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ABSTRAC T 

In most natural habitats fish face both acute and chronic changes 
of ambient temperature. The whole body of most fish species is 
ectothermic, i.e. in equilibrium with environmental temperature. 
The rate of the body functions and energy metabolism of fish 
change according to temperature, and changing temperature 
requires thermal resistance and/or physiological plasticity of 
cells and tissues in order to ensure animal survival.  

During long -term temperature changes, many fish can 
acclimate to new conditions by adjusting their physiological 
mechanisms to better suit the new conditions. One of the vital 
functions that must be maintained regardless of temperature is 
circulation of the blood that supplies oxygen and nutrients to 
tissues, according to their metabolic demands. Thus cardiac 
output, determined by stroke volume and heart rate, must be 
regulated in a temperature-dependent manner in order to 
satisfy the requirements of the body. Heart rate is strongly 
modified by temperature, and the duration of the cardiac action 
potential must be adjusted to heart rate to allow enough time for 
diastolic filling of the heart.  

Cardiac action potential is formed by elaborated co-operation 
of the plasma membrane ion channels of cardiac myocytes. 
Potassium channels have a particularly important role in the 
regulation of action potenti al duration and the maintenance of 
the negative resting membrane potential. In this study, the 
thermal dependence of two main potassium currents in the fish 
heart, the inward rectifier potassium current (I K1) and the 
delayed rectifier potassium current (I K), were studied. 

IK1 is involved in the late phase 3 repolarization of action 
potential and stabilization of RMP. In the mammalian heart, the 
IK1 current is formed by K ir2.1-2.3 channels, whereas Kir2.1, -2.2 
and -2.5 are expressed in the fish heart. In cold-acclimation, the 
density of the I K1 increased in the crucian carp and decreased in 
the rainbow trout heart. These changes were achieved by 
changing the K ir2 subunit composition rather than the number 
of channels in the plasma membrane. The expression of K ir2.2 
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Abbreviations  
 
AP action potential  
AP1 adaptor primer 1  
bp  base pair 
CA cold acclimation  
cDNA  complementary DNA  
CHO Chinese hamster ovary cell line 
cNBD cyclic-nucleotide-binding domain  
COS-1 cell line derived from African green monkey 

kidney cells 
DnaJA2 DnaJ (Hsp40) homolog, subfamily A, member 2 
EC coupling excitation-contraction coupling  
ER endoplasmic reticulum  
ERG ether-à-go-go-related gene 
FBS fetal bovine serum 
GSP gene specific primer 
IC50 half maximal inhibitory concentration  
ICa,L L-type calcium current  
IK delayed rectifier potassium current  
IK,ATP ATP-dependent potassium current  
IK1 inward rectifier potassium current  
IKr rapid component of the delayed rectifi er 

potassium current  
IKs slow component of the delayed rectifier 

potassium current  
IKur  ultra rapid component of the delayed rectifier 

potassium current  
INa sodium current  
I to transient outward current  
I to,f fast component of transient outward current  
I to,s slow component of transient outward current  
K2P two -pore potassium channel 
KCa Ca2+-activated potassium channel 
KChAP K+ channel-associated protein 
KChIP  K+ channel interacting protein  
KCNIP  K+ channel interacting protein  
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K ir  inwardly rectifying potassi um channel 
Kv voltage gated potassium channel 
MinK  minimal K + channel subunit 
MiRP MinK -related peptide 
mRNA  messenger RNA 
ORF open reading frame 
PAC PAS-associated C-terminal motif  
PAS Per-Arnt -Sim domain 
PCR polymerase chain reaction 
PIP2 phosphatidylin ositol-4,5-bisphosphate 
PKA protein kinase A  
PKB protein kinase B 
PKC  protein kinase C 
qPCR quantitative real time reverse transcription PCR  
RACE rapid amplification of cDNA ends  
RMP resting membrane potential  
RT-PCR reverse transcriptase polymerase chain reaction 
SR  sarcoplasmic reticulum 
TM transmembrane 
UTR untranslated region  
V½ voltage of half maximal current  
Vrev reversal potential  
WA  warm acclimation  
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1. Introduction 

1.1  THERMAL TOLERANCE OF  FISH  

Nearly all inhabitable environments in the world face sh ort-term 
or long-term fluctuations in temperature. Only some specialized 
habitats, such as deep regions of the seas and Antarctic marine 
environments, have relatively constant temperatures (Campbell 
et al. 2008). In such thermally stable environments ectothermic 
animals, like fish, are practically hom eothermic, i.e. they have a 
constant body temperature. However, in most habitats 
temperature varies and temperature changes cause body 
temperatures and the rate of the body functions of ectothermic 
fish to fluctuate in synchrony with the ambient temperatur e. In 
northern conditions at the latitude of Joensuu (61´), seasonal 
changes in water temperature may be as much as 25 °C, ranging 
from zero during the winter to about 25 °C during the summer 
months. Major changes in ambient temperature require thermal 
resistance and/or plasticity of body functions in ectothermic 
animals.  

Fish species are adapted to different thermal regimes and 
therefore show different thermal tolerances. All fish species that 
live in northern temperate latitudes tolerate near -zero 
temperatures, but the upper limit of thermal tolerance varies 
considerably (Beitinger & Bennett 2000). Species like burbot 
(Lota lota) are capable of surviving only within a relatively 
narrow temperature range and are called stenothermic (Bernard 
et al. 1993), whereas species like crucian carp (Carassius 
carassius), which can tolerate a wide range of ambient 
temperature (0-36ºC), are called eurythermic (Horoszewicz 
1973). Between these two extremes there are mesothermic 
animals, such as rainbow trout (Oncorhynchus mykiss), which 
have a moderate thermal tolerance range (Currie et al. 1998). 
These are, however, sliding concepts, and species with different 
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thermal tolerances fall into differ ent regions of the stenotherm to 
eurytherm spectrum. Moreover, the classification criteria 
determines the thermal tolerance of the species, e.g. rainbow 
trout can be considered stenothermic, because they reproduce 
only in relatively cold water (under 15 °C ) (Hokanson 1977) or 
mesothermic because their thermal tolerance range is fairly wide 
(0-25 °C) (Currie et al. 1998). The ability of animals to withstand 
environmental temperature changes is mainly genetic 
(evolutionary thermal adaptation), but is further broadened by 
the capability to modify physiological functions during  
acclimation/acclimatization (phenotypic plasticity) (Hazel & 
Prosser 1974, Bennet 1984).  

Phenotypic plasticity signifies the ability of a certain 
genotype to produce variable ph enotypes depending on 
environmental conditions, i.e. in thermal biology to change the 
rate of body physiological functions within days or weeks to 
better correspond to the new thermal conditions. This is often 
achieved by expressing proteins that function better in those 
conditions or changing the amount of proteins or the milieu in 
which the proteins function (Somero 1995, Johnston & Temple 
2002, Somero 2004, Vornanen et al. 2005). However, the 
genotype of the animal sets ultimate limits to phenotypic 
plasticity and determines the molecular mechanisms by which 
these limits wil l be achieved. The whole genome duplication of 
fish about 350 million years ago provided new genetic material 
that might have played a role in the thermal adaptation of fish 
by enabling specialization of the duplicated genes for novel 
functions and by incr easing the number of protein isoforms 
(Christoffels et al. 2004, Hoegg et al. 2004, Vandepoele et al. 
2004). The thermal plasticity of a given fish species is dependent 
on its evolutionary history, which determines the genotype of 
the animal. For example, species living in a thermally stable 
environment are unable to acclimate even to modest 
temperature changes, because as a consequence of depletion of 
genetic resources they are unable to alter their gene expression 
(for a review see Somero 2005).  
















































































































































