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Materials and Methods  

Species Identification.  Dr. J. A. Addison (Science, Technology and Environment 

Division, Royal Roads University, Victoria, BC, Canada) examined approximately 100 

specimens using a dissecting microscope and 12 using a compound microscope with 

phase contrast illumination. 

  Ice affinity purification.  Snow fleas (3.1 g) were homogenized in 10 ml 200 mM 

sodium phosphate pH7, 1 mM phenylthiocarbamide containing one complete mini 

protease inhibitor cocktail tablet (Roche Applied Science, Mannheim, Germany).  After 

centrifugation, supernate was added to 200 ml of 100 mM sodium phosphate pH7.  An 

ice hemisphere was slowly grown on a brass finger cooled from -1.1°C to -4.6°C over 

2000 minutes.  Following a brief rinse with distilled water, the ice was melted into 1/10th 

volume of 1M sodium phosphate pH7.  The procedure was repeated using this melted ice 

fraction. 

HPLC.  High performance liquid chromatography was done using a C18 

analytical column (Grace Vydac, Hesperia, CA, USA) cooled by ice-cold water.  Buffer 

A contained 100 mM sodium phophate pH 7 and buffer B contained 50 mM sodium 

phosphate pH 7 and 40% acetonitrile.  The column was run at 1 ml/min with an increase 

in %B of 2%/min.  A portion of each fraction was lyophilized and resuspended in 1/2 

volume for thermal hysteresis measurements.   

Thermal hysteresis measurements.  Thermal hysteresis (TH) is the difference 

between the melting point and the non-equilibrium freezing point of a solution containing 



a small ice crystal.  It is expressed as C°, as it is a temperature difference rather than a 

temperature, and within this gap, the crystal does not grow.  Measurements were 

generally done in triplicate using a nanoliter osmometer as described (S1), but with a 

more rapid cooling rate of 100 milliOsmoles/minute (1000 mOsm = 1.86 C°) for highly 

active (>2C°) fractions.   

Amino acid analysis.  Both amino acid composition and protein concentrations 

were determined by amino acid analysis (Advanced Protein Technology Centre, Hospital 

for Sick Children, Toronto, ON, Canada). 

AFP lability.  A sample containing a mixture of snow flea AFPs was obtained by 

gel-exclusion chromatography exactly as in S2 and subjected to the following conditions.  

1) Overnight incubation at room temperature (22°C) with and without protease inhibitor 

cocktail (above).  Activity decreased from 3.5C° to 0.2C° in both samples. 2) Addition of 

a 9-fold excess of 200 mM sodium acetate (pH 3.7, 4.3 and 5) or sodium phosphate (pH 

6, 7) followed by a 2 h incubation on ice.   Activity decreased almost linearily (R2=0.98) 

from 3.1C° to 1.1C° with decreasing pH. 3) Incubation for 1 h at room temperature in the 

presence or absence of the reducing agent, 10 mM dithiothreitol (DTT).  Activity 

decreased 14% without DTT but 94% with DTT.  

Determination of number of cysteine and disulfide bonds.  Both HPLC fractions 

35 (6.5 kD) and 45 (15.7 kD) were reduced in 10 mM DTT, 4M urea and 50 mM Tris-

HCl pH 7 for 1 h at 37°C.  Iodoacetamide (1/10th volume of 1M) was added and the 

samples were incubated for 24 h at 37°C.  Following dialysis against water, the masses of 

the unmodified and modified species were determined by MALDI mass-spectrometry 



using ���������	� -cyano-4-hydroxycinnamic acid on a Q-TOF Ultima GLOBAL Mass 

Spectrometer (Waters, Milford, MA, USA). 

Secondary structure estimation.  The 6.5 kD AFP (fraction 35) was dialyzed 

against 20 mM sodium phosphate pH 7.  Circular dichroism spectrometry was performed 

at 4°C using an RSM 1000 spectrometer (Olis, Bogart, GA, USA).  The spectrum was 

analyzed using CDNN (S3, using the complex spectrum database), SELCON3 and 

Contin/ll (S4).  The CDNN result was reported but the other predictions were 

qualitatively similar (1-5% alpha-helix, 26-48% beta-strand, 8-22% beta-turn, 29-46% 

coil/gamma turn).        

Cloning and sequencing of cDNAs.  A lambda zap cDNA library was constructed, 

amplified and subjected to mass in vitro excision as per manufacturer’s instructions 

(Stratagene, La Jolla, CA, U.S.A).  Randomly selected clones were sequenced by the 

McGill University and Genome Québec Innovation Centre Sequencing Platform, 

Montreal, QC, Canada using an Applied Biosystems 3730xl DNA Analyzer system.  
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Figure S1.  Circular dichroism spectrum of the 6.5 kD AFP at 4°C. 

 



Table S1.  Characteristics used to identify the harvested specimens as Hypogastrura 

harveyi and differentiate them from the closely related snow flea, Hypogastrura nivicola.   

 
Characteristic  H. nivicola H. harveyi Our specimens 
Area verticalis 1+1 setae  1+1 setae 1+1 setae 
Body macrosetae Short, acuminate, 

not well 
differentiated 

Long, truncate, well 
differentiated not 
ciliated  

Long, truncate, well 
differentiated,  not 
ciliated  

Ventral tube  6+6 to 11+11 setae 10+10 to 14+14 
setae  

Never less than 
10+10 setae, usually 
11+11  

Chaetotaxy of 
abdomen 4 

Seta m1 is missing Seta m1 present Seta m1 present 

Anal spines short (< 1/4x inner 
unguis) 

1/2 to 2/3x inner 
unguis 

At least 1/2x inner 
unguis 

 



Table S2.  Percentages of each amino acid in the ice fraction after second round of ice 
affinity purification and in the two HPLC fractions containing the 15.7-kD and 6.5-kD 
AFP species, respectively. 
 

 Ice Affinity HPLC Fractions 
Amino Acid Round 2 35 45 

Ala 16.1 14.4 16.1 
Arg 1.8 1.4 1.6 
Asx 7.4 9.0 7.0 
Glx 1.2 0.0 2.5 
Gly 44.2 47.3 50.6 
His 2.4 2.9 1.3 
Ile 1.3 0.0 1.9 
Leu 2.0 0.0 1.6 
Lys 4.1 4.5 2.5 
Met 0.0 0.0 0.3 
Phe 0.9 0.0 0.3 
Pro 7.6 8.2 4.4 
Ser 2.2 3.2 4.3 
Thr 3.0 3.6 3.1 
Tyr 0.4 0.0 0.0 
Val 5.3 5.4 2.4 

Total 100.0 100.0 100.0 
 
 
 
 
 
 
 
Table S3.  Thermal hysteresis and absorbance of fractions before and after ice-affinity 
purification with fold differences between ice and liquid fractions in brackets. 
 
Round 1 TH (C°) OD230 OD280 
Homogenate 1.4 ± 0.3 11.5 6.3 
Liquid 0.11 ± 0.03 26.2 12.6 
Ice 2.3 ± 0.2 0.6 (44) 0.3 (42) 
Round 2    
Liquid 0.04 ± 0.0 1.2 0.61 
Ice 2.7 ± 0.4 0.05 (24) 0.01 (61) 
 


