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Breifly, present the platform 

Cold-adaptation and 
application examples 

Challenges with 
production 

This presentation focuses on the development of cold-
adapted proteins, applications, and challenges in production 



Norstruct is located in the sub-Arctic region of Norway 

Tromsø 
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Vorführender
Präsentationsnotizen
http://www.bygg.no/



Three sub platforms 
SP1: Protein production 
SP2: Structure determination 
SP3: Drug discovery and design 

 

Internal research 
Drug discovery and design 
DNA interactions and modification 
Host-pathogen interactions 
Bioprospecting 

National research courses 
Visitor program 
Research schools 
MSB Research School 
BioStruct Research School 

 

Norstruct is a national research and service centre 
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Vorführender
Präsentationsnotizen
�I) “Signal transduction – Anti-cancer drug discovery and design” Studies of Aurora kinases and inhibitor interactionsSelectivity determinants for protein kinase inhibitorsFocused chemical libraries for ATP dependent enzymesCML drugs and mechanisms of drug resistanceSelectivity mechanisms for targeting PKB/AKT in anticancer drug discovery�II) “DNA interaction and modification” Proteins involved in DNA repair through the Base Excision Repair pathwayProteins involved in regulation of transcriptionProteins involved in replicationProteins involved in defense against invasion of foreign DNA�III) “Host-pathogen interactions” Oxidative stress and ferric uptake regulation.Quorum sensing (QS) systemsSialic acid biosynthesis pathwaysGenome plasticity during host-pathogen interactions�IV) “Bioprospecting, design and development of proteins with medical, biotechnological and commercial potential” Collection of biological samples in Arctic watersIdentification and development enzymes with properties which can be further exploited commerciallyIdentification and development enzymes with novel activitiesIdentify structural determinants for extremophilic activity in order to improve, and create, new enzyme properties by rational designNational Graduate schoolpartnersUniversity of Tromsø (UiT) – Host InstitutionUniversity of Bergen (UiB)University of  Oslo (UiO)Norwegian University of Science and Technology (NTNU)Norwegian University of Life Sciences (UMB)BioStruct is also part of a Nordic network of graduate schools from Finland, Sweden and Norway. This initiative is granted by NordForsk for 3 years (2009-2012). This means that BioStruct students will have access to funding for participating in activities (meeting and courses) also in our neighbouring countries.Nordic graduate schoolNational Graduate School in Informational and Structural Biology (ISB, Finland) – administratorNational Research School in Genomics and Bioinformatics (GenBio, Sweden) National Graduate school in structural biology (BioStruct, Norway)Research School in Systems Biology (SysBio, Norway)



Norstruct offer service on the pipeline from cloning to 
structure determination to drug discorvery 
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Psychrophiles represent an “unexplored” source for 
enzymes with novel properties 

80% of Earth 

Vorführender
Präsentationsnotizen
Many targets psychrophilic organisms; fish and prokaryotes…Feller & Gerday et al, 2003: We generally forget that the Earth is mostly cold and that most ecosystems are exposed to temperatures that are permanently below 5°C. Such low mean temperatures mainly arise from the fact that ~70% of the Earth’s surface is covered by oceans that have a constant temperature of 4–5°C below a depth of 1,000 m, irrespective of the latitude. The polar regions account for another 15% of the surface, to which the glacier and alpine regions must also be added. The microorganisms that have colonized these cold environments are referred to as psychrophile…Ref: http://deltabiology.com/wp-content/uploads/2012/01/temperature-requirements.jpgEnzymes adapted to extreme environments are often characterized by unique biophysical properties; stability, efficiency, specificity, etcUnique properties can be exploited in industry or as components and tools in biothechnologyUnique properties can be redesigned to yield enzymes with specific functions



Cold-adapted proteins have a higher activity at low 
temperature compared to their mesophilic counterparts 

Larsen et al, FEBS, 2006 

Psychrophilic 

Mesophilic 

Backer et al, JBC, 2002 

Vorführender
Präsentationsnotizen
Psychrophilic enzymes are up to tenfold more active at low and moderate temperatures (up to 20–30°C) than their mesophilic. Such high activity compensates the cold-induced inhibition of reaction rates. However, the activity of cold-adapted enzymes is also heat labile, as judged by the downshift of the apparent optimal temperature of activity.In general, cold-active enzymes have an increased catalytic efficiency at lower temperature, which seems to be accompanied by a reduced thermal stability and increased molecular flexibility. The flexibility should prevent the enzymes from becoming overly rigid at low temperatures. There are, however, no common structural features that account for these findings; each cold-adapted enzyme (family) uses a different array of structural adjustments to gain the flexibility that results in increased catalytic efficiency and reduced stability. Apparently, the origin of increased activity and reduced thermal stability resides in particular regions or domains rather than general characteristics.At low temperatures (approaching 0°C), the energetic cost of disrupting H-bond networks is very high because of the high viscosity and high surface tension of water (87). In cold-adapted enzymes, the energetic cost may be offset by surface-charged or polar amino acids interacting with water molecules of a high dielectric constant (60, 130), thereby enabling proper solvation and maintaining flexibility (87). Better solvent interactions with positively charged His (pKa ≈ 7) may also play a role in improving flexibility at low temperatures.Some strategies: Stability factors:Reduced number of ion pairsReduced number of intramolecular hydrogen bondsP, M, G, R content loweredDecreased number of salt bridgesMore loops, larger loopsFlexibility factors: Hydrophobic core (core packing) reduced (hydrophobic effect is weakened by low temperatures) Surface hydrophilizedNon-polar residues more exposedIt appears clear that optimization of surface potentials is one of the strategies of cold adaptation.Fig. 9. Temperature optimum for activity of SPRK and PRK. Enzyme assay was performed in the temperature range of 20–75 C. One hundred percent activity refers to the temperature value with the highest activity. (r), SPRK; (n), PRK. Figure 5. Surface potential representation, prepared with GRASP,48 of (a) SAP, (b) PLAP and (c) ECAP, with potentials ranging from −15 (blue) to +15 (red).SAP has a surplus of negatively charged amino acid residues and a relatively low number of proline residues, while the frequency of aromatic residues is higher.23 Moreover, the overall charge of −80 for the functional dimer (assigning histidine neutral) is distributed such that the protein surface is predominantly negatively charged. The active site is the only clear positively charged patch on the surface. As a result, the negatively charged substrate (a phosphomonoester) must be strongly directed towards the active site. Since electrostatic optimization is a way for cold-active proteins to adjust themselves to their environment, the surface of SAP may have evolved to optimize this direction of the substrate to the active site. 



Cold-adapted proteins have a higher activity at low 
temperature compared to their mesophilic counterparts 

Larsen et al, FEBS, 2006 

- and they are heat labile! 

Vorführender
Präsentationsnotizen
Psychrophilic enzymes are up to tenfold more active at low and moderate temperatures (up to 20–30°C) than their mesophilic. Such high activity compensates the cold-induced inhibition of reaction rates. However, the activity of cold-adapted enzymes is also heat labile, as judged by the downshift of the apparent optimal temperature of activity.



pre-PCR 
(25-37°C) 

°C 
PCR 

(95 - 55°C) 
Reverse 

Transcription 
(50-55°C) 

Heat-lability makes cold-adapted enzymes useful in 
biotechnology applications 

Sequencing 
(95 - 50°C) 

Nuclease 

post-PCR 
(4-25°C) 

Alkaline 
phosphatase 
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Nuclease 

Vorführender
Präsentationsnotizen
Cloning pipeline
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Motivation example I: Shrimp alkaline phosphatase for 
PCR clean up is completely inactivated by heating 

rSAP is heat-inactivated at 15 
min incubation at 60°C. 

ExoSAP-IT is a one-step clean up 
method post-PCR.  
 
Clean-up by the combination of 
an exonuclease for digestion of 
primers, and SAP to hydrolyse 
dNTPs. HTP sequencing or SNP 
analysis (genotyping). 

Vorführender
Präsentationsnotizen
Eliminate spin columns – Decrease time and expense while increasing yield One-tube/one-step PCR cleanup – Add ExoSAP-IT reagent directly to PCR product, convenient for HTPEliminate spin columns – Decrease time and expense while increasing yield Conserve PCR samples – 100% recovery of both short and long PCR products for accurate sequencing resultsStable at 25°C for 8 hours – Retains full functional activity and is stable at 4°C for one week Arctic shrimp Pandalus borealis.100% active in restriction enzyme, PCR and RT buffersCompletely inactive after 15 min incubation at 65°CDephosphorylation of termini DNA and RNArSAP is heat-inactivated at 15 min incubation at 60°C.Nuclease is heat-inactivated at 15 min incubation at 80°C.Ref: Arctic Zymes



Marine, cold-adapted and secreted enzymes are often more 
salt-tolerant compared to their mesophilic counterparts 

Halophilic 

Vorführender
Präsentationsnotizen
“The outer membrane and cell wall of Gram-negative bacteria do not restrict passage of ions, and the periplasmic proteins are, like the extracellular proteins, constantly exposed to the salinity of the surrounding water”.
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Motivation example II: Salt active nuclease and heat labile 
mutant for removal of contaminating RNA and DNA 

HL-SAN Easily heat-inactivated after 
use. In combination with DTT a 15 
min incubation at 40°C is sufficient.  

HL-SAN is ideal for use in HTP 
protein purification settings to 
remove DNA.  

HL-SAN available 2nd half 2012 

SAN for removal of contaminating DNA 
and RNA from protein preps and reagents etc. 

Vorführender
Präsentationsnotizen
• Non-specific endonuclease • Optimum activity at high salt concentration (0.5 M) • Active at low temperatures (20% at 6¼C) • Broad pH range • Temperature stable Fig. Removal of DNA from E. coli lysates. SAN (μg) was added to 0.1 ml E. coli cell lysate containing 75 μg/ml DNA. (Lysis buffer: 50 mM Tris-HCl, pH 8, 0.25 or 0.5 M NaCl, 0.1 mg/ml lysozyme, 10 mM MgCl2). Reactions were incubated at 2°C or 37°C for 30 minutes, followed by addition of EDTA to terminate the reactions and agarose gel electrophoresis analysis.kcat/km @ 37°C is 108 s-1 M-1 = “superenzyme”Ref: Arctic Zymes



Increased flexibility leads to lower thermostability in cold-
adapted enzymes 

…but they are less stable! Halophilic 

Vorführender
Präsentationsnotizen
Microcalorimetry (DSC)Fig. 6. Temperature stability was analyzed by evaluating thermal unfolding using differential scanning calorimetry (DSC). The results revealed a Tm of 44.8 C for VsEndA and 52.8 C for VcEndA as shown in Fig. 6. The  calorimetric enthalpy (area under the transition) is also much lower for VsEndA (328 kJÆmol)1) than for VcEndA (480 kJÆmol)1).The psychrophilic enzyme is characterized by a low melting temperature (top of the transition), a low amount of heat absorbed during unfolding (surface below the transition) and cooperative denaturation, which is devoid of stability domains. This reflects a fragile molecular edifice that is uniformly unstable and stabilized by fewer weak interactions.
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High catalytic activity at low temperatures is associated 
with increased flexibility and reduced thermal stability 

Psychrophilic Mesophilic 

Vorführender
Präsentationsnotizen
In general, cold-active enzymes have an increased catalytic efficiency at lower temperature, which seems to be accompanied by a reduced thermal stability and increased molecular flexibility. The flexibility should prevent the enzymes from becoming overly rigid at low temperatures. There are, however, no common structural features that account for these findings; each cold-adapted enzyme (family) uses a different array of structural adjustments to gain the flexibility that results in increased catalytic efficiency and reduced stability. Apparently, the origin of increased activity and reduced thermal stability resides in particular regions or domains rather than general characteristics.Ref: Georlette et al, 2004 – some like it coldStrategies (some): Stability factors:Reduced number of ion pairsReduced number of intramolecular hydrogen bondsP, M, G, R content loweredDecreased number of salt bridgesMore loops, larger loopsFlexibility factors: Hydrophobic core (core packing) reduced (hydrophobic effect is weakened by low temperatures) Surface hydrophilizedNon-polar residues more exposedThese changes are effectuated at genomic, transcriptomic and proteomic level. 
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Solubility is the bottle neck of our production pipeline 

Vorführender
Präsentationsnotizen
SP1 targets that has gone through SP1 plattform spring 2012. More targets go directly to SP2. As all other labs we try out:ulike tagsulike strain ulik Ttags på ulik endenoen dobbel-tagsInsektsceller



Cool tips #1: Remove flexible regions, domains and tags 

Trim sequence ends 
TEV 

6xhis 
 #1 

 #2 

Trim tags 

 #6 

 #7 

Trim domains 

 #3 

 #4 

 #5 
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DeMarco et al, BMC, 2007 

Cool tips #2: Co-expression w/chaperones 
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Vorführender
Präsentationsnotizen
Chaperone 5: DeMarco et al, BMC, 2007. Carried two plasmids with five chaperone encoding genes, the GroELS system at low amount, the DnaK/J system and the ClpB. All chaperones are from E. coli, but are overexpressed at controlled levels. This target was not soluble in any of three tested strains, and in five solubility buffers.However, once it was expressed in the chaperone 5 strain we were able to detect a tiny amount of soluble protein in some of the buffers. Chaperone aids folding. 
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Tag removal 

MBP-TEV-target 
MBP 

target 

Cpn60 

Cpn10 

Agilent 

Cool tips #3: Co-expression w/cold-adapted chaperones 

66 

54 

36 

21 
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Vorführender
Präsentationsnotizen
The Oleispira antarctica chaperonins Cpn10 and Cpn60 are constitutively expressed in these strains from a ColE1-compatible, pACYC-based plasmid that contains a gentamycinresistance gene.



Cool tips #4: Salt-loving enzymes can’t live without salt 

Halophilic 

Grgic et al, unpublished 
Pedersen et al, JM, 2010 

His-TEV-target 66 
54 

36 

Vorführender
Präsentationsnotizen
0.5-1.0 M salt



Cool tips #5: Periplasmic expression of secreted enzymes 

Invitrogen/Novagen 
Edvardsen et al, unpublished 

Larsen et al, FEBS, 2006 

Native  #1 

 #2 

 #3 

gIII 

pelB 

Vorführender
Präsentationsnotizen
pBADgIII for Proteinase K and the endonuclease: Larsen et al, FEBS, 2006: “Bacterial cell pellet was resuspended in 10% of the original volume (700 mL from 7 L culture) in 20% sucrose, 0.1 m Hepes, 1 mm EDTA. Freshly made lysozyme was added to a final concentration of 0.5 mgÆmL)1. The solution was incubated 30 min at 22 C, and centrifuged…”pET26b(+) for MBLene: Borra et al, JMB, 2011 (VIM7)Samuelsen et al, AAC, 2008 (VIM7)Avison et al, AAC, 2001 (L1, L2, metodebeskrivelsen):“The cells were pelleted by centrifugation (4,000 × g, 20 min, 4°C) and resuspended in buffer A (50 mM cacodylate [pH 6.0] containing 10 μM ZnCl2, 0.02% [wt/vol] sodium azide, 1 mM β-mercaptoethanol). Lysozyme was added (to 200 μg/ml), and each mixture was incubated (10 min, 20°C). CaCl2 was then added (final concentration, 10 mM) to stabilize the spheroplasts, and cell debris was pelleted by centrifugation (9,000 × g, 20 min, 4°C).”



The expression 
protocol for a 

given protein must 
be empirically 

determined 

Vorführender
Präsentationsnotizen
Iboende egenskaper som gjør dem veldig stabile (men samtidig mindre stabile enn sine mesofile homologer.Housekeeping proteins tend to be more stable. These proteins are essential for cell function, and there must be able to cope with destabilising conditions. One way to assess the stability is to investigate the melting temperature. If the Tm is generally higher for psycrophilic proteins (although lower then mesophilic still), that might point to a stable protein. This is not statistically proven, but an assumption. 
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Questions? 

In summary, cold-adapted enzymes have a great industrial 
potential, but are challenging to produce recombinantly 
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