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PROTEIN SEQUENCE – STRUCTURE - FUNCTION

Principal activities:

Bioinformatics analysis of protein sequences and structures

Structural prediction and molecular modelling

Molecular design



Water and protein structures
affect  each other



Melting point of ice is 0 °C. 

Freezing point of water varies from 0°C to  −40 °C 
depending on the presence of impurities

0°C

water ice

0°C to -40°C0°C to -40°C

0°C            -10°C                                                   -40°C
Freezing point

pure
water

normal water 
with impurities

antifreezesnucleators



Agriculture (thermosensitive plants, etc)

Climate, ecology (troposphere)

Food industry 

Applications of ice-active molecules

Food industry 

Medicine (conservation of cells (blood, sperm), 
organes and organisms)

Saving of energy



Antifreezes
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Antifreezes vs Ice Nucleators
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Biological ice-active molecules

Non-colligative 
antifreezes

(peptides, proteins)

Colligative 
antifreezes
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Ice-nucleators
(proteins)

Billions years of evolution
Non-toxic



Known 3D structures of AFPs

Snow flea AFP   Pentelute et al. (2008) 
J.Am.Chem.Soc. 130: 9695-9701 



Ice-like surface of AFPs

Unstructured protein

Protein



Ice-like surfaces of AFPs

Antifreeze protein 
from Tenebrio molitor 

QCTGGADCTSCTG
ACTGCGNCPNAV
TCTNSQHCVKAN
TCTGSTDCNTAQ
TCTNSKDCFEAN
TCTDSTNCYKAT
ACTNSSGCP

4.6 A

7.4 A



Ice-like surfaces of AFPs

Garnham et al. PNAS May 3, 2011 vol. 108 no. 18 7363-7367 



Ice-like surfaces of AFPs

Pertaya et al. J. Phys.: Condens. Matter19 No 41 2007 412101 (12pp)





Antifreezes vs Ice Nucleators
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BACTERIAL ICE-NUCLEATION

PROTEINS





Professor Steve Lindow

Department of Plant and 

Microbial Biology 

University of California, 

Berkeley

« Intensively self-motivated, Steve (Lindow) rarely took time off work for more than 
classes, food, and, little sleep. On rare occasion (in 1975), faced with choice of working or 
a weekend of skiing, he put the active fractions (of leaves) in the coldroom and went 
skiing. When Steve returned on Monday, the extract had become turbid. Steve’s comments 
reflected rather unkindly upon the microbial contamination of an extract in which he had 
invested much time and effort…. »  

Discovery of Bacterial Ice Nucleation.  G. Vali

Berkeley





INA surface protein



INA surface protein-5ºC



Signal 
peptide N-domain

C-terminal  domain

Ice nucleation protein ~1200 residues

48 residue repeat

16 residue repeatSuperposition of 
8, 16 and 48 residue repeats

8 residue repeat

8, 16 and 48 residue repeats

AGxxSTxT



Secondary structure prediction
Beta-structural protein



THR-, SER-RICH REGIONS OF 
BACTERIAL ICE-NUCLEATION PROTEIN



Institute of Protein Research
Poushchino, Soviet Union

University of California,
Berkeley



AGxxSTxT – less than 30% of apolar residues

+ o + o ++ o

NO                           NO                           YES



1. Has 8-, 16, and 48-residues periodicities

2. Gly are in turns, Thr and Ser in the middle of beta-strands and form ice-like surfaces

3. One repeat does not have Gly and this repeat does not produce a turn. 

4. The lenght of the beta-strands – average of known proteins

5. 48-residue block: four highly conserved octapeptides and two low conserved octapeptides 

Kajava and Lindow (1993)
J.Mol.Biol. 232, 709



1. INA occurs from -11ºC to -2ºC, corresponding
to nucleant masses from 2 to 50 proteins.
INP must be able to associate in an unlimited fashion.
(Govindarajan and Lindow, 1988)

2. Single INP is not active. 

3. The best fit between experiment and theory is obtained 
for flat nucleator (not sphere or tube)
Burke and Lindow, 1990

4. Needs membrane Kajava and Lindow (1993)
J.Mol.Biol. 232, 709



48-residue block





A MODEL OF ICE-NUCLEATION PROTEIN

Kajava and Lindow (1993) J.Mol.Biol. 232, 709



Liou et al. 2000, Nature, 406, 322

Antifreeze proteins

Beta-helical InP model

Graether and Jia (2001)Biophysical J 80, 1169

Liou et al. 2000, Nature, 406, 322
Leinala et al. 2002, J. Biol.Chem

Garnham et al., BMC Struct Biol. 2011 Sep 27;11:36.



INP is functional when bound to the membrane

Garnham et al., BMC Struct Biol. 2011 Sep 27;11:36.



Some applications of INP

Agriculture

Control of temperature-sensitive 
materials (Vaccines) 

Climate, ecology 

Artificial snow

Food industry

Saving of energy



Applications of INP

Climate, ecology 

Artificial snow

Food industry

Control of temperature-sensitive 
materials (Vaccines) 

Saving of energy



Applications of INP

Climate, ecology 

Ubiquity of biological ice nucleators in snowfall.   
Christner  et al. Science. 2008 319(5867):1214.



Applications of INP

Artificial snow



Saving of energy when using ice-nucleators in the process of freezing of water 

water ice

Industrial process with freezing step
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