[image: image16.jpg]


Sequence Analysis Of Anti-Freeze Protein


SEQUENCE ANALYSIS OF ANTI-FREEZE PROTEIN

A THESIS 

SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE AWARD OF 

M.Sc., BIO-INFORMATICS
Submitted by






Enroll. No.

T. THENMOZHI





1530400036






Project Guide

Mr. S. ILLAVARASAN, M.Sc.,





ANNAMALAI                     UNIVERSITY

DIRECTORATE OF DISTANCE EDUCATION

ANNAMALAI NAGAR – 608 002

2005-06

[image: image17.png]SILVER
JUBILEE




DIRECTORATE OF DISTANCE EDUCATION

THIS IS TO CERTIFY THAT THE PROJECT REPORT TITLED

    
SEQUENCE ANALYSIS OF ANTI-FREEZE
PROTEIN
IS THE BONAFIDE RECORD OF THE WORK DONE BY


  
  Name          :  T. THENMOZHI

   
   Enroll.No.
:   1530400036
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE M.Sc., BIO-INFORMATICS 

DURING THE YEAR 2005 – 06.
Place : Annamalai Nagar.
Date   : 05/04/06

   Contents


· ABSTRACT
· AIM AND OBJECTIVES
· INTRODUCTION
· MATERIALS AND METHODS
· REVIEW OF LITERATURE
· RESULT AND DISCUSSION
· REFERENCES
SEQUENCE ANALYSIS OF ANTI-FREEZE PROTEIN

ABSTRACT

The structural and functional features of antifreeze proteins (AFPs) enable them to protect living organisms by depressing freezing temperatures, modifying or suppressing ice crystal growth, inhibiting ice recrystallization, and protecting cell membranes from cold-induced damage. The versatility of the AFPs suggests that their production and commercialization would be a potentially profitable venture. AFPs and their genes can be used in fish and plants to enhance resistance to freezing. AFPs can be used in medicine to improve the cold protection of blood platelets (to extend their shelf life prior to transfusion); paradoxically, when used in conjunction with cryosurgery, they can help destroy malignant tumors. Their ability to inhibit recrystallization can improve the quality of frozen foods. In addition, antifreeze gene promoters are uniquely suited to drive the expression of functional genes, such as growth hormone that results in enhanced growth rates of salmonids (e.g., salmon, trout) and other fish species valuable to aquaculture.

In this current project on analysis of single protein, anti freeze protein was 

Chosen for the present analysis. The sequence similarity searches, comparative studies of various anti freeze protein and evolutionary relationship was studied using Bioinformatics methods. 

AIM AND OBJECTIVES

Aim :

The aim of the present project is to perform various protein analysis of the antifreeze protein 

Objectives :

1. To identify and collect various genes associated with anti freeze protein

2. To analyze the Physico-chemical properties of these protein based on bioinformatics approaches

INTRODUCTION

Antifreeze protein :

To date, four distinct classes of AFPs have been isolated from fish and characterized in detail (Table 1) (1). Antifreeze glycoproteins (AFGPs) found in Antarctic Notothenioidei teleost and northern cods consist of a repeated glycopeptide, Ala-Ala-Thr-galactosyl-N-acetyl galactosamine. Type I AFPs are alanine-rich [image: image1.png]


-helices found in righteye flounder (Pleuronectidae) and in shorthorn sculpin (Myoxocephalus scorpius). Type II AFPs, characterized by disulfide bridges and an extensive [image: image2.png]


-structure, are found in sea ravens, smelts, and herring. Type III AFPs are compact [image: image3.png]


-stranded structures (1-3) found in ocean pout and wolffishes. Recently, a new kind of fish antifreeze, designated Type IV, was isolated from the longhorn sculpin (Myoxocephalus octodecimspinosus). This glycine-rich AFP has a molecular mass of 12,296.5 Da and considerable helical conformation in the molecule (4). 
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FIGURE 1 Two winter flounder antifreeze protein molecules in the anti-parallel configuration.




	Table 1. Characteristics and natural sources of the known antifreeze protein (AFP) and glycoprotein (AFGP) types 


	Characteristic
	AFGP
	
	AFP
	

	
	
	Type I
	Type II
	Type III

	Molecular mass,
Da
	2,600-33,000
	3,300-4,500
	11,000-24,000
	6,500

	Primary structure
	(Alanine-alanine-threonine)n
disaccharide
	Alanine-rich multiple of 11 amino acid repeats
	Cystine rich, disulfide linked
	General

	Carbohydrate
	Yes
	No
	No (exception: smelts have <3% carbohydrate)
	No

	Secondary structure
	Expanded
	( [image: image5.png]


-Helical amphiphilic
	[image: image6.png]


-Sheet
	[image: image7.png]


-Sandwich

	Tertiary structure
	ND
	100% Helical
	ND
	ND

	Biosynthesis
	Multiprotein
	Prepro AFP
	Prepro AFP
(sea raven)
	Pro AFP

	Protein components
	8
	7
	2-6
	12 

	Gene copies
	ND
	80-100
	15
	30-150 

	Natural source
	Antarctic notothenioids, northern cods (Atlantic cod, Greenland cod)
	Right-eyed flounders (winter flounder), shorthorn sculpin
	Sea raven, 
smelt, herring
	Ocean pout, wolffish


The capacity of a species to produce antifreeze protein (AFP) reflects the severity of the species' overwintering environment. When 5 mg/mL AFP Type I was injected into rainbow trout (a species that does not normally produce AFPs), we found that freeze resistance was enhanced. This suggests that salmonids transgenic for AFP could benefit from the presence of plasma AFP and be more resistant to cold than their nontransgenic relatives. 

AFPs serve as antifreeze agents, not by acting colligatively as would most solutes (e.g., electrolytes) but by specifically adsorbing to the surface of ice crystals as they form, thereby preventing their growth. Because of unique aspects of their tertiary structures, these proteins are up to 500 times more effective at lowering the freezing temperature than any other known solute molecule. Thus, teleost fishes have evolved a mechanism to reduce the freezing point of their bodily fluids without appreciably changing their osmolarity (2, 3). The evolution of these AFPs and their genes has been reviewed (10, 11). 

commercial applications of these proteins are still in the R&D phase, the economic viability of such ventures must be left to future evaluation. Two excellent reviews provide additional details about the potential uses of AFPs in food products.

	Type-4 ice-structuring protein precursor (Antifreeze protein type IV)
	Gadus morhua (Atlantic cod)

	Type-4 ice-structuring protein LS-12 precursor (ISP LS-12) (Antifreeze protein LS-12)
	Myoxocephalus octodecimspinosis (Longhorn sculpin)

	Type-4 ice-structuring protein precursor (Antifreeze protein type IV)
	Paralichthys olivaceus (Japanese flounder)

	Type-3 ice-structuring protein 1.9 precursor (ISP 3) (Antifreeze protein type III)
	Anarhichas lupus (Atlantic wolffish)

	Ice-structuring protein LP (ISP LP) (Antifreeze protein LP)
	Lycodes polaris (Canadian eelpout)

	Ice-structuring protein SP1-C precursor (ISP SP1-C) (Antifreeze protein SP1-C)
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring protein AB1 (ISP AB1) (Antifreeze peptide AB1)
	Pachycara brachycephalum (Antarctic eelpout) (Austrolycichthys brachycephalus)

	Ice-structuring protein RD1 (ISP RD1) (Antifreeze peptide RD1)
	Rhigophila dearborni (Antarctic eelpout) (Lycodichthys dearborni)

	Type-3 ice-structuring protein 1.5 precursor (ISP 3) (Antifreeze protein type III)
	Anarhichas lupus (Atlantic wolffish)

	Ice-structuring protein SP2(HPLC1) (ISP SP2(HPLC1)) (Antifreeze protein SP2(HPLC 1))
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring protein AB2 (ISP AB2) (Antifreeze peptide AB2)
	Pachycara brachycephalum (Antarctic eelpout) (Austrolycichthys brachycephalus)

	Ice-structuring protein RD2 (ISP RD2) (Antifreeze peptide RD2)
	Rhigophila dearborni (Antarctic eelpout) (Lycodichthys dearborni)

	Ice-structuring protein lambda OP-3 precursor (ISP lambda OP-3) (Antifreeze protein lambda OP-3)
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring protein SS-3 (ISP SS-3) (Antifreeze peptide SS-3)
	Myoxocephalus scorpius (Shorthorn sculpin) (Daddy sculpin)

	Ice-structuring glycoprotein 3 (ISGP 3) (Antifreeze glycoprotein 3) (Fragments)
	Pagothenia borchgrevinki (Bald rockcod) (Trematomus borchgrevinki)

	Ice-structuring protein 3 (ISP 3) (Antifreeze peptide 3)
	Pseudopleuronectes americanus (Winter flounder) (Pleuronectes americanus)

	Ice-structuring protein RD3 (ISP RD3) (Antifreeze peptide RD3)
	Rhigophila dearborni (Antarctic eelpout) (Lycodichthys dearborni)

	Ice-structuring protein SP1(HPLC 4) (ISP SP1(HPLC 4)) (Antifreeze protein SP1(HPLC 4))
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring protein 4 precursor (ISP 4) (Antifreeze peptide 4)
	Pseudopleuronectes americanus (Winter flounder) (Pleuronectes americanus)

	Ice-structuring protein lambda OP-5 precursor (ISP lambda OP-5) (Antifreeze protein lambda OP-5)
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring protein GS-5 (ISP GS-5) (Antifreeze peptide GS-5)
	Myoxocephalus aenaeus (Grubby sculpin)

	Ice-structuring glycoprotein 7R (ISGP 7R) (Antifreeze glycoprotein 7R)
	Eleginus gracilis (Saffron cod)

	Ice-structuring protein SP4(HPLC 7) (ISP SP4(HPLC 7)) (Antifreeze protein SP4(HPLC 7))
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring glycoprotein 8R (ISGP 8R) (Antifreeze glycoprotein 8R)
	Eleginus gracilis (Saffron cod)

	Ice-structuring protein GS-8 (ISP GS-8) (Antifreeze peptide GS-8)
	Myoxocephalus aenaeus (Grubby sculpin)

	Ice-structuring protein SS-8 (ISP SS-8) (Antifreeze peptide SS-8)
	Myoxocephalus scorpius (Shorthorn sculpin) (Daddy sculpin)

	Ice-structuring protein SP3(HPLC 9) (ISP SP3(HPLC 9)) (Antifreeze protein SP3(HPLC 9))
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring protein A/B precursor (ISP A/B) (Antifreeze protein A/B)
	Pseudopleuronectes americanus (Winter flounder) (Pleuronectes americanus)

	Ice-structuring protein SP2(HPLC 11) (ISP SP2(HPLC 11)) (Antifreeze protein SP2(HPLC 11))
	Macrozoarces americanus (North-Atlantic ocean pout)

	Type-3 ice-structuring protein HPLC 12 (ISP type III HPLC 12) (Antifreeze protein QAE(HPLC 12))
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring protein C7 precursor (ISP C7) (Antifreeze protein C7)
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring protein C10 precursor (ISP C10) (Antifreeze protein C10)
	Macrozoarces americanus (North-Atlantic ocean pout)

	Ice-structuring protein 2A7 precursor (ISP 2A7) (Antifreeze protein IIA7) (AFP)
	Pseudopleuronectes americanus (Winter flounder) (Pleuronectes americanus)

	Ice-structuring protein precursor (ISP) (Antifreeze protein) (AFP)
	Pseudopleuronectes americanus (Winter flounder) (Pleuronectes americanus)

	Ice-structuring protein precursor (ISP) (Antifreeze protein) (AFP)
	Limanda ferruginea (Yellowtail flounder)

	Ice-structuring glycoprotein precursor (ISGP) (Antifreeze glycopeptide polyprotein) (AFGP polyprotein) [Contains: AFGP7 (AFGP 7); AFGP8 (AFGP 8); AFGP8-like] (Fragment)
	Notothenia coriiceps neglecta (Black rockcod) (Yellowbelly rockcod)


Type 1 antifreeze proteins :

Type 1 antifreeze proteins are found in polar fish, such as the winter flounder. This protein is a single alpha-helix containing 37 amino acid residues. Their function is to protect the cells from deydration and ultimately death upon exposure to hypothermal temperatures. AFP's inhibit the growth of ice by specific binding to ice crystals.

[image: image8.png]



Type I AFP from winter flounder is a single amphiphillic a-helix containing 37 amino acid residues. About 60% of the amino acid residues are Ala. It contains three 11 amino acid repeats of ThrX2-AsxX7, where X is usually alanine (4).

The structure is considered amphiphillic because most of the hydrophylic side chains of the polar amino acid residues lie on one side of the a-helix, leaving the other side mostly hydrophobic. This plays a significant role in the binding of the AFP to ice crystals (5).

It also contains an intramolecular salt bridge between Lys18 and Glu22 which is thought to help stabilize the molecule (4).

The protein is completely a-helical except for the last peptide which has a 310-helix conformation (6).

There are terminal cap structures on the N-terminus and the C-terminus. The N-terminus cap structures contain two tightly bound water molecules surrounded by eight hydrogen bonds involving the side chains of Asp1, Thr2, Ser4 , and Asp5. The C-terminus cap has three hydrogen bonds involving the side chain of Arg 37 and the amidated C-terminus. It is thought that these cap structures contribute to the stability of the molecule (6).

The function of AFP is to provide protection of the organism against freezing. It binds to the surface of ice crystals and prevents their growth, thus depressing the freezing point of water (4, 7). Cells become dehydrated and damaged and ultimately result in death without the protection of AFP's in the sera under hypothermic conditions (5).

The change in physical shape of an ice crystal in the presence of AFP's has been observed with a microscope using cross-polarized light. As the concentration of AFP in the solution increases, the ice crystal morphology changes from a hexagonal shape, to a bipyramidal shape, and finally to a needle-like shape (5).

STABILITY :
Each peptide bond in the peptide backbone has an electric dipole associated with it. These dipoles align together and form a macrodipole along the helix axis with the positive charge at the N-terminus and the negative charge at the C-terminus. This dipole is thought to contribute to the stability of the molecule. 

Other factors enhancing the stability of the AFP include the intermolecular salt bridge between Lys18 and Glu22, the high alanine content, and the cap structures, which interact with the helix dipole
	Table 2. Market opportunities and potetial revenues for AFP and gene applications

	Freeze resistance 
	Total market,
$ millions 
	Potetial annual 
revenues, $ millions

	Fishesa
	400
	20

	Plant
	
	

	Soybeansb
	500
	30-50

	Coffeec
	2,000
	100

	Fruitd
	200
	10

	Citruse
	360
	18

	Cold preservations or
cryopreservation of cells,
tissues, and organsf
	4,000
	150-200

	Cold preservations of
plateletsg
	1,000
	75-100

	Cryosurgeryh
	--
	50

	Ice creami
	30,000
	90-100

	Salmon growthj
	2,500
	125


Freeze Tolerant Animals :

For many animals that live in climates with extreme winter temperatures, the ability to survive freezing of body fluids is a necessary part of their existance. Natural freeze tolerance occurs in aquatic animals such as polar fishes and intertidal invertebrates, terrestrial amphibians and reptiles, and various polar and temperature insects. Various strategies have been worked out by these disparate animals to withstand the rigours associated with ice formation at low temperatures. 

Freeze Tolerance in Amphibians and Reptiles :

There are many examples of lower vertebrates that hibernate in temperature regions where ice growth in the extracellular fluid is tolerated within certain limits. For example, the wood frog, Rana sylvatica, is capable of withstanding temperatures as low as -8°C, with 65% of its body water converted to ice, or at temperatures of -2.5°C for periods of up to 2 weeks. Ice formation of this magnitude causes the cessation of all muscle movements (heart, breathing, vasoconstriction, skeletal), the onset of ischemia, and large changes in the volume of cells and organs. Other terrestrial frogs and some turtles display similarly advanced freeze tolerance while there are also many other reptiles and amphibians that are able to withstand short, mild freezing exposures typical of overnight frosts. 

There are several factors that influence the ability of a vertebrate to survive extracellular ice formation (there are no examples of vertebrates that can withstand intracellular ice formation). 

· Assessment and Control of Ice Formation

It is essential that freeze tolerant animals initiate freezing within their body fluids at high sub-freezing temperatures, and that they can detect the presence of ice in their bodies. When ice forms in supercooled water, ice growth is rapid and the osmotic stresses that the cells face is severe. With no cryoprotectants present, the cells will be subjected to a high salt concentration and frozen into channels where no cryoprotectant is likely to appear, in order to mitigate this salt. If, on the other hand, ice growth is initiated near the freezing point, then the animal can take steps to minimize the physical damage by reacting to this ice growth. 

Typically, wood frogs only supercool to -2°C or -3°C before ice growth begins. Spontaneous nucleation at such low degrees of supercooling is unlikely, thus there are probably ice nucleating proteins or bacteria on the surface of the frog that catalyze ice formation. Alternatively, contact with external ice will lead to ice growth inside the body cavity at the freezing temperature (-0.5°C). In addition to external ice nucleators, all freeze tolerant species generate ice nucleating proteins within their blood plasma during the hibernation season. These proteins are less efficient than the external ones, requiring supercooling to about -5°C to ensure ice nucleation. Because the plasma will freeze well before this temperature is reached, the function of these ice nucleators is uncertain. They may be involved in facilitating ice growth within capillaries, where the high curvature of the ice crystal would be inhibitory. 

Ice growth through the organism is carefully controlled. Ice usually starts in the hind limbs and begins spreading throughout the body from there, taking several hours to grow throughout the body. Ice grows around the vital organs long before freezing occurs within the organs. Ice forms in the brain last, with the fluid portion freezing before the neural tissue. Melting does not occur with this same directional rigidity, but instead begins in the vital organs simultaneously, and then spreads outwards. Since the organs are the last to freeze, the cryoprotectant concentration is highest there, causing these regions to have the lowest melting point. The amount of ice that forms within the organs is limited by dehydration and ice formation in the fluid regions that surround the organs. At a temperature of -2.5°C, where 50% of the frog's body water is frozen, the eyes lose 3% of their water, the brain loses 9%, skeletal muscle loses 13%, the liver loses 20%, and the heart loses 24% of its water content. 

Ice formation in the skin is detected virtually immediately by freeze tolerant frogs and the biological response, beginning in the liver, is fully active within two minutes. 

· Cryoprotection

The biological action that freeze tolerant species initiate, upon finding ice growing within their body, is the production and dissemination of enormous quantities of cryoprotectant. The cryoprotectants used are colligative in action, glucose and glycerol are two of the most common cryoprotectants (a particular species confines itself to the use of a single cryoprotectant). 

When freezing is detected, a signal is transmitted to the liver where glycogenolysis, the conversion of glycogen to glucose, begins in earnest. Glucose levels within the liver will have risen by over six times within the first 4 minutes, and remain elevated for several hours. Blood flow distributes glucose throughout the body (there is no supplemental glucose production from other locations within the body) until freezing brings a halt to circulation. Thus the lowest concentration of glucose is in the skin and skeletal muscle (which freeze first) and the highest concentrations are in the vital organs (thereby depressing their freezing points the most). 

The liver of freeze tolerant frogs is specialized for this task. It contains much higher levels of glycogen than is found in comparable non- freeze tolerant species. Likewise, the frogs' cells have much higher numbers of glucose transporters within the membranes to support cryoprotectant entry into the cells, the increase being seasonal as well. Animals that use glycerol as a cryoprotectant do not need to add transport proteins as cell membranes are naturally permeable to glycerol. It is not yet known whether aquaporins play a role in accelerating the large cellular water losses that must accompany freezing for colligative cryoprotection to be effective.

Aquatic Animals at Low Temperatures :

There are many intertidal invertebrates that survive brief periods of extracellular ice formation. This occurs primarily by the mechanism of colligative cryoprotection, as in terrestrial animals. The real action here is the strategy that polar fishes have evolved for dealing with the freezing environment. 

Seawater freezes at -1.9°C, a temperature that is reached during the winter in polar and temperature ocean regions. This is well below the melting point of the body fluids of marine fishes (-0.8°C). Although it is conceivable for an organism to exist with 1 degree of supercooling, the marine environment is one in which there are small ice crystals suspended throughout the seawater when it reaches the freezing point. Since it is necessary for fishes to live in this environment, and pass this water (with its ice crystals) through their gills, it is impossible for these organisms to avoid ice growth within their bodies. Yet they appear not to freeze until the temperature drops below -2°C, at which point they will freeze and die. 

The melting point of the fluids within these polar fishes is -0.8°C, but the apparent freezing point (the temperature where ice begins to grow) is significantly lower. This freezing point depression is not colligative (although the depression of the melting point is) and is lost when the fluid is dialyzed through a molecular sieve with a cutoff of about 2500. The agents responsible for this freezing point depression are either glycoproteins (Antarctic and North-temperate fish) or proteins (Arctic fish). These compounds are generically referred to as antifreeze proteins. 

· Ice Nucleating Proteins

One strategy for mitigating the damaging effects of ice formation is to nucleate ice at a high sub-freezing temperature to avoid the high osmotic stresses associated with rapid freezing. Ice nucleators that have been found in insects are generally not too efficient, initiating ice growth at supercooling points between -7°C and -10°C, thus they are probably involved in avoiding intracellular ice growth rather than the directed ice growth seen in freeze-tolerant amphibians. 

Some freeze tolerant insects have neither specialized ice nucleating proteins, nor an absence of ice nucleation sites (as in some freeze- avoidant insects). In a dry environment, they will supercool to near -20°C and then freeze and die. If they are inoculated with environmental ice at higher temperatures, however, they can survive. It seems, though, that most freeze tolerant insects produce ice nucleating proteins as part of their strategy for survival. 

· Stabilization of Bound Water

The water associated with macromolecules (bound water) is important for maintaining the tertiary structure of some molecules as well as the structure of membranes. It has been found that freeze tolerant organisms increase the amount of bound water in their systems during cold acclimation. That this confers additional tolerance to freezing is still a point of speculation. 

· Antifreeze Proteins

In many cases, damage from freezing has been linked to the rate of thawing, implicating the degree to which the ice undergoes recrystallization as a damaging mechanism. Since a few freeze tolerant insects produce antifreeze proteins, it has been speculated that these proteins minimize the injury associated with recrystallization of extracellular ice (AFP's are potent inhibitors of recrystallization). In fact, many of the freeze tolerant species that produce AFP's contain them in too low a concentration to produce thermal hysteresis; they are concentrated enough to inhibit recrystallization, however, since the thermodynamic driving force is much lower than for crystal growth in supercooled water. 

· Vitrification

It has been found that the hemolymph of a particular insect can be partially vitrified at cooling rates that are likely to occur in nature. Furthermore, the very low temperatures that some insects survive in the absence of ice indicate that vitrification could easily be achieved if the temperature went below the glass transition temperature. Thus it has been speculated that vitrification, or at least partial vitrification, may well be a strategy for freeze tolerance although direct evidence is thus far lacking. 

· Supercooling

Pure water has a homogeneous nucleation temperature of -40°C, thus in the absence of any nucleation sites, it should be possible for an insect to survive very cold temperatures in a supercooled state if it could rid itself of all ice nucleators and prevent external ice from contacting its body fluids. It has been shown that some insects become much more susceptible to freeze injury if they are fed ice nucleating bacteria before exposure to cold temperatures, indicating that supercooling is a naturally occuring strategy for freeze-avoidant insects. In addition, insects have been found to have significantly lower supercooling points in winter, as compared with summer, without any lowering of their melting points or crystal growth temperatures. Some species remove ice nucleation sites seasonally whereas others have removed them permanently, over evolutionary time (a strategy that is evidently not compatible with all lifestyles). 

There are some insect species found in the Canadian Rockies that have supercooling points of -60°C, combining colligative freezing point depression with an absence of ice nucleation sites to avoid ice formation at any terrestrial temperature (although these species are also freeze tolerant, there is simply no chance for them to experience temperatures of -60°C except in the laboratory). 

Potential uses of AFPs in aquaculture  : 

In terms of aquaculture sites, Canada's east coast is frequently compared with the coast of Scandinavia; however, the prevailing ocean currents in these two areas are very different. Whereas water temperatures are relatively mild along the coasts of Norway and Sweden year-round, the marine environment along much of Canada's Atlantic coast is characterized by ice and subzero water temperatures (0 to -1. °C) during the winter. Such an environment is lethal to most teleost fishes; the primary exceptions are those that can produce AFPs. Salmonids and many other commercially important fish cannot synthesize antifreeze; they freeze and die when they come into contact with ice crystals at temperatures lower than -0.7 to -0.9 °C. Thus, although many locations in eastern Canada appear suitable for salmon grow-out operations, most of them cannot be used with existing technology because temperatures drop below -0.7 °C (15). 

Because of these environmental factors, the marine cage culture of salmonids in eastern Canada is almost entirely restricted to the southern New Brunswick in the vicinity of Passamaquoddy Bay (Figure 2), where the waters freeze only infrequently (16). However, even at this location, where the value of the aquaculture industry is about $100 million annually, the danger that water temperatures could decline to lethal levels remains, and mortalities attributed to "superchill" are not uncommon (17, 18). Loss of salmon as a result of superchill thus severely restricts aquaculture along the coast of eastern Canada, and it can be a problem for salmonid aquaculture even as far south as Maine. 

Precisely how AFPs help maintain cell membrane integrity at hypothermic temperatures remains unknown. Results from experiments carried out to date suggest two distinctly different hypotheses. One hypothesis for cell death in cold-sensitive animals involves the alterations that occur in membrane and cellular functions at low temperatures (59, 60). Exposure to low, nonfreezing temperatures reduces the rate of cellular metabolic processes to the point at which they are unable to produce sufficient energy to maintain the cell membrane ion pumps. However, because passive ion flow through cell membrane channels is largely unaffected by temperature, the inability of the ion pumps to function effectively leads to membrane depolarization, increased intracellular Ca2+ concentration, activation of membrane phospholipid hydrolysis, and, finally, cell death. Experiments that demonstrated that AFPs could block passive Ca2+ entry into rabbit parietal cells support this hypothesis and suggest that the protective effect of the AFPs may be related to their ability to block the entry of Ca2+ into the cell (61). 

A second hypothesis, apparently unrelated to the ion channel-blocking action of the AFPs, is their observed ability to protect cell membranes as they pass through the phase transition temperature. When cells are cooled through the phase transition temperature of their lipid membranes, they undergo a phase change from liquid crystal to gel. Consequently, the membranes become transiently leaky, and intracellular contents are lost. Hays and co-workers used dielaidoylphosphatidylcholine (DEPC) liposomes as a membrane model, it was found that AFGPs can protect the integrity of the lipid bilayers, thereby inhibiting the leakage of liposome contents during the thermotropic phase transition
Most studies that evaluate the efficacy of AFPs in preservation media have concentrated on the hypothermic or cryogenic storage of reproductive materials. Improved long-term storage techniques for such cells would have many commercial applications in the fields of agriculture (e.g., in vitro fertilization techniques, development of improved blood lines), aquaculture, and human reproductive technologies. 

Improved protocols for extended hypothermic or cryogenic storage of human organs intended for transplantation would be a considerable advance in transplant technology. At present, the storage time limits for transplant hearts and livers are ~6 and 12 h, respectively, at 4 °C. Because of the huge demand for human transplant tissues and organs, any technology that improves the quality and shelf life of stored material would have a significant effect in medical and financial terms. 

Studies demonstrating the protective effects of AFPs on cells and tissues at cryogenic and hypothermic temperatures are presented in Table 3 (55, 57, 63-71). However, not all studies have found that AFPs confer cold protection (72). Indeed, when used in cryogenic applications, AFPs, under certain conditions, can destroy cells

Improved storage of frozen foods. It is well known that some foods (e.g., strawberries, raspberries, and tomatoes) cannot be frozen without loss of quality caused by cellular destruction; even food products that freeze well deteriorate to varying degrees over time. One of the causes of deterioration during frozen storage is the growth of large ice crystals within the product when refrigeration temperatures are not optimal. This process, known as ice recrystallization, occurs when the products are stored at subzero temperatures or are subject to fluctuating subzero temperatures such as occur during freezer defrost cycles. 

Recrystallization in frozen foods can result in two distinct problems: 

loss of the smooth creamy texture of frozen desserts (e.g., ice cream) and 

increase in the size of intracellular spaces, resulting in membrane damage and (once the product is thawed) gapping, reduced water-holding capacity (drip loss), and subsequent loss of nutrients.

Food quality and texture would be improved if a means could be found to reduce or eliminate this phenomenon. 

AFPs are highly effective at inhibiting ice recrystallization at low concentrations (<0.1 µg/mL), an effect clearly illustrated in Figure 7 (76, 77 ). Initial crystal size was smaller and crystal growth was significantly retarded in the presence of AFGP; both parameters were negatively correlated with AFGP concentration. Thus, they could be used to help eliminate the destructive effects of ice recrystallization in frozen foods. 

Antifreeze proteins (AFPs), so named because they were first discovered in the blood of Antarctic fish species, where they act in a true antifreeze role.A number of insect species, such as the spruce budworm, also resist freezing throughout the winter and accumulate AFPs to levels that lower their freezing points.In these species, the role of AFPs is analogous to those of fish.AFPs are also present in other insects and plants.AFPs are likely to play their role by preventing ice recrystallisation by binding to ice crystals and inhibiting crystal growth. 

The recrystallisation of ice refers to the coalescence of small crystals into larger ones that can occur at high subzero temperatures. Laboratory studies have shown that AFPs are remarkably effective inhibitors of ice recrystallisation and at concentrations far lower than those required for detectable antifreeze activity. 

Antifreeze protein studies were started out initially as a biological curiosity, and now have emerged as a valuable tool in food science, medicine, and biotechnology.AFPs can be added to living tissues, foods, and other materials to depress the freezing point non-colligatively or to allow freeze/thaw without ice recrystallisation.The studies of these proteins seek to answer fundamental questions concerning their molecular structures, mechanism of action, or roles in the survival of the species that produce them. 

More recently, AFPs have been shown to have new uses in the laboratory that differ from their known roles in nature and those too have general interest in their applications.For this reason and others, AFPs show promise in several different areas and there is great interest in understanding precisely how they work. 

Antifreeze Function  :
Although AFPs show diverse structural features among certain closely related species, all have similar effects on ice-crystal growth.Individual AFP molecules appear to adsorb directly on to ice crystal surfaces. Crystal growth inhibition is assumed to result from the Kelvin effect, in which the curvature of an ice surface growing out in between two adsorbed AFP molecules, reaches a limit beyond which further ice growth is energetically unfavorable.Although antifreeze activities of different AFPs vary widely, each appears to reach its particular maximum with increasing protein concentrations.Moreover, all AFPs tested to date show both antifreeze activity and inhibition of ice recrystallisation, suggesting a common mechanism for these two effects mediated through ice binding. 

Charles Knight of the National Center for Atmospheric Research, Colorado, US, with series of experiments, showed that binding of AFPs to ice is geometrically specific.Ice hemispheres were grown in the presence of low concentrations of different fish AFPs and planes of AFP binding to ice were identified through the patterns of surface roughening.The AFPs showed distinct binding planes.The precise interactions mediating AFP-ice binding are not yet well defined, though the crystal structures of several fish AFPs have been determined.The surfaces and specific amino acid residues mediating ice binding are now known. But the precise constellation of ice-protein interaction is not known in any AFP. 

Applications in Food Science :

Ice recrystallisation (also referred to as freeze ripening or freezer burn) compromises the value of foods that are frozen at high or variable temperatures.Food storage often requires costly measures, including quick freezing and maintenance of stable low temperatures, to prevent recrystallisation.The addition of AFPs to food products should inhibit recrystallisation at high and fluctuating subzero temperatures.The concentration of AFP required is normally very low ¾ of the order of 10-5M.Moreover, in some foods, AFPs are naturally present under appropriate conditions.Therefore, the cost of using AFPs for this purpose would, in some cases, be modest or negligible. 

Stephen Payne and colleagues at Meat Industry Research Institute, New Zealand, investigated the effect of various fish AFPs on the quality of frozen meat, and found that drip loss ¾ a consequence of recrystallisation damage ¾ was reduced in meat from lambs injected with fish antifreeze to a final concentration of 0.1(g/Kg prior to slaughter.Soaking the meat in an antifreeze solution gave a similar result. 

American scientists found that addition of AFP to various ice cream products also prevented the formation of large ice crystals and AFP genes are being introduced for the same purpose into microorganisms that are used to produce frozen yoghurt. 

Applications In Medicine :
AFPs can enhance the freeze stability of cells and tissues for medical or veterinary purpose in exactly the same way as they do for foods.For example, low concentrations of AFP increase the freeze survival of red blood cells, presumably by inhibiting ice recrystallisation.However, higher levels of AFP can cause tissue damage, which is believed to result from piercing of the cell plasma membrane by the ''sharp'' spicular or bipyramidal ice crystals that are formed at high antifreeze concentrations. This effect of cell destruction at high AFP concentrations (10-3 M range), which could be problematic in food or tissue preservation, may be valuable in cryosurgery. The objective in cryosurgery is to destroy all the targeted tissue without causing undue damage to surrounding tissues. The bipyramidal or spicular ice crystals that grow in solutions containing high concentrations of AFP or other effects of AFPs on cell freezing aid the killing of cells during cryosurgery. AFPs may prove to be an important tool in cryosurgery because, under the thermal conditions used in a group''s experiment, at temperatures as high as -20 C, cell death approximated 100%. 

It is shown that AFPs from Antarctic fishes interact directly with liposomes and prevent damage over cooling and warming between 2 and 20o C, which spans the lipid transition temperature. This hypothermic protection of membrane integrity may be useful in cool temperature storage of cells and tissues. 

Frozen Future of AFPs ? 

The successful application of AFPs in food preservation or cryosurgery have created an exceptional future for AFPs and further investigation in other applications, such as vitrification, or hypothermic membrane protection, is needed.For applications such as food preservation, natural AFPs, purified or partially purified, from fish blood may be a convenient source that is likely to meet consumer acceptance. Abundant AFPs could be generated as by-products of processing certain fish species for food, thereby enhancing the sustainability and profitability of fisheries and aquaculture industries. 

For medical applications, such as commercial scale cell or tissue preservation, or cryosurgery, supply of large amounts of well-defined AFPs would be a requisite. This might be supplied by recombinant DNA technology, although high cost of expressed protein would be a limitation. 

Although no mimetic has been made for AFPs to date, required for large-scale industrial application, synthetic and possibly improved AFPs could be prepared from relatively simple components. Therefore, AFPs will continue to find many valuable and sustainable uses, even before their mechanism of action becomes crystal clear.

Antifreeze proteins (AFPs) are a structurally diverse group of proteins that have the ability to modify ice crystal structure and inhibit recrystallization of ice. AFPs are well characterized in fish and insects, but very few bacterial species have been shown to have AFP activity to date. Thirty eight freshwater to hypersaline lakes in the Vestfold Hills and Larsemann Hills of Eastern Antarctica were sampled for AFPs during 2000. Eight hundred and sixty six bacterial isolates were cultivated. A novel AFP assay, designed for high-throughput analysis in Antarctica, demonstrated putative activity in 187 of the cultures. Subsequent analysis of the putative positive isolates showed 19 isolates with significant recrystallization inhibition (RI) activity. The 19 RI active isolates were characterized using ARDRA (amplified rDNA restriction analysis) and 16S rDNA sequencing. They belong to genera from the [image: image9.png]


- and [image: image10.png]


-Proteobacteria, with genera from the [image: image11.png]


-subdivision being predominant. The 19 AFP-active isolates were isolated from four physico-chemically diverse lakes. Ace Lake and Oval Lake were both meromictic with correspondingly characteristic chemically stratified water columns. Pendant Lake was a saline holomictic lake with different chemical properties to the two meromictic lakes. Triple Lake was a hypersaline lake rich in dissolved organic carbon and inorganic nutrients. The environments from which the AFP-active isolates were isolated are remarkably diverse. It will be of interest, therefore, to elucidate the evolutionary forces that have led to the acquisition of functional AFP activity in microbes of the Vestfold Hills lakes and to discover the role the antifreezes play in these organisms. 
The survival of many polar fishes during the winter is dependent on their bodies’ ability to inhibit and suppress the growth of ice crystals when the temperature of the seawater and therefore the fish’s blood serum falls well below freezing. It has been determined that the unusually low freezing temperature of fish blood serum cannot be attributed to colligative effects of dissolved substances (such as salts) alone, but is due to the presence of a family of so-called biological antifreezes. Biological antifreezes can be classified into two categories according to the presence or absence of carbohydrate moieties. The former are known as antifreeze glycoproteins, while the latter are known as antifreeze proteins. Biological antifreezes are known macroscopically not only to prevent the growth of the incipient ice crystals up to several degrees below freezing, but also to interfere with the growth morphology of ice crystals and, in a non-colligative manner, to exhibit thermal hysteresis, which lowers the freezing temperature without affecting the melting temperature. Furthermore, thermal hysteresis is additive to the colligative effect. Early hypotheses of the mechanism of function were based on data from the ice etching technique developed by Knight et al. Although particular facets for antifreeze protein (AFP) and antifreeze glycoprotein (AFGP) accumulation can be identified, this method lacks the ability to characterize adsorption dynamics. Hence, initial postulates suggested that the proteins are irreversibly adsorbed onto the surface of particular facets. It was the work of Kuroda in 1991 that questioned the irreversible binding aspect of the hypothesis.

Winter flounder AFPs are type I AFPs and consist mostly of two components, namely HPLC6 and HPLC8, of which the former (which we will subsequently refer to as AFP) is the major component and the subject of this study. This AFP’s chemical composition consists of 37 amino acid residues and has been a subject of intensive experimental and computational studies. Both the x-ray crystallography and the NMR structures of AFP have now been determined and show that it is a rod-like -helix protein. It has been long believed that AFP functions directly on the exposed ice surface along the (2021) crystal plane by means of a hydrogen-bonding network. The interaction is postulated to be between the regularly spaced Thr residues and the matching water molecule that is capable of hydrogen bonding with Thr for the particular facet in question. As a result of the direct interaction, hysteresis, due to the Kelvin effect more is observed. However, works since 1997 using site-directed mutagenesis of winter flounder AFP showed that hydrogen bonding between this molecule and the ice may not be responsible for thermal hysteresis. Harding et al. suggested that it is the hydrophobic interactions including entropic contributions at the facet-specific ice–water interface that contribute to the ability of antifreeze proteins to accumulate selectively due to favorable total free energy of the system. Thus, the exact molecular mechanism of action of biological ntifreezes at the molecular level awaits elucidation. While there have been a number of simulation studies examining the interactions of a single AFP in solution and ice surface–AFP interactions, the physical underlying nature of intermolecular interactions of two AFP has not been examined by a simulation study.

Abbreviations: AFP, antifreeze protein; AFLP, antifreeze lipoprotein; ARDRA, amplified rDNA restriction analysis; DOC, dissolved organic carbon; HTAP, high throughput AFP protocol; RI, recrystallization inhibition; RO, reverse osmosis; SRP, soluble reactive phosphate 

MATERIALS AND METHODS

BLAST :
 The BLAST programs are widely used tools for searching protein and DNA databases for sequence similarities. For protein comparisons, a variety of definitional, algorithmic and statistical refinements described here permits the execution time of the BLAST programs to be decreased substantially while enhancing their sensitivity to weak similarities. A new criterion for triggering the extension of word hits, combined with a new heuristic for generating gapped alignments, yields a gapped BLAST program that runs at approximately three times the speed of the original. In addition, a method is introduced for automatically combining statistically significant alignments produced by BLAST into a position-specific score matrix, and searching the database using this matrix. The resulting Position-Specific Iterated BLAST (PSI-BLAST) program runs at approximately the same speed per iteration as gapped BLAST, but in many cases is much more sensitive to weak but biologically relevant sequence similarities. PSI-BLAST is used to uncover several new and interesting members of the BRCT superfamily.

FASTA :
The sensitivity and selectivity of the FASTA and the Smith-Waterman protein sequence comparison algorithms were evaluated using the superfamily classification provided in the National Biomedical Research Foundation/Protein 

Identification Resource (PIR) protein sequence database. Sequences from each of the 34 superfamilies in the PIR database with 20 or more members were compared against the protein sequence database. The similarity scores of the related and unrelated sequences were determined using either the FASTA program or the Smith-Waterman local similarity algorithm. These two sets of similarity scores were used to evaluate the ability of the two comparison algorithms to identify distantly related protein sequences. The FASTA program using the ktup = 2 sensitivity setting performed as well as the Smith-Waterman algorithm for 19 of the 34 superfamilies. Increasing the sensitivity by setting ktup = 1 allowed FASTA to perform as well as Smith-Waterman on an additional 7 superfamilies. The rigorous Smith-Waterman method performed better than FASTA with ktup = 1 on 8 superfamilies, including the globins, immunoglobulin variable regions, calmodulins, and plastocyanins. Several strategies for improving the sensitivity of FASTA were examined. The greatest improvement in sensitivity was achieved by optimizing a band around the best initial region found for every library sequence. For every superfamily except the globins and immunoglobulin variable regions, this strategy was as sensitive as a full Smith-Waterman. For some sequences, additional sensitivity was achieved by including conserved but nonidentical residues in the lookup table used to identify the initial region. 

SWISS-PROT :

SWISS-PROT is a curated protein sequence database which strives to provide a  high level of annotations (such as the description of the function of a protein,  structure of its domains, post-translational modifications, variants, etc.), a  minimal level of redundancy and high level of integration with other databases. 

Recent developments of the database include: an increase in the number and scope of model organisms; cross-references to two additional databases; a variety of new documentation files and the creation of TrEMBL, a computer annotated supplement to SWISS-PROT. This supplement consists of entries in SWISS-PROT-like format derived from the translation of all coding sequences (CDS) in the EMBL nucleotide sequence database, except the CDS already included in SWISS-PROT.

REVIEW OF LITERATURE

Fuller BJ.2004.

In the fifty years since the establishment of the cryoprotective effect of glycerol, cell banking by cryopreservation has become routine in many areas of biotechnology and medicine. Cryoprotectant addition has become a rather mundane step within the overall protocol. However, for future advances in cryobiology and to meet new challenges in the clinical use of cryopreserved cells or tissues, it will be essential to have an understanding of the development and current status of the biological and chemical knowledge on cryoprotectants (CPA). This  was undertaken to outline the history of CPA use, the important properties of CPA in relation to freezing damage, and what can be learnt from natural freezing-tolerant organisms. The conflicting effects of protection and toxicity resulting from use of CPA are discussed, and the role of CPA in enhancing glassy states in the emerging field of vitrification are also set out.

Lin SZ, Zhang ZY, Lin YZ.2004.

Over the past several years, the proteins and genes associated with freezing resistance and molecular genetic improvement in freezing resistance of plants have been widely studied. The recent progress of research made at home and abroad on low-temperature-induced proteins and antifreeze proteins (AFPs) with thermal hysteresis (THA) and the identification and expression regulation of

low-temperature-induced genes are ed in this paper. Recent advances in the approaches of gene engineering that have been successfully taken in the molecular improvement of plant freezing resistance are also ed. Emphasis is placed on the transformation and expression of the freezing resistance genes cloned from overwintering insects, polar fishes and plant materials. Finally, some unsolved problems and the trend of research on physiological function and mechanism of AFPs, and the application of modern biotechnology to molecular improvement in freezing resistance of plants are discussed.

Driedzic WR, Ewart KV. 2004.

The rainbow smelt (Osmerus mordax) is a small anadromous fish that actively feeds under the ice at temperatures as low as the freeze point of seawater. Freezing is avoided through the production of both non-colligative antifreeze protein (AFP) and glycerol that acts in a colligative manner. Glycerol is

constantly lost across the gills and skin, thus glycerol production must continue on a sustained basis at low winter temperatures. AFP begins to accumulate in early fall while water temperatures are still high. Glycerol production is triggered when water temperatures decrease to about 5 degrees C. Glycerol levels rapidly increase with carbon flow from dihydroxyacetone phosphate (DHAP) to glycerol 3-phosphate (G3P) to glycerol. Glucose/glycogen serves as the initial carbon source for glycerol accumulation with amino acids contributing thereafter. The period of glycerol accumulation is associated with increases in GPDH mRNA and PEPCK mRNA followed by elevations in protein synthesis and enzyme activities. Plasma glycerol levels may reach in excess of 500 mM in winter. The high freeze resistance allows rainbow smelt to invade water of low temperature and forage for food. The lower the temperature, the higher the glycerol must be, and the higher the glycerol the greater the loss to the environment through diffusion. During the winter, rainbow smelt feed upon protein rich invertebrates with glycerol production being fueled in part by dietary amino acids via the gluconeogenic pathway. At winter temperatures, glycerol is quantitatively more important than AFP in providing freeze resistance of blood; however, the importance of AFPs to other tissues is yet to be assessed. Glycerol levels rapidly plummet in the spring when water temperature is still close to 0 degrees C. During this period, freeze resistance must be provided by AFP alone. Overall, the phenomenon of glycerol production by rainbow smelt reveals an elegant connection of biochemistry to ecology that allows this species to exploit an otherwise unavailable food resource.

Griffith M, Yaish MW. 2004.

Antifreeze proteins are found in a wide range of overwintering plants where they inhibit the growth and recrystallization of ice that forms in intercellular

spaces. Unlike antifreeze proteins found in fish and insects, plant antifreeze proteins have multiple, hydrophilic ice-binding domains. Surprisingly, antifreeze proteins from plants are homologous to pathogenesis-related proteins and also provide protection against psychrophilic pathogens. In winter rye (Secale cereale), antifreeze proteins accumulate in response to cold, short daylength, dehydration and ethylene, but not pathogens. Transferring single genes encoding antifreeze proteins to freezing-sensitive plants lowered their freezing temperatures by approximately 1 degrees C. Genes encoding dual-function plant antifreeze proteins are excellent models for use in evolutionary studies to determine how genes acquire new expression patterns and how proteins acquire

new activities.

Graether SP, Sykes BD. 2004.

Antifreeze proteins (AFPs) designate a class of proteins that are able to bind to and inhibit the growth of macromolecular ice. These proteins have been characterized from a variety of organisms. Recently, the structures of AFPs from the spruce budworm (Choristoneura fumiferana) and the yellow mealworm (Tenebrio molitor) have been determined by NMR and X-ray crystallography. Despite nonhomologous sequences, both proteins were shown to consist of beta-helices. We  the structures and dynamics data of these two insect AFPs to bring insight into the structure-function relationship and explore their beta-helical

architecture. For the spruce budworm protein, the fold is a left-handed beta-helix with 15 residues per coil. The Tenebrio molitor protein consists of a right-handed beta-helix with 12 residues per coil. Mutagenesis and structural studies show that the insect AFPs present a highly rigid array of threonine residues and bound water molecules that can effectively mimic the ice lattice. Comparisons of the newly determined ryegrass and carrot AFP sequences have led to models suggesting that they might also consist of beta-helices, and indicate that the beta-helix might be used as an AFP structural motif in nonfish organisms.

Wathen B et al. 2004.

We  a novel computational model for the study of crystal structures both on their own and in conjunction with inhibitor molecules. The model advances existing Monte Carlo (MC) simulation techniques by extending them from modeling 3D crystal surface patches to modeling entire 3D crystals, and by including the use of "complex" multicomponent molecules within the simulations. These advances makes it possible to incorporate the 3D shape and non-uniform surface properties of inhibitors into simulations, and to study what effect these inhibitor properties have on the growth of whole crystals containing up to tens of millions of molecules. The application of this extended MC model to the study of antifreeze proteins (AFPs) and their effects on ice formation is reported, including the success of the technique in achieving AFP-induced ice-growth inhibition with concurrent changes to ice morphology that mimic experimental results. Simulations of ice-growth inhibition suggest that the degree of inhibition afforded by an AFP is a function of its ice-binding position relative to the underlying anisotropic growth pattern of ice. This extended MC technique is applicable to other crystal and crystal-inhibitor systems, including more complex crystal systems such as clathrates. 

Johnston IA. 2003.

The radiation of notothenioid fishes (order Perciformes) in the Southern Ocean provides a model system for investigating evolution and adaptation to a low temperature environment. The Notothenioid fishes comprising eight families, 43 genera and 122 species dominate the fish fauna in Antarctica. The diversification of the clade probably began 15-20 million years ago after the formation of the Antarctic Polar Front. The radiation was, therefore, associated with climatic cooling down to the present day temperature of -1.86 degrees C. Origins and Evolution of the Antarctic Biota Geological Society Special Publication No. 47, Geological Society of London. pp. 253-268). The success of the group has been closely linked with the evolution of glycopeptide and peptide antifreezes, which are amongst the most abundant proteins in blood and interstitial fluid. The radiation of the clade has been associated with disaptation  (evolutionary loss of function) and recovery. For example, it is thought that the icefishes (Channichyidae) lost haemoglobin through a single mutational event leading to the deletion of the entire beta-globin gene and the 5' end of the linked alpha-globin gene, resulting in compensatory adaptations of the cardiovascular system. Phylogenetically based statistical methods also indicate a progressive and dramatic reduction in the number of skeletal muscle fibres (FN(max)) at the end of the recruitment phase of growth in basal compared to derived families. The reduction in FN(max) is associated with a compensatory increase in the maximum fibre diameter, which can reach 100 microm in slow and 600 microm in fast muscle fibres. At -1 to 0 degrees C, the oxygen consumption of isolated mitochondria per mg mitochondrial protein shows no evidence of up-regulation relative to mitochondria from temperate and tropical Perciform fishes. The mitochondria content of slow muscle fibres in Antarctic notothenioids is towards the upper end of the range reported for teleosts with similar lifestyles, reaching 50% in Channichthyids. High mitochondrial densities facilitate ATP production and oxygen diffusion through the membrane lipid compartment of the fibre. Modelling studies suggest that adequate oxygen flux in the large diameter muscle fibres of notothenioids is possible because of the reduced metabolic demand and enhanced solubility of oxygen associated with low temperature. At the whole animal level size-corrected resting metabolic rate fits on the same temperature relationship as for Perciformes from warmer climates. It seems likely that the additional energetic costs associated with antifreeze synthesis and high mitochondrial densities are compensated for by reductions in other energy requiring processes: a hypothesis that could be tested with detailed energy budget studies. One plausible candidate is a reduction in membrane leak pathways linked to the loss of muscle fibres, which would serve to minimise the cost of maintaining ionic gradients. 

Wu AM. 2003.

Glycoproteins (gps) contain many carbohydrate epitopes or crypto-glycotopes for Gal and GalNAc reactive lectins. They are present on the cell surface and function as receptors in various life processes. Many exist in soluble or gel form and serve as biological lubricants or as barriers against microbial invasion. During the past two decades, eleven mammalian structural units have been used to express the binding domain of applied lectins. They are: F, GalNAcalpha1-->3GalNAc; A, GalNAcalpha1-->3Gal; T, Galbeta1-->3GalNAc; I, Galbeta1-->3GlcNAc; II, Galbeta1--> 4GlcNAc; B, Galalpha1-->3Gal; E, Galalpha1-->4Gal; L, Galbeta1--> 4Glc; P, GalNAcbeta1-->3Gal; S, GalNAcbeta1-->4Gal and TN, GalNAcalpha1-->Ser(Thr). Except L and P, all of the units can be found in glycoproteins. TN, which is an important marker for breast/colon cancer and vaccine development, exists only in O-glycans. Natural TN gp, the simplest mammalian O-glycan, is exclusively expressed in the armadillo salivary gland. Antifreeze gp is composed of repeating units of T. Pneumococcus type XIV capsular polysaccharide has uniform II disaccharide as carbohydrate side chains. Asialo human alpha(1)-acid gp and asialo fetuin provide multi-antennary II structures. Human ovarian cyst gps, which belong to the complex type of glycoform, comprise most of the structural units. To facilitate the selection of lectins that could serve as structural probes, the carbohydrate binding properties of Gal/GalNAc reactive lectins have been classified according to their highest affinity for structural units and their binding profiles are expressed in decreasing order of reactivity. Hence, the binding relationship between glycoproteins and Gal/GalNAc specific lectins can be explored. Copyright 2003 National Science Council, ROC and S. Karger AG, Basel

Atici O, Nalbantoglu B. 2003.

Overwintering plants produce antifreeze proteins (AFPs) having the ability to adsorb onto the surface of ice crystals and modify their growth. Recently, several AFPs have been isolated and characterized and five full-length AFP cDNAs have been cloned and characterized in higher plants. The derived amino acid sequences have shown low homology for identical residues. Theoretical and

experimental models for structure of Lolium perenne AFP have been proposed. In addition, it was found that the hormone ethylene is involved in regulating antifreeze activity in response to cold. In this , it is seen that the physiological and biochemical roles of AFPs may be important to protect the plant tissues from mechanical stress caused by ice formation. 

Holt CB. 2003.

There are a number of substances described in the published literature which inhibit ice nucleation. Certain bacterial strains, mostly found among the nonfluorescent pseudomonade species, release material into the growth medium

which reduces the nucleation temperature of water droplets to below that of distilled water. Extracts from the seeds of food crops including apricot, peach and plum can reduce the nucleation temperature of water droplets and dispersions of silver iodide. Antifreeze glycoproteins can reduce the nucleation temperature of saline solutions. Antifreeze proteins can inhibit the activity of some biological ice nucleators but not others. Certain novel polymers have been shown to inhibit the nucleation activity of dispersions of silver iodide and ice-nucleating bacteria.

Bouvet V, Ben RN. 2003.

Antifreeze glycoproteins (AFGPs) are a novel class of biologically significant compounds that possess the ability to inhibit the growth of ice both in vitro and in vivo. Any organic compound that possesses the ability to inhibit the growth of ice has many potential medical, industrial, and commercial  applications. In an effort to elucidate the molecular mechanism of action, various spectroscopic and physical techniques have been used to investigate the solution conformations of these glycoproteins. This  examines the characterization of AFGPs and potential biological applications relating to stabilization of lipid membranes and vitrification adjuvants.

Zbikowska HM. 2003.

Over the past 15 years researchers have generated stable lines of several

species of transgenic fish important for aquaculture. 'All-fish' growth hormone (GH) gene constructs and antifreeze protein (AFP) genes have been successfully

introduced into the fish genome resulting in a significant acceleration of growth rate and an increase in cold and freeze tolerance. However, neither gene modification is completely understood; there are still questions to be resolved. Expression rates are still low, producing variable growth enhancement rates and

less than desired levels of freeze resistance. Transgene strategies are also being developed to provide improved pathogen resistance and modified metabolism for better utilization of the diet. Additional challenges are to tailor the genetically modified fish strains to prevent release of the modified genes into the environment.

Harding MM, Anderberg PI, Haymet AD. 2003.

Antifreeze glycoproteins (AFGPs) constitute the major fraction of protein in the blood serum of Antarctic notothenioids and Arctic cod. Each AFGP consists of a varying number of repeating units of (Ala-Ala-Thr)n, with minor sequence variations, and the disaccharide beta-D-galactosyl-(1-->3)-alpha-N-acetyl-D-galactosamine joined as a glycoside  to the hydroxyl oxygen of the Thr residues. These compounds allow the fish to survive in subzero ice-laden polar oceans by kinetically depressing the temperature at which ice grows in a noncolligative manner. In contrast to the more widely studied antifreeze proteins, little is known about the mechanism of ice growth inhibition by AFGPs, and there is no definitive model that explains their properties. This  summarizes the structural and physical properties of AFGPs and advances in the last decade that now provide opportunities for further research in this field. High field NMR spectroscopy and molecular dynamics studies have shown that AFGPs are largely unstructured in aqueous solution. While standard carbohydrate degradation studies confirm the requirement of some of the sugar hydroxyls for antifreeze activity, the importance of following structural elements has not been established: (a) the number of hydroxyls required, (b) the stereochemistry of the sugar hydroxyls (i.e. the requirement of galactose as the sugar), (c) the acetamido group on the first galactose sugar, (d) the stereochemistry of the beta-glycosidic linkage between the two sugars and the alpha-glycosidic linkage to Thr, (e) the requirement of a disaccharide for activity, and (f) the Ala and Thr residues in the polypeptide backbone. The recent successful synthesis of small AFGPs using solution methods and solid-phase chemistry provides the opportunity to perform key structure-activity studies that would clarify the important residues and functional groups required for activity. Genetic studies have shown that the AFGPs present in the two geographically and phylogenetically distinct Antarctic notothenioids and Arctic cod have evolved independently, in a rare example of convergent molecular evolution. The AFGPs exhibit concentration dependent thermal hysteresis with maximum hysteresis (1.2 degrees C at 40 mg x mL-1) observed with the higher molecular mass glycoproteins. The ability to modify the rate and shape of crystal growth and protect cellular membranes during lipid-phase transitions have resulted in identification of a number of potential applications of AFGPs as food additives, and in the cryopreservation and hypothermal storage of cells and tissues.

Betran E, Long M. 2002.

As it is the case for non-coding regions, the coding regions of organisms can be expanded or shrunk during evolutionary processes. However, the dynamics of coding regions are expected to be more correlated with functional complexity and diversity than are the dynamics of non-coding regions. Hence, it is interesting to investigate the increase of diversity in coding regions--the origin and evolution of new genes - because this provides a new component to the genetic variation underlying the diversity of living organisms. Here, we examine what is known about the mechanisms responsible for the increase in gene number. Every mechanism affects genomes in a distinct way and to a different extent and it appears that certain organisms favor particular mechanisms. The detail of some interesting gene acquisitions reveals the extreme dynamism of genomes. Finally, we discuss what is known about the fate of new genes and conclude that many of the acquisitions are likely to have been driven by natural selection; they increase functional complexity, diversity, and/or adaptation of species. Despite this, the correlation between complexity of life and gene number is low and closely related species (with very similar life histories) can have very

different number of genes. We call this phenomenon the G-value paradox. 

Davies PL, Baardsnes J, Kuiper MJ, Walker VK. 2002.

High-resolution three-dimensional structures are now available for four of seven non-homologous fish and insect antifreeze proteins (AFPs). For each of these structures, the ice-binding site of the AFP has been defined by site-directed mutagenesis, and ice etching has indicated that the ice surface is bound by the AFP. A comparison of these extremely diverse ice-binding proteins shows that they have the following attributes in common. The binding sites are relatively

flat and engage a substantial proportion of the protein's surface area in ice  binding. They are also somewhat hydrophobic -- more so than that portion of the protein exposed to the solvent. Surface-surface complementarity appears to be the key to tight binding in which the contribution of hydrogen bonding seems to be secondary to van der Waals contacts.

Crevel RW, Fedyk JK, Spurgeon MJ. 2002.

Antifreeze proteins (AFPs), also known as ice structuring proteins, bind to and influence the growth of ice crystals. Proteins with these characteristics have been identified in fish living in areas susceptible to ice formation and in numerous plants and insects. This  considers the occurrence of AFPs and relates it to the likely intake by human populations, with a view to forming a judgment about their safety in foods. Intake of AFPs in the diet is likely to be substantial in most northerly and temperate regions. Much of this intake is likely to be from edible plants, given their importance in the diet, but in some regions intake from fish will be significant. Inadequate data exist to estimate intakes from plants but estimates of intake of AFP from fish are presented for two countries with very different fish consumption, the USA and Iceland. Typical short-term exposure, for instance a portion of cod may contain up to 196 mg AFGP, while the AFP content of the same weight of ocean pout would be up to 420 mg. Average available fish AFP in the diet is calculated to be around 1-10 mg/day in the USA and 50-500 mg/day in Iceland, but these estimates are subject to considerable uncertainty. As far as can be ascertained, AFPs are consumed with no evidence of adverse health effects, either short- or long-term. Given the structural diversity of AFPs, one firm general conclusion that can be drawn from the history of consumption of AFPs is that their functional characteristics do not impart any toxicologically significant effect, in a way that, for instance, a property such as cholinesterase inhibition would. Furthermore, specifically in the case of fish AFPs where some consumption data are available, it is reasonable to infer a lack of allergenicity from the absence of reports of this effect.

Zhong QW, Fan TJ. 2002.

Antifreeze proteins (AFPs) can highly effectively protect cells and embryos from damages in freezing process by lowering the freezing points of their cytoplasmic matrix and body fluids in a noncolligative manner. Based on their origins and properties, AFPs have been classified into four types, i.e. type I, II, III and IV. Each of them possesses rather distinct characteristics both in structure and composition, although all of them have ability of lowering freezing points of fluids. AFPs' genes have been characterized as members of a multigene family  and the levels of their mRNA synthesis vary significantly with seasons. Adsorption-inhibition operating at the ice surface is nowadays a hypothesis widely used to interpret the molecular mechanisms of noncolligative lowering of the freezing point, but the details of the mechanism on how the different types of AFP are adsorbed onto ice remain uncertain. Progresses in research on structures, amino acid compositions, genes, antifreeze mechanisms of the 4 distinct types of AFPs, and the application of the AFPs in cryopreservation of cells and embryos are ed here.

Jia Z, Davies PL. 2002.

Antifreeze proteins (AFPs) help organisms to survive below 0 degrees C by inhibiting ice growth. Although AFPs are structurally diverse, they typically present a large proportion of their surface area for binding to ice. Whereas earlier proposed binding mechanisms relied almost entirely on a hydrogen bond match between the AFP and ice, it now seems probable that van der Waals and hydrophobic interactions make a significant contribution to the enthalpy of adsorption. These interactions require intimate surface-surface complementarity between the receptor (AFP) and its ligand (ice). 

Jenkins J, Pickersgill R. 2001.

Three-dimensional structures have been determined of a large number of proteins characterized by a repetitive fold where each of the repeats (coils) supplies a strand to one or more parallel beta-sheets. Some of these proteins form superfamilies of proteins, which have probably arisen by divergent evolution

from a common ancestor. The classical example is the family including four families of pectinases without obviously related primary sequences, the phage P22 tailspike endorhamnosidase, chrondroitinase B and possibly pertactin from Bordetella pertusis. These show extensive stacking of similar residues to give aliphatic, aromatic and polar stacks such as the asparagine ladder. This suggests that coils can be added or removed by duplication or deletion of the DNA corresponding to one or more coils and explains how homologous proteins can have different numbers of coils.This process can also account for the evolution of other families of proteins such as the beta-rolls, the leucine-rich repeat proteins, the hexapeptide repeat family, two separate families of beta-helical antifreeze proteins and the spiral folds. These families need not be related to each other but will share features such as relative untwisted beta-sheets, stacking of similar residues and turns between beta-strands of approximately 90 

degrees often stabilized by hydrogen bonding along the direction of the parallel beta-helix.Repetitive folds present special problems in the comparison of structures but offer attractive targets for structure prediction. The stacking of similar residues on a flat parallel beta-sheet may account for the formation of amyloid with beta-strands at right-angles to the fibril axis from many unrelated peptides.

Finegold L. 1986.

Here are ed and summarized the strategies adopted by living organisms to survive low temperatures, from a molecular and membrane point of view.  The

presentation is aimed at a wide variety of readers.  Two prime examples of connections between biological cold adaptation and the molecular level are (1) antifreeze proteins in fish from cold sea water, (the DNA sequence of the protein gene is now known) (2) the fluidity characteristics of cell membranes in a wide variety of organisms.  In model membranes of phospholipids, stabler "s-phases" have recently been found to form at low temperatures.  Antarctic endolithic organisms, living just under the surface of rocks, are exposed to long periods of low temperatures, and may develop such phases in their membranes.  In the saturated phosphatidyl cholines, only lipids with a restricted range of acyl chain lengths show simultaneously s-phases and a main transition : This restricted range is about the restricted range found in natural membranes.  The s-phases also form in the presence of natural cryoprotectants, and may be connected with botanical vernalization. 

Ramlov H. 2000.

Polar, alpine and temperate ectothermic (cold-blooded) animals encounter

temperatures below the melting point of their body fluids either diurnally or seasonally. These animals have developed a number of biochemical and physiological adaptations to survive the low temperatures. The problems posed to the animals during cold periods include changes in membrane and protein structure due to phase changes in these molecules, changes in electrolyte concentrations and other solutes in the body fluids as well as changes in metabolism. Cold-tolerant ectothermic animals can be divided into two groups depending which of two 'strategies' they employ to survive the low temperatures:

freeze-tolerant animals which survive ice formation in the tissues and freeze-avoiding animals which tolerate the low temperatures but not crystallization of the body fluids. The adaptations are mainly directed towards the control or avoidance of ice formation and include the synthesis of low mol. wt cryoprotectants, ice-nucleating agents and antifreeze proteins. However, some of the adaptations such as the synthesis of low mol. wt cryoprotectants are also more specific in their mechanism, e.g. direct stabilizing interaction with membranes and proteins. The mechanisms employed by such animals may offer ideas and information on alternative approaches which might be usefully employed in the cryopreservation of cells and tissues frequently required in assisted reproductive technology.

Barrett J. 2001.

Extreme environments present a wealth of biochemical adaptations. Thermal hysteresis proteins (THPs) have been found in vertebrates, invertebrates, plants, bacteria and fungi and are able to depress the freezing point of water (in the presence of ice crystals) in a non-colligative manner by binding to the surface of nascent ice crystals. The THPs comprise a disparate group of proteins with a variety of tertiary structures and often no common sequence similarities or structural motifs. Different THPs bind to different faces of the ice crystal, and no single mechanism has been proposed to account for THP ice binding affinity and specificity. Experimentally THPs have been used in the cryopreservation of tissues and cells and to induce cold tolerance in freeze susceptible organisms. THPs represent a remarkable example of parallel and convergent evolution with different proteins being adapted for an anti-freeze role.

Zachariassen KE, Kristiansen E. 1999.

Plants and ectothermic animals use a variety of substances and mechanisms to survive exposure to subfreezing temperatures. Proteinaceous ice nucleators trigger freezing at high subzero temperatures, either to provide cold protection from released heat of fusion or to establish a protective extracellular freezing in freeze-tolerant species. Freeze-avoiding species increase their supercooling potential by removing ice nucleators and accumulating polyols. Terrestrial invertebrates and polar marine fish stabilize their supercooled state by means of noncolligatively acting antifreeze proteins. Some organisms also depress their body fluid melting point to ambient temperature by evaporation and/or solute accumulation. Copyright 2000 Academic Press.

Vajda T. 1999.

Freezing of aqueous or organic solutions plays a pivotal role in enhancement of rate and/or yield of biomolecular reactions. The smooth conditions of the frozen state at low temperature can also suppress racemization and side-product formation of the reactions. Molecular interactions in liquid undercooled solutions, on the other hand, offer the possibility to study enzyme activity mechanisms in vitro and a chance for survival of organisms in vivo. This 

illustrates the differences between frozen and liquid conditions on several small and large biomolecules, together with the synthetic use of freezing. In relation to the freezing effect on enzyme activity, a peculiar phenomenon is discussed: 'cryo-oscillations' are temporal motions of trypsin activity in frozen solution in the presence of Mn2+ ion. The molecular basis of cold adaptation is also discussed, which points to mechanisms evolved by organisms living at subzero temperatures. The factors involved in the freezing effect are shown; i.e. the role of freeze-concentration and frozen solvent surface is demonstrated and elucidated using several examples. 

Breton G et al, 2000.

Plants use a wide array of proteins to protect themselves against low temperature and freezing conditions. The identification of these freezing tolerance associated proteins and the elucidation of their cryoprotective functions will have important applications in several fields. Genes encoding structural proteins, osmolyte producing enzymes, oxidative stress scavenging enzymes, lipid desaturases and gene regulators have been used to produce transgenic plants. These studies have revealed the potential capacity of different genes to protect against temperature related stresses. In some cases, transgenic plants with significant cold tolerance have been produced. Furthermore, the biochemical characterization of the cold induced antifreeze proteins and dehydrins reveals many applications in the food and the medical industries. These proteins are being considered as food additives to improve the quality and shelf-life of frozen foods, as cryoprotective agents for organ and cell cryopreservation, and as chemical adjuvant in cancer cryosurgery. 

Fletcher GL et al. 2001.

Marine teleosts at high latitudes can encounter ice-laden seawater that is

approximately 1 degrees C colder than the colligative freezing point of their body fluids. They avoid freezing by producing small antifreeze proteins (AFPs) that adsorb to ice and halt its growth, thereby producing an additional non-colligative lowering of the freezing point. AFPs are typically secreted by the liver into the blood. Recently, however, it has become clear that AFP isoforms are produced in the epidermis (skin, scales, fin, and gills) and may serve as a first line of defense against ice propagation into the fish. The basis for the adsorption of AFPs to ice is something of a mystery and is complicated by the extreme structural diversity of the five antifreeze types. Despite the recent acquisition of several AFP three-dimensional structures and the definition of their ice-binding sites by mutagenesis, no common ice-binding motif or even theme is apparent except that surface-surface complementarity is important for binding. The remarkable diversity of antifreeze types and their seemingly haphazard phylogenetic distribution suggest that these proteins might have evolved recently in response to sea level glaciation occurring just 1-2 million years ago in the northern hemisphere and 10-30 million years ago around Antarctica. Not surprisingly, the expression of AFP genes from different origins can also be quite dissimilar. The most intensively studied system is that of the winter flounder, which has a built-in annual cycle of antifreeze expression controlled by growth hormone (GH) release from the pituitary in tune with seasonal cues. The signal transduction pathway, transcription factors, and promoter elements involved in this process are just beginning to be characterized.

Duman JG.2001.

Terrestrial arthropods survive subzero temperatures by becoming either freeze tolerant (survive body fluid freezing) or freeze avoiding (prevent body fluid

freezing). Protein ice nucleators (PINs), which limit supercooling and induce freezing, and antifreeze proteins (AFPs), which function to prevent freezing, can have roles in both freeze tolerance and avoidance. Many freeze-tolerant insects produce hemolymph PINs, which induce freezing at high subzero temperatures thereby inhibiting lethal intracellular freezing. Some freeze-tolerant species have AFPs that function as cryoprotectants to prevent freeze damage. Although the mechanism of this cryoprotection is not known, it may involve recrystallization inhibition and perhaps stabilization of the cell membrane. Freeze-avoiding species must prevent inoculative freezing initiated by external ice across the cuticle and extend supercooling abilities. Some insects remove PINs in the winter to promote supercooling, whereas others have selected against surfaces with ice-nucleating abilities on an evolutionary time scale. However, many freeze-avoiding species do have proteins with ice-nucleating activity, and these proteins must be masked in winter. In the beetle Dendroides canadensis, AFPs in the hemolymph and gut inhibit ice nucleators. Also, hemolymph AFPs and those associated with the layer of epidermal cells under the cuticle inhibit inoculative freezing. Two different insect AFPs have been characterized. One type from the beetles D. canadensis and Tenebrio molitor consists of 12- and 13-mer repeating units with disulfide bridges occurring at least every six residues. The spruce budworm AFP lacks regular repeat units. Both have much higher activities than any known AFPs. 

Wang JH.2000.

During the past 10 years, it has become clear that the effects of antifreeze

proteins (AFPs) on cell viability and on thermodynamic properties during low-temperature preservation are complex, even controversial. In this paper, these studies are ed systematically and some conclusions are drawn. It is shown that AFPs can display both protective and cytotoxic actions and both nucleation of ice and inhibition of ice crystal growth, depending on several factors; these include the specific storage protocol, the dose and type of AFP, the composition and concentration of cryoprotectant, and the features of the biological material. A novel model, incorporating some recent findings concerning these proteins, is proposed to explain this dual effect of AFPs during cryopreservation. AFP-ice complexes have some affinity interactions with cell membranes and with many other molecules present in cryopreservation solutions. When the intensity of these interactions reaches a certain level, the AFP-ice complexes may be induced to aggregate, thereby inducing ice nucleation and loss of the ability to inhibit recrystallization. 

Madura JD et al, 2000.

Molecular recognition and binding are two very important processes in virtually all biological and chemical processes. An extremely interesting system involving recognition and binding is that of thermal hysteresis proteins at the ice-water interface. These proteins are of great scientific interest because of their antifreeze activity. Certain fish, insects and plants living in cold weather regions are known to generate these proteins for survival. A detailed molecular understanding of how these proteins work could assist in developing synthetic analogs for use in industry. Although the shapes of these proteins vary from completely alpha-helical to globular, they perform the same function. It is the shapes of these proteins that control their recognition and binding to a specific face of ice. Thermal hysteresis proteins modify the morphology of the ice crystal, thereby depressing the freezing point. Currently there are three hypotheses proposed with respect to the antifreeze activity of thermal hysteresis proteins. From structure-function experiments, ice etching experiments, X-ray structures and computer modeling at the ice-vacuum interface, the first recognition and binding hypothesis was proposed and stated that a lattice match of the ice oxygens with hydrogen-bonding groups on the proteins was important. Additional mutagenesis experiments and computer simulations have lead to the second hypothesis, which asserted that the hydrophobic portion of the amphiphilic helix of the type I thermal hysteresis proteins accumulates at the ice-water interface. A third hypothesis, also based on mutagenesis experiments and computer simulations, suggests that the thermal hysteresis proteins accumulate in the ice-water interface and actually influence the specific ice plane to which the thermal hysteresis protein ultimately binds. The first two hypotheses emphasize the aspect of the protein 'binding or accumulating' to specific faces of ice, while the third suggests that the protein assists in the development of the binding site. Our modeling and analysis supports the third hypothesis, however, the first two cannot be completely ruled out at this time. The objective of this paper is to  the computational and experimental efforts during the past 20 years to elucidate the recognition and binding of thermal hysteresis proteins at the ice-vacuum and ice-water interface. 

Macouzet M et al, 1999.

Fish metabolism needs special enzymes that have maximum activity at very different conditions than their mammalian counterparts. Due to the differences in activity, these enzymes, especially cold-adapted proteases, could be used advantageously for the production of some foods. In addition to the enzymes, this  describes some other unique fish polypeptides such as antifreeze proteins, fluorescent proteins, antitumor peptides, antibiotics, and hormones, that have already been cloned and used in food processing, genetic engineering, medicine, and aquaculture. Recombinant DNA technology, which allows these biological molecules to be cloned and overexpressed in microorganisms is also described, highlighting innovative applications. The expected impact of cloning fish proteins in different fields of technology is discussed.

Harding MM, Ward LG, Haymet AD.1999.

The type I 'antifreeze' proteins, found in the body fluids of fish inhabiting polar oceans, are alanine-rich alpha-helical proteins that are able to inhibit the growth of ice. Within this class there are two distinct subclasses of proteins: those related to the winter flounder sequence HPLC6 and which contain 11-residue repeat units commencing with threonine; and those from the sculpins that are unique in the N-terminal region that contains established helix breakers and lacks the 11-residue repeat structure present in the rest of the protein. Although 14 type I proteins have been isolated, almost all research has focused on HPLC6, the 37-residue protein from the winter flounder Pseudopleuronectes americanus. This protein modifies both the rate and shape (or 'habit') of ice crystal growth, displays hysteresis and accumulates specifically at the inverted question mark2 0 2; 1 inverted question mark ice plane. Until very recently, all models to explain the mechanism for this specific interaction have relied on the interaction of the four threonine hydroxyls, which are spaced equally apart on one face of the helix, with the ice lattice. In contrast, proteins belonging to the sculpin family accumulate specifically at the inverted question mark2 1; 1; 0  inverted question mark plane. The molecular origin of this difference in specificity between the flounder and sculpin proteins is not understood. This  will summarize the structure-activity and molecular modelling and dynamics studies on HPLC6, with an emphasis on recent studies in which the threonine residues have been mutated. These studies have identified important hydrophobic contributions to the ice growth inhibition mechanism. Some 50 mutants of HPLC6 have been reported and the data is consistent with the following requirements for ice growth inhibition: (a) a minimum length of approx. 25 residues; (b) an alanine-rich sequence in order to induce a highly helical conformation; (c) a hydrophobic face; (d) a number of charged/polar residues which are involved in solubility and/or interaction with the ice surface. The emerging picture, that requires further dynamics studies including accurate modelling of the ice/water interface, suggests that a hydrophobic interaction between the surface of the protein and ice is the key to explaining accumulation at specific ice planes, and thus the molecular level mechanism for ice growth inhibition.

 Ewart KV, Lin Q, Hew CL. 1999.

Antifreeze proteins bind to ice crystals and modify their growth. These proteins show great diversity in structure, and they have been found in a variety of organisms. The ice-binding mechanisms of antifreeze proteins are not completely understood. Recent findings on the evolution of antifreeze proteins and on their structures and mechanisms of action have provided new understanding of these proteins in different contexts. The purpose of this  is to present the developments in contrasting research areas and unite them in order to gain further insight into the structure and function of the antifreeze proteins.

Sonnichsen FD, Davies PL, Sykes BD. 1998.

Antifreeze proteins (AFPs) are a structurally diverse class of proteins that

bind to ice and inhibit its growth in a noncolligative manner. This adsorption-inhibition mechanism operating at the ice surface results in a lowering of the (nonequilibrium) freezing point below the melting point. A lowering of approximately 1 degree C, which is sufficient to prevent fish from freezing in ice-laden seawater, requires millimolar AFP levels in the blood. The solubility of AFPs at these millimolar concentrations and the small size of the AFPs (typically 3-15 kDa) make them ideal subjects for NMR analysis. Although fish AFPs are naturally abundant, seasonal expression, restricted access to polar fishes, and difficulties in separating numerous similar isoforms have made protein expression the method of choice for producing AFPs for structural studies. Expression of recombinant AFPs has also facilitated NMR analysis by permitting isotopic labeling with 15N and 13C and has permitted mutations to be made to help with the interpretation of NMR data. NMR analysis has recently solved two AFP structures and provided valuable information about the disposition of ice-binding side chains in a third. The potential exists to solve other AFP structures, including the newly described insect AFPs, and to use solid-state NMR techniques to address fundamental questions about the nature of the interaction between AFPs and ice. 

Cheng CH. 1998.

Different types of ice-growth-inhibiting antifreeze proteins, first recognized

in fish, have now been isolated from insects and plants, and the list continues to expand. Their structures are amazingly diverse; how they attain the same function are subjects of intense research. Evolutionary precursors of several members have been identified - divergent proteins of apparently unrelated function. The hybridization of information from structural and molecular evolution studies of these molecules provides a forum in which issues of selection, gene genealogy, adaptive evolution, and invention of a novel function can be coherently addressed. 

Davies PL, Sykes BD.1997.

Antifreeze proteins comprise a structurally diverse class of proteins that inhibit the growth of ice. Recently, new AFP types have been discovered; more active AFPs have been isolated; antecedents have been recognized supporting the notion of recent, multiple origins; and detailed structures have emerged leading to models for their adsorption to ice. 

Wohrmann A. 1996.

Two types of antifreezes have been isolated from polar and northern temperate fishes so far. They are either glycopeptides or peptides. Whereas these proteins have only a very small effect on the melting temperature of ice, the temperature of these fish can fall to nearly 1 degree below the melting point before ice crystals grow. This phenomenon is called thermal hysteresis, in contrast to the normal colligative effect of solutes. All Antarctic notothenioids (perches) investigated so far have the typical antifreeze glycoproteins (AFGP) with the tripeptide Ala-Ala-Thr and the disaccharide Gal-GalNAc. In the Antarctic

silverfish Pleuragramma antarcticum there could be found a novel GlcNAc containing antifreeze glycoprotein, the PAGP. The antifreezes not only lower the

freezing temperature, but they also retard recrystallization on frozen storage. Antifreeze proteins thus could be useful for biotechnology and cryomedicine in the future. Since some are now synthesized chemically or by genetic engineering, they no longer have to be isolated from fish blood.

Travers F, Barman T.1995.

For a full understanding of an enzyme reaction pathway, one must identify the reaction intermediates and obtain their structures and rates of interconversion. It is impossible to obtain all this information under normal conditions. An approach is to work suboptimally, in particular at subzero temperatures. This is cryoenzymology, an approach that implies both kinetic and structural measurements on enzyme systems below 0 degrees C. To work below 0 degrees C one must add an antifreeze so cryoenzymology means perturbation by two agents: temperature and antifreeze, usually an organic solvent. Certain precautions are needed with these agents, which we will discuss here. In particular, we discuss the importance of choosing the right solvent: this requires extensive exploratory studies but it is the key for the successful practice of cryoenzymology. Each system has its particularities and its own 'good' solvent. Cryoenzymology is not only a way of reducing reaction rates, it is also a way of perturbing one's system. Thus, it is a method that allows for the accumulation of intermediates that cannot be observed under normal conditions by slowing down their kinetics of formation, by changes in rate limiting steps or by shifts in equilibria. We illustrate the usefulness of cryoenzymology by myosin and actomyosin ATPases and by creatine, arginine and 3-phosphoglycerate kinases. We also discuss recent results obtained by X-ray crystallography.

Hew Cl et al. 1992.

Salmonids freeze to death if they come into contact with ice. Many marine fish species that inhabit icy sea waters synthesize antifreeze proteins (AFP) to protect them from freezing. Production of stable lines of freeze-resistant salmon and other species would greatly facilitate development of sea-pen aquaculture in many regions. We successfully introduced winter flounder AFP genes into Atlantic salmon. Research to date indicates stable genomic integration and low levels of expression of winter flounder AFP genes in a small number (approximately 3%) of salmon developed from microinjected eggs. Inheritance of the AFP gene by offspring (F1) from crosses between transgenic and wild-type salmon revealed that the transgenic flounders (F0) were germ-line mosaics. Low levels of AFP precursors could be detected in the blood of all these transgenic offspring (F1). Approximately 50% of the progeny produced by crosses between transgenic F1 and wild-types contained the AFP genes. These results demonstrate that stable germ-line transformed Atlantic salmon can be produced.

Hew CL, Yang DS. 1992.

Many organisms have evolved novel mechanisms to minimize freezing injury due to extracellular ice formation. This article s our present knowledge on the structure and mode of action of two types of proteins capable of ice interaction. The antifreeze proteins inhibit ice crystal formation and alter ice growth habits. The ice nucleation proteins, on the other hand, provide a proper template to stimulate ice growth. The potential applications of these proteins in different industries are discussed. 

Chen TT, Powers DA. 1990

A range of transgenic animal species have been generated using DNA microinjection, and application of this technique to fish is now showing some degree of success. Studies to optimize microinjection techniques specifically for use with fish, and to investigate possible alternative methods for mass culture, should lead to the commercial production of transgenic fish able to transmit desirable characteristics, such as enhanced growth or disease resistance, to their progeny. 

 Davies PL, Hew CL. 1992

Four distinct macromolecular antifreezes have been isolated and characterized from different marine fish. These include the glycoprotein antifreezes (Mr 2.5-33 K), which are made up of a repeating tripeptide (Ala-Ala-Thr)n with a disaccharide attached to the threonyl residues, and three antifreeze protein (AFP) types. Type I is an alanine-rich, amphiphilic, alpha-helix (Mr 3-5 K);

type II is a larger protein (Mr 14 K) with a high content of reverse turns and five disulfide bridges; and type III is intermediate in size (Mr 6-7 K) with no distinguishing features of secondary structure or amino acid composition. Despite their marked structural differences, all four antifreeze types appear to function in the same way by binding to the prism faces of ice crystals and inhibiting growth along the a-axes. It is suggested that type I AFP binds preferentially to the prism faces as a result of interactions between the helix macrodipole and the dipoles on the water molecules in the ice lattice. Binding is stabilized by hydrogen bonding, and the amphiphilic character of the helix results in the hydrophobic phase of the helix being exposed to the solvent. When the solution temperature is lowered further, ice crystal growth occurs primarily on the uncoated, unordered basal plane resulting in bipyramidal-shaped crystals. The structural features of type I AFP that could contribute to this mechanism of action are ed. Current challenges lie in solving the other antifreeze structures and interpreting them in light of what appears to be a common mechanism of action.

Johnston IA. 1990.

Animals from polar seas exhibit numerous so called resistance adaptations that serve to maintain homeostasis at low temperature and prevent lethal freezing injury. Specialization to temperatures at or below 0 degrees C is associated with an inability to survive at temperatures above 3-8 degrees C. Polar fish synthesize various types of glycoproteins or peptides to lower the freezing point of most extracellular fluid compartments in a non-colligative manner. Antifreeze production is seasonal in boreal species and is often initiated by environmental cues other than low temperature, particularly short day lengths.

Most of the adaptations that enable intertidal invertebrates to survive freezing are associated with their ability to withstand ariel exposure. Unique adaptations for freezing avoidance include the synthesis of low molecular mass ice-nucleating proteins that control and induce extracellular ice-formation. Marine poikilotherms also exhibit a range of capacity adaptations that increase the rate of some physiological processes so as to partially compensate for the effects of low temperature. However, the rate of embryonic development in a diverse range of marine organisms shows no evidence of temperature compensation. This results in a significant lengthening of the time from fertilization to hatching in polar, relative to temperate, species. Some aspects of the physiology of polar marine species, such as low metabolic and slow growth rates, probably result from a combination of low temperature and other factors such as the highly seasonal nature of food supplies. Although neuromuscular function shows a partial capacity adaptation in Antarctic fish, maximum swimming speeds are lower than for temperate and tropical species, particularly for early stages in the life history.

Kaiser ET, Bock SC. 1989.

Nephrocalcin is a urinary glycopeptide that may be a physiological inhibitor of nephrolithiasis. Monomeric nephrocalcin purified from ethylenediaminetetracetic acid-treated urine is 14,000 daltons. Compositional analyses indicate that nephrocalcin is 10 per cent carbohydrate by weight and that 25 per cent of the amino acid residues are acidic (glutamic acid, aspartic acid and gamma-carboxyglutamic acid). Nephrocalcin binds reversibly to calcium oxalate crystals with a dissociation constant of about 0.5 microM. The high collapse pressure of nephrocalcin, 41.5 dynes per cm., measured for a monolayer at the air-water interface, suggests a highly organized structure in which hydrophilic and hydrophobic regions occupy separate regions on the surface of the inhibitor. Nephrocalcin contains the unusual amino acid, gamma-carboxyglutamic acid. Nephrocalcin isolated from urine of stone formers and from kidney stones does not contain gamma-carboxyglutamic acid and it has altered surface properties compared to normal nephrocalcin. The presence of the gamma-carboxyglutamic acid modification and the ability to form stable films with high collapse pressures may be important factors enabling nephrocalcin to prevent stone formation in vivo. The blood of cold water fishes contains antifreeze glycopeptides and/or peptides to prevent it from freezing. The structure of one such antifreeze peptide and its interactions with the crystal lattice of hexagonal ice are discussed as a model for how nephrocalcin might interact with calcium oxalate crystals and arrest their growth in urine.

Feeney RE et al. 1986

Existing experimental evidence strongly suggests that the mechanism of activity of the Antarctic AFGP molecules is the inhibition of ice growth by competitive adsorption onto the growth sites of ice. The data further suggest the blocking of the formation of large critical nuclei for ice growth. Experiments showing that the longer polymers (AFGP 1-5) have different growth-prevention properties with different types of ice than the shorter polymers (AFGP 6-8) provide additional evidence that crystal size and habits are linked to function. Four main observations have been used in AFGP studies: (a) The ice crystal habit (size) affects the activity, (b) AFGP is on the surface of ice crystals, as shown by surface second harmonic generation (SSHG), (c) the presence of AFGP lowers the surface energy at the ice-solution interface, and (d) kinetic calculations of the inhibition of ice-crystal growth fit adsorption isotherms. In particular, AFGP 4 fits a Langmuirian adsorption curve. On the detailed mechanistic side, there is a need to quantify the competitive rates of water-molecule attachment to ice as well as the rates of adsorption-desorption of AFGP on the ice surface. Toward this end, experiments are currently being conducted to examine the differential growth rates of ice crystals freely growing into a solution of AFGP. Direct observation of the adsorption and desorption of AFGP on the ice surface is possible in principle using the SSHG technique. A nonperturbative probe method that can differentiate adsorbed AFGP from the solution phase molecules is needed. Finally, a mechanistic description of molecular function is never complete unless the detailed molecular binding to the surface is elucidated. This task has not been accomplished yet, and thus there is still a question as to which molecular group is actually adsorbed onto the surface and for how long. Theoretically, as we have seen, the departure from Langmuirian adsorption is pronounced for small AFGP molecules under certain conditions. More refinements of the ideas of intermolecular or intramolecular cooperative interaction of AFGP on the ice surface are needed.

Feeney RE. 1982

The development of, and findings in, a long-term research program on penguin proteins and polar fish blood proteins are described. Two of the egg-white proteins from the Adelie penguin (Pygoscelis adeliae) have unique properties: a glycoprotein named penalbumin that is a major constituent with some characteristics similar to ovalbumin, and an ovomucoid with strong inhibitory capacity for subtilisin as well as for bovine trypsin and alpha-chymotrypsin.  The antifreeze glycoproteins from Antarctic fish (Trematomus borchgrevinki and Dissostichus mawsoni) and an Arctic fish (Boreogadus saida) appear to function noncolligatively by lowering the freezing temperature without affecting the melting point. Current evidence indicates that the antifreeze glycoprotein functions at the ice-solution interface, either on the ice surface or in a transition layer between the solution and the ice.

RESULT AND DISCUSSION

Sequence chosen

>gi|3702803|gb|AAC62932.1| antifreeze protein [Daucus carota]

MNIESSFCPILCICMIFLCLPNLSASQRCNNNDKQALLQIKTALKNPTITDSWVSDDDCCGWDLVECDET

SNRIISLIIQDDEALTGQIPPQVGDLPYLQALWFRKLPNLFGKIPEEISALKDLKSLRLSSTSLSGPVPL

FFPQLTKLTCLDLSFNKLLGVIPPQLSTLPNLKALHLERNELTGEIPDIFGNFAGSPDIYLSHNQLTGFV

PKTFARADPIRLDFSGNRLEGDISFLFGPKKRLEMLDFSGNVLSFNFSRVQEFPPSLTYLDLNHNQISGS

LSSELAKLDLQTFNVSDNNLCGKIPTGGNLQRFDRTAYLHNSCLCGAPLPEC

The domain analysis for this selected protein was carried out using pfam and the domain regions responsible for this particular trait was identified.

Trusted matches - domains scoring higher than the gathering threshold 

	Domain
	Start
	End
	Bits
	Evalue
	Alignment
	Mode

	LRRNT_2
	30
	68
	45.00
	2.2e-10
	Align
	ls

	LRR_1
	123
	145
	11.50
	1.7
	Align
	ls

	LRR_1
	147
	169
	12.90
	0.94
	Align
	ls

	LRR_1
	171
	193
	15.60
	0.15
	Align
	ls

	LRR_1
	266
	288
	18.90
	0.016
	Align
	ls

	LRR_1
	289
	310
	9.40
	4.3
	Align
	ls
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[332 residues] 

Leucine Rich Repeat (LRR)

CAUTION: This Pfam may not find all Leucine Rich Repeats in a protein. Leucine Rich Repeats are short sequence motifs present in a number of proteins with diverse functions and cellular locations. These repeats are usually involved in protein-protein interactions. Each Leucine Rich Repeat is composed of a beta-alpha unit. These units form elongated non-globular structures. Leucine Rich Repeats are often flanked by cysteine rich domains
This family is a member of the Leucine Rich Repeat clan. This clan includes the following Pfam members: LRR_3; LRR_2; LRR_1;
LRRNT-2:

Leucine Rich Repeats LRR_1 are short sequence motifs present in a number of proteins with diverse functions and cellular locations. Leucine Rich Repeats are often flanked by cysteine rich domains. This domain is often found at the N-terminus of tandem leucine rich repeats.

	Key:

	Domain
	Chain
	Start Residue
	End Residue
	

	LRR_1
	A 
	102 
	121
	

	LRR_1
	A 
	126 
	148
	

	LRR_1
	A 
	175 
	197
	

	LRR_1
	A 
	245 
	267
	

	LRR_1
	A 
	269 
	290
	

	LRRNT_2
	A 
	4 
	44
	

	LRR_1
	A 
	51 
	75
	


	Key:

	Domain
	Chain
	Start Residue
	End Residue
	

	LRR_1
	A 
	101 
	119
	

	LRR_1
	A 
	77 
	99
	

	LRR_1
	A 
	53 
	75
	

	LRR_1
	A 
	241 
	262
	

	LRRNT
	A 
	24 
	51
	

	LRR_1
	A 
	217 
	239
	

	LRR_1
	A 
	193 
	215
	

	LRR_1
	A 
	122 
	144
	

	LRR_1
	B 
	53 
	75
	

	LRR_1
	B 
	241 
	262
	

	LRRNT
	B 
	24 
	51
	

	LRR_1
	B 
	217 
	239
	

	LRR_1
	B 
	193 
	215
	

	LRR_1
	B 
	122 
	144
	

	LRR_1
	B 
	101 
	119
	

	LRR_1
	B 
	77 
	99
	


Amino Acid and Nucleotide Composition

Amino acid or nucleotide composition summaries and plots may be   obtained by choosing “Amino Acid Composition” from the “Protein” submenu of the “Sequence” menu, or “Nucleotide Composition” form the “Nucleic Acid” submenu of the “Sequence” menu, respectively.  Bar plots show the Molar percent of each residue in the sequence.  For nucleic acids, degenerate nucleotide designations are added to the plot if and as they are encountered.  For example, a sequence that has only A, G, C and T will have four bars on the graph, but if there are R’s, Y’s , M’s, etc in the sequence, they will be added to the summary.   For example, a nucleotide composition plot of the following sequence would look as follows

ATGAGCCAGGATTTTAGCCGTGAAAAACGTCTGCTGACCCCGCGTCATTTTAAAGCGGTGTTTGATAGCCCGACCGGC

AAAGTGCCGGGCAAAAACCTGCTGATTCTGGCGCGrTGAAAACGGCCTGGATCATCCGCGTCTGGGCCTGGTGyATTG

GCAAkAAAAAGCGTGAAACTGGCGGTGCrAGCGTAACCGTCTGAAACGTCTGATGCGTGATArGCTTTCGTCTrGAAC

CAGCAyGCTGCTGGyCGGGCCTGGATATTyGTGATTGTGGCGCGTAAAGGCCTGGGCGAAATTGAAAACCCGGAACTG

CArTCAGCATTTTGGCAAACTGTGGAAACGTCTGGCGCGTAGCCGTCCGyACCCCGGCGGTrGACCGCGAArCAGCGC

GGkGCGTGGATAGCCAGGATGCG

Protein: gi|3702803|gb|AAC62932.1| antifreeze protein [Daucus carota]

Length = 332 amino acids

Molecular Weight = 36843.25 Daltons

Amino Acid  Number   Mol%

  Ala  A      13     3.92

  Cys  C      13     3.92

  Asp  D      22     6.63

  Glu  E      14     4.22

  Phe  F      20     6.02

  Gly  G      19     5.72

  His  H      4      1.20

  Ile  I      21     6.33

  Lys  K      15     4.52

  Leu  L      53     15.96

  Met  M      3      0.90

  Asn  N      23     6.93

  Pro  P      24     7.23

  Gln  Q      14     4.22

  Arg  R      12     3.61

  Ser  S      30     9.04

  Thr  T      16     4.82

  Val  V      9      2.71

  Trp  W      3      0.90

  Tyr  Y      4      1.20
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Hydrophobicity Profiles

Mean Hydrophobicity profiles are generated using the general method of Kyte and Doolittle (1982).  Kyte and Doolittle compiled a set of “hydropathy scores” for the 20 amino acids based upon a compilation of experimental data from the literature.  A window of defined size is moved along a sequence, the hydropathy scores are summed along the window, and the average (the sum divided by the window size) is taken for each position in the sequence.   The mean hydrophobicity value is plotted for the middle residue of the window.

Hydrophobic moment profiles plot the hydrophobic moment of segments of defined length along the sequence.  For example, if the window size is 21 residues, the plotted value at a residue is the hydrophobic moment of the window of ten residues on either side of the current residue.  Hydrophobic moment is calculated according to Eisenberg et. al. (1984):


mH = {[SHnsin(dn)]^2 + [SHncos(dn)]}^(1/2),

Where mH is the hydrophobic moment, Hn is the hydrophobicity score of residue H at position n, d=100 degrees, n is position within the segment, and each hydrophobic moment is summed over a segment of the same defined window length.

Mean hydrophobic moment profiles plot the average hydrophobic moment for a segment of defined window length, using the same window width to calculate the hydrophobic moments.  For example, for a window size of 21, the hydrophobic moments of 21 segments, each 21 residues long and each value representing the start residue of the corresponding segment, are summed and their average is taken and plotted for the center residue of the segment.

After blast, got 1739 hits. From which few of the sequence are chosen to run multiple sequence alignment. The multiple sequence alignment was carried out using clustalW. The results of the analysis shows various conserved regions among these group of organisms

>gi|4455920|emb|CAB37347.1| antifreeze polypeptide [Daucus carota]

>gi|1143381|emb|CAA88846.1| polygalacturonase inhibitor [Actinidia deliciosa]

>gi|21667647|gb|AAM74142.1|AF499451_1 polygalacturonase-inhibiting protein [Vitis vinifera]

>gi|13172312|gb|AAK14075.1|AF305093_1 polygalacturonase inhibiting protein [Vitis vinifera]

>gi|58379372|gb|AAW72620.1| polygalacturonase-inhibiting protein [Prunus mume]

>gi|34068091|gb|AAQ56728.1| polygalacturonase inhibiting protein [Prunus persica]

>gi|54306529|gb|AAV33432.1| polygalacturonase inhibiting protein [Prunus mume]

>gi|33087508|gb|AAP92911.1| polygalacturonase-inhibiting protein [Pyrus pyrifolia]

>gi|76365455|gb|ABA42120.1| polygalacturonase inhibiting protein [Prunus salicina]

>gi|58379364|gb|AAW72616.1| polygalacturonase-inhibiting protein [Prunus persica]

>gi|57868641|gb|AAW57429.1| polygalacturonase-inhibiting protein [Prunus americana]

gi|34068091|gb|AAQ56728.1|_pol      ---MDVKFPTLLCLTLLFSTILNQALSELCNPEDKKVLLQIKKAFNDPYV

gi|58379364|gb|AAW72616.1|_pol      ---MDVKFPTLLCLTLLFSSILNQALSELCNPEDKKVLLQIKKAFNDPYV

gi|58379372|gb|AAW72620.1|_pol      ---MDVKFPTLLCLTLLFTAILNPALSELCNQEDKKVLLQIKKAFNDPYV

gi|54306529|gb|AAV33432.1|_pol      ---MDVKFPTLLCLTLLFSAILNPALSELCNQEDKKVLLQIKKAFNDPYV

gi|76365455|gb|ABA42120.1|_pol      ---MDVKFPTLLCLTLLFSTILNPALSELCNPEDKKVLLQIKKAFNDPYV

gi|57868641|gb|AAW57429.1|_pol      ---MDVKFPTLLCLTLLFSTILNPALSELCNPEDKKVLLQIKKAFNDPYV

gi|33087508|gb|AAP92911.1|_pol      ---MELKFSTFLSLTLLFSSVLNPALSDLCNPDDKKVLLQIKKAFGDPYV

gi|21667647|gb|AAM74142.1|AF49      METSKLFLLSSSLLLVLLATRPCPSLSERCNPKDKKVLLQIKKALDNPYI

gi|13172312|gb|AAK14075.1|AF30      METSKLFLLSSSLLLVLLATRPCPSLSERCNPKDKKVLLQIKKALDTPYI

gi|1143381|emb|CAA88846.1|_pol      ------MKSTTAISLLLFLSLLSPSLSDRCNPNDKKVLLRIKQALNNPYL

gi|4455920|emb|CAB37347.1|_ant      -MNIESSFCPILCICMIFLCLPNLSASQRCNNNDKQALLQIKTALKNPTI

                                             .     :::      : *: ** .**:.**:** *:  * :

gi|34068091|gb|AAQ56728.1|_pol      LTSWKPETDCCDWYCVTCDSTTNRINSLTIFSG-QVSGQIPTQVGDLPYL

gi|58379364|gb|AAW72616.1|_pol      LASWKPETDCCDWYCVTCDSTTNRINSLTIFSG-QVSGQIPTQVGDLPYL

gi|58379372|gb|AAW72620.1|_pol      LTSWKPETDCCDWYCVTCDSTTNRINSLTIFAG-QVSGQIPAQVGDLPYL

gi|54306529|gb|AAV33432.1|_pol      LTSWKPETDCCDWYCVTCDSTTNRINSLTIFAG-QVSGQIPAQVGDLPYL

gi|76365455|gb|ABA42120.1|_pol      LTSWKPETDCCDWYCVTCDSTTNRINSLTIFAG-QVSGQIPTQVGDLPYL

gi|57868641|gb|AAW57429.1|_pol      LTSWKPETDCCDWYCVTCDSTTNRINSLTIFAG-QVSGQIPTQVGDLPYL

gi|33087508|gb|AAP92911.1|_pol      LASWKSDTDCCDWYCVTCDSTTNRINSLTIFAG-QVSGQIPALVGDLPYL

gi|21667647|gb|AAM74142.1|AF49      LASWNPNTDCCGWYCVECDLTTHRINSLTIFSG-QLSGQIPDAVGDLPFL

gi|13172312|gb|AAK14075.1|AF30      LASWNPNTDCCGWYCVECDLTTHRINSLTIFSG-QLSGQIPDAVGDLPFL

gi|1143381|emb|CAA88846.1|_pol      LASWNPDNDCCDWYNVDCDLTTNRIIALTIFSG-NISGQIPAAVGDLPYL

gi|4455920|emb|CAB37347.1|_ant      TDSWVSDDDCCGWDLVECDETSNRIISLIIQDDEALTGQIPPQVGDLPYL

                                      ** .: ***.*  * ** *::** :* *  .  ::****  *****:*

gi|34068091|gb|AAQ56728.1|_pol      ETLEFHKQPNLTGPIQPSIAKLKRLKELRLSWTNISGSVPDFLSQLKNLT

gi|58379364|gb|AAW72616.1|_pol      ETLEFHKQPNLTGPIQPSIAKLKRLKELRLSWTNISGSVPDFLSQLKNLT

gi|58379372|gb|AAW72620.1|_pol      ETLEFHKQPNLTGPIQPSIVKLKSLKFLRLSWTNISGSVPDFLSQLKNLT

gi|54306529|gb|AAV33432.1|_pol      ETLEFHKQPNLTGPIQPSIVKLKSLKFLRLSWTNISGSVPDFLSQLKNLT

gi|76365455|gb|ABA42120.1|_pol      ETLEFHKQPNLTGPIQPSIAKLKLLKELRLSWTNISGSVPDFLSQLKNLT

gi|57868641|gb|AAW57429.1|_pol      ETLEFHKQPNLTGPIQPSIAKLKRLKELRLSWTNISGSVPDFLSQLKNLT

gi|33087508|gb|AAP92911.1|_pol      ETLEFHKQPNLTGPIQPAIAKLKGLKSLRLSWTNLSGSVPDFLSQLKNLT

gi|21667647|gb|AAM74142.1|AF49      ETLIFRKLSNLTGQIPPAIAKLKHLKMVRLSWTNLSGPVPAFFSELKNLT

gi|13172312|gb|AAK14075.1|AF30      ETLIFRKLSNLTGQIPPAIAKLKHLKMVRLSWTNLFGPVPAFFSELKNLT

gi|1143381|emb|CAA88846.1|_pol      QTLIFRKLSNLTGQIPSAISKLSNLKMVRLSWTNLSGPVPSFFSQLKNLT

gi|4455920|emb|CAB37347.1|_ant      QALWFRKLPNLFGKIPEEISALKDLKSLRLSSTSLSGPVPLFFPQLTKLT

                                    ::* *:* .** * *   *  *. ** :*** *.: *.** *:.:*.:**

gi|34068091|gb|AAQ56728.1|_pol      FLDLSFSNLTGSIPSSLSQLPNLNALHLDRNKLTGHIPKSFGEFHGSVPE

gi|58379364|gb|AAW72616.1|_pol      FLELSFSNLTGSIPSSLSQLPNLNALHLDRNKLTGHIPKSFGEFHGSVPE

gi|58379372|gb|AAW72620.1|_pol      FLDLSFSNLTGSIPSSLSQLPNLNALHLDRNKLTGHIPKSFGEFHGSVPE

gi|54306529|gb|AAV33432.1|_pol      FLDLSFSNLTGSIPSSLSQLPNLNALHLDRNKLTGHIPKSFGEFHGSVPE

gi|76365455|gb|ABA42120.1|_pol      FLDLSFSNLTGSIPSSLSQLPNLNALRLERNKLTGHIPKSFGEFHGSVPD

gi|57868641|gb|AAW57429.1|_pol      FLDLSFSNLTGSIPSSLSQLPNLNALRLDRNKLTGHIPKSFGEFHGSVPD

gi|33087508|gb|AAP92911.1|_pol      FLDLSFNNLTGAIPSSLSELPNLSALHLDRNKLTGHIPKSFGQFIGNVPD

gi|21667647|gb|AAM74142.1|AF49      YLDLSFNNLSGPIPGSLSLLPNLGALHLDRNHLTGPIPDSFGKFAGSTPY

gi|13172312|gb|AAK14075.1|AF30      YLDLSFNNLSGPIPGSLSLLPNLGALHIDRNHLTGPIPDSFGKFAGSTPG

gi|1143381|emb|CAA88846.1|_pol      FLDLSFNDLTGSIPSSLSKLTNLDAIHLDRNKLTGPIPNSFGEFTGQVPD

gi|4455920|emb|CAB37347.1|_ant      CLDLSFNKLLGVIPPQLSTLPNLKALHLERNELTGEIPDIFGNFAG-SPD

                                     *:***..* * ** .** *.** *::::**.*** **. **:* *  * 

gi|34068091|gb|AAQ56728.1|_pol      LYLSHNQLSGNIPTSLAKLDFNRIDFSRNKLEGDASMIFGLNKTTQIVDL

gi|58379364|gb|AAW72616.1|_pol      LYLSHNQLSGNIPTSLAKLDFNRIDFSRNKLEGDASMIFGLNKTTQIVDL

gi|58379372|gb|AAW72620.1|_pol      LYLSHNQLSGNIPTSLAKLDFNRIDFSRNKLEGDASMIFGLNKTTQIVDL

gi|54306529|gb|AAV33432.1|_pol      LYLSHNQLSGNIPTSLAKLDFNRIDFSRNKLEGDASMIFGLNKTTQIVDL

gi|76365455|gb|ABA42120.1|_pol      LYLSHNQLSGTIPTSLAKLNFTTIDFSRNKLEGDASMIFGLNKTTQIVDL

gi|57868641|gb|AAW57429.1|_pol      LYLSHNQLSGTIPTSLAKLNFTTIDFSRNKLEGDASMIFGLNKTTQIVDL

gi|33087508|gb|AAP92911.1|_pol      LYLSHNQLSGNIPTSFAQMDFTSIDLSRNKLEGDASVIFGLNKTTQIVDL

gi|21667647|gb|AAM74142.1|AF49      LYLSHNQLSGKIPYSFRGFDPTVMDLSRNKLEGDPSIFFNANKSTQIVDF

gi|13172312|gb|AAK14075.1|AF30      LHLSHNQLSGKIPYSFRGFDPNVMDLSRNKLEGDLSIFFNANKSTQIVDF

gi|1143381|emb|CAA88846.1|_pol      LYLSHNQLTGSIPKTLGDLNFTVIDVSRNMLSGDISFMFGSNKTIQIVDF

gi|4455920|emb|CAB37347.1|_ant      IYLSHNQLTGFVPKTFARADPIRLDFSGNRLEGDISFLFGPKKRLEMLDF

                                    ::******:* :* ::   :   :*.* * *.** *.:*. :*  :::*:

gi|34068091|gb|AAQ56728.1|_pol      SRNLLEFNLS-KVEFSKSLISLDLNHNKITGGIPVGLTQVDLQFLNVSYN

gi|58379364|gb|AAW72616.1|_pol      SRNLLEFNLS-KVEFSKSLISLDLNHNKITGGIPVGLTQLDLQFLNVSYN

gi|58379372|gb|AAW72620.1|_pol      SRNLLEFNLS-KVEFSKSLISLDLNHNKITGGIPVGLTQLDLQFLNVSYN

gi|54306529|gb|AAV33432.1|_pol      SRNLLEFNLS-KVEFSKSLISLDLNHNKITGGIPVGLTQVDLQFLNVSYN

gi|76365455|gb|ABA42120.1|_pol      SRNLLEFNLS-NVEFSKSLTSLDLNHNKITGGIPVGLTKLDLQFLNVSYN

gi|57868641|gb|AAW57429.1|_pol      SRNLLEFNLS-NVEFSKSLTSLDLNHNKITGGIPVGLTQLDLQFLNVSYN

gi|33087508|gb|AAP92911.1|_pol      SRNLLEFNLS-KVEFPTSLTSLDINHNKIYGSIPVEFTQLNFQFLNVSYN

gi|21667647|gb|AAM74142.1|AF49      SRNLFQFDLS-RVEFPKSLTSLDLSHNKIAGSLPEMMTSLDLQFLNVSYN

gi|13172312|gb|AAK14075.1|AF30      SRNLFQFDLS-RVEFPKSLTSLDLSHNKIAGSLPEMMTSLDLQFLNVSYN

gi|1143381|emb|CAA88846.1|_pol      SRNKFQFDLS-KVVFPQSLTSLDLNHNKIYGSLPVGLTKLDLQYLNVSYN

gi|4455920|emb|CAB37347.1|_ant      SGNVLSFNFSRVQEFPPSLTYLDLNHNQISGSLSSELAKLDLQTFNVSDN

                                    * * :.*::*    *. **  **:.**:* *.:.  ::.:::* :*** *

gi|34068091|gb|AAQ56728.1|_pol      RLCGQIPVGGKLQSFDSSTYFHNRCLCGAPLPSCK

gi|58379364|gb|AAW72616.1|_pol      RLCGQIPVGGKLQSFDSSTYFHNRCLCGAPLPSCK

gi|58379372|gb|AAW72620.1|_pol      RLCGQIPVGGKLQSFDSSTYFHNRCLCGAPLPSCK

gi|54306529|gb|AAV33432.1|_pol      RLCGQIPVGGKLQSFDSSTYFHNRCLCGAPLPSCK

gi|76365455|gb|ABA42120.1|_pol      RLCGQIPVGGKLQSFDSSTYFHNRCLCGAPLPSCK

gi|57868641|gb|AAW57429.1|_pol      RLCGQIPVGGKLQSFDSSTYFHNRCLCGAPLPSCK

gi|33087508|gb|AAP92911.1|_pol      RLCGQIPVGGKLQSFDEYSYFHNRCLCGAPLPSCK

gi|21667647|gb|AAM74142.1|AF49      RLCGKIPVGGKLQSFDYDSYFHNRCLCGAPLQSCK

gi|13172312|gb|AAK14075.1|AF30      RLCGKIPVGGKLQSFDYDSYFHNRCLCGAPLQSCK

gi|1143381|emb|CAA88846.1|_pol      RLCGHIPTGGKLQGFDQTSYFHNRCLCGAPLPDCK

gi|4455920|emb|CAB37347.1|_ant      NLCGKIPTGGNLQRFDRTAYLHNSCLCGAPLPEC-

                                    .***:**.**:** **  :*:** ******* .* 

The multiple sequence alignment shows various conserved residues among these protein sequences. It was found that many functional residues were found to be conserved among these protein sequences. 
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The tree represents the evolutionary origin of the protein.
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