus lactis

Pantoea agglomerans
Pseudomonas fluorescens

Pseudomonas putida

Salmonella enterica
Streptomyces species

Sulfolobus solfataricus

Sulfolobus tokodaii
Thermococcus kodakaraensis

Thermus thermophilus
Vibrio natriegens

6 Non-traditional cell free lysate systems

Type
Gram positive

Gram positive
Gram positive
Gram positive

Gram negative
Gram negative
Gram positive

Gram negative
Gram negative

Gram negative

Gram negative
Gram positive

Archaeal thermophile

Archaeal thermophile
Archaeal thermophile

Gram negative
Gram negative

! OEVCOM

Proteins Made
GFP, mCherry

GFPmut3b, renilla luciferase
Luciferase, metabolic enzymes
eGFP

eGFP

eGFP

None (only transcription active)
eGFP

GFP, apolipoprotein, pancreatic
RNase, p37a, glucokinase,
peptidases

sfGFP

eGFP

eGFP, sfGFP, metabolic proteins

ORF 104, ORF 143

Polyphenylalanine
Chitinase
Polyphenylalanine
sfGFP, eGFP

Cole et al. 2020 15

4]
Yersinia pestis

Gram-negative enterobacteria,
Causative agent of the plague

— Route of transmission proceeds typically through flea

bites

New Reason to go cell-free — Risk Reduction

Encodes a variety of virulence factors including multiple

virulence plasmids
pCD1/pMT1/pPCP1
Pigmentation locus (pgm)
F1 proteinaceus capsule
Type Il secretion system
Lipopolysaccharide

Experiences dramatic environmental shifts during lifecycle

from flea hindgut through human infection
— Temperature transitions range from 21°C-37° C

! OEVCOM
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@ BROAD EXPRESSION CHANGES ACROSS TEMPERATURES [aEveom
o

Y. pestis transitions from ~21°C t0 26 °Ct0 37 °C

during the infection of a human host from a e pdant S Exrrisas ey i
carrier flea. wreder basas
The shift in temperature results in dynamic gene woraes  —
expression changes associated with L s S——
pathogenesis i T )]
— Stimulates expression of F1 capsule antigen o

which is essential for evading phagocytosis

— Upregulation of T3SS effector proteins e, et

— Modifications to the lipopolysaccharide to a . :
low immunostimulatory form Nt s

Motin et al. 2014
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@ Generating a Yersinia pestis CO92- extract Eévcnu
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) OPTIMIZATION OF EXTRACTS [aEveom
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T7 promoters less active in ¥ pestis CO92- lysates

(BT L)

T7pl4

~ -
Fo _ T7 polymerase
. L 4 |
Plasmid: T7p14-deGFP >
(T >l eGFP

T7RNAP + T7p14-deGFP (5nM)

1.0+

—-— Y. pestis21°C
081 o v pestis26°C
0.6 «~ Y. pestis37°C

deGFP (uM)

0.0 T y 1 1 1 T 1
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H Yp Lysates work with Native Promoters
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200007

15000

10000

pCaflR-deGFP
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)
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Cell-free reaction run at 29°C

26C Yp lysate
37C Yp lysate
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0:00:00 5:00:0 10:00:01 15:00:00
Time

Cell-free reaction run at 37°C
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26C Yp lysate
37C Yp lysate
D-12
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Extract Productivity is Strain Specific

2.5

p70a(2)-deGFP 5nM

D12
Kimé
EV76
C092
N-41

D-12  pCD1/pMT1 pCD1- .
Kimé  pCD1/pMT1 Ler- g 15
EV76 pCD1/pMT1 Pgm- % 1.0
C092 pCD1/pMT1 Pgm- 05
N-41  pPCP/pCD1/pMT1 Pgm- 00
S

Q
Qs

All extracts grown at 21°C

f OEVCOM
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Cell-Free Protein Systems from Yersinia pestis are Functional and

Growth-Temperature Dependent

Nathan D, McDonald" Katherine A Rhea,” Kimberly
and Alcksandr E Miklos*
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k @ CONCLUSIONS AND A QUESTION !::.'E' veom

Cell-free production systems can be generated from Yersinia pestis extracts

Yersinia pestis extracts are able to express deGFP from native E. coli o,, and
bacteriophage T7 promoters,

Growth temperature impacts productivity of the extracts
Yersinia pestis strains have variable production in cell-free expression tests

How much “live organism” work could be replaced with cell-free?
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