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What are Cell-Free systems ?

e Cell machinery without the cell walls

e Difference between in-vivo and in-vitro CF

o Same machinery
o Different constraints

In-vitro TX-TL (Transcription and Translation)
CFPS (Cell Free Protein Synthesis)
e CFPE (Cell Free Protein Expression)




What is TXTL ?

e TXTL = Transcription and Translation
e Cell-Free Mix + DNA — protein expression

DNA

lasmid or linear DNA
(p ' : ) Protein expression




Different Cell-Free systems

e Lysate based cell-free systems
o Bacterial

E. coli

o Eukaryotic

Yeast

Wheat germ

CHO cell lysate

Rabbit reticulocytes (immature red blood cells)
Insect cell lysate

Human cells (HeLa, HEK)

e PURE systems

o Reconstituted cell-free protein synthesis system.
o No black-box



Different Cell-Free systems

e Lysate based cell-free systems

o Bacterial
m E. coli
o Eukaryotic
m Yeast
m  Wheat germ
m CHO cell lysate
m Rabbit reticulocytes (immature red blood cells)
m Insect cell lysate
m  Human cells (HeLa, HEK)

o P Third talk today
PURE System / One-Pot PURE - Barbora Lavickova
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Cell-Free systems timeline

Protein-based systems
MNucleic acid systems

Microtubule- Circadian Transcription-translation systems
motor clock DMNA folding
reconstitution TXTL reconstitution into nanoshape
encapsulated DMA membrane Mechanosensitive
artificial cell channel artificial cell

Minwave Compartmentalized
reconstitution mamh|e
Reconstitution of DMA origami E coli cell-free oscillator Artificial
actin-based TXTL toolbox photosynthetic
il cell
oy FisZin liposome
reconstitution

Noireaux, V. & Liu, A. P. The New Age of Cell-Free Biology. Annu. Rev. Biomed. Eng. 22, 51-77 (2020).



How to make a Cell-Free TXTL mix ?

e Cell lysate (cell extract) ®

e Energy Mix @ ® g v —~ ‘

® NTPS Amino Acids Cell lysate ~

e Amino acids DNA

e Salts ‘

e Buffer ‘

o Energy source Mg-Glutamate
K-Glutamate
PEG

Cell-Free reaction



How to make a Cell-Free TXTL mix ?

Cell lysate (cell extract)
Energy Mix

NTPs

Amino acids

Salts

Buffer

@ -

@ ® @ Water ﬁ‘

Cell lysate |
DNA

O
é

Mg-Glutamate
K-Glutamate
PEG

Amino Acids

Energy source

Next talk

Introduction to E. coli lysate systems - Zoe Swank




Cell-Free TXTL applications

e Protein expression
e Bio-sensors



Advantages of Cell-Free TXTL systems

No transformation

Protein expression system (toxicity for the cell etc.. )
Dry-freeze and rehydrated

No biohazard - no GMO handling



Cell-Free TXTL systems in iGEM

IGEM iki tools search
VIiTEST OVERVIEW PROJECT PARTS HUMAN PRACTICES TEAM AWARDS SAFETY JUDGING FORM Q
Grand Prize .
Grand Prize
Awards
Medals ~

Medal Requirements

iIGEM EPFL
2019

Photo credit : IGEM Foundation - Justin Knight

Grand Prize Winner

O n e-pot P U RE Our team was announced as the Grand Prize Winner in the Overarad categorv !
Paper-based CF detection
system




Cell-Free TXTL systems in iGEM

STAR C"ég;':’RES PROJECT ~  SOFTWARE v  JUDGING TEAM LAB NOTEBOOK ~ ACKNOWLEDGEMENTS

iIGEM Paris-Bettencourt

o STAR C3RES

Antl m icrobial pe ptld es prod uction in PROTEIN SCAFFOLDS FOR STAR-SHAPED ANTIMICROBIAL PEPTIDES
Cell-Free



Cell-Free TXTL systems in iGEM

iIGEM TU Delft
2017

Detection of antibiotic resistance in

bacteria that cause mastitis



Next talks on Cell-Free systems

[ Introduction to E. coli lysate systems - Zoe Swank }

[ PURE System / One-Pot PURE - Barbora Lavickova }




Part 2
Intro to E. coli lysate systems

Zoe Swank
Prof. Sebastian Maerkl
EPFL



Benefits of transitioning to cell-free

E. coli

interactions?

TX-TL
machinery

fluctuating time-consuming
environment molecular cloning

cell-free

cellular protein
components

energy solution -
NTPs, amino acids,
salts, etc.

open, controllable
system

linear DNA templates
accelerate testing



Overview of cell-free E. coli lysate systems

Energy solution

Resources:
® Lysate
® Sun et al. 2013 Jove, Kwon et al. 2015 Scientific Reports, EPFL iGEM 2017 protocols
® Energy solution
® Sun et al. 2013 Jove, Cai et al. 2015 Biotechnology Progress
® DNA templates
® linear - Sun et al. 2014 ACS Synth. Bio., Marshall et al. 2017 Biotech. & Bioeng.



Mini-culture
a Y

o
]

Thaw and

%

Making lysate

Inoculate larger

culture volumes

7~

resuspend cells

7~

1-2 mL

~N

%

Lyse cells
by sonication

Centrifuge

lysate

and wash

Spin down cells

Run-off
reaction

Centrifuge
lysate

7~

Freeze cell pellet
in liquid nitrogen

éa )

0.5-1g
N

. J

Dialysis or

buffer exchange

(optional)



Things to consider - Day 1

T

[cell strain?] [ medium? ]
® Cell strain

® BL21 (DE3) - many examples in literature, T7 RNAP
® depends on the types of proteins you plan to express
® Medium
® LB - works for energy solutions based on Sun et al. 2013
® 2xYTP(G) - works for simplified and cheaper energy solution (Cai et al. 2015)




40000

(RFU)

Q- 20000

GF

Example - energy solution

0 200 400

T time (min)

reaction kinetics are

different

600

YTP + Energy 1 — Sun et al. 2013
YTPG + Energy 1

LB + Energy 1

YTP + Energy 2 — Cai et al. 2015
YTPG + Energy 2

LB + Energy 2

LB doesn’t work with
Cai energy solution



Things to consider - Day 2

Inoculate larger

culture volumes Spin down cells

and wash
a4 )

- l/ J J/

which wash buffer?

[ grow cells until what OD?

e OD

® Sun et al. 2013 - exponential growth phase - OD = 1.5-2

® depending on cell strain and preparation method a wide range of ODs can work
® Wash buffer

® choose based on whether you opt for dialysis/buffer exchange



Things to consider - Day 3

Cell

A4

Lysi Centrifuge Run-off Centrifuge Dialysis or

ysIS lysate reaction lysate buffer exchange

r ﬂ r 1 r 1 r j :‘ ------------- :
% % % 0.5 mL > Q

ice bath \ y \ y \. J Eq ............. ’

. \l/ y l l .
%
[ lysis method? ] )
3 layers remove genomic DNA [ necessary?]

[opaque — transparent ]

® Cell lysis
® sonication (parameters are well described in Kwon et al.), french press,
bead beating, etc.
® Dialysis or buffer exchange
® can be important depending on cell strain
® cellulose dialysis tubing, slide-a-lyzer mini dialysis units (small
volumes), amino ultra centrifuge filters (buffer exchange, 0.5 mL)

7



Example - RO rxn, dialysis/buffer exchange

MC4100 lysate JS006 lysate

| | | 10000 _I | | |
5 8000 —\ .
LL

. 1 <
o 6000 [ .
LL
O

‘\ ] 4000 .

0 100 200 0 100 200

time (min) time (min)

® two lysates made from Lac- strains behave differently
depending on the preparation methods

wash buffer A + RO

wash buffer A

wash buffer B + buffer exchange
wash buffer B + dialysis



Testing lysate - DNA templates

Plasmid Linear templates

® Plasmid DNA
® Linear DNA template
® add either gamS (purified or lysate) or x protection DNA



RFU)

N

GFP

Example - gamS

® lysates can be mixed together
® saves time to purify a protein of interest

15000

10000

5000

0

200 400
time (min)

600

10

= 1.1 BL21:Top10
1:2 BL21:Top10
1:3 BL21:Top10
1:4 BL21:Top10
BL21 + purified gamS



PURL system
(recombinant TX-TL systems)

IGEM web seminars

Barbora Lavickova
14.7.2020



Cell-free TX-TL systems

Protein Overexpression

Proteins/Enzymes
LYSATE

RECOMBINANT

‘ Prepation cost Purification
& . Preparation time
. Organism of origin (%)
ration e
Sepa atio . Availability {l_.)
. . e
@El' . Reaction scaling (2 I
o Defined D v System Assembly
) &
a . Modularity ‘
) Yield (2"

Yield per amount of
proteins in the system

B

lysate TX-TL systems 2 protein synthesis using recombinant elements

(PURE) - Shimizu, 200!



PURL system

36 proteins

Ribosomes

Small molecules (tRNA, AAs)
Energy (CP, NTPs - ATP, GTP)

Buffers - ions concentration (Mg2+)

Aminoacylation Transcription
tRNAs Amino acids T7 RNA Polymerase

Energy
Regeneration

CK, MK,
NDK, PPiase@
GTP

Translation
Ribosomes & Translation factors

Iniciation: IF1, |F2,

F3,

Elongation: EF-Ts, EF-Tu, EF-G

Termination: RF1, RF2,

RF3, RRF

T3 RNAP
E. Coli RNAP



PURE SYSTEM

COCCOCOCOCOOCOCOP®
COCOCOCOOOCOCOP®
OO
OCOCOOOOPOP P OPOOD

|

AN N NN
N

(27 days)

36 purifications U

Proteins

Preparation

PURE / One-Pot PURE

RIBOSOME

PURIFICATION Creatine
phosphate

Amino U
Acids NTPs
U tRNA
Folinic
i Spermidine acid
Salts
Buffers

| }
y J

Ribosomes Energy Solution




PURE SYSTEM

COCCOCOCOCOOCOCOP®

COCOCOCOOOCOCOP®
OO
OCOCOOOOPOP P OPOOD
L L L rrrrrrrrxryg
COOCOP PP O OO OO
PO OO PO OO OO
g2 g 42 & 4 g 22 4 3

|

AN N NN

36 purifications
(27 days)

Proteins

PURE / One-Pot PURE

ONE-POT PURE SYSTEM

Preparation

COCOCOCCOCOOOP®
COCCOCOOOCCOP®
OO DD
OO PPOPOPOOD

1 purification
(3 days)

Proteins

RIBOSOME

PURIFICATION Creatine
phosphate

Amino U
Acids NTPs
U tRNA
Folinic
i Spermidine acid
Salts
Buffers

| }
y J

Ribosomes Energy Solution




Protocols

* PURE (PURE Technology, Shimizu, 2010)

* One-pot PURE (A Simple, Robust, and Low-Cost
Method To Pr he PURE Cell-Fr m

Lavickova, 201

* Supplementary Informations!!!!

* Protocols

* https:/2019.igem.org/Team:EPFL/OnePot_Pure

* Other resources

* https:/www.addgene.org/browse/article/
28197403/

* https:/www.addgene.org/browse/article/
28190835/



http://dx.doi.org/10.1007/978-1-60327-331-2_2
https://doi.org/10.1021/acssynbio.8b00427
https://doi.org/10.1021/acssynbio.8b00427
https://doi.org/10.1021/acssynbio.8b00427
https://2019.igem.org/Team:EPFL/OnePot_Pure
https://www.addgene.org/browse/article/28197403/
https://www.addgene.org/browse/article/28197403/
https://www.addgene.org/browse/article/28196835/
https://www.addgene.org/browse/article/28196835/
http://dx.doi.org/10.1007/978-1-60327-331-2_2
https://doi.org/10.1021/acssynbio.8b00427
https://doi.org/10.1021/acssynbio.8b00427
https://doi.org/10.1021/acssynbio.8b00427
https://2019.igem.org/Team:EPFL/OnePot_Pure
https://www.addgene.org/browse/article/28197403/
https://www.addgene.org/browse/article/28197403/
https://www.addgene.org/browse/article/28196835/
https://www.addgene.org/browse/article/28196835/

PURE / One-Pot PURE

Preparation

PURE SYSTEM ONE-POT PURE SYSTEM

COCCOCOCOCOOCOCOP® COCOCOCCOCOOOP®

COCOCOCOOOCOCOP® COCCOCOOOCCOP®
OO OO DD
OCOCOOOOPOP P OPOOD OO PPOPOPOOD
L L L rrrrrrrrxryg L L L LT rrrrxryg
COOCOP PP O OO OO COPOOOP P OO OO
PO OO PO OO OO COCOP P PO OO OO
g2 g 42 & 4 g 22 4 3 g 22 g -2 442 2 4" 4

|

AN N NN

36 purifications 1 purification
(27 days) (3 days)

Proteins Proteins



PURE / One-Pot PURE

Preparation

PURE SYSTEM

: TSN
. S e
Composition definition
36 purifications B

(27 days)

Proteins



PURE / One-Pot PURE

Preparation

ONE-POT PURE SYSTEM

OO
OO
COCOOPOOPOPOPOODP®
oo
ooooooovoovovP®
L L L L L L L L LY
L L L L L L L L L 4
C - r g

Composition definition -

Ratio of the expression strains

~ amount of protein/enzyme in the final system i

1 puﬂﬁcaﬁon‘
(3 days)

9 Proteins



PURE / One-Pot PURE

Preparation

PURE SYSTEM
e ONE-POT PURE SYSTEM

ooooooooPDPoPDo®
L L L L L L L L LY OO
CL L L L L L L L L0 J OO
oovcooovoovovy® COCOOPOOPOPOPOODP®
oo
ooooooovoovovP®
L L L L L L L L LY
L L L L L L L L L 4
C - r g

Composition definition —
7 9 g
5 = ERC S
X CETE
o S %
= 9=
Q. 2l

I tfnnu

Composition definition

1 purification |
— (3 days)

36 purifications |
(27 days)

Proteins |
10 Proteins



OnePot Protein Purification -
One culture a
Y 7 Y 7 Y 7 B
3 mL — __ I : Proteins
culture overnight 2h 000 0L 3h 000 1L 10min Pulse:4x20s 20min i 3h 3x1h 30min
(EF-Tu) 37°C, 250 RPM 37°C, 250 RPM 37°C, 250 RPM 4k RPM Amp.70 % 15kRPM || 4°C =~ 4kRPM 15k RPM U
_ _— _— —_— —_— _ | | —> | — — 5 | —)
500 L _ | NiNTA |
e : ~2 mL of proteins (12.25mg/mL)
35x0.3mL - ~ 15 mL of OnePot PURE
culture
_ _ | _ Resuspension Incubation Buffer C rati Concentration
Inoculation Inoculation Induction Cell harvesting & Sonication & Purification  exchange ~°NCeNtration  oqiustment
> > ®
Day 1 Day 2 Day 3

Prateomicenadesady com

'y
o 30,000 H - - 3 1 ooy
A wweo Microplzte Bredford Frotein Assay
& 3

=

=

buffer exchange
or dialysis



Strain preparation

* Correct strain

* (https:/openwetware.org/wiki/E._coli_genotypes)

* JMi1o9g + Mi5 - pQE vectors
* DHjalfa or JM109g + BL21(DE3) - pET vectors

* Expression test

* Good growth
* Oxygen
* Breath-easy membrane

* Hight rotation

* Small volume or baftled flask 12

E.xpression test

.
L

1) Induce small cultures (200 -3000 uL)
2) mix 10 xL of culture with laemmli buffer

3) heat up, spin, add to gel


https://openwetware.org/wiki/E._coli_genotypes
https://openwetware.org/wiki/E._coli_genotypes

Preparation of PURE

Commercial (PURExpress, Purellex)
v easy to use - protocols, aadrtional supplements
v prepared - no additional work requirec

- expensive
- not modulable

Preparation: single components Preparation: single purification
v less expensive v cheap
v modulable v easy to prepare
- labor intensive - less modulable

36 purifications 1 purification
(27 days) (3 days)




PURE / One-Pot PURE

Preparation

RIBOSOME

PURIFICATION Creatine
phosphate

Amino U
Acids NTPs

Folinic
Spermidine acid

Salts
Buffers

L
I

Ribosomes Energy Solution

|<_

14



Ribosomes purification

* No over-expression - just isolating already present
ribosomes

* Aig strain - RNase I deficient strain
* Ultracentrifugation sucrose cushion method

* His-tag ribosomes
* Simple gravity flow purification
* Not as productive when used in PURE

* Multiplexed in Vivo His-Tagging of Enzyme
Pathways for in Vitro Single-Pot Multienzyme

Catalysis. Wang, 2012

15
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Purified Ribosomes (6.25ug)


http://pubs.acs.org/doi/10.1021/sb3000029
http://pubs.acs.org/doi/10.1021/sb3000029
http://pubs.acs.org/doi/10.1021/sb3000029
http://pubs.acs.org/doi/10.1021/sb3000029
http://pubs.acs.org/doi/10.1021/sb3000029
http://pubs.acs.org/doi/10.1021/sb3000029

Two cultures Ribosome Purification

1T 1T -

— — — - - Ribosomes
overnight ho ML 3-4h ho ML 20min : 20min : 20min : = 16h 10min
37°C, 250 RPM [ .. 37°C, 250 RPM/_ .. 4k RCF | 20k RCF B 20k RCF | - 100k RCF 15k RPM U
250 ML B - - > % N > > _ »
30 mL ~ |Pulse:12x20s| — | (NH,),SO, | — HIC gy Sucrose
100 ML — Amp70 % — — - cusion
2000 ML 2000 ML E \__/ \ o/ ~0.75 mL of ribosomes (10uM)
' ~ 4 mL of OnePot PURE
E. coliA19
Resuspension Precipitation Purification Ultra- Resuspension Concentration
Inoculation Inoculation Cell harvesting & Sonication & Sonication centrifugation & Concentration adjustment
> » > ®
Day 1 Day 2 Day 3 Day 4
His-tag Ribosome Purification
] ] P ) Ribosomes
overnight 3-4h 20min B 20min B 20min | 3h 4x1h 30min
37°C, 250 RPM 37°C, 250 RPM 4kRCF | | 20kRCF | _ | 15kRPM | | 4°Cc S~ 4kRPM 15k RPM -
- - - — e — _> | | — | o S —>
30 mL — |Pulse:12x20s| — | Ni-NTA i
— ) Amp.70 % — - B
2000 ML 2000 ML — . ~0.75 mL of ribosomes (3.45uM)
_ ~ 4 mL of OnePot PURE
E. coli RB1
Resuspension P Buffer Concentration
. . . i Purification _
Inoculation Inoculation Cell harvesting & Sonication exchange adjustment
> > o

Day 1 Day 2 16 Day 3



PURE / One-Pot PURE

Preparation

C Energy Solution Preparation

Amino
Acids NTPs
Creatine RNA Folinic Energy Solution
phosphate acid
»
Salts
Spermidine Buffers

| —

— —

Day 1

17

Amino acid
- only in H20, no KOH

NTPs - NaOH buffered

tRNA - add Nuclease-Free Water
directly to the bottle

Buffers - use volumetric flasks

o

|
=

g 100= |



PURE / One-Pot PURE

Testing
Linear template - extension PCR
0.8
c
Platereader - tluorescence readout £ 06 1 X
E | x
d > 0.4
- =
Proteins 7%, . % 0.2 T Xx
v @ R
. T 0.9 L & — 5 0 :
Ribosomes 1.8 uM T 0 1 2 3 4 5 6
Y eGFP expression \ :
Energy ,5‘@(\\“ N SuL reaction, 37°C Time
Solution E 62‘??@ A
& DNA

eGFP [ug/mL]

18




d

Proteins

Ribosomes

Energy
Solution
& DNA

PURE / One-Pot PURE

Testing

Platereader - fluorescence readout

eGFP expression
SuL reaction, 37°C

Fluorescence

Time

19
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Absorbance

(@]

Absorbance

Colorimetric detection

b

0.4 B 5nM DNA coding for Trehalase
No DNA . .
03 + 5nM DNA coding for Trehalase  No DNA  5nM DNA coding for Trehalase No DNA
S
-
So02 ¢
I
LN
— 0.1
0.0 - PURExpress OnePot PURE
PURExpress OnePot PURE
3 d 0.15
+
5
— =
£ 2 g =0.10
C c c
(&) _8 ~
i 5500
©
0 2.50.05
L
©
O T T T 1 0.00
0 5 10 15 20 PURExpress OnePot PURE
® PURExpress, 5nM DNA coding for B-galactosidase ~ ® OnePot, 5nM DNA coding for B-galactosidase
PURExpress, No DNA OnePot, No DNA
No DNA _eGFP T3 RNAP B-Gal. Trehalase DHFR b No DNA eGFP T3 RNAP B-Gal. Trehalase DHFR
2 8 2 = A 9 2 o 2 2 : F 2 2
o A [©] 4 0] = o i) 4] = [] + 2 st = = ne m e = =
S s O R Rk oS o S T D E D e e N
X o P FIG) S X 0 FIG) el X o X o S < o <X o
i e R e W  c ooc g S Ly “c e e s U= 2 = a2 s
g O S O S O = © S O S O ZEF© S © s © TS0 5 O 5 O
G = g 155kDa o =5 o o o o 155kDa o o o
—
100k-5a . . .
e e s e
w oo e TEE
- - -
41 kDa -— --
33 kDa ——
> 04 Aaaa
—
Ll ITTTI B LA L LA - o
1%% m

FluoroTect Greenp ys tRNA



Important parameters

e EF-Tu i L

 Ribosomes

GFP [uM]

 Salts P
= | EF-Tu [mg/mL]
* Mg2?+ (important for ribosome function) =
!
* Binds to NTP, creatine phosphate o 1
D | | |
* Redox reagent - FRESH!! 'Ribosome [mM] 3_:_1 B L
* BME, DTT (do not use for HIS-
purification), TCEP

* Add to buffers just before use

_eGFP [uM]

Mg2+ [mM]

20



PURE / One-Pot PURE

Post-translation

Protein folding Membrane proteins Disulfide bonds
DTT GSSG
/ \ GroES - DsbC
- Oxidising
y ¢ conditions
DnaK < > DsbC
GrpE GrotL N prr Reducing GSSG
\ / ipid conditions 655G
diblock
copolymers
DsbC
* Adding chaperones can  Membrane proteinsneed ¢ Some protein need
help proteins to fold vesicles to fold and disulphide bonds to fold
more efficiently function properly (most and function properly

lyvsates contain vesicles . .
y ) * e.g. mammalian proteins -

antibodies

21



‘T’hank you for your attention.

Good luck to all of you.
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