
Acclimated G. veletis actively respond to cold, recover well  
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The icy truth: overwintering is challenging 

Gryllus veletis acclimated to fall-like conditions 
repair freeze injury,  are freeze-tolerant.[1,2]  

Subzero temperatures can cause ectotherms 
to freeze, causing irreparable freeze injury 

Acclimation alters the G. veletis metabolome Freeze-tolerant and -sensitive G. veletis respond to cold differently  
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PLS-DA of hemolymph metabolites PLS-DA of fat body metabolites 

Partial Least Squares Discriminant Analysis (PLS-DA) of log-transformed and auto-scaled metabolite concentrations performed in 
Metaboanalyst 3.0.[4] Influential metabolites associated with component 1 coordinates are indicated with grey arrows. 

2. Putative cryoprotectants accumulate during acclimation 

3. Carbohydrate and amino acid  metabolism  
    is restructured during acclimation 

1. Acclimated and unacclimated crickets are metabolically distinct 1. Acclimation alters the hemolymph 
    composition in response to cooling 

2. Acclimated crickets alter fat body  
    composition  during a freeze-treatment… 

Metabolic pathway analysis of fat body tissue during acclimation 

Aging 

Acclimation 
Aging 

Acclimation 

Metabolism is redirected to cryoprotectant synthesis during freeze tolerance acclimation 

• Macromolecule 
hydrolysis 

Amino acids 

Glycerol Fatty acids 

Ribose 

Proteins 

Lipids 

Nucleic acids 

Metabolic pathways analysis was performed in Metaboanalyst 3.0 [4], identifying 
20 pathways with significant changes in fat body metabolite concentrations 

during acclimation. Point size scales with pathway impact, and pathways with 
lower p-values are more red. No significant changes in metabolic pathway 
activity were detected in unacclimated cricket fat body (data not shown). 

DAPI (blue) stains  all nuclei. Propidium iodide (red) stains nuclei of dead cells only. 
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How does Gryllus veletis survive internal ice formation? 
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Does acclimation alter the 
response to cold exposure? 
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What changes during  
freeze tolerance acclimation? 

week 0 week 3 week 6 

Compare metabolite 
composition during 

acclimation and cold exposure  

Use targeted  GC/LC- MS to 
quantify  52 metabolites[3]  

Temperature (     ) and day 
length (- - -) conditions of 
unacclimated, freeze-
sensitive G. veletis 

Temperature (     ) and day 
length (- - -) conditions 
leading to acclimated, 
freeze-tolerant G. veletis 
 

Freeze-sensitive 
(unacclimated) 

Freeze-tolerant 
(acclimated) 

Live-dead staining of G. veletis fat body tissue  

Hemolymph cryoprotectants Fat body cryoprotectants 

PLS-DA of hemolymph metabolites 

Partial Least Squares Discriminant Analysis (PLS-DA) of log-transformed and auto-
scaled metabolite concentrations performed in Metaboanalyst 3.0.[4] Influential 

metabolites associated each component are indicated with grey arrows. 

Hemolymph cryoprotectants 

PCA of fat body metabolites 

Principle Components Analysis (PCA) of log-transformed and auto-scaled metabolite concentrations 
performed in Metaboanalyst 3.0.[4] Metabolites correlated with each process (component) are indicated. 
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• Cryoprotectant transport 
into hemolymph 

• Cryoprotectant synthesis 

• Prevent mechanical 
damage due to ice 

• Proline synthesis 
• Concentration due to 

osmotic dehydration 

• Reverse of 
processes that  
occurred during 
freezing 

* First report of a 
polyol cryoprotectant 

in Orthoptera 

• Lack of cryoprotectant 
transport into hemolymph 

• No cryoprotectant 
synthesis 

• Mechanical damage 
due to ice 

• Concentration due to 
osmotic dehydration 

• Mechanical 
damage due to 
thawing 

Theoretical challenges associated with freezing & thawing 

chilling 
injury 
during 
cooling 

lysis, oxidative damage 
during thawing 

hypoxia/anoxia in the frozen state 

osmotic dehydration 
during ice formation 

physical damage 
due to ice 

Freeze-
tolerant 
crickets 
recover. 

Freeze-
sensitive 

crickets do 
not recover. 
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Predicted enzymatic  activity in acclimated crickets 
Higher 

Metabolite concentration change during acclimation 

Decrease None Increase Unknown 
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Hypothesized trehalose and myo-inositol* synthesis Hypothesized proline synthesis 
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(unacclimated) 

Freeze-tolerant 
(acclimated) 

• Metabolic 
homeostasis 
maintained 

Hypothesized responses during: 

… but re-establish metabolic homeostasis 

Concentration change post-thaw 

Increase Unknown 
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