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  project	
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  ∼	
  €1.8M	
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•  Bio-­‐based	
  processes	
  are	
  suitable	
  to	
  achieve	
  our	
  goal	
  
of	
  a	
  greener	
  economy.	
  	
  

•  Economic	
  feasibility	
  is	
  key	
  to	
  achieve	
  this	
  goal,	
  but	
  
bio-­‐based	
  processes	
  are	
  non-­‐trivial;	
  separaBon/
extracBon/purificaBon	
  steps	
  can	
  be	
  costly.	
  	
  

•  How	
  then	
  can	
  we	
  best	
  improve	
  exisBng	
  processes	
  and	
  
establish	
  new	
  ones	
  in	
  an	
  efficient	
  manner?	
  

IntroducNon	
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Reaction	
   SeparaQon	
   ExtracQon	
   PurificaQon	
   Product	
  

Petrides	
  	
  et	
  al	
  (2014)	
  Bioengineering	
  2014,	
  1(4),	
  154-­‐187	
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•  Bio-­‐based	
  processes	
  are	
  suitable	
  to	
  achieve	
  our	
  goal	
  
of	
  a	
  greener	
  economy.	
  	
  

•  Economic	
  feasibility	
  is	
  key	
  to	
  achieve	
  this	
  goal,	
  but	
  
bio-­‐based	
  processes	
  are	
  non-­‐trivial;	
  separaBon/
extracBon/purificaBon	
  steps	
  can	
  be	
  costly.	
  	
  

•  How	
  then	
  can	
  we	
  best	
  improve	
  exisBng	
  processes	
  and	
  
establish	
  new	
  ones	
  in	
  an	
  efficient	
  manner?	
  

•  Small	
  (or	
  micro)	
  systems	
  allow	
  tesBng	
  of	
  separaBon/
purificaBon	
  steps	
  with	
  reduced	
  amount	
  of	
  resources.	
  	
  

•  Can	
  we	
  use	
  such	
  micro	
  systems	
  to	
  obtain	
  valuable	
  
informaBon	
  rapidly	
  (in	
  order	
  to	
  accelerate	
  process	
  
design	
  and	
  implementaBon)?	
  

IntroducNon	
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MiniaturisaNon	
  of	
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  Step	
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BiocatalyNc	
  Approaches	
  to	
  Keto/Amino-­‐Diols	
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antibiotics

R = CHOCH(OH)CH(OH)

Bacteriostatic Chloramphenicol 
Brochlor (UK, eye ointment) 

Brain lipids 
- Vehicle to deliver drugs 
- Biologically active 

Chiral synthon to make  
other synthons 

(asymmetric synthesis) 

Glycosidase inhibitor 
Diabetes, Virus Infections, Cancer 
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•  Reduced	
  use	
  of	
  resources:	
  expensive	
  medium	
  (such	
  as	
  
isotopic	
  labeled	
  substrates,	
  e.g.	
  13C,	
  or	
  growth	
  
factors),	
  scarce	
  cells/biomolecules,	
  also	
  less	
  waste	
  

•  High	
  control	
  over	
  culture/process	
  environment	
  
•  In-­‐situ	
  and	
  real-­‐Bme	
  monitoring	
  (pH,	
  T,	
  DO,	
  OD,	
  
nutrient	
  concentraBons):	
  relevant	
  kineBc	
  data	
  
(invesBgaBng	
  and	
  determining	
  operaBng	
  space,	
  aka	
  
‘windows	
  of	
  operaBon’)	
  

Microfluidic	
  Approaches	
  1	
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•  Reduced	
  footprint	
  
•  Fewer	
  mechanical	
  manipulaBons	
  (set-­‐up	
  effort)	
  
•  Ease	
  of	
  integraBon	
  with	
  informaBon	
  technology	
  
•  AutomaBon	
  with	
  roboBcs,	
  for	
  example	
  for	
  sample	
  
loading	
  

	
  
Capability	
  to	
  validate	
  results	
  must	
  be	
  maintained	
  

(effecQvely	
  establish	
  that	
  results	
  obtained	
  are	
  
‘representaQve’)	
  

Microfluidic	
  Approaches	
  2	
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Reactor	
   SeparaQon	
   ExtracQon	
   PurificaQon	
   Product	
  

•  Less	
  developed	
  than	
  micro(bio)reactors	
  
•  Development	
  driven	
  by	
  the	
  necessity	
  for	
  rapid	
  and	
  cost-­‐effecQve	
  process	
  characterisaQon	
  
•  Enable	
  opQmisaQon	
  of	
  process	
  parameters	
  

Challenges	
  
	
  
•  Geometrical	
  complexity	
  of	
  the	
  industrial	
  scale	
  equipment	
  
•  Defining	
  criQcal	
  process	
  criteria	
  	
  
•  Integrated	
  approach	
  (train	
  of	
  unit	
  operaQons)	
  
•  Yield	
  appropriate	
  material	
  (including	
  to	
  test	
  later	
  operaQon	
  performance)	
  
•  Modelling	
  of	
  individual	
  unit	
  operaQons	
  (and	
  complete	
  processes)	
  

Titchener-­‐Hooker	
  et	
  al	
  (2008)	
  Biotechnology	
  and	
  Bioengineering,	
  
100,	
  473-­‐487	
  

Miniaturised	
  Downstream	
  Unit	
  OperaNons	
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High-­‐throughput	
  process	
  
technologies	
  

	
  

-­‐	
  automated	
  ultra-­‐scale	
  down	
  techniques	
  	
  
-­‐	
  predicQve	
  models	
  

EffecQve	
  modeling	
  
	
  

-­‐	
  predicQon	
  of	
  large	
  scale	
  

AnalyQcal	
  methodologies	
  
-­‐	
  improved	
  analyQcal	
  methods	
  and	
  tools	
  for	
  

the	
  design,	
  analysis	
  and	
  control	
  of	
  
bioprocessing	
  	
  

-­‐	
  measurement	
  of	
  criQcal	
  parameters	
  

Improved	
  downstream	
  
processing	
  

Improved	
  Tools	
  
for	
  Bioprocessing	
  

As	
  idenQfied	
  by	
  the	
  BRIC	
  (Bioprocessing	
  Research	
  Industry	
  Club)	
  in	
  the	
  UK	
  

MICROTOOLS	
  
ERA-­‐IB-­‐2	
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  conference,	
  Berlin,	
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Priority	
  Research	
  Challenges	
  for	
  Bioprocessing	
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ReacQon	
   SeparaQon	
   ExtracNon	
   PurificaQon	
   Product	
  

Liquid-­‐Liquid	
  ExtracNon	
  Unit	
  

Technical	
  Overview	
  :	
  Case	
  Study	
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“Separation of compounds present in a mixture based on the solubility between two 
immiscible solvents”   

Aqueous phase 

Organic phase 
Compound A 

Compound B 
Mixing Settling 
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  Mechanism	
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α-Methylbenzylamine Acetophenone 

•  raw	
  material	
  for	
  the	
  producQon	
  of	
  resins	
  
•  precursor	
  of	
  fragrances	
  
•  pharmaceuQcals	
  producQon	
  intermediate	
  

α-methylbenzylamine 

Acetophenone 

Kloetzer et al. (in preparation) 

CH3

NH2

CH3

O

NH2
O

OH

CH3 ONa
O

O
+ +

TAm

Pyruvate L-alanine 

15	
  

•  Building	
  block	
  in	
  the	
  pharmaceuQcal,	
  chemical	
  
and	
  agrochemical	
  industries.	
  	
  

	
  

ExtracNon	
  System	
  (Bench-­‐Scale)	
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UV	
  

P
S

I 

II 

III 

IV 

λ1 λ2 

Organic	
  Solvent	
  
	
  

MBA	
  +	
  AP	
  
Buffer	
  
	
  

MBA,	
  (AP)	
  	
  
buffer	
  
	
  

AP	
  
	
  

•  ExtracQon	
  yields	
  are	
  monitored	
  in	
  real	
  Qme	
  using	
  UV-­‐based	
  absorbance	
  spectroscopy	
  	
  
•  Monitoring	
  during	
  extracQon	
  zone	
  will	
  be	
  performed	
  using	
  a	
  novel	
  bespoke	
  dual-­‐

wavelength	
  detector	
  system	
  (Paraytec	
  Ltd)	
  

MICROTOOLS	
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The	
  Overall	
  Concept	
  for	
  the	
  L-­‐L	
  ExtracNon	
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5 mM APH 	


n-Heptane	


ultraviolet 
(@254nm)	


P+S	

P	

S	


High interfacial area gives a suitable platform to investigate different interfacial 
phenomena
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On-­‐line	
  Monitoring	
  (UV	
  Absorbance)	
  



www.era-­‐ib.net	
  

• What	
  was	
  proposed	
  
Create	
  a	
  toolbox	
  of	
  microsystems	
  that	
  mimic	
  unit	
  
operaBons	
  of	
  a	
  biocatalyBc	
  process,	
  with	
  online	
  
monitoring,	
  and	
  standardised	
  experimental	
  protocol	
  for	
  
scale	
  translaBon	
  
• What	
  was	
  achieved	
  
L-­‐L	
  extracBon	
  unit,	
  characterised,	
  UV	
  read-­‐out,	
  and	
  
mass	
  transfer	
  analysis;	
  FiltraBon	
  unit	
  for	
  enzyme	
  
separaBon/re-­‐use,	
  monitoring	
  of	
  trans-­‐membrane	
  
pressure,	
  addressing	
  bio-­‐fouling;	
  resin-­‐based	
  ?	
  	
  

Summary	
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• What	
  are	
  the	
  plans	
  for	
  future	
  (any	
  follow-­‐up	
  
projects?)	
  

We	
  are	
  sBll	
  funded	
  for	
  most	
  of	
  2016	
  
•  Finalise	
  case	
  studies	
  for	
  TK	
  and	
  TAm-­‐catalyzed	
  
reacBons	
  

Put	
  together	
  a	
  plug	
  ‘n’	
  play	
  system,	
  i.e.	
  not	
  only	
  provide	
  
a	
  characterised	
  toolbox	
  of	
  individual	
  units,	
  but	
  also	
  a	
  
plagorm	
  technology	
  (or	
  at	
  least	
  beher	
  understanding	
  
the	
  challenges)	
  
	
  

Summary	
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• What	
  are	
  the	
  plans	
  for	
  future	
  (any	
  follow-­‐up	
  
projects?)	
  

SBll	
  funded	
  in	
  2016;	
  follow-­‐on	
  projects,	
  via	
  new	
  funding	
  
or	
  mini-­‐projects:	
  
•  Interested	
  in	
  collaboraBon	
  and	
  apply	
  our	
  
comprehensive	
  microsystem	
  technology	
  plagorm	
  for	
  	
  
•  Exemplify	
  the	
  versaBlity	
  of	
  our	
  approach	
  for	
  one	
  other	
  

enzyme	
  system	
  
•  InvesBgate	
  scale	
  translaBon,	
  standardised	
  experimental	
  

protocols	
  
•  Explore/demonstrate	
  potenBal	
  to	
  produce	
  high-­‐value/low-­‐

volume	
  compounds/metabolites	
  
•  InvesBgate	
  process	
  condiBon	
  screening	
  

Summary	
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Design	
  and	
  fabricaBon	
  of	
  several	
  microfluidic	
  downstream	
  devices	
  
prototypes	
  ,	
  some	
  for	
  the	
  first	
  Bme	
  (e.g	
  FlocculaBon	
  device)	
  
	
  
Put	
  together	
  a	
  plug	
  ‘n’	
  play	
  system,	
  i.e.	
  not	
  only	
  provide	
  a	
  
characterised	
  toolbox	
  of	
  individual	
  units,	
  but	
  also	
  a	
  plagorm	
  
technology	
  (or	
  at	
  least	
  understanding	
  the	
  challenges	
  in	
  full)	
  
	
  
Development	
  of	
  new	
  monitoring	
  system	
  (in	
  collaboraBon	
  with	
  
Paraytec	
  Ltd,	
  UK)	
  
	
  
Pushing	
  the	
  boundaries	
  of	
  NIR	
  and	
  Raman	
  monitoring	
  capabiliBes	
  
in	
  microfluidics	
  device)	
  
	
  
	
  

Project	
  Outcomes	
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So	
  far:	
  
1	
  arBcle	
  published	
  	
  
2	
  PhD	
  thesis	
  (parBally)	
  and	
  3	
  MSc	
  thesis	
  (more	
  to	
  come)	
  
Several	
  conference	
  presentaBons	
  
	
  
In	
  the	
  pipeline:	
  
•  Pallipurath	
  et	
  al.,	
  FlocculaQon	
  on	
  chip:	
  a	
  novel	
  approach	
  to	
  

determine	
  growth	
  rates	
  of	
  single	
  flocs	
  	
  
•  Chiang	
  et	
  al..	
  Micropillar-­‐based	
  aqueous-­‐organic	
  conQnuous	
  

liquid-­‐liquid	
  extracQon	
  device	
  for	
  the	
  extracQon	
  of	
  
pharmaceuQcal	
  compounds	
  

•  Lawrence	
  et	
  al.	
  Automated	
  Microfluidic	
  FiltraQon	
  device	
  

Project	
  Outcomes	
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•  Benefits	
  of	
  internaBonal	
  collaboraBon;	
  publicaBons;	
  
exchange	
  of	
  researchers	
  etc.	
  	
  
•  Exchange	
  of	
  researchers	
  
•  Access	
  to	
  new	
  technologies	
  	
  
•  CollaboraBon	
  with	
  industrial	
  partners,	
  Sigma-­‐Aldrich	
  
•  CollaboraBon	
  with	
  UK	
  SMEs	
  (Paraytec)	
  
•  CollaboraBon	
  with	
  Foundries	
  
•  OpportuniBes	
  for	
  new	
  projects	
  
•  VisiBng	
  Professor	
  
•  Greater	
  in-­‐house	
  synergies	
  
	
  

General	
  EvaluaNon	
  	
  



www.era-­‐ib.net	
  

VisiNng	
  Professor	
  

Prof	
  Ph	
  Renaud,	
  EPFL,	
  Switzerland,	
  @	
  UCL,	
  April	
  –	
  June	
  2015	
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Fermentation Toolbox

screening
strain selection

Shake flasks

2-10L fermenters

Product evaluation
Process demonstration

strain evaluation
biochemical analysis

kinetics and thermodynamics
process development

200L fermenter

New	
  laboratory	
  scale:	
  mℓ	
  -­‐	
  µℓ	
  

ProducNon	
  of	
  Cells	
   AnNbioNcs	
   Small	
  Molecule	
  Drugs	
  

Development	
  of	
  novel	
  culture	
  vessels	
  with	
  system-­‐wide	
  integraQon	
  
of	
  analyQcs	
  to	
  facilitate	
  process	
  understanding	
  towards:	
  
	
  

Enhanced	
  In-­‐house	
  Synergies	
  



www.era-­‐ib.net	
  

	
  

•  Comments,	
  feedback	
  to	
  ERA-­‐IB	
  	
  
•  FantasBc	
  programme	
  with	
  great	
  opportuniBes	
  
•  Partners	
  should	
  ideally	
  start	
  at	
  the	
  same	
  Bme	
  
•  Is	
  there	
  assistance	
  in	
  organising	
  a	
  topical	
  workshop?	
  
	
  “OpportuniBes	
  and	
  pigalls	
  of	
  microsystems	
  for	
  industrial	
  
biotechnology”	
  

General	
  EvaluaNon	
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Professor	
  Dr	
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  Szita,	
  n.szita@ucl.ac.uk,	
  Department	
  of	
  
Biochemical	
  Engineering,	
  University	
  College	
  London	
  

Professor	
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  Univ	
  of	
  Denmark	
  

Professor	
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Professor	
  Dr	
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Engineering	
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Technical	
  University	
  of	
  Iasi	
  

Professor	
  Dr	
  Anca-­‐Irina	
  GalacNon,	
  anca.galacQon@bioinginerie.ro,	
  
Medical	
  Bioengineering,	
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  University	
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Dr	
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