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Introduction

Among the Scombridae family, tunas are unique in having high metabolic rates and systemic endothermy. In addition to warming their swimming muscles, temperate tunas have counter-current heat exchangers in the viscera, brain and eyes (Block BA and Stevens ED, 2001), that allow tunas to maintain the highly aerobic tissues of the brain, eyes, skeletal muscle and viscera above ambient water temperature (Block BA et al., 2001).  

On the contrary, the hearts of all tunas operate at ambient temperature, as they pump blood that has been cooled by the counter current heat exchangers and receive their coronary circulation directly from the gills. How the cardiovascular system of tunas is capable of maintaining function across the wide range of temperatures in the ocean remains unknown.

A key factor influencing rates of ventricular contraction and relaxation is the cycling of Ca2+ ions into and out of the cytoplasm of the cardiac cells. For most of the fish species studied so far, extracellular Ca2+ rather than intracellular Ca2+ (sarcoplasmic reticulum) is the major source of activator Ca2+ for cardiac contraction (Farrell AP. 1991). However, fish with more active lifestyles, like salmonids and tunas, have evolved SR stores, increasing the contribution of intracellular Ca2+ compartments (Shiels HA. et al., 1999).

Material and Methods 

Pacific bluefin tuna (Thunnus orientalis), 13.7 ( 1.4 kg, albacore tuna (Thunnus alalunga), 8.4 ( 1.1 kg, yellowfin tuna (Thunnus albacares), 16.8 ( 4.5 kg, and Pacific mackerel (Scomber japonicus) with 0.333 ( 0.03 kg were caught on hook-and-line off the coast of California. The fish were euthanized and the hearts were immediately removed. Ventricles were sliced into small pieces, freeze-clamped and stored in liquid nitrogen. The microssomal enriched fraction retain the sarcoplasmic reticulum Ca2+-ATPase (SERCA2) and was isolated by differential centrifugation using a modified protocol of Harigaya and Schwartz (1969).  

For measurement of Ca2+ uptake, 0.6mg/ml (tunas) or 1 mg/ml (mackerel) of microsomes were added to a temperature controlled cuvette containing 50 mM Mops-Tris pH 7.0, 100 mM KCl, 1 mM MgCl2, 10 mM sodium azide, 10 mM potassium-oxalate, 5 mM creatine phosphate, 10 (g/ml creatine kinase (as an ATP regenerating system) and 1.5 (M Ca2+ sensitive fluorescent dye fura-2. Ca2+ uptake was stimulated by the addition of 1.5 mM MgATP.  

Microsomal preparations from bluefin, yellowfin, albacore and mackerel ventricles were separated by SDS-PAGE. For western blot analysis, proteins were transferred to PVDF membranes and probed with a polyclonal antibody specific to cardiac SERCA2 (Morrissette JM et al., 2002)
Results 

Comparing the rate of Ca2+-uptake into the vesicles catalyzed by SERCA2 from different scombridae’s species, at the same temperature (25oC), we found that pacific bluefin tuna ventricles has the highest activity among this family (fig.1, Table I). Measuring the rate of Ca2+-uptake into the vesicles at temperatures similar to those reached by the tunas on the open ocean, bluefin tuna showed the highest rate of Ca2+-uptake at all temperatures tested, followed by albacore and then yellowfin (Fig.1A). 

A polyclonal antibody raised against a conserved cardiac SERCA2 protein sequence (47) was used to identify and quantify the amount of Ca2+ATPase from the different microsomal preparations (Figure 1B). 
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Figure 1. Temperature dependence of Ca2+-uptake in ventricular SR microsomes (A) and SERCA2 Western blot from different Scombridae species (B). In (A) Symbols represent: Pacific bluefin((); albacore(() and yellowfin((). In (B) BFT, Pacific bluefin tuna; ALT, albacore tuna; YFT, yellowfin tuna; Mack, Pacific mackerel. The numbers above each lane indicate the micrograms of protein used. The arrow indicates the SERCA pump with an estimated M.W. of 110 kDa.

Table I.  Comparative rate of Ca2+-uptake catalyzed by the SERCA from different Scombridae fish ventricles microsomes.

	Fish
	Rate of Ca2+-uptake

(nmol Ca2+/mg/min)



	Bluefin tuna
	10.424 ( 2.033 (n=4)

	Albacore tuna
	5.422 ( 0.444 (n=4)

	Yellowfin tuna
	1.793 ( 0.205 (n=3)

	Mackerel
	0.573 ( 0.042 (n=3)


Values are mean (S.E and n= the number of experiments made with preparations from at least three individual fish. 

Conclusions

Measurements of oxalate-supported Ca2+ uptake in SR enriched ventricular vesicles, indicated that tunas were capable of sustaining a rate of Ca2+-uptake that was significantly higher than the mackerel.  Among tunas, the cold tolerant bluefin had the highest rates of SR Ca2+ uptake.

Western blots reveal that increased  SERCA2 protein content is associated with the higher Ca2+ uptake seen in bluefin ventricles compared to albacore, yellowfin and mackerel. We hypothesize that a key step in the evolution of high heart rate and high metabolic rate in tunas is increased activity of the SERCA2 enzyme.  We also suggest that high levels of SERCA2 in bluefin tuna hearts may be important for retaining cardiac function at cold temperatures.  
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																				18		343								-0.171

																				20		341		0.80516		0.52349		0.245		0.013

																				25		336		1.01803		0.75526		0.336		0.206

				oC		oK		1/oK

				5		278		0.0036		3597

				10		283		0.00353		3534

				15		288		0.00347		3472

				20		293		0.00341		3413

				25		298		0.00336		3356

				30		303		0.0033
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		AYFT

		TempoC

		10		0.222

		12		0.242

		16		0.484

		18		0.674

		20		1.031

		25		1.606

		1/oK

		0.0036

		0.00353

		0.00347

		0.00341

		0.00336

		0.0033
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		Ca2+ Uptake		namol Ca2+/mg/min.

		BFT						n				ALT						n

		5		0.347		0.016		4

		10		1.238		0.116		4				10		0.597		0.056		3

		15		3.417		0.192		5				15		1.557		0.095		3

		20		6.385		0.443		4				20		3.338		0.157		5

		25		10.424		1.027		4				25		5.692		0.321		5

																		3

		5				0.347

		10		0.222		1.238		0.597		0.361		10

		12		0.244

		16		0.591		3.417		1.557		0.93		15

		18		0.873

		20		1.163		6.385		3.338		1.757		20

		25		1.463		10.424		5.692		2.168		25

																				5				0.347

																				10		0.222		1.238		0.597		0.361		10

																				12		0.244

																				16		0.591		3.417		1.557		0.93		15

																				18		0.873

																				20		1.163		6.385		3.338		1.757		20

																				25		1.463		10.424		5.692		2.168		25

		5				0.347

		10		0.222		1.238		0.597		0.361		10

		12		0.244

		16		0.591		3.417		1.557		0.93		15

		18		0.873

		20		1.163		6.385		3.338		1.757		20

		25		1.463		10.424		5.692		2.168		25





		0		0		0.016		0.016		NaN		NaN

		0		0		0.116		0.116		0.056		0.056

		0		0		0.192		0.192		0.095		0.095

		0		0		0.443		0.443		0.157		0.157

		0		0		1.027		1.027		0.321		0.321

		0		0		NaN		NaN		NaN		NaN



Temperature oC

Cccc

nmol Ca2+/mg/min.

Ca2+-uptake, Ventricules, Pacific Bluefin and Pacific Albacore Tunas
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