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Producing Reagents 
 
For In Vitro Diagnostics  & Next Generation Sequencing 

Å Embracing Quality 

Å Consistency in Meeting Expectations 

ÅWell Characterized Expectations 

ÅWhat will be produced? 

Å How will it be produced? 

Å Appropriate metrics to meet those 
expectations 

Å Continually Refining & Challenging 
Limits 

Å Remaining Flexible  

 

Å Scalable Platform 

Å Easy to source,  sustainable 
quality supply 

Å Easy to use & document 

Å Cost effective 

Å Transportable Technology 

Å Upstream: Growth & Expression 

Å Down Stream: Purification & 
Formulation 

Å Quality Systems that drive 
Improvement 

 

Quality Of Reagent Security Of Supply 
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Å What do you need? 

Å Enzyme X for Application Y 

Å What do you know of the Enzyme & Application? 

Å We have been buying ǘƘƛǎΣ ōǳǘΧ²Ŝ have a clone, but 

Å How much do you need? 

Å As much as you can get us 

Å When do you need it? 

Å Yesterday 

Å Do you have an assay for this material? 

Å Well kind of, sort of, well almost 

Å What is critical to quality? 

Å That it works well in the Application 

Project Planning Phase 



Not Everything Scales Well 

"Got a few problems 
going from lab scale 
to full-scale 
commercial." 



Up Stream 
Down Stream 

Quality 
Å Select Strain & Vector  

Å Construct Gene 

Å   Transform 

Å Selection & Confirmation 

Å Small Scale Expression 

Å Test Expression &  

Solubility  

Å 9ȄǇǊŜǎǎ ά[ŀǊƎŜέ {ŎŀƭŜ 

Å Harvest 

Å Lysis 

Å Clarification 

Å Capture 

Å Intermediate        
Purification 

Å Polish 

Å Store 

 

 

 

Å Targeted Assay 
Development 

Å Quantitative 

ÅTarget 

ÅContaminant 

Å Qualitative 

ÅTarget 

ÅContaminant 

Å Quality Assurance 

 

(2 - 4 weeks) 

The Average Project Timeline: Phase 1    (8-12 weeks) 

(6 - 8weeks) 
(2 ς 4 weeks) 



Quality 

Up Stream 

Automation of Expression Automation of Purification 

Automation Automation 

Managing the Timeline                  (8-12 weeks) 

QC Quality 
Benchmarking Material 

Technology Transfer 

Current Gap 
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Number of Process Steps 
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KEEP IT SIMPLE 

Effective Yield 
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3 Case Examples 
 
Å TB Antigens     (N terminal 6 x His Tagged) 

Å RNA Modification Enzyme  1 (Solubility Enhanced Cleavable Fusion) 

Å RNA Modification Complex  (Native Heterodimer) 
 

 

Å Activity Counts  
ï Difficult to run assay in the crude samples 

Å Success can come in several forms 

Å Raise the question: What is the effective yield? 

ÅWhat  scale of operation is sufficient? 

ÅWhat methods and equipment are appropriate for sufficient scale? 

Å Can the downstream capture what upstream team produces? 
 

Why these example ? 
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Case 1: TB Antigen Purification 

ÅCloning of 6x His Tag fusions complete 

ÅPurify 20 targets in 2 weeks 

ÅExpression Optimization not viable 

ÅNo epitope assay for targets  

ÅTarget functional assays limited  

ÅSpecific Contaminant Assay for LPS  

ÅSDS PAGE with Silver Stain  



Soluble 6 x His Tagged TB Antigen Purification 

IMAC 
Chelating Sepharose FF 

SEC 
Superdex 75 & 200 

Anion Exchange 
Q Sepharose HP 

Growth  
Induction 
Expression 

Cell 
Harvest 

Cell 
Lysis 

Clarify 

Capture 
 

Low  [Imidazole] Bind 
Gradient Elute 
Peak Collect 
> 90% Purity 
 
Contaminants: LSP 
HCP,  Aggregates,  
Nickel 

Intermediate  
Purification 

 
Buffer Exchange 
Aggregate Removal 
Peak Collect 
> 98% Purity 
 
Contaminants: LSP 

Polish 
 
Endotoxin Removal 
Concentration 
Formulation 
>99% Purity 
 
Contaminants: ? 
Mono/Polydisperse 

 



Colangeli R, et.al., J Chromatography  B  1998 Sep 4;714(2):223-35. 
 

Soluble TB Antigen Purification 

SEC AIX IMAC SEC AIX 



Insoluble TB Antigen Production 

Lyse /Solubilize 
8M Urea 

Cell 
Harvest 

Clarify 

Solubilize/Lyse 
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Magnetic Bead Technologies                              Expanded Bed Technologies 

Enzymatic 
Chemical 
Mechanical 

Chemical 

 

Cell 
Harvest 

Cell 
Lysis 

Clarify 

Clarify Solubilize 
Collect 

the 
Pellet 

Classical Strategy 



Refolding Strategies 

SEC 
Superdex 75 & 200 

Gradient Removal of Urea Remove LMW Denaturant 
Exclude mis-folded forms 

 

See also: M.H. Werner, et al., FEBS Lett. 345 (1994) 125ς130. 

IMAC 
Chelating Sepharose FF 



Have you Considered?  

Classical  Strategy 
Classical Insoluble Strategy 
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Cell 
Harvest 

Cell 
Lysis 

Clarify 

Is there sufficient  
soluble target 
to purify? 

38 kDa Antigen    100 µg / g cell paste 
 
Typically ng - µg / g cell paste  available 
 
Is this enough to meet your situational needs? 

 
 

Collect 
the 

Pellet X 
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Case 2: Standard Expression Platform Approach 

ÅRNA Modifying Enzyme 1 Literature review  

ÅSeveral candidate sequences available 

ÅNative source is non viable for production 

ÅSuccessfully expressed in E. coli (limited detail) 

ÅAcademic purification methods & materials   
ÅNon process friendly resins, buffers and additives 

ÅEnzymatic lysis, batch adsorption 

ÅActivity assay defined and άǾƛŀōƭŜέ  

ÅNo useable in- process or storage stability data 

 



37ϲC 5hr 20ϲC O/N 

-   +   -   +   -  +   -  + IPTG 

Native  (39 kDa) 

   2   3    2   3 

Temp 
Strain 
Construct A       A      A      A  

D      D      
  -   +  -   + 

 2       3 

Upstream 

Take Your Best Shot 

20ϲC O/N 

  A1  B   C  D 

Cleavable Fusion  (65 kDa) 

-   +   -   +  -  +   -  + 

 2        2         2         2 

Plan B Next 
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RNA Modifying Enzyme 1 (331 aa)  

a5±±{[5ΧΧΧΧΦ{Yw{±w{bY 

  
Fusion Protein  (574 aa)  

{9¢ оΧ [ ± t w D {Χ5±±{[5ΧΧΦ{Yw{±w{bY  
     

Down Stream 
 
Å Search the literature again 
Å What are we purifying? 
ÅGet the entire sequence 
ÅSET 3 + Thrombin Cleavage Site 

Å Do some quick Calculations 
Åest. MW  39 + 26 kDa 
Å est. pI  ~ 9.3 
ÅCheck hydrophobicity 

Å Plan a Purification Scheme 
Å Target Oriented 
Å Co-isolate /Contaminant Oriented 

Å Review CTQs 
ÅRNAse Free 

Å Potential Pitfalls & Cautions? 
 

 



Initial Purification Strategy 

ÅBreak 

ÅClarify  

ÅSelective Precipitation  

ÅCapture 
Å CIX  

Å Intermediate Purification 
ÅHIC  

ÅAC / Heparin  

ÅPolish (SEC) 

ÅThrombin Cleavage 
 

Å Capture 

ÅAC /Heparin  

Å Intermediate Purification 

ÅCIX 

Å Polish 

ÅSEC 

 

Prep for Storage 

50% glycerol, -20  °C 



Cation Exchange 

HIC  

 2 O methyltransferase Lot D1 Phenyl HP 120ml001:10_UV  2 O methyltransferase Lot D1 Phenyl HP 120ml001:10_Cond  2 O methyltransferase Lot D1 Phenyl HP 120ml001:10_Cond%
 2 O methyltransferase Lot D1 Phenyl HP 120ml001:10_Conc  2 O methyltransferase Lot D1 Phenyl HP 120ml001:10_Flow  2 O methyltransferase Lot D1 Phenyl HP 120ml001:10_Temp
 2 O methyltransferase Lot D1 Phenyl HP 120ml001:10_Fractions  2 O methyltransferase Lot D1 Phenyl HP 120ml001:10_Inject  2 O methyltransferase Lot D1 Phenyl HP 120ml001:10_Logbook
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AmSO4 25-50% Window 

    18 g 
 
 
Load 
118mg 
 
 
 
 
 
 
 
 
60mg 

RNA Modifying Enzyme 1 


