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This investigation was carried out to characterize 

and quantitate the collagen ot rockfish intramusclar 

connective tissue. Different species ot rocktish were chosen 

to represent the range ot product quality experienced by the 

tish processing industry. Species included widow, a rockfish 

noted tor its soft flesh, yellowtail, a rockfish possessing 

tlesh ot intermediatary texture and canary rocktish known 

tor its firm tlesh. 

The intramuscular connective tissue collagen was 

extracted from white muscle and total, salt, acid and 

insoluble collagen content was estimated by hydroxyproiine 

analysis.  No significant difference was  observed among 



species with regard to all collagen tractions. Mean salt, 

acid and unsoluble collagen contents were 5.5 %, 8.7 % and 

86 %, respectively indicating a relatively highly 

crosslinked and stable collagen compared to that reported 

tor other tish collagens. 

The denatured acid soluble collagen traction was 

characterized by chromatography on CM-cellulose and the 

presence of three different alpha chains was established by 

SDS-polyacrylamide gel electrophoresis and amino acid 

analysis ot the collagen components. The molecular weight 

for the alpha chains was estimated to be 96,000 based upon 

agarose molecular sieve chromatography. The alpha chains, 

designated al, a2 and a3, had significantly different amino 

acid composition with the a3 chain posessing a higher level 

ot hydroxylated lysine than al and al. In general, the amino 

acid composition of rockfish muscle collagen was similar to 

other reported tish collagens. 

Digestion ot purified connective tissue and acid 

soluble muscle collagen with CNBr and subsequent analysis by 

LDS-polyacrylamide slab-gel electrophoresis showed identical 

peptide patterns indicating the presence ot only one 

molecular type ot collagen. This evidence along with the 

observed ratio ot the collagen components resolved by 

CM-cellulose chromatography supported a molecular 

composition of al-a2-a3 for rockfish muscle connective 

tissue collagen. 

Significant difference in skin thickness between 



species was observed. This correlated with the general 

quality ranking ot the three species by the tish processing 

industry ot canary>yellotail>widow. Skin trom canary 

rockfish was 38 % thicker than skin trom widow rockfish 

while yellowtail had a skin ot intermediatary thickness. 

From this observation, it was concluded that skin thickness 

and strength plays a more important role than intramuscular 

connective tissue characteristics in determining quality ot 

product obtainable trom the different rockfish species. 
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Characterization of the Intramuscular 

Connective Tissue Collagen of Three 

Rockfish Species (Sebastes) 

INTRODUCTION 

Fisheries based on harvesting a variety ot species 

from the genera Sebastes (family Scorpaenidae), commonly 

called rockfish, have gained increased importance on the 

U.S. Pacific coast. In 1981, 54,000 metric tons ot rockfish 

were landed in Calitornia, Oregon and Washington by 

commercial fishermen accounting tor approximately 50 % ot 

the total groundfish tishery ot the three states. Widow 

rockfish (S. entomelas) , a pelagic species caught primarily 

by midwater trawl, was responsible tor an 18 % increase in 

rockfish landings compared to the previous year (Fisheries 

ot the United States, 1982). 

Several studies have been undertaken to determine 

the storage life and quality differences ot the various 

rockfish species. Miyauchi and Stansby (1952) reported that 

various species yielded fillets having slightly ditterent 



tresh acceptability and diverging trozen storage life. 

The rate ot quality detoriation upon trozen storage 

was one ot the main species ditterence although other 

detrimental tactors such as toughening ot texture and 

development ot rancidity were otten involved (Stansby, iy51; 

Tomlmson et al., 1976; Kramer and Peters, 1979; Kramer and 

Peters, 1981; Collins et al., 1980). 

The majority ot rockfish now being landed on the 

Pacific coast is channeled into the tresh market. Therefore, 

the processing industry is increasingly concerned with the 

handling characteristics of tresh tish. The traditionally 

prefered species withstand the customary handling procedures 

fairly well aboard boats and ashore. This is not the case 

with the now important widow rockfish which is noted for its 

soft flesh. It bruises easily during handling and is more 

difficult to fillet and mechanically skin producing interior 

fillets that gape easily. 

The present study was undertaken to investigate the 

possibility that within the various Pacific rockfish species 

differences could be found m the amount or extent ot 

crosslinking ot the collagen in their muscle connective 

tissues. Solubility studies were carried out to estimate 

this in species showing a range ot mechanical strength in 

the musculature as experienced by the fish processing 

industry. The species difference was also investigated by 

correlating skin thickness to the ability of the rockfish to 



withstand handling stress. Chromatographic studies were done 

in conjunction with polyacrylamide gel electrophoresis to 

gain basic knowledge ot the molecular structure ot fish 

muscle collagens for comparision to previously reported 

vertebrae collagens. 



REVIEW OF LITERATURE 

The Collagen Molecule 

The genetically defined sequence ot amino acids in a 

polypeptide chain determines the folding ot the chain into 

the three dimensional conformation essential for biological 

activity. Folding of collagen molecules into the proper 

helical conformation requires every third residue to be 

glycine. Triplet Gly-X-Y sequences are repeated over the 

length of the molecule. Any amino acid can occupy the X or 

Y position, but frequently X is proline and Y 

hydroxyproline. The three polypeptide chains (alpha chains), 

each about 1050 residues long, in the collagen molecule are 

folded into a coiled rod-like triple helical molecule (Fig. 

1) about 300 nm long and only 1.5 nm in diameter (Bornstein 

and Traub, 1319; Prockop et al., 1913). The triple helical 

contormation results in "burying" the peptide bonds between 

the adjacent amino acids in the interior of the molecule. 

Therefore the triple helical region is highly resistant to 

attack by proteolytic enzymes. Coliagenases are the only 

enzymes that can attack the helical region of the native 

molecule (Gross, 1970). 

It  is  now well  established  that  collagens  are 
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TYPE I COLLAGEN MOLECULE 

Figure 1. Schematic drawing of the structure of type I 

collagen molecule. GLU denotes glucose, GAL galactose, 

OH-LYS hydroxylysine and OH-PRO hydroxyproline. (Adapted 

from Prockop et. al., 1979; as presented by Lmsenmayer, 

1981) . 



glycoproteins in which monosaccharide and disaccharide units 

are linked to some of the hydroxylysine residues in the 

collagen molecule (Spiro, 1969; Isemura et al., 1976; 

Prockop et ai., 19 79). The amount of bound carbohydrate 

varies greatly, not only among different species, but also 

in some cases between different tissues in the same animal. 

Mammalian collagens carbohydrate contents range from 0.4 % 

in skin to about 4 % in cartilage and 12 % in basement 

membranes (Bornstein and Traub, 19 79). 

The functional role of the carbohydrate in collagen 

is still not clearly established but it has been suggested 

that it is involved in directing molecular assembly of 

collagen into fibrils (Piez et al., 1970). It has also been 

proposed that under glycosylated collagen is less stable and 

that collagen with a higher content of disaccharide units is 

more resistant to enzymatic degradation in vivo (Isemura et 

al., 1976; Olden et al., 1978). 

The alpha chains contain two structurally and 

functionally different sequence regions: the central triple 

helical part and the non helical regions at the ends of the 

alpha chains whose length vary from nine to 50 residues 

(Fietzek and Kiihn, 1976) . These non-helical ends, which have 

been called the non-helical extension peptides, can comprise 

a total of up to five % of the length of the alpha chain 

(Brennan and Davison, 1981). The non-helical regions can be 

compared to flexible arms which bear the functional groups 
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for the intra and intermolecular bonds found in collagen. 

These functional groups include lysine or hydroxylysine 

residues that may be oxidized to lysaldehydes. 

Since the crosslinks are located in the non-helical 

extension peptides, they can be cut off from the helical 

portion of the molecule by proteolytic enzymes that can not 

attack the helical portion. Miller (1972) used this property 

as basis for the extraction of otherwise insoluble collagens 

by incubating connective tissue with pepsin at 4* C and pH 2. 

This has become one of the most used experimental methods 

for obtaining purified collagen. Helseth and Veis (1981) 

have recently proposed that the non helical extension 

peptides also play an important role in fibril formation, 

both in nucleation and growth stages of self assembly. 

Procollagen and Fibril Formation 

Fibrillogenesis appears to be an entropy-driven 

self-assembly process. Turbidometric analysis of the 

thermally induced in vitro self assembly reaction of 

collagen into fibrils shows a lag phase which is then 

followed by a sigmoidal growth in turbidity. This behavior 

has been interpreted to mean that collagen self-assembly 

involved a nucleation growth mechanism (Helseth and Veis, 

1981). This ability of collagen to spontaneously assemble 

into fibrils raises the question of how the molecule is 
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prevented from forming fibrils inside the cells before 

reaching the destined extracellular site. The answer to this 

question and several others has come from the discovery 

that collagen is first synthesized as a longer molecule 

(procollagen) that contains additional propeptides (Fig. 1) . 

The biosynthesis and secretion of procollagen are complex 

processes that involve numerous enzymes, ribosomal and 

membrane proteins and mechano-chemical elements, as well as 

a number of more specialized chemical reactions (Fessler and 

Fessler, 1978; Prockop et al., 1979). Within the cell, they 

include three novel peptidyl hydroxylations (formation of 3- 

and 4-hydroxyprolines and hydroxylysine) and two glycosyl 

transferase reactions. Extracellularly at least two 

proteolytic steps and an oxidative deamination are involved. 

The complexity of the process is compounded by the fact that 

there exist a number of stucturally distinct collagen types 

which are products of separate genes in the tissues of the 

same animal (Miller, 1976; Bornstein and Sage, 1980). 

The propeptides account for one third of the 

procollagen molecule and there has been considerable 

speculation about their function. Prockop et al. (1979) 

reviews at least five different possible functions now being 

thoroughly investigated: the propeptides may prevent 

premature fibril formation (Grant and Prockop, 1972); help 

to direct association of pro-alpha chains so that each 

molecule will contain the correct three alpha chains; aid in 



the assembly of the molecules into the fibrils (Veis et al., 

1973); increase the rate and efficiency of folding the 

pro-alpha chains into a triple helical conformation; or 

after they are cleaved from the procollagen molecule, they 

may function in some type of feedback mechanism to control 

the amount of procollagen synthesized by the cells (Wiestner 

et al., 1979). Of special interest is the possible function 

for the propeptides in a feedback mechanism to regulate and 

control procollagen synthesis since following synthesis the 

collagen is deposited extracellularly in insoluble fibers. 

Wiestner et al. (1979) and Paglia et al. (1981) have 

recently reported their observation that the addition of 

peptides derived from the N-terminal regions of pro al(I) 

and pro al(III) chains to cultured human and calf 

fibroblasts reduces the rate of collagen biosynthesis 

without altering the synthesis of other proteins. Also, 

using ceil free systems they destroyed the inhibitory 

effects of their peptide by reducing and alkylating it 

indicating that the conformation of the peptide was 

critical. 

Collagen molecules produced by cleavage of 

procollagen have a different solubility compared to the 

procollagen and aggregate to form insoluble fibrils that are 

microscopically indistinguishable from the mature collagen 

fibrils found in connective tissues. The immature fibrils do 

not have the necessary tensile strength until they are 
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crosslinked by a series of covalent bonds (Tanzer, 1973; 

Eyre, 1980). 

Collagen Crosslinking 

After the collagen molecules have "precipitated" 

into fibrils in the extracellular matrix of connective 

tissue, crosslinking occurs in two or three steps. The first 

step involves an oxidative deamination of -amino groups in 

certain lysyl and hydroxylysil residues of collagen yielding 

reactive aldehydes. The enzyme catalyzing this reaction, 

lysyl oxidase, is only active on precipitated native 

collagen and can not act on collagen in solution. Thus, the 

change from soluble to insoluble state is a requirement for 

crosslink formation (Prockop et al., 1979; Light and Bailey, 

1980) . 

After aldehyde groups are generated in collagen, two 

major kinds of crosslinks can form. One kind is an 

intramolecular crosslink that joins the alpha chains of the 

same molecule and is formed by aldol condensation of two of 

the aldehyde groups. The second type of crosslink involves a 

condensation between an aldehyde derived from lysine, 

hydroxylysine or glycosylated hydroxylysine and an -amino 

group of a second lysine, hydroxylysine or glycosylated 

hydroxylysine. The Schiff bases formed, which are acid 

labile,  are  the  source  of  the  major  intermolecular 
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crosslinks in collagen. The Schiff bases can react further 

with time to form a more stable type of crosslinks for 

example, the double bond can shift to yield a ketone or by 

hydration and oxidation a new peptide bond can be formed 

(Tanzer, 19 73; Prockop et al., 19 79; Eyre, 19 80; Light and 

Bailey, 1980) . 

Genetic Types of Collagen 

Studies of collagens from vertebrate tissues have 

led to the discovery and characterization of several 

genetically distinct alpha chains. Four of these come from 

interstitial collagens called types I, II, and III (Miller, 

1976) . Molecules of type II are composed of three identical 

al(II) chains (Miller and Matukas, 1969; Trelstad et al., 

1970), and are mainly found in cartilage tissues. Type III 

collagen molecules have a distribution in tissues similar to 

type I and are composed of three identical al(III) chains 

which are connected by intramolecular disulfide crosslinks 

located in the triple helical portion of the molecule 

(Miller et al., 1971; Chung and Miller, 1974). 

Type I collagen molecules are conversly composed of 

two different alpha chains; two al(I) and one a2(I) (Miller, 

1976; Piez et al., 1963); it's molecular structure is 

represented by [al(I)]2^2(I). One report is available 

describing a collagen molecule which may be derived from 



TabJe I. Structurally and genetically distinct collagens. 

Type Tissue distribution Chain composition Distinctive teatures 

I Skin, tendon, bone, dentin, 
ligament, tascia, blood 
and interstitial connective 
tissues. 

II Hyaline cartilage 

III    Skin, arteries & uterus 

IV    Basement membranes 

Basement membranes 

[ a] (I) l2o2 

I alUIIIj 

[ al(III)l3 

I al(IV|)3 

aA & aR 

Hybryd of two chain types. i.ow in 
hydroxylysine & glycosylated hydroxy- 
lysine. 

Relatively high in hydroxylysine s 
glycosylated hydroxylysine. 

High in hydroxyproline S low in 
hydroxylysine, contains interchain 
disulfide bonds. 

High in hydroxylysine & glycosylated 
hydroxylysine, may contain large 
globular regions. 

Similar to Type IV 

lAdapted trom Prockop et al . 1979. 
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three structural genes. CM-cellulose chromatography of acid 

soluble cod skin collagen yielded three alpha chains 

differing significantly in amino acid composition (Piez, 

1965) . In addition to the interstitial collagens, basement 

membranes have been found to contain at least two different 

collagen types, type IV and type V, which are made up of 

still different alpha chains. The molecular stucture and 

tissue distribution of the genetically different collagen 

types is presented in Table I. 

Studies of molecular species distribution by 

immunofluorescent techniques in bovine muscle tissues has 

shown the presence of types I and III and possibly the 

basement membrane collagen type IV. Type I was found 

primarily located in the epimysium while the perimysium was 

made up of a mixture of types I and III and the endomysium 

primarily of type IV (Duance et al., 1977). This was later 

confirmed by Bailey et al. (1979a), except that the 

endomysial collagen was determed to be primarily type V. 

Studies on avian muscle cell cultures have also confirmed 

the spatial distribution of the different collagen types 

within the muscle. Production ratios of the different types 

were also found to change with time. This was proposed to 

indicate a role for collagen in the development and cell 

dif frentiation in muscles (Bailey et al. 1979 b; Sasse et 

al., 1981). 
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Fish Muscle 

The musculature of fish consists of relatively few 

long muscles extending the length of the body on both sides. 

These muscles have a characteristic metameric structure 

arising from the thin transverse sheets of connective tissue 

(myocommata) which divide the muscle into short segments 

(myotomes) corresponding in numbers to those of the 

vertebrae. The arrangement of the muscle fibers (muscle 

cells) is similar to that of striated mammalian muscles 

(Bello et al.,1982), but they differ in that the fibers 

between the connective tissue sheets are much shorter (Love, 

1970; Dunajski, 1979). The myocommata and the fine 

connective tissue network distributed throughout the muscle 

tissue are responsible for maintaining the structural 

integrity of the muscle in vivo as well as post mortem. 

The role of connective tissues is to maintain cells, 

tissues and organs in an exact relationship. Secondly, the 

connective tissue network is responsible for transmission of 

mechanical force so that the contractile power of the 

muscles can be harnessed by the skeleton to move the animal 

as a whole. In fish, most of the myocommata extend from the 

skeletal framework to the skin and as a result each myotome 

is compartmentalized inside a connective tissue sheath. 

The biomechanical properties of connective tissues 

are regulated by the specific macromolecular organization of 
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their extracellular matrix which contain as main 

constitutents collagens, proteoglycans and 

mucopolysaccharides (Kuhn and Glanville, 1980). Collagen is 

in fact the most abundant animal protein in nature and 

acounts for 25-30 % of their protein content. 

Fish Collagens 

Collagen as the main protein component of connective 

tissue has been extensively studied in the past. Most of the 

early work was performed on easlily accessible sources of 

collagen like skin and cartilage (Gross et al., 1955; 

Jackson and Bentley, 1960; Piez et al., 1963). More of the 

recent studies have focused on less accessible connective 

tissues like the intramuscular connective tissue of 

mammalian striated muscles (McClain, 1969; McClain, 1970; 

McClain, 1974; Mohr and Bendall, 1969). 

Early comparative studies on fish collagens focused 

on the skin and swim bladder as the raw material. 

Differences in amino acid composition of the collagen were 

studied (Gustavson, 1954; Eastoe, 1957; Piez and Gross, 

1960) and the low hydroxyproline content of fish collagens 

related to reduced thermal stability compared to mammalian 

collagens. Gustavson (195b) postulated that hydrogen bonding 

between the hydroxyl groups of hydroxyproline was a 

stabilizing factor in the collagen structure. More recent, 



16 

studies have confirmed the importance of the imino acids 

(proline and hydroxyproline) in stabilizing the collagen 

molecule (Burjanadze, 1982a,b). The thermal resistance of 

fish collagen is dependent on the environmental temperature 

as illustrated by collagen of the Antarctic fish Chinodraco 

kathleenae which has a thermal shrinkage temperature of 

23-29°C (Rigby, 1968). This compares to many warm water fish 

species with shrinkage temperatures ot 54-58°C (Gustavson, 

1956). 

Piez et al. (1963) concluded from CM-cellulose 

chromatographic studies of the collagen from the skin ot the 

spiny dogfish and swim bladder collagen from carp that these 

collagens were similar to the mammalian collagens with the 

molecular formula [ol(I)]2a2. This was later confirmed for 

skin collagen from the spiny dogfish which had a high 

content ot trimer ( y component) identified by amino acid 

analysis and chromatographic behavior as yil2 ( al- al- a2) 

(Lewis and Piez, 1964). A different collagen was found in 

cod skin by Piez (1965) that contained three alpha chains 

seperatable by chromatography. From this observation, he 

suggested that the al fraction of other collagens may 

contain two difterent chains which are not resolvable by the 

procedures commonly used. 

Intramuscular connective tissues have been studied 

for a tew species and the physical strength and lability ot 

connective tissue related to the biological condition of the 
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fish (Love and Robertson, 1968). Love and Haq (1970) 

recognized that rough handling and high surrounding 

temperatures when fish enter rigor mortis as environmental 

factors that caused weakening of the muscular connective 

tissues. An intrinsic factor causing weakening of 

connective tissues is lowered muscle pH post mortem, which 

again relates to the nutritional state of the fish and 

method of harvesting (Love et al., 1972). 

Yamaguchi et al. (1976) compared the strength of 

myocommata from catfish, cod and hake and found the order of 

strength was hake < cod < cattish. Hake connective tissue 

was mechanically the weakest, but the acid soluble collagen 

of hake had the highest thermal stability and highest 

proportion of stable intramolecular crosslinks. This 

indicated the probable presence of thermally and acid labile 

intermolecular crosslinks which are needed to obtain the 

necessary mechanical strength of the connective tissue 

elements. 

The extent to which these extrinsic and intrinsic 

factors affect the stability of connective tissue is 

dependent on the molecular organization of collagen 

molecules within these tissues. Collagen is the most 

abundant protein in connective tissues and the extent of its 

crosslinking and stability of crosslinks play an important 

role in its mechanical strength (Mohr and Bendall, 1969; 

Bailey, 1970; Miller, 1976; Prockop et al., 1979; and Love 
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et al., 1982). The interaction of collagen with other 

extracellular macroconstituents to form the neccessary three 

dimensional network for sufficent strength to maintain a 

stable body structure is of obvious interest to the 

biochemist. How these connective tissue components behave in 

the tissues post mortem during processing and storage as a 

food commodity is of interest to the food scientist. The 

common goal for both is the accumulation of basic knowledge 

and understanding of the organization of these molecular 

structures. 



19 

MATERIALS AND METHODS 

Raw Materials 

Sample lots of iced round rockfish approximately two 

days post-catch were obtained from local fish processing 

plants. Species taken for study were: Sebastes pinniger 

(canary rockfish), Sebastes flavidus (yellowtail rockfish) 

and Sebastes entomelas (widow rockfish). Sample lots 

consisting of five to 45 fish were packed in ice enroute to 

the Seafoods Laboratory. Fork length and sex were recorded 

for each fish. After hand filleting and skinning, the brown 

muscle tissue was removed by slicing it away with a sharp 

filleting knife. The proportion of brown muscle was 

estimated by weighing several fillets before and after 

removal of the brown muscle tissue. The time allowed for 

each fish or fillet to be without contact with ice or 

refrigeration was kept to a minimum. The prepared fillets 

were placed in a single layer inside a heavy gauge plastic 

bag and put into the blast treezer at -40°C, where they were 

held until the flesh became turgid but not frozen through. 

In case of large sample lots  (>20 fish) the fillets 

were homogenized in a large Hobart vertical cutter/mixer 
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(Model VC/M-40, Hobart Corp., Troy, OH) . Smaller sample 

lots (<10 fish) were imediately ground through a 3.2 mm 

plate ot an Autio commercial size meat grinder 

(Model 601-5Hp). The ground tissue was collected directly 

into the chilled bowl of a small Hobart vertical 

cutter/mixer (Model 84145) and mixed until the sample 

appeared homogenous. Temperature of samples was monitored 

and never allowed to exceed 50C. 

Skin Thickness 

Hollow circular metal templates with diameters ot 20 

and 33 mm were used to punch out "discs" of skin from 

carefully cleaned skins. All traces of brown muscle was 

removed by carefully scraping the inside of skins with sharp 

filleting knife. Skin "discs" with scales on were weighed 

into 0.9 % NaCl, 0.05 M Tris-HCl pH 7.5 on an analytical 

balance. Skin thickness was calculated from the weight of a 

given area of skin, assuming the specific gravity of skin as 

1.07 (Yamaguchi et al., 1976). 

Analytical Methods 

The homogenized sample lots were subsampled for 

analysis of moisture, total protein and total collagen. 

Moisture was determined from the weight lost after oven 
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drying at 105°C for 24 hr. Total protein was measured by the 

micro-Kjeldahl method and nitrogen converted to protein 

using a factor of 6.25 x N (AOAC, 1975). Ten g of 

homogenized fish tissue were blended with 10 ml of glass 

distilled water for pH measurements with Orion Model 601 pH 

meter equipped with a Corning combination electrode with 

replaceable ceramic junction (Corning RJ-476183). 

Total collagen was estimated by hydrolyzing 1 g 

samples (4 to 8 replicates per homogenized sample lot) in 

test tubes with teflon lined screw cap with 30 ml 6 N HC1 in 

an autoclave at 121° C for 18 hr. Interfering colour (humin) 

was removed by adding to each tube a minimal amount of humin 

precipitant which was prepared according to Berg (1982). 

Hydrolyzates were filtered and washed through 2V filter 

paper (Whatman Co.) into volumetric flasks, neutralized with 

6 N NaOH and made up to volume with distilled water. 

Hydroxyproline was determined spectrophotometrically at 557 

nm by the method of Woessner (1961). Values were converted 

to mg collagen assuming a hydroxyproline content of 7 %. 

Tissue Solubility 

To estimate the solubility of collagen from rockfish 

muscle tissue, 1 g samples of homogenized muscle tissue were 

weighed into 50 ml fluorocarbon. Oak Ridge type screw capped 
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Figure  2.  Procedure  outline  of  collagen  extraction  from  rockfish  muscle  for 

estimation of collagen solubility. 
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centrifuge tubes (Nalge Co.). For large sample lots a total 

of 16 tubes was used and eight for the smaller. Serial 

extractions were carried out (Fig. 2) by adding 34 ml of 

cold 1.0 M NaCl, 0.25 M Tris-HCl, buffer pH 7.2 to all 

tubes. Samples were mixed well on a vortex type mixer and 

then the tubes were placed on their sides on a mechanical 

shaker and extracted for 24 hr at 40C. Extracted samples 

were centrifuged at 30,000 x g for 1 hr at 4° C and the 

supernatant fluid discarded in a manner that retained all of 

the residue. One half of each set of tubes was then 

extracted for an additional 24 hr with 0.12 M 

citrate-phosphate buffer pH 3.5. After pouring oft the 

supernatant, the residues were immediately washed and 

resuspended in either the salt extractant or the acid buffer 

(Fig. 2) and clarified by centrifuging at 30,000 x g for 90 

min at 40C. The hydroxyproline content of residues were 

determined in the same manner as for total collagen 

determination as previously described. 

Preparation of Collagen 

Intramuscular connective tissue was isolated from 

the white muscle of the three species of Pacific rockfish. 

The homogenized muscle tissue (from approximately 25 fish) 

was blended with 34 volumes of cold 1 M sodium chloride and 

0.003 %  chloramphenicoi  (Sigma)  was  added  to  retard 
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bacterial growth. The muscle suspension was allowed to stand 

over night at 40C. The suspension was filtered trough 

several layers of cheesechloth and the connective tissue 

collected from the cloth and the inside walls of the large 

suspension vessels. Connective tissue was resuspended in a 

large excess volume of 1 M NaCl containing 20 mM EDTA and 

0.0 6 % chloramphenicol and stirred for 24 hrs at 40C. At 

this stage most of the readily souluble myofibrillar 

proteins could be filtered away throgh cheesechloth. After 

which connective tissue was further purified by washing 

three times with cold 1 M KC1; 24 hrs for each washing 

(Mohr and Bendall, 1969). The KC1 washed connective tissue 

was collected on cheesechloth and suspended in 30 volumes of 

glass distilled water and, stirred tor 24 hrs and filtered 

to remove salts. 

The purified connective tissue was extracted with 20 

volumes of 0.5 M acetic acid for 48 hrs with constant 

stirring. The suspension was filtered through two layers of 

cheesechloth and clarified by centrifuging at 48,000 x g tor 

1 hr. If the solution did not clarify, it was diluted with 

0.5 M acetic acid and centrifugation repeated. The collagen 

was precipitated by adding solid NaCl to a concentration of 

5 % (Piez et al., 1963) and allowed to stand overnight at 

4f,C. The precipitated collagen was removed by centrifugation 

at 15,000 x g for 30 min and dissolved in 0.5 M acetic acid 

by  stirring overnight. The collagen suspension was then 
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dialyzed against 0.5 M acetic acid to remove salt then 

clarified by centrifuging at 40,000 x g for 1 hr. The 

collagen was again precipitated as above and redisolved in 

acetic acid by stirring over night. The final collagen 

solution was then exhaustively dialyzed against 0.5 M acetic 

acid and lyophilized. The dry salt free collagen was stored 

over calcium chloride at 40C. 

Carboxymethylcellulose Chromatography 

Collagen components from the purified acid soluble 

muscle collagen and for comparative purposes acid soluble 

calf skin collagen (US Biochemicals) were fractionated on a 

column (1.6 x 12 cm) of CM-cellulose (Whatman CM52) at 40° C 

essentially as described by Piez et al. (1963) and Miller et 

al. (1967). Samples were eluted by using a linear gradient 

from 0 to 0.1 M NaCl in the starting buffer (sodium acetate 

0.06 M, pH 4.8) over a total volume of 900 or 500 ml. The 

gradient was formed and delivered to the column by fitting 

three channels of a Buchler polystaltic pump (Model 2-6100) 

with 1/16 ID and 1/8 OD (in) Tygon tubing and using one 

channel to pump limiting buffer (starting buffer containing 

0.1 M NaCl) into the flask containing the starting buffer. 

Two channels were used to pump the forming gradient from the 

starting buffer flask which was placed on a hot magnetic 
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stirring plate, and on to the bottom of the column. Samples 

were dissolved by stirring over night at 4° C with starting 

buffer. Samples were heated in a 45°C water bath tor 30 min 

to denature the collagen and then pumped on to the column 

and eluted by an upward flow as described above at flow 

rates around 200 ml/hr. Estimation of relative amounts of 

collagen components was done by automatic integration of the 

peak areas using a Varian CDS 111 chromatographic integrator 

as well as by cutting out the peaks and weighing them. 

Selected tractions were collected tor amino acid analysis 

and dialyzed against glass distilled water and lyophilized. 

Amino Acid Analysis 

All collagen samples were hydrolyzed in glass 

ampules using glass distilled, constant boiling HC1 in vacuo 

at 110° C for 24 hrs. Ampules were opened and the contents 

dried by roto-evaporation at 35° C . Samples were then 

dissolved in the appropriate amount of 0.2 N sodium citrate 

pH 2.20 diluting buffer and Millipore filtered. Samples 

were analyzed according to Spackman et al. (1958) on a 

Beckman 120B Amino Acid Analyzer fitted with a single 6 mm 

column packed with Dionex DC-6A resin. 

A four step sodium elution gradient was employed 

using 0.2 N sodium citrate pH 2.95, 0.2 N sodium citrate pH 

3.22,  0.2 N sodium citrate pH 4.10,  and  0.9 N sodium 
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citrate/sodium chloride pH 6.10 as buffers A, B, C and D. 

The column was then regenerated with 0.2 N NaOH and 

reequilibrated with buffer A, turnabout time being 

approximately 5 hrs. Colour was developed using a 

ninhydrin/DMSO/lithium acetate reagent and detected at 570 

and 440 nm using M.E.R. micro-flo cells. The peaks generated 

were integrated using a SpectraPhysics Autolab IV B 

integrator using external standard method. Corrections were 

made for the destruction of threonine, serine, methionine, 

and tyrosine and the incomplete release of valine using the 

correction factors tor collagen determined by (Piez et al., 

1960). 

Molecular Sieve Chromatography 

The acid soluble muscle collagen was chromatographed 

on a calibrated column (1.5 x 150 cm) of agarose beads (Bio 

Gel A-5m) according to the method of Chung et al. (1974). 

The column was eluted with 2.0 M Guanidine-HCl (Sigma Grade 

I) and 0.05 M Tris, pH 7.5 at flow rate of 9.5 ml/hr. 

Polyacrylamide Gel Electrophoresis 

Disc gel electrophoresis of the muscle collagen and 

selected tractions from the CM-cellulose chromatograms were 

performed  in sodium dodecyl  sulfate  (SDS)  according to 
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(Miller and Rhodes, 1982) using 5 % gels with continous 

buffer system. Slab gel elctrophoresis of cyanogen bromide 

peptides was performed using a Bio-Rad protein 32 cm slab 

cell unit to run 14x32x1.5 cm sucrose stabilised linear 

10-15 % gradient gel including a 2 cm stacking gel. The 

upper and lower gel buffers were prepared as previously 

described (Delepelaire and Chua, 1979; Broglie et al., 

1980) . Conditions for runs were the same as those described 

by Perdew et al. (1983) using lauryl dodecyl sulfate (LDS) 

instead of SDS. All gels, disc and slab, were stained with 

coomassie blue R-250 and were analyzed by comparing the 

densitometric tracing using a Helena Laboratories Quick Scan 

densitometer (Model 1020A) . Quantitation of the protein 

bands in the gels was achieved by automatic integration of 

the peak areas with the Quick Scan densitometer. 

Cyanogen Bromide Digestion 

Lyophilized connective tissue purified by repeated 

washing with 1 M KC1 (Mohr and Bendall, 1969) and 

lyophilized acid soluble muscle collagen were digested with 

cyanogen bromide according to the procedure of Bailey et al. 

(1979a) . The excess CNBr and formic acid was removed by 

lyophilizing twice rather than using evaporation in vacuo. 
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Statistical Analysis 

Data were analyzed by one way analysis of variance 

and significant means separated by the least significant 

difference (LSD) method (Steel and Torrie 1980). 
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RESULTS AND DISCUSSION 

Rockfish Species Characteristics 

The mean protein and moisture content and post 

mortem muscle pH (Table II) of the three species 

investigated were similar although protein levels were 

slightly lower than contents reported by Stansby (1976). 

Since the post mortem pH for all species was similar, the 

weakening eftect of low pH on muscle connective tissue noted 

by Love et al. (1972) should have effected all species to 

the same degree. According to the values reported as an 

average for rockfish composition by Stansby (1976) canary, 

yellowtail and widow rockfish have similar muscle 

composition which approaches the average tor Sebastes. 

Although these fish have similar proximate 

composition, there are some notable differences. Two of 

these species are genetically similar while one is somewhat 

different. Using isoelectric focusing electrophoresis, 

identical sarcoplasmic protein patterns were obtained tor 

yellowtail and canary rockfish while widow rockfish was 

found to have its own unique pattern (Lundstrom, 1983) . 

Morphological differences were also noted during the 

course of this investigation. Seasonal change in the amount 

of brown muscle tissue for all species was observed; less 



Table II Average1 sample lot characteristics tor three Pacific rocktish 
species. 

Rockfish 
species 

No 
m 

ot fish 
sample 

Mean fork 
cm 

length 
Percent 

PH 
Protein Moisture 

Canary 25 48 17.8 80.7 6.65 

Yellowtaii 30 45 17.5 79.4 6.68 

Widow 45 42 17.0 79.5 6.74 

LValues for pH, and % protein and moisture are based on at least triplicate 
determination of subsamples from homogenized sample lots. 

I-1 
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during the winter spawning season (January-March) and 

increased amount by spring and summer. The amount of brown 

muscle removed during sample preparation ranged from about 

eight to 19 % of the muscle weight. The relative proportion 

of muscle tissue as brown muscle consistently possessed the 

quantitative order of yellowtail> widow> canary rockfish. 

Archibald et al. (1981) warned against using 

length-at-age data indiscriminantly to estimate age of 

rockfish samples since very little growth in length occurs 

after age 25. The fork-length measurements observed for fish 

used in the present investigation were found to be within 

the region of near linear growth. All three species sampled 

were estimated to be of similar biological age and are 

considered comparable in regard to maturity (Boehlert, 1980; 

Archibald et al., 1981). 

Skin Thickness 

After handling and filleting a few fish of each 

species, it became evident that the skin thickness 

represented major difference between species. The skin of 

canary rockfish was very tough and a good sharp knife was 

needed to cut through it. The skin of widow rockfish was 

thin and weak and was more difficult to remove from the 

fillets. No difficulty was observed in skinning yellowtail 

rockfish. 



TABLE III.  Means and standard errors for 
rockfish skin thickness measurements. 

Rockfish  Skin thickness    SE      Relative thickness 
species mm % 

100 

80 

62 

■^eans are based on 15 determinations on skins 
from five fish 

""Values with different superscripts are significantly 
different (P> 0.01). 

Canary 2.09a 0.27 

Yellowtail 1.64 0.26 

Widow 1.28b 0.31 
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Measurements of skin thickness showed there was a 

significant difference in the skin thickness between species 

(Table III). Canary rockfish was found to have skin which 

was 38 % thicker than the widow rockfish while yellowtail 

rockfish skin posessed an intermediary thickness. This 

correlated with the general quality ranking of these three 

species by the fishing industry. The actual mechanical 

strength of the skin is obviously of importance for the 

tolerance of individual fish to stresses occuring during 

handling post-catch and prior to processing. A possible 

explanation for this observed difference in skin thickness 

was the different habitat these species occupy. Widow 

rockfish, as a pelagic species is usually found up in the 

midwater column at moderate depths. Canary and yellowtail 

rockfish which are bottom dwellers are found at depths where 

pressure effects would require greater body strength for 

survival (Hart, 1973; Gunderson and Sample, 1980) . 

Tissue Solubility 

Connective tissues isolated by the procedures 

outlined for this investigation were obtained in yields of 

0.7-2.5 % of the original white muscle mass. This indicated 

that when this method was optimized almost total recovery of 

the connective tissue was possible. Dunajski (1979) reported 

an average connective tissue content of flesh from bone fish 
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to be about 3 %. 

This investigation showed no significant difference 

in the amount of total collagen or extractability of 

intramuscular connective tissue collagen among the three 

species investigated (Table IV) . Approximately 86 % of the 

total collagen was insoluble and the muscle collagen was not 

readily solubilized by either salt or acid buffers. The mean 

salt soluble collagen for all three species combined was 

5.5 %, and the mean acid solubility was 8.7 %. This 

indicates a very stable collagen with high proportion of 

intermolecular crosslinks. 

Neutral salt solvents preferentially extract the 

most recently synthesized molecules that are as yet only 

retained within the collagen fibers through noncovalent 

interactions in a loosely aggregated state. Dilute acidic 

solvents extract in addition a biologically older collagen 

that contains a large proportion of beta components (two 

alpha chains crosslinked together) . The low pH of the acid 

solvents induces swelling of the fibers and promotes the 

dissociation of intermolecular crosslinks containing 

aldimine bonds. Crosslinks that have "matured" into the 

ketoamine configuration are much less acid labile (Bailey et 

al. , 1974). The significance of the soluble collagens has 

been discussed by Gross et al. (1955) and Jackson and 

Bentley (1960). 

Yamaguchi et al. (1976) compared the solubility of 



TABLE IV.  Means1 and standard errors of collagen estimation and solubility tor 
rockfish muscle tissue. 

Rockfish Total2 
Salt2 

unextractable 
Acid2 

unextractable 

A mg/g3 SE mg/g3 SE mg/g3 SE 

Canary 
Yellowtail 
Widow 

2.60 
2.24 
2.29 

0.04 
0.16 
0.27 

2.49 
2.07 
2.18 

0.14 
0.10 
0.36 

2.25 
1.92 
1.9b 

0.15 
0.12 
0.28 

B mg/lOOmg N4 SE mg/lOOmg N
4 

SE mg/lOOmg N4 SE 

Canary 
yellowtail 
Widow 

9.17 
8.11 
8.13 

0.27 
0.54 
1.09 

8.79 
7.53 
7.73 

0.40 
0.35 
1.37 

7.94 
6.98 
6.93 

0.60 
0.53 
1.10 

■"■Means based on at least four replicate hydroxy pro line determinations 
of tour samplings tor each species. 

2Means did not differ significantly (P>0.05) 

3mg collagen per gram wet muscle 

4mg collagen per 100 mg nitrogen m muscle 

UJ 
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myocommata collagen from hake, cod and catfish and reported 

insoluble collagen contents for these species of 39.9, 19.5 

and 49.7 %, respectively. These values indicate a much 

higher solubility and less crosslinking of the connective 

tissue than was observed for rockfish in this investigation. 

Investigations of mammalian connective tissues have 

established that collagen undergoes a chemical rearrangement 

with maturity. Collagenous tissues are stabilized by an 

increase in stable covalent crosslinks of both an intra and 

intermolecular nature resulting in less soluble collagen and 

increased mechanical strength of the connective tissues 

(Carmichael and Lawrie, 1967; Bailey et al., 1974; Bornstein 

and Traub, 1979). Bailey (1970) has shown that the nature of 

collagen crosslinks in fish collagens are the same as in 

mammalian tissues. However, there is no conclusive evidence 

available supporting a similar ageing phenomen for fish 

collagens. 

Love et al. (1982) concluded from solubility data 

for cod myocommata collagen that little sign of ageing was 

evident over its lifespan. The tropical teleost Opiocephalus 

punctatus, on the other hand, showed an ageing pattern in 

its skin and muscle collagen which was characterized by 

decreased solubility with advancing age (Gantayat and 

Patnaik, 1980). 

Rockfish have a very slow growth rate compared to 

many other teleosts with much shorter lifespans. Pacific 
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cod, at the maximum recorded age of approximately eight 

years, has attained a length of about 100 cm compared to 

canary rockfish with a length of about 63 cm at a maximum 

recorded age of 76 years. Maximum age recorded tor canary, 

yellowtail and widow rockfish was 76, 53 and 59 years, 

respectively (Archibald et al., 1981). In light of the long 

lifespan for Sebastes species it is resonable to assume that 

more extensive crosslinking is present in these fish than in 

species with shorter lifespans. Since data for the 

solubility ot fish collagens is very scarce, it is difficult 

to establish the exact relationship relating crosslinking to 

the maturity ot tish. 

CM-cellulose Chromatography 

Chromatography of acid soluble muscle collagen on 

the CM-cellulose column produced a rather unique 

chromatographic protile. Inspection of profiles on Figures 3 

and 4 showed that all three rockfish species have at least 

six partially resolved collagen components (peaks numbered 

1-6). The forepeak appearing before the gradient was started 

proved not to be collagenous based on hydroxyproline 

analysis. The peak area ratio tor the different collagen 

components present is listed in Table V. No significant 

difference between species was noted in the proportional 

amount of collagen components. 
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Figure 3. CM-cellulose elution profile of denatured acid 

soluble rockfish muscle collagen. The sample was applied to 

the column at arrow labeled 'S'. The column was eluted at a 

flow rate of 192.2 ml/hr, using a 500 ml linear gradient 

formed as described in text, beginning at the arrow labeled 

'G'. (A) 80 mg yellowtail and (B) 89 mg canary rockfish acid 

soluble muscle collagen. The horizontal arrows indicate 

tractions taken for amino acid analysis (Tables VII and 

VIII) . Vertical slash at the top of each peak indicates 

fraction taken tor SDS-polyacryiamide gel electrophoresis 

(Figs. 6,7,8 and Table VI). 
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Figure 4.  CM-cellulose elution profile of 100 mg acid soluble widow rockfish muscle 

collagen.  The column was eluted at a flow rate of 204.7 ml/hr using a 900 ml total 

gradient.  The labeling legends are the same as for Fig. 3. 
>£» 



TABLE V.  Estimation ot the peak area ratio for the three rockflsh species on CM-cellulose 
chromatography. 

Component peak number 

Rockflsh species   1    SE       2    SE 3     SE       4     SB b     SE 6 SE 

Yellowtail        y.7  0.416    5.5  0.116 13.3  0.231    44.0 0.982 20.y 1.039 6.6  0.265 

Canary           9.5  0.451    5.3  0.306 12.6  0.404    45.2 1.305 19.8 2.001 7.3  1.361 

Widow            10.8  0.493    5.6  0.231 12.0  0.500    45.4 0.500 19.3 0.5B4 6.8  1.464 

Values are expressed as percent ot total peak area. Each value represents the mean trom three 
chromatographic runs based on weight ot the peaks cut out trom the chromatographic tracing. 
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Type I collagen from various sources is generally 

eluted as four chromatographically distinct components (see 

Fig. 5) when denatured and chromatographed on a CM-cellulose 

column. The first two peaks eluted from the column are 

termed al(I) and /3ll [crosslinked dimer consisting of two 

al(I) chains] components. The two latter components are 

identified as j6l2, [crosslinked dimer consisting ot one 

al(I) chain and one a2(I) chain] and the a2(I) chain eluting 

last from the column (Piez et al., 1963; Piez, 1967). The 

ratio of al(I) to a2(I) in type I collagen was 2:1 (Miller 

et al., 1967) and this ratio represented the molecular 

structure [ al(I)]2^2(I). This molecular structure was 

further confirmed by the formation of a single gamma 

component by formaldehyde cross linking of native collagen 

in solution (Nold et al., 1970). 

Acid extraction will selectively extract type I 

molecules from connective tissue since the other molecular 

types are more immobilized by crosslinking and association 

with other components. Type III collagen is practically 

insoluble in neutral and acidic buffers and can effectively 

be extracted in good yield from skin and other tissues only 

by limited proteolysis with enzyme such as pepsin (Chung and 

Miller, 1974; Fietzek et al., 1977). Basement membrane 

collagen also has a low solubility and requires the use of 

proteolytic enzymes tor extraction (Burgeson et al., 1976; 

Chung et al., 1976; Rhodes and Miller, 1978). 
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The extraction of collagen from rockfish muscle 

connective tissue was carried out under acidic conditions 

after extensive washing of the connective tissue presumably 

precluding proteolytic activity. Therefore, it can be 

concluded that components trom denatured rockfish collagen 

resolved by CM-celluiose chromatography all originated trom 

the same type of collagen molecule. If any type III was 

present, it would appear as a gamma fraction because of its 

intramolecular disulfide bonds unless a reducing agent was 

present. Reduced type III molecule l(III) chains would have 

eluted in the same region as the a2 chain of type I collagen 

(with components numbered 5 and 6 on Figs. 3 and 4) (Chung 

et al.,1974; Burgeson et al., 1982). 

To establish the identity of different collagen 

components observed in rockfish muscle collagen a sample of 

acid soluble calf skin collagen which is predominantly a 

type I collagen (Miller, 1976) was chromatographed on the 

same column (Figure 5). The chromatographic pattern revealed 

rockfish muscle collagen to posess some of the 

characteristics of the calf skin type I collagen. The al(l) 

and /3ll components are evident in rockfish muscle collagen,- 

but are eluted a little later in the gradient indicating 

more basic residues than in calf skin al(I) and /3ll 

components. This was as far as the resemblance was obvious. 

Fish muscle collagen had additional components present 

compared  to  calf  skin  collagen  and  produced  a  mere 
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Figure 5.  CM-cellulose chromatography of 70 mg acid soluble calf skin collagen.  The 

column was eluted at a flow rate of 191.6 ml/hr using a linear 900 ml gradient (see 

text for details).  Arrow labeled 'S' indicates sample application and arrow labeled 

'G' indicates the start of the gradient. 

en 
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complicated chromatographic pattern. 

Fish collagens have not been extensively 

characterized by CM-cellulose to establish their subunit 

structure. Carp swim bladder collagen was found to have a 

typical type I collagen composition (Piez et al., 1963) 

while Lewis and Piez (1964) found skin collagen trom dogfish 

to be also represented by the molecular structure 

I al(I)J2^2(I). Piez (1965) found skin collagen from cod to 

contain three different alpha chains. Because ot the complex 

CM-cellulose chromatographic profile, these chains were only 

resolved after continous recycling chromatography on columns 

of polyacrylamide or cross-linked dextran gels. The cod skin 

collagen had these chains present in equal amount and this 

along with the tact that /3ll was present only as a minor 

component and /322 and /333 were absent were considered 

affirmations tor two identical alpha chains did not occur in 

the same molecule. 

SDS-Polyacrylamide Disc Gel Electrophoresis 

Since recycling chromatography was not attempted in 

this characterization, SDS-polyacrylamide disc gel 

electrophoresis was used to establish the identity ot the 

new components observed on CM-cellulose chromatography and 

to determine it a third alpha chain was present. A two ml 

fraction was   taken at the very top of each peak derived from 
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the CM-cellulose chromatography and subjected to 

SDS-polyacrylamide gel electrophoresis. Figure 6. represents 

densitometric scans of gels from these selected fractions 

trom yellowtail rockfish, illustrated on Figure 1, and also 

disc gels trom widow rockfish are presented for comparision 

(Fig. 8). The proportional amount of each collagen component 

present in the CM-cellulose chromatography tractions was 

estimated by automatic integration of the peak areas trom 

the densitomeric tracings and used to correct the area 

ratios calculated from the CM-cellulose column 

chromatography (Table VI) . Peak 1 was a pure alpha chain 

migrating in the region characteristic for al(I) while peak 

2 was composed of a typical /3ll component and some al. The 

fraction from peak 3 was a mixture of two beta components 

and a different alpha chain migrating a little further than 

al. These two alpha chains could not be resolved when run on 

the same gel, but instead a little broader band was 

observed. The assignment of labels to the different 

components observed in peaks 3-6 (Fig. 6) was according to 

Piez (1965, 1967). 

The fraction trom peak 4 was composed of 

heterogenous high molecular weight material labeled gamma 

arising trom the inter-and intramolecular crosslinking ot 

three or more alpha chains. The dipeptides /3l2 and $23 arise 

from intramolecular crosslinking of al with a2, and a.2 v/ith 

a3  chains,  respectively.  The fraction from peak 5 was 



43 

Peak ^       My2 

Peak 5 

0 10 20 0 10 20 
MIGRATION DISTANCE FROM TOP Or GEL, (mm). 

Figure 6.  Densitometric scans of SDS-polyacrylamide disc-gels 

of selected fractions (indicated by a vertical slash at the top 

of each peak) from CM-cellulose chromatography of yellowtail 

rockfish muscle acid soluble collagen (see Figs. 3A and 7). 
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Figure 7. SDS-polyacrylamide disc-gels of CM-cellulose 

fractions from yeilowtail rocJcfish muscle collagen. Numbers 

correspond to peak numbers in Fig. 3A. 
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Figure 8. SDS-polyacrylamide disc-gels of CM-cellulose 

fractions from widow rockfish muscle collagen. Numbers 

correspond to peak numbers in Fig. 4. 



TABLE VI. The approximate distribution1 of subumts in 
denatured acid soluble rockfish muscle collagen. 

Collagen 
components 

%  Component 
distribution al 

% alpha chains 
a3        a2 

al 12.3 12.3 

a3 8.7 8.7 

a2 6.0 6.0 

011 3.1 3.1 

/913 5.7 2.9 2.9 

012 31.7 15.9 15.9 

023 10.2 5.1       5.1 

Y 22.3 Sum 3 4.2 16.7      27.0 

Calculated by combining results for areas under the 
appropriate peaks on CM-cellulose chromatography and the 
individual contribution ot each collagen component to that 
peak as estimated by SDS-gel electrophoresis. 

Ln 
l-> 
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basically composed of these same components, but at this 

point the 2 chain had started to emerge. In the fraction 

labeled peak 6, the a2 was resolved from all except the /323 

component. 

The ratio of al : a3 : a2 present as uncrosslinked 

subunits was 2 : 1.5 : 1. If all the alpha chains 

crosslinked into the higher molecular weight beta components 

were accounted for as individual alpha chains, the ratio 

would be 2 : 1 : 1.6. Evidently, a2 was being crosslinked 

preferentially into the higher molecular weight beta 

components. The beta components composed of two alpha chains 

were present in all possible combinations ot the three alpha 

chains arising trom intramolecular cross linking. The ratio 

between crosslinked beta components was 1 : 1.8 : 10.2 : 3.3 

( /3ll : /3l3 : /3l2 : /323) . The only intermolecularly cross 

linked component found in detectable quantities was fill. 

These results were somewhat contradictory. First, 

the ratio of uncrosslinked alpha chains does not indicate a 

stoichometric relationship supporting a molecular structure 

as simple as al- a2- a3. Second, after accounting for the 

beta components as their individual alpha chains the ratio 

is changed so that a3 seems to be only a minor fraction of 

the total collagen. A possible explanation tor this could be 

that the a3 chains were derived from another minor collagen 

molecule present in the muscle. The aA chain trom type V 

collagen represents a likely source since it is known to 
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elute from the CM-cellulose column in the region of peak 3 

(Figs. 3 & 4) and is not resolved from al(I) on SDS-gels 

(Bailey et al., 1979b; Burgeson et al., 1982). If this is 

accepted, then the ratio of al to a2 becomes close to the 

typical 2:1 relationship of a type I collagen if only 

uncrosslinked al and a2 chains are considered. When the al 

and a2 chains present in cross linked beta components are 

also taken into account the ratio of al to a2 becomes 

1.3 : 1. The explanation tor this inconsistency might be 

related to the heterogenous gamma component which accounts 

for 22.3 % of the total collagen. The a3 chain could be 

preferentially involved in crosslinked gamma components of 

the structure a3- a3- a2 resulting from intermolecular 

crosslinking between two a3 chains carrying more reactive 

cross linking sites than the other two chain types. The 

actual stoichmetric relationship between al, a3, a2 would 

then be closer to a 1 : 1 : 1 ratio that was observed in cod 

skin by Piez (1965) . 

The possible presence of other minor collagens in 

the acid soluble fraction was also ruled out by performing a 

selective salt precipitation experiment. All of the acid 

soluble collagen was precipitated by both dilute acid and 

neutral salt solvents at salt concentrations known to 

selectively precipitate type I collagens (Chung and Miller, 

1974; Rhodes and Miller, 1978; Kresina and Miller, 1979) . 
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Amino Acid Composition 

The amino acid contents compiled in Table VII 

indicate a close similarity between the three species 

studied. The original lyophylized acid soluble muscle 

collagen used for CM-cellulose chromatography and other 

studies was evidentily not totally devoid ot contaminating 

myotibrillar proteins or some closely associated connective 

tissue proteins. This was indicated by lower glycine and 

higher tyrosine values than are usually found in pure 

collagens. These contaminating proteins were removed upon 

denaturation and subsequent chromatography on CM-cellulose. 

After chromatography, the glycine content was even a little 

higher than usually reported for collagens (average value 

being 333 residues per 1,000; Eastoe, 1967) while tyrosine 

was lowered to a level commensurate with reported values. 

Although the fractions taken tor amino acid analysis were 

not completely resolved into the different subunits as shown 

by SDS-polyacrylamide gel electrophoresis, it was clear that 

these fractions differed significantly in amino acid 

composition. 

Fraction No. 1 from canary rockfish was 

significantly different from the No. 1 fractions of the two 

other species. Whether this was a true difference is 

difficult to assert, but comparision of the original 

collagen to the canary rockfish No. 1 fraction revealed a 



TABLE VII. 
collagen. 

Amino acid composition of Pacific rockfjsh acid 
Residues/1000 Total Residues. 

soluble muscle collagen and components derived from denatured 

Orig1 

S. pinniger 2 S. f lavidus2 S. entomelas2 

Amino acid 1 2 3 4 5 6 1 2 4 6 1 

4-llydroxyproline 49.S 52.7 65, .4 65.5 61.y 66.6 60.0 68.1 67. .4 56.5 61.6 65.0 
Aapartic acid feO.y 51. y 44, .y 46.y 4y.7 4y .y 53.6 46.3 ■  4/. .2 50.6 '  52.8 48.3 
Threonine H1.4 27.7 24, .5 22.y 25.1 25.3 25.5 26.1 26. .2 27.y 25.0 26.0 
Serine 61.3 y6.y 64, .8 65.1 62.4 62.2 71.0 62.8 66. .4 61.8 68.5 73.0 
Glutamlc acid 82.3 yi.y 73, .8 71.1 68.6 66.1 /0.8 75.9 75. .3 67.6 68.2 7y.6 
Pro!ine B4.4 85.0 yi, .8 y2.5 y5.6 y2.7 87.7 75.4 110. .3 y3.3 94.0 y3.5 
Glycine 279.2 310.5 332, .8 344.5 341.2 352.0 340.y 349.5 353. .0 351.0 343.3 328.5 
A lanine 100. y 112.3 114 .7 105.3 ioy.4 103.4 108.0 125.5 100. .1 118.2 104.y 117.1 
Valine 32.7 21.4 iy, .4 16.1 22.6 23.4 23.8 18.2 18. .6 20.5 23.6 18.8 
Hethionine 22.3 14.1 17, .5 17.3 iy.y 17.1 15.3 17.8 16. .5 21.0 12.2 15.9 
Isoieucine 17.5 y.4 6, .3 y.5 8.6 y.i y.3 4.y 5. .4 7.6 y.4 7.1 
Leucine 33.7 iy.y iy, .1 17.6 23.3 21.5 20.8 17.1 16. .1 16.y iy.4 18.0 
Tyrosine 11.6 2.1 i, .y 2.8 2.8 3.3 5.5 1.1 1. .1 2.6 3.8 3.3 
Phenylalanine IB.3 12.4 15, .0 14.8 io.y 13.8 15.0 14.4 14. .3 11.8 12.0 16.4 
Hydroxyiysine B.6 4.3 14, .3 iy.4 8.7 /.4 7.9 5.3 6. .0 7.4 14.y 7.0 
Lysine 38.3 27.7 36, .y 29.3 26.4 25.4 22.8 32.8 2y. .0 26.0 23.6 26.7 
Histidine 8.5 6.7 4, .2 6.4 5.3 6.8 8.7 2.2 3. .7 5.y 8.1 3.5 
Arginine 52.2 45.6 50. .2 51.3 57.1 53.6 52.4 54.8 53. .7 53.0 54.8 4 7.4 
Cystine (halt) t..6 8.0 2. .7 2.0 1.1 - 1.1 1.5 - - - 5.3 

Average value tor purified acid soluble collagen from S. pinniger and  S. flavidus. 

Numbers correspond to tractions taken trom CM-cellulose chromatograms ( Figs. 3 and 4). All values, except lor S. pinniger 
peaks no. 3 & 4 which are average ot two determinations, are result of a single determination. 



56 

closer similarity than observed for the two other species 

which were similar. This indicated that the "non 

collagenous" connective tissue proteins present in the acid 

soluble collagen were not as easily disassociated trom 

canary rockfish collagen upon denaturation and 

chromatography as in collagen trom yellowtail and widow 

rockfish. Also, the presence of cystine, an amino acid not 

usually tound in collagens, in the lyophilized acid soluble 

collagen and in decreasing amounts, from a high in traction 

No. 1 to a low m traction No. 6, supports the presence of a 

cystine rich protein in close association with the collagen. 

The identical CM-cellulose chromatographic and 

SDS-gel electrophoretic profiles along with more or less 

identical amino acid compositions tor collagen trom the 

three rockfish species supports the conclusion that within 

experimental error these three species have the same primary 

collagen composition. The amino acid composition tor all 

species was averaged tor each fraction containing the 

relatively pure alpha chains tor comparision with other 

reported collagens (Table VIII). 

Comparision of the three alpha chains from rockfish 

muscle to the three alpha chains tound in cod skin indicated 

homology in amino acid composition of the collagen trom 

these two tish species. The three alpha chain fractions trom 

rockfish collagen show a marked difference in the majority 

of amino acid residues. Large differences were observed m 



TABLE VI11.  Amino acid composition  ot the three alpha chains iroin rocktish acad 
soluble muscle collagen compared to cod skin collagen. 

Residues/1000 Total Residuos. 

Amino acid 
Rockfish muscle collagenJ 

al       a'.i a2 
Cod skin collagen' 

a 1        a.i a?. 

4-llydroxyproline 62 66 61 
Aspartic acid 4y 47 53 
Threonine 26.6 22.9 25.3 
Serine 78 65 70 
Glutamic acid U2 71 70 
Proline B5 93 91 
Glycine no 345 342 
Alanine 118 105 107 
Valine ia.i 16.1 23.7 
Methionine 15.9 17.3 13.8 
Isoleucine 7.1 9.5 9.4 
I.eucine 18.3 17.6 20.1 
Tyrosine 2.2 2.8 4.7 
Phenylalanine 14.4 14.8 13.5 
llydroxylysine b.b 19.4 11.4 
Lysine 29.1 29.3 23.2 
llistidine 4.1 6.4 8.4 
Arginine 49 51 54 
Cystine (halt) 4.9 2.0 <1 

4-OH-Pi-oline 

Pro + 4-OH-Pro 

Oll-Lysine 

Lys ♦ Oll-I.ys 
0.16 0.40 0.33 

55 58 52 
50 51 54 
23.4 24.5 26.9 
70 73 7 3 
76 78 62 
98 96 9 7 

339 34 7 348 
119 101 107 
15.5 20.1 19.5 
16.7 16.8 18.3 
10.8 8.9 9.2 
1U.8 17.5 24.4 
1.8 2.6 4.7 

13.2 11.0 9.1 
5.5 5.3 9.5 

31.3 30.3 20.6 
5.2 7.0 11.5 

51 51 54 

0.36 

0.15 

0.38 

0.15 

0.35 

0.3 2 

"■Average values combined tor all rockfish species calculated trom data in 
table VII. 

^From Piez 19o5. 
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serine, glutamic acid, proline, glycine, alanine, 

hydroxylysine, and lysine content. The extent of 

hydroxylation of proline was similar for all three alpha 

chains from rocktish muscle collagen, but higher than in cod 

skin collagen. Lysine residues were hydroxylated to the same 

extent in the ol and a2 chains of rockfish and cod, but the 

a3 chains of rocktish collagen posessed a much higher level 

of lysine hydroxylation than the a3 chains of cod skin 

collagen. 

In general, fish collagens have less proline and 

hydroxyproline and more serine and threonine than mammalian 

collagens (Piez and Gross, 1960). A higher level of 

hydroxylysine in rockfish collagen could be related to more 

reactive crosslinking sites which produce the observed 

increased stability over cod skin collagen as measured by 

solubility. 

Molecular Sieve Chromatography 

The chromatographic behaviour of the acid soluble 

collagens of canary rocktish and calfskin were compared on 

Bio-Gel A-5m (Figure 3) . The molecular weight of the tish 

muscle collagen subunits proved to be m the same range 

reported tor mammalian collagens (Butkowski et al., 1982). 

The alpha chains had an apparent molecular weight ot 96,000. 

The resolution of the collagen components was not complete 
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precluding the isolation of pure fractions. 

Two fractions (indicated by horizontal bars on Fig. 

9) were taken for rechromatography on CM-cellulose column to 

further determine the validity of peak labeling. On 

rechromatography of the gamma and beta tractions, the 

heterogeneity of the gamma component fraction was obvious by 

its elution over an extended portion of the salt gradient 

(Fig. 10) . The main effect of the molecular sieve column on 

the elution of the beta component traction was the removal 

of most of the al peak and the a2 shoulder (labeled peak 6 

in Fig. 3B) . Also, removal of most of the a3 resulted in a 

change in the peak area ratio between /3ll and /3l3 (labeled 

peaks 2 and 3 in Fig. 3B) from 1:2.4 to 1:1.8 which 

constitutes a proportional change of 25 %. This change in 

area ratio was in good agreement with the corrected values 

obtained by taking into account the actual contribution of 

each component to the peaks as determined by 

SDS-polyacrylamide disc gel electrophoresis. 

Cyanogen Bromide Digestion 

Incubation of acid soluble muscle collagen with CNBr 

followed by analysis of the cleavage products by lithium 

dodecyl sultate polyacrylamide slab gel electrophoresis 

yielded identical peptide patterns for the three rockfish 

with no significant quantitative differences in individual 
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Figure 9. Bio-Gel A-5m chromatography of acid soluble 

coilagens. The column was equilibrated and eiuted with 2.0 M 

guanidine hydrochioride/ 0.05 M Tris, pH 7.5 at a flow rate 

of 9.5 ml/hr: # % <        ' %  elution profile 

ot 40 mg acid soluble canary rockfish muscle collagen; 

O D ■        D elution profile of 30 mg acid 

soluble calf skin collagen. Horizontal bars denote fractions 

taken tor rechromatography on CM-cellulose (Fig. 10) . 



400 
EFFLUENT   VOLUME, mi. 

Figure 10. CM-cellulose rechromatography of the y and /3 fractions recovered after 

Bio-Gel chromatography as depicted in Fig. 9. Flow rate was 185.5 ml/hr and total 

gradient volume was 500 ml (see Fig. 3 tor details). (A) canary rockfish y components 

and (B) canary rockf ish /3 components. (Ti 
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peptides according to densitometric analysis (Fig. 11). When 

the peptide pattern was compared to that observed after 

digestion of the purified (washed) muscular connective 

tissue with CNBr, it was evident they were also identical. 

The absence of additional peptides in the unextracted 

connective tissue supported the presence of only one 

molecular species or that the 0.5 M acetic acid equally 

extracted all collagen types present. As previously 

discussed, only type I collagen is extracted by weak acid 

solutions in good yield. It seems very unlikely that tish 

collagens would be different. In fact, the presence of more 

than one molecular type of collagen within the same tissue 

of lower vertebrates has not been reported (Miller, 1976; 

Bornstein and Traub, 1979; Eyre, 1980). 

Interspecies diffrences in amino acid composition 

and sequence of the alpha chains suggest that various alpha 

chains diverged by gene duplication in primitive 

vertebrates, possibly with the evolvement of bone in 

primitive fish. The collagens from most, it not all 

invertebrates are composed of only one type of alpha chain 

which has been considered suggestive of this kind of 

evolution (Pikkarainen and Kulonen, 1969; Butler et al., 

1976) . 

Mammalian collagens contain relatively few methionyl 

residues (6-9) and cleavage with CNBr results in a moderate 

number  of  peptides  that  can  be  resolved  by  employing 
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al(IKB3-7- 

al(I)CBQ-3- 
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alWCSd 

auncae 

aUIJCBJ 

Figure 11. Cyanogen bromide peptides from acid soluble 

rockfish muscle collagen. Analyzed by LDS-polyacrylamide 

slab-gel electrophoresis. Lane 1 CNBr peptides from the 1 

chain of type I calf skin collagen. Lanes 2,3, and 4 

represent; yellowtail, canary, and widow rockfish, 

respectively. 
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ion-exchange and molecular sieve chromatography (Butler et 

al., 1967; Fietzek and Piez, 1969). The various collagen 

chains do exhibit a great deal of homology in CNBr peptides, 

but the peptides obtained from each chain represent a unique 

set of cleavage products (Miller et al., 1969; Fietzek et 

al., 1970; Heinrich et al., 1971; Volpin and Veis, 1971; 

Fietzek et al., 1977). The peptide patterns obtained on 

CM-cellulose chromatography or SDS-gel electrophoresis can 

therefore serve as means for identifying the various 

collagen chains (Miller and Rhodes, 1982). The number of 

methionyl residues in fish collagens is about twice that for 

mammalian. Cleavage with CNBr results in a far more 

complicated peptide pattern which is not easily compareable 

to the pattern of mammalian collagens. 

Lane one on Figure 11 represents the CNBr peptides 

of the calf skin al(I) chain. Compared to rockfish muscle 

collagen patterns (Lanes 2,3, and 4) no major peptides were 

observed to have a definitive homology to the calf skin 

al (I) peptides. Rockfish muscle collagen was cleaved into 

numerous small peptides with molecular weights for the 

majority of less than 20,000. The calf skin peptides 

al(I)CB8 and al(I)CB6 have reported molecular weights of 

25,000 and 20,000, respectively (Rauterberg and Ktlhn, 1971). 

Laszlo and Olsen (1969) characterized the CNBr peptides from 

cod skin al chain and reported an apparent homology of 

peptides to the  al(I)CB3 and  al(I)CB4 from rat skin based 
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upon chromatography and amino acid composition data. They 

did not make comparitions to the electrophoretic mobilities 

ot cod skin peptides and theretore it was not possible to do 

direct comparision with patterns tor rockfish found in this 

investigation. At the position of the al(l)CB3 from calf, a 

peptide was present which could be termed similar at least 

with respect to behaviour on electrophoresis. However, 

isolation and amino acid analysis would be needed to 

establish if this represented a genetically preserved 

sequence trom fish to mammals. 



66 

SUMMARY AND CONCLUSION 

Investigation of muscle connective tissues from 

three species of rockfish revealed their collagen to be made 

up ot the same type ot molecules. This was contirmed through 

comparision of chromatographic profiles obtained on 

CM-cellulose and further analysis of individual components 

by SDS polyacrylamide gel electrophoresis. 

The three species of rockfish investigated were 

shown to be remarkably similar with respect to the 

solubility of their intramuscular collagen indicating 

similar collagen stability. The extent of acid stable 

intramolecular crosslinking was found to be higher than 

reported for other species of tish based upon unextractable 

collagen. This could relate to the longevity ot the rockfish 

compared to other species of tish. It has been extensively 

documented that collagen crosslinks mature with time going 

from easily disassociated condensed aldehyde type crosslinks 

to very stable crosslinks ot unknown nature and composition. 

The total solubility of the rockfish muscle collagen was 

about 14 % compared to that tor mammalian which is usually 

lower than 6 % (McClain et al., 1971a,b; McClain, 1974; Hall 

and Hunt, 1982). This difference most probably relates to 

the cyclical seasonal changes in feeding habits of fish. 
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Fish feed heavily for a portion of the year and accumulate 

energy deposits (fat) that are used up during the spawning 

season when little or no feeding takes place. This results 

in seasonal changes in the turnover rate ot body 

constituents. In the present investigation, small seasonal 

change in the ratio of salt to acid soluble collagen was 

observed. However they could not be followed since samples 

came from different fishing grounds and not all stocks have 

coinciding seasonal cycles. The insoluble fraction, however, 

always remained constant for all species during the course 

ot the investigation. 

The chromatographic profile ot rockfish collagen on 

CM-cellulose columns revealed new components difterent trom 

other reported acid soluble collagens. Analysis of the 

components by gel electrophoresis proved the presence ot a 

"new" or different alpha chain, termed a3. The presence of 

a3 chains was previously reported in the acid soluble 

fraction ot cod skin collagen. Since this was the first time 

that a similar chain was found in another species, a direct 

comparision was made to the cod skin. 

Comparision of the amino acid composition of the 

rocktish and cod skin collagen showed a close similarity in 

alpha chains. The rockfish chains contained a higher level 

ot hydroxylated proline while the al and al chains tor both 

cod and rockfish posessed a similar level ot hydroxylated 

lysine. However the a3 chain of rockfish contained much more 



68 

hydroxylysine than its counterpart from cod. Imino acid 

residues are known to play a very important role in 

stabilizing the triple helical conformation of the collagen 

molecule and hydroxylysine serves as an important generator 

of stable crosslinks tor forming mature collagen fibrils. It 

can be proposed that decreased solubility and increased 

crosslinking of the rockfish muscle collagen was a result of 

these differences in hydroxylation of amino acid residues. 

Interestingly, some cystine was found in the rockfish 

collagen which is unusual for type I collagens. Whether this 

was derived from contaminating protein or was an integral 

portion of this collagen was not established, but would 

warrant further investigation. 

The molecular weight of rockfish collagen was found 

to be the same as reported for other vertebrate collagens 

based upon molecular sieve column chromatography calibrated 

with calf skin collagen. The alpha chains had molecular 

weights ot approximately y6,000. This along with a 

similarity in amino acid composition to other collagens 

suggests the same type of molecular organisation tor 

rockfish collagen. By analysing the chromatographic pattern 

tor rockfish and comparing it to that tor cod skin collagen, 

the most likely chain composition of the rockfish muscle 

collagen molecules was al- a2- a3. 

Analysis of the cyanogen bromide peptides trom the 

acid  soluble muscle collagen and the peptides trom the 
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digest of washed muscle connective tissue confirmed that the 

three species of rockfish have identical collagen 

composition. The acid soluble collagen and the unextracted 

connective tissue posessed the same electrophoretic pattern 

supporting the presence of only one type of collagen 

molecule. Further research would have to establish if other 

minor collagens found in higher vertebrates are in tact 

present or absent in the muscle connective tissue of fish. 

Immunological investigation might prove helpful in this 

respect. From a biochemical standpoint, it would also be of 

interest to purify the individual alpha chains further and 

resolve their CNBr peptides to determine if they are 

homologous to mammalian collgen peptides. Amino acid 

sequence analysis would establish if some amino acid 

sequences are preserved through evolution. 

From the standpoint of the food scientist, it would 

be of interest to investigate the insoluble collagen 

fraction and explore the possibility that differences 

between fish species involves the tormation of the collagen 

fibrillar network within the muscle connective tissue. That 

is, are morphological differences at the molecular level in 

the thickness of collagen fibers or their arrangement. This 

could be accomplished by using electron microscopy and other 

physical techniques. 

The only real difference in the three species 

investigated was in their relative skin thickness. Since 
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fish skin is more or less a pure connective tissue, it would 

be of interest to investigate the comparative character of 

skin and muscle collagen. The skin of fish is like a natural 

packaging material tor the individual fish after being 

caught. Its strength is of obvious importance tor the 

fisherman and processor since it will determine how well the 

fish will stand up to handling. Based on these findings I 

would recommend that rockfish species having thinner skin 

such as widow rockfish be handled in a more careful manner 

than now is customary. If carefully handled, species like 

widow rockfish should yield fillets of quality approaching 

that of the other species ot rockfish. 
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