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        Project Coordinator:            Gianluca Di Profio 
                                                  Consiglio Nazionale delle Ricerche (CNR), IT  
 

Where does the AMECRYS idea come from? 

The AMECRYS project originates from the ambition to revo-
lutionize the currently used industrial practices for the 
manufacture of anti-cancer Monoclonal Antibodies (mAbs), 
by replacing the multi-step batch chromatography-based 
platform with a novel process, that would drastically re-
duce costs and increase efficiency in mAbs purification. 

 Which is the basic scientific concept of AMECRYS? 

The fundamental idea at the bases of the AMECRYS project is 
to combine two innovative technologies: protein nanotem-
plate crystallization and membrane-assisted crystallization, in 
a continuous non-chromatographic capture step alternative 
for the recovery and purification of mAbs directly from clari-
fied fermentation broths. 

 How is the AMECRYS research strategy implemented? 

AMECRYS develops along an interdisciplinary research strategy based on three main 
directions: advanced computational and theoretical approaches to gain knowledge 
on mAbs nucleation and process performance; materials development for selective 
mAbs crystallization from multicomponent solutions; implementation and optimiza-
tion of the process from the laboratory “micro-scale” to the industrially relevant en-
vironment. 

AMECRYS Consortium 

The AMECRYS network involves two public research organizations: 

Consiglio Nazionale delle Ricerche and Centre National de la Recher-

che Scientifique; four academic Institutions: Imperial College Lon-

don, Università della Calabria, University of Strathclyde, and Univer-

sité Libre de Bruxelles; and three  industrial/SME: Centre for Process 

Innovation, GVS S.p.a., and Fujifilm Diosynth Biotechnologies, from 

four European Countries (Italy, France, Belgium, United Kingdom). 

AMECRYS … under the lens 



 What are mAbs and why are they so important in the therapeutic field? 

mAbs represent today's most common class of biologic drug of interest 
for commercial production. They are employed in a form of immuno-
therapy to bind monospecifically to certain cells or proteins. The objec-
tive is that this treatment will stimulate the patient's immune system to 
attack those cells. It is possible to create a mAb that is specific to almost 
any extracellular/cell surface target. Research and development is un-
derway to create antibodies for diseases such as rheumatoid arthritis, 
multiple sclerosis, Alzheimer's disease and many different types of can-
cer.  
 

 How are they produced and which problems are there for the industrial    
production of mAbs? 

mAbs have a common biological scaffold, meaning 
the production processes for a whole range of mAbs 
are very similar, which results in far less technical 
challenges to achieve a commercially-viable prod-
uct. They are produced in CHO cell lines and purified 
via a number of chromatography-based steps. 

 
 

 How can the AMECRYS Project contribute to the improvement or                  
simplification of the production process? 

Use of chromatography resin, particularly the Protein A resin used for the initial "capture" stage 
of purification, is costly and time-consuming. It is envisaged that replacing the chromatography 
steps with a crystallization process could result in significant material cost-savings together with a 
smaller facility footprint. 
 

 Why did FDB decide to participate in the AMECRYS Project and what impact 
does it expect? 

As a contract development and manufacturing organization, FDB is always interested in any inno-
vative new technologies which have the possibility of improving our current production process-
es, or reducing the costs for our clients. The membrane-based crystallization technique AMECRYS 
is employing has the possibility of resulting in a prototype disruptive technology for which FDB 
may become an early-adopter. 
 

 What have been the results achieved by your unit in the past 24 months?  

We have successfully designed a scalable expression and purification process for both the model 
mAb and dAb and transferred these to CPI for larger-scale supply of the partners. We have also 
met all the material supply needs of the partners during this time. 
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Partner on Focus:        James Pullen 
                       FujiFilm Diosynth Biotechnologies (FDB), UK  



 Which are the obstacles to overcome in the crystallization of mAbs?  

mAbs are extremely flexible in solution, due the large movements of their Fab domains. This  
hampers formation of well-oriented crystals. X-ray diffraction experiments revealed that ob-
tained crystals are actually formed by a large number of randomly-oriented crystallites and ex-
plains why X-ray diffraction patterns are similar to those of powder samples. 

      

 

 

 

 

 

 Why is it useful to structurally characterize mAbs for industrial production 
purposes?  

Structural characterization of mAb is preparatory for their crystallization. Knowing structural flex-
ibility, protein conformation as a function of relevant variables (precipitant, pH, temperature), 
can help finding suitable conditions to maximize crystal yields and size for industrial production 
purposes. Moreover, crystal properties can affect the activity of mAbs, when formulated in the 
solid crystalline state. 
 

 What is multivariate analysis and how can it be useful for the AMECRYS   
Project?  

Multivariate analysis is a statistical technique to analyze data that depend on several independ-
ent variables. It can be useful for the AMECRYS project since it allows to model the dependence 
of the crystal properties on the crystallization variables (pH, initial mAb concentration, precipitant 
composition, etc.). Multivariate analysis can then be used to optimize crystallization conditions 
and working parameters. Mathematical regression models will play a key role in the industrial 
production of mAbs crystals. 
 

 What have been the progress in mAbs crystallization achieved so far?  

We have optimized crystallization conditions for target mAbs in pure solution by standard vapour 
diffusion methods. By using  chromatography and SAXS analysis, we have identified buffers and 
additives which maximize crystal yield and minimize nucleation time. SAXS analysis has also sup-
plied valuable information about structural behaviour of mAb in solution, as a function of buffer 
and temperature.  
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Partner on Focus:    Rocco Caliandro 
                       Consiglio Nazionale delle Ricerche (CNR), IT  

A)  Low resolution rings from microcrystalline mAb powder;   
B) simulated powder pattern of a known mAb (1HZH PDB code). 

A) B) 
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Partner on Focus:           Jerry Heng 
                   Imperial College London (IMP), UK  

 What are three-dimensional nanotemplates and what are they used for? 

Three-dimensional nanotemplates (3D-NTs) are solid materials used for the heterogeneous crys-
tallization of proteins that cannot be achieved under homogeneous conditions. The physical and 
chemical properties of 3D-NTs can be tailored according to the characteristics of the target pro-
tein to favour the specific interactions between the 3D-NT and the protein. For the industrial-
scale purification of protein, 3D-NTs can be suspended in liquid by stirring or incorporated onto a 
surface to promote the crystallization of the target protein.  

   

 

 

 

 

 

 What role do they play in the AMECRYS Project? 

The current purification technology for mAbs is liquid chromatography, which can remove vari-
ous types of impurities and achieve a pharmaceutically acceptable purity level. 3D-NTs are de-
signed to selectively crystallise the target mAb under different conditions that are relevant in the 
industrial production. This template-assisted crystallization of mAb is investigated in the AME-
CRYS project as a cost-effective alternative to liquid chromatography.  

 

 How can they contribute to the improvement of mAbs crystallization process 
on industrial scale? 

Protein crystallization in general is difficult to achieve in large scale. The crystallization of mAbs is 
even more challenging due to their complex three-dimensional configuration and the corre-
sponding complex phase behaviour. Based on the physical and chemical characteristics of the tar-
get mAbs, 3D-NTs are designed to crystallise the target molecules on an industrial scale in batch 
or continuous mode.   
 

 What have been the results achieved until now in the development of           
3D-NTs?  

3D-NTs with various pore size and surface chemistry have been synthesised and tested for the 
crystallisation of the target mAbs. In terms of surface chemistry, various functional groups have 
been added onto the surface of the 3D-NTs via chemical methods. The screening results show 
that several NTs have positive influence on the crystallization process. 

TEM images of different type of nanotemplates. 



  What is the membrane-assisted crystallization technique?  

“Membrane crystallization” is an innovative methodology, developed at the Institute on Mem-
brane Technology of CNR and at the University of Calabria, for the concentration of a solution by 
solvent removal in the vapour phase through a porous membrane, by finely controlling the gen-
eration of supersaturation and crystallization process. 
 

 What advantages do you expect from the use of      
membrane crystallization for the purification of mAbs?  

By using appropriate membranes and operating conditions, the main 
features of this technology would allow modulating the supersaturation 
profiles adjacent to the membrane surface, thus consenting to finely ex-
plore the narrow region of the phase diagram of a complex molecular 
systems, like a mAb, to find the most appropriate conditions for industri-
al crystallization. 

 

 Which kind of benefits do you think would be possible to transfer on            
industrial scale with your results?  

The main benefit will be the recovery of therapeutic 
proteins by means of the customized membranes 
produced by our optimized protocol. This approach 
will permit the purification of mAbs at higher efficien-
cy and lower cost, mitigating the cost of anti-cancer 
mAbs, thus contributing to the sustainability of 
health and care systems.  

An additional benefit will be the possibility to devel-
op new production protocols for polymeric mem-
branes where harmful solvents are replaced by less toxic substances, to make industrial mem-
brane production more environmental friendly, as requested from current European Regulations.   
 

 What have been the progress in membrane development achieved in the 
past 24 months?  

Our work validated a sustainable way to produce functionalized polyvinylidene fluoride (PVDF) 
membranes, tailored for membrane-assisted crystallization, in which green solvents are used in 
place of substances of very high concern (SVHC), without using any chemical additive as pore 
forming. An in-deep investigation of the effect of membrane preparation parameters in vapour 
induced phase separation technique, using dimethilsulphoxide as solvent, has been realized. 

Symmetric porous membranes, with customized rough surface topography and hydrophobic 
character generated by a bio-mimetic behaviour, similar to that of the lotus leaves, were fabricat-
ed through this environmental friendly process and were effective to crystallize the target mAb.  
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SEM image of the typical microstructures of the 
surface of the PVDF membranes (A); EDX mapping 
of the functionalized membranes (B). 

(B) (A) 

Partner on Focus:           Enrica Fontananova 
                                            Consiglio Nazionale delle Ricerche (CNR), IT  
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 Which are the main troubles in the industrial production of membranes with 
controlled features?  

To prepare at industrial level continuous uniform and replicable membranes characterized by 
specific properties in a tight range of values, materials and process parameters need to be care-

fully monitored and controlled. Therefore, major 
efforts are dedicated: 

 i) to adapt the currently available equipment and 
technology to the stringent requirements and proper-
ties of the new PVDF membranes; 

 ii) to select the materials needed for the membrane                     
preparation. 

 

 What is GVS business purpose concerning to his participation in the           
AMECRYS Project?  

In case of successful development of this new technology, GVS expects to expand its business in 
biopharmaceuticals by selling the membrane that will be developed. 
 

 What have been the involvement of GVS in the project?  

GVS is strongly committed to the development of a new PVDF membrane prototype, needed for 
the  success of  the AMECRYS strategy and potentially very promising for the future mAbs mar-
ket. 

 

Partner on Focus:      Soccorso Gaeta 
                                                                GVS S.p.a, IT 

Example of PVDF membrane prototype  
developed and produced at the GVS laboratory. 

http://context.reverso.net/traduzione/inglese-italiano/committed+to+the+development
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 What are coarse-grained” models and why are they important? 

“Coarse-grained” refers to models in which only the most important features of the physics are 
retained. They stand in contrast to molecular models where every molecule, or even atom, is in-
dividually included in a simulation. Molecular models are very computationally expensive and so 
can only be used for certain limited purposes. Because coarse-grained models are simpler and 
more computationally efficient, one can simulate much larger  systems for much longer times.   
 

 How can they contribute to the optimization of devices designed by the   
AMECRYS Project? 

By using coarse-grained models, we can simulate processes such as nucleation of mAbs on sub-
strates having different characteristics (for example, number and size of pores). If the calculations 
are fast, we can do this for many combinations of parameters and thus find the best ones for use 
in industrial process. 

 

 

 

 

 

 

 

 

 

 

 

 What have been the results achieved by your simulation work until now?  

The ULB team has focused on the theoretical modelling of crystallization with substrates, specifi-
cally, on the optimization of their physical-chemical properties. First, we studied in detail the 
forces between the mAbs and the substrate in order to understand how the chemistry of the 
template surfaces (particularly their hydrophobicity) affects their interaction with the macromol-
ecules. This information was then used to perform molecular dynamics simulations of crystalliza-
tion in pores from which we learn the effect of pore properties on the crystallization rate. Our 
preliminary results indicate that the crystallization rate depends strongly on the pore size, with 
pores only a few times larger than the mAbs molecules giving the best results. This work contin-
ues and we are now working to fully quantify the relation between pore size and distribution to 
crystallization rates.   

Theoretical work has been performed to quantify this behaviour as a 
function of the hydrophobicity of the surface resulting in a phase 
diagram (right panel) summarizing the propensity of a molecule to 
be drawn into a pore. 

The interaction between a macromolecule (black sphere in left    
panel), water (blue background) and wall lead to forces that can 
either draw the molecule into pores or push them away.  

Partner on Focus:       James Lutsko 
                        Universitè Libre de Bruxells (ULB), BG   
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What is the “pharma on a chip” model? 

The “pharma on a chip” consists in microfluidic devices permitting the exploration of crystalliza-
tion processes at the nanoliter scale for structurally simple or complex (mAbs) proteins. Such de-
vices make possible to control concentration of solutes (protein/salt/crystallising agent), within 
parallel nanoliter chambers for high-throughput screening investigations of crystallization condi-
tions. The miniaturization of the device make possible experiments with only microliters of solu-
tion, avoiding the use of large amounts of protein solutions.   
 

 How can this concept be implemented in a microfluidic system? 

The microfluidics fabrication technologies, using soft lithography techniques, allow us to fabricate 
multilevel microfluidic chips with any design, adapted to our experiments of crystallization at the 
nanoliter scale. Such chips allow us to work in a static way, with dead-end channels, or in a dy-
namic mode, with recirculating flows generated with integrated micro-valves. These setups make 
possible visualization such at high resolution using standard microscopy (micrometer-sized crys-
tals are easily visualized). Other techniques, such as Raman spectroscopy can also be coupled to 
these setups, for further characterization. 

 

 

 

 

 

 

 

 What have been the progress achieved so far in developing microfluidic      

devices?  

CNRS developed microfluidic integrating thin membranes, to perform high-throughput screening 
crystallization experiments mimicking membrane crystallization. Our devices make possible to 
control in time the concentration of solutes within multicomponent phase diagrams (protein/
salt/crystallizing agent), in up to one hundred parallel nanoliter chambers. The miniaturization of 
the device make possible experiments with only microliters of solution, avoiding the wasting of 
precious mAbs solutions, and allows performing simultaneously analytical measurements such as 
spectroscopy. We demonstrated the opportunities offered by our device by controlled crystalliza-
tion experiments of target mAb, and the determination of its full phase diagram. We also showed 
that the integration of miniaturized valves makes also possible to investigate the possible role of 
recirculating flows on the growth rate of mAbs crystals. 

Microfluidic chip set up on a microscope for 
mAb crystallization experiments.    

    Monoclonal antibody crystallized into a 
microfluidic channel  

Partner on Focus:       Sandy Morais 
                           Laboratory of the Future (CNRS), FR 
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 What advantages can microfluidics lead to the development of an industrial 
strategy to purify the mAbs?  

By reducing the scale of the crystallization tests, microfluidics allow to achieve 
a maximum number of tests with a minimum amount of mAbs. Thus, the effect 
of various parameters such as pH and mAbs concentration on mAbs phase dia-
gram, crystallization ability and crystal purity can be accurately studied.  

Microfluidic tools lead to the development of a reliable method for mAbs crys-
tallization, and thus their purification. All these data will support the scale up of 
mAbs crystallization at an industrial scale to arrive at an efficient and robust 
process to purify mAbs. 
 

 Which fundamental scientific concepts can      
microfluidic systems allow us to verify?  

From a fundamental point of view, microfluidics is a powerful 
tool to study nucleation of mAbs crystals. Indeed, protein crystallization is still little studied, con-
sidering the high cost of the raw material. Microfluidics allow performing quickly a large number 
of crystallization experiments, and making many trials in order to study the impact of each pa-
rameter on the crystallization. All these features make microfluidic a tool of choice to study nu-
cleation kinetics, probability distributions and nucleation rates of mAbs that allows us to develop 
new understanding of heterogeneous nucleation. 

 How will these results support an industrial scale-up?  

Through the study of the impact of many different parameters, mAbs crystallization in microfluid-
ic devices contributes to an accurate knowledge over mAbs nucleation. Therefore, the entire mi-
crofluidic study leads to the identification of the best crystallization conditions to grow mAbs 
crystals from complex solutions, and a better understanding of crystallization behaviour. We ex-
pect these results to yield a high control over the nucleation while scaling-up the process of mAbs 
purification to arrive at an efficient and robust template enhanced membrane crystallization pro-
cess for advanced mAbs purification. 

 What have been the relevant results achieved in the past 24 months?  

A reliable method to study protein crystallization has been set up in UST. The accurate control of 
crystallization condition and the on line monitoring of crystallization gives precise data on nuclea-
tion kinetics and nucleation rate in few µL batch. This method has been developed using a model 
protein for mAbs. The first results showed reduced induction time for protein heterogeneous nu-
cleation on templates provided by the AMECRYS partner IMP. These results prove the effective-
ness of the template designed in IMP to enhance crystallization of mAbs. 

Simultaneously, first experiments on protein crystallization in microfluidics, using the chip devel-
oped by the AMECRYS partner LOF-CNRS, have been made. A method to measure template parti-
cle enhanced protein nucleation rates and nucleation kinetics is currently developed.  

Partner on Focus:     Charline Gerard 
                                    Strathclyde University (UST), UK 

Protein crystals in a mcrofluidic chip 
(preliminary experimental set up)    
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 How membrane technology would increase efficiency in mAbs purification 
industry?  

Membranes are today dominant in many industrial fields of strategic relevance. Their success is 

also due to the inherent modularity of this technology: tens of square meters of selective mem-

branes – manufactured in the form of flat sheets or hollow fibers – can be efficiently arranged in 

modules. As a result, scale-up procedures are drastically simplified with respect to conventional 

unit operations used in chemical processes, and results at lab-scale can be almost linearly trans-

ferred to industrial environment with limited efforts. 

 

 What are the main expected benefits in industrial terms of the newly devel-
oped technology?  

The substitution of high-cost chromatographic columns with relatively cheap membranes, in con-

junction with the possibility to shift from batch to continuous process, will improve manufactur-

ing efficiency of mAbs and will significantly decrease their production cost. The advantage of in-

dustrial application of the AMECRYS technology in protein purification should come in two main 

areas which are interlinked and attractive for industrial companies - 

continuous processing and process compactness.  

Purification by crystallisation will be a truly continuous process with 

continuous input and output of purified product. 

This involves higher protein concentrations than chromatography and 

hence the size of the equipment and the process footprint will be 

substantially reduced. More compact processes will require smaller 

lower cost facilities. Additionally, the requirement of ancillary activi-

ties such as the volumes of buffers for chromatography are avoided. 

Some benefits will be realised by installing in existing facilities but all 

the benefits come with designing new facilities around compact AME-

CRYS technology. Hence the importance of the prototype in 

providing a demonstrator for the technology. 

 

 Which is the main aim of your work in the project?  

Several strategies have been implemented by CNR at lab-scale in order to improve the compati-

bility of nanotemplates with membranes. UCAL performed theoretical studies of heterogeneous 

nucleation of proteins on selective polymeric membranes allowed at clarifying the effect of physi-

cal-chemical and morphological properties of solid surfaces. The achieved results represent the 

premise for an optimal design of the prototypal device for the recovery of mAbs in solid phase, 

that will be designed and realized by our unit.   

Partner on Focus:            Efrem Curcio 
                               Università della Calabria (UCAL), IT 

A lab-scale membrane module. 
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Partner on Focus:         John Liddell 
                     Centre for Process Innovation (CPI), UK 

 What will be the final product of the AMECRYS project?  

The final product of the AMECRYS project will consist of two linked outputs. A major one will be a 
designed and installed continuous flow template assisted membrane crystalliser prototype at CPI. 
This will be used to produce the other major output which is data on the operation and applica-
bility of the technology with biopharmaceutical requirements. This data will allow comparison 
with the conventional technology of 
chromatography based purification.  

A basis schematic of how the AME-
CRYS nanotemplate assisted crys-
talliser would link to the upstream 
process is shown in the right dia-
gram. 
 

 How do you intend to carry out the technological transfer of the project       
results from the laboratory to the demonstration scale in an industrial                   
environment?  

The prototype can act as a demonstration unit for industrial com-
panies to assess the applicability of the technology to their bio-
pharmaceutical products. Around 120 biopharmaceuticals were on 
the market by 2016 with around 50% of that market being mAbs. 
This is continuing to grow with 10 new mAbs being licensed in 
2017 and a similar number expected for 2018.  

The overall value of the biopharmaceutical market is predicted to 
be over $300b by 2022 (EvaluatePharm) and is a growing at 7.1% 
CAGR. Hence this provides good opportunities for new technolo-
gies like AMECRYS to find applications. 

 

 What have been the progress achieved by your unit in the first part of the 
Project?  

Technology transfer of information for the two processes to produce the model molecules to be 
used in the project (an IgG1 antibody and a Vh domain fragment). This has involved transferring 
cell lines from FDB plus transfer of information and protocols for the upstream process 
(bioreaction), downstream process (purification) and analytical methods for each molecule. 

Operating both processes at 10 L bioreactor scale and with appropriately scaled downstream pro-
cessing to generate material at three different purity levels to supply partners in the collabora-
tion who were developing crystallisation protocols.  

Analytical data was collected from the product produced. This data set  provides the baseline set 
of data from which to compare the conventional chromatographic process with the process that 
is being developed in AMECRYS. 



AMECRYS Events & Dissemination 

Kick-Off Meeting: 

@ CNR-ITM, Rende (Cs), Italy  (October, 2016) 

Project Meetings (2017): 

@ IMP, London , UK (March, 2017); 

TC Meeting  (September, 2017) 

EC Review Meeting: 

@ REA, Bruxelles , Belgium  (November, 2017) 

Project Meetings (2018): 

@ CNRS, Bordeaux, France (April, 2018)   

   

UPCOMING EVENTS: 

Project Meeting: 

@ FDB & CPI, Billingham-Darlington, UK  

      (November, 2018)  
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September 3-6, 2017, Dublin (IRL)     

  September 5-8,  2017, Edinburgh (UK) 

June 5-6, 2017, Glasgow (UK) 

         June 27-30,  2017, Manchester (UK) 

November 28-30, 2016, Melaka (MYS) 

    April 2-6,  2017, San Francisco (USA) 

September 29,  2017, Rende (ITA)    

      October 19-20,  2017, Alghero (ITA) 

  November 22-24,  2017, Lisbon (POR) 

       January 30,  2018, Stevenage (UK)    

October 23-25,  2017,  Paris (FRA)       

  December 30, 2018, Naples (ITA) 

   March 21-23, 2018, Barcelona (ESP) 

March 26-29,  2018, Warwick (UK)    

March 19-25,  2018, Bruxelles (BEL)      

      June 20-22, 2018, Singapore  

July 9-13,  2018, Valencia (ESP) 

           July 24-26, 2018, Bari (ITA) 
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