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Abstract DIAL strain strategy
A)
. _ _ _ . _ _ . ﬁ  2-ketobutyrate aminase gene (gdh, ) was cloned
Biosynthesis of high value chemicals by engineered microorganisms is an ' Promot (D gdh,, G ' in pBj2992 plasmid.
5 5 5 0 5 romoter N . . .
application of synthetic biology that offers both economic and DESIGN OF SYNTHETIC LIBRARIES RBS T:e enzyme 'Sfrfshpons'bl'e for catalyzing
5 e e 5 o« o 0 -RBS-GDHM the synthesis of L-nomoalanine.
environmental advantages. This application is increasing the need for high- ), e () Y
throughput screening tools that can facilitate the detection of the best i e Wi « Use of 3 DIAL strains to vary the copy number of
performance among a library of designed microbes. For this reason we are | i the plasmid.
. . . . . 48.55 KDa —| Z 7]
developing a high-throughput, miniaturised Mass Spectrometry (MS) tool 3 + Promoter library Pj23100:
ili ] [ i ies. ° o HER '-ttKacRgctagctcagtcctaggta tgctage-3’
for profiling synthetic designed libraries Metabollc athwa Selectlon : 5'-ttKacR YWR 3
Combining microfluidics based picodroplet technology for cell p V ® ®® ® - 4 . RES library (RS Iib culator)

. . . . ® ‘ - _ 1 . ibrary ibrary calculator):
encapsulation and sorting together with Mass Spectroscopy we aim to Two non-natural amino acids were chosen as target molecules for the screening: @ ° o ® N —mm__m 5’-tcccgecMtttataactaaggMIGRtatte-3'
rapidly screen, identify and retrieve the best cell “hits” among synthetic o @ ® —— ‘

: TR : : L-Homoalanine ® @ e
metabO“C pathway Ilbrarles- Based on thIS novel approaCh we WI” be able * Supplement to in vitro _ @ g @ @ ®® Figure 1: Preliminary analysis of the DIAL strain library producing L-homoalanine. A) 2-ketobutyrate aminase expression cassete designed in the pBj2992 vector.
to determine which construct has the genetic combination that gives the maturation medium for culture Threonine synthesase (ThrC) ® o @ - 5 Red stripes represent the randomized sequence in the promoter Pj23100 (bended arrow) and the RBS (white circle). B) SDS-PAGE of the total protein extract from

: : : : H,N of oozvtes and embryos. different clones from DIAL strain J expressing the gdh,, gene. MW lane shows the molecular weight marker and the red arrow indicates the 2-ketobutyrate

best blosynthe5|s performance. To test this new tool we have de5|gned \/\(OH ! ' Th ine dehydratase (lIvA) 3 enzyme pathway OG&D @ expected molecular weight. C) Production of L-homoalanine by the same set of clones. C- shows the results from a strain without plasmid (negative control).

H H : H H reonine denydratase (lIv =
three libraries of two synthetic metabolic pathways using molecular X . Chiral precursor of CD -
engineering techniques (1.23), antiepileptic and 2-ketobutyrate aminase (GDH K92V T1955) ® N

antituberculosis drugs - @

We chose two previously described synthetic pathways to produce non- P-aminophenylalanine ® Gj % GOIden Gate Assembly Strategi

5 o 5 5 5 5 — @

natural amino acids % and focus on improving their level of expression. ) T o e e e B S I A ® . .

Various strategies have been explored such as the use of homologue genes * ltisa secondary metabolite in : ° " Using MoClo Pro kit (Modular A) B)

: : - & > the production of Chorismate mutase ® @ Cloning) L-homoalanine pathway design
from othTr organismes, vary;qng the DNA copy number, transccjrlptllon tI)evel; chloramphenicol and —— - 4 enzyme pathway ™ o . gRs:somized RBS for each
or translation activity. Then, using a pioneerin icodroplet-base isti i EEENENE CEEEEEE e © - -
6 y ’ g p_ & P P pristinamycin. ® ® ® ® *  The restriction enzyme Bpil is ‘ - &
technology ® that enables not only the testing of up to 200,000 samples Aminotransferase ® ® used for assembly the final ‘O = @
per day by MS, using miniaturised input volumes (400-700 pL), but also for NH, ) construct. [Z @' % Q RBS RBS RBS
. . id ified ‘hits’ i ducibl l | (ned * 12 promoters including: C

retrieving identifie its’ in a reproducible manner, we will select single . Constitutive promoters with

cells, analyse their production of this non-natural amino acids and finally different strengths. Including p-aminophenylalanine pathway design

select and recover the best performing clones among the different profiles members of the Anderson

i _ Promoter Collection.
obtained for further studies. *  Growth inducible promoters,
This will enable new scientific breakthroughs, higher throughputs, lower like Posmy.
_ ) i ) *  Bank of 31 genes for the two RBS RBS RBS RBS

screening costs, shorten design-build-test cycle and thus, be of interest to pathways.

the current MS user base in the synthetic biology market and other sectors. *  Including homologue genes Figure 2: Plasmid design for the Golden Gate assembly strategy. A) Sketch of the plasmid construction using MoClo
f(?r each enzyme from Pro. Different shades of colors represent different homologues of each ORF. Colored bended arrows represent
different organisms. different operon sequence. B) Structure of the two pathways operons to be assembled using the MoClo Pro kit. Red

stripes represent the randomized sequence in the RBSs.
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Dynamic Light Scattering (DLS) based Pre-sorting Bacterial Growth Media Optimization Single Cell encapsulation in picodroplets

*  Step 1: Picodroplet Generation

A) B) Band pass Filter HEPES & MOPS MEDIA Growth curves J4 mutant Strain Growth

— — - Ratio of L-2-Homoalanine Io.n Currentt.o.4-Methy|morpholine (25 u.M) lon Current Once the culture medium has been optimized for growth and MS A)
8} = [Optical Fibre 0.800 25 versus MT media composition (Phosphate-Sulphate-Tris) suitability, one can then determine the required amount of dilution
- U ) : 0.700 \ —x of an overnight culture in order to obtain the desired starting
Spacing Oil  Picodroplets \ : _ 0 ] | | | ) o .
‘ @«\"v&“ 0.600 //(,/‘Z 3 High bacterial cfu level. If this is correct, then the level of occupied
- £ 050 Ve ——oiaLIHepes| £ — | & pote [TRIS] droplets will match that predicted by the Poisson statistics.
NI ¥ E 0400 —#—j4 HEPES E —;—MT % =l E""‘ i
I ' | Main Channell 41 ° ijz —=0iaLImoPS | ——ws| | E Sl *  Step 2: Bacterial Incubation in picodroplets
o 0'100 Tevor % Standard \ Dilute overnight culture to OD. 0.28, then dilute a further 500-fold
% 0:000 \ | | | | i E w0 MT and encapsulate in 500 pL picodroplets. Grow the bacteria for 23
N 0 1 2 3 a 5 : hours at 37° C, shaking at 220 rpm, in MS friendly media.
5 Time (h) Time (h) 8 N\,
.E 150 l W Series A
> | . - ; i i . . . T el Poisson Statistics
| " By 'plrle sorting we mean sepabratlng_empty picodroplets from those *  We have tested four different bacterial growth media and : Low In order to control the level of single
—— I rroic)
IITITEC I O 0 Z\;ttla .y Cogtf_ilnlng c;ntehorbmclre. a;terla' to thei ) ovel looked at their effects on signal sensitivity in the MS. % 100 LERS bacterial occupancy of picodroplets, we Equati
® er incubation an e pacteria have grown u (0] elr maximum leve . . % . . uation
/ . the picodroplets will b led and tg q thp biochi * The media are: M9, MT (Tris-based), LB, HEPES and MOPS. g used Poisson statistics. We have set the q o
e picodropilets wi e cooled and sorted on e plocnip. g i i —
‘ ” p P . L . P . . * Strategy 1 mutant (J4) allowed us to look at not only the 2 ! bacterlalencapsulano_n volu.m‘e at 500 pL ’ Mee
- * DLS is where the laser light source is fixed at a specific angle in relation lat th of this bacterial oh : but s (2*10%/mL) to help microfluidics. The f(k, /\) = Z
Figure 4: Pre-sorting picodroplets. A) Top view of the sorting biochip to the optical detector (photopultiplier tube). Here the angle is 90". -re anve srow 0 ; -IS acierial Prenorype, BY m-ore § l v?riable () is the cell “”mbef (cfu/mi) to '
The right close-ups shows the DLS sorting junction. B) Sketch of the « Light is scattered or reflected whenever there is a change in the |m'portantly at their ab'l'tY t? produce th-e non-natural amino g ‘ k ‘ ! ‘ ‘ ¢ picodroplet (number/mL) ratio. Figure 3: Encapsulation of single cells in picodroplets. A) Encapsulation biochip and
side view of the BIOChIp refractive index on gOing from one medium to another. aC|d L-2-HA and to detect Iitin these medla. P2-S2-T2  PH-S1-T1 P1-S3-T1 P3:S3-T1  P3-S1-T1 | IP1S1-T3 P1-S3-T3 P3-S3-T3 P3S1-T3 (Desired percentage level of Single occupancy: K = 1) CIOSG-Up of the encapSUIaﬁon junction. B) Picture of piCOdrOpIetS ShOWing

approximately 12.5% encapsulation.

MS screening Data analysis
* MS Library Size
We are using a PerkinElmer Axion 2 ESI mass spectrometer. One of the | | | 4 B = * It has been previously shown that microfluidic picodroplets can be used as
bulisi . reasons for choosing this instrument is not only its high scan rate (100 Hz), but | | | .. reactors to study single bacterial proliferation -8, The use of microfluidics
I—,B ; . . . . YRS I N . . . . .
Nebulising N, gas v o also its relat'Yely .h|gh Mass resol.utlon (1200(_’ FWMH at m/z 922), in Orfjer o1 ] ’ : e 50 Hz Pulse mode ESI- MS of 500 pL picodroplets, in bacterial growth allow us to reduce the compartmentalization volume
L O be able to visualize individual picodroplets in the TIC. Ideally would like to -} ) ] r : \ . showing the typical saw-tooth pattern in the TIC of bacterial cultures down to 500 pL. We have observed that picodroplet-
| have at least 10 scans to characterize each picodroplet, this leads to a MS ) ) based bacterial cult q t hicher d itv than in 3 mL shak
< 5 screening throughput of up to 10 Hz (36,000 picodroplets/ h). e | spectrum (above right). Below the TIC spectrum is an 2iBEe] loEraeie)] GUMTINES ©f) Eienf it & WiHnelr eEmsla) unki i & frlk el
. ) [EEEEE e B U™ i EIC Spectrum Showing the individual ion Currents for ﬂaSkS. ThIS tEChanue Wl” help tO save S.Creenlng COS.tS and .lncrease the
Picod let S Biochi MEtaI ESl-emitter . Modelling ESI MS Throughput L-2-homoalanine (blue trace) and a molecule used as an anmber of samptlles that can be ;c\reenegl Ilor?lfc sho]:ttierlod Otfhtltume.l'b _
icodroplet M 10CNI : — internal standard (m/z 102, red trace). ©YVe aré currently increasing the variablfty of the Synthetc fbraries,
, p o _ p MS Screening Frequency (Hz) 10 5 | - = : = (m/ ) ) . . . optimising the microfluidics, growth media and developing the optics,
Picodroplet MS biochip (micrograph) showing T e e  Each dot represents a single scan and in this experiment . e .
sicodroplets being split with the larger sibling going in Screening Time (Hours) 6 S I () there are 50 scans per second allowing individual barcoding strategy and software to analyse individual bacterial
to the metal MS emitter. The smaller sibling picodroplet Library Size 216000 | 108000 icodronlets to be analvsed phe.notypes that are producing non-'natural =niTe a.c'd' . .
is retained on the biochip and can be selected and Picodroplet # 5363457 | 2681729 P P Y : * Ultimately, the recovery and analysis of the best hits after screening will
dispensed into a microtitre plate, for subsequent DNA Picodroplet generation (Hz) 1600 1600 allow to understand what combination of elements used in the synthetic
analysis, should its |arge.r Sibling, that is being analysed Picodroplet Generation Time (Hours) | 0.99 0.50 library design is best for production and will help in further rounds of
by the MS, proves to be interesting. . . optimization.
Picoroplet Diameter (um) 98.5 98.5
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