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INTRODUCTION  

• ' At the time of preparation of.this Report a Completelynew buildingis 
being erected on the campus of.the University of British Columbia,.which will bé 
the new quarters of the Vancouver Technological Station. This building  will be 
the first new and fully complete physical plant.which this Station has occupied 
since it first commenced operations in Prince .Rupert in 1926,.and.it.is.sorely 
needed as the present quarters are seriously overcrowded. 

During.the present year the policy of maintaining a balance between 
fundamental and applied research at the Station has been continued.  While  in  
past years the main contributions which this.Station.has.made.have.been in the 
fields of control of post-mortem bacterial spoilage.of. fish, refrigeration and 
cold storage, and various processing and reduction problems,.this.year a very 
significant proportion of the Stationts.activities has.been concerned with vari-
ous problems connected with.  the  chemistry of living fish. Thus the most thor-
ough chemical study which has ever been made on migrating salmon is now in pro-
gress at this Station. There-is little doubt that many of the most pressing 
problems in deterioration of fish after capture may be concerned with the condi-
tion of the fish when they are caught. 

H.L.A. Tarr, 
Director. 
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Biochemistry of Sockeye Salmon During Spawning Migration  

Three groups of migrating sockeye salmon (216 fish) have been obtained from 

the Stuart Lake run; the fish, representative of both sexes, were caught at the 

mouth of the Fraser River, at Lillooet, and at the spawning grounds (Forfar). They 

were captured and stored under conditions which minimized, as much as possible, un-

desirable chemical changes. 

Physical measurements have been made on all major organs and tissues. The 

data show that the population was sufficiently uniform in size that average weights 

and measurements performed on fish taken at the 3 locations on the migration route 

quite accurately represented a standard fish of both sexes. The results will enable 

chemical analyses to be interpreted as changes in the absolute amounts of a given 

tissue component rather than only on a percentage basis. The merits of this approach 

to an evaluation of changes in migrating salmon is demonstrated by the magnitude of 

the weight changes in many tissues during the 715-mile migration. A standard male 

lost only 11% of its body flesh whereas a standard female lost 30%. The alimentary 

tract of males and females decreased to 18% and 16.5%, respectively, of the initial 

weight. The milt of the male increased by 51% while the female roe increased by 272%. 

Thus, it is apparent that percentage composition data can not show quantitative 

changes in a fish as it moves up the river. The results are discussed in relation 

to the findings of others on Atlantic ocean Salmo salar,  Columbia River OncorhYnchus  

tshawytscha and Amur River Oncorhynchus  keta. 

Plasma cholesterol, magnesium, calcium, sulphate and urea levels were measured 

on pooled blood samples from all 216 fish. Both males and females entered the river 

with cholesterol levels three times those found in human plasma. The cholesterol 

levels decreased 65% in females and 31% in males during the 715-mile swim to the 

spawning grounds. However, the losses were greater in the male over the first 250 . 

miles. Magnesium levels increased significantly in the plasma of both sexes during 

the first 250 miles. Urea nitrogen levels were lower than human levels and somewhat 

higher than reported for fresh water teleosts. Urea levels decreased at points up 
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the river. Plasma inorganic sulphate sulphur levels were 12 times as high as the 

levels reported for human or carp serum. The - sulphate levels decreased very signi-

ficantly for the first 250 miles and then increased very significantly,over the 

final 465 miles. Plasma calcium levels were high when compared to levels in humane 

and a fresh water teleost and decreased very significantly beyond the first 250 miles. 

The changes in the flesh of the standard fish.during migration, as reflected 

by proximate analyses, has been completed. The levels of both free and esterified 

cholesterol have also been determined in the flesh of the standard.fish for both 

sexes. -Data have been obtained which indicate that salmon blood contains both corti-

costeroids and 17-ketosteoids; corticosteroids other than 17,hydroxycorticosterone 

appear to be present. 

The acid soluble phosphorus compounds of migrating salmon organs have.been 

separated into groups representing inorganic phosphate, sugar  phosphates. and  nucle-

otide phosphates. Creatine phosphorus has been determined separately. Fat soluble 

lipid-phosphorus is also being followed. Thus a balance sheet of acid-soluble phos-

phorus compounds is being obtained. Water soluble, fat soluble, and total inositol 

are being determined microbiologically. Inositol has been implicated as the storage 

form of hexoses by some workers who have noted the virtual absence of free-reducing 

sugars and the relatively high proportion of inositol in shark fins. It is hoped 

that some insight can be obtained into the fate of sugar and nucleotide compounds dur-

ing migration. 

'A study was made of the changes in the nitrogenous compounds.(protein and non,- 

protein nitrogen) of the muscles of migrating sockeye salmon. When calculated on the 

basis of a "standard fish", the total nitrogen decreased very significantly during 

migration. This was largely due to a decrease  in, the actomyosin fraction, and  was 

more pronounced in females than males. During the early stages of migration the pro-

teins extractable by salt solutions of low ionic strength did not decrease, but dur-

ing the later stages decreased sharply. There was no change in the actual concentra-

tion of non-protein nitrogen constituents. A thoraugh study of these constituents 
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 showed that they were the same in both male and female fish and were preEent in 

approximately identical amounts in both sexes. The histidine content of the muscle 

in all fish decreased to one-fifth of the original value during the early stages of 

the migratory journey and remained at the low level thereafter. Some of the other 

constituents changed to a smaller extent,.usually with a slight increase during the 

later stages of the migration. This was especially noticeable in female fish. 

Last year's investigations of the levels of Nil+ and e in the flesh of migrat-

ing spring salmon have been extended to three runs of sockeye salmon. Some species 

differences were observed in the changes which occurred but the general pattern re-

mained the same. A drop in Ma+  and rise in e occurred at the point where the fish 

entered fresh water. The levels were then restored very nearly to those prevailing 

at sea until the fish neared the spawning grounds. Just prior to spawning a marked 

rise in Nit+  and fall in e was observed. When males and females were differentiated 

on arrival at the spawning  grounds. the  rise in Na+ was found to have occurred in the 

male but not in the female fish. 

Colour Changes in Sockeye Salmon on Canning 

Colour and oil determinations of sockeye salmon samples representing 10 dif-

ferent areas of capture have been completed, the data analyzed statistically, and 

published. Since there is a definite agreement between.the colour of fish prior to 

canning and that of the canned material, several polysterene resin-colour reproduc-

tions have been made to simulate the colour of sockeye salmon flesh, and these will 

be used in order to assess the accuracy of visual colour grading of raw salmon dur-

ing the next year's sockeye salmon run. A formula.  has also been derived which may 

be used to predict the colour of the canned flesh from the colour and quantity of 

the fresh flesh oil. 

Transportation and Storage of Fish in Refrigerated Sea Water  

This year's work on refrigerated sea water was almost entirely in the field of 

consultation and observation Of privately-built installations on ship and shore. The 

M.V. "Silver Viking" which was built and equipped two years ago with refrigerated sea 
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water  vas  accompanied on two halibut trips by an engineering staff member. The per-

formance of the equipment under actual open ocean fishing conditions further demon-

strated the feasibility of this system. The vessel was  one of the top halibut pro-

ducers, to some extent because of her ability to make longer trips with this system. 

A second large vessel, the 72-ft. steel combination fishing vessel "Pacific 

Ocean"  vas  built and outfitted with refrigerated sea-water equipment. She has a 

unique hold arrangement permitting her to carry full loads of herring with no sacri-

fice of capacity due to the sea-water equipment. Her refrigeration equipment is 

hydraulically driven and this will permit assessment of this means of driving, which 

has many advantages. 

A new steel vessel for the former owner of the "Silver Viking" has been built. 

Her unique features are: a new system of tank construction employing expanded sty-

rene insulation and a Fiberglas reinforced plastic tank lining and a complete alter-

nating current gystem for driving all auxiliary equipment,including refrigeration. 

This latter feature is a result of the success of the electrical system installed,on 

the advice of this Station, on the "Silver Viking". 

Two shore refrigerated sea-water installations, one for salmon and one for 

halibut, were built and successfUlly operated. This is a new field in British Col-

umbia and is one of the most promising for the exploitation of refrigerated sea water. 

While the halibut installation is of a pilot plant scale, the salmon installation is 

an integral part of a large new cannery and is capable of holding over 200,000 lb. 

of salmon. 

In the field of smaller vessels studies and experiments have been.made on 

means of more economical installation of insulated tanks, and in collaboration with 

a local refrigeration manufacturer development has continued on "packaged" refri-

geration equipment for small vessels to provide a compact, efficient, low-cost unit 

which can be installed with a minimum of labour at the boat. A considerable number 

of these units have been sold in the past year. 
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Fish Muscle Enzymes  

This investigation, which originated with a study concerning the post-mortem  

formation of the sugar ribose in fish muscle, and its relation to browning of the 

flesh during heat processing and dehydrative procedures, has now assumed a wider 

objective. The enzymes concerned with nucleic acid degradation in fish muscles have 

been found to be both numerous.and active, and it is hoped that eventually a study 

of them will add useful information concerning the many and various chemical problems 

which are involved in deterioration of fish in cold storage or during processing. 

A ribonuclease, free from phosphomonoesterase activity,,has been obtained from 

muscle of lingcod and a number of its properties have been investigated. The enzyme 

is more stablè to heat in neutral or alkaline than in acid solutions. Its optimum 

pH for activity is 6.5. It is strongly inhibited by fluoride, zinc sàlphate, copper 

sulphate, monoiodoacétate and formaldehyde. No evidence for activation by metallic 

ions haS been found. The.enzyme degrades ribonucleic acid with the release of four 

mononucleotides which have been identified as the 3 1  isomers. 

The ribonuclease extract also contains two enzymes that can hydrolyse bis(27 

 nitrophenyl)phosphate. These phosphodiesterases are separable from the ribonuclease 

by electrophoresis on paper in cacodylate buffer Cu 0.05, pH 7.0). They cannot 

degrade ribonucleic acid and their natural substrates in muscle .tissues are not yet 

known. Unlike the ribonuclease, these enzymes are not inhibited by monoiodoacetate, - 

but are affected similarly by other compounds tested. Enzymes capable of attacking 

ribonucleic acid and bis(27nitrophenyl)phosphate have been found in muscle extracts 

from spring salmon, herring, lemon sole, sculpin (cabezon), dogfish and Atlantic sword 

fish, and thus appear to be widely distributed in marine fishes. 

The phosphomonoesterase activity of lingcod muscle extract has been investigated. 

The extract appears to contain at least four phosphomonoesterase enzymes, only one of 

which is capable of hydrolysing the 38 isomers of the ribomononucleotides that are the 

Products of the action of the ribonuclease on ribonucleic acid. This enzyme is strongly 

inhibited by tartrate and fluoride and has.its pH optimum at 5.0. Apparently the same 
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enzyme can also hydrolyze the 5 1  isomers of the mononucleotides. The natural sub-

strates of the other phosphomonoesterases are not yet identified.. 

The investigation concerning a purine nucleoside phosphorylase in lingcod 

muscle has been completed. This enzyme is readily prepared and has been found to 

be more convenient for use in preparation of the very labile substance deoxyribose 

1-phosphate than the mammalian enzyme systems used elsewhere. The muscles of ling-

cod have also been found to possess very active phosphoglucomutase and considerably 

less active phosphoribomutase systems. Using a crude phosphoribomutase-containing 

enzyme from lingcod muscle a new phosphate ester, namely deoxyribose 1,5-diphosphate, 

has been isolated for the first time  and described briefly. With the comparatively 

crude enzyme preparation used, the following reactions were observed, in all instan-

ces the final equilibrium being strongly in favour of formation of the more acid 

stable phosphate esters (i.e. the 6 1  or 5 1  esters): Glucose 1-pho sphateir----.•  

glucose 6-phosphate; ribose 1-phosphate ;M:mt ribose 5-phosphate; deoxyribose 1- 

phosphateqm=mt deoxyribose 5-phosphate. 

In addition to the above, proof has been obtained that lingcod muscle contains 

very active phosphoriboisomerase and phosphoketopentoepimerase enzymes. These 

enzymes carry out the following reactions: ribose 5-phosphate< 	>  ribulose 5- 

phosphate, and ribulose 5-phosphate,  F.--->  xylulose 5-phosphate. So far the enzyme 

preparation used has been such that the reactions proceed rapidly through ribulose 

5-phosphate to xylulose 5-phosphate, and only the xylulose 5-phosphate has been iso-

lated. A simple method of preparing this ester in fairly pure state by preparative 

paper chromatography has been worked out. In connection with this work e ribulose 

ortho-nitrophenylhydrazone, xylulose para-bromophenylhydrazone and phosphoribonic 

acid have been prepared. 

Antibiotics and Preservation  

A careftil comparative study has verified and extended previous work in which 

chlortetracycline (Aureomycin) was found more effective for preservation of chilled 

fish than oxytetracycline (Terramycin) or tetracycline. This result held for three 
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 different preservation procedures studied, namely, (a) incorporation of 5 parts per 

million of the antibiotic in ice, (b) dipping fillets in solutions containing 5 

parts per million, and (c) storing eviscerated fish in refrigerated salt solutions 

containing 1.5 Parts per million. However, in the last-named procedure the anti-

biotic treatment was more effective in improving the norganoleptic qualityn of the 

fish than it was in controlling the increase in bacteria. A thorough bacteriological 

study of fish spoilage in refrigerated sea water,with and without added antibiotics, 

is in progress. 

It was previously reported that sorbic acid was quite effective in control-

ling growth of moulds on smoked fish. This year seven antifungal antibiotics have 

been tested as possible agents for control of mould and yeast development on smoked 

or other fish products. The antifungal antibiotics were added to the brine used in 

0.02 per cent concentration, sorbic acid (1%) being tested for comparative purposes. 

Mille five of the antifungal antibiotics delayed mould and yeast development strongly, 

sorbic acid, in the higher concentration used, was  more effective. 

Large-scale commercial studies with chlortetracycline which have been carried 

out have included transport of halibut in refrigerated sea water containing the 

antibiotic and dipping black cod on a fishing vessel in sea water containing 50 parts 

per million before icing them with ordinary ice. The results of these trials have 

shown very significant improvement in the quality of the treated fish. Moreover, 

extensive microbiological assays have shown.that the raw flesh of fish so treated con-

tains either no detectable antibiotic e - or amounts which would in all, or almost all 

cases, be non-detectable after cooking. 

The studies on whale carcass preservation with antibiotics have continued. 

This year, on request, both oxytetracycline (Terramycin) and chlortetracycline 

(Aureomycin) were studied, introduction into whale carcasses being effected by plac-

ing a 50-gram (approximately 2 oz.) amount in the bombhead of the harpoon. The 

results were disappointing. Due to the failure of about 40% of the antibiotic 

charges to reach the whales, only 33 animals were treated. Bacteriological studies 

showed no significant improvement of these in comparison with 53 untreated whales 
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examined. Statistical examination of the bacteriological results obtained in the 

1956 studies in which the'antibiotic had been injected into the visceral cavities 

of the whales directly showed a highly significant improvement. 

New work in progress on which there is as yet insufficient data to permit - 

definite conclusions includes: (a) a study of the effect of the mineral elements 

in different types of water on distribution and stability of chlortetracycline in 

ice blocks; (b) effect of isoascorbic acid and various.packagingAlethods on retard-

ing oxidative rancidity in fish fillets, and (c) possible value of nitrites, for-

maldehyde and antibiotics in retarding spoilage of non-eviscerated herring intended 

for reduction. 

Nutrition and Metabolism of Marine Bacteria  

Studies on the mechanism of propionate oxidation.in  a. marine  bacterium have 

indicated that propionate forms propionyl adenylate and then propionyl CoA as first 

steps in the activation process. Oxidation of.propionic and suceinic acids_ was stu-

died in the presence of the inhibitor fluoracetic acid. This.compound inhibits 

citric acid oxidation, hence in its presence, citric acid will accumulate if its pre-

cursors in the metabolic sequence are supplied. From succinic acid e  but not from 

propionic acid, considerable quantities of citric acid formed, confirming the previ-

ous conclusion that propionate is not being oxidized via succinate.by these celle. 

A procedure for separating and isolating tricarboxylic acid cycle intermediates 

produced in metabolism using celite columns has been applied in the investigation of 

the metabolism of propionate. When propionate 1-C14  was metabolized by resting cell 

suspensions of this marine bacterium p .the metabolic intermediates.formed were extrac-

ted and separated by celite chromatography technique. A number of radioactive peaks 

appeared which did not correspond to tricarboxylic acid cycle acids. None of the 

known intermediates in this.cycle.was found to have any,appreciable.radioactivity. 

Evidence for the existence of enzymes of the tricarboxylic acid cycle in a mar-

ine bacterium  was  obtained. Succinic dehydrogenase, fumarase,.malic dehydrogenase, 

the condensing enzyme anclaconitase have been demonstrated. Cytochrome oxidase was 
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observed as well. No evidence of isocitritase was discovered. Properties of the 

- enzymes were studied. 

When the Na+  requirement for the oxidation of exogenous substrates by whole 

cell suspensions of  .a marine bacterium was determined the di- and tri-basic acids 

were found to require 3 to 4 times as much Na+  for optimum rate of oxidation as the 

monobasic acids and the hexose sugars. Succinic dehydrogenase, fumarase, and male 

dehydrogenase enzymes in cell-free extracts of the organism not only did not require 

NEI+  but were more active in. its absence. Malic dehydrogenase vas  found io require 

the addition of K+  and Mg++  for maximum activity. The results have been.interpreted 

to indicate that the di- and tri- basic acids must fora Na+  complexes before being 

transported into thé cell. 

Fishing Gear Investigations  

The work reported last year on the testing of fishing gear materials has con-

tinued and test results have been analysed mathmematically to provide basic engineer-

ing data for fishing gear design. Much more data are still required. Information 

re the use of nylon in salmon gill nets, acquired over several years from the tech-

nical literature, private inquiries e .and original experiment, has been published as 

a manual entitled, "The Selection and Care of Nylon Gill Nets for Salmon". Assistance 

and information on fishing gear continues to be tendered privately on request from 

individuals and from government and commercial organizations. In connection with the 

possible increased activities of the Board concerning investigation of fishing gear 

materials and on new fishing methods, one staff member has been absent for approxi-

mately 3 months on an extensive tour which has involved attendance at several meet-

ings, including participation in the F.A.O. International Fishing Gear Congress held 

in Hamburg, Germany. Visits were made to various fishing ports and manufacturers of 

fishing gear, and the types of gear used in the fishing industry in the United King-

dom, Norway, Germany, and Eastern Canada were examined. Contributions are also being 

made toward the drafting of specifications and standard test procedures for fishing-

gear materials both to the Canadian Government Specification Board and to the Food 
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and Agriculture Organization of the United Nations. These specifications and stan-

dards are most desirable because, at the present time, variations in test results 

consequent Upon differing test procedures are causing confusion in the gear and 

fishing industries. 

Biochemistry of Fish and marine Invertebrates  

Twenty-five coho salmon were captured on their way to their spawning grounds 

and held to ripen in tanks at the Vancouver Aquarium. Biochemical changes were fol-

lowed by removing fish at intervals for analysis. Enzyme studies were conducted on 

principal tissues. The experiment lasted four months. and  during this time the fish 

were without food, as they would  have  been in their natural habitat. Changes charac-

teristic of ripening salmon were obeerved. Evidence was obtained suggesting that - 

one or more co-factors required for tissue respiration were gradually depleted over 

the period of the experiment. If this interpretation is correct, the phenomenon 

observed would be a manifestation at the cellular level of a vitamin deficiency in 

the fish. It was concluded that such a phenomenon could well occur during the course 

of upstream migration. 

Uridinediphosphate galactose and the corresponding galacturonic acid and acetyl-

glucosamine compounds have been found in fresh salmon liver. These are the only uri-

dine compounds which occur, uridinediphosphate itself being absent. In general, the 

distribution of nucleotide substances in salmon liver is much simpler than that in 

mammalian livers. A compound which appears to be closely related to, but distinct from, 

uric acid is also present. An investigation  concerning the excretory metabolism of 

fish, with special regard to trimethylamine oxide e .is in progress. Levels of Na+  and 

K
4. in the flesh of lemon sole were found to vary considerably with season in fish caught 

in the same area. That muscle tissue from different parts of the same fish may vary 

in Nei' and N4-  content was noted in the case of herring. 

Investigations concerning new marine sterols have progressed actively. The 

sterol mixture of the barnacle has been found to contain 60% cholesterol and 34% of 

24-dehydrocholesterol. This IS the first time this sterol has been demonstrated in 



natural material. The common Pacific mussel has been found to contain a.22-dehydro 

sterol in the cholesterol series, in addition to the brassicasterol previously des-

cribed. New techniques, such as those of gas chromatography and zone melting, are 

being investigated as means of isolating this sterol. Since the brine shrimp has 

been found to contain primarily cholesterol, it seems possible that this crustacean, 

from the point of view of Comparative biochemistry, should be considered as primitive 

on the malcostracan rather than on the entomostracan stem. The in vitro conversion 

of cholesterol to other sterols has been achieved . in  a marine invertebrate. 

Fish Reduction Problems  

Proximate analysis of herring was carried out on fish caught at monthly inter-

vals over a one-irear period. A marked influence of gonad development on the levels 

of oil, water and protein was noted. In the case of oil, the lowest level  vas  reached 

in March just prior to Spawning. After spawning, a peak oil content (up to 24% of the 

body weight) was reached in June, after which - a slow decline until spawning time was 

noted. A positive correlation was found between oil content of herring and Tester's 

condition factor. 

The possible loss of significant amounts of protein nitrogen during the reduc-

tion of B.C. herring due to bacterial spoilage has prompted an investigation into the 

preservation of the whole fish using solutions of sodium nitrite, formaldehyde, and 

the antibiotics chlortetracycline and oxytetracycline. A preliminary test, for which 

, 	only small amounts of herring were available Y  has produced no conclusive results. The 

tests will continue as soon as larger amounts of herring are available. 

A study  ha  s been made to determine which of a number of different types of pra- 

t 	teolytic enzymes available commercially would be most effective in the treatment of 

stickwater prior to converting it to solubles. Of the five enzymes tested, three 

proved to be about equally active in the process and more effective than the other 

two. One of the most active enzymes tested was found, by following a-amino nitrogen 

release during digestion, to possess endopeptidase activity almost exclusively. It 

WRS found that proteolytic enzymes could reduce the viscosity of whale solubles 
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effectively. The treatment can be carried out on the final concentrated product 

under acidic conditions at room temperature. Thus, neither special equipment nor 

special conditions are required in the process and at the low pH that.can be employed, 

losses by bacterial spoilage are negligible. 

For the.past year an investigation. has been proceeding into the stability of 

antioXidant-treated herring,meals.in storage.. NeitherAhe protein quality as deter-

mined by chick nutrition tests nor the oxidation of the oil as determined by the thio-

barbituric acid test has been shown to be significantly affected by the addition of 

.05% of the antioxidant butylated hydroxytoluene (BHT) to the meal. In order to clear 

any doubts as to the method of application and effective  concentration of the anti-

oxidant, a second series of tests was initiated in January in which BHT and another -

antioxidant, Santoquin, were added to herring meals .in concentrations from .06 to 

.17%. These mals  are in storage at 800F.,and tests will_be performed on them at 

four-month intervals as with the other meals. 

Miscellaneous  

Experiments were made in the commercial production of individual frozen 

oysters which brought forth one means of producing_this product with.existing com-

mercial equipment. Further work was done on the mechanical brining of salt herring 

for the Orient. The innovations in the system.which were tried in previous years 

were a failure but did give information on the practical limits of this method. An 

extension of experiments carried out in previous years indicated the feasibility of 

transporting crabs in chilled aerated sea water. The crabs survive the treatment 

well and are maintained in excellent condition. 

The use of pouches made of various plastic laminates in the vacuum and con-

trolled-atmosphere (nitrogen) packaging of fresh fish is to be investigated from the 

standpoint of the prevention of oxidative rancidity. For this purpose a special 

packaging machine has been obtained by this Station on a one year's lease. The pro-

gram will commence as soon as adequate supplies of fish are available. Organoleptic 

and chemical tests will be-used to determine the degree of oxidative rancidity in 

samples of packaged fish kept in refrigerated storage. 
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SUMMARY NO .,  1 

BIOCHEMICAL STUDIES ON SOCKEYE.SALMON DURING SPAWNING MIGRATION 
I PHYSICAL MEASUREMENTS, PLASMA CHOLESTEROL AND ELECTROLYTE LEVELS 

D.R. Idler 
H. Tsuynkj  
I. Bitners 

Many of the physiological.and tdochemical changes occurring during.the spawn, 
ing migration of  Salmonidae.  have  been investigated. Interest has_been primarily 
stimulated by the fact that the fish do not-feed for many weeks or in some.cases 
months. This is also a,time.of.great activity. Tissue energy reserves must be . 
mobilized both for the„enlargement.of.the.gonads and.for.the.trip to the spawning 
grounds,  which are often many hundreds of miles from the sea. 

The expenditure of. fat and.protein reserves by the Atlantic salmon. Salmo salar 
and the Pacific coast OncorhznchustElha__mha (spring.salmon) has.been investigated. 
None of these.studies appear to provide data.which.would.permit.energy expenditures 
to te calculated either on a time or.distance.of travel.basis...The reasons_for this 
differ in each.investigation,and.include: .(1),non...continuous sampling.during the , 
spawning migration; (2) too.few,samples;.(3),too_few chemical_analyses;,(4) diffi-
culties in converting data_to a.standard-fish_due.to largevariations.in.the.dimen-
sions of individuals.. .These limitations were.overcome.to ,a large.degree by,the-
studies of PentegoV.et.al  on.migrating.Oncorhynchus.keta.(chum.salmon).on.the Amur  
river. This comprehensive.study,showed for.the.first time the.enerei.expenditures 
of male and female,fish.per.unit distance.over.the.entire,fresh,water migration of 
approximately 700 miles. The.relatively.uniform.size and.stage.of,maturity.of the 
population made it possible, within reasonable limits e .to.accomplish.the.same 
results as would ,be.obtained,if .one.could.perform a.complete proximate_analysis  on.. a. 
fish, then return,it to.the_water.and,recapture.it.further upstream. Evea.this , magni-
ficent effort was hampered.to  60M8 degree by ,the.variations 
apparently were sometimes not adequately.compensated.for-by.the.number.of samples 
available. Variation in flesh,depot.fat in.limited flesh.segments have been investi-. 
gated for sockeye salmon (gmorhechus.perka) on the Columbia river......A report of. 
limited scope.is available on fat and protein analyses for sockeye  on the Harrison 
river system. 

In 1956 and again this year.members of the staff.of,this.Station collaborated 
with the International Pacific Salmon Fisheries,Commission biologists on.a program 
designed to study the.energy.expenditures of Fraser River. sockeye migrants to Stuart 
and Chile° lakes.. The.Stuart Lake.run.has now been.investigated for two consecutive 
years. The ability of the.biologists_to select: a pure race of fish.of.nearly uni-
form length and weight.suggested.an.excellent opportunity to investigate.the more 
fundamental  biochemical changesi.n.individual organs.and.tissues 	manner eralo- 
goud to the determination of total energy reserves in the entire fish. 

This investigation.was carried out on 216 fish representing both sexes of 
sockeye in three different phases.of.migration and this initial report provides 
necessary background information.on the fish used in the phases of the project. com  
pleted to date. It also demonstrates the degree of success achieved in selecting 
fish of uniform length.and_weight. There appears to.be no.available information in. 
the literature for.salmon.concerning the,electrolytes determined in the present . 
study. Blood cholesterol.has.been.measured, on an unspecified species of sexually 
mature salmon taken in a river in Japan. 

All fish were caught.in reef nets to minimize struggle and placed in ice 
water to anaesthetize them prior.to  bleeding by cutting  off. the  tail to,sever,the 
caudel artery. Heparin  vas  added to the blood which was centrifuged immediately 
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and the plasma transported to the laboratory in dry ice. Individual fish were 
placed in polyethylene bags and frozen in brine at Lummi Island, and on. dry  ice at 
the more distance points,; The.fish were kept at -300C until they could,be processed 
within a few days. They were.thawed.overnight at  0°C  by which time it was just pos-
sible to slit the belly wall and remove.the.frozen viscera..  All tissues were kept 
in polyethylene bags on dry ice until.the required number of organs ta complete a 
group  vas  obtained. Four groups of male and 4 groups of female fish. were obtained 
from each location. The size of the groups are shown in Table I. 

The internal organs of each group of fish were.separated, then pooled.  and . 

weighed while still frozen. Each eviscerated fish  vas  then weighed.both in.water 
and air»  as was the tail. Specific gravities were calculated from these data.-Each 
eviscerated fish was then filletted.and the entire body flesh portion kept separate 
from the bone s, skin, head and tail. 

Plasma cholesterol  vas  determined with the Liebermann-Burchard reagent by_the 
procedure of Sperry and Webb and sulphate sulfilr was precipitated with  benzidine and 
titrated with alkali. Well established procedures,were employed to.determine.calcium 
as the oxalate, magnesium as magnesium ammonium phosphate and urea with urease. 

The physical changes in the fish from Lummilsland.where they were.in.water of 
low salt content to Lillooet on the Fraser_River and.to the spawning grounds at Forfar 
Creek are shown in Table II. The distances are given in Table,IV.„Although,each 
fish was measured and its weight recorded, the large number of samples.necessitatea 
the reporting of averages only for each group. For this reason most of the data have 
been statistically analyzed.* 

glimmfœin  the  tissues and or ans 

A detailed discussion of these changes will be given when proximate analyses 
are completed.  For the present certain observations appear to be pertinent. 

It is a well-known fact that_the snout length of males increases significantly, 
during migration whereas that of females increases but to.a lesser extent. . The , 
present study confirms this fact and demonstrates the quantitative aspects for sockeye 
salmon on a very uniform size population.  The male  snout increased by 52% and the 
female by 25% during the migrations  (Table  II). .The  "body"  length would be,expected 
to remain constant for  both sexes with possibly a very small.increase during,migra-
tion due to the portion of the head which was included in this measurement. The . 
female groups (Table II) show that this constancy  bas  been realized. The average body 
length of the 23 male fish taken.at Lummi Island was somewhat short (49 09 cm.). but.the 
difference was not statistically significant. This situation was anticipated and. an  
additional 17, 35, 18 male fish- were measured at the 3 consecutive points. When these 

* The term nvery significantn refers to probability as obtained by the "to test of 
0001 or lesS. When p was between  005 and .001 it is described as significant. When 
p is greater than  005 no,significance is ascribed to the data. All data are recorded 
as means I standard error. Since each group of fish was not exactly the same.size, 
slightly different values were obtained when mean values were calculated on indivi-
dual fish rather than on group averages. This was particularly true for males at 
Lummi Island and Forfar Creek. Because of the complexity of the calculations,indi-
vidual fish were analyzed statistically only for total weight, body length, flesh 
weight and weight of the eviscerated fish at Lummi Island. This was done.to make 
the corrections to a standard fish an accurate as possible. 
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data were included, males averaged 50.2, 50.2 and 50.3 cm, at each consecutive 
point. All weight data for males at Lummi Island were corrected to body length 
50.2 from 49 09 cm0 on the previously established basis that the body weight is pro-
portional to the length cubed when the correction is small, as it is in thia 
instance. There was a significant weight loss in both males and females between 
Lummi Island and Lillooet. But in spite of the extensive depletion of fat and pro-
tein stores the males regained their original body weight while the females lost no 
more On the run to the spawning grounds. Tissue water.is the prime factor in 
explaining this observation but this will be discussed when proximate analyses are 
completed. The losses in fat and protein with an accompanying percentage increase 
In body water is well established for migrating salmon and results in the very sig-
nificant changes in specific gravity of both sexes (Table II). A thickening of the 
skin during spasibing migration has been observed.in spring salmon. The increase in 
snout length has already been mentioned. Table III shows that the tail also 
increased in weight. Since the fish do not feed once they begin the river migration, 
it is not surprising that the viscera of both sexes decreased very significantly in 
weight. Table III shows  that this loss is primarily a reflection of a nearly com-
plete wasting of the alimentary tract.. When considering the energy expended during 
the migration, this factor should be taken into consideration. The heart and kidney 
of both sexes underwent relatively little  change in weight. The spleen of both sexes 
first decreased, *then increased in weight. The sexes started out very nearly equal 
in weight when the difference in body_length_is taken into consideration. However, 
a comparison of the sexes show that the females had significantly larger livers than 
the males. The males had significantly larger alimentary tracts and kidneys. 

Gonads 

The energy which a starving fish must expend to produce milt or roe has been 
emphasized for Sal= salar in the.rivers.of Scotland. In May and June the ovaries 
represented only 1.2% of the total weight of the fish whereas in September and October 
on the upper river the ovaries were 23.2% of the fish. The testes increased from 
0.15% to 3.32% of the weight of the fish. Greene's data for Columbia river 0. tshavy-
tscha shows that thDovaries represented 5% (2 fish) of the weight of the fiéE at the 
mouth of the river and 20% (4 fish) on the spawning grounds but the number of fish 
was limited and the fish were quite variable in size. Miescher-Ritsch emphasized that 
abnormal proportions were exhibited between the sexual glands and the weight of the 
body for extreme sizes of Atlantic salmon. He concluded that the large majority of 
Rhine salmon did not develop significant milt or roe while in the sea. This is not 
a general phenomena, however, as Paton.has shown that both male and female Atlantic 
salmon entering rivers in Scotland showed large increases in milt and roe from May 
through October.  Fr the ovaries this variation  vas  from 1.2% in May and June to 
12.4% in September and October. In the same tiMe period the milt of incoming migrants 
increased from 0.15% to 2.71%. 

In comparing the data for O. nerka with that outlined for other Salmonidae  
certain points are worthy of mention, The Atlantic salmon, S. solar, is generally a 
much larger fish. Thus the fish in the present study averaged about 2.5 kgo  whereas 
the Rhine salmon examined at Basel averaged 8 kg. The O. tshawytscha on.which Greene 
carried out his studies varied from about 7.5 to 16 kg. O. keta investigated by 
Pentegov averaged around 4 kg. The Atlantic salmon frequIltly return to the sea 
after spawning whereas Oncorhynchus  do not. The Rhine salmon spend many months in 
the spawning area waiting for the gonads to ripen whereas in the present study only a 
few days separated arrival and spawning. However, both genera cease to take food by 
the time the fish reach fresh water (and probably before) and then begin an extended 
period of starvation at a time when the energy demands both for swimming and sexual 
maturation are extensive. 
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The study by Pentegov et al. on migrating chum salmon (O  kee)  on the Amur 
 River most closely parallels the present study. The total distance of the  migragion e  

somewhat over 700 miles e 'is very comparable (Table IV). The water temperatures  were 
 similar. The distance to an intermediate point on the migration is nearly identical. 

Chum salmon migrate somewhat slower than do sockeye. The gonads of both.themale 
sockeye and chum salmon did not increase in weight after the first 250 miles of river 
migration (Tables III and IV). The gonads of_both male and female chum salmon on the 
Amur River were heavier than those of sockeye salmon in relation to body weight on 
entering the river. The milt of both species appeared to decrease in relation to body 
weight in the later stages of migration (Table IV). For sockeye this change was not 
significant. 

The energy expenditure to produce roe by both female sockeye and chum salmon 
was considerably greater than the expenditure by males to produce milt. Of particu-
lar importance was the relatively small weight of milt which muet be_produced.by 
males during the starvation period in the river in comparison to the roe produced by 
the female (Table III). 

TABLE I — Sampling of sOckeye salmon. 

Sex 	Grou 
1 
2 
3 
4 
1 

F 	2 
3 
4 

Number of fish per group  
Lummi 	Lillooet 	Forfar 

TABLE II — Length and weight change s .  of sockeye salmon during 
migration.     	

spawning 

Site 
Total 

Sex Groups Fish 
gm  

Lunmi Is  
Lillooet 
Fbrfar Cr. 
Lummi  Is. •  
Lillooet 
FOrfar Cr. 

Site • 

4 256542 
4 	2371126 
4 	25S3±51 
4 	'2376'126 
4 	2156±4 
4 	2168±10  

Evis. 
Sex Groups Fish 

Lummi Is 	M 
Lillooet 	M 
Forfar Cr. M 
Lummi Is ., 	F 
Lillooet 	F 
Forfar Cr. F 

4 	2322'140 
4 	2185±25 
4 	2382±47 
4 	2151±19 
4 190841 
4 	177510 

Total Standard Snout 
Length Length Length 

cm 	A  

59 0 3 	53 07 	3.4.11 
59.3 	54.0 	3.9_=.15 
61.1 	55 0 5 	5.21.16 
57 04 	52.0 	2.8:4- .04 
57.6 	52.4 	3.1i.05 
58.2 	_22 07 	3.51.04  
Head Skin 
Bones Tail 

881±33 
871'110 

1051110 
.785115 
765'120 
83e12 

nBodyn 
Length 
A—B  

50.2±.29 
50.2±.00 
50.3±.28 
49.21.29 
49.3±.40 
49.3'1.26  

Sp. gr. 
Evis. Fish 

1.033—.000 
1.024±.000 
1.012±.000 
1.0371.000 
1.024±.000 
1.015±.000 

Flesh e___ 
1467±21 
1302151 
130440 
1335:7113 
1135=30 
934'10 
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Sex Groups Heart Liver 	Spleen 	Kidney Site 

TABLE III - Weight  and -length  changes in the organs of sockeye salmon 
during spawning migration. 

Lummi Is. 
- Lillooet 
FOrfar Cr. 
Lummi Is. 
Lillooet 
Forfar Cr. 

Site 

M 	4 	6.10.43 31.6=08 2.90.1 .26 26.0± .8 
M + 	+ 	+ 4 	5.881.26 25.4-.6 1.98-.05 23.3- .7 
M 	4 	5.80±.28 37.6=1 	3.60:1- .23 28.1±1.0 
F 	4 	5.05.13 40.21%5 2.041- .09 21.6=  07 
F 	4 	4.951.21 44.6=.9 1.50=.08 19.9= .2 
F 	4 	4.581006 40,e1.6 2.17±.18 19.7= .2 

Alimentary 
Sex Groups 	Tract 	Viscera Gonads 	Tail 

_gm 	e 	gF 	gm  

Dari  Is. 	M 
Lillooet 
Forfar Cr. 	M 
Lummi Is. 
Lillooet • 	F 
Forfar Cr. 	F 

4 	90.5±3.3 	157=5 	56.5±2.3 64.1=2.3 
4 	30.1 .4 	86.7=1.7 82.0=2.8 	58= .5 
4 	16.4=1.0 	91.5=2.4 85.4=2.4 	821:3.1 
4 	78.3±1 0 6 	147=3 	80.1± .8 	59=  0 6 
4 	26.2= .8 	97.2±3.6 138=3.7 	521.5 
4 	12.9=2.7 	7909=2.1 298=2.3 	77= .9 

TABLE IV - Comparison of ovaries for Stuart Lake sockeye and 
Amur River chum salmon. 

Station Days Miles 	H2Otemp. Milt %* Roe %* F   

Lummi Is. 	0 	0 
Lillooet 	10 	250 
Sp. grounds 	27 	715 
Langre Is. 	0 	0 
Sophiskoya 	12 	253 
Sp. grounds 	33 	740 

620 (est) 	2.20 	3 0 37 
63 	3 0 46 	6.40 
48 	3.31 	13 0 7 
63 	4.11 	7.02 
62 	4 0 21 	10 0 1 
48 	3.08 	17.4 

*Expressed as percent of the body weight of the standard 
fish at each station. 

Plasma cholesterol and electrolytes  

The levels of free and esterified cholesterol found in male and female plasma 
are given in Table V. The nnormal it total Cholesterol levels at the beginning of the 
upriver migration were very high (570 mg.%) compared to warm-blooded animals (150-

3.90  mg.%). However
e 
 average levels of 662 mg.% have been reported for carp blood. 

The decrease in total  plasma cholesterol from Limmi  Island to the spawning grounds 
(715 miles) was far greater in female (65%) than in male fish (31%). Females also 
lost more free cholesterol (64%) than did males (53%). Over the relatively short 
distance between Lummi Island and Lillooet (250 miles) the females showed no decrease 
in free cholesterol and a 13% decrease in total cholesterol. The males over the sanie 

 distance lost 23% total cholesterol and 35% free cholesterol. It can thus be con-
cluded that the females began to lose plasma cholesterol later in the migration than 
did the males but the losses in the later stages were much greater in the female. 
The ratio of free to total cholesterol steadily decreased as the males moved up the 
river. The ratio was .46 at Lummi Island, .39 at Lillooet and .34 at the spawning 
grounds, The females show less variation in the ratio of free to total cholesterol. 
The ratio was . 38  at Lummi Island and Forfar Creek and .44 at Lillooet. On arrival 



Sex Lummi Island Forfar Creek 
Location 
Lillooet 

Components 

261±18 (23)%- 

F 	215.1  9 (33)* 

170±17 (40)* 
.02** 

220±24 (40)* 
.8** 

Free 
Cholesterol 

Total 
Cholesterol 

Calcium 

Magnesium 

M 	570±19 

572±19 

2106±0.6 

27.3-10.4 

1.58±0.16 

F 	0.86-0.06 

436'48 

499±24 

19.9±1.3 
.2 

23.8±1.1 
.02  

3.71±0.25 
.001 

2.88±0.18 
.001 
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at the spawning grounds, -which for this race occurs only a few days before spawning, 
both the total and free cholesterol levels were significantly higher in the male. 
However, for an unspecified species of sexually_mature salmon (probably_0. kete)  in 
a Japanese river, similar levels of both free (75-80 mg.%) and total cholesterol 
(150 mg.%) have been reported for both sexes. The present study has-shown that , the 
plasma cholesterol levels were extremely high in sexually immature sockeyeAmlmon 
and decreased with increasing sexual maturity and/or decreasing energy reserves. 

TABLE V - Plasma cholesterol and electrolyte levels in migrating 
sockeye salmon. 

Urea N 

Inorganic 
Stilphate 
as S 

	

6.0t0.3 	4.3±0.7 
.05 

	

6.2±0.6 	3.7±0.5 

M 	12.5±0.2 	5.5±0 0 3 
.001 

F 	13.0'10.7 	3.9'10.3 
.001 

134±15 (25)* 
.1** 

77± 6 (55)* 
.001**  

39425 
.4 

202±20 
.01 

12.5±0.8 
.001 

15.5'1'0.6 
.001  

2.15±0.11 . 
.01 	. 

2.18±0.12 
.01  

4.9±0.2 

4.2-0.4 
.4  

9.6'10.3 
.001 

9.8±0.2 
.001. 

* Total number of fish divided into 4 groups. 
** Significance of difference from value immediately to left. 

The carbohydrate and glycogen content of salmon liver and-flesh isknown to 
be small. However, it was considered of interest to determine levels of plasma 
magnesium. The results (Table V) show that they were generally within the range 
of 1-3 mg.% reported for human serum. Carp serum is reported to contain 3 0 32 mg.%. 
The very significant increase during the migration may reflect an increased carbo-
hydrate metabolism during this very active phase of the salmon's life, but this is 
purely conjecture. The recent isolation of a new sulphate-containing nucleotide 
from salmon liver, in this laboratory, promoted the determination of plasma-sulphate. 
The levels (Table V) at all stages of migration were very significantly higher than 
those reported for human serum (0.9-101 mg.%) or carp serum (0.94 mg.%). The dif-
ference between the initial and final levels can probably be accounted for by blood 
dilution Which is reported to be about 12% for 0. tshawytscha,  The significant drop 
during the early phase of migration and subsequent rise in the later  phase .is ana-
logous to the change reported in human pregnancy. Urea nitrogen levels,. 6 mg.% for 
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males and 6.2 mg.% for females, were lower than those normally reported for humans 
(10-15 mg.%) but somewhat higher than for fresh water carp (3.5 mg.%) and traut 
(2.6 mg.%). The changes during spawning migration can probably be largely accounted 
for by dilution of the blood. The calcium levels, 21.6 and 27.3 mg.%„ respectively, 
for males and females, were much higher than the 9-11.5 mg.% reported for man or the 
11.5 mg.% reported for carp serum. The calcium levels like the cholesterol levels 
decreased in the final stage of sexual maturity to the same magnitude as is found in 
humans. Parathyroid-like function has been attributed to the ultimobranchial gland 
of fish. However, too little is known of the functions of this gland at the present 
time to justify more than a suggestion that decreased activity of the gland may be 
associated with the continually decreasing blood calcium levels. By analogy with 
mammalian serum the decreased calcium levels should be accompanied by a decrease in 
serum protein. This will be investigated. 

Ve wish to thank the staff of the International Pacific Salmon Fisheries Com-
mission for their assistance and scientific advice and for making available the fish 
for this study. Mr. I. Bitners, a university student, temporarily employed by this 
Station, rendered valuable technical assistance. 

SUlvDIARY  NO. 2  

D.R. Idler 
I. Bitners 

BIOCHEMICAL STUDIES ON SOCKEYE SALMON DURING SPAWNING MIGRATION 
II CHOLESTEROL, FAT, PROTEIN AND WATER IN THE FLESH OF THE 
STANDARD FISH 

A pure race of Fraser River sockeye salmon has been sampled at the beginning, 
at an intermediate point e  and at the end of a 715-mile spawning migration. The data 
show that the large number of fish taken (216) and the uniformity of the population 
has permitted an accurate standard fish to be calculated for each sex. In effect, 
the realization of a standard fish permits one to obtain the data which would be 
obtained if a fish could be analyzed then returned to the water and recaptured at a 
later time. By this technique not only percentage changes but absolute weight 
changes in tissue components may be determined. This report will consider the 
absolute weight changes in the flesh fat, protein, water and cholesterol levels in 
standard male and female sockeye salmon as they migrated 250 miles from Llimmi Island 
to Lillooet and then a fiirther 460 miles to the spawning grounds at Forfar Creek. 

The sockeye salmon were caught in reef nets and transported to the laboratory 
at the temperature of dry ice as described in the preceding summary. The fish were 
thawed overnight and the frozen viscera including the kidneys were removed. The 
head and tail were severed and the well-scraped skin and bones were separated from 
the body flesh. The flesh of males and females vas separated and divided into groups 
as previously described. The frozen flesh  vas put through an electric cutter and the 
entire sample (15 to 42 lb.) was thoroughly mixed and representative 1-1b0 samples 
sealed in enamelled cans and either stored at  -30°C0 or heat processed. The heat-
processed samples were employed for the analyses described in this report. 

Fat was determined by a rapid method developed specifically for canned salmon 
and described in Summary No. 34 of this  Stations  Annual Report for 1956-57. Water 
vas  determined with an automatic infrared moisture balance. The fat was then taken 
up in acetonesethano1-1:1 and free and esterified cholesterol determined by the 
Sperry-Webb procedure. 

The proximate analyses for the male and female fish at each location are 
shawn in Table I. The original moisture content and the percentage increase in 
moisture in the flesh was essentially the same for both sexes. The females began 
the spawning migration at Lummi Island with 11% more fat than the males and up to 



Protein N*** 

Free cholesterol 
mg./100 g. 

M 	67.2±011(23)* 
F 	67.0±.16(33)* 

9.34±.24 
F 	10.55±.12 

M 	3.508±.047 
F 	3.518±.107  

25.7'1.81 

25.6±.24 

Moisture 

Fat 

- - 

Lillooet (250 miles) both sexes appear to have lost about the saine  percentage of 
the initial fat content resulting in a 16% 'greater loss for the female because of 
the higher fat content at Lummi Island. Both sexes began the migration with the 
same percentage of protein and appeared to lose the same percentage in the first 
250 miles. Over the entire migration distance the females ueed approximately 18% 
more protein than the males. The percentage composition data do not show the true  
acture for the fat and •rotein consum•tion of_the.twosexes because the _make no 
allowance for changes in the total weight of the flesh as the fish move up the river. 
This point is demonstrated in Table II of the preceding Summary, where-it is shown 
that the body flesh of a standard male sockeye salmon decreases from 1467 g. at 
Lummi Island to 1300 g. at Lillooet and Fbrfar Creek. The flesh of the standard . . 
female sockeye weighed 1335 g. at Lummi Island,. 1135 g. at Lillooet and only 934 g. - 
at Fbrfar Creek. Table II shows the actual fat, protein and water in the flesh of 
an average standard male and female salmon on a weight basis at each of the three 
locations. Table III shows these data in a more easily interpreted form based on 
the changes in total weight of fat and protein per unit distance. 

TABLE I - Proximate  analyses and cholesterol content of the flesh 
of migrating sockeye salmon. 

Location 

Components Sex 	Lummi Island Lillooet Forfar Creek 

70.7±.23(40)* 
71.0±.12(40)* 

5.07±.24 
5.591- .19  

3.283.036 
3.385-.061  

30.9±.22 
<.01** 

30.6±. 22 
< .001**  

78.2±.23(25)* 
78.0-.07(55)* 

3.23±.23 
2.70±.11 

2.684±.039 
2.835±.020  

31.1±.40 
0.8** 

34.7±.77 
<0001** 

Total cholesterol M 
mg./100 g. 

29.2±.68 

29.61. .48 

34.1±.27 
<001 

32.6±024 
<001  

36.7±.77 
> .05 
35.9±.40 
< .01 

* Total number of fish divided into 4 groups. 
4t* Significance of difference from value immediately to left. 
*** Total flesh protein nitrogen  vas  determined in connection with a 

study on the distribution of nitrogenous components of flesh, 
conducted by Mr. D.W. Duncan and Dr. ILLOAO Tarr. - 

The changes in fat for the standard fish are quite different than when con- - 
sidered on a percentage basis. The standard females use only 7% more fat than the 
standard males over the first 250 miles and they use an almost identical weight of 
protein. Since the initial weight at Lummi Island of the standard female fish 
(2376 g.) is 92.5% of the initial weight of the standard male fish (2565 g.) the 
female expends 15.3% more flesh fat and 6.5% more flesh protein than a male fish 
of the same body weight. The most significant difference in male and female fish. 
over the 250 miles from Lummi Island to Lillooet is the change in the weight of 
gonads. The male milt increases by only 25 0 5 g., whereas the female roe increases 
by 57.9 g. (see preceding Summary). The female would therefOre be expected to con-
sume more body fat and protein if the energy expenditure for swimming was the same 
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for both sexes. The data appear to substantiate this supposition. During the final 
460 miles the standard females use 57% more flesh protein and 63% more flesh fat per 
unit distance than does the standard male. The standard male at Lillooet weighed 
2371 g. and 2583 g. at the spawning grounds, whereas the standard female weighed 
2156 g. at Lillooet and 2168 go at the spawning grounds. When the average weight 
of the standard fish for each sex is considered over this 460 miles the standard 
female expends 87.2% more flesh fat and 80.6% more flesh protein than does a standard 
male of the same body weight. The most significant difference in the two sexes over 
the final 460 miles of the spawning migration is in the weight of the gonads. The 
male milt increases by only 3 g., whereas the female roe increases by 160 g. An 
approximate calculation based on 17.6% protein and 9.2% fat for the ovaries shows 
that the 157 g. excess of gonad produced by the female as compared to the male repre-
sents approximately 27.6 g. of protein and 14.5 g. of fat. Table II shows that the 
standard female expends 15 g. more fat and 27 g. more protein than the standard male 
over the last 460 miles. This excellent agreement appears to offer convincing evi-
dence that the standard female and male, sockeye salmon expend nearly identical energy 
for swimming and the excess flesh fat.and protein.consumed by the female can be attri-
buted to the larger weight of the gonads. The standard female expends 22% more flesh 
fat and 25% more flesh protein than does the standard male over the 715-mile migration 
route (Table III). The average weight of a standard male fish from Lummi Island to 
the spawning grolinds is 2574 g. as compared to 2272 g. for the female. When this 
weight difference is taken into account the standard female expends 38% more flesh 
fat and 42% more flesh protein than a_standard male of the same weight. On the same 
equal weight basis the standard female begins the migration at Lummi Island with 
10.2% more fat and 1.2% less protein. The demands on flesh fat and protein are con-
siderably greater for the female than for the male and only in the case of fat are 
somewhat greater reserves available. 

For the first 250  miles the standard males expend 29% more fat than protein 
and the females expend 40.5% more fat. For the last 460 miles the utilization 
reverses and the standard male expends 100% more protein than fat while the standard 
female expends 92% more protein (Table III). 

TABLE II - Changes in fat, protein, water and cholesterol in the 
flesh of migrating sockeye salmon of standard length. 

Location 
-  Components 

g. in flesh 	Sex 	Lummi Island 	Lillooet 	Forfar Creek 

Fat 

Protein 

137 	 66 	 42 
140 	 64 	 25 

322 	 267 	 219 
294 	 240 	 165 

Free 	 M 	.377 	 .402 	 .406 
Cholesterol 	F 	.342 	 .347 	 .324 

Total 	 M 	.428 	 0444 	 .479 
Cholesterol 	F 	.387 	 .370 	 0335 



-10— 

TABLE III — Expenditure of flesh fat and protein by migrating 
sockeye salmon of standard length. 

Component expended by 
Locations 	Sex 	. 	standard fish in mg./mile  

Fat 	Protein 

Lummi Island 	M 	 284 	220 
to Lillooet 	F 	 304 . 	216 

Lillooet to 	M 	 52 	104 
Forfar Creek 	F_ 	. 	163 

Lummi Island 	M 	 132 	144 
to Forfar Cr. 	F 	 161 	180 

Dr. N. Paton, in referring to water changes in the flesh of migrating Salmo.salar 
states that nit is this increase in the percentage water of the flesh which maintains 
the weight of the fish per fish of standard length, although the solids as a whole 
have diminishedn. This thought is prevalent in the literature in the more restricted 
sense that the percentage of fat plus water is a constant. There is no doubt that 
the percentage of water does increase as the percentage of fat decreases but the 
statement quoted above is not valid for the present study. The flesh of neither sex 
takes on water in sufficient quantity té replace depleted fat and protein reserves. 
Over the 715—mile route the flesh of the standard female lost 129 g. of protein, 
115 g. of fat and lost (not gained) 81 g0 of water (Table II). Table I shows that 
even on a percentage basis the fat plus water at different points for the same sex 
are not very constant. Between Llimni Island and Lillooet the flesh of the standard 
males lost 39 g. of fat, 75 g. of protein and only gained 34 g. of water, resulting 
in a loss in the weight of the flesh of 163 g. as compared to 401 g. for the standard 
female. In the present study the standard eviscerated male fish whiéh weighs 2322 g. 
at Lummi Island and 2382 g. at Férfar Creek does confirm Patonos statement that the 
weight of the fish remains essentially constant but the constancy is due partly to 
the increased water in the flesh but primarily to gain in weight of the head, skin, 
bones and tail from 881 g. to 1057 g. The head, skin, bones and tail of the final 
increases from 785 g. at Lummi Island to 834 g. at Férfar Creek, but the magnitude 
is not sufficient to maintain the weight of the standard eviscerated female which 
drops from 2151 g. at Lummi Island to 1775 g. at Forfar Creek. 

Both the male and femala standard fish showed a loss of water for the first 
250 miles of the spawning migration. The loss was 6.6% for the males and 9.8% for 
the females. Over the last 460 miles the males gained 10.7% water while the females 
lost an insignificant amount (0.87%). 

Table I shows the changes in free and total cholesterol expressed .in mg./100 g. 
of flesh. The free cholesterol per unit weight of.flesh_of females increased.19.5% 
in the first 250 miles and a further 13.5% in the last 460 miles for an overall 	. 
increase of 35.6% during the migration. However, when the loss in weight of the 
total flesh_of female standard fish is considered the total  flesh,  free  cholesterol 
increases only insignificantly (1.5%) (Table II) in the-first 250 miles and decreases 
6.5% over the last 460 miles for an overall loss of 5.3% during the migration. The 
males showed an increase of 20% in free cholesterol per unit weight of flesh in the. 
first 250 miles and no change after this point. The flesh of the standard male 
decreases from 1467 g. to 1302 g. over the first 250 miles and as a result the increase 
in free cholesterol per standard fish is only 6.6%. The weight of the male flesh.does 
not change during the last 460 miles, neither does the percentage cholesterol. 



-11- 

The total cholesterol increased steadily for both sexes over the migration 
route whea the results are considered per unit wight of flesh (Table I). However, 
when changes in flesh weight are taken into consideration, the standard male fish 
showed a gain in total cholesterol of 12% and the standard female a loss of 13% 
over the 715-mile migration. 

The esterified cholesterol represents only 12% of the total at Lummi Island 
for the females and this decreased to 6.1% at Lillooet and 3.3% at Forfar Creek. 
The male flesh had 12% of the total cholesterol in an esterified form at Lummi Is., 
9 04% at Lillooet and 15% at Fbrfar Creek. 

The preceding Summary showed the very considerable decreases in plasma 
cholesterol for both sexes over the migration route. It seems surprising that while 
flesh reserves of fat and protein and plasma cholesterol were so extensively depleted, 
the cholesterol content of the flesh of both sexes actually increased per unit weight 
of tissue. In the case of the male even the standard fish showed an increase in 
flesh cholesterol, while the standard female suffered no great loss. It should be 
emphasized, however, that whereas the flesh of a standard male fish contained 322 g. 
of protein and 137 g. of fat at Lummi Island, it only contained 428  mg. of. cholesterol 
(Table II). Thus, from an energy consideration, it makes little difference whether 
the fish does or does not utilize the flesh cholesterol. 

The authors wish to thank the staff of the International Pacific Salmon Fish-
eries Commission  for  their assistance and scientific advice and for making available 
the fish for this study. 

SUMMARY NO. 2 

BIOCHEMICAL STUDIES ON SOCKEYE SALMON DURING SPAVNING MIGRATION 
III. THE QUALITATIVE AND QUANTITATIVE DISTRIBUTION OF PHOSPHORUS 
COMPOUNDS, CREATINE AND INOSITOL IN ALL MAJOR TISSUES OF THE 
STANDARD FISH 

This project was started during the summer of 1957. 

Violet M. Chang 
H. Tsuyuki 
D.R. Idler 

The period of the spawning migration is not only a time of starvation for 
salmon but also a time of great activity for both sexes. The female has the added 
burden of gonad production. Hence, protein, carbohydrate and fat reserves are 
mobilized and utilized to a very large extent to generate the energy required for 
this prolonged activity. For a fundamental understanding of this shift of energy 
from the consumed foodstuff to stored energy, a knowledge of the immediate sources 
of chemical energy is required. It is well known that in biological tissue, chemi-
cal energy derived from the complete combustion of protein, carbohydrates and fats 
is transferred through a series of electron transport enzymic mechanisms finally to 
the high energy phosphate bonds. This potential energy is then translated to 
mechanical energy necessary for motion and locomotion. The most common high energy 
phosphate containing natural products are creatine phosphate and the nucleotides. 
Adenosine.  polyphosphates are particularly involved in the process of muscular con-
traction. /n vertebrates creatine phosphate serves as the main reservoir of.high-
energy phosphate and transfers its phosphate to ADP to form ATP and thus to maintain 
the concentration of this highly important compound. Nuàleotides such as uridine _ 
diphosphate„ adenylic acid, cytidine monophosphate and guanosine monophosphate are 
involved co-enzymatically in the synthesis or rebuilding of cellular material which 
must be continually replaced in order to maintain the life of a living organism. 

le 
At this Station VO have found in salmon liver an almost complete complement 

of the nucleotides found in animal tissues including the glucuronic acid, galactose 
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and N-acetyl glucosamine derivatives of uridine diphosphate. In addition an adenyl 
succinic acid derivative and its parent base, succinyl adenine have been found 
(Summary No. 30 of this Stationes Annual Report for 1956-57). 

The extensive polynucleotide/protein synthesis involved during the maturation 
of milt and roe necessitates either a hyperactive de nova  synthesis of nucleotide 
from its constituents or its mobilization as the nucleotide followed by selective 
polymerization to form polynucleotides. If the latter is the case, as the present 
knowledge of polynucleotide formation indicates, then from a consideration of chenu-
cal  equilibria, a high metabolic pool of nucleotides is expected. The demand on 
pyrophosphates both as immediate energy sources and as cellular building blocks is 
intimately associated with spawning migration during which time these processes must 
be highly active. 

In 1945 »  Fischer hypothesized that the presence of relatively large amounts 
of inositol in shark fins.and.the absence of glycogen and other reserve carbohydrates 
in the liver might mean that inositol functions as a source of blood sugar by the 
reopening of the inositol ring„ Recently»  Charalampous found an enzyme system in 
rat kidney which catalyzed the oxidatiye,conversion of inositol to glucuronic acid 
through the postulated mediation.of UDP.,›glucose followed by UDP-glucuronic acid. 
Our studies on salmon liver have demonstrated the presence of UDP-glucuronic acid 
and UDP-galactose and - by virtue of the reversible interconversion of UDP-glucose 
and UDP-galactose reported by. Leloir it is possible that inositol may function in the 
manner that Fischer hypothesized. 

In order to search for a solution to some of these problems as applied to 
spawning salmon, it was decided to study the fate of the acid and fat soluble phos-
phorus compounds, creatine and its phosphate and inositol. As an initial approach to 
this problem the acid-soluble.phosphorus compounds from the various fish organs were _ 
separated into inorganic phosphorus, sugar phosphate, nucleotide phosphate, and cre-, 
atine phosphate and the change which these components underwent during the spawning 
migration was  studied. In addition the phospholipid phosphorus and inositol were 
also followed. 

A flow sheet of the analyses performed is outlined in Figure 10 

50 g. of Homogenate 

1 
25 g0 fat extract 

1  
IDry weight Phospholipid Lipid 
of fat 	phosphDrus inositol 

Norite 
column 

1 	 1 
Inorganic 	 Total 

Nucleotide phosphorus phosphorus 	 phosphorus 

Fig. 1 - Determination of Inositol, Creatine and Acid-soluble 
Phosphorus Compounds in Salmon Organs° 

Water
1 
 eluate 	 Ethanol/Amm

1
onia/Water 

nurte 

Creàtine 	Frbe 	Total 
phosphate Inositol Inositol 
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Preparation  of Tissue  

The salmon were grouped and the individual organs separated and grouped as 
previously described (see Summary No. 1 of this report). The tissues were dipped 
into a large Dewar flask containing liquid nitrogen until there was no further heat 
exchange. They were then removed and wrapped in a piece of canvas and chilled in a 
box containing dry ice, where they were pounded into small pieces. These pieces 
were now powdered thoroughly in a large mortar and pestle (also previously chilled 
in a dry ice box). Sufficient liquid nitrogen was added from time to time to keep 
the tissues thoroughly frozen during the grinding process. The powdered tissues 
were then transferred quickly into chilled polyethylene bags and stored in a dry ice 
box until the various analyses could be performed. The preliminary powdering of the 
tissue before homogenizing insured uniform sampling for analytical purposes. 

Preparation of Tissue Extracts 

A 50 gm. sample of each powdered tissue (at -3000 0 ) was weighed into a 100-ml. 
Virtis hoMogenizer cup. The tissues were then thawed quickly and homogenized in a 
Serval Omni-mixer without any addition of solvent. A 5 g. sample  vas  weighed into a 
100-ml. Kjeldahl flask for the total inositol determination. A 25 g. sample was 
weighed into a S6xhlet thimble and the fat extracted. The remaining 20 g. were 
extracted with 25 ml. of 006N HC10, followed.by another 25 ml. of 0.2 N HC104 at  0°C0  
The supernatants of both extracts eere combined and immediately neutralized to pH 7 
with dilute KOH. Creatine, before and after.acid hydrolyses of the perahloric 
extract, was determined by the a-naphthol procedure employing p-chloromercuribenzoate 
to eliminate the interference of sulfhydryl groups. 

Fat Extraction. 

A apatula vas used to mix thoroughly 25 g. of tissue in an extraction thimble, 
with sufficient methanol (about 20 ml.) to break up the caked mass of tissue.. It 
was then extracted in a Soxblet apparatus  for  5-8 hours with 100 ml. of methanol, 
followed by 100 ml. of CHC1 for the same length of time. The extracts were combined 
and flash evaporated.  For  eurificatione . the crude fat was dissolved in 50 ml. of 
CHC1.jMe0H (211) in a 100-ml.  beaker which was set inside a 1000-ml. beaker. At least 
10 v6lumes of water was then careftilly.added to the large beaker to submerge the 
smaller one. A continuously changing surface was maintained between the organic and 
aqueous layers by the diffusion of the Me0H into the water. In this way water soluble 
contaminants are passed into the aqueous phase, leaving behind the CHC13 solution of 
fat. The CHC11  solution was now'made up to 100 ml. and 25 ml ,  taken to aryness and 
dried to constgnt weight in vacuo. ehospholipid phosphorus was estimated by a total P 
determination on an aliquot of the remaining  75 ml.  Lipid inositol was estimated 

1 	microbiologically after hydrolysis of the fat extract (see total tissue inositol). 

Total Tissue Inositol  

To 5 g. of homogenate in a Kjeldahl flask was added 20 cc. of approximately 
6N HC1. The flask was sealed and heated in an oven at  110-120°C. for 6 hours. The 
flask was placed in a boiling water bath and the contents brought to near dryness by . 
a stream of air. The residue was dissolved in a minimal volume of water and dried 
again as above. After this procedure was repeated a third time, most of the HC1 had 
been removed. The residue was brought to about 20 ml. with water, the pH adjusted to 
5 00 with dilute KOH and the volume brought to 25 ml. After standing overnight in the 
cold, the insoluble material was filtered off and aliquots of the filtrate ueed for 
the inositol determination. Recently others have found better inositol recoveriee 
using higher concentrations of HC1 for a longer time. The samples at Forfar Creek 
were analyzed using the more drastic conditions. Our findings, which must be con-
firmed and extended to other tissues, ruggest that the more mild hydrolysis conditions 
gave better recovery (see footnote to Table II) of inositol. 
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Saccharomyces carlsbergensis  was used for the microbiological determination . 
of inositol. The preparation of the media was modified considerably to obtain blank 
readings of high transparency. The vitamin concentration of the media was double 
and the media sterilized and inoculated with washed cells (washed ceils were used 
throughout the assay). On1y a slight amount of growth was required to utilize the . 
trace of inositol present in the media. The cells were removed by centrifugation 
and the pretreated media was used for the assay. 

The Separation of Acid-soluble Phosphorus Compounds  

1 00 g. of a 121 mixture of Norite A»  Np F»  IX (Pfanstiehl Laboratory Inc.) 
and Celite 535 were mixed with water and poured into a 1-cm ,  diameter column con-, 
taining a glass wool plug at the bottom. The charcoal  vas  washed by forcing through 
20 ml. of 1190 under 2-3 lbs. pressure. One to 10 ml. quantities of the perchloric 
acid extracI were added and the inorganic and eager phosphates were eluted with 
100 ml  of water (about 30 ml , of water was required to remove all the inorganic 
and uugar phosphates from the column with test samples of alimentary tracte kidney„ 
liver», milt or roe). The nucleotides were then elated by passing 100 ml. of Etog/ 
'Mee (40:1:59) (after 40-50 mU e  the u.v. absorption at 260  in»  was reduced to 
zeico e  indicating complete removal of the nucleotides). 

This must be considered strictly as a progress report and the discussion must 
be of a very preliminary nature until more of the samples have been analyzed. Some 
of the variation between groups e  particularly at Lummi Islande  is probably caused 
by analytical difficulties. The phosphorus distribution in roe was an example. The 
data for gonads in Table I show the poor agreement between total phosphorus and the 
sum of inorganic »  uugar and nucleotide phosphorus for all samples of roe. The total 
phosphorus values were found to be high, probably because finely.dispersed - or  soluble 

 phospholipide  which is very high in roe, was being analyzed with the acid soluble 
phosphorus. Lower values (in brackets Table II) were obtained after ether extraction 
and the uum of inorganic », sugar and nucleotide phosphorus approached the total phos-
phorus values. A misprint in the published procedure for the inositol microbiological 
assay gave some trouble with the earlier samples'. Most of the analytical problems 
have now been resolved. 

Alimentary Tract, 

Lipid inositol averaged only 5 to 6% of the total inositol in the alimentary 
tracts of both sexes at Lanni Island (Table II). The total inositol per unit weight 
of alimentary tract probably decreases from Lrmmi  Island to the spawning grounds. 
However, the lipid inositol represents 60% of the total inositol of the males and 
40% of the females at the spawning grounds. This is also reflected by the constancy 
of the phospholipid (Table I). -The free (active in the microbiological assay) acid 
soluble inositol appears to decrease by about 50% from Lrmmi Island to the spawning 
grounds. It is too early to be  sure but creatine levels do not appear to change too 
greatly for either sex per unit weight of tissue. However ,  the alimentary tract has 
been shown to decrease in weight by 82% over the 715-mile Migration (Summary No. 1 
of this report). Thus, for the standard fish, all components shown in Tables I and 
ii  will be utilized in amounts varying between about 80 and 90% of that present in 
the alimentary tract at Lummi Island. The distribution of phosphorus in the alimen- 
tary tract of males at Lummi Island is in the order of 45% inorganic, 37% phospholipid e 

 11% nucleotide and 7% sugar phosphate. The distribution in the alimentary tracts of 
females follows a similar pattern. The data is far too meagre to consider quanti-
tatively but it is fairly apparent that at the end of the migration phospholipid 
phosphorus is far in excess of inorganic phosphorus. 
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TABLE I — Distribution of phosphorus (pg/g0 of tissue). 

Tissue Sex 	Location Acid Soluble Phosphorus 
Total Inorganic Sugar Nucleotide 

12.122E2M1211 

M (6)* Lummi Is 	623 	337 
M (5) 	" 	n 	960 	662 
M (7) 	" 	" 	677 	487 
F (8) 	" 	" 	785 	655 
F 7 n f-11---1-2215-----A92. 
M (10) Lillooet 	564 
M (10) 	 734 
F (10) 	" 	504 
F (10) 

Alimentary 	M (5) Forfar Cr. 	274 
i-e19:1__FJ113 	 " 	 353 	2: 

	

67 	135 

	

78 	135 

	

105 	79 

	

82 	. 96 

	

218 	164 
73 
81 
90 
70 
39 
36 

Alimentary 
Tract 

Alimentary 
Tract 

418 

476 
655 
333 
317 
161 
218 

57, 
94 
98 

107 
94 
104 

383 
355 
472 
328 
3e8 

•••• 

480 

454 
402 

* Number of individual fish which were ooléd  for analyses. 

Liver 

Liver 

Liver 

Kidney 

Kidney 

Kidney 

Gonads 

Gonads 

M(6)  
M (5) 
M (7) 
F (8) 
F (7) 	" 

739 	111 
804 	128 
615 	141 
624 	78  
532 	161 	32 	980 
744 	122 	40 	1034 

634 	142 	20 
385 	171 	30 
600 	195 	44 
560 	77 	33 
582 	52 	33 

1071 
1240 
729 
751 
822 

1277 

552 	140 	26 	290 
662. 	39 	48 	348 
757 	85 	65 	348 
377 	139 	407 
(461) 	(264) 	(234) 	361 

F 7 	 47512.2 62 . 
WM,  

M (10) Lillooet 	831 
M (10) 	" 	946 
F (10) 	 789 
FLe0  
M (5) Lummi Is 	742 
F(13) 	" 	" 	872 

Lrmni  IS. 

(11 

1020 
763 
747 
813 

1180 

684 
553 
541 
586 
615 

264 
161 
177 
102 
102 

45 
92 

130 
66 
82 
96 
90 

68 568 
806 
516 
962 

736 
1080 

M (6). Lummi Is 	815 
M (5) 	tt 	tt 	 562 
M (7) 	" 	" 	835 
F (8) 	n 	617 
F (7) 	" 	" 	715 
M (10) Lillooet 
M (10) 	U 

F(10) 
F(10) 
M (5) Fbrfar Cr. 
F(13) 	" 

850 
857 
501 
562 
583 
684 

200 
222 
198 
120 

205 
528 

97 
181 
56 
52 
44 
72 

368 
468 
434 
342 
483 

285 
297 

702 
362 

M (6) Lummi Is. 	695 
M (5) 	" 	" 	803 
M (7) " 	" 	968 
F (8) 	" 	" 	1130 

Ether extracted ( 1134) * 
 F (7) Lummi Is. _150 

M (10) Lillooet 	995 	809 
M (10) 
F (10) 1320 

Ether extracted (1271)* 
F (10) Lillooet 	1380 

Ether extracted (1278)* 

	

96 	33 
1146 	910 	58 	34 	230 

533 	321 	131 	1464 
(519) 	(461) 	(102) 
586 	109 	170 

(560) 	(570) 	(115) 

* See text for a discussion of ether extracted perchloric acid extracts of roe 
samples. 
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31 
8 

28 
6 

22 

Acid.  Soluble  Acid Soluble  
Free Total-, Free Total 

157 
280 
212 
176 - 
132 

210 
284 
155 
204 
283 

M (6)  
M (5) 
M (7)  
F (8) 
F (7) 

Lummi Is. 
91 	91 

99 

91 	91 

415 
312 
313 
305 
268_ 

..M•1 

877 
993 
531 
762 

32 	194 163 
43 	274 172 
77 	190 102 
- 143 124 

99 	93 - 78 
80 	103 	69 

345 
218 
342 
295 

160 
206 

Kidney 

Kidney 

Kidney 

Gonade  

Gonads 

	

23 	248 

	

53 	145 
- 79 

	

42 	166 
jEt. 112 

	

28 	595 
- 857 

	

25 	298 
- 30 5 

	

129 	272 
367 

196 
233 
238 
136 
96 

429 
648 
233 - 
M- 
217 
_379_ 

425 	. 
370 	. 
685 
421 
510  
301 	253 
250 	271 
235 	237 

251 
203 	207 
410 	407  

384 
297 
295 
275 
298 

660 
610 

490 
458  

25_1 

Lummi 

ft 

11 

41 

IS. 

91 

55 	147 105 	624 
48 	126 153 	1140 
76 	85 111 	1100 
24 	57 	38 	142 
82. 	38 	57 	134- 

245 	18 	247 174 	984 
290 	10 	257 278 	1102 
445 	200 	33 	20 	133 
490_ 	- 	31 	45__  131  

215 
290 
229 
442 
480 

951 
1090 
131 
129. 

- 16 - 

TABLE II - Distribution of Inositol and Creatine. 

g . (J1g. Iflositol.( g. of tissue) 
Creatine 
e-g0 of tissue) 

Alimentary 	M (10) Lillooet 
Tract 	M (10) 

F (10) 
F (101_ w  

Alimentary 	M (5) Forfar Cr. 
F (13) 	_ 11  

M (6) Lummi Is 	633 	58 	110 113 
M (5) 	" 	n 	417 	136 	97 132 
M (7) w 	n 	501 	- 	68 113 
F (8) 	" 	715 	94 	77 	61 

n 	n 	630 	109 	57 	53  

724 
741 
721 
704 

704 696 
749. 	-730  

184 
280 
299 
178 
219- 

Liver 

701 
844 
743 
717 

Liver M (10) Lillooet 	670 	127 	138 129 
M (10) 	w 	607 	237 	178 185 
F (10) 	 709 	525 	78 	75 
F (10) 	w 	633 	- 	36 	58 

M (5) Forfar Cr. 650* 401 	95 	72 
F (13) 	n 	n 	713 	488 	105 	96 

100 	111 
102 	104 
158 	165 
152 	150 
108 	108 
220 	215 

Liver 

* Value was 650 for a 6-hr0 digestion With 6N HC1. It was 465 for 12-hr0 
digestion with 22% HC1 (see teit).  

M (6)  
M (5) 
M (7)  
F (8) 
F (7) 
M (10) Lillooet 
M (10) 
F (10) 
F (191 
M (5) FOrfar Cr. 
1_1U  n n  

M (6) Lummi 180 
M (5) 	n 	n  
M (7) w  
F (8) 	n 

M  (10) Lillooet 
M (10) 
F (10) 
F (10) 	n 

41 

Gonads M (5) Fbrfar Cr. 160 
F (13) 	n 	 398 

	

13 	93 	74 

	

206 	4 37 
920 	960 
114 122 
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Liver 

The phospholipid and inorganic phosphorus represent the greater part of the 
phosphorus pool at Lummi Island. The phospholipid represents 45-50% and the inor-
ganic 35-40% of the total phosphorus. The sugar and nucleotide phosphates together 
represent 15-20% of total phosphorus in liver. Lipid inositol appears to be a more 
significant component in the liver than it  vas in the alimentary tract. In liver, 
as in the alimentary tract, the lipid inositol appears to increase out of proportion 
to the other inositol components at the spawning grounds. 

Kidnej_  

The lipid inositol is a minor component of the total inositol of the kidney 
but unlike the liver the lipid inositol does not become the largest  forma of inositol 
at the spawning grounds. At Lummi Island the inorganic and phospholipid phosphorus 
values are about the same as for the alimentary tract (46% and 36% respectively for 
males). At Lummi Island the nucleotide phosphorus is very low for both sexes 
(Table I). 

Gonads 

The analytical difficulties in determining the phosphorus distribution in 
roe have been discussed. In the milt at Lummi Island the inorganic (59%) was the 
major acid-soluble form of phosphorus. The remaining phosphorus distribution was 
phospholipid 29%, sugar Phosphate 8% and nucleotide 4%. The acid soluble inositol 
is consistently substantially higher in milt than in roe. 

SUMMARY NO. 4  

STEROID HORMONES IN MIGRATING SALMON • D.R. Idler 
H. Teuyuki 

P.J. Schmidt 

This project was carried on for 2 months during the fall of 1957. It was 
then dropped for 4 months. The completion - of the problem on salmon colour and the 
curtailing of the nucleotide project has permitted this project to be resumed. 

The importance of steroid hormones in mammnlian life processes is well 
established. They play an important role in reelating reproduction, ion balance, 
liver glycogen levels and numerous other important biochemical processes. The 
knowledge of hormones in fish is very scanty at the present time, although the 
information is extremely important to a complete understanding of sexually maturing 
salmon. 

Our interest is particularly centred around a study of the changing hormone 
distribution in salmon prior to and during the spawning migration. Prior to, because 
of the role steroid hormones may play in ntriggeringn the migration, and during, 
because of the role the hormones play in sexual development and such processes as 
ion balance in mammals. 

We have made several attempts to determine the levels of certain cortico-
steroids and 17-ketosteroids on plasma samples taken from migrating sockeye salmon. 
We feel that the results were extremely unreliable when accepted methods for mamma-
lian plasma were applied to sockeye plasma. It will apparently be necessary to 
investigate the hormones of salmon blood in some detail before appropriate tech-
niques can be selected. To this end, the purification of the corticosteroids, 
17-ketosteroids (and estrogens, if present) of salmon blood is under investigation. 



CHANGES IN THE PROTEIN AND NON-PROTEIN NITROGEN 
FRACTIONS IN MUSCLES OF MIGRATING SOCKEYE, SALMON 

D.W. Duncan 
H.L.A. Tarr 
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Chemical purification techniques are being combined with adsorption and paper chro-
matography in an attempt to obtain steroids in a sufficiently pure state for charac-
terization purposes. It is anticipated that the majority of the hormones will not 
be present in levels in excess of 5 to 20 micrograms per 100 ml of plasma. Since 
100 ml. of plasma represents 4-6 adult sockeye salmon, it is anticipated that this 
phase of the project will take a considerable time_to.complete. In an attempt to 
expedite this program with the possible changing steroid pattern in migrating salmon, 
attempts to apply existing techniques, or combinations of techniques, to the deter-
mination of classes of steroids are being continued. 

SUMMARY NO. 5 

Since the work on this subject  bas  recently been submitted for publication 
details are omitted. 

The samples used were those described in Summary No. 1 of this report. The 
fractionation involved a subdivision of the muscle proteins into four general frac-
tions: (1) Proteins soluble in cold, approximately neutral salt solution of com- - 

 paratively high ionic strength, and insoluble in salt solutions of low ionic strength 
(largely actomyosin); (2) proteins soluble in cold neutral salt solutions of low 
ionic strength («myogensn, nmyoalbumins"); (3) proteins insoluble in the above solu-
tions (collagen and elastin, denatured myosin); (4) nitrogenous compounds not preci-
pitated by cold 5% trichloracetic acid solution (non-protein nitrogen). 

The results may be summarized as follows: 

The conditions under which the fish were obtained and the samples were pre-, 
pared, which involved  slow  freezing and thawing and mincing the flesh in a "silent. 
cutter" undoubtedly caused considerable denaturation of the myosin. The large numbar 
of fish samples, and the transportation distances involved, made it virtually impos-
sible to carry out the fractionation procedure under conditions which would preclude 
myosin denaturation. In the procedure used denatured myosin would be found in the 
stroma fraction, and that this.is the case is borne out by the finding that the 
stroma protein fraction accounted for from 14.25 to 20.55% of the total muscle nitro-. 
gent  values greatly in excess of the values (3 to 4%) which are considered normal f>r 
teleost fish. If it is assumed that true stroma proteins account for 3% of the total 
muscle nitrogen, and that the'remaining nitrogen is denatured myosin, then the «high 
ionic strength" fraction would account for 54.15 to 61.6% of the total nitrogen 
instead of the 42.6 to 49.33% -actually found. The higher values are similar to those 
reported for fish actomyosin in the literature. 

When calculated on the basis of mg. of nitrogen per gm. of muscle (percent 
basis) (Table I), there is a significant decrease in the total nitrogen content of 
the fish as they migrate. This decrease is largely due to decreasee in the.nitrogen . 
content of the high ionic strength plus stroma protein fractions. The concentration 
of nitrogen in the low ionic strength fraction increased significantly between Lummi 
Island and Lillooet, and decreased significantly between Lillooet and FOrfar. The 
significant increase in the percentage of nitrogen in the non-protein nitrogen frac-
tion is due to the significant decrease in the total nitrogen of the samples„The . 
actual composition of the fraction itself in terms of mg. of nitrogen remained con- • 
stant within limits of error, and this is verified in the detailed analysis of this 
fraction. 
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TABLE I - Average nitrogen content of different fraction of the 
muscle of migrating sockeye salmon. 

mg. of N per g. and % of total N on wet wt. basis  

Station Sex 	Whole 	Stroma High 	Low 	Non- 	% * 
Muscle 	 Ionic Ionic Protein Reonwry 

Lummi 	M mg. 35.08 	6.21 15.93 	7.96 	4 043 
Island 	% 	100 	17.96 45 039 22.69 	12.83 	98.43 

F mg. 35.18 	7.20 14.95 	7 094 	4.48 
% 	100 	20.55 42.60 22.60 	12.61 	98.36 

	

Lillooet M mg. 32 083 	4.88 14.73 	9.30 	4.68 
% 	100 	14.86 44.80 28 033 	14.25 	102.24 

	

F mg. 33.85 	5.16 14.52 	9.30 	4.61 
% 	100 	15 024 42 091 27 047 	13.62 	99 0 24 

FOrfar 	M mg. 26.84 	4.13 13.24 	6.41 	4.10 
Creek 	• % 	100 	15.30 49.33 23.88 	15 0 28 	103.69 

F mg. 28.35 	4 004 13.11 	6.74 	4.63 

	

% 	100 	14.25 46.24 23 075 	16.33 	100.57 

* Recovery of N in the four fractions as percent of the total muscle 
nitrogen. 

The amount of nitrogen in each of the four fractions when calculated on the 
basis of the weight of a "standard" fish (SummAry No. 1 of this report) is recorded 
in Table II. The values given in this table were obtained by multiplying the 
average nitrogen concentrations shown in Table I by the weights of standard male or 
female fish. The marked decrease in the nitrogen of the whole muscle is due to both 
the marked decrease in weights of the fish and to the lower percent nitrogen content 
of the muscle as migration proceeds. The sum of the nitrogen of the high ionic 
strength and stroma protein fractions also decreases, but the decrease is much more 
pronounced for females than males during the later stages of migration. Initially 
there is practically no change in the amount of nitrogen available to the fish in the 
low ionic strength fraction, but a sharp decrease occurs during the later stage of 
migration. The decrease in non-protein nitrogen is entirely due to the decrease in 
weight of the fish and not to the nitrogen concentration of the fraction. 

TABLE II - Nitrogen content of muscles of migrating sockeye salmon 
(grams per standard fish).  

Males 	 Females 
Fraction 	Lummi 	Lillooet Forfar Lummi 	Lillooet Forfar 

•■■•111Andl. ••■IglAnimai■■• ■■  

Whole Muscle 	51.462 	42.754 	34.951 46.966 	38.376 	26.717 

Stroma + High 
Ionic strength 32.479 

Low Ionic 
Strength 	11.677 	12.111 	8.354 10.769 	10.554 	6.347 

25.540 	22.038 29.470 	22.329 	16 0149 

Non-protein 
Nitrogen  L.4.996.09'10  5.988 	5.225 	4 0362 

The authors are gratefül to Mr. R. Moyer for making the statistical  calcula- 
tions. 
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SUMMARY No. 6. 

THE NON-PROTEIN NITROGENOUS CONSTITUENTS OF THE MUSCLE 
OF SOCKEYE SALMON DURING SPAWNING MIGRATION J.D. Wood 

Since the results of this investigation have already been submitted for publi-
cation, they  vil],  be reported only briefly. 

Previous work by D.W. Duncan and H.L.A.  Tari'  (Summary No. 5 of this report) 
indicated that there was no significant change in the amount of nonprotein nitrogen 
(NPN) in the muscle during the migratory journey. DIrther'investigations described 
here were carried out to investigate the individual compounds in the NPN fraction. • 
The NPN constituents were found to be the seine in both male and female fish and were 
present in approximately the eame amounts in .both sexes. The histidine.concentra-
tion in both male and female muscle decreased to one fifth the original value during 
the early stages of the migratory journey and remained.at that level thereafter. 
Some of the other constituents changed to a smaller.extent, usually an increase in 
the later stages of the migration. This change was greater in the females than in 
the males. However, the increase in the concentration of these constituents in the 
muscle was due to a decrease in the amount of muscle per fish rather than to.an in-
crease in the amounts of the compounds themselves. During these investigations a" 
method was developed for the analysis of the dipeptide.anserine which was found in 
large amounts in the salmon muscle. 

SUMMARY NO.. 7 

RIBONUCLEIC ACID AND DEOXYRIBONUCLEIC 	 V.M. Creelman 
ACID IN MIGRATING SOCKEYE SALMON 

The samples ueed in these experiments are thosee the preparation of which is 
described in Summary No. 1 of this report. These samples are being assayed for 
ribonucleic acid (RNA) and deoiyribonucleic acid (DNA) to see if any changes occur 
during migration. 

Several methods of analysis for RNA and DNA were available, and the suita-
bility of these for application to salmon muscle tissue was investigated. Briefly, 
the methods are as follows; RNA (purine bound ribose) being determined colorimetri-
cally by the orcinol reaction throughout, DNA measurement will be discussed below. 

Method of: (1) Ogur and Rosen (1950)  

Tissue extracted .in the cold with - 
(a)ethanol 
(b)ethanol and 0.1% perchloric acid 
(c)ethanol:ether 
(d)0.2 N perchloric acid 

The residue was then digested with 1.0 N perchloric acid at 40C. for 5 hours to 
prepare the RNA fraction. The DNA fraction is obtained by heating the residue for 
20 minutes at 700C. 

(a) Schneider 1945  

Tissue extracted in the cold with - 
(a)10% trichloracetic acid 
(b)ethanol 
(c)ethanol:ether 
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The RNA and DNA are not separated in this method but are,  obtained in the saine 
 solution by two washings of the residue with cold.5% trichloracetic acid and then by 

heating the residue at 900C. for 15 minutes (this was varied, see below) in 5% tri-
chloroacetic acid. 

(3) Schmidt and Thannhauser (190)  

Tissue extracted in the cold with - 
(a)1 00 N perchloric acid 
(b) ethanol 
(c) ethanol:ether 

The residue was then digested with 0.3 N KOH for 18 hours at 37°C 0  DNA is precipi-
tated with 1.0 N perchloric acidi. the digested RNA remains in solution. The preci-
pitate of DNA is hydrolyzed by heating with 0 0 5 N perchloric acid for 20 minutes at 
700C. 

Table I summprizes results of RNA measurements obtained by the three methods. 

TABLE I - Levels of RNA obtained by three different extraction 
methods. 

Method of 
extraction 

Ribose content RNA content as esti-
mated from ribose* 

1. Schneider  

2. Ogur and Rosen 

3 0  Schmidt and 
Thannhauser 

2 093 mg./100  gins.  

(A)21.0 mg./100  gins.  
(B) 3 09 mg./100  gins.  

in DNA fraction 

(A)23.6 mg./100 es. 
(B) 0.97 Mg./100  gins.  

in DNA fraction 

. 11.2 mg./100 gins. 

80 0 3 mg./100  gins. 
 14.9 mg./100  gins.  

90.1 mg./100  gins.  
3.7 mg./100  gins.  

* RNA calculated from % of purine bound ribose in salmon RNA 
(factor of 3.82).  

The Ogur and Rosen extraction procedure resulted in ribose being found in 
both the RNA and DNA fractions. It  was  not determined if the ribose in the DNA 
fraction was RNA ribose or some interfering material. It was found that the 
levels of ribose given by the Schneider procedure were much lower than those of 
the Ogur and Rosen. These levels could be increased by prolonging the digestion - 
from 15 minutes to 60 minutes but then they decreased in a further 60 minutes 
heating period to the level found in the 15-minute period. The highest levels 
found were much lower than those found by the other two methods. It appears that 
the low results obtained in the Schneider. procedure are probably due to destruc-
tion of ribose during the heating period (this procedure is the only one of the 
three in which RNA is heated with acid in the presence of protein). The Schmidt 
and Thannhauser procedure gave high ribose levels and there were only traces of 
ribose found in the DNA fraction. It was found to he preferable to carry out the 
alkaline digestions with KOH rather than NaOH and to hydrolyse the RNA with per-
chloric acid rather than trichloracetic acid. The use of KOH and perchloric acid 
enables a large reduction in salt content of the final solutions which is of advan-
tage if these are to be used in paper chromatography or electrophoresis (see next 
page) and perchloric acid does not absorb in the ultraviolet region as does tri-
chloracetic acid. Further, it appeared that stirring the samples during their 
18-hour digestion at  37°C.  lead to more uniform results. 	. 
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Duplicate muscle samples of male and female salmon from each of the three 
stations (see Summary No. 1 of this report) have been analysed for ribose content 
by means of Schmidt and Thannhauser extraction. The results are tabulated in 
Table II. 

TABLE II  - RNA  in muscle of migrating salmon. 

Station 	Ribose 1 	Calculated 	Ribose 2  
content 	 RNA 	 content 

Calculated 
RNA 

Lummi 	24.8 mg/100 g. 94.6 mg/I00 g. 25.8 mg/100 g. 98 0 5 mg/100 g. 
Island 	24.8 " 	n 	94.6 " 	" 	26.1 " 	le 	99.6 n 	n  

Lillooet 20.4 mg/100 g. 77.9 mg/I00 g.; 21.2 mg/I00 g. 81.0 mg/100 g. 
23.5 n 	n 	88.8 " 	" 	18.5 n 	n 	70.6 « 	n 

Stuart 	20.1 mg/100 g. 76.7 mg/100 g. 2.5 mg/100 g. 8600 mg/100 g. 
Lake 	20.1 I 	" 	' 76.7 " 	" 	2208 " 	" . 	87.1 re 	ee 

1  Males 	 . 2  Females 
Analysis of other tissues for RNA is proceeding. 

Work is in progress to establish a satisfactory method for DNA estimation. 
The indole method is very sensitive and it would be useful  for the small amounts of 
certain tissue available. 'However, results with this method have been erratic, and 
whether this is due to  sosie falilt of the method or to variations between samples is 
not yet clear although the latter is perhaps unlikely in view of the RNA results. 
In view of the difficulties with the indole method, the diphenylamine method for DNA 
is also being investigated. 

As it would be desirable to be able to determine not only the gross quantity 
of RNA and DNA in tissues »  but also their composition of nucleotides, a start has 
been made on developing methods for this purpose. 

The Schmidt and Thannhauser RNA fraction (KOH digest neutralized with per-
chloric acid) has been used. This fraction (following necessary concentration) was 
not suitable for either paper chromatography or paper electrophoretic separation of 
the mononucleotides due to interfering material (protein breakdown products?) in the 
digest. In order to separate this material from the nucleotides, the use of a char-.• 
coal column has been investigated. Nucleotides can be adsorbed on such a.column and 
then eluted„ whereas much of the interfering material is not adsorbed. _Ibis proce-
dure provided a solution for paper electrophoresis, but recoveries of the nucleotides 
have not yet been satisfactory'(apparently chiefly due to losses on the column).  AU  
the ribose of the Schmidt and Thannhauser RNA fraction is adsorbed onto charcoal and 
consequently this fraction from salmon muscle contains no free ribose or ribose phos-
phates as these would not be adsorbed. 

SUMMARY NO. 8 

Changes in the NEI+  and IC levels of spring salmon during spawning migration . 
were reported last year (Summary No. 24 of this Station' Annual Report for 1956-57). 
Since the International Salmon Commission and this Station's chemistry department . 
were collaborating on a program to study energy expenditure in sockeye salmon during 
upstream migration, samples of this species of fish became available for analysia. 
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Determinations of the flesh levels of Na+  and K4  were made on fish taken at different 
points on the Fraser River from specific runs of fish. 

The experimental procedures followed were the same as those reported previ- 
ously. 

The results obtained on the Stuart Lake runs of 1956 and 1957 and the 
Chilko run of 1956 are recorded in Table I. 

TABLE I - Changes in Ne,  K+,  H20,  fat, protein content of sockeye salmon muscle 
at different stages during spawning migration. 

Area 
NO 	where 	 % mg/100 gm flesh mg/100 gm.flesh 

	

Date 	Fish 	caught 	% H20 % Fat Protein 	Na ' 	Range 	K+ 	Range 

Group I - Stuart Lake Run 1956 

1 	July 4 	4 	San Juan 	70.0 	5.7 	23.1 	43.4 	36.9-47.2 	435 	422-439 
2 	n. 	5 	3 	Immmi  18. 	69.3 	6.6 	22.7 	29.0 	27.6-31.6 	468 	462-477 
3 	n 	8 	3 	Albion 	70.0 	5.2 	22.4 	38.8 	38.1-41.0 	420 	409-432 
4 	w 	13 	3 	Hellos 

Gate 	72.9 	3 09 	22.1 	38.8 	35.6-43.4 	443 	432-457 
5 	if 	16 	3 	Lillooet 	72.9 	3.7 	21.5 	37.8 	34.2-45.0 	427 	427-427 
6 	" 	21 	3 	Soda,  Cr. 	74.6 	2.5 	21.4 	41.5 	40.0-44.5 	418 	403-426 
7 	26 	3 	Fort St. 

James 	75.7 	1.6 	18.4 	59 0 7 	46.0-73.5 	369 	353-377 

	

31 	3 	Fbrfar 
Mouth 	78.7 	1.3 	19.2 	71.6 	66.0-78.5 	362 	357-367 
	 _JILIstrip.24_•tospawning) 

Group  II - Chilko River Run - 1956 

1 	July 30 	3 	Albion 	69.9 	5.9 	22.5 	31.2 	26.0- 38.7 	425 	416-443 
2 	Aug.10 	3 	Farwell 

Canyon 	73.7 	2.9 	22.8 	43.7 	39.3-48.8 	409 	398-418 
3 	n 	20 	3 	Keighly 

Holes 	72.2 	3 07 	23.5 	51.2 	48.8-52.4 	401 	399-403 
4 	Sept.18 	3 	Chilko* 

Spawning 
Grounds 	80.9 	1.3 	16.5 	47.2 	43.8-49.1 	424 	396-449 

5 	el 	23 	3 	Chilko** 
River 	87.8 	1.0 	10.3 	36.2 	26.1-45.1 	297 _ 284-309 

* Alive after spawning. ** Dead after spawning. 
22g_ITi_r  Stuart Lake Run 19:7_  
Location 	 Miles Upstream 	Sex Na 	 K+ 

mg/100 gm. 

Lummi Island 	 At sea 	Male 	36.8 ± 12.1* 	426 1: 24 
Female 	42.5 ± 14 09 	412 I 12 

Lillooet 	 385 	Male 	28.5 ± 1.5 +  441 - 8(-5 
Female 	29.7 ± 2.4 	440 ± 14.3 

FOrfer Creek 	 850 	 Male 	69.6 ± 19 01 	388 ± 14.6 
(Spawning Ground) 	 Female 	36.5 ± 2.6 	427 ± 10.7 

* Standard error of the mean. 
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Group I - Stuart Lake.Run 1956.  In the case of each run, a race of fish 
whose destination was known was followed from a point prior to its entrance into 
the Fraser River until it reached the spawning ground. 

In the Stuart Lake run of 1956 a drop in Nat  and a corresponding rise in 
K+ occurred prior to the entrance of the fish into fresh water (see the results . 
recorded  for Lummi Island). The ion levels were restored almost to those pre-
vailing at sea by the time the fish had reached the next check point even though 
the fish had by this time entered fresh water. Just prior to spawning, however, a 
rise in Nat and corresponding drop in Kt  was recorded - an observation made last 
year on spring salmon. Fat, water and protein  concentrations. in  these  saine  samples 
of skin-free„ bone-free flesh were determined to see if changes in these could be 
correlated with the ion changes. No obvious relationship could be detected. It is 
of interest that protein changes in the flesh of sockeye salmon during migration 
are much less than were found to occur in spring salmon. 

19e_. It was unfortunately not possible to obtain 
samples from all check points on this run. Differences between this and the Stuart 
Lake run are still apparent, however. Nat  levels were lower at Albion on this run 
than on the Stuart Lake rua. There was no sample obtained on this run exactly cor-
reeponding to the point just prior to spawning as was recorded in the Stuart Lake 
run. A slight rise in Nat  to 51.2 was noted, however, in samples from Keighly Holes. 

Groj_z_zT_z-:ituart  Lake Run 1957.  In this run samples were obtained at 
fewer check points but greater numbers were obtained to ensure that the results 
would be of statistical significance. 

The analytical results obtained on samples from Lummi Island show consider-
able variability. The fish from this point were first placed in water-tiet plas-
tic bags before being immersed in an ice-salt mixture for freezing. Unfortunately, 
several bags were damaged and for this reason there is some possibility of salt 
penetration into the flesh of the fish. This could account for the degree_of.vari- . 
ation recorded. Samples from all other points were frozen in dry ice so that this 
error could not occur again. 

The values recorded on the spawning ground were obtained from fish which 
would have spawned about a week later. Separate analyses on males and females indi-
cated that the rise in Nat which had been observed previously occurred in the males 
but not the females. 

It  vas of interest to know the source of the Ns+  producing the rise in the . 
flesh level of this ion at the spawning ground. .Since the fish do not eat and .. 
fresh water contains little Nat, it seemed most likely that the increase in the-- 
flesh was due to a redistribution of body sodium resulting from hormone activity. 
Samples of fish from the 1956 Stuart run were obtained for analysis. The whole fish 
minus viscera and the viscera were analyzed separately (Table II). 

WIMallfell=111111111 

TABLE II - 

Stuart Run 
1956 

San  Juan 
91 	11 

11 	PI 

Forfar 
Mouth 

Whole fish - Viscera 	Viscera  . 
Date 	# 	mg./100 gm. sample 	mg./100  gin.  sample  

Na  4 	Av. 	le Av. Na' 	:Av. 	K4  Av. 

	

July 4 1 65.5 	365} 	124.41 	35/ 
" 4 2 66.6 69 02 348 351 120.4 120100 286 338 
" 	4 _...3 	75.5 	340 	115.3 	372 

	

July 31  J. 11000j 	291 	87.1 	299 
11  31 2 107.0 102.0 290 303 124.1 109.6 322 319 
9' 31 3 89. 	329 	117.6 	337  

II - Changes in Na4  and Kf  levels on the whole fish and viscera 
	 in migreing sockeye salmon.  
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There was more sodium in the body of the whole fish minus the viscera at the spawn-
ing grounds than at sea. Since the logical source of the extra sodium would be 
the viscera, analyses of these were made. The average value for sodium in the 
viscera of fish from the spawning grounds was less than those from the sea, but the 
degree of variation indicates that little significance can be attached to the dif-
ference between the two average values. Much further work would be required before 
any explanation of the findings recorded could be offered. 

SUMMARY NO. 2 

AS part of a general study of the biochemistry of salmon migration being con-
ducted at this Station, the biochemistry section is undertaking an investigation of 
enzyme systems associated with the production of energy in the tissues. Since it 
would be of interest to know if the activity of these systems changes during migra-
tion and ripening of the fish, it would be desirable to study the enzymes in migra-
ting salmon. Since the enzymes of oxidative metabolism lose their activity on 
freezing, it is necessary to carry out enzyme studies on tissues from freshly killed 
fish. For this to be  dons on migrating salmon under natural conditions it would be 
necessary to have a mobile laboratory to study samples at the site of capture. 
Since such facilities aie not available at present, and since much preliminary work 
needs to be done to obtain information concerning the nature of the enzyme systems 
in fish aésociated with energy metabolism, it was decided to carry out studies on 
fish kept alive in tanks at the Vancouver Aquarium. 

The Vancouver Aquarium had oteerved the previous year that pink salmon cap-
tured at their spawning grounds would spawn if transferred to tanks at the Aquarium. 
It was of interest to us to know if salmon captured at the entrance to the river up 
which they would normally travel to the spayning grounds, if placed in tanks at the 
Aquarium, would ripen normally and.spawn. 

Arrangements'were made with the International Salmon Commission to obtain 
live sockeye salmon from the reef nets at Llimmî  Island. These were transported by 
truck in live tanks to the Vancouver Aquarium. The fish captured were part of the 
Stuart Lake run and under natural conditions would have travelled to the spawning 
grounds and spawned in about four weeks. To our great disappointment the fish con-
tracted a bacterial infection shortly after being placed in the Aquarium and all 
forty died within ten days. A pure culture Of an organism  vas  isolated from the 
lesions which developed on these fish and was sent to Dr. Ordal, an expert on bac-
terial pathogens at the University of Washington, for study. Pathogenic bacteria 
are apparently responsible for the death of large numbers of migrating salmon, par-
ticularly when water temperatures rise above 60 0C., as occurs frequently in water 
behind power dams. It is possible that, in the case of our fish, the shock of 
transporting them a long distance by truck could have lowered their resistance to 
infection. Less likely is the possibility that changes in water temperature were 
responsible for the invasion. 

It was recommended that a hardier fish be used to continue our studies. 
Arrangements were made to obtain migrating coho salmon from the Cagle= River. 
These were taken from a trap below the Cleveland Dam and transported to the 
Aquarium, a distance of only five miles. AU of the fish survived until used for 
experimental purposes. Although the coho were vigorous, healthy fish and the ex-
periment showed that they would ripen in the tanks, there were certain disadvantages 
to using these fish. In contrast to sockeye, the fish were not of uniform size and 
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hence it was difficult to follow progressive changes in weight of the fish with time. 
Furthermore, the run had not been investigated as carefully as had the sockeye runs .  
on the Fraser. It was uncertain as to whether or not a pure race of coho had been 
sampled and whether or not all could have'been expected to spawn at the same time. 
Nevertheless, the experiment was interesting in so far as it provided material for 
working out experimental techniques, it supplied a group of technologists with experi-
ence in handling live fish and since the fish actually ripened in the tanks, analy-
tical data vas  obtained which would enable some comparison to be made of fish ripen+ 
ing under confined conditions with fish ripening while migrating. Finally, it has 
supplied some biochemical data which may help considerably to explain some of the 
phenomena associated with migrating salmon. 	- 

Feteemental  

Two tanks were used to hold the 25 fish, one of 700 9  the other of 500-gallons 
capacity. A bed of 8'  gravel was placed in each tank and fresh water was introduced 
into the tank through holes bored in polyethylene pipe laid under the gravel0 when 
a fish was required for analysis it was removed from the tank and transported - alive 
to the Technological Station in a box containing water into which oxygen was bubbled. 
The fish was stunned by a blow on the head, weighed, its tail removed and the blood. 
collected. The fish was then decapitated; the organs were removed, weighed and 
dropped into cold saline solution. Parts of selected organs were sliced for res-
piration studies and homogenized for the determination of.glycolytic activity.  The 

 remainder of each of these Organs  vas  frozen for subsequent proximate analysis. One 
portion of the blood was allowed to clot and serum recovered by centrifuging; the rest 
was heparinized and plasma prepared. Serum and plasma were preserved by freezing _ 
until time permitted analyses for No.+ and e, glucose, protein and non-protein nitro-
gen and amino acids to be made.. Since it was uncertain how long it would take the 
fish to ripen and as there were only a limited number available, the fiih were ana-
lyzed one at a time at intervals of 3 or 4 days in the beginning and at longer in-
tervals at the end of the experiment. Although considerable variation vas  expected 
from fish to fish, it was hoped that.changes would.be  eufficiently great from the 
beginning to the end of the experiment to enable some degree of progression in the 
changes to be evident over the ripening period. Because of the limited number of 
fish on experiment,any which showed signs of developing superficial injuries or fun-
gal infections were removed first from the tank for analysis. Thus, although males 
and females were present in almost equal numbers, -  these were not necessarily analyzed 
on alternate• occasions. 	- 

Results 

• 	Weights of fish and organs at time of sacrifice.  A record of the weights of 
some representative fish and of their various organs, expressed as percent of body_ 
weight, is presented in Table I. The last fish'analyzed was killed 113 days or 
almost four months from the beginning of the experiment. A male and a female were 
left for a longer period of time in the hope that they would spawn but this did not 
occur in spite of the fact that the fish were transferred to a tank of spawning pink 
salmon in the hope that the latter might stimulate the cohoes to spawn. Over the 
whole period of the experiment the fish were without food. In spite of this fact 
they remained lively and vigorous to the end. Characteristic changes in the colour 
of the body surface and in the length of the snout were observed in the male fish 
over the period of the experiment. Reference to Table I shows that the only signi-, 
ficant change recorded in the weights of the organs  vas the greatly increased per-.- 
centage of the body weight that could be accounted for as eggs in the female. In 
fish #21 the size and number of the eggs had developed to the point where they had 
become 22% of the body weight. This observation and the changes noted in the 
appearance of the male indicated that the fish had ripened over the test period even 
though the final act of spawning did'not take place. 
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TABLE I - Weights of ripening coho salmon and weights of certain organs, 
expressed as percent of bodz weight at time of salrifice. 

3 	4 	5 	13 	16 	18 	21 

Sex 	 female female male female male female female male female 
Time . of 
sacrifice* 	1 day 	6 	9 	13 	15 	44. 	57 	70 	93 
Total wt. g. 2370 	3324.5 3570 2599 	2654 2055 2795 	2145 2480 
% heart 	.143 	.163 	.213  0 223 	.193 .177 .250 	.269 	0218 
% liver 	1.53 	1.41 	1.32 1 0 58 	1 032 1.39 1.85 	.793 	.522 
% kidney 	.818 	.69 	0715 	.713 	.81 	.658  0905 	093 	.470 
% brain 	.0253 .0226 .019 .0298 	.032 .0312 .0275 	.0312 .0331 
%  mut or roe 5 01 	3.06 	3.29 4.8 	3.78 8.9 17.67 	3.83 22.1 
Date killed - July 	July 	Aug. Aug. 	Aug. Sept. Sept. Oct. Oct. 

1957 	25 	30 	2 	6 	8 	6 	19 	2 	25 

* In days from start of experiment (July 24, 1957) 0  

Metabolic studies 

reenereepl.ration. The rate of uptake of oxygen by tissue preparations was 
measured using a Warburg respirometer. Slices were used in the case of liver, kid-
ney, brain and heart muscle. In the case of skeletal muscle, bundles of fibres were 
separated, since suitable tissue slice preparations cannot be made. A medium recom-
mended by Krebs for such studies was used. It contained a mixture of pyruvate, 
glutamate; fumarate and glucose as substrates. 

The results for fish (1) and (2) at different levels of tissue tested are 
shown in Table II. Neither skeletal nor lateral line  muscle  showed appreciable 02  
uptake until considerable amounts of tissue were present in the flask. Even when 
enough was present to cause oxygen uptake, the activity of the tissue per unit weight 
increased markedly as the level of tissue increased. This suggested that some factor 
required for oxidative activity was diffusing from the cells and being diluted by the 
medium. The concentration of this in the medium would then affect the rate of oxida- 
tion by the cells. This change in Q02  with quantity of tissue tested was not so appa-
rent with heart muscle (Fish 2) and was not evident in the case of liver, kidney and 
brain. There was considerable variation . between Fish (1) and (2) in 0102  values for 
the various organs. 

When Fish (3) wus tested it was found that even in the case of liver, kidney 
and brain, an increase in Q02  with increasing levels of tissue tested was evident. 
This variation of Q02 with tissue level became more pronounced as the number of days 
the fish were on experiment increased. The phenomenon is clearly demonstrated using 
liver tissue from Fish #20 sacrificed 76 days after capture. (Fig. 1). The rate of 
oxidation of the tissue was very low when only 10 mg 0  was tested but increased 
sharply at first and then more slowly as larger amounts of tissue were used in the 
Warburg flask. 

This change in the manner in which 402  changed with tissue level as the 
length of time the fish were on experiment increased can best be ascribed to a 
depletion in the tissues of a factor essential for oxidative metabolism. Since the 
fish did not eat for the duration of the experiment, such a depletion would not be 
unexpected. It is not uncommon for fish to spawn and then die with apparently rea-
sonable reserves of fat and protein still available in their body tissues. It is 
not unlikely that death in such cases is due to exhaustion of a co-factor essential 
for cellular respiration. Since such co-factors are the functional forms of vita-
mins in the cell, such a phenomenon would then be a manifestation at the cellular 
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level of a vitamin' deficiency. It is planned to investigate this phenomenon further. 

Another factor found to affect the Q02  value for the various tissues was the 
nature of the substrate present in the medium used to suspend the tissue slices. In 
the case of skeletal muscle and lateral line muscle, the Q02  values were increased 
when the four  substrates in the suspending medium were removed completely.  For  both 
of these tissues the highest 002  values occurred when fumarate was added as substrate. 
For kidney, liver, brain and heart the tissues were more active in the presence of 
the four substrates than in their absence. 

TABLE II - 002  values for various tissues from coho salmon. 

Tissue 	 Dry wt. Q02* 
tested  

Dry wt. 	0 * 
'02 tested: 

-t 
--t 

6.5 
6.45 
2.66 
2.85 
7.95 
8.85 

* Q02 =A 02 taken up/mg. dry wt./hr. 
temp.  25°C.  

** Fish (1) sacrificed 1 daye .and Fish 
the beginning of the experiment. 

j....."152_81Enificant oxygen uptake.  

Skeletal muscle 

Lateral line muscle 

Heart muscle 

Liver 

Kidney 

Brain 
ft  

Fish ].)ife 

.• 11.1 
14.9 
22.5 
45.0 

18.5 
31.7 
13.9 
27.4 
13.1 
21.7 

. Fish (2)** 

	

35.5 	.084 

	

77.7 	.63 

	

50.3 	.62 

	

104.9 	1.22 

	

18.2 	5.22 

	

31.9 	5.58 

	

11.9 	3.1 

	

21.8 	2.95 

	

11.6 	6.5 

	

26.5 	5.3 

	

14.0 	5.14 

	

30.2 	6.5 
Atmosphere - 02, 

(2) 6 days after 

,Fig.  1  - Change in Q0c  of liver tissue with amount of tissue 
tested. (Data using Fish #20) 

60 80 20 	30 	40 	50 
(mg, dry ut. of tissue 
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glycolytic studies  

Conditions used in these studies were patterned after those found to be most 
satisfactory for animal tissues. Homogenates were prepared at a concentration of 
10% in 025 M sucrose. The medium used in the main compartment of the Warburg flask 
contained inorganic ions and Co-factors known to be active in glycolysis. Glucose 
or other substrates to be tested were introduced from the aide-arm. The reaction 
was Carried out in an atmosphere of 95% N2 , 5% CO, at a temperature of 250 . Glyco-
lytic activity was measured manometrically by following the rate of release of CO2 
by the acids formed in metabolism. Lactic acid production was determined by direct 
analysis at the end of the experiment. In Table III representative results obtained 
in glycolytic studies are shown. Mhen glucose  was  introduced from the side.arm, 
Experiment A, heart muscle homogenate was the only one which showed a significant 
capacity to attack glucose. In the case of skeletal muscle, addition of glucose pro-
duced some suppression of endogenous CO2 release. In all cases, a fairly high level 
of endogenous CO2 release  vas  observed. This was found to be due largely to the pre-
sence of hexose di-phosphate  (HOP) in the reaction mixture as shown in the next 
experiment. In Experiment B0  neither  HOP  nor glucose was included in the suspending 
medium. HDP was introduced into the flaak from the side arm after equilibration. 
The results show that in some cases all, and in other cases most, of the endogenous 
activity noted ih Experiment A could be ascribed to HDP in the reaction system. 

011 

TABLE III - Glycolytic activity of fish tissue homogenates. Effect 
of glucose and hexose di-phosphate  on  co2  production. 

IMme 

Tissue  	 Experiment A Experiment B 

No glucose 	+ glucose 	No  HOP 	+ HDP 
	  Q* CO2 values 

Skeletal muscle 
Lateral line muscle 
Heart muscle 	• 
Liver 
Kidney 
Brain 

53 07 	17.1 	12 	78 

	

127 	130 	 o 

	

46 	 341 	13 

	

65 	 64 	31 

	

78 	 81 	7 

	

131 	144 	51 

125 
107 
23 
64 

221 

* pl CO, released per mg. N per hour. In Expt. A, HOP  (hexose di - 
phospEate) was present in the main compartment and glucose was 
introduced from the side arm during equilibration. Fish #1 was 
used as a source of all tissue homogenates in Expt. A except Brain 
which  vas  from Fish #4. In Expt. B Fish #15 was the source of 
homogenates for all tissues except Heart which was from Fish #17.  

Lack of capacity of a homogenate to attack glucose does not necessarily mean 
that glycolysis does not occur in the corresponding intact tissue. It could mean 
that enzymes capable of breaking down ATP and hence of interfering with glucose . 
phosphorylation are released during the homogenizing procedure. Various efforts 
were made to obtain preparations capable of attacking glucose but these were not 
successful. No activity  vas  shown toward fructose, galactose or ribose. 

As the results in Table III show, heart muscle homogenates were very active 
in breaking down glucose to lactic acid. 'goo2 values, particularly with fish used early in the experiment were very high. A tendency for Qco, values to drop off 
toward the middle and end of the experiment could possibly te due to depletion of 
a co-factor necessary in glycolysis. 
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much data on blood composition changes, proximate analyses of tissues and 
lactic acid production during glycolysis have yet to be completed. When all the 
information is available, it should be possible to understand better at least some 
of the phenomena associated with salmon migration. 

The authors wish to express their appreciation to the following persona:. 
to Dr. Clemens for his advice, encouragement and assistance in arranging for live 
fish to be obtained and for a place to keep them; to Mr. Murray Newman and his 
staff at the Vancouver Aquarium for much kind advice and assistance in caring for 
the fish; to Mr. Rod. Hourston, Chief Biologist, Department of Fisheries, for 
arranging for us  to obtain migrating coho salmon, and to Mr. Royal and the staff 
of the Salmon Commission for making it  possible  to obtain pockeye salmon. Ve also 
wish to acknowledge the advice and encouragement of Dr, Hoare with whom we had many _ 	. 	. 	. 
helpful discussions. 

SUMMARY  NO 10 

This project was described in last yearls Annual Report (Summary  No. 33 of 
this Stationgs Annual Report for 195657).. At that time the colour measurements 
of the raw sockeye samples from 416 individual fish and 259 canned samples had been 
completed. Only preliminary observations and calculations were presented. Since 
then, colour measurements and oil content determinations have been made on the re-
maining canned samples (over 200) and all the data subjected to statistical analysis. 
Since the nature of the problem and the procedures used were described in last year's 
report, they will not be discussed here. 

Comparison of 3 colour-measuring instruments. 

Seven samples of both the raM and processed fish were eubjected to colour 
measurement using the Beckman DU spectrophotometer, the Lovibond-Schofield Tinto-
meter and the Gardner Color-Difference Meter. These measurements were converted to 
I.C.I. dominant wave-length andl excitation purity and are recorded in Table I. 
The 3 instruments did not give identical results. Such discrepancies have been 
observed by other investigators working with different products. Agreement between . 
the spectrophotometer and Colorl.Difference Meter was better than between.the spectro--. 
photometer and Lovibond-Schofield Tintometer. Because of the long period of time 
required for the spectrophotometric measurements, considerable darkening of the 
sample surface occurred before the measurements were completed and may account for 
some of the discrepancies. Agreement betWeen instruments was better for processed 
samples than for raw samples. This is not surprising because the reproducibility 
of measurements with a given instrument was found to be much better for the processed 
samples, and may be attributed to the fact that the raw samples were not so_uniform 
in colour, had an irregular surface texture and a slight translucency. The Color-
Difference Meter has several advantages over the other two instruments for these 
measurements. Because of the nature of the raw samples, more accurate results can 
be obtained with an instrument viewing a larger sample area as does the Color-
Difference Meter. In addition, this instrument is much more convenient and more 
rapid than either of the other two 

Colour measurements of raw and processed sockeye salmon„ 

Typical reflectance spectra of a sample before and after processing are shown, 
in Figure 1. Processing increased the brightness throughaut'the entire visible 
region, particularly above 560 mu. 
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TABLE I - Comparison of instruments for colour measurement. 

Spectrophotometer 
Raw Sockeye Salmon, 

Colour Difference meter 	Lovibond Schofield 

Sample 	Dominant 	 Dominant 	 Dominant 
No. Y,% 	wave- 	Purity % Ye % 	wave- 	Purity % Ye % 	wave- 	Purity % 

.length mg 	 length mg 	 length mg 

1 	8.39, 603.6 	56 00 	9 00 	602.3 	71.2 	11.5 	604.7 	70.5 
2 	9.97 	598.2 	58.3 	12.2 	598.9 	66.5 	11.8 	603.0 	66.0 
3 10.6 	599.0 	57.5 	11.5 	600.0 	69 0 7 	14.5 	599.7 	70.5 
4 10.0 	598.7 	57 0 5 	11.5 	600.1 	68.0 	12.3 	601 0 7 	70.4 
5 12.1 	595.6 	54.0 	14 00 	596.8 	64.2 	16.6 	599.4 	59.1 
6 	9 096 .600.0 	58.0 	12.1 	600.1 	68.0 	12.9 	600 0 5 	73.2 
7 10.7 	600 00 	63.3 	13.2 	600.2 	68.4 	14.5 	602.0 	67.4 

Processed Sockeye Salmon  

1 30 03 • 590 00 	49 04 	34 09 	588.9 	50.3 	48 0 0 	590.1 	48.3 
2 35.9 	588 0 6 	43 06 	38.6 	587.4 	43.6 	41.7 	589 0 7 	44 0 3 
3 35.2 	589.8 	48.3 	39.6 	589.1 	49.3 	40.7 	590 04 	47.3 
4 33.6 	589 03 	50.0 	37 08 	589.0 	48 01 	40.7 	590.8 	46.2 
5 36.2 	587.6 	43.0 	40.8 	586.3 	41 0 5 	43.7 	589.2 	38 0 7 
6 32.2 	589.5 	" 50.2 	36.5 	588 0 5 	47.9 	33.1 	590.0 	45 0 6 
7 30.6 	590.0 	48.0 	33.9 	488 08 	48.2 	33.9 	591.2 	44.6 

Fi g. 1.  Reflectance curves for (1) reference tile for 
canned salmon measurements; (2) canned salmon; 
(3)reference tile for raw salmon measurements; 
(4)raw salmon. 

The Rd, a and b (Gardner Color-Difference meter measurements) readings for 60 
samples were seiecteà-io contain approximately the whole range of colouis, were con-
verted to I.C.I. trichromatic values and then to dominant wavelength and % excitation 
purity. Extensive changes occurred in each of the 3 colour dimensions during the 
cooking process (Table II). The samples became much lighter while the hue was shifted 
from red to orange-red and orange and the purity decreased. 
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TABLE II - Range of colours from Converted Colour Difference 
Meter measurements of 60 samples of sockeye salmon 
before and after processing. 

Lightness, % 	 9.00 - 21.1 	28 06 - 52.5 
Dominant Wavelength, mg 	591.0 - 602 0 3 	582.3 - 592.2 
Purity, % 	 41.7 - 73.3 	29.1 - 60 00' 

Colour measurements of canned salmon.. 

The a readings ranged from 7 01 to 29.8 and had an average value of 19 09 
while the Irreadings varied from 19.5 to 26.9. There was excellent correlation 
between th-jaib ratio and the dominant wavelength. However, there was very good 
agreement between the dominant wavelength and the a value alone, the linear cor-
relation coefficient being 0 0991 for the 60 samples previously mentioned. In 
addition, the a value was found to correlate well with purity and lightness, the 
correlation  coefficients  being 0.943 and -0.834 respectively. This meant that 
with an increase in a value, there was an increase in dominant wavelength,.purity 
and darkness. DurinE the course of these measurements it became evident that the 
a readings were a good measure of visual colour preference. A panel of qualified 
representatives from the salmon canning industry and from the Canadian Government 
Canned Fish Inspection Laboratory were consulted to make visual colour judgments 
of approximately 100 samples of canned sockeye salmon. Their evaluationsiahowed 
that the higher the a value, the more preferable was the colour of the product. 
In collaboration with this panel it was concluded that there should be 3 commer-
cial colour grades of sockeye salmon with specifications defined in terms of a 
values as follows: grade 1, the best grade, should have a values greater.thj 
20; grade 2 should have a values not greater than 20 and Ebt less than 14.5, while 
grade 3 should have a values  less than 14 0 5. On the basis of these specifications, 
Table III lists the Y of fish that were grade 1, 2 and 3 when canned from each of 
the 8 areas where the salmon were caught. These data show that in general the 
sockeye salmon from the more southerly areas had a better colour. Only the Rivers , 

 Inlet area contributed any appreciable number of grade 3 canned salmon. Particular 
difficulty in colour grading sockeye salmon from this area had been experienced by 
the industry. 

TABLE III - Percentage of sockeye salmon from different areas in 
	 each colour grade.  

Area of capture 	No 0  of 	of fish in each grade when canned. 
fish  	rade  _l 	Grade 2 	Grade_3.  

West coast of 
Vancouver Island 	40 	70.0 	30.0 	0 
Fraser River 	79 	73 04 	25.3 	1.3 
Rivers Inlet 	95 	22.1 	53 07 	24.2 
Juan de Fuca 	78 	44.9 	55.1 	0 
Johnstone Strait 	57 	61.4 	36.9 	1.7 
Bella Coola 	 37 	54.1 	43.2 	2.7 
Pender Harbour 	10 	80.0 	20.0 	0 
Fitzhugh Sound 	20 	35.0 	65.0 	0 
Al].  areas 	 416 	51 00 	42 08 	6.2 
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Prediction of  a value of canned salmon. 

The problem of grading was thus reduced to predicting the a value of the canned 
product from the colour of the raw fish. The a readings of the ril-w samples had an 
average value of 34.7 and ranged from 16.8 to 4.3.3, while the b readings ranged from 
14.9 to 25.8 with most of the readings falling between 18 and 73. As with the canned 
samples, the all ratio  vas  found to be directly proportional to the dominant wavelength. 
Linear correlation coefficients between the a values of the canned samples and the A, 
Alb and Rd values of the raw samples were as-follows: a = 0.637; alb= 0.787; 
Rd = -0.170. Regression equations for predicting the s7value of the canned salmon from 
either the a or a b value of the raw fish were as foll-o-ws: !eL = 0.550 	0.786 and 

= 18.479 ( a b r-10.801, where the sul>letters c and r refer to canned and raw sample 
readings respectively. The standard errors of eaiimate.were 2.72 a units for the 
first equation and 2.18 for the second. From the visual colour eliauations made by 
the panel members mentioned earlier, the permissible grade tolerances.for canned salmon 
were estimated to be 4-  1 a unit. This meant that a values as low as 19 for grade 1 and 
as high as 15.5 for grade  -3 were permissible, whilit- the a values for grade 2 could 
extend from 13 0 5 to 21.0. On the basis of the above spaCifications, the a value sepa-
rating grade 1 and 2 canned salmon was 20, while that separating grade 2 Und 3 was 14.5. 
From the second regression equation, the al_12 ratios for the raw fish corresponding to 
these a values irere calculated to be 1.67 and 1.37, as shown graphically in Fig. 2. 
The grade  specifications in terms of 23.22 ratios for raw fish can be stated thus: 
grade 1 - a2lI value must exceed  1.67; grade  2 - !Lb value must exceed 1.37 but must be 
less than 1;67; grade 3 - ea value must be lessAhan 1.37. When the 416 samples were 
graded on their eA ratios  it  vas  found that 37 samples or 8.9% fell in the incorrect 
grade on the basis of the a value Specifications and the limits outlined earlier for 
the canned fish. Of the eicorrectly graded samples 15 of them with an average a value 
of 17 0 5 were placed in grade 1 instead of grade 2, 18 samples with an average a-value 
of 21.9 were placed in grade 2 instead of grade 1, 4 samples with an average a-value 
of 12.9 were in grade 2 instead of grade 3, and only 1 sample  was  incorrectly placed 
in grade 3. The samples that were incorrectly graded were not from any particular 
area nor of any particular period of the season. The average a value of the.canned 
samples placed in each of the 3 grades  was  as follows: grader- 21.0; grade 2 - 19.0; 
grade 3 - 11.2. The % of fish in grades 1, 2 and 3 now  vas  56.9, 39.7  and .3.4  respec-
tively. When a similar grading procedure was applied using the a values of the raw 
fish rather than the ea ratios, 12.5% of the samples were incoiirectly graded. This 
method failed particularly in correctly placing the grade 3 samples. These results 
indicated that the colour grade of canned sockeye salmon could best be predicted from 
the Itib.  ratio of the raw fish and that the prediction within specified limits  vas  
91% accurate ,  
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If visual grading, based on these specifications, were desirable, at least 
2 material reference standards would te required »  one having an sib ratio of 1.67 
and the other having a ratio of 1.37. The a values of  20.0 and 14.5 for canned 
fish were applied .to the first regression equation to give the best a values for 
such reference standards »  namely 34.9 and 24.9. To retain the correct  102 ratios, 
the b values were calculated to be 20.9 and 18.2 respectively. The average Rd 
values for 76 raw samples whose 1121! ratios varied from 1.65 to 1.69 was 12.9 while 
that for 23 samples with ..a.Lb ratios ranging from 1.30 .to 1.45 was 14.1. Thus the 
complete specifications  for  such reference standards are: (4 Rd = 12.9, a = 34 0 9, 
b = 20.9; (b) Rd = 14.1, a = 24.9 9  b =-18.2. Visual grading9.utilizing  standards  . 
;ith such specificationsris currenily under investigation and is described in - 
Summary No. 12, 0f this report. 

Relationship of  oil content to  colour.  

The oil content of each of the 416 cans of processed sockeye salmon waS 
determined. The data in Table IV show that'in general the better colour grades of 
sockeye salmon had a slightly higher oil content. ,However 9  on an area basis this 
vas not always true. For  example,,Juan de Fuca  samples had a higher average oil . 
contant (14.9%), but a lower average a value than the samples from 4 other areas. 
For a given area the grade 1 samples rad erhigher average oil content than the 
grade 2 samples »  except for the Rivers Inlet and Pender Harbour areas. 

TABLE IV - Average a readings.and average oil contents of sockeye salmon of 
_ 	3 different colour grades from 8 different areas.  

21.1 
21.4 
17.0 
2004 

 21.2 
1902 

 21.5 
1906 

 19.9 

West Cdast of 
Vancouver Is. 
Fraser River 
Rivers Inlet 
Juan de Fuca 
Johnstone Strait 
Bella Cools 
Pender Harbour 
Fitzhugh Sound 
All areas 

	

40 	10.5 	9.39. None 

	

79 	12.3 . 11.4 	9.39 

	

95 	.9.58 	9.67 	9.48 

	

78 	15.5 	14.4 	None 

	

57 	12.4 	12.3 	11.5 

	

37 	9.86 	8.97 	2.19 

	

10 	9 039 10.8 	None 

	

20 	9.00 	7.18 	None 

	

416 	11.9 	11.1 	9.28 

10.1 
1200 

 9.58 
14.9 
12.4 
9.28 
9.67 
7.82 

11.3. 

Effect of increased temperature and time of processing on colour. 

Samples from 10 sockeye salmon with an average 2112 ratio of 1.74 when raw, 
were processed in the usual manner at 1160C. for 20 minutes after which the average 
a value of the canned samples was 22.6. From the sate fiSh another 10 samples with 
in W12 ratio of 1.76 were processed at  121°C0  'foi"90 Minutes, resulting in an average . 
a value of 21.1 for the canned products. A third group of 10 samples from the dame _ 
-fish with an average alb: ratio of 1.79 was processed at 1160 C. for 2 hours, the re-
sulting canned samples having an average a value of 21 00 0  Themdata show:that a 5°C.  
increase in the temperature of processing-or a 30-minute increase in the cooking time 
resulted in an increased colour loss. 

Effect of  pmt-mprtem, ctoraee conditions on colour..  
Samples were taken from fresh sockeye salmon for immediate colour measurements 

while the remainder of the fish was etored in either crushed ice or refrigerated 
sea water at  -1.1°C.  for colour measurement later. Another batch of fish was divi- 
ded crosswise into 2 equal parts to permit simultaneous storage in ice and refrigerated 
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sea water. The results, shown in Table V, indicate that the colour of canned salmon 
was not adversely affected by the post-mortem  storage of the raw fish in either ice 
or refrigerated sea water. 

TABLE V - The effect of post-mortem storage in ice and refrigerated 
sea water on the colour of canned salmon. 

Post-mortem storage No. of . Average £1,211 ratio 	Average a value 
fish 	of raw.samples 	of  canned samples  

None 	 10 	. 	1.66 	 21.5 
10 days in ice 	10 	1.74 	 21.4 
None 	 4 	1.67 	 20.8 
12 days in seawater 

at  -1.1°C0 	 4 	1.73 	 21.0 
6 days in ice 	 11 	1.69 	 20.4 
6 days in seawater 

at  -1.1°C. 	 11 	1.72 	 19.1 

• 
The only phase of this project that is still being investigated is the develop-

ment of material standards for visual grading. Colour grading by means of an auto-
matic photoelectric method measuring all ratios of the raw fish would of course be 
more satisfactory. However, it is felt that the commercial application of such a 
method should be left to the industry themselves. 

SUMMARY NO , 11  

PREDICTING THE COLOUR OF CANNED SALMON FLESH FROM THE OIL 	 P.J. Schmidt 
CONTENT AND THE COLOUR OF THE OIL FROM THE RAW FLESH 	 D.R. Idler 

During the course of the investigation of the fading of salmon on canning 
(see Summary No. 10 of this report), transmission measurements were made on oils 
extracted from both the raw samples and their corresponding canned samples from 
30 different sockeye salmon. This was done to enable more precise assessment of 
the colour changes that occur on canning. 

Extraction of oils. 

Two adjacent steaks were cut from each fish. One steak was canned, using 
normal procedure. Oil samples were then extracted from each of the steaks. To 
40 grams of skin and bone free flesh was added 100 ml. of acetone and a little BHA 
(an antioxidant) in a Waring Blendor jar. Nitrogen was blown into the solvent for 
a few minutes, the jar closed and the mixture then homogenized for 30 seconds. The 
solution was then filtered on a Buchner funnel and the residue replaced in the 
Elendor jar with 100 ml , of methylene chloride, mixed again for 30 seconds, and 
filtered on the Buchner funnel. The residue on the funnel was washed with 100 ml ,  
of methylene chloride. The filtrates were combined and then cooled in a dry ice-
acetone bath. The water extracted from the flesh and present in the filtrate was 
frozen in this way and the ice was filtered off on a Buchner funnel. The solvent 
vas  then evaporated in vacuo at a temperature of 300C., using a "flash evaporator ,' 
with a dry-ice acetone bath for condensing purposes. The final traces of solvent 
were removed ueing a high vacuum pump, in place of the water suction pump. 
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Transmission measurements. 

Transmission readings using a Beckman DU spectrophotometer were taken at 
10 mu intervals over the visual region (400,700 mg). The normal cuvettes with a 
1 cm 0  light path could not be used because of the low transmission values of the 
oils. Cuvettes with an 0.5 mm0 light path.were used. I.C.I. co-ordinates were 
calculated using the summation method of Judd. These measurements would have been 
more accurate if cuvettes with an even.smaller light path had been available. The 
colour of the oils  vas  so intense that the transmission readings were negligible 
in the region from 450 to 550 mg for most samples. In addition, to obtain good 	, 
agreement between oils from duplicate samples of flesh, great care must be exer-
cised during the extraction to prevent destruction of the  pigments. Also, the 
removal of the last traces of solvent from the oil must be ensured. 

ResUlts. 

Of the 10 C010  coordinates, the x value was considered to be most signifi-
cant»  as it is a measure of rednesS. The correlation between x value of the oil 
from the raw fish (xr) and the x.value of the oil fllom the canned fish (xc) was 
not as good as might be expected„ the correlation coefficient being 0.687. The 
regression equation for predicting xc  from xr  vas  calculated to be as follows: 

xc  = 0.99 xr  0.067 

For the 30 fish involved, xc  varied from 0.41 to 0.58, while xr varied from 0.54 
to 0.63. 

Calculations were made relating the x value of the oil from the raw fish 
and the oil content of the fish ,with the a value of canned flesh (ac), which ia a . 
measure of the colour quality of canned dah (see SummarY No. 10 of thisreport). 
The final colour of the canned product'should be proportional to the amount otoil, 
present and to the redness of that oil. In other words, it should be possible to.- 
predict ac  from xr and oil content. The average values ac , xr  and oil content for 
the 30 fish were ac  = 20.8 xr = .594 and oil content = 13.4. From the data for the 
30 samples, the contribution to the a.value of the canned product per unit of oil 
content and per unit of xf  were Calciliated and the following formula derived: 

ac  = % oil (0.85) t 63.0 (xr) - 28.0 

The standard error of estimate for this equation is 1 080 a units„.which is actu- 
'ally better than the 2.18 standard error of estimate for the  equation for predict-
ing etc  from a/b values of the raw flesh. However, the latter,equationmas derived _ 
from data involving 416 individual fish while the above equation is based on data 
for only 30 fish. 

The following table gives data for 10 different fish, aelected to indicate 
the type and range of veuess 
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Predicted and actual a values of canned sockeye salmon. 

Sample 	xr(1 ) 	% oil 	Predicted 	Actual 
ac (2) 	ac  

	

1 	0.62 	13 02 	22.3 	21.7 

	

2 	0.54 	17.3 	20 07 	19.6 

	

3 	0 0 60 	13.6 	21.4 	23.3 

	

4 	0.60 	15.8 	23 0 2 	24 0 6 

	

5 	0.60 	8.1 	16.7 	14.4 

	

6 	0.63 	10.9 	21.0 	21.9 

	

7 	0 0 58 	14.5 	20.9 	21 06 

	

8 	0.60 	9.2 	17.6 	16.7 

	

9 	0.56 	16.4 	21.2 	19.0 

	

10 	0.62 	10.7 	20.2 	19.7  
(1)xr  = I.C.I. x value for oil from raw flesh. 
(2)ac  = a value of canned flesh as determined by a 

Gardner  Colour-Difference Meter. 

SUMMARY NO. 12  

MATERIAL STANDARDS FOR VISUAL COLOUR GRADING OF SOCKEYE SALMON 	P.J. Schmidt 

On completion of the work described in Summary No. 10 of this report, this 
project was initiated to develop visual standards which could be used commercially 
to colour grade raw sockeye salmon prior to canning. The previous work showed that 
the specifications for two such standards for separating sockeye salmon into 3 
grades were as follows: 

(1) Rd =12.9 	a = 34.9 	b = 20 09 
(2) Rd = 14.1 	a = 24.9 	b = 18.0 

Steel plates painted with automobile paint and baked were prepared with these 
specifications. However,,this was fOund to be unsuitable. Because the plates lacked 
the translucency and the non-uniform surface of salmon flesh, satisfactory colour 
comparisons by eye could not be made. An attempt was then made to produce polyester 
resin plates. White, red and yellow  pigments were mixed with the clear resin , in 
various proportions. However, great difficulty  vas  experienced in attaining the cor-
rect colour specifications and at the same time produce plates with translucency simi-
lar to that of raw sockeye flesh. To duplicate the surface texture of the flesh,.dif-
ferent moulds were cast from the cut surface of a salmon steak. Plaster of paris and  
lead were found to be unsuitable, while Wood's metal proved to be of some value for 
this purpose. Occasionally the Wood's metal mould was destroyed by the heat generated 
during the setting of the resin. Although several hundred replicas have been made, 
none have been entirely satisfactory. However, it is felt that suitable plates can be 
made by further experimentation. This will be attempted shortly so that a visual 
colour grading system can be tested during the fôrthcoming salmon season. 

SUMMARY NO. 12 

MARINE STEROLS: 24-DEHYDROCHOLESTEROL FROM BARNACLES 	 U.H.M. Fagerlund 
D.R. Idler 

An investigation of the sterols from a barnacle (Balanus .glandli2A),was started 
last year (Summary No. 31 of this Station's Annual Report for 1956-57). It has now 
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been possible to separate chromatographically the azoyl ester mixture prepared from. 
the crude sterols into three zones. The sterol of the fastest moving zone (Zone 3) 
was identified as cholesterol and accounted  for 59.8% of.the total sterols. . The  
middle zone, which represented 6% of the total sterols, has not yet been characterized. 
The slowest moving zone (zone 1, 34.2%) when hydrolyzed was found to be contaminated 
with a small amount of a2 5 '7-stero1„ which.was removed with maleic anhydride. The-
purified sterol and its derivativea had properties different from those of any known 
sterol., Hydrogenation of the sterol with £dams 1  Catalyst in glacial acetic acid pro-
duced cholestanol with the uptake of 2 molesof hydrOgen and demonstrated that the 
original sterol was a readily reducible cholestadienol. The modified Liebermann-
Burchard reaction showed that the cholestadienolhad_a.double bond in the 5 position 
and that the second double bond made no significant contribution to the reaction, 
thus eliminating most nuclear double bonds from consideration. Ozonolysis resulted . 
in the isolation of acetone as its 2„4-dinitrophenyl hydrdzone in good (51%) yield 
and completed the identification of the sterol as 24-dehydrocholesterol9 The syn-
thesis of this sterol via the Wittig,reaction from 3p-acetoxy-5-cholenaldehyde and 
triphenylphosphine isopropylidenee reported in Summary No. 32 of this Stationos 
Annual Report for 1956-57, has been repeated with a larger amount of material, and. 
the properties of the synthetic Sterol and its derivatives after extensive purifica-
tion were identical with those of the sterol from barnacle. 

With respect to the comparative biochemistry of marine invertebrates, the 
question of the significance of 24-dehydrocholesterol in barnacle must await a com-
prehensive study of the sterols of other crustaceans. However, by analogy with 
Mollusca  the results of this report already appear of interegt. In Mollusca,.as  we 
ascend thearolutionary scale, we find a high percentage  of'-sterols in chiton, 
large quantities of 24-methylenecholesterol in Felecypodae .and  almost entirely chole-
sterol in72podaGasta 	dnd Cephalopoda.  Descending the evolutionary scale in.Crustacea  
we find that cholesterol is the principal if not the.only sterol (other than small 
amounts of provitamin D) in Malacostraca.(crabs, shrimps, etc.); Cirripedia  (barnacle) 
has been shown here to contain cholesterol as a major component but also 24-dehydro-
cholesterol in large amounts. It remains to see.whether cholesterol either continues 
to decrease or is absent in Ostracodae  ÇcapmLc.la. and Branchiqpoda. The day may not be 
too far distant when the sterols of a marine invertebrate will be predictable frOm 
its position in the evolutionary scale. From the biochemical viewpoint there is 
already evidence that unsaturation of the cholesterol sidechain may be an important 
factor in cholesterol metabolism. FUrther studies on lower forms of marine life may 
well provide a means of isolating possible intermediates. 

A sterol, ndesmosteroln„ isolated as a minor component (2%) of the sterols of. 
chick embryo, has been reported to be.24,-dehydrocholesterol. A sterol claimed to 
have properties identical with those of the sterol.described in this summary, has. 
also, coincidental with our report at the ACS meeting in 1957, been'reported as a 
minor component of rat skin and stated to be 244.ehydrocho1esterol0 These reports 
can not be evaluated until the data have been published. 

We recently reported the synthesis of 25-dehydrocholesterol and showed that 
it is not identical with two products prepared by dehydrohalogenation and assigned. 
this structure. We had available for comparison an acetate of one of the earlier 
preparations which showed no apparent evidence of deterioration. Part of the infra-
red spectrum of this compound vas published by us and it showed no significant 
absorption at 890 curl characteristic of a terminal methylene group. The only con-
clusion that could be reached at that time was that the earlier preparations were. 
probably 24-dehydrocholesterol0 However, the properties of the synthetic product 
reported here show that this is not the case. One of the earlier investigators 
(Dr. W.G. Dauben) has synthesized a new batch of the sterol in question and kindly 
supplied us with a sample so that we might resolve the problem. In a personal col>, 
munication, Dr. Dauben reached the conclusion that his earlier preparation must have 
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been a mixture of 25-dehydrocholesterol and 24-dehydrocholesterol. The infrared 
spectrum of the new preparation has significant absorption at 890 cm-1 . We have 
recorded spectra of synthetic 24-dehydrocholesterol, 25-dehydrocholesterol prepared 
via the Wittig reaction and the new product prepared by dehydronalogenation and found 
the latter to be a mixture composed of 40% 25-dehydrocholesterol and 60% 24-dehydro-
cholesterol 0  It must be concluded that both the earlier preparations were originally 
predominately 25-dehydrocholesterol and must have undergone extensive changes on 
storage. However, it is also probable that the composition of such a sterol mixture 
would vary with the reaction conditions and the number of recrystallizations. 

In a preliminary experiment to obtain the sterols from barnacles, 22.5 lb. of 
ground-up, fresh barnacles were extracted by shaking with three batches of acetone. 
The first extract was heated to boiling before shaking. The mass was finally washed 
with ether and the combined extracts were evaporated to dryness. Moisture (38.1%) 
was determined on an aliquot of wet barnacles, and the oil content (0.83%) was deter-
mined on a sample of the dried material. The nonsaponifiable portion (4.28 g.) vas 
chromatographed on a silicic-acid:Celite column, 7.5 cm. x 10 cm., and the sterols 
(1 077 g.) eluted with methylene chloride, after washing the chromatogram thoroughly 
with Skelly Solve C and Skelly Solve C-benzene 1:1. To obtain larger quantities of 
sterol,.233 lb. of fresh barnacles were extracted three times with hot acetone in a 
pilot plant. The oil (300 g.) gave 93 g. of nonsaponifiables and 12.6 g. of crude 
sterols when chromatographed as desired. 	. 

The azoyl esters of the crude sterol mixture were chromatographed on silicic-
acid:Celite, using 5 0 5:1 Skelly Solve C-benzene developer as previously described. 
Three zones developed, all well separated from each other. 

Zone 1 azoyl ester was crystallized from benzene-ethanol and hydrolyzed. Cal-
culated from the ultraviolet apectrum the sterol contained 0.85% of provitamin D. 
The acetate was treated with maleic anhydride in the usual manner to remove provita-
min D. The residue from the maleic anhydride treatment waLacetylated and the ace-
tate, crystallized from aq. ethanol, melted at 101.5°, 	- 39.2. 

Anal. Calcd. for C204602: e, 81.63; H, 10.87. Found: C e  81.59; H, 10.75. 

The acetate was hydrolyzed and the sterol crystallized from aq, methanol, 
m.p. 1170 , [a] 2b - 38.79. 

Anal. Calcd. for C27H440s C, 84.31; H, 11 0 53 0  Found: C, 84.35; H, 11.44. 

The benzoate  was  crystallized from acetone, m.p. 1290, M 2Î _ 15.40. 

Anal. Calcd. for C34H4802: C, 83.55; H, 9.90. Found: C, 83 0 86; H, 9.58. 

Molecular rotational differences: 24-Dehydrocholesterol: .LAc-18;PBz + 74; 
5-sterole,AAc-35 ± 16;21Pz + 16. 

The acetate (16.3 mg.) was reduced in glacial acetic acid with platinum oxide 
catalyst. The hydrogen uptake was 1.78 ml. The theoretical amount for two double 
bonds is 1 071 ml. 

The reduced acetate was crystallized from aq. methanol, m.p. 111°, icijï + 
13.60 , no mop. depression with cholestanyl acetate, mop. 111°. 

Anal. Calcd. for C29HSO02: C, 80.87; H, 11.70. Found: 80.91; H, 11 0 79. 

The sterol was crystallized from aq. methanol, m.p. 1410 , [cil9 + 23.60 , no 
m.p, depression with cholestanol, m.p. 1420. 
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Anal. Calcd. for C2711480: C, 83.43; Hp 12.45. Faund: C, 83.35; H, 12.57. 

Qi80  Zone 1 sterol (530 mg.) was suspended in 10 ml. acetone-free 
acetic anhydride - acetic acid (4:1) and cooled in an icebath. Ozone was passed 
through the solution until all of the solid had disappeared. Water and zinc dust 
were  then added and the mixture was heated in a waterbath in order to decompose 
the ozonide. The volatile fraction was steam distilled into a water trap and the 
contents of this trap in turn steam distilled into a 2,4-dinitrophenylhydrazine 
solution. A 2„4-dinitrophenylhydrazone precipitated immediately. The crude product 
(175 mg.) was recrystallized twice from aqueaus ethanol and melted at 1280 , mixed 
m.p. 1280  with the 2,4-dinitrophenylhydrazone of acetone (m.p. 1280 ). 

Anal. Calcd. for C9H10/1404: C, 45.38; H, 4.23. Found: C I) 45.34; II, 4.38. 

The 2„4-dinitrophenylhydrazone derivatives of the ozonolysis product and that 
of acetone were chromatographed in isopropanol-vater (1:1) on Whatman No. 1 filter 
paper treated with 5% olive oil in chloroform. The descending chromatograms were 
run for 21 days. The derivatives were also run both ascending and descending in 
methanol-isooctane (1:1) on untreated paper. The two 2,4-dinitrophenylhydrazones 
had identical R.f0 values differing from those of formaldehyde, acetaldehyde and 
isobutyraldehyde. 	 . 	, 

Zone 3 azoyl ester was crystallized from benzeneethanol and hydrolred to 
the sterol which was crystallized twice from aq. methanal, mop. 1480 , 	- 40.20 , 
mixed m.p. 1480  with cholesterol. 

Anal.Calcd. for C2 71146°3 C e  83.87; H, 11 099. FOund: C e  81,82; H, 11.92 0  

The acetate crystallized from aq0 ethanol, m.p. 116° 9  5:0 2î - 47.00 , mixed 
mop. 1160  with cholesteryl acetate. 

Anal. Calcd. for C29114802: CD 81025; H e  11.29. Faund: C, 81.34; H, 11.23. 

The benzoate was crystallized from acetone, m.p. 145°, iceî - 14.2°, mixed 
mop. 145° with cholesteryl benzoate. 	 , 

The infrared spectrum and the modified_Liebermann-Burchard reaction were 
identical to those of authentic cholesterol. 

SUICIIRY NO. .14  

MARINE  STEROLSu THE STEROLS OF STARFISH 	 U.H.M. Fagerlund 
D.R. Idler 

In a typical extraction of the sterols from starfish, 25 lb. of starfish were 
cut up so that the internal organs could be removed froM the shells. Moisture 
(79.2%) was determined on an aliquot of the wet organs which weighed 5 lb. These 
were extracted four times with hot acetone. The oil weighed 51 0 2 g. (2.26% of the 
wet organs). Phospholipids weighed 16.1 g., and the nonsaponifiable portion 11.7 g. 
(22.8% of the oil). Chromatography on alumina gave 3 0 8  g. of sterols (32 0 5% of the 

• nonsaponifiable). The calciferous shells (20 lb.) were finally chopped in a suitable. 
cutting machine and the oil extracted with acetone as above. The yield of sterol was 
900 mg. 

The azoyl esters, when chromatographed on silicic acid:Calite (1:1 hy volume) 
separated into two major.zones. Zone 1 (ca. 25%) and Zone 2 (ca. 70%) were both.fast 
acting in the Liebermann-Burchard reaction. A minor zone preceded Zone 2 but it has 
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not been investigated. A second minor sterol ran slower than Zone 1 and.judging from 
its chromatographic behaviour it is probably a polyfunctional alcohol or ketone. 

The sterol from Zone 1 has one of its double-bonds in the 7(8) position as 
evidenced by the Liebermann-Burchard reaction. The infrared spectrum has prominent 
absorption bOnds at 1637 cm-1  and 885 cm71  associated with a terminal methylene group. 
When hydrogenated with Pt0 2  catalyst in acetic acid it takes up only one mole of H2 
which is consistent since a 7(8) double-bond resists hydrogenation under these condi-
tions. 

The acetate of Zone 1 was treated with HC1 in chloroform. Dehydrohalogenation 
was then accomplished by refluxing in acetic anhydride. The product was ozonized in 
a mixture of acetic anhydride and acetic acid. Water was added and the mixture steam 
distilled. Initially a trap containing a solution of 2,4-dinitrophenyl hydrazine 
(DNPH) was used, which after a few minutes was replaced with a dimedone solution. 
The DNPH precipitate was chromatographed on alumina and separated into two zones which 
on paper chromatograms developed into three spots which run with the same R.f0 values 
as formaldehyde, acetone (Zone 1) and methylisopropyl ketone (Zone 2). The dimedone 
derivative  vas  identified as that of formaldehyde. 

The remaining dimedone solution was steam distilled into a 2,4-DNPH solution. 
The precipitate vas identified by paper chromatography as the DNPHss of methyliso-
propyl ketone and acetone. 

The evidence points to the presence of a sidechain configzation as in I. 
During the HC1 -treatment Cl adds to C24 (II). The subsequent dehydrohalogenation 
proceeds predominately in two ways to produce III (45%) and IV (45%) which on ozono - 
lysis give the volatile compounds that were found. The small amount of acetone pre-
sumably is formed by dehydrohalogenation also producing a small amount of the 24- 
dehydro isomer (10%). 

Cl 

R . CH(CH3) ° (CH2)2 ° C ° CH(CH3)2'+>R ° CH(CH3) ° (CH2) ° C ° CH(CH3)24 
• o 

CH2 	 11 	CH3 

RoCH(CH3).(CH2)2.C.CH.(CH3)2 	R.CH(C113).CH2eCH:C.CH(CH3)2 
•• 

III 	CH2 	 IV 	CH3 

SUMMARY  NO  15  

MINE  STEROLS: EVIDENCE FOR THE PRESENCE OF A 	 U.H.M. Fagerlund 
tee. -CHOLESTLNOL IN MUSSELS 	 D.R. Idler 

The presence ofA5,7» 22-cholestatrienol in a mussel Mytilus edulis has been 
reported by J. Van der Vliet. During an investigation of the mussel Modiolus demissus. 
we have found evidence for the presence of aA22-cholestenol„ which is not a provi-
twain D. 

A crude mussel sterol preparation was obtained from E.I. duPont de Nemours & 
C00 Provitamin D was removed with maleic anhydride in the usuel manner. The sterol 
mixture vas  then crystallized once from aqueous ethanol and ozonized. The ozonides 
were decomposed with Zn and the volatile decomposition products steam distilled into 
a 2,4-dinitrophenyl hydrazone (DNPH) solution. The hydrazones were chromatographed 
on a silicic-acid:Celite column with a petroleum-ether:benzene mixture (1.5:1). 
Three zones developed.. The middle zone, which accounted for 20-30% of the mixture 
was crystallized twice from aqueous methanol, m.p. 118°C O 3  mixed m.p. 120 0  with 



PHOSPHOROUS COMPOUNDS IN SALMON LIVER H. Tsuyuki 
Violet M. Chang 

D.R. Idler 

isovaleraldyehyde DNPH (mop. 1200 ), mixed mop. 90 0  with methyl isopropyl ketone DNPH 
(m.p. 1220). 

The middle zone was chromatographed on paper as described above (see Summary 
No. 13 of this report). It moved with the same Hof0  value as isovaleraldehyde DNPH. 

Anal. Calcd. for C11H14N404 C$ 49.6; H e  5.3. Found: C, 49.7; H, 5 0 3 0  

SUMMARY NO: 16  

MARINE STEROLS: CHOLESTEROL CONVERSION BY STARFISH IN VITRO 	U.H.M. Fagerlund 
D.R. Idler 

This project was started in order to determine to what degree the nature of 
the sterols of marine invertebrates are related to the type of sterola supplied with 
the food. 

In each experiment a mussel  vas  injected with cholesterol 4-014  in-a few drops 
of salmon oil'. A starfish previously fed solely on mussels was kept in a small tank 
of sea water. The mussel  vas  placed in contact with the oral cavity of the starfish 
which in most experiments began opening the shell •almost immediately. The starfish 
was kept alive up to 9 days after the feeding and was then cut up and extracted with-
acetone. The sterol azoyl esters were developed on a column into three zones (see 
Summary No. 14 of this report). A large portion of the activity was found as_un-
changed cholesterol (Zone 3). The activity of Zone 1 was lower than that of Zone 2. 

SOM8 activity was also found in various fractions of the saponified oil. The 
results are still too preliminary to justify a detailed presentation of the data. 
The evidence strongly indicates that the starfish is able to convert ingested chole-
sterol to the sterols which it normally deposits in its tissues. In the majority of 
the experiments conducted thus far the starfish after . nine daYs had still not trans-
formed a large portion  of the  ingested cholesterol. In one experiment the conver-
sion of cholesterol was excellent and the conditions used in this experiment_will be 
individually examined in an effort to produce consistently high yields of the star-
fish sterols. FUrther studies may, apart.from the original goal, reveal some of the 
pathways of sterol transformation in this marine invertebrate. 

SUMMARY  NO. 17 

Previous reports (Summaries No. 3 and 30 of this Stationls Annual Report for 
1956-57, respectively) on the acid-soluble nucleotides of salmon liver have dealt 
briefly with some of the methods involved in their isolation and éharacterization 
and the nature of a new-peptide containing_nucleotide„  6-succinyl adenosine-5 1 - . 
phosphosulfate (peptide), was described in detail. Tentative characterizations of 
the other nucleotide fractions in liver were also included in these previous reports. 

All of the major components in each fraction have now been characterized and_ 
a more detailed picture of the acid-soluble nucleotides of salmon liveritogether,  with 
the methods uged for their separation and identification, is reported. 

The following abbreviations are uged in this report: UMP uridine-5t-phosphate,- 
UDP uridine-5 1 -diphosphate„ UTP uridine-5 0 -triphosphate„ AMP adenosine-5I-phosphate, 
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ADP adenosine-5 1 -diphosphate a  ATP adenosine-5u-triphosphate, IMP inosine-5I-phosphate, 
ID? inosine-5R-diphosphate a  ITP inosine-5i-triphosphate, GMP guanosine-5u-phosphate a  
GDP guanosine-5 1 -diphosphate„ GTP guanosine-5g-triphosphate, DPN diphosphopyridine 
nucleotide a  UDPAG uridine-5e-diphosphate acetyl glucosamine a  UDPGAL uridine-5Î-
diphosphate galactose, UDPGA uridine-5 8 -diphosphate glucuronic acid, UDPX uridine-5 8 - 
diphosphate derivative where X is a variable, P t  total phosphorus a  P1 acid-labile 
phosphorus. 

Preparation of acid-soluble.fractions. 

The livers were excised from live spring salmon at sea and immediately frozen 
in dry ice. The powdered tissue was homogenized in a precooled Waring blendor with 
cold 0.6 N perchloric acid (1.51 ml. per g. of tissue) and centrifuged. The residue 
was extracted a second time with the same volume of cold 0.2 N perchloric acid. The 
supernatants were combined and neutralized with 5 N Potassium hydroxide to pH 7.0. 
All operations were carried out at  0°C. The slightly soluble potassium perchlorate 
(.75 g. per 100 ml. at 000 0) began to precipitate immediately»  and after standing a 
few hours the supernatant vas decanted, lyophilized to one-quarter its volume, and a 
further crop of potassium perchlorate removed to reduce the salt concentration. The 
sample was chromatographed on Dowex-1 anion exchange resin employing gradient elution 
as described by »arlbert and co-workers. The liver nucleotides were first separated 
into fractions A to J with 4 N formic acid. Each of these fractions vas  then fürther 
purified on Dowex-1„ using an ammonium formate-formic acid solvent system. 

Low temperature chromateraphy. 

When the nucleotide pattern from a column operated at room temperature accord-
ing to Hurlbert and co-workers was compared to that obtained at 000.„ the differences 
observed warranted the use of refrigeration throughout the chromatographic procedures. 
A Gilson fraction collector pan was insulated to minimize heat exchange and the refri-
gerant was circulated through the pan and jacketed column at a rate sufficient to 
maintain the temperature of each at 00 C. 

Ana]ysla and i•tz191_e_pi mato aro 

The nucleotide fractions were initially located by reading their optical densi-
ties at 260 a9.1 in a Beckman spectrophotometer. Subsequently, the nucleotides were 
located automatically by means of an ultraviolet recorder attached to a Gilson frac-
tion collector. In this system a combination of filters permitted ultraviolet light 
in the region of 257 mu  to pass through a quartz cell through which the eluent passed. 
Thus only material absorbing in the 257 nrt: region is recorded. When the results from 
several column runs obtained by the automatic Ultraviolet recording device were com-
pared to the readings from the Beckman DU, it was found that with the exception of a 
few very small componentse all major and minor peaks were detected. 

1 

1
Appropriate fractions of a peak were pooled and the solvents were removed by 

freeze 	 in -drying and the nucleotides analyzed or aga chromatographed. The ammonium 
formate was removed by several methods: (a) by freeze-drying for several days; (b) 
by ion exchange (IR-120) followed by freeze-drying, and (c) by freeze-drying followed 
by high-vacuum (10-7  mm. of Hg.) sublimation for a few hours. The samples were then 
dissolved in water and aliquots taken for the various analyses. 

Analytical Methodl 

Ultraviolet light.  The maximum and minimum ultraviolet absorption of the 
nucleotides in acid (pH 1-2) was read from a Beckman model DK spectrophotometer 
recording. The nucleotide concentrations in acid were calculated from the appro-
priate extinction values compiled by the California Foundation for Biochemical 
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Research. Adenine succinic acid was determined by absorption at 266 mu, using 
E=16 09 x 10-3  at pH 1.0. 

Phosphate.  Inorganic phosphate was determined by the method of Lowry and 
Lopez.  AU  recorded values for total and labile phosphate have been corrected for. 
inorganic phosphorus. For labile phosphate the sample was hydrolyzed directly in, 
18 x 150 mm ',  calibrated colorimeter tubes containing 4.0 ml. of 1 N sulphuric 
acid, for 15 minutes in a boiling water ath. The colour was developed by the 
Fiske-Subbarow method and read after 15 Minutes in an Evelyn colorimeter with a 
660 mu. filter. For total phosphorus, the samples were brought to dryness in . 
colorimeter tubes and digested with 1 00 ml. of 4 N perchloric acid for at least 
one hour at  160°C0 The tubes were then partially cooled, One drop of 30% hydrogen 
peroxide added and the contents digested for an additional 40 minutes. The colour 
was developed as for labile phosphate. 

Sugel. 	Ribose was determined according to Meijbaum. The ribose.values of 
pyrimidine ribosides were used qualitatively. Uronic acid waskietermined by the 
Dische method »  reducing sugars by the Folin and Malmros method, and N-acetyl glu-- 
cosamine by the method of Reissig'and co,workers. In the Reissig assay,  the large
difference in the extinction values enabled qualitative distinction between N-
acetyl glucosamine and N-acetyl galactosamine.. 

Paper chromatograohLt  

Whatman No. 1 and occasionally No. 3 papers were used in ascending develop- . 
ment. Where it was necessary to elute the nucleotides for further analyses, washed 
papers were used because of ultraviolet absorbing contaminants in the paper. The 
papers were washed with a 181 mixture Of ethanol and 1 0 2 N acetic acid, rinsed 
thoroughly with water, followed by ethanol according to the procedure of.Kay.and co-
workers. The solvent systems used are indicated in the tables. The free bases and . 
their derivatives were located by use of a mineralight lamp, the hexoses and uronic. 
acid by aniline phthalate »  hexosamines and acetyl hexosamines by the modified Elson-.. 
Morgan reagent and phosphorus by the Hanes and Isherwood method. Both the purine and 
pyrimidine nucleotides were hydrolysed - to - their free bases by heating for 2 hours at 
175°C.  with 90% formic acid. 

Results  
- 	• 

Fractions A to J inclusive have invariably been present in every column that 
has been analyzed. However, the relative amounts of each fraction showed considerable 
variation between individual salmon and'betWeen sexes. Each of the fractions has been 
analyzed and the - principal components Characterized. 

The compOnents of fractions A, By Cy By H and J are summarized in Table 
together with the analytical data for their identification. Fraction A was separated 
into three components  (A1, A2 and Al) by column chromatography using ammonium formate 
as the developer. When each of thege was subjected to further separation on paper, 
AI proved to be a single component, DPN„ showing a typical cyanide reaction--A2 was 
composed of.two fractions A2a  and A2b, which were AMP and succinyl adenine respec-:, 
tively.. These two components behave chromatographically alike in many systems but 
could be separated in n-butanol-acetic.acid. A3 vas also separated into two comp°, . 
nents on paper. Ala  eXhibited the ultraviolet absorption of uric acid. However, 
uricase did not reduce the absorption at 283  uni, and it was distinguishable from 
uric acid by paper chromatography using n-propanol-water (60840). A3b  has not yet 
been identified. 

Peak B proved to be a single component, GMP. 
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TABLE I - Analyses of fractions A, B, C, D, H and J. 

A Al 

A2a 

A2b 

DPNla 

AmP47  

Succinyl adeninela 270 231 	0 

256 236 1.82 

257 230 .88 	0 	0 091 Adenine4,6  

0 	- 	Adenine4,6  

0 

à3a 7 . 

A 7 -3b 

B Ba 	GMPl'a 

C 	Cl Hypoxanthine1,46 	248 215 	- 

C2 	UMP1a»9 	 261 230 	.93 

C3 	IMP1 ' 7 e
9 - 	 248 224 1.04 

283 	0 

257 

257 228 1.04 0 	1.20 Guanina4,6  

Hypoxanthine1 $46  

0 	+ 	Uraci14,6  

Hypoxanthinel e4 $ 6  0 	1.0 

C6 

D D 	ADPie 

H H 	GDP43  

J 	J 	ATP1 3 

256 231 

257 231 2.0 

257 230 2.0 

257 236 3.1 

Uracil and 
hypoxanthine 

Adenine4, 6  

0.92 1.0 	Adenine1,4,6 

1.06 	- 	Guanine4,5  

2.2 	- 	Adenine4,6  

* Superscripts refer to solvent systems used as follows: 

(1) Isobutyric acid/conc ,  ammonium hydroxide/water, 66/1/33; (2) ethano1/1 M 
ammonium  acetate (pH 3 08), 7.5/3; (3) 0.1 M phosphate pH 6.8/ammonium/sulphate/ 
n-propanol„ 100/60/6; (4) aqueous ammonia, pH 10.0; (5) n-butanol/water/formic acid, 
77/13/10; (6) water-saturated n-butanol/ammonia, 95/5; (7) n-butanoliacetic acid/ 
water, 2/1/1; (8) isobutyric acid/conc. ammonium hydroxide/water„ 57/4/39; (9) 
ethano1/1 M ammonium acetate pH 4 0 5, 65/35; (10) ethyl acetate/Pyridine/ammonium 
hydroxide/water t  40/20/12/12, paper treated with boric acid; (11) n-butanolAcetic 
acid/water (boric acid saturated), 4/1/5; (12) n-butanol/pyridine/water, 45/25/40.  

After a second column purification fraction C was separated into six compo-
nents. However, during the initial stages of this investigation, when the ion-exchange 
procedure was carried out at room temperature, it is significant that only two compo-
nents (UMP and IMP) were obtained. Presumably the less stable remaining components 
were destroyed during column chromatography. The first component, Cl e  proved to be 
hypoxanthine. When the known hypoxanthine derivatives IMP, IDP and ITP were treated 
with 4 N formic acid for three days at room temperature (conditions considerably more 
drastic than the chromatographic procedures) there was no evidence of free hypoxanthine. 
At present, there is no explanation for the presence of hypoxanthine in this fraction 
except as a product of the partial decomposition of one of the C fractions C4, C5 or 
C6. Components C2 and c3  were shown to be UMP and IMP respectively. C4  consists of 
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the bases uracil and hypoxanthine. The identification of C5 and C6 is continuing. 

Fraction D consisted solely of ADP, H of GDP and J of ATP (Table I). 

Fractions Fs. G and I are all derived from UDP and have been identified as 
UDPAG, UDPGAL and UDPGA0  respectively. Whereas, UDPAG has been isolated and charac-
terized from yeast, animal liver, hen oviduct and mung bean seedlings, UDPGAL from 
mung bean seedlings, and UDPGA in rabbit liver and mung bean seedlings; their pre-
sence in marine forms of life has not yet been reported. The analytical data on . 
which the identification of Fe  G and I is based appear in Table II. The characteri-. 
zation of UDPAG is based on a molar ratio of Base:Pt:Pi: reducing value: N-acetyl 
glucosamine of 1:2812181. N-acetyl glucosamine was identified by paper chromato-
graphy and by colorimetric assay and differs from Ni-acetyl galactosamine by having 
an extinction value about three times greàter at 585 mp. . 

IECIMIMMIMIE7C1 

TABLE II - Properties of UDPX compounds in salmon.liVer. 

Base** 
Chromato-

Frac- graphic 
tion* properties 

similar to** 

' 	 Reduc- 	N-acetyl 
Per mole 	ing 	Uronic glucosa- 	X 

Pt P1 lease value acid 	mine 	Component** 

1.05 	N-acety12,10  
glucosamine 

G UDPGAL1 » 2 e3 Uracil495 2.05 .92 + 	1.0 	 Galactosell ,12 

I UDPGA 	Uraci145  1.97 1.01 + 	+ 	.86 	Glucuronic709  
acid 

* ,All three fractions showed a uridine-type  spectra. 
**,:$uperscripts refer to solvent systems in Table I. 

Fraction G was identified as UDPGAL by virtue of an equimolar amount of UEP 
and reducing sugar. The sugar was shown to be galactose on several paper chromato-
grams. Fraction I was likewise shown to be UDPGA 105,  a UDP to uronic acid ratio of 
approximately unity. Glucuronic acid was distinguished from galacturonic acid by 
paper chromatography and by the ease with which the former compound lactonizes. 

Fraction E has been described fully in the previous yearts report and will not 
be discussed here. 

The acie.soluble nucleotide distribution in fish liver and other tissues are . 
considerably different. Whereas in rat liver and in wheat plants the mono-, .di-, and 
tri-phosphates of cytidine are present, these  are absent in the fish liver as are GTP,. 
UDP and UTP. The nucleotide picture appears to tend towards simplicity compared to 
these other two tissues. The absence of UDP which should appear in the region of,. 
fractions F, G and I is significant. This nucleotide was not detected though it has 
been searched for specifically. It would appear then that unless low temperature 
column chromatography is employed„.UDP appears as a decomposition product of relatively 
labile UDPX compounds. The role of UDPX compounds is interesting to consider. 
Fischer hypothesized that the.preeence of relatively large amounts  of. inositol in 
shark fins and the absence of glycogen and other reserve carbohydrates in the liver 
might mean that inositol may function as a source of blood sugar by the reopening of. 
the inositol ring. Recently, in his biochemical studies on inositol. Charelampous 
discovered an enzyme system from rat kidney which catalyzed the oxidative conversion 
of inositol to glucuronic acid through the postulated mediation of UDP glucose fol-
lowed by UDP glucuronic acid. An anàlysis of a number of fiàh livers showed that we 

F UDPAG42 .93  Urac1l4D6  1.88 .92 + 	1.08 
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have in this tissue a set of conditions very suggestive of the role of inositol as 
a carbohydrate storage product. Inositol analyses from a number of tissues from 
salmon including the liver indicate the presence of this compound at relatively high 
levels. The presence of reducing sugars in fish appears to be a post7mortem pheno-
mena rather than an actual presence of these compounds in fresh fish. UDPGAL and 
UDPGA were found to be present in significant concentrations in the liver and the 
absence of UDP glucose i8 noteworthy. The reversible conversion of UDP glucose to 
UDPGAL has been demonstrated by Leloir in S. 	ilis0  UDPGAL AND UDPGA, therefore, 
might be implicated in the conversion of inositol to glucuronic acid in addition to 
other co-enzymic roles in which these nucleotides are involved. 

SUMMARY NO. 18 

AN AUTOMATIC MULTI-STAGE SEMI-MICRO ZONE-MELTING APPARATUS A.P. Ronald 
F.C. Freeman 

D.R. Idler 

The technique of zone melting, which is well known in metallurgy has recently 
been successfUly applied to the purification of organic compounds. The limited suc-
cess of chromatographic techniques in the sterol field suggested that if a suitable 
apparatus were available, zone melting might find application to the problems in our 
laboratory. , 

This method for the purification of organic compounds requires that a narrow, 
molten band be allowed to travel slowly down a vertical column of the solid substance, 
which is contained in a suitable glass tube, resulting ultimately in the separation 
of the impurities which are concentrated at the bottom of the column. Due to the 
similarity of some impurities to the compounds undergoing purification in our labora-
tory,preliminary, 	trials indicated that separations could not be expected except after 
many cycles. With this in mind it was decided that an automatic apparatus capable 
of simultaneous purification of at least four columns of material should be con-
structed. 

Examination of the literature on this technique showed that the only type of 
semi-micro apparatus available was not designed for automatic recycling. A design 
for an automatic macro model exists but the disengagement of the drive motor by the 
system of pawl and rachet was not clearly understood by us and it did not seem a 
suitable apparatus for adaptation to micro scale. 

Principle of operation  

The apparatus (Figure 1) Consists of a drive motor which raises a platform at 
the rate of 1.25 inches per hour. The platform supports four tubes which contain the 
material to be purified. As the platform rises, the tubes pass through a heater which 
creates a well-defined molten zone of material. The molten zone then passes slowly 
down the column until the bottom is reached. The platform then reverses in direction 
and travels quickly to its starting position and again commences its slow ascent. 

The slow drive speed required for raising the platform is attained by means 
of a synchronous motor with a drive shaft speed of 120 revolutions per hour. This 
is further reduced by external gears to 20 revolutions per hour. The last reduction 
is by a bevel gear which has an internally threaded hub (Figure 2), through which 
passes a 3/8-inch diameter rod with 16 threads to the inch. The rod is fixed by means 
of a guide bar attached at right angles to the rod and sliding in a slot so that it 
cannot rotate. The bevel gear on completing 16 revolutions raises the platform 1 inch. 
The gear turns 20 times in 1 hour, thus the platform travels at the rate of 1.25 
inches per hour. 
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The automatic recycle is accomplished in the following manner. On reaching 
a predetermined height the guide bar, attached to the bottom of the threaded rod, 
lifts a lever which operates a micro switch. The power is then cut off from the 
drive motor which is then disengaged from the system through the action of a sole-
noid operated dog-clutch. The reverse motor then cuts  in„ returning the platform 
to its original position, where on striking another micro switch it is stopped. 
After about 15 seconds the clutch disengages and the drive motor starts. The delay 
before the commencement of  the. recycle  is.effected by the incorporation of a delay 
mechanism in the circuit, which  was  installed to avoid damage to.the gear system. 

Operation of_apparatus.  

Reference should be made to Figure 3 and Table I in the following more 
detailed description of the operation of the apparatus. The electronic delay cir-
cuit has been so designed that when it is switched on, 15 seconds elapse before the 
relay coil (#I) is energised. Energising of the coil cuts off, through the action 
of relay WA) , the filament voltage to tube (VI) and at the same time the plate 
voltage is made to tube (V2) 0 In this manner the.relay is held on until the circuit 
to the coil is broken, at which  point  even immediate application of currant,to the 
circuit would not energise the coil until 15 seconds had elapsed, which is the time 
required for the filament of tube (VI) to heat up and allow sufficient current to 
flow to energise the coil. Relay (#1B).controls the action of the clutch solenoid. 
and the drive motor. Vhen coil (#1) is not energised the clutch solenoid is in 
operation.  This  disengages the drive motor from the system and also closes the micro 
switch (M3) 0  This switch is so positioned that the circuit to the reverse motor is 
not complete unless the clutch is fnlly disengaged. .However„ even with the clutch 
disengaged the reverse motor will not come into action until its particular circuit 
has been completed. This can only occur in the following manner. Micro switch (M1) 
is closed either by the action of the bar attached to the threaded rod or by manual 
manipulation. Coil (#2) is then energised and relay (#2) closes and breaks the cir-
cuit to the delay unit.  When  the circuit to the delay unit is broken, relay (#2A) 
makes a circuit to its own coil; this is necessary as micro switch (M1) is opened as. 
soon as the reverse  motor comes into_operation. Relay (#2B) makes a circuit to micro 
switch ( 43). When the filament of tube (V2) has cooled sufficiently to cut off the 
power supply to coil (el), relay (#1) opens, the drive motor stops, the clutch dis-
engages and completes the circuit through micro switch (m3) to the reverse motor. 
The rod then travels down until the bar atrikes micro switch (M2) opening the self-
holding circuit to coil (#2). Relay (#2) opens, the reverse motor stops, the circuit 
to the delay unit is made and after 15 seconds coil (#1) is again energised. The 
clutch disengages, the drive motor starts and a new cycle commences. 

Construs112n2LAuaratus 

The mechanical components were assembled on an aluminum plate 10 x 24 x 3/8- 
inches. The bevel gear assembly was first manufactured and assembled and then mounted 
in the centre of the plate. The reverse motor gear shaft was then assembled„.the 
16-tooth bevel gear was fastened to one end of a 2-inch length of 1-inch stainless 
steel shaft, by means of a pin driven through the hub of the gear and through the 
shaft.  The  52-tooth spur gear was fastened to the other end by drilling a i-inch hole 
in the gear and fitting it to the shaft and a small hole was drilled parallel_to the 
shaft so that it cut a keyway from the shaft and the gear. The hole was then tapped 
and a screw inserted which held the shaft and the gear firmly together. The gear, 
assembly was mounted on  *-inch  brass pillow blocks which were fastened to an aluminum 
mounting block of such a thicknees that the bevel gears meshed correctly. A similar 
procedure was followed for the mounting of the slow speed drive motor shaft. A hub 
was brazed to each spur gear which was to be mounted on a motor shaft and a hole 	. 
drilled and tapped on eaeh hub and a set screw inserted. The gear was held in posi-
tion on the drive shaft of the motor by means of the set screw. This allows for easy 
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mounting, simple adjustment, quick removal and also for disengagement of any motor 
While tests are being carried out on the correct positioning of the electrical com-
ponents of the system. If the gear system is not mounted properly and any tightness 
occurs, difficlaty will be experienced in disengaging the clutch. To avoid this, 
carefUl alignment is necessary and the clutch teeth should be angled as much as pos-
sible. The micro switches (M1, M2) can be mounted in many ways. One convenient mount 
is on the side of a right-angled bracket which is in turn mounted on the outside of 1.11Le 
guide bar support. A slot is cut in the side of the bracket to allow for easy position-
ing of the micro switches. The mechanism of the micro switch is actuated through corning 
in contact with that part of the guide bar which protrudes through the guide bar support. 

The four-element heater unit is constructed from single loops of #26 barenickel-
chromium wire attached to copper rods approximately 5 inches in length and 1/8-inch in 
diameter. The rods are held in place by a bakelite strip which provides both inatila-
tion and a means of adjusting the height of the heater. Each heater is controlled by 
a rheostat, wired in the manner of a voltage divider (Fig. 4). The type of circuit 
used was found to give the best individual control for each heater. With  all  the heatert 
working at maximum temperature the load is about 13 : amps. However, the 6-volt centre 
tapped 10 amp. Hammond transformer used in our apparatus worked quite satisfactorily 
and there was no indication of heating due to overloading. 

TABLE I  - Values of  component parts  of  electrical circuit. 
Resistors 

R1 	 100-ohm 50-watt 
R2, R3, R4, R5 	2-ohm 50-watt rheostats 
116, R7, R8i R9 Loop of #26 bare nickel chromium wire 

Condensers  
Cl 	 50-mf. electrolytic 

Tubes 
V1, V2 	117Z6GT0 Converted to an ordinary triode, thus doubling its current 

Relay 	 carrying capacity. 

1. 	 P & B Relay - KA 11D. 
110-volt. D.C. D.P.D.T. 

2 0 	 Guardian Relay - . Series 200. 
115-volt. A.C. D.P.D.T. 

Switches 

Ml, M2, M3 	Dnimax. Type 2 RBW-1, Micro switch 
On-off 	10-amp. D.P.S.T. toggle switch .  

Transformers  

Ti 	 Hammond. Type 1129R60CY 
6-volt. 10-amp ,  centre tapped. 

Fuses 

2 2-amp. Type 3-AG. 

Indicator Lights 

Ni,  N2 	Neon bUlb. Type GE - NE 51. 
Resistor type mountings should be used 
with this bulb. 



Fig. 3 Circuit diagram of apparatus. 
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Fig. 4. Heater circuit. 
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SUMMARY-NO..19 

THE PRESERVATION OF WHOLE HERRING PRIOR TO REDUCTION N.A.W. LePage 
B.A. Southcott 

The possibility that a considerable percentage of the British Columbia her-. . 
ring catch destined for reduction is wasted, due.to ,the formation of volatilepro- - 
ducts by bacterial action, has prompted this investigation. There is a.special 
likelihood of bacterial spoilage occurring at the high ambient temperatures pre-
vailing during the summer, and when large gluts of herring make immediate reduction 
impossible. 

The Norwegians have had considerable success in preserving their catches of 
herring, using formaldehyde and sodium nitrite, though the latter is apparently more 
commonly used.  Fr the purpose of this. investigation  it was decided to  use. these 
two chemicals and the antibiotics oxytetracycline,and chlortetracycline (OTC and CTO. 

In order to achieve the beat results a preservative ahould be applied as soon 
after netting the herring as possible, preferably at the time the fish are loaded 
into the hold of the seiner. An alternative to this procedure would be the applica-
tion of the preservative after the fish have been landed and are atored in fish bins 
awaiting reduction. 

Originally it was hoped that idle fish bins at a local fish plant could be 
used in storing large quantities of treated fie.. Unfortunatelyi a current strike .. 
of the British Columbia herring fishermen prevented this. However, a small amount 
of herring were obtained, using a gill net and by njiggine. While strictly fresh . 
these fish were sprayed with small amounts of concentrated solutions of the preser-
vatives and were stored in plastic containers at an average temperature of 42°F0 for 
1 week. (Up to 40% formaldehyde and sodium nitrite solutions calculated at .05% of 
the weight of the fish, and up to 1000 parts per million OTC and CTC solutions cal-.. 
culated at 1 ppm of the weight of the fish were used. Mixtures of the preservatives 
were used as well.)  

Samples of the whole herrings were taken daily, blended in a Waring Blendor, 
and total bacterial counts made. Although the treated fish seemed to develop off 
odours less quickly than the control, the bacterial counts were quite scattered and 
inconclusive. This was probably due to the very small number of fish used in the 
experiment. As soon as larger quantitiee of herring become available, this investi-
gation will be resumed. 

SUKMARY NO. 20  

THE STABILITY OF ANTIOXIDANT-TREATED HERRING MEALS IN STORAGE 
I. THIOBARBITURIC ACID TESTS FOR OIL OXIDATION . 	 N.A.W. LePage 

The results of 2-thiobarbituric acid (TBA) tests made on four herring meal 
samples (SUmmary No. 44 of this Station's Annual Report for 1956-57) are presented 
graphically in Fig. 1 0 

All four meals show a similar rate of increase of the TBA number (milligrams 
of malonaldehyde per 1000 grams of sample) after eight months in storage at 800F0 
The fact that the oil in the two BRT-treated meals seems to have oxidized as rapidly 
as that in the untreated control, suggests the possibility that (1) the vet-treated 
meal did not receive sufficient BHT (0.05%) to allow for steam distillation in the 
drying operation, and (2) the distribution of BHT in the dry-treated meal was not . 
sufficiently uniform to give protection. Apparently, in the case of the hexane- 
extracted meal, the constituent in the oil giving rise to the TBA reaction was not 
removed by the extraction. 
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Fig. 1  Thiobarbituric acid tests for oil oxidation. 
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Because of the uncertainties in the application of the antioxidant, a further 
series of herring meals have been treated using BHT both in a finely powdered form 
(200 mesh) and dissolved in herring oil, and Santoquin (Santoquin has been shown to 
be a more powerfill antioxidant than BHT, but as yet has not been approved by the 
Food and Drug Authorities.) dissolved in herring oil. The powdered BHT was added at 
approximately .17% of the finished meal to two duplicate lots, using a metering device 
closely resembling a garden spreader. The BHT in oil was sprayed into two lots of 
meal at approximately .11% and .06%. The Santoquin-fish oil solution was sprayed into 
one lot of meal in approximately .06% concentration. Two control meals were obtained: 
one with approximately .6% of herring oil added and one without additional oil. The 
antioxidants were added immediately after the drying operation and prior to grinding 
of the meals. These meals are in storage at 800F. and will be tested using TBA and 
chick nutrition tests. 

The writer gratefUlly acknowledges the assistance of Mr. David Barbour of the 
British Columbia  Packers Ltd., who provided the spraying apparatus and the approximate 
analyses of the meals, and of mr. Robert Wilson of North Shore Packing Co., Ltd. and 
Mr. Michael Kreuger of prince Rupert Fisherments Co-operative Association, vho made 
available the facilities of their plants for the purposes of this investigation. 



TABLE II - Growth of chicks fed herring -meal-supplemented_ 
diet with added  folic acidlz 	  

Average weights at 24* or 26 days 
Herring meal supplement 	 Igrams)  

Storage interval 
Start* 4 months 8 months.. •  

1 	 338 	362 	320 
2 	 317 	362 	332 
3 	 319 	358 	317 
4 	 316 	371 	307 

N.B. All meals  stored at  80°F0  2 weeks after processing.  

TABLE III- Growth of chicks fed herring-meal-supplemented-
diet (no added  folie acid).  

Average weights at 24* or 26 days 
Herring meal supplement 	(grams)  

Otorage interval  
Start* 4 months  8 months  

266 	279 	219 
262 	302 	222 
266 	304 	268 
267 	287 	223,. 

1 
2 
3 
4 
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THE STABILITY OF ANTIOXIDANT-TREATED HERRING MEALS 	J. Biely, Mrs. B.E. March 
IN STORAGE. II. CHICK NUTRITION TESTS 	 (Dept. Poultry Science, U.B.C.) 

N.A.W. LePage 

Concurrent with the TBA tests of Part I,  chick nutrition tests were performed 
at four-month intervals using the four herring meals. The composition of these meals 
is set out in Table I. 

TABLE I - Proximate analyses of herring meals. 

Meal 1 	 Meal 2 	 Meal 3 	meal 4 
Wet-treated 	Dry-treated 	Hexane-extracted Untreated 

( 0 5% oil + .05% BHT) ( 0 5% oil + .05% BRT) 	Control 	Control 
(.5%ctli._ 

Moisture % 	7 09 	 8.9 	 8.0 	8.8 
Fat % 

	

	 8.0 8.8 	 0.3 	8.2 , 
Protein % 	75.0 	 73 09 	 81.0 	74.1 
Ash % 	 10.6 	 10.3 	 11.3 	 10.5  

Each of these meals was tested for its protein nutritive.value as the sole 
source of supplementary protein in two diets, one containing added folic acid and 
the other deficient in folie  acid (unless this was supplied by the herring meal). 
The protein content of each diet was 21% .. Tables II and III show the average weights 
of the chicks at invervals during the storage period  for  each meal. 

N.B. All meals stored at  80°F.  2 weeks after processing.  
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From the data of Tables II and III it *would appear that antioxidant treatment 
of the herring meals had no significant effect on their protein quality. The hexane-
extracted meal after 8 months storage seems to have retained more folic acid than 
the other meals. However, no definite conclusions can be reached as to the effect 
of BUT on the protein quality of herring meal until the.completion of the second set 
of trials outlined in Part I. 

The TBA and chick nutrition tests at the end of twelve months of storage have 
not yet been completed. 

SUMMARY NO. 21 

EFFECT OF ENZYME TREATMENT ON THE VISCOSITY OF WHALE SOLUBLES J.R. McBride 
D.R. Idler 

R.A. MacLeod 

Recently, the whaling industry has expressed some concern over the high vis-
cosity of much of the whale solubles being produced. 

In view of the fact that this problem of viscosity in whale solubles appeared 
to be quite simrtar to the problem of viscosity in herring solubles, it was of 
interest to know if proteolytic enzyme treatment would have the sane capacity to 
reduce viscosity in whale solubles as it had been fOund to have in the production of 
herring solubles. In the case of whale solubles, it was decided to apply the enzyme 
hydrolysis procedure to . the final product rather than to the primary stickwater as 
had been done for herring solubles. This change in procedure was necessary because 
of the limited holding facilities for Whale stickwater during the peak periods of 
production at the whaling station. 

As the final product is acidic, (pH about 3.5), commercially available pro-
teolytic enzymes which display activity in an acid medium were chosen  for  study. 
Three commercial proteolytic enzymes, Pepsin, Bromelin, and Rhozyme B-6,were selected. 
As Rhozyme B-6 has a pH optimum. of  about 6.5, it would not be expected to have acti-
vity at the low pH of the whale solubles unless it proved to be active over a wide 
pH range. AS the enzyme is already used for producing herring solubles, it was con-
sidered of interest to determine its effect on whale solubles. Papain, another of 
the enzymes tested, is used extensively as a meat tenderizer. 

In the first experiment, Table I, the enzyme hydrolysis was carried out at 
the pH to which the whale solubles is normally lowered to prevent bacterial spoilage. 
In the second, Table  II, the enzyme hydrolysis was carried out at pH 5.0. During 
the first hundred minutes of eaàh experiment the samples were mixed by stirring. 
This agitation produced a lowering of the viscosity in the control sample (without 
added enzyme). The lowering in the control, however, was not permanent since, as 
soon as the stirring ceased, the viscosity values rose to their previous levels. 
The results in the presence of Rhozyme B-6 paralleled the control when the pH of 
the solubles was 3.5, Table I,  indicating that this enzyme was not effective at the 
low pH. Both papain and bromelin, however, produced a very satisfactory lowering 
of the viscosity of the solubles and the viscosity value remained low even - after the 
Product had stood without stirring for 48 hours. Even when the products of enzyme 
digestion were cooled to 10°C., they remained fluid. The viscosity values at this 
temperature accentuated the greater effectiveness of the bromelin in lowering 
viscosity. 

At pH 5.0, Table  II, Rhozyme B6 showed some activity though it  vas  still 
not as effective as pepsin or bromelin in the process. This result with whale 
solubles differs from findings with herring solubles, since in the case of the 
latter product, all three enzymes were found to be similarly effective in reducing 
viscosity at this pH. 
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TABLE I - Changes in the viscosity of whale solubles treated 
with commercial proteolytic enzymes at pH 3.5. 

Takamine 
Control 	Rhozyme B-6 	Papain 	Bromelin. Time 

0 
20 min. 
40 " 
60 
80 

100 " 
160 " 

24 hr. 
48 't  
10°C. 

Stormer Values* 
64.6 	64.6 	64.3 	64.4 
52.2 	52.1 	44 0 5 	41.7 
48.6 	51.2 	40.2 	35.8 
49 0 4 	48.8 	40.2 	35.6 
48.8 	48.9 	39.6 	31.9 
48.8 	48.9 	39 09 	31.9 
55.1 	55.3 	38.4 	30.6 
63.0 	64.2 	29.7 	25.9 
64.4 	6 .8 	28.2 	2 .9 
** 	** 	64.3 	43.7 

* Each value represents the number of seconds required for a 
paddle in the sample to make 100 revolutions when a force 
of 200 grams is applied. 

** Gel too heavy  for test. 
• Each enzyme was added at a level of 0.5% of the total 

solids in the solubles sample used (solids content 48%). 
Samples stirred continuously for the first 100 minutes0 
pH of solubles 3 0 5, temperature  25°C0  

TABLE II - Changes in the viscosity of whale solubles treated 
with commercial proteolytic enzymes at pH 5.0. 

Takamine 
Time 	Control 	Rhozyme 	B-6. Papain 	Bromelin 

. Stormer Values* 
0 	38.7 	38.6 	. 	38.6 	38.7 

20 min. 	340 4 	33.8 	29.1 	28.7 

	

40 " 	34 0 3 	33.8 	27.5 	24.2 

	

60 n 	34 0 5 	33 04 	26.7 	23.2 

	

80 " 	34 0 4 	33 04 	26.9 	- 	22.6 

	

100 " 	34 0 5 - 	, 33 0 4 	26.7 	22.5 

	

160 n 	35.2 	. 	33 0 4 	25.4 	- 21.4 

	

24 hr. 	42.4 	' 	32.5 	24.4 	22.8 

	

48 " 	42.6 	31.1 	24.0 	22.8.  

	

10°C0 	** 	156.1 	35.0 	34.3 

* See Table I. 
** Gel too heayy for test. 

Conditions as in Table I, except that pH of solubles was.5000 

The results of this stuce indicate that enzyme treatment can be used to 
reduce the viscosity of whale solubles. The treatment can be carried out on the 
final conceatrated product under acidic conditions at room temperature.- Thus, 
neither special equipment nor special conditions are required in the process and 
at the lou pH that can be employed e  losses by bacterial spoilage are negligible. 
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SUMMARY.NO . 22  

RELATIVE ACTIVITY OF VARIOUS COMMERCIAL PROTEOLYTIC 
ENZYMES IN THE PRODUCTION OF HERRING SOLUBLES 

J.R. McBride 
R.A. MacLeod 

D.R. Idler 

As noted in previous Annual Reports of this Station (1955-56-57), the use of 
acid•to precipitate proteins in herring stickwater is limited in its scope for the 
production of herring solubles. The appearance of an unknown gel factor, not pre-
cipitated by acidulation, in the herring stickwater during the months of October to 
April inclusive, resUlts in a solubles of.high viscosity. In addition to this un-
desirable physical characteristic, considerable difficulty is experienced in the 
breaking of the oil-water emulsion caûsed by the gel  factor. Since herring solubles 
are sold on the basis of protein content, any oil present in the solubles is an 
economic loss to the producer. 

However, the recent use of commercial proteolytic enzymes in the solubilizing 
or partial hydrolysis of insoluble protein in the food industry has made available 
an alternate process for the production of herring solubles. 

Although Rhozyme B-6„ a commercial proteolytic enzyme, has recently been used 
successfully in B.C. as a means of reducing the viscosity of solubles, no systematic 
study has been carried out to determine which of a number of different types of pro-
teolytic enzyme available commercially would be most effective in this process. 

In this study several different types of commercially available proteolytic 
enzymes have been evaluated on the basis of their capacity to reduce the viscosity 
of herring solubles. 

In order to insure a common substrate for all enzyme experiments, a large 
reserve of primary herring stickwater was divided into two parts. One part vas  used. 
for enzyme studies without further treatment, the second part was centrifüged in a 
Servall centrifuge  at 12,000 r.p.m.  for 20 minutes to remove the remainineoil and 
insoluble solids. Thus, two herring stickwater substrates were available, «primary" 
stickwater and "pure" stickwater. The primary stickwater was used to duplicate to. 
some extent actual commercial conditions since it contained more nearly the same . 
level of total solids as commercial stickwater. The "pure" stickwater was also used 
since suspended solids which have an effect on viscosity had been removed and the 
effect  of the  enzyme vould be expected to be.due almost entirely to its effect on the 
gelling agent. Aureomycin was added to both:samples of stickwater as a preservative 
at 2 parts per million (p.p.m.),.based on the total . solids content of the stickwater. 

Each enzyme was tested over a series of concentrations ranging from 0.5% to 
.0005% of the total solids present  in the stickwater. A control sample was carried 
out with each separate enzyme studied. Enzyme activity was measured by converting 
the treated stickwater to solubles and determining the viscosity of the resulting 
product. Viscosity, as measured by the pour residue test,  vas  determined at the 
end of a 24-hour setting period at 10 0C. and 25°C. 

The rate of liberation of a-amino nitrogen with time of treatment was also 
folloved. Free a-amino N was determined by Sahyunes modified Sorensen formeltitra-
tion method on aliquots removed at different times from the digestion mixture. 

The total solids content of the herring stickvater and solubles was determined 
bY means of a Cenco moisture balance. 

At the completion of each enzyme digestion, the herring stickwater substrate 
vas  boiled for five minutes at a pH of 3.0, cooled, and the pH readjusted to pH 5.0. 
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The stickwater was then concentrated under vacuum in a glass distillation system to 
approximately 45% solids. 

Table I shows the results obtained hy the use of five commercial proteolytic 
enzymes on primary stickwater.  AU  five enzymes are most effective in lowering the 
viscosity in the two-haur period when tested at the .5% level. This is the level 
recommended for the use of their enzyme hy the manufacturers of Rhozyme B-6. 

TABLE I - The effect of several commercial proteolytic enzymes on the 
gel factor in primary stickwater. 

Free a-amino Nitrogen Viscosity**  
released (mg/M1) 	i7oriini---' 

Level of 	Time . ' 	. 	solids 	%  retained  
Enzyme 	_Enzyme* t hr. 	1  hr. 	2 hr±,_gms.  % W.71-1,7250 0 	24 hri5767 

Rhozyme B-6 	Control 	0 0000 	0.000 	0 0006 	42.6 	27.49 	100 
21 	0.5% 	0 00470 ,0.0470 	0.0504 	42.2 	3 095 	7.70 
n 	0.05% 	0.0332 	0.0470 	0.0470 	42.1 	13.29 	23.01 
n 	0.005% 	0.0168 	0 00168 	0.0214 	42.0 	100 000 	26.29 
Qv 	0.0005% 	0 00000 	0.0000 	0 00000 	42.3 	100 000 	28.95 

Merck Finn 	Control 	0.0028 	0.0004 	0.0004 	41.0 	17.08 	100 
u 	0.5% 	0.0924 	0.1064 	0.1288 	420 	23.11 	27.52 
u 	0.05% 	0.0462 	0.0462 	0.0574 	41.5 	28.84 	37.22 
u 	0.005% 	0.0168 	0.0168 	0.0392 	40.8 	46.80 	100 
n 	0.0005% 	0 00000 	0 00000 	0.0224 	40.9 	35.71 	100 

Takamine 
Bromelin 	Control 	0.0024 	0.0024 	0.0024 	42.0 	20.05 	100 

u 	0.5% 	0.1400 	0.1428 	0.1484 	42.0 	4.16 	11.99 
n 	0.05% 	0.0700 	0.0808 	0.0812 	45.0 	25.65 	37.39 
n 	0.005% 	0.0364 	0.0616 	0.0627 	42.0 	20.88 	25.35 
u 	0.0005% 	0.0280 	0.0252 	0.0252 	41.2 	. 23.61 	40.81 

Tikamine 
Protease 	Control 	0.0000 	0 00000 	0 00000 	42.0 	16.8 	100 

u 	0.5% 	0.1456 	0.1652 	0.2184 	42.1 	5 07 	14.8 
u 	0.05% 	0.1040 	0.1320 	0.1544 	42.0 	3 04 	17.0 
u 	0.005% 	0.0743 	0.0967 	0.1191 	42.6 	15.4 	25.1 
n 	0.0005% 	0.0644 	0.0812 	0.1036 	41.5 	36.6 	100 

Papain 	Control 	0.0000 	0 00000 	0.0084 	42.0 	24.89 	100 
et 	0.5% 	0 00010 	0.0212 	0.0500 	41 08 	20.89 	26.05 
of 	0.05% 	0 00000 	0.0084 	0.0120 	41.6 	26.03 	39.71 
of 	- 	0.005% 	0 00000 	0.0000 	0.0084 	41.7 	20.50 	100 u 	0.0005% 	0 00000 	0 00000 	0.0000 	41.6 	23.48_ 	100 

* The percentages quoted are percentages of the total solids present in the 
sample of stiCkwater used. 

** Viscosity of solubles  prepared from etickwater.after 2 hrs. incubation at 
the.following pH and temperature: Rhozyme B-e6.0„ 60 0C; Ficin pH 5.0, 
40°C; Bromelin pH 5.01, 600 0; Protease pH 8 00, 40°C. and.Papain pH 5.0,37°C. 

Of the five enzymes tested, Rhozyme B-6 proved to be the most effective .though 
bromelin and Takamine protease were almost as good. Both ficin and paplin were 
somewhat less active. Determinations of a-amino nitrogen were run to see if the 
extent of reduction in viscosity of solubles could be correlated with the amount 
of a-amino nitrogen released by the enzyme. It will be seen, however, that in 
the case of Rhozyme 3",-;.6 at the lower levels of enzyme tested, where little or no 
release of a-amino nitrogen could be detected, eignificant decreases in viscosity 
occurred. This is probably due to the fact that a limited breakdown of the protein 
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chains to peptides resulted in a large decrease in viscosity, though few a-amino 
groups were actually released. On the other hand, in the case of ficin, which  vas 

 only of limited effectiveness in reducing viscosity, a significant release of a-
amino nitrogen was detectable at the lowest level of enzyme tested. This would 
suggest that ficin e  in contrast to the Rhozyme preparation, is relatively more 
active in splitting off end group amino acids and this could occur without materi-
ely . reducing the length of the protein chains. Thus, a large release of a-amino 
groups could occur without causing a significant decrease in viscosity of the 
sample. 

The following table, Table  II, shows the results obtained on the use of the 
five commercial proteolytic enzymes on "pure stickwater, that is, stickwater from 
which suspended solids have been removed by high speed centrifugation. Again, all 
the enzymes were active at the 0.5% level and all showed considerable activity even 
at the .0005% level. This demonstrates the lower gel capacity of the clarified 
stickwater and indicates that suspended solids contribute significantly to the vis-
cosity of solubles prepared from primary stickwater - an observation which has also 
been made by other investigators. Again, Rhozyme B-6, on a weight basis appears to 
be somewhat more active than the other enzymes tested, though there was less dif-. 
ference between the activity of the enzymes when clarified stickwater was the sub-
strate than whe=uprimary stickwaterd was used. 

There is  an. important difficulty associated with the determination of the 
relative activity of commercial enzyme preparations. All such preparations are sub-
ject to batch to batch variation. New  production  methods could also improve the 
activity of a particular manufacturerus /enzyme preparation. Results such as those 
obtained here would be valueless for comlparative purposes unless the activity of 
these and other batches used could be referred to a readily available reference 
standard. We have chosen hemoglobin substrate powder obtainable from the Worthington 
Biochemical Corporation as reference standard. The activity of the commercial enzymes 
used in this study toward this substrate, based on their capacity to release a-amino 
aitrogen e  is shown in Table III. The conditions under which the test was run are also 
included with the table. Since two batches of the same commercial enzyme would be 
more likely to have the same activity t6ward stickwater if their activity toward the 
reference standard was the same e  it would be advisable to first determine the acti-
vity of a batch of enzyme toward the reference standard before deciding on its suita-
bility for use in the preparation of solubles. 

The writers are indebted to Rhom and Haas Company for a sample of Rhozyme 
B-6, to Takamine Laboratory Inc. for samples of Bromelin and Protease, and to Merck 
and Company, Inc. for a sample of Ficin. 

The Papain used was purchased from Nutritional Biochemicals Corporation. 
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TABLE II - The effect of several commercial proteolytic enzymes on the gel 
factor in npuren stickwater. 

Free a-amino Nitrogen 
_....122.15.2AILEnn1L-1/..._:_. 	Viscosity*  

- 	 Total 	• 
Levelcf 	 Time 	solids 	% Retained 

Enzyme 	 enzyme 	1  hr. 	1 .hr, 	'2 hr. 	gras. % 	24 hr/25°C 	24 hr/10°C  

Rhozyme B,6 	Control 	0.0040 	0.0090 	0.0090 	44.4 	1.81 	100.00 
w - 	0.5% 	0.0230 	0.0510 	0 01080 	46.2 	0.64 	0.93 
w 	0.05% 	0.0280 	0.0510 	0 00510 	47 0 5 	0 069 	0.88 
e 	0.005% 	0.0160 _0.0160 	0.0160 	44 09 	0.82 	0.96 
n 	0.0005% 	0.0160 	0.0160 	0 .0160 	47.5 	2.99 	13.05 

Merck Ficin 	Control 	0.0000 	0 00000 	0.0020 	48.8 	8.09 	77.21 
w 	0.5% 	0.0012 	0.0472 	0.0896 	47 09 	0 087 	0.95 
n 	0.05% 	0.0140 	0.0224 	0.0308 	46.0 	3.58 	8.32 
n 	0.005% 	0 00000 	0.0028 	0.0252 	48 08 	1.68 	12.05 
n 	0.0005% 	0 00000 	0.0018 	0.0270 	49.3 	1 0 59 	11 087 

Tikamine 
Bromelin 	Control 	0.0028 	0.0028 	0.0028 	52.2 	3.84 	100.00 

w 	' 	0 0 5% 	0.0488 	0 00784 	0 00784 	55 00 	3.07 	6 011 
w 	0.05% 	0 00000 	0 00056 	0.0224 	51.4 	3.85 	9 0 52 
w 	0.005% 	0 00028 	0.0028 	0.0128 	48 07 	1 036 	2.77 
n 	0.0005% 	0 00000 	0 00100 	0.0100 	48.2 	2.09 	3 015 

Takamine 
Protease 	Control 	0 00000 	0.0000 	0 00000 	49.0 	2.5 	100 000 

w 	0 0 5% 	0 00980 	0.1148 	0.1400 	47 0 5 	0.55 	0.65 
w 	0.05% 	0.0084 	0.0168 	0 00476 	48.1 	0.58 	1.20 
w 	0.005% 	0.0000 	0.0122 	0.0250 	47.3 	1 0 20 	3 076 
w 	0.0005% 	0 00000 	0.0194 	0.0194 	46.7 	1.08 	3.59 

Papain 	Control 	0.0000 	0.0028 	0.0028 	47.2 	1.32 	100.00 
n 	0.5% 	0.0392 	0.0924 -0.1064 	52.2 	1.65 	7.08 
w 	0.05% 	0.0840 	0.0840 	0.0868 	45 0 5 	2.00 	4 0 58 
n 	0.005% 	0.0784 	0.0784 	0.0814 	47.2 	3 012 	9.78 
w 	0.0005% 	0.0006 	0.0014 	0.0044 	46.2 	2.93 	9.36 

- 	Control 	0 00000 	0 00000 	0.0006 	50.5 	4.33 	100.00 
Rhogyme B-6 	0.0005 	0.0020 	0.0026 	0.0128 	46.0 	1 098 	8.64 
4erck.Ficin 	n 	0.0084 	0.0128 	0.0296 	45.5 	3.96 	10.91 
rakamine 
Bromelin 	e 	0.0228 	0.0256 	0 00396 	52.0 	4091 	8.9 
rakamine 
?rotease 	w 	0.0000 	0 00084 	0 00168 	47.8 	2.04 	6.80 

?21111É11._ 	n 	0.0000 	0.0062 	0.0086 	51.0 	5.09 - 	44.72__ 

* Viscosity of solubles prepared from stickwater after 2 hrs. incubation 
at the following pH and temperature: Rhogyme B-6 pH 6 00, 6000; Flcin 
pH 5 00, 40°C; Bromelin pH 5.0, 60°C; Protease pH 8 00,  40°C, and Papain 
pH 5.0,  37°C. 	,  
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TABLE III - Activity of commercial proteolytic enzymes toward 
Worthington hemoglobin substrate powder. 

Activity 
Enzyme tested 	Conditions* 	(mg 0  a-amino nitrogen released per 

pH 	Temp 0 	mg 0  of enzyme per hour) 
1st hr. 	2nd hr. ' lyec,  for 2 hrs. 

Rhozyme B-6 	6.0 	600C 	.777 	.119 	0448 
Bromelin 	5.0 	600C 	.705 	.072 	.388 
Papain 	5.0 	37°C 	.143 	.013 	.078 
Protease 	8.0 	40°C 	.408 	.422 	.415 
Ficin 	 5.0 	400C 	.971 	.368 	.669 

* Test system: Hemoglobin substrate solution was prepared by 
making a 2% solution of hemoglobin powder in water. Undis-
solved matter was removed by centrifugation. Total solids 
content of clear supernatant was 1.71 gm/100 ml in this case. 
For each enzyme activity study, 400 ml of substrate solution 

. was adjusted with NaOH or HCI to the required pH and warmed 
to the desired temperature in a water bath. A 10 ml aliquot 
of substrate solution was removed to determine a-amino nitrogen 
level at 0 time. An amount of enzyme equivalent to 0.5% of the 
total solids present in the aubstrate solution (.034 gm  in 
this case) was suspended in 10 ml of H20 and the suspension 
added to the solution with stirring.  Aliquote of 10 ml were 

- removed at 30-minute intervals for 2 hours for the determina-
tion of a-amino nitrogen, 

Spfley 

PROXIMATE ANALYSIS OF HERRING AT MONTHLY INTERVALS J.R. McBride 
D.R. Idler 

R.A. MacLeod 

The investigation reported in Summary No. 26 of this Stationls Annual Report 
for 1956-57 has been continued to enable proximate analyses of herring to be made 
at monthly intervals for a consecutive 12-month period. The methods of analysis 
and preparation of herring for analysis were identical to that given in the previous 
report. . 

All herring used for analysis were obtained from the lower British Columbia 
coast except for the months of December and January when, due to a local strike, 
herring were procured from the prince Rupert area. The results obtained from this 
investigation are given in Table I. 

Examination of the results given in Table I indicate a marked influence of 
gonad development and maturation on the levels of oil »  water and protein in herring. 
The most significant changes were noted immediately following the spawning period. 

During March, the period immediately preceding spawning, the lowest oil level 
and the highest water level were recorded. However, upon spawning in April, a sig-
nificant increase in the oil level and drop in the water level were noted. Also, an 
apparent drop in the protein content took place immediately following spawning. The 
oil content continued to increase rapidly until the month of June, when a maximum oil 
level of 24.35% was attained. Although a slight drop in the oil content was noted in 
July, a relatively high oil content was maintained from July.through to the end of 
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December. From January until the time of spawning in March, a gradual but continual 
decrease in the oil content occurred. There appeared to be a somewhat higher oil 
level in female than in male herring. 

.! 

TABLE I - The oil, water, ash and protein content of whole herring. 

Gonads - 
- % total 	% 

body 	water fat 
weight 

Total: 
% ash + % 

ash proteinl water + % oil 
+ % protein 

17 0 59 	99 063 
17.38 	99.61 
17.84 	100.04 
17 000 	99 0 32 
16.79 	100 0 55 
16.68 	101.56 
14.81 	99 092 
15.13 	100.40 
14.25 	98.94 
15.00 	100.38 
14.31 	99 097 
15.44 	99 0 69 
15 031 	99 009 
15 094 	99.60 
15.94 	99.76 
16.90 	100 0 51 
16.61 	100.41 
17.62 	101.08 
17.00 	100.07 
17 0 69 	100.73 
17.75 	100 0 54 

Month 

Jan. 1957 

Feb. 1957 
Of 

Mar. 1957 

Apr. 1957 
May 1957 
Jun. 1957 
Jul. 1957 
Aug. 1957 
Sep. 1957 

Oct. 1957 

Nov. 1957 

Dec. 1957 

Jan. 1958 

Sex 

Male 
Female 
Male 
Female 
Male 
Female 
Undetermined* 

Male 
Female 
Male 
Female 
Male 
Female 
Male 
Fémale 
Male 
Female 

15.30 70.10 9 047 2 047 
10.01 70 037 9.50 2 036 
16.40 72.09 7.76 2.35 
16.20 72.00 8.04 2.28 
20.80 76.43 4.90 2 043 
19.20 76.70 5.40 2.78 

71.90 10.91 2 030 
74.77 8.09 2.41 
57.69 24.35 2.65 
66.49 16.53 2 036 
65.31 18.06 2 029 

3 068 64.20 17 061 2.34 
2.40 63 040 18.01 2.37 
5 045 65.00 16 020 2.46 
2 091 64.75 16.70 2 037 

10.61 66.80 14.40 2.41 
4 002 68.30 13 005 2.45 

12 080 64.60 16.55 2 0 31 
7 029 64.00 16.60 2.47 
18.10 69.10 11.66 2.28 
14.70 68.60 11 072 2 039 

* No evidence of milt or roe. 
1  Nitrogen x 6.25. 

As noted in the previous investigation, and confirmed in the present study, 
an inverse ratio existed between the level of oil and the level of water. 

The range in the percentages of protein recorded in Table I is from 14.25% 
in June to 17.84% in February. The reason for such differences can only be specu-
lated upon  with-  the data at hand. There is a close parallel between gonad develop- 
ment and increase in the percent protein of the herring in this study. Other inves-
tigators have noted similar variations in the protein levels of herring but have sug-
gested that several factors besides gonad development, such as race and spawning and 
feeding cycles, might also play an important role in these variations. 

The -percentages of ash, although erratic in two instances, i.e., in March and 
June, appear to present a relatively constant level for the whole year. FUrthermore, 
no apparent differences exist in the level of ash between male and female herring. 

In the 1956-57 Annual Report of this Station, a preliminary study was Torted 
on the correlation between the condition factor of herring as measured by K = x100 
and the level of oil in herring. It was noted that in this investigation no positive 
correlation existed between this condition factor and the level of oil. However e .a 
second-condition factor, Testerga condition factor, based on the specific gravity of 
herring has indicated a'positive correlation with the level of oil in herring. The 
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Va 
condition factor (K) was measured in the equation K =  w, 

 where  Va  is the weight of 
the fish in air and Ilw is the weight of the fish in water at  13°C0  

It is apparent from the results depicted in Fig. 1 that there is a positive 
correlation between fat present and Tester's condition factor in herring. The values 
obtained suggest that Tester's condition factor varies with season and reflects 
changes in the percentage oil content of herring. 

Fig.  1_ Variation in the percentage.oil and Tester's condition factor (K) 
in herring.sampled at monthly.intervals over the year 1957-58. 
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SUMMARY NO. 24  

THE MAILLARD REACTION: ENZYMES CONCERNED WITH DEGRADATION OF FISH 
MUSCLE NUCLEIC ACIDS AND INTERCONVERSION OF SUGAR PHOSPHATE ESTERS 

FISH MUSCLE RIEONUCLEASE N. Tomlinson 

The investigation of fish muscle ribonuclease (RNase) (Summary No. 13A of 
this Stationes Annual Report for 1956-57) has been continued. 

Assay of enzyme activities  

RNase activity has normally been assayed.by  the method previously described 
(Summary No. 13A of this Stationgs AnnualReport for-1956-57),  but in the measure-
ment of this activity in extracts following electrophoresis on paper, because of 
the low activities to be measured, longer-incubatiOn periods were necessary (6 to 
9 hours). Such results are reported simply:as optical density of uranylacetate-
trichloracetic acid solutions (prepared aeln,the,lisual Issay) at 260 mu. All 
light absorption measurements were made with a BeckMan model DU spectrophotometer, 
1 cm, cella being used throughout& - 

Phosphodiesterase activity was-measured with bis(p-nitrophenyl)phosphate as 
substrate. The digestion.mixture consisted of sodium succinate buffer pH 6.0, 
0.025M, bis(p-nitrophenyl)phosPhate (sodium salt) 0.0018M, and enzyme. The incu-
bation temperature was  25°C.  Aliquots  (0.33  'mi.) of the reaction mixture were re-
moved immediately after addition of the enzyme' and after a suitable period of incu-
bation (normally 2 hours). These were at - once added - to 3 ml. of 0.1 N.Na0H. The 
optical densities of the resulting solutions.were measured at 400 mu and the p-
nitrophenol released determined by reference to - a suitable calibration curve. 
Reaction blanks with enzyme omitted were'used. 

Phosphomonoesterase.activity  vas  measured either by determination of ortho-. 
phosphate released from RNA as substrate` (reaction mixture deproteinized with an. 
equal volume of ice-cold 10% TCA) or by measureMént of p-nitrophenol released from 
di-sodium p-nitrophenyl phosphate (Sigma- CheMical) - as substrate. The reaction.mix-
ture with the latter compound as substrate consisted - of sodium succinate buffer 
pH 4.5, 0.025M, substrate, 0.018M, and - enzyme -  The incubation temperature and 
time were  25°C,  and i-hour, respectively. Measurements were performed as for the 
phosphodiesterase determinations described above.' 

When engymic reactions were allowed to proceed for longer periods than a. 
few hours, chlortetracycline.HC1 (5 pop-om.)-wasadded to the reaction mixture to 
prevent bacterial growth. At the end of the experiment these reaction mixtures 
were examined microscopically, for bacteria by-means of direct smears, results being 
discarded if any evidence of bacterial-growth - was found. 

Zone electrophoresis of proteins and nucleotides 
and paper chromatography of nucleotides  

- 
Electrophoresis of proteins was carried out-using Whatman No. 3 paper at  1°C. 

and a field strength of 25 volts/cm. for 31. houre4, The use of. field strengths 
lover than 25 volts/cm. was found to be unsatisfactory, as the much longer time re-
quired resulted in poor separation of the proteins due to diffusion. The buffer. 
solution found most suitable, of several tried for this purpose, was sodiumcacody-
late, 110.05, pH 7.0. Protein on papers  vas  located, following electrophoresis p. by 
staining with bromophenol blue. The bound stain  vas  estimated by cutting segments 
2 mm ,  wide from the paper," eluting them 30 minutes in 3 ml. of 0.01 N NaOH and then 
measuring the optical density of the eluates at 575 mg. 
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For  assay of enzymes separated by paper electrophoresis, segments cut from 
the papers without drying were added directly to suitable buffer-substrate solu-
tions. Blanks in such assays consisted of paper segments cut from protein-free 
areas of the paper, then treated in the saine  manner as the enzyme-containing  segments.  

Electrophoresis of nucleotides was conducted under conditions similar to those 
used in the electrophoresis of proteins but with the following buffer solutions: 
(1) amMonium formate, g 0.1, pH 3.5; (II) sodium phosphate, g 0.1, pH 5.8; and (III) 
sodium phosphate, n 0 01, pH 6.2. 

Paper chromatography of nucleotides was carried out on Vhatman No. 1 or No. 3 
paper with the following solvent systems: (A) isobutyric acid-0.5 N ammonium hydrox-
ide (10/6, v/v), pH 3.7; (B) 0.1 wsodium phosphate pH 6 08 - ammonium sulphate-
isopropanol (100/60/2, ml./g./ml.);-(C) 1 M ammonium acetate pH 9.0 - ethanol (30/70, 
viv) saturated with sodium tetraborate. 

Nucleotides were located visually on paper with the aid of a mineralight 
lamp. The nucleotides were estimated-by-elution-in 4-ml. of 0.01 M HC1 followed by 
measurement of the optical density of the eluate at the appropriate wavelength in the 
ultraviolet region. Reference-blanks-were prepared from pieces of paper of the saine 

 sizes as those orthe pieces containing-the nucleotides, but cut from nucleotide-free 
portions of the paper at the same distances from the-origin. 

Further purification of lingcod RNase  

The stability of lingcod RNase to heat at several pHis  vas-investigated. The 
enzyme was found to be much. more sensitive to heat at pH 2.5 or 3.5 than at pH 6.6 
or 9 00. At these pH's 99%, 85%,  21% and  50%, respectively, of the total activity was 
destroyed in 10 min. at  58°C.  However, while traces of the phosphomonoesterase acti-
vity also present in the muscle extracts were still detectable following heating at 
the lower pHls, none was detectablefollowing heating at pH 9 00 with either RNA or 
p-nitrophenyl phosphate as-substrate. As it was desirable to obtain an enzyme extract 
free from phosphomonoesterase activity in order that the products of RNase action could 
be investigated, heating at-pH-9.0 was made a part of the purification procedure. 
Table I summarizes the-results of-the modified-procedure, the earlier steps of which 
have been described in the preceding report. It will be noted that the extract pos-
sessed phosphodiesterase-activity,- as-measured-with bis(p-nitrophenyl)phosphate as -
substrate, in addition to Rase. -Bis(p-nitrophenyl)phosphate was introduced as a sub-
strate at this time in an attempt to ascertain if the RNase activity might be due to 
the action of a relatively non-specific phosphodiesterase, or if such phosphodiesterase(s) 
might be present. 

The data indicate that the RNase and phosphodiesterase activities are not due 
to the same enzyme, as the  losses in-the two activities and also the changes in their 
specific activities during the pH 9.0 heating-step are not equal. It should be noted 
that the loss in phosphodiesterase activity indicated is a maximum, as a portion of the 
loss must be attributed to the-removal of the phosphomonoesterase which, when present, 
iureases the apparent activity-of the phosphodiesterase under the test conditions.  

' 	An extract, freed from phosphomonoesterase activity as described above, was 
subjected to electrophoresis  on-  paper  with the results recorded in Fig. 1. The posi-
tion of the RNase activity did not correspond to the position of the two major phospho-
diesterase activities, and the position of none of these three activities corresponded 
exactly with either of the two major protein peaks. A portion of each phosphodiesterase-
containing area was obtained free from RNase activity, consequently it appears that 
neither of the diesterases can degrade RNA. On the other hand, the RNase may.havelow 
iteïlvity against bis(p-nitrophenyl)phosphate, as eluting the peak of the RNase.activity 
(1 cm. segment) from the paper and subjecting it to electrophoresis once more did not 
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greatly reduce the phosphodiesterase activity.found at the position of the RNase 
peak. However, the phosphodiesterase activity found in this position is of such a 
low order of magnitude that the accuracy of the measurement is perhaps open to questian. 

TABLE I - Partial purification of ribonuclease from muscle of lingcod 
(Ophiodon elonatus). 

Units from 800 g0 lingcod muscle. 
4  Units/mg. protein N. 

p.11 27nitrophenol released/2 hr./mg. protein N. 
Z.XIM! pz-nitrophenol released/hr./mg. protein N. 
' (NH4) 2804 precipitation, lyophilization and isoelectric precipitation. 

1012-3 	11- 	5.  

//z5rottioh  (cht.) 

Fig. 1. Electrophoresis of lingcod muscle extract on paper. 9.6 ;pg. protein 
N applied/cm. length of starting line. Total protein N in strip for protein-
bound dye determination, 14 pg., for phosphodiesterase,.115 pg., and for ribo - 
nuclease, 48 pg. 27nitropheno1 released by phosphodiesterase control 0.0825;M. 
Increase in 0.D. at 260 mn by RNase control, 0.533. 
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The influence of pH and possible inhibitors and activators  
on lingcod RNase and phosphodiesterase activities  

The influence of pH on the RNase and phosphodiesterase activities of a puri-
fied lingcod preparation was investigated and each was found to exhibit a maximum 
activity near pH 6.5 (Fig. 2). Only one activity.peak was found in the curve for 
phosphodiesterase, although two enzymes were present. 
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Fig0 2„. Influence of pH on the RNase and phosphodiesterase activity 
of lingcod muscle extract. 
RNase 	. Phosphodiesterase------. Buffers (0.025M): 
Glycine.HC1 0_-__0, sodium acetate c) 	 , sodium caco- 
dylate e-----e, sodium diethylbarbiturate V e  
sodium borate x----X. puts  indicated are those of the 
complete reaction mixture. 

The influence of a number of possible inhibitors and activators on the 
RNase and phoseodiesterase activities was examined. Results are tabulated in 
Table II. Zn+1-, Cu++  and fluoride (the latter at high concentration) strongly 
inhibited both activities, while monoiodoacetate and formaldehyde inhibited RNase, 
but had little or no effect on phosphodiesterase. No appreciable activation of 
either activity was observed with any of the compounds tested. 

Products of the action of lingcod RNase on RNA 

The final prOducts of the breakdown of RNA by the phosphomonoesterase-free 
lingcod extract were investigated by incubating RNA with the extract for 48 hours, 
then separating the products of the reaction by ionophoresis in buffer-I. From 
their migration on ionophoresis and from their ultraviolet absorption spectra in 
neutral, acid and alkaline solution, adenylic, cytidylic, guanylic and uridylic 
acids were tentatively identified as products of the reaction. By chromatography 
in solvent C, the possibility that any of the four were 51 isomers was eliminated. 
The four 5 1  mononucleotides have Rf values of 0.02 or less in this solvent, while 
the 2 1  and 3 1  isomers of adenylic, cytidylic, guanylic and uridylic acids have Rf 
values of 0.1, 0.11, 0.065 and 0.13 e  respectively. The four mononucleotides from 
the digestion mixture behaved as did known mixtures of the 2 1  and 31 isomers.in  
this solvent. Adenylic and guanylic acids from the reaction mixture were finally 
identified as the 3 1  isomers by co-chromatography on paper with known compounds in 
solvent B. 

,•••• ■., 
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TABLE II - The influence of possible activators and inhibitors on RNase 
and phosphodiesterase.activities,of:lingcod muscle , extract.-, 

1 inhibition (..) or activation (+) 
Additionl 	Concentration 	RNase 	Phosphodiesterase,  

None 	 . 	. 	0 . 	 0 
NaC1 	 0.01 	 +7- 	 +4 

I? 	 0.05 	 0 	 0 
n 0.1 	 -8 	 0 

Na 604 	 0.005 	 +4 	 0 
Na P 	 0.0005 	 ..4 	 0 

11 	 0.005 	 -33 	 -21 
n 0.1 	 -89 	 -- -98 

ZnS04 	 0.005 	- 	-59 	 -69 
CuSO4 	 0 0005 	 -93 	 -93 
MgSOL 	 0.005 	 -3 	 +7 
CaC1"2' 	 0.005 	 -0. 	 +3 

2EDTA 	 0.025 	 -23 	 -3 

(EDTA+ 	 0.025) 
(Zn504 	 0.005) 	-2  
DL-tartrate 	 0.005- 	773 	 +3 
monoiodoacetate 	0001 	 .98 	 0 

n 0.005 	 1-91 	 0 
n 0.0005 	' -55 	 0 

Formaldehyde 	 0.5% ' 	48 	 -21 
1 Enzyme incubated in buffered solution.with addition indicated for 
15 minutes before the eubstrate was.added. 

2  Di-sodium ethylenediamine tetraacetate.  

Cytidylic and uridylic acids were-identified: Tas . the 3 1  isomers by ionophoresis. 
Buffer III was used with cytidyiip.acid,and befer II with uridylic acid. These 
buffers may be used to distinguish behieen tha.three isomers of these nucleotides. 
Under the conditions described.aboVe --in 3 hours and 50 minutes in buffer III, the 
5I-, 2 1 -, and 3I-monophosphates.of c;tidine migrated 21, 22.5 and 23.7 cm., res-
pectively, and in the same time in buffer II, the 58-, 21-, and 3I-monophosphates 
of uridine migrated 19,5, 22 and 23 cm.- Examination of the reaction mixture by . 
two dimensional paper chromatography with solvent A as the first, and solvent.B as 
the second solvent, revealed four. ultraviolet absorbing spots corresponding to,the 
positions of the four mononucleotides identified above, and'a small amount of ultra-- 
violet absorbing material that streaked a short distance in solvent A, but that did 
not Move appreciably in solvent B. Spectrophotometric estimation of the.mononu-
cleotides separated from the reaction mixture by ionophoresis resulted in 83%.of 
the RNA phosphorus added to the digestion mixture being accounted for in the four 
mononucleotides (RNA phosphorus added  3.92 11M.  Recovered in adenylic acid 0.85;11M, 
cytidylic acid 0.61 AM, guanylic acid 1.08 AM and uridylic acid.0.71 pm). The.pos-
sibility that small amounts of other mononucleotides may have been formed cannot be 
rtiled out, but none vas  detected by the methods ueed. A similar procedure to.the. 
above was carried out, but with an enzyme solution  purified by repeated electro-
phoresis on paper as described above.. All four 3I-mononucleotides were again.iden-
tined from the digestion mixture, but.only 25% of the RNA phosphorus was accounted. 
for by these•compounds. Examination by two dimensional paper chromatography p .as 
described above, revealed the presence of the four mononucleotideà, together with.a 
relatively large amount of material streaked a short distance from the origin in 
solvent A, but not moving appreciably in solvent B. Thus the enzyme purified in 
this manner releases all four 3I-mononucleotides from RNA, but the extent to which,it 
can degrade RNA is not clear, for eufficient purified enzyme has not yet been avail- 
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able to carry out what could be considered as exhaustive digestion of the substrate. 
The electrophoretic method of purification is laborious and yielded only very small 
amounts of the purified material. Further examination-of the details of the initial 
stages of the breakdown of RNA by this enzyme must await the development of a puri-
fication method that will provide a-much higher yield. 

The ability of the lingcod extract (freed from phosphomonoesterase) to degrade 
RNA prepared from lingcod muscle (Summary No. 12 of.this  Stations  Annual Report for 
1956-57) was investigated. The material was degraded, but at a rate only  about 15 
to 20% of that observed with yeast RNA. .As a matter of interest, the rates of diges-
tion of these two substrates by crystalline pancreatic ribonuclease was also_deter-
mined. Again, the yeast RNA was the more rapidly digested of the two. 

Occurrence of RNase and phosphodiesterase activities in muscle of other_marine.fish 

Extracts were prepared from the muscle tissue of several marine fish. These 
were carried through the ammonium- SUlphate precipitation, dialysis and lyophiliza-
tion steps of the purification prodedUre used with lingcod, and were then examined 
for RNase and phosphodiesterase - aCtivitiea. The results are presented.in  Table III. 

TABLE III - Mae and phosphodiesterase activities in muscle extracts of some 
marine fish. 

Fish 
Total 	RNase 

protein 111  Onits/Mg .. - protein N gM 

mg2  

Phosphodiesterase 
p-nitrophenol mg. protein N 
released 
11x103) 	 

Sculpin 	 46 	 3.0 
(Cabezon - 
Leptocottus  
armatus) 

Spring salmon 	138 	 0.17 	 2 
(Oncorhynchus  
tshawytscha) 

Swordfish 	88 	 0.5 	 93 
(Xiphias  
gladius) 

1 In preparation from 200 g0 wet weight muscle tissue. 

Evidence was obtained that both activities were present in the extracts of all fish. 
examined. Apart from the fact that the enzymic activities are present in these fish, 
too muçh importance should not be attached to the quantitative aspects of the data, 
for the.assays were arbitrarily conducted under conditions optimum for lingcod 

90 
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enzymes, and these conditions may not be optimum for enzymes from other fish. Also, 
variations up to about 2-fold have been observed between-the activities of prepara-
tions from different lingcod, the reasons for which are not known. 

SUMMARY NO. 25  . 

THE PHOSPHOMONOESTERASE ACTIVITY OF FISH MUSCLE EXTRACTS 	 N. Tomlinson 

During a study of ribonuclease in lingcod muscle extracts, the presence of 
phosphomonoesterase(s) was also demonstrated,(Summary.No. 13 of this Station's 
Annual Report for 1956-57). Phosphomonoesterases probably play an important part in 
the degradation of many compounds in fish muscle  (e.g.. nucleotides, sugar phosphates) 
and for this reason a study of these enzymes has been undertaken in conjunction with 
the study of ribonuclease. 

Materials and methods 

The method of preparation' of the enzyme extract was the saine as that described 
previously (Summary No. 13 of.this Stationls.Annual-Report for 1956-57) for ribonu-
clease, i.e., extraction at pH 6.2, ammonium sàlfatsprecipitation dialysis, and 
lyophilization. Other steps will be described below with the results. 

Two substrates were used in.measurement of phosphomonoesterase activity. The 
first, di-8odium-27nitropheny1-phosphate (NPP), was selected for use as it could be 
expected to be a satisfactory substrate for.several different phosphomonoesterases 
that might be present in the extracts. The second, adenosine-3 1 -phosphate (AMP), as - 
it would serve as substrate for-those particular phosphomonoesterases (nùcleotidases) 
capable of attacking the 3 8 -nucleotides tOW known to.be-the products'of the action of 
the ribonuclease of lingcod on RNA (Summary No.  26,of-this report). 

Enzyme assay systems with either substrate contained 0.025 M buffer, of compo-
sition and pH as indicated in figures and tables. Substrate concentrations were 
0.018M for NPP and 0.0013M for AMP. Enzymatic hydrolysis of NPP vas  measured by de-
termination of 27nitrophenol (NP) ,released-(ses.Summary No. 26 of this report), and 
hydrolysis of AMP by colorimetric measurement of orthophosphate (Pi). 

The pH values given in figures and tables are those of the complete reaction 
mixture. 

Results  

(a) With NPP  as substrate  - 

Figure 1 shows the influence of pH on the phosphomonoesterase activity of an 
extract prepared from lingcod muscle as described above (referred to hereafter as 
the rcruden extract) and of the same extract following heating at  25°C, for 1 hour 
at pH 4.5 ("pH 4.5 purifiedn extract). The shape of the two curves suggests the 
presence of at least two phosphomonoesterases in the ucruden extract, one relatively 
stable at pH 4.5, the other labile. A further 15 minutes heating at 30 0C ,  and pH 4.5 
did not alter the shape of the curve given by the "pH  4.5 purifiedu extract, indi-
cating that the activity of this extract observed at pH 500 was not due to a residue 
of the enzyme labile at pH 4.5. 
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p H 
Fl.g. 1  Influence of pH on phosphomonoesterase activity of 

"cruden 	and "pH 4.5 purifiedn 	- -.extracts 
of lingcod muscle. Buffers. Glycine. HC1 e-----0, 
sodium succinate e-----e e  tris. HClo-----e, and 
sodium borate 1M-----C. Substrate E7nitropheny1 phosphate. 

Figure 2 shows the influence of pH on the activity of the ncruden extract 
measured with or without a 15-minute preincubation of the enzyme at the pH of measure-
ment prior to addition of the substrate. 

6 
if I" 	 6 	7 

P iI  

ILEL1 Influence of pH and preincubation on phosphomonoesterase activity of "crude" 
lingcod muscle extract. No preincubation of enzyme at pH indicated prior to 
addition of substrate e- - -0, enzyme preincubated 15 minutes at pH indi-
cated prior to addition of substrate  •----03 0  Sodium succinate buffers used 
throughput, substrate as in Fig. 1. 

U 
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The extreme lability of part of the activity of the "crude" extract at pH 5.0 
or lover is emphasized. An examination of the course of the reaction at pH 4.9 with-
out preincubation of enzyme before addition of substrate showed that the reaction 
was zero order for at least 30 minutes. Hence no-inactivation of enzyme occurred in 
the presence of the substrate. The substrate thus protects the labile enzyme from 
inactivation at pH 4.9 and 25°C,  The activity of the  crude" extract also decreases 
rather rapidly during the repeated freezing and thawing that occurs in the storing 
and use of such extracts (pH 6.5) from day to day. 	- - 

Table I lists the influence of several substances on the activity of both the 
"crude" and "pH 4.5 purified" extracts. The most striking effect observed was the 
very high activation of the "pH 4 0 5 purified" preparation by Zn++ at pH 5.3, and the 
camplete lack of effect of this ion at pH 4.08, suggestine the presence in this pre-
paration of two phosphomonoesterases, one activated by Zn++, the other not influenced 
by this ion. The_difference in sensitivity of the "crude" and "pH 4.5 purified" 
extracts at pH 5 0 3 to tartrate, fluoride, formaldehyde, and 0.0002M copper sulfate, 
indicates the presence of two different enzymes in the "crude" extract, one of which 
is eliminated by the pH 4.5 treatment. Evidence will be presented below that this 
latter enzyme, too, is not identical with the Zn'  + activated enzyme. 

TABLE I - The influence of possible inhibitors or activators on the 
phosphamonaesterase activity of lingcod muscle extractsl. 

e activation 
"Crude" extract2  

Addition 	Concentration  7at5.3) 

(+) or inhibition (-) 
"PH 4.5 Purified" extract3  
(at pH 5.3) (at pH 4.08) 

None 
NaC1 
Natartrate 
NaF 
Formaldehyde 
CuSO4 
CuS°4 
ZnS04 MgSO4  
CaC12 
Na2SO4 	0.005 
EDTA 	 0.025 	 0 
(EDTA ) 	0 0025) 	 +6 
(+CuSO4) 	 0.005) 

1 With 27nitropheny1 phosphate as substrate. 
2 , "Crude" extract 42 }Ig. protein N/0.33 ml. reaction mixture. 

"PH 4.5 purified" extract 60 ng. protein N/0.33 ml. reaction mixture.  

It was known as a result of the mark done on the purification of ritonuclease 
described above, that heating a lingcad extract at pH 9.0 and 58°C. for 10 minutes 
("pH 9.0 purified" extracts) would remove all evidence of phosphomonaesterase as 
measured in the absence of added "activators" and with either NPR or RNA as substrate. 
The effect of Zn++  on such a preparation was investigated. Table II shows that the 
addition of Zn++  does reveal the presence of phosphomonoesterase activity not other-
wise detectable, and also shows that this activity is much more stable to heating at 
pH 7.0 than at pH 9.0. Heating "crude" extract at pH 7.0 (580C., 10 minutes) was 
adopted as a step in the purification of this activity ("pH 7.0 purified" extract). 

0.01 
0.005 
0.0005 
0.17 
0.0002 
0.005 
0.005 
0.005 
0.005 

0 
+9 
-26 
-23 
-49 
-71 
-93 
+194 
+13 > 
+3 -  
0 

-98 
-89 
-18 
-18 
-89 
+700 
+7 
+5 
+5 
0 
0 

0 
+9 

0 
-8 
-3 
-4 
-8 

0 
-5 
-100 
-100 
0 
0 
-61 
0 



None 
Heated2 at pH 7.0 

n "8.0 
PI 	11 9 00 

188 
<1 
<1 
<1 

540 
138 
•44 
18 

zns°4 • -nitropheno1 releasedl 
gMx103  

0.05 
0.025 
0.01 
0.0075 
0.005 
0.0035 
0.002 
0.001 
0.0005 
0.00025 
0 . 

2005 
57.5 

148.5 
155. 
158. 
154 
148.5 
122 , 
90. 
57.5 
<1 
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TABLE II - The influence of pH on the heat sensitivity of 
a Zn ++ requiring phosphomonoesterase from ling-
cod muscle. 

Treatment of 
"crude" extract 

p7nitrophenol releasee (uMx103) 
- No Znt+added 	Zn++added 

1 In 0.33 ml. of rection  mixture at pH 6.2/hour0 
Protein N in each . 0.33 ml0 reaction mixture: 
untreated extract, 112 pg. pH 7.0, pH 8.0 and pH 9.0, 
heated extracts, 58.5)1g., 58.5X4g. and  61.5;4g.,  res-
pectively. Differencee.in  Protein N due to denaturation 
of protein during heating only. 

2  At 58°C. for 10 minutes in each case.  

The use of heat at more acid pHts is not desirable, for traces of phosphomonoester-
ase activity not requiring WI" remiins-in such preparations. Table III records 
data indicating that.0.005M is about the optimum concentration of Zn ++ for activa-
tion of phosphomonoesterase in the "pH 7.0 purified" extract. The following salts, 
each at a concentration of 0.005M;produced rio  activation of the "pH 700 purified" 
extract: CaC12, CuSO4, CdSO4, NaC1, - Na2SO4j - KC1 and MgSO4. 

TABLE III - Influence_of_Ze0 4  concentration on phospho-
monoesterase.activity of "pH 7.0 purified« 
linecod muscle.extract„ 

1 In 0.33 ml. reaction mixture/hour. 60 gg. protein N 
extract in each 0.33 ml. mixture.  pH  6.2 0 	 

Figure 3 shows the influence of pH on the phosphomonoesterase activity of 
the three different preparations in the presence of Zia++. An important feature of. 
this figure is the fact that while the pH optimum of the "crude« and "pH 4.5 puri-
fied" preparations in the presence of Zn ++ is near 6.2, the optimum for the "pH 7.0 
purified" extract is near 5.5. While this difference might possibly be due to some 
alteration in the enzyme in the purification procedure, it is more likely that.there 
are tvo-Zn++ activatedd -enzymes in the «crude« extract, one of thich is more labile 
to heat at pH 7.0 than the other. 



- 76 - 

Fig6.3•  -Influence of pH on the phosphomonoesterase activity of 
variously treated- extracis frOM11ngcod muscle in the 
presence of Zn++ . .(00005M)0' - "Crude" extract 
"pH 405 purifiedw extract - - 	 7.0 purified" 
extract o 	'o. Buffers and . substrate as indicated 
in Fig. 1. - • 

Several lines of evidence indicate. that, the-Zn++:ectivated_phosphomonoester-
ase(s) is (are) not the same  as the aCid'làbile enzyme of-the "crude" extract. (1) 
The pH optima for the activities'are diffèrent. -(2)Iifteen'enutes! preincubation 
of the "crude", "pH 4 0 5 purified"-and-"pg'74'purifiedl'extracts in the presence of 
Zn 	pH 5.0 and pH 6.0 has+little . effeCton-the-Shape of the pH response 
curve of the phosphomonoeSteraseactivity of:theaeextracts, whereas this treatment 
has a very marked effect on the -cur:fie-for theticïndeW7extract in the absence of 
Zn++. (3) Zn++ does not activate . any- df  te eXt-ril:ctS - itt- pH 40 4 or lower (at which 
pH the acid labile enzyme has high #Ctivity), whéther'these extracts are preincuba-
ted in the absence of substrate or not. In fact the activity of the crude extract 
(without preincubation) is actually inhibited at this pH by  Zn ++ (Table IV). 

To sum up, it thus appears that the "crude" extract must contain at least 
four acid phosphomonoesterases, two of which are activated by Zn++, and all of which, 
although having low pH optima, are active up to pH 7.5 or higher. 

The course of the reaction with "pH 7.0 purified" extract has been examined 
at pH 4 09 and pH 6.2. The reaction is zero order for at least 30 minutes at either 
pH. Similarly, the reaction is zero order (at pH 6.2) with either 0.005 or 0.000514 
ZnS04. The rate is thus proportional to Zni-4.  concentration over a limited range 
(see also. Table III). It has also been found that preincubation in the presence of 
Zia++ without substrate added is not necessary for activation of the system, for 
when Da++ is added to a substrate-enzyme mixture, maximum rate of reaction is reached 
almost instantly. 
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TABLE IV - Influence of Zn ++ on the phosphomonoesteraze activity 
of ncruden, "pH 4.5 - purified" and "pH 7.0 purifiedn 
extractà:of.lingcod.Miisèle_et-pH 4 04.  

.. 
Extractl 	Zn

2
++ 	Preincubated3 	pM 27nitropheno1 released 

(x101/30.min._ 

nCruden 	- 	NO 
n + 	 NO 
n — 	 Yes 
n + 	 Yes 

pH 4.5 
purified 	- 	No 	 19 

n + 	 NO 	 18.5 
n _ 	 Yes 	 18.7 
n + 	Yes 	 18.5 

pH 7.0 
purified 	- 	No 	 <1 

n + 	' 	NO 	 <1  
" 	- 	 Yes 	 <1 
n + . 	 Yes 	 <cl 

1 Protein N/0.33 ml. reaction mixture. nCruden 37 05 pg., 
"pli 4:5 	ifÏed" 2Ô 	 70pux'ified"  60pg. 

•  2 0.005  M. 

3  15 minutes, 250C. 1  at pH-4.4 before substrate added. 

(h) With  AMP as substrate  - 

-:++ It was found that_peither of the en:. activated phosphomonoesterases attacked 
AMP. Thus "pH 7.0 Purifie" P#raqt released no Pi from AMP with or without Zn++ 
added, while both !tcrude"  and "pH 495 PUTlfied" extracts released pi, but Zn ++ failed 
to increase the activity of these extracts (at pH 5.5). 

The influence of pH on .release of Pi from AMP was determined for both the 
"crude" and "pH 4.5 purifiedn extracts -  (Fig. 4) -1, and was found to be essentially the 	. 
same for both extracts (unlike the effect when NPP was substrate). The shape of these 
response curves  vas  different from those of the same extracts with NPP as substrate. 
This would appear to indicate that the phosphomonoesterase attacking AMP is the same 
in both extracts, but that it is different from the two enzymes attacking NPP. 

However, the data for inhibitors (Table V), while rather definitely ruling out 
the acid labile enzyme of the "crude" extract as one capable of attacking-AMP, point 
to the acid stable enzyme as possibly the one in both preparations that attacks AMP, 
for the following reasons. First, While the effect of the inhibitors was practically 
identical with either preparation and AMP as substrate, their effects were very dif-
ferent with the two preparations when NPP was substrate. This is additional evidence 
(to that afforded hy the influence of pH on the activity of the two preparations with 
AMP as substrate) that the same enzyme in both preparations attacks AMP, while, as 
indicated before, in the "crude" extract, two enzymes attack NPP. Second, in the pre-
paration of the "pH 4.5 purified" extract there was a loss of 42.5% of the total 
activity vs. AMP, and this activity in both preparations was essentially completely 
inhibited by tartrate or fluoride, as was the activity of the "pH 4.5 purified" pre-
paration toward NPP. If now the assumption be made that the activity of the "pH 4.5 
purified" extract with AMP and NPP is due to a single enzyme, end  that the second 

51 
39 
28 
27.5 
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enzyme attacking NPP in the "crude" extract is not inhibited to.any,marked extent 
by either tartrate or fluoride,,then it should be possible to calcUlate (by apply-
ing the quantitative data for AMP activity in,the two extracts to.the NPP of.the 
"pH 4 0 5 purified" extract), the expected inhibition of the  "crude" extract.vs. NPP 
by these two inhibitors. This was done, and the calculated.values_were 48% and 
45%  for tartrate and fluoride, respectively. These are in quite.fair.agreement 
with the experimental  values of 46%.  and  36%, and.thus.the  data are  consistent.with 
expectations if one relatively acid stable phosphomonoesterase attacks.bOth AMP.and 
NPP. There are, of course, objections to.this. FOr example, the different.shupes 
of the pH response curves suggest separate enzymes, but it is possible.this effect 
is due to differences in the substrate rather than in the enzyme.. Similarly,.the 
extent of inhibition by formaldehyde is different_with.the two substrates,,but,this 
again may be related to eubstrate differences. 

.14çe 
Ce+ 

oe 

Fig. 4 Influence of pH on the phospbomonoesterase activity of 
"crude" 	and "pH 4 0 5 purified" e- - -e extracts 
from lingcod muscle with adenosine -3 8 -phosphate.a8 
substrate. Buffers as indicated in  Fig. 1. 

Phosphomonoesterase activity in muscle extracts of marine fish  

"Crude" extracts have been prepared from muscles of lemon sole,.spring 
salmon, dog fish, sculpin (cabezon), herring, and Atlantic sword fish and have 
been examined for ability to degrade NPP at pH 5.5.and pH 8.5. The extracts from 
each of these fish possessed enzymic activity with NPP, all but one having,much 
greater activity at the acid pH. The one exception was spring salmon,.the extract 
from which had a little higher activity  at.  the  alkaline pH. 
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TABLE V - Influence of tartrate, fluoride and formaldehyde on 
phosphomonoesterase activity of "crude" and "pH 4.5 
purified" lingpod. muscle-extract.-    

. "crude"' -- "pH 4.5 purified"2  
Substrate 	Inhibitorl 	extract . 	extract 

none3 	 0 	 0 
Na tartrate 	100 	 100 
NaF 	 96 	 98 
Formaldehyde 	29 	 28.5 
none3 	 - 0 	 0 
Na tartrate 	46 	 98 
NaF 	 36 	 93 
Formaldehyde 	_37.5    19 

1 Inhibitor concentrations: tartrate 0.005 MI  NaF 0.0005M, 
formaldehyde 0.17M. 

2 Protein N in reaction mixture (0.33 ml): "crude" 375 ug., 
"pH 4.5 purified" 200 gg. 

3  Pi released from AMP =d el NP from NPP in absence of inhibitor: 
"crude" 6.2.pg. and 0.48 pM,.."pH 4.5 purified" 3.6 ;pg. and 0.133 
el, respectively.  

SUMMARY NO. 26  

LINGOOD MUSCLE NUCLEOSIDE PHOSPHORYLASE 	 H.L.A. Tarr 

Previous studies concerning this general problem were discussed in this 
Station's Annual Report for 1956-57, Summary No. 13, pp. 23-30. One short scien-
tific paper has been published and another submitted for publication in which 
some of the information contained in last yearls . report and some of which is des-
cribed in the present report has been included. The work on the enzyme has been 
completed and certain data concerning it which were not included in last year's 
report are given herewith. 

Comparative activity of crude and purified_preparations  

It vas found that liberation of orthophosphate from a ribose 1-phosphate in 
presence of hypoxanthine (10 pM/M1. of each substrate) was linear when crude or puri-
fied enzyme was used in 0.05 to 0.75 mg. protein N/M1. concentration (370C.; 0.05 M 
veronal buffer pH 7.4). Under - these conditions the activity of the purified pre-
parations was 32 perthophosphate/Mg. protein N/hour, which compares favourably 
with several similar mPmmAlian liver.enzyme-preparations. The RE 64 cation resin 
purification procedure removed about 95% of protein from crude preparations but 
occasioned a marked loss of the.active.enzyme component.(about 75%). The purified 
preparations were only three times as active as the crude preparations, calculated 
on a protein N basis. 

The pH-activity relationship of purified nucleoside phosphorylase  vas  deter-
mined using succinate, veronal and "tris" buffers. The results showed that the 
buffers used had no noticeable depressing effect on the enzyme, which exhibited a 
very vide range of marked activity (pH 5.5-7.5). It  vas  almost inactive at pH 5 
and showed slow decrease in activity between pH 7.5 and 9.2. 
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Pentose phosphate specificity  

The enzyme was  fully active with a ribose 1-phosphate (both chemically 
synthesized and natural esters) and natural deoxyribose 1-phosphate,. but showed 
no activity with chemically grnthetic arabinose.1-phosphate (mixture of.a and p 
isomers) or p ribose 1-phosphate. 

Equilibrium  

The equilibrium depended somewhat on the substrate concentration  and,  with 
the guanine-guanosine system  vas  undoubtedly greatly influenced by the great 
insolubility of guanine. Wilh 10e/ml. concentrations of reactants the equili-
brium was 85% in favour of inosine synthesis.;in-the-hypoxanthine-ribose 1-phosphate 
system, and 75% in favour of guanosine synthesis in the  guanine-ribose  1-phosphate 
system. With higher concentrations of-reeetants , in the latter system (e.g. 50 um, 
ml.) the equilibrium was altered until it-was-greatly-in ,favour of ribose 1- 
phosphate synthesis. 

- 	• Proof of unity of the enzyme 
• 

Experiments were carried out in Which, using the hypoxanthine-inosine sys-
tem it was shown that, when the enzyme was  saturated with respect to one of its 
pentose-phosphate subStrates (ribose 1-phosphate or deoxyribose 1-phosphate in 20 
or 40 FM/Mi. concentration), the addition of an equivalent concentration of the 
other pentose phosphate did not accelerate the reaction. This can te regarded as 
strong evidence that these two pentose phosphates are activated by a single enzyme. . 	. 

.Heat lability  

It was shown'that purified . nucleoside . phosphorylase retained-full activity, 
for 3 hours at 50 0 C., but in 5 hours atthis temperature this - decreased to about 
60%, and in 7 hours to about 20,-of-the initial.activity. 

Preparation of dicyclohexylammonium deoxyribose 1-phosphate  

A further larger scale preparation of- this very labile phosphate ester vas 
 prepared (as described in last year's report on page 24). In this experiment 2 De 

of deoxyguanosine (536 mg.) yiede4 440-Me.:4107-44) of pure dicyclohexylammonium 
deoxyribose 1-phosphate. C y -49.45; H, 9,20; calculated for C17H3707N2P (M.W. 412. 
46); C, 49 0 5; H, 9.04. The deoxyribose-çontent-(Disehe method) was 103%, and the 
orthophosphate liberated in 100 minutes at  20°C,  at pH 4.0, 98%, of the theoretical 
amounts. 

The specific rotation of this compound u022.5 = +38.760 (C, 2.57 in 1120) 
was  very similar to that which-has been reported efsexiere for chemically syehe- 
sized dicycloheelammonium a-Drriboàe•l-phosphate 	= +40.3c". -  This, in addition 
to its activity in this enzyme-system,-suggeats that natural deoxyribose 1-phosphate 
has an a configuration. 

Dicyclohexylammonium ribose 1-phosphate  

Some improvement in preParation of this compound has been effected by apply-
ing the procedure used in preparation of deoxyribose 1-phosphate, namely that in 
which the crude barium salt is changed into thecyclohexylammonium salt by passage 
through the cyclohexylammonium form of a cation exchange resin such as Dowex 500 
As previously noted (p. 24-25 of the Annual Report for 1956-57) the yield on the 
basis of the guanosine-used is poorer than with the deoxyribose compound, due to 
presence of a rather strong phosphoriboisomerase enzyme. In a typical procedure 
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2 mM of guanosine yielded 0.34 mM (145 mg.) of crystalline dicyclohexylammonium 
ribose 1-phosphate0  C, 46.95; H, 8.64; P, 7.10. Calc. for C1.7113708112P (M.W. 
428.46): C, 47.65; H, 8.71; P, 7.23. The ribose content was 98% of the theore-
tical and the preparation contained 0.7%- of orthophosphate. 

SUMMARY NO. 27  

PHOSPHORIBOMUTASE AND PHOSPHOGLUCOMUTASE ACTIVITY 
OF LINGCOD MUSCLE ENZYME PREPARATIONS 	 H.L.A. Tarr 

During work on lingcod  muscle  nucleoside phosphorylase it became evident 
that the crude enzyme preparation possessed-other enzymic activities-including 
those of phosphoribomutase and phosphoglucomutase systems. Initial studies have 
been made of these from the point of-  view of-a general determination  -of the reac- 
tions involved, rather than fromthat of an.immediate study of a purification of the 
enzymes, which it is hoped to carry-out-later. 

The literature concerning similar mammalian and yeast enzymes is not exten-
sive but contains usefill information.--The-folloving reactions have been described 
and in general. most investigators have found that the somewhat crude preparations 
used by.them contained both phosphoeueomutase-and phosphoribomutase activities, the 
former being about 100 times that of-the-latter-secalculated on a protein nitrogen 
basis. In certain cases it has.been shown-that the phosphogluco- and phosphoribo-
mutases are very probably different enzymes, but no clear-cut separation has been 
effected. The following reactions.are known-to occur: 

(1)G 1-P + G 1,6 - P2 --->G 1,6 - P 2  + G 6 - P. 
(2)R 1-P + G 1,6 - 	1,5 - P2 + G 6 - P. 
(3)R 1-P + R 1,5 - 	1,5 - P2 + R 5 - P. 

(Where G 1-P = glucose 1-phosphate; R 1-P = ribose 1-phosphate; G 1,6 - P2 = 
glucose 1,6-diphosphate, etc.). 

- Reaction (1) is -catalyzed by phosphoglucomutase and (3) by phosphoribomutase. 
However, reactions such as (2) could presumably be catalyzed by an enzyme which could 
have bolh functions. -  All these nmutasen reactions are strongly stimulated by added 
ndiphosphaten esters, and it seems that these are essential before the reactions can 
proceed actively. They have been considered as "co -enzymesn- of these reactions, but 
are also able to  enter  into the reactions*in concentrations of the same order as the 
monophosphate esters. 

Isolation of deoxyribose 1,5-diphosphate  

It was found that when deoxyribose 1-phosphate and ribose 1,5-diphosphate 
were incubated with crude lingcod muscle extract (the preparation used in the nucle-
oside phosphorylase studies), 6 different compounds could be identified in the mix-
ture by paper chromatography. There were, in addition to the starting compounds, 
ribose 1-phosphate, ribose 5-phosphate, deoxyribose 5-phosphate and an apparently 
new compound. This compound was prepared in small amounts in a fairly high state of 
purity and was identified and described briefly for the first time. It is deoxyri-
bose 1,5-diphosphate and the general method of preparation and analysis follows: 

A number of preparations were made similarly and attempts were made to cry-
stallize the compound. Thus the lyophilized dry powdered eluates from cyclohexy-
lamine columns were taken up under as dry conditions as possible in absolute metha-
nol, ethanol, n-propanol or n-butanol in different experiments. Cautious addition 
of anhydrous diethylether in the cold never caused crystallization, only an amorphous 
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mass precipitating. Needle crystals, similar to those obtained with the dicyclo-
hexylammonium salts of ribose 1- and deoxyribose 1-phosphates have been seen in 
methanol solutions which have slowly dried over a desiccating agent, but attemPts 
to obtain a pure crystalline compound have so far failed» Tetracyclohexylammonium 
deoxyribose 1,5-diphosphate is extremely_llygroscopicfland will undoubtedly be dif-
ficult to-obtain in pure_crystalliner,state. 

incubation mixtures of equimolar quantities of dicyclohexylammonium DR-1-P 
and tetracyclohexylammonium R-1 : 5-P2 with crude nucleoside phosphorylase yielded 
six compounds, as indicated by paper chromatography, and by colorimetric analyses 
of the eluates for deoxyribose„ ribose and acid labile and comparatively acid stable 
phosphorus. Two of these compounds were the starting compounds, and others were 
ribose-l-phosphate, deoxyribose-5-phosphate •and•ribose-5-phosphate. In addition, 
an apparently new compound which moved slightly fasteron paper chromatograms than 
did R-1 : 5-P2 was detected. This compound gave a yellow zone with aniline hydrogen 
phthalate reagent, quite  distinct-from the red-colour given by R-1 : 5-P2 , and this 
fluoresced strongly in ultraviolet light. Enzyme reaction mixtures containing 50- 
75 uM of each of the starting compounds were-incubated 3 hours at 300 0 0, and were 
then deproteinized with 50% propanol and subjected to preparative paper chromato-
graphy using Whatman 3 mm• paper.- The zones containing the new ester were eluted 
with ammonia water (pH 9.5-10), the solution concentrated to a small volume at low 
temperature and passed through a•  column containing a few ml. of Dowex 50,200-400 
mesh, cation exchange resin in the oyolohexylamine form. The eluate and washings 
were evaporated to dryness in the cold and taken up in absolute methanol. On cau-
tious addition of 3 volumes of diethyl ether a preeipitate formed which, on drying 
for a few hours over phosphoric oxide in high vacuum, possessed properties which 
suggested that it was tetracyclohexylammonium deoxyribose-1:5-diphosphate(M.W., 
690°76). Analyses of chromatogram eluates from several-reaction mixtures indicated 
that about 30-35% of the R-1-:-5--P2 used appeared  -as the corresponding deoxyribose 
derivative. In a typical experiment 50 )1144 (35.3 mg.) of tetracyclohexylammonium 
R-1 : 5-P9  yielded 12 mg. oftetracyclohexylammonium DR-1 : 5-P2 which gave the fol-
lowing anàlyses (per ceht0 of theoretical) :-deokyribose, 100.5%; phosphorus labile 
in 100 minutes at pH 4.0 (measures DR,-1-P phosphorus), 96.5%; and phosphorus labile 
in 60 minutes in 1N HC1 at -1000C. - (ineasures both DR-1-P and DR-5-P phosphorus), 98%. 
No orthophosphate was detected in this preparation. It is concluded that the fol- 
lowing reaction occurs: 

DR-1-1 + 	 + R-5-P 

This work was made possible by donation of generous supplies of R-1 : 5-P2 
by Drs. Tener and Khorana. 

Phosphoribomutase and phosphoglucomutase activity of lingcod muscle preparations  

No purification of these enzyme activities has yet been attempted, all pre-
liminary studies being conducted with lingcod muscle crude riboside phosphorylase 
which contains both enzymes. Initial studies have been entirely concerned with 
ascertaining which of the various possible ”phosphoribomutasen activities are present 
in lingcod muscle and whether ribose 1,5- and/or deoxyribose 1,5-diphosphates act as 
", co-enzymes" in accelerating the reactions. The technique used involved measuring 
the changes in the amount of "labile"  organic phosphorus by appropriate techniques 
as an indication of the changes in types of compounds initially present. These 
analyses were verified by qualitative demonstrations of the changes in the pentose 
or hexose phosphate esters. The results have shown that the following activates are 
present in lingcod muscles. In all experiments the monophosphate esters were used 
in 10 pM/m1., and the diphosphate esters in 0.5 pM/ml. concentrations. 



- 83 - 

(1) G 1-P + (R  1,5-P2)  
(2) R 1-P + R 1,5-P2 	 R 
(3)DR 1-P + R 1,5-P2 	 R 
(4) DR 1-P + DR 1 3 5-P2  tn=i; DR 
(5) DR 1-P + R 1,5-P2 ; 	*DR  

1,5-P2) + G 6-P 
1,5-P2 + R 5-P 
1,5-P2 + DR 5-P 
1 3 5-P2  + DR 5-P 
1,5-P2  +  • R 5-P 

All four reactions proceeded in absence of added diphosphate ester, the final 
eqUilibrium, when it was attained, being in-favour-of formation of the more acid 
stable phosphate ester (G 6-P, R 5-P or DR 5-P). Since a crude enzyme preparation 
was used the results could mean that the reaetione can proceed in complete absence 
of added diphosphate ester, or that they are present in very small amounts in crude 
enzyme  preparations. Reaction (1) proceeded very much more rapidly than the other 
three reactions, but the comparative rates have-not as yet been accurately measured. 
In experiments so far made reaction (1)-has-proceeded so rapidly that the possibility 
that R 1,5-P2 acts as a co-enzyme in this system is still in doubt. Glucose 1,6-P2 , 
the ester which was first shown-to-be-the natural co-enzyme of this particular system, 
has not yet been prepared in this laboratory and haetherefore not been tested. 
While R 1,5-P2 definitely accelerated-reaetions-(2) and (3), DR 1,5-P2 only accele-
rated the reaction between the-deoxyribose phosphates (reaction 4). Attempts will be 
made to separate the various phosphoribomutase activities of lingcod muscle. 

SUMMARY NO. 28 

PHOSPHORIEOISOMERASE (PRI) AND PHOSPHOKETOPENTOEPIMERASE 
(PKEP) ACTIVITY OF LINGCOD MUSCLE H.L.A. Tarr 

Fairly recent work with certain mammalian and plant tissues have shown that 
both FRI and YKEP enzymes are present and are responsible for certain important enzy-
mic steps in intermediary metabolism of the canohydrates. The two activities con-
cerned carry out the following general renctionS: 

Ribose 5-phosphata-(r5-4')---)>Reulose  5-phosphate (Ru 5-P) 
-.(PRI enzyme) 	› 

Ribulose 5-phosphate xylulose- 57phosphate (XU 5-P) 
'(PKEP enzyme) 

During work on the phosphoriboisomerase activity of lingcod muscle extract, paper 
chromatographic procedures revealed the presence of certain apparently new sugar 
phosphate derivatives, which  have-  subsequently  been partially identified by paper 
and by ion exchange chromatography as alMost certainly being Ru 5-P and XII 5-P. So 
far work indicates that the main-reaction-products-which result when R 5-P is incu-
bated with crude -lingcod muscle.nnucleoside phosphorylasen is Iu 5-P and residual 
R 5-P, together with a little-Ru-5-p. --It-would-appear that the two enzymes mentioned 
above are present in lingcod  muscle and crude Xu 5,1) has been isolated.as  the barium 
salt. It is hoped that the- enzymes -reeponsible-may-te separated and their proper-
ties studied. So far, difficulties-have been experienced in obtaining good yields of 
Xu 5-P and the preparations have not been very pure. 

Preparation of D-ribulose and liOxylulose  

In order to have a standard preparation of these rather unstable ketoses for 
reference purposes in colorimetric and spectrophotometric procedures use in identi-
fication of the products of the above reaction these two ketopentoses are being pre-
Pared° 
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Three g0 of dry D-arabinose (Nutritional Biochem. Corp.) was refluxed with 
anhydrous pyridine according to the procedure of - Glatthaar and Reichstein. Pyri-
dine and arabinose were removed from the - reaction mixture as described and the 
o-nitrophenylhydrazine was prepared both directly from the crude, syrupy ribulose, 
and also after first purifying the ribulose by-quantitative paper chromatography, 
using 48-hour development in butanol/ethanol/H20 - z 10/1/4 and elution with 99% 
ethanol. A total of 300 mg. of D-ribulose - o-nitrophenylhydrazine M.P. 165-166 0 

 and 170 mg0  of a less pure product was obtained (M0P-162 0 ). This is being decom-
posed to obtain free ribulose as required d-and used directly in the cysteine-
CarbaZOle calorimetric procedure. The - o-nitrophenylhydrazine used in the above 
reaction  vas  prepared by the method of Bishler which involves preparation of 
o-nitroaniline hydrochloride, its diazotizationwith sodium nitrite and reduction 
with stannous chloride to yield the tin double-salt of o-nitrophenylhydrazine 
hydrochloride. After removing the tin - with-H,S -the o-nitrophenylhydrazine hydro-
chloride is decomposed with sodium acetatesana-the red needle crystalline o-nitro-
phenylhydrazine recrystallized from benzene (M.P. 90°C0)0 

D-Xylulose has been prepared as the p-bromphenylhydrazone by the method of 
Schmidt and Treiber, which is in general-closely-similar to that used in prepara-
tion of D-ribulose o-nitropheny1hydrazine-(MP0-128°)0 -  It has been used success-
fully as a standard for Xylulose in the - cysteine.carbazole reaction. 

Preparation  of 	 oribonic acid. 

Since there was a slight indication that some 5-phosphoribonic acid might 
be formed from ribose 5-phosphate - by - lingcod -muscle -extract,.a small amount of this 
material was prepared. It may be alsO-useibl-as -a specific inhibitor of phosphori-
boisomerase. 

The barium ions were removed from a watery solution of 250 mg. of commercial 
Ba R 5-P by a slight excess of the Dowex 50 H+ analytical . grade cation exchange 
resin. The ester wus oxidized by the - alkaline hyperiodite method of Goebel. At 
the conclusion of the reaction Na+- ions were removed with Dowex 50 Fri-  (pH of solu-
tion 1.5) and the free iodine - then removed ty -"using . a rotary evaporator at 37°C 0 
The solution (5 ml.) was treated with powdered CaCO3 toTH 5.0, cooled, filtered 
through a small sintered glass filter  and the crude -Ba phosphoribonic acid preci-
pitated with 2 vols0  of ethanol. — The-precipitate-was washed with a little 65% 
ethanol, then absolute ethanol p - and dried in vacua over P204  (yield 135 mg.). This 
product was not completeli soluble in water.> -The product wtis dissolved in 3 ml0 of 
water and filtered to remove a gummy residue which proved to be almost completely 
insoluble in water. The clear filtrate e -on treating with 2 vols0  of ethanol, 
yielded 90 mg0  of a dry powder which-was apparently.the neutral calcium salt of 
phosphoribonié acid (C511809P)2 Ca3.(M.W0 606.43)k. 1°, 10.23%; Paund P, 9.72%. Paper 
chromatography, using acid and alkaline .  solvent syetems which have been used for 
phosphate esters, gave 2 phosphorus zones-(Hanes.and Isherwood Spray) vhen the pro-
duct applied to the paper was the neutral phosphoribonic acid from which Ca was 
removed by Dowex 50 H+ resin. Vhen - this-solution was treated with 50% acetic acid 
before ftspottingn for chromatography only a single zone appeared. This indicates 
that 5-phosphoribonic acid exhibits both free acid and lactone ring structures. 
Glucuronic and galacturonic acids exhibit similar lactone structures and paper 
chromatographic properties. 
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E.G. Baker 
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SUMMARY NO. 29  

It has been established that sorbic acid is an effective, agent in the con-
trol of mold growth on smoked fish (Summary No. 23 of this Stationis Annual Report 
for 1954). Experiments have been carried out to assess the value of several anti-
fungal antibiotics and to compare their activity with that of sorbic acid. 

AntifUngal antibiotics, in suitable solvents, were added to the 20% sodium 
chloride solutions in which the fish samples were to be soaked prior to smoking; 
chlortetracycline (CTC)  vas  added to these solutions at a level of 10 p.p.m. to 
minimize bacterial growth on the samples during the storage period.-Sorbic acid 
was used at a level of 1.0%, other test substances  at .02%. 

Pieces of fresh lingcod 2nx2nx1ie, with skin on one side, were prepared; 
four  pieces from different fish were soaked in each solution for one hour. The 
samples were subsequently drained 	hours ,  on wire racks, then smoked for 6 hours 
and cooled in a smoking tunnel. Each piece was placed in an individual plastic 
bag, heat sealed, and stored at  4°C. The samples were examined at intervals for 
evidence of mold growth. 

Number of samples showing mold 
AntifUngal 	 Manufacturer 	• 	-growth after days 

29 36 43 60 66 78 

Control 	 - 	4 	4 	4 	4 	4 	4 
CTC (control) 	 0 	4 	4 	4 	4 	4 
Acti-dione + CTC 	UPJohn 	• 	0 	4 	4 	4 	4 	4 
Filipin + CTC 	Upjohn 	_ 	0 	0 	1 	2 	2 	4 
Mycostatin + CTC 	.Squibb 	 0 	0 	0 	0 	2 	3 
Ayfactin + CTC 	Bristol 	 0 	0 	0 	0 	1 	2 
Amphotericin A+CTC ,Squibb 	• 	0 	0 	1 	1 	1 	1 
Amphotericin B+CTC 	Squibb 	 0 	0 	0 	1 	1 	1 
A 5283 + CTC 	Lederle 	• 	0 	0 	0 	1 	1 	1 
Sorbic acid 	 000000 

The results show that, in the comparatively hie concentration used, sorbic 
acid was more effective than the antifungalemtiblotics. However, sorbic acid is 
permitted in 0.1% concentration in certain foods, and previous trials.indicated 
that dipping fillets in a 1% solution is unlikely to cause the fish to contain more 
than 0.1% of sorbic acid. 

SUMMARY NO. 30  

FILLET PRESERVATION WITH TETRACYCLINE ANTIBIOTICS 	 B.A. Southcott 
E.G. Baker 

Fresh lingcod fillets of a unifOrm size were prepared and dipped for one 
minute in 5 p.p.m. solutions of chlortetracycline (CTC), oxytetracycline (OTC) or 
tetracycline (TC). The fillets were then drained for three minutes on wire racks, 
rubsequently wrapped in individual plastic bags and stored at  4°C. At intervals, 
direct counts were made. 



fresh 
31.3 

si.  stale fresh 
160.6 	94.0 

si.  stale 
332.8 

8 

fresh 
64.7 

si.  stale 
228.9 

stale 
452.6 

putrid 
373.1 

stale 
381.6 

putrid 
428.2 

extremely stale 
482.3 

extremely putrid 
425.0 

10 

13 

6 

putrid 
449.4 

ext. putrid 
484.4 

ext. putrid 
_ 513.0 

ext. putrid 
502.4  

8 

putrid 
328.6 

very stale 
148.4 

ext. putrid 
320.7 

putrid 
332.8 

Bacteria per gram of fish (x106)  
	 OTC      TC 	1120  

Days stored 

5 	very  si.  stale 
123.5 

putrid 
301.0 

putrid 
312.2 

sour 
297.3 

Kind of Dip: CTC 
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Kind of Dip: 
Bacteria per gram of fish (x106)  

CTC 	OTC 	TC 	H 0 	 2_ 
Pays  stored 

7 	fresh 
4.8 

	

fresh 	fresh 

	

77.4 	66.3  
si.  stale 
133.6 

In another experiment, fillets were prepared from Red Spring salmon and were 
treated as above. Up to five days of storage there was no odour in any of the 
samples. 

It can be concluded that CTC is the best of the antibiotics tested for use 
in preserving the quality of lingcod fillets; its use on salmon fillets appears to 
be of limited value. 

SUMMARY.NO . 31  

ANTIBIOTIC ICES 	 B.A. Southcott 
E.G. Baker 

In experiments extending the investigation of the use of antibiotic ices 
in preserving fresh fish (Summary No. 4 of this Station's Annual Report for 1956- 
57), crushed ices were used containing 5 p.p.m. CTC, OTC or TC and .01% CMC with 
003% NaC1 as dispersing agents. 

Fresh eviscerated lingcod were stored in these ices in insulated boxes; at 
intervals fish were removed, skinless fillets prepared and incubated 18 hours at 
10°C.  before being counted by viable and total methods. 



Days in 	Type of 
ice 	ice 

Odour after 	Bacteria per gram fish (x106) 
Direct 	Viable 18 hrs. at 100C. 
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14 	Untreated 
CTC 
OTC 
TC 

17 	Untreated 
CTC 
OTC 
TC 

20 	Untreated 
CTC 
OTC 
TC 

Stale 
Fresh 
Fresh 
Fresh 

Stale 
Very sl.-stale. 
Sl..stale 
Sl. stale 

Very putrid 
Si.  stale 
Sour 
Putrid 

269 
7 

80 
-90 

393 
30 

235 
216 

422 
86 
214 
255 

47 
.1 

22 
72 

30 
4 
17 
26 

46 
10 
91 
115 

At 17 days, samples were also taken which consisted of whole slices through 
the fish including skin and bone rather than the usual fillets; the slices were 
put through a'grinder and incubated as above before being counted. 

Odour after 
18 hrs. at 100C.  

Bacteria per gram (x106) 
Direct 	Viable 

Untreated 
CTC 

Sour 	 1,116 	312 
Fresh 	 212 	43 

SUMMARY NO. 32  

CHLORTETRACYCLINE RESIDUES IN HALIBUT FLESH AND SKIN 	 B.A. Southcott 

In connection with this Station's engineering studies on the storage and 
transport of halibut in refrigerated.sea.water.(Summary.No.-39 of this Station's 
Annual Report for 1956-57), tests were made-to determine. the-amounts of , CTC-which 
remained in the skin and flesh of these fish held under.commercial,conditions in 
sea water containing the antibiotic. -Twenty samples were.taken.at  random from 
fish which had been held 10 to 19 daya in-refrigerated sea-water-containing CTC. 
The sea water, after this 19-day atorage period, contained  2.65.p.p.m.-of.the anti-
biotic when assayed by the usual method;-extractef.halibut.muscle vas used-to-pre-
pare standard curves. The flesh-and skin.portions-of each-sample,were.assayed 
separately with the following results (p.p.m.): 

Skin samples:<0.1, 0, 0,<0.1, 0, 0.33, 0.33,.0.12, 0.17, 0.22, 0, 
0.35, 0.42, 0.13, 0.43, 0.7,.0.08 8 .0.54,0.41, 0.74. 

Flesh samples: 0.03, 0, 0, 0.03, 0.13, 0, 0.02, 0, 0,, 0, 0.14, 0, 0, 
0, 0, 0, 0, 0, 0.06, 0.02. 

Most of the skin samples had small amounts of CTC; 65% of the  flesh samples 
contained no demonstrable antibiotic, and the amounts present in those flesh 
samples which did contain CTC would be destroyed by any normal fish-cooking 
procedure. 
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SUMMARY NO. 33  

?RESERVATION OF BLACK COD WITH CHLORTETRACYCLINE B.A. Southcott 
R. Moyer 

Tests carried out several years ago indicated that dipping whole, evis-
cerated salmon in chlortetracycline (CTC) solutions for one minute on board a 
trolling vessel prior to icing them with ordinary ice could cause a marked improve-
ment in keeping quality (Summary No. 10 of - this Stationla Annual.Report for 1953). 
For  this purpose comparatively strong concentrations of CTC (e.g. 50-p.p.m0) were 
required. 

BlaCk cod (Sable fish) are frequently subject to considerable spoilage on 
fishing vessels, or before or during smoking. Arrangements were made whereby evis-
cerated  black  cod were immersed between 5 minutes and 1 hour in a,sea water solu-
tion of 50 p.p.m. CTC (as ”Acronizen, American Cyanamid Co.) before they were iced 
with ordinary ice. For  each 500 lb 0  lot of fish to be treated, 30.ga1lons of 
freshly-prepared CTC solution was used. 

Samples were taken from the iced fish at the end of the 18-day trip; skinned 
fillets were prepared for 18-hour incubation at 100C. and subsequent bacterial 
counts, while flesh and skin samples were taken separately for CTC assay. The 
assays were performed using black cod extract as a diluent in standard curves 
(SummarY No. 31 of this Station's Annual Report for 1955-56). 

Effect of transient immersion of black cod in a 50 p.p.m. solution of CTC 
followed by normal icing on their subsequent keeping quality and CTC content. 

Post-mortem age 	Odour after 18 	Bacteria per 	p.p.m. CTC in 
when landed (days) 	hrs. at  10°C. 	gram fish 	skin 	flesh 

(x106) 

Controls  

	

3 	 extremely stale 	27 	 0 	0 

	

6 	 stale 	 27 

	

10 	 putrid 	 35 	 0 

Dipped Fish  

12 	. 	fresh - 	 6.9 	. 	0 0 22 	› 0 009 
17 	 slightly stale 	4.2 	0.15 . -0.15 
17 	 slightly stile 	 5 08 	0.18 	• 0.14 

These results show that the dipping procedure exerted a pronounced benefi-
cial effect on the keeping quality of the fish after landing.aeshown in.the acce-
lerated spoilage tests. 

The amounts of CTC present in the flesh and skin of the fish were,small and 
vould undoubtedly be undetectable after the fish had been smoked and cooked in the 
usual manner. It can be concluded that under the conditions of this experiment, 
very low concentrations of CTC are found in the skin and flesh of these fish. 
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SUMMARY NO. 34  

BACTERIOLOGICAL STUDY OF FISH STORED IN 	 B.A. Southcott 
REFRIGERATED BRINES WITH AND WITHOUT CTC 	 E.G. Baker 

In a continuation of work described in Summary No. 4 of this Station's 
Annual Report for 1956-57, experiments were carried out on the bacteriological 
aspects of fish preservation in refrigerated brines. 

An attempt was made to compare the spoilage-patterns of aerobically and 
*anaerobically stored fish. Fresh dressed lingcod were stored at  1°C. in four 128 
oz. clear glass jars filled with 3% NaC1 solution. .Air was bubbled continuously 
through two jars (one with 5 p.p.m. CTC,. one without); two identical jars were 
treated with N2 under low pressure for 30 minutes then.sealed off. Escape tubes 
for  gases formed were led from the jars into H20. At intervals, individual fish 
were removed for sampling and the N2  jars refilled. Filletsprepared from the 
fish were incubated overnight at  10°C.  before total and viable_counts were done; 
these counts gave irregular results. It was noted that the differences in viable 
counts of fillets from fish stored in jars with-and without•CTC.was not as great 
as would have been expected from the marked variation-in odour evident after the 
fillets had been stored overnight at  10°C. 

Days 
in lar Odour in Jar when samples taken 

Fillets after 18 hrs. at  10°C 
odour and bacteria per zm.(x10° 

Nitrogen 	 Air 	Nitrogen 	 Air 
- 	No CTC 	+CTC 	No CTC 	+CTC 	No CTC 	+CTC 	No CTC 	+CTC  

15 	putrid 	fresh 	putrid 	fresh 	stale 	sl.noffn 	stale 	fresh 

	

0.6 	0.4 	0.7 	1.6 
18 	putrid 	slonoffn 	putrid 	slonoffn putrid sl.noffn 	stale 	al.noffn 

	

0.5 	2.6 	1.1 	1.1 
22 	putrid 	putrid 	putrid 	putrid 	putrid stale 	putrid-stile 

	

1.0 	1.5 	0.7 	1.4 

Since difficulties were experienced.in the above experiment with finding a 
suitable aeration technique, and since the size of the glass jars made impossible 
the use of a reasonably large number of fish.for any one treatment e -it was decided 
to use large plastic tanks containing 20.1itres each-of-3% NaCl.. The-tanks  were 
either aerated or were kept as nstill" tanks; each treatment was carried out with 
and without 1.5 popem. CTC. At intervals fish were removed, filleted, and the 
samples incubated overnight at  10°C.  before-direct counts were made. (See Table I 
at end of Summary.) 

Commercial samples of cod and salmon which had been.stored on board a vessel 
in refrigerated sea water for 18 days were received at.the Station;-the complaint 
vas  that the fish had a npeculiarn odour. The colour and texture of these fish 
were excellent. Samples were incubated overnight at 10 0C. and counts made. No 
unusual forms could be found on the total count slides; the counts were not con-
sidered to be high. 

Bacteria per gn. (x106)  

Total Viable  

Cod 	168 	0.2 
Salmon 	36 	0.15 



-  90  - 

From the results of these experiments it is apparent that a distinctive type 
of odour occurs in fish which have spoiled in refrigerated brine or seawater. The 
presence of low concentrations of CTC in refrigerated brine does not usually effec-
tively control bacterial growth as it does in ices and fillet dips, but it does 
reduce the odour produced. 

Since the methods employed in these tests do not give.conditions.comparable 
to those occurring on vessels employing refrigerated seavater-tanks, further experi-
ments are to be carried out in small tanks constructed so that-the refrigerated sea-
water will circàlate in the manner of that  in. commercial installations.- Anaerobic 
as well as aerobic methods are to be used-for studying ,the-bacteria involved in the 
spoilage processes and slightly higher CTC concentrations will be used. 

TABLE I - Counts of fish stored in refrigerated-brine. 

Days 	Brine Whole fish when sampled Fillets after overnight Bacteria 
at  10°C 	per gin.  
	_ 	(xle) 

13 CTC air 
CTC still 
K air 
K still 

15 CTC air 
CTC still 
K air 
K still 

16 CTC air 
CTC still 
K air 
K still 

17 CTC air 
CTC still 
K air 
• Estill 

* g 

20 CTC air 
CTC still 
K air 
K still  

= Controls wi 

fresh 
fresh 
strong ufishy" odour 
pUtrid 

fresh 
fresh 
putrid 
ext 0  putrid 

fresh 
fresh 
putrid 
ext., putrid 

fresh 
fresh 
putrid 
ext0 putrid 

fresh 
fresh 
ext0 putrid 
ext. putrid  

thout CTC. 

fresh 
fiàhy 
putrid 
ext. putrid 

al.  fishy 
 fishy 

ext. putrid 
ext 0  putrid 

stale 
very-stale 
ext. -putrid 
ext. putrid 

stale 
very stale 
putrid 
ext. putrid 

fresh 
stale 
ext. putrid 
ext.putrid 

3.1 
4.5 

153.7 
42.4 

26.0 
27.0 
46.1 
29.2 

15.4 
21.2 
87.5 
2001  

43.5 
5.3 

54.6 
46.1 

129.9 
97.5 
79.5 
95.4 

SUMMARY NO. 35  

EFFECTIVENESS OF CTC TREATMENT IN %/BALE TISSUES 	 R.H. Moyer 

At the request of a local company, a conventional ntle test was applied to 
part of the data (bacterial counts) contained in Industrial Memorandum No. 20, 1957,. 
of this Station. Tables I and II of this memorandum were compared, as were Tables 
VI and VII. The results are summarized in the following tables. It is readily 
apparent that the differences found in the 1956 trials are highly significant, while 
those in the 1957 trials are non-significant. Due to the sporadic nature of the 
data, the standard errors are very large, accounting for the fact that comparatively 
large differences between some of the means are not significant. 



Part of 
whale 

Difference between 	Standard error 
means (average) 	of means P. 

A 	 69.20 
5.51 

158.47 
D 	 26.31 
E * 	• 	153.09 

-86.55 

	

55.62 	0.3>P>0.2 

	

46.16 	 13> 0.9 

	

104.13 	0.2>P>0.1 

	

86.77 	0.8> P> 0.7 

	

66 036 	0.05> P> 0.02 
•••■ 

CONTROL OF POST-MORTEM BACTERIAL SPOILAGE 
OF WHALES WITH TETRACYCLINE ANTIBIOTICS 

Jock Leung 
D.W. Duncan 
H.L.A. Tarr 
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Comparison of Tables I and II 

Difference between 	Standard error 
of means 	 P. 

Part of 
whale 

A 

D 

G 

means (average) 

152.12 
154.00 
53.69 
39.20 

304.12 
197.06 
166.89 

51.01 
38.03 
20.52 
19.45 
96.35 
82.40 
77.20 

0.01 > P> 0.001 
P<<0.001 
P = 0.01 

0.05>P>0.02 
0.01>P> 0.001 

P = 0.02 
0.05>P>0.02 

Comparison of Tables VI and VII 

* This is significant at the 5% level, but judging from the remain-
der of the data, this appears to be the one occasion in.twenty 
that arises due to chance. 

SUMMARY NO. 36 

The results of previous studies were reported in Summary No.  5-of  this 
Station's Annual Report for 1956-57. During the past season further trials were 
made following a request by the whaling company concerned  thatt-the introduction 
of the antibiotic be made by incorporating it in the bomb head of the harpoon 
used to kill the whale. Station personnel, who had previous experience with pre-
servation of whale carcasses, were very doubtful-of the successful outcome of this 
method of introduction and their doubts were borne out by the results obtained. 
TWo antibiotics were used, namely, chlortetracycline hydrochloride (CTC) and oxy- 
tetracycline hydrochloride (OTC); 50 g. contained in a polyethylene bag were placed 
in the bomb head of the harpoon beneath the charge of black powder. Direct bac-
terial counts of samples of muscle or liver tissue of untreated and treated animals 
were made as in previous trials. It is important to note that there was a 40% loss 
of antibiotic by this method due to the harpoons missing their targets. The 
results of direct bacterial counts (Table I), which have been analysed statisti-
cally in Summary No. 35 of this report, show that there  was  no significant differ-
ence between treated and untreated whales. On the other hand, significant improve-
ment was found where CTC had been injected into the visceral cavities of whales in 
previous experiments (see Summary No. 35 of this report). The complete data of 
both 1956 and 1957 trials have been published in this Station's Industrial Memoran-
dum No. 20 (see list of publications). 



post-mortem  
age 

(hours) 

No. of 
whales 
examined 

Tissue* 
E 	F A 	B 	C 	D 
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TABLE I - Millions of bacteria per gram of whale tissue. 

From untreated carcasses 
<20 

21-25 
26-30 
31-35 
36,40 
41-50 
<51  

From carcasses 
OTC introduced 

<20 
21-25 
26-30 
31-35 
36-40 
41-50 

	

18 	0.24- 

	

>10 	38 

	

12 	18 

	

3 	360 

	

3 	40 

	

5 	260. 

	

2 	1000. 
treated with 
by the harpoon 

	

3 	0.82 

	

5 	0.12 

	

4 	0.34 

	

1 	0.11. 

	

3 	19 

	

3 	67  

0.31 	9.2 	12 	12 	92 
31 . 	73. 	130 	- 120 	190 
7.4 	150 	110 	190 	140 
5 0 5 	620 	370 	. 	30 	700 
19 	390 	.360 	150 	. 570 

	

250 . 150 	800 	• 710 	- 
770 	160 	1100 	1200 	- 

0. 	0.98 	0 	0 075 	15 

	

26 	9 0 3 	1.8 	460 
0.14 	35 	3.3 	1.1 	310 
0 	120 	0.11 4.1 	300 

2.0 	350 	120 .2.2 	590 
140 	250 	730. 180 	480 

From carcasses 
CTC introduced 

21-25 
26-30 
36-40 
4150 -  

treated with 
by the harpoon 

3 	 0 
2 	1.1 
1 	62 
8 	77  

0 	0.038 

	

0.33 	15 

	

31 	740  

	

180 	280  

0.075 0.038 - 1.8 

	

0.68 	1 00 . 0.22 

	

680 	515 

	

3200 	78 	600 
418M. 

Ao  front surface muscle close to blubber; B, rear  surface muscle Close 
to blubber. C o  front deep muscle nearipackbone; 14 rear deep muscle 
near backbOne; E, deep muscle from flank; F, liver tip.  

SUMMARY:NO. 37  

DISTRIBUTION OF CTC IN ICE MADE FROM HARD WATER 	 R.H. Moyer 
B.A. Southcott 

There has been considerable work done concerning the suspension of germicidal 
substances, notably CTC, in block ices, and techniques for successful  suspension 
have been worked out. (See Summary No. 29 for 1955-56 and Summary - No.,6 for 1956-57 
of this Station's Annual Reports) Although these methods provide good suspension 
in ices made from relatively soft waters, they are not applicable to some hard waters. 
Experiments are now in progress to determine the effectiveness of these methods as 
applied to a number of typical hard waters and to develop.new methods or modify the 
existing ones where these prove ineffective. Artificial nhard" waters have been 
prepared and, after considerable technical difficulties, a method which it is hoped 
will prove reliable for determining CTC in melted samples,of the experimental ices, 
ha  s been worked out. 



10:45 
11:45 
12:45 
2:30 

0.253 
0.226 

0.163 
0.141 

0.0172 

0.0104 
0.0078 
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SUMMARY NO. 38  

TASTE PANEL FOR THE EVALUATION OF QUALITY IN FROZEN FISH R.H. Moyer 

In connection with proposed  tests on the suitability of a number of paékag-
ing materials for storage of frozen fillets (Summary No. 40 of this report), two 
5-member taste panels were organized from among the Station staff. A ranking 
technique similar to that proposed by Reimer  (Food  Research, Vol. 2, No. 6, 1957) 
is used in assessing relative acceptability-. -This technique vas  adopted because it 
is particularly applicable in tests where.the quality of ail the samples decreases 
with time and where a relative, rather-than'an absolute, value is sought. 

For any one tasting session, four frozen samples are partially thawed and 
five 15-gram aliquots taken from each. These are placed in individual petri dishes 
and permitted to stand until completely thawed.  Four  dishes, representing the four 
samples. , are then presented to each judge for ranking of the raw samples. F011owing 
this, the dishes are partially filled with water and placed in a 350°F.  oven for 
15 minutes. The purpose of this method of cooking is to accentuate any "off" flavour 
that may be present. The raw samples are rated on appearance and odour alone, while 
taste and texture are considered in ranking the cooked samples. In order to help 
prevent taste- "fatigue" and to aid in clearing the senses between samples, a beaker 
of apple juice is presented with the cooked samples. 

SUMMARY NO. 39  

ASCORBIC ACID CONTENT OF COMMERCIAL DIPPING SOLUTIONS 	 R.H. Moyer 

It has been shown (Summary No. 15 of - this Station's Annual Report for 1956- 
57) that the ascorbic acid concentration in a"local - fish plant's dipping solution 
decreased drastically in the course of seven-hours . of operation. It was assumed 
that this decrease was due to dilution by-wet-lilleta. Subsequent observations, 
however, indicated that the fillets were notthe - only.  cause of depletion. 

The dipping solution used at the cannery  vas made up to contain 0.3% ascor-
bic acid and 0.5% hydrocolloid (commercial - carrageen, Kraystay "T"), i.e. 12.8 oz. 
ascorbic acid and 2203 oz. Kraystay per 27 gallons water. A "blank run" vas made 
using this solution in the cannery's dipping-tank. The tank and accessories were 
kept in normal operation for four hours but only eight cod fillets were passed 
through the solution. The object of this "blank run"  vas  to determine the extent 
of the ascorbic acid depletion which was due to mechanical dilution of-the appara-
tus alone. The results are listed in Table  I. 

TABLE I - Concentration of ascorbic acid in a dipping solution 
and amount picked up on the fillets using Kraystay"T". 

Time 	Dip (% ascorbic) 	Uptake on fillets (% ascorbic)  



	

9:45 	 1.45 

	

10:45 	 1.26 ' 

	

1:15 	 1.23 

0.147 
0.115 

«OP 
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The extremely low uptake of ascorbic acid on the fillets (from Table I) was 
probably caused by failure of the hydrocolloid to dissolve completely. Thus the 
initial level of hydrocolloid in the tank was rapidly depleted due to settling and 
the net effective level of ascorbic acid was not much more than would occur in 
aqueous solutions containing 0.25%. A later observation disclosed that thé Kraystay 
was indeed settling  and  being carried off by the belt. 

A similar nblank run" was made using ascorbic acid alone in a concentration 
of 105% (4-1b,  ascorbic per 27 gallons water). The results are shown in Table II. 

TABLE II - Concentration of ascorbic acid in a dipping solution 
and amount picked up on the fillets without KraystaynTn. 

DiP (% ascorbic) 	Uptake on fillets (% ascorbic)  Time 

Recommended amount of ascorbic in fillets for good protection is 
0.04%-0.06%.  

The ascorbic acid Content of the fish was probably greater than is necessary for 
good protection. The immersion time in both trials -wee-twentreeconds. Later 
trials in the laboratory showed that the uptake ten fillets:was almost as great 
after threepeconds immersion as after ten. -  This  imdicàtes that  the large  dipping 
tanks now in use  at this particular plant could'be reduced in size without any . 	, 
great lopgleefficiency. 

At the request of the above company, a rather extensive experiment.has been 
planned in order to assess the commercial value_ofisoasCorbic acid in protecting 
frozen fillets. This experiment will involve  teste, panel tests and, certain  Objec-
tive tests. 

SUMMARY  NO  40  

THE VACUUM AND CONTROLLED-ATMOSPHERE 
PACKAGING OF FRESH FISH 	 N.A.W. LePage 

One way to insure a continued and expanding market for fresh fish is to make 
certain that oxidative rancidity is held to an'ahsolute  minimum  until the.fish 
reaches the consumer. Vacuum packaging in plastic pouches hae.been successful in 
controlling oxidative rancidity in other foods and there is no obvicus.reason why 
this technique should not give similar good results with fish. 

This Station has recently acquired, on a one-yearls lease, a nFlex-Vacn 
packaging machine, model 6-8-2R.G., from E.S. & A. Robinson (Canada) Limited of 
Toronto. This machine uses plastic pouches and is set to draw 28 in Hg vacuum 
(higher vacuums may be obtained). It is-easily convertible to controlled-atmos-
phere packaging. 

The investigation into the use of vacuum and controlled-atmosphere (nitrogen) 
packaging with fresh fish will begin as soon as an adequate supply of Spring salmon 
becomes available. Several different plastic laminations will be used.in_the pouches 
including mylar-polyethylene, cellophane-polyethylene and mylar-saran-polyethylene0 
pouches made from a single film of Saran (as Oryovac) may be used_but not.with this 
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machine. After the fish has been packaged, it will be kept in refrigerated stor-
age. Samples will be withdrawn at intervals to be tested for oxidative rancidity 
using both organoleptic and chemical tests. 

Tentative arrangements have been made with one local company to carry out 
tests in which mutual observations will be made. 

SUMURY NO. 41  

REFRIGERATED SEA-WATER VESSELS 	 J.S.M. Harrison 

The work done in refrigerated sea water this year has been almost entirely 
in the field of consultation and observation of installations made or projected by 
industry and studies of materials and techniques.which could be used to improve 
future systems. The following reports will deal with the knowledge.gained or the 
experimental features of these many installations. 

"SILVER VIKING" 

• The."Silver Viking" operated a full halibut and salmon season under prac-
tical fishing conditions.. Two halibut trips were accompanied by.an  engineering 
staff member. These trips of three and four weeks ,  duration gave us a chance to 
assess  the- system under conditions existing in offshore fishing. The most notable 
point was that the equipment operated without breakdown beyond that which could be 
repaired-with the meager materials and resources on board. This point.is  one that 
could only be proven in practical application and it must be appreciated that an 
extreme-degree of reliability is required by refrigerated sea-water equipment as 
it is competing with ice, a non-mechanical.system whose reliability is.absolute. 
It is now-proven as a result of these trials that the reliabiliy.of this equipment 
need no-longer be a consideration in its use; 

The performance of this gystem in extremely rough seas was demonstrated by 
these trips to . the satisfaction of skeptics. Repeated violent gales.had no effect 
on the -fish in the tanks or the equipment. 

Deficiencies in the system regarding sanitation were pointed out by one of 
these trials. It was shown that care must:be exercised in the design of equipment 
to facilitate cleaning of the equipment and in the cleaning of equipment and the 
fish. No fish was lost however in any of these trips but better quality fish was 
shown to depend on sanitary methods of handling and especially on carefill cleaning 
of tanks and heat exchange units. 

The success of the "Silver Viking" experiment is shown in practical terms 
in that the vessel landed a quarter of a million pounds of halibut in three trips, 
a very high average, in some part due to the refrigerated sea-water equipment 
allowing longer trips. Also the owner, in building a second vessel,,at his own 
expense entirely, shows his approval of the system. (See below.) 

SUMARY NO. 42  

"PACIFIC OCEAN" 	 J.S.M. Harrison 

This vessel is a 72-ft. steel-combination drum  semer, dragger,.halibuter, 
built this year, employing a refrigerated sea-wuter fish-holding system. The 
refrigeration system was built to our recommendations in that it used two chiller 
units each with a separate compressor; the units being designed in accordance with 
that of the chiller system we developed experimentally and used on the "J.R.D." and 
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"Silver Viking". Hydraulic power is used here to drive compressors and circulating 
pumps and is a new feature in that to our knowledge it has not been used to operate 
compressors of this size. Hydraulic power is very desirable in many respects for 
this equipment as it is otherwise.used on all large fishing vessels now for gear 
handling; hence, much of the cost is borne by that equipment. .It has the positive 
and reliable features of mechanical drive but also permits constant speed operation 
which is desirable for compressors and necessary for.pumps. 

The builders of the vessel found what we believe and hope will be a good 
approach to the problem of carrying full herring loads in a vessel equipped with 
refrigerated sea water. Tanks are arranged on either side of a.shaft alleyway as 
in the "Silver Viking". Sliding gates in each tank permit discharging,of fish into 
the alleyway, which is of sufficient width to facilitate unloading from this.one 
area and can also be used for additional herring storage. 

SUMMARY NO. 43  

NEW STEEL VESSELS 	 J.S.M.,Harrison 

A new vessel is now under construction for the owner of the "Silver Viking" - 
a 75-ft0 steel-combination seiner-halibuter. Its tank and compressor arrangement 
are the same as the "Pacific Ocean". Because  of. the  owner's satisfaction with.the 
electrical system on the "Silver Viking", it is being used.again,on.this.vessel. 
This is a 120-208-volt, threephase, alternating_current ystem. .It is of special 
interest to us in that we.employed alternating,current  on. the  "Silver Viking", con-
sidering it the most practical method of driving the three compressors and seven 
pumps. After our success in developing chillers which reduced the required equip-
ment to two compressors and two pumps, an alternating.current system was  no longer 
vital to the refrigeration system. However, it had been so adaptable to other equip-
ment on the vessel.that the owner and builders decided to expand its use to drive 
almost all auxiliary equipment. As the "Silver Viking" was.the first fishing ves-
sel in British Columbia to  use. an  a.c. system, it may prove that our experiment may 
have contributed to a second major feature in the design of.fishing,vessels. 

A new approach to the problem of insulating  tanks  has been developed by.the 
builders in this vessel. The simplest approach, that of using a meta:1Am* shell 
with insulation between it and the vesselts akin and bulkheads, presents certain pro-
blems in fabrication and heat transfer through structural members.. To avoid this 
they are using an inner shell of Fiberglas reinforced plastic„which is applied to the 
insulation,which is adhered to the skin by adhesives and welded anchors. The insula-
-tion is styrofoam which is ideal in many respects. It has ayery low conductivity; 
is highly moisture resistant; , has good compressive strength and is easily cut =dewy 
to work with. It does not lend itself to use with welded steel linings because of 
low =Ming point and inflammability. Its chief disadvantage for.this use is its 
vulnerability to solvent attack and destructive solvents are ueed in the Fiberglas 
plastic application. The means of overcoming this problem is to coat the insulation 
with resorcinol resin prior to application of the Fiberglas plastic. The.success of 
this method of building tanks will depend on the adequacy of this treatment and the 
water tightness and durability of the Fiberglas plastic. Should the method be effec-
tive, it will be a forward step in the as yet unsolved problem of insulating fishing 
vessels for refrigerated sea water or iced fish storage. 

A new steel-combination, troller-crab fishing vessel.is under construction to 
be outfitted with refrigerated sea-water storage. We are collaborating with its 
owner and the Naval architects on design.- 
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SUMMARY NO. 44  

SHORE TANK INSTALLATIONS 	 J.S.M. Harrison 

Two shore installations of refrigerated sea water were made this year, one 
for salmon and one for halibut. In this field refrigerated sea water offers great 
benefits at a low unit cost. Icing for short term holding.is difficult, costly, 
and requires much plant area, making it prohibitive for salmon canning plants. 
Refrigerated sea-water tanks in providing a simple means of holding for short periods, 
could make great economies in smoothing the flow of fish to processing. The instal-
lations made this year have shown promise in that field. 

Halibut - The tank installed at Prince Rupert for.halibut has a capacity of 
40,000 lbs. Refrigeration is supplied by the main ammonia system  for the plant to 
iron pipe coils in the tank. Agitation of the brine is provided by a motor-driven 
propeller. Systems of this type provide storage at a low first cost where surplus 
refrigerating capacity is available in the plant. However, they do not take advan-
tage of the high performance of refrigeration.compression.systems operating at high 
temperatures, since the plants other duties require low temperature refrigeration. 

This tank has provided a usefUl service and the operators are considering 
further expansion in this field. 

Salmon - A large installation for holding over 200,000 lbs..of salmon was 
made at a new cannery at Steveston, B.C. It has 10 steel tanks, each with a slid-
ing discharge gate. The tanks were assembled as a unit and the outside walls were 
insulated with foamglass. 

The refrigeration system comprised a 20 h.p. compressor, an air condenser 
and a double tube heat exchanger. A single 4-inch pump delivers brine to all tanks, 
which are suitably piped and valved to operate any or all tanks simultaneously. 

The small salmon pack this year gave little opportunity to evaluate the use 
of this equipment for other than holding over weekends, which according to operators 
vas  quite satisfactory. However, the large salmon run anticipated this year should 
provide that opportunity. 

SUMMARY NO. 45  

The main purpose of this project, for which fluids were provided by the 
Industrial Development Vote,  vas  to test a radically different method of installing 
refrigerated sea-water tanks in a fishing vessel. This 45-ft. wooden vessel  vas 

 used as a salmon troller in the summer and for transporting live crabs in the winter. 
The "Ruth G" foundered in December of this year, fortunately with no loss of life, 
although the vessel itself was a total loss. However, enough  vas  learned during 
several months of operation to enable us to assess the advantages and disadvantages 
of the tank installation. 
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The tanks were built in the hold as shown in Fig. 1 by installing a plywood 
floor, plywood bulkheads in the hatch opening and two steel bulkheads running for 
and aft to divide the hold into three compartments. The sides of the hold and under 
the deck were lined with plywood. This work was carried out in a shipyard at the 
vessel-owner's expense. No attempt was made to make these compartments.water-tight 
up to this point, our plan being to install a waterproof insulated lining  in .the  
tanks. This lining was installed by a firm experienced in the application of insu-
lation; however, they were not able to guarantee complete  satisfaction. as  they had 
no previous experience in designing such a hydrostatically waterproof lining. The 
lining shown in X-section in Figog consisted of the following materials: 

1. A plywood lining to give an initial smooth working surface. 
2. A rubber-asphalt emulsion (Flintkote Type 32) used here.as  an adhesive 

for the insulation and as a sealer between the insulation blocks. 
3. Three inches of waterproof insulation (Fbamglas). 
4. Fiberglas cloth glued to the insulation with an asphalt emulsion. 
5. An asphalt-portland cement plaster trowelled onto the entire inside of 

the tanks. This plaster consisted of a mixture of sand,,fibrated 
asphalt emulsion, Portland cement and some water. 

Fig. 2. 

When the tanks were put into service they were found to leak badly and con-
siderable patching had to be done to make them.reasonably,mater,tight—The initial 
failure was due to several causes, the most serious being: 

1. The asphalt emulsion used as an adhesive and sealer for the insulation 
was unsatisfactory; it could not.be  dried sufficiently to.become water-
proof and in fact was actually washed away when exposed to water. 

2. The asphalt-portland cement plaster should have been reinforced with 
metal lath since it tended to develop shrinkage cracks.in the corners. 

3. The design of the tank unloading doors and the door frames was faulty 
in that insufficient care was taken to prevent leaks in this region. 

These faults were overcome by coating the inside of.the tanks with hot asphalt. 
This proved to be an inexpensive and yet serviceable finish. 

SUMMARY  NO.. 46  

MATERIALS TESTING PROGRAM 	 P.J.G..Carrothers 

Most of the fishing gear problems  in. the  British Columbia fishing industry 
still involve the new materials continually being made available; whether or not 
they can be used, and if so, how they can'be used to best advantage. Consequently, 
the Materials Testing Program previously described in Summary No. 41.of.this Sta-
tion!s Annual Report for 1956-57 has been continued. The data presented in tabular 
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form with last year's summary have been expanded and were submitted, along with a 
discussion of what physical properties are significant to the design of commercial 
fishing gear, what procedures vere used to measure these properties, and what mathe-
matical relations were used to analyse the test data, to the Food and Agriculture 
Organization of the United Nations for the International Fishing Gear Congress held 
in Hamburg, Germany, in October, 1957. It is anticipated that this paper will be 
published in the FAO book on commercial fishing gear which is presently in prepara-
tion. 

In addition to the above, the following materials received attention: 
"Nyak" seine web,  "Marion" seine and trap web, a new construction nylon twine mar- 
keted as size  1/28, monofilament nylon gill-net web, braided nylon twine for halibut 
long-line gangings, "Nylast" nylon dip agent, "morrison" hollow plastic gill-net 
floats, and Japanese nylon gill-net web. 

"Nyak" is manufactured in Britain  and, the United States by twisting spun 
acetate yarns with continuous filament nylon yarns to form the twine. The nylon 
gives strength and the spun acetate helps to hold the knots and reduce the sharpness 
of the twine. This material is designed and sold as a.substitute for cotton seine 
and trap web. The properties of.this material compared with_those of cotton are as 
follows: 

Specific strength (k yd) 
-Twine dry 	 40 	13.1 

wet 	 34 	14.4 

	

Single knot, dry 	 23 	9.4 

	

wet 	 20 	12.6 
S.K. mesh, 	dry 	 18.6 	8.2 › 

	

wet 	 16.7 	_9.6 
Specific gravity 	 1.19 	1.55 

On an equal weight basis, "Nyak" has about 75% higher wet mesh strength than has 
cotton and, being synthetic, i8 not subject to bacterial or mildew damage and will 
probably retain more of its strength throùgh use. However, it is relatively light 
in water (16-lb. per 100-1b. air dry as CoMilared with 35-1b. for cotton) and may 
present handling problems on this account. A sample of "Nyak" treated with "Net-
Set", a proprietary bituminous agent, weighed only 61-1b. in water per 100-1b. air 
dry. 

"Marion"  is manufactured in Japan by twisting vinylon.yarns with continuous 
filament nylon yarns to form the twine. The nylon gives strength  and. the vinylon 
helps to hold the knots and rechice the sharpness of the twine. Unfortunately, the 
only sample available for test had been used for ten weeks in the salmon trap at 
Sooke. However, even after this exposure, its specific mesh strength was 12.9 k yd. 
dry-and 11.9 k yd. wet. There was a tendency for the portions of the web which were 
continuously immersed to be stronger than those which were not continuously immersed, 
despite considerable fouling, the implication being that Marlon.is more damaged by 
weather than by sea immersion. Like "Nyak", this.material has relatively low den-
sity, weighing about 15 lb. in water per 100 lb. air dry, and hence may give handling 
problems in seines. 

The 1/28 continuous filament nylon twines restilt from a "mislabelling".of 
some Japanese nets. These Japanese nets are, in fact, 1/33 construction, but are 
weaker than Canadian #33 nets. To meet competition from these  1/28 nets, certain 
British manufacturers introduced a 210d/4/2 nylon net e .which.was between their  1/23 
and 1/33 nets in weight and strength, but the twine construction was a little too 
open. This year, for their  1/28 nets, they are trying a 210d/2/4 construction which 

"Nyak" 	Cotton 
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wus the subject of present tests. Comparative physical properties of British end 
Japanese #28 nylon gill-net web are: 

British 	Japanese  

Twine construction 	 210/2/4 	210/3/3 
Yards per pound of twine 	 2450 	2280 
Twine diameter (mils) 	 18 	22 
Wet mesh strength (lb.) 	 22.3 	20 
Specific wet mesh strength (k yd) 	27.3 	23.1 

The British #28 nets are thus finer, lighter, and stronger  than.  the  Japanese #28 
nets, although their cost is higher. 

Nylon monofilament is much less visible in water than.is  nylon multifila-
mente so there is continuing effort to manufacture nets from monofilament. However, 
mono filament nylon is quite springy and gives handling problems on the. netting 
looms. Last year, manufacturing techniques had developed to the point where 0.35 
mm. diameter nylon monofilament could  be.  made  into netting by.machine...This_mate-
rial vas - found to have a mesh strength of about 12à,1b. dry end 10 lb..wet. This 
is still too Weak  for  satisfactory service - in- our salmon ell-net.fishery, but the 
corresponding . specific mesh strength of 26.7k yd. dry and 21.1 k yd ,  wet are com-
parable with'-those for type 6 nylon multifilament netting. That is, the.strength 
per unit weight is reasonable so that the major-problem is to produce heavier web. 

Three sizes of braided nylon ganging twine were examined; one was without 
core, one had a core of 2-ply staple twine plus-a continuous filament braided twine, 
and the other had a core of untwisted continnOüemultifilament_yarn. .In all cases 
the braid was quite hard and the twine quite stiff. This stiffness.may.be  required 
for proper handling characteristics, but a softer braid would have_superior wear 
resistance.  The knot.did not slip during-the strength tests, but.there.was a ten-
dency for the core to slip or to break within the braid befôre.the twine_as a whole 
ruptured. A better balance between the load-elongation characteristics.of.the braid 
and those of the core would be desirable. 

Several proprietary agents are marketed to increase the life of nylon stock-
ings, and one of these is apparently available in quantity at relatively low cost. 
On inquiry as to whether this agent would improve nylon gill nets, a.few preliminary 
experiments were undertaken, but no significant advantage was observed. Apparently 
this agent applies a surface coating to the nylon filaments which functions in à 
manner similar to the "dip" agent presently applied at the factory to many nylon 
gill nets, further coating from this proprietary agent producing little.change. 

Tests were applied to the Morrison hollow plastic gill net floats and to 
Japanese nylon gill-net web to round out information for Industrial Memorandum 19 on 
"The Selection and Care of Nylon Gill Nets for Salmon". Tests had previausly been 
applied to the more widely used cedar and sponge plastic floats. These hollow plas-
tic floats seem to be adequately rugged, but,'because of their relatively small size, 
they can support only about half as much weight - as- the other types of gill-net float. 
Whereas, relative to the sponge plastic floats, more hollow plastic floats are.re-
quired per net, the total cost for hollow plastic floats is greater even though the 
unit cost is less. 

Japanese nylon gill-net web had been tested previously, but data on the twine 
and on double-knot netting were not considered adequate for Industrial Memorandum No. 
19, therefore, further tests were undertaken. Apart from data presented.in  the 
Memorandum, it is interesting that the Japanese nylon yarns measure  about. 203 denier 
compared with about 212. denier for Canadian and British nets, both nominal 210 denier. 
This probably indicates that the Japanese set their twist by a hot stretch treatment, 
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whereas Canadian and British manufacturers are more partial to a relaxed, moist 
heat treatment. The latter gives more stable mesh length. 

SUMMARY NO. 47  

TESTING AND INFORMATION SERVICE 	 P.J.G. Carrothers 

The testing and information service reported in Summary No.  43 of  this 
Station's Annual Report for 1956-57 has been continued as follows: 

(a) Used nylon netting returned with complaint, for Nelson Bros. 
Fisheries, Ltd. and C.P. Leckie, Ltd. Strengths were found a 
little low, but not seriously so considering nylon's characteris-
tically large initial strength loss. 

(h) Japanese white and tarred cotton salmon and herring seine web 
for British Columbia Packers Ltd. and Western Leckie, Ltd. The 
quality was found generally to be quite good, even in those sam-
ples made of #10 yarn. 

(c)Identified a small sample of netting for C.P. Leckie e .Ltd. .It 
turned out to be nylon. 

(d)Examined.a piece of tarred hemp crab warp which had been returned 
to British Columbia packers Ltd. as defective. The damage. vas 
found to be purely physical - considerable abrasion but little if 
any chemical break-down. 

(e)Information to W.E. Drake re molded nylon stern bearings. 

(f)Information to.Imperial Chemical Industries, Ltd., England,.re 
synthetic fibres in seines and local trends in desired stretcha-
bility of gill.nets. They are experimenting with Terylene  in 

 Norway and have volunteered to forward their results. 

(g)Information to Mr. Hazen Thompson,  New. Brunswick Fisherman e .re 
nylon gill nets. 

(h)Information to the Royal Norwegian Consulate General, Montreal 
and Quint, Vancouver, re style of netting used in the British 
Columbia fishery. 

(i)Discussion with C.P. Leckie Ltd. re their new specifications for 
nylon gill-net web. 

(j)Information to Dr. A. v. Brandt, German Institute for Net.and 
Material Research, re test procedures and local fishing-gear 
publications. 

(k)Information to the Board's Biological Station in Nanaimo to assist 
in their selection of gear for experimental herring fishing. 
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SUMMARY NO. a 
OXIDATIVE METABOLISM OF A MARINE BACTERIUM 
I. STUDIES ON THE MECHANISM OF PROPIONATE OXIDATION 

C.A. Claridge 
B.A. MacLeod 
H. Hogenkamp 

Studies reported last year on thia topic (Summary No. 17 of this Station's 
Annual Report for 1956-57) have been continued and extended. 

A. Propionate activation in a cell-free syetém  

The activation of propionate (equation? 1 and 2) has.been.demonstrated in 
an unidentified soil organism by Moyed'and'LiPmann (J. Bact. 73:117, 1957). 

1. Propionate + ATP ---spropionyl adenylate + pyrophosphate 
2. Propionyl adenylate + CoA ---epropionyl CoA + adenylate 

Attempts were made to determine if,this system was present in.cell-free 
extracts of marine organism B16. Pyrophosphate-was precipitated from neutralized 
TCA extract of reaction mixtures as the'mariganese salt (J. Biol. Chem. 182:779, 
1950)-then determined colorimetrically (J. Biol. Chem. 211:794.1954) .c. ,PrOpionyl .  
adenylate  vas  estimated by a modification'of -the hydroxamic acid method.of Lipmann 
and Tuttle (J. Biol. Chem. 159:21, 1945); the.hydroxylamine concentration was 
doubled and incubation carried out for 10 minutes at room temperature. 

The results of one of the best experiments can be seen in Table I. 

.TABLE I - Propionate activatiOn . by cell-free preparation.of.B16. 

8.1 Tris 	 , 	.1.04 	 .156 
7.0 Borate 	 ,676 	 „624 
6.0 Succinate 	 .390 	 .0364 
5 00 Acetate 	. 	 ..598 	 .0520  

Each tube contained: 0 0 5 ml. of enzyme preparation; 50 pM buffer; 
10 pM ATP; 10 ,uM glutathione; 6 p141 MgC12; 30 AM NaF;.200pM NH2011; 
40 ,uM K propionate; 10 units of CoA;'total volume made to 1.3-m1, 
with water. .Tubes were incubated at 37°C. for 90 minutes. 

Sonic extracts prepared from B16 cells grown in nutrient broth, yeast_extract medium 
gave the most satisfactory results. 

Table I shows that with the exception of pH 801, the ratio of.hydroxamate to 
pyrophosphate is 1:1. However, there did not seem to be any greater.activation at 
the lover  pH's where, with whole cells, propionate is oxidized to the greatest extent. 

Attempts to increase the level of activation of propionate beyond that given 
in Table I were unsuccessfUl. The use of very young cells (4 hours) or the use of an 
increased hydroxylamine concentration had no effect. 

B. Effect of fluoroacetate on propionate and sUcCinate metabolism  

It is known that marine bacterium B16 will oxidize auccinate only partially 
under conditions that lead to complete oxidation of propionate. This.fact led to the 
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conclusion that succinate is probably not an intermediate in propionate oxidation. 

Sodium fluoracetate has been found by other workers to exhibit the enzyme 
aconitase in many biological systems. Such inhibition would cause citric acid to 
accumulate when compounds giving rise to citric acid are oxidized. It was of 
interest to determine the effect of fluoroacetate on the exteat of oxidation and 
on citrate formation when propionate and succinate were oxidized by whole cells of 
organism B16. 

Cells were grown in nutrient broth, yeast extract for 18 hours at 250C., 
centrifuged, washed thrice with a wash solution consisting of 2.34  gril.  NaC1, 1.49 
gm. KC1 and 5.08  gin.  MgC1206H20 per 500 ml. of distilled water, and suspended in 
this wash solution at 13 mg 0  dry weight of cells per ml. for Warburg.studies. 

Sodium fluoroacetate was converted to the free acid and reprecipitated as 
the potassium salt. Citric acid vas determined by the method of Natelson et al. 
(J. Biol. Chem. 175:745, 1948). 

In the presence of fluoroacetate, substantial amounts of citrate accumulated 
with succinate as substrate, but essentially none with propionate as substrate. 
This would be expected if succinate is metabolized via a tricarboxylic acid cycle 
and propioniite is not. Figure lA demonstrates this and shows a.peak of citrate 
accumulation at approximately 60 minutes, beyond.which the level.of citrate drops, 
probably through a slow metabolism. 

Eig.1  Citrate accumulation in presence of fluoroacetate. 
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Each cup contained: 130 »M Tris phosphate buffer pH 7.0; 120 ).114  Na  + with propionate; 
520.}1m  Na  with succinate; 40 gM K+ with propionate; 30 jaM. K+ with succinate; 50 )24 
Mg". ; 12 ).2M K fluoroacetate; 10 pM substrate; 0.2 ml 20% KOH; 14.6 mg. dry wt. of 
cells; total volume 3.0 ml; temp.  25°C;  gas phase air. 
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Oxygen uptake data obtained in the saine  experiment (Fig. 1B) shows that 
succinate oxidation began immediately while propionate started only after a 30-
minute lag period. After the lag, however, propionate oxidized as rapidly and 
extensively as succinate, yet during this time no citrate accumulated. 

Various levels of fluoroacetate from 0 to 0.01M final concentration with 
both propionate and succinate as substrates showed that a level of 0.004 M was 
optimum for citrate accumulation. This was the level used in all experiments. 

A-hydroxy propionate and acrylate have been shown by Giovanelli.and Stumpf 
(J. Am. Chem. Soc. 79:2652, 1957) to.be  intermediates in propionate.oxidation in 
peanut mitochondria. These two compounds were readily oxidized.by  B16.cells grown 
in nutrient broth, yeast extract medium,  and. these oxidations were markedly inhi-
bited by fluoroacetate. However, no citrate accumulated (Table II). .Accumulation 
of citrate would be expected if these compounds yield tricarboxylic acid  cycle 
acids as postulated by these authors. 

Thus, based on fluoroacetate inhibition studies, it is apparent that.there 
is a difference in the metabolic pattern between succinate and propionate.in B16. 

=1111:161=11=1:111111:33=1 

TABLE II - Effect of fluoroacetate on suspected intermediates 
of propionate oxidation. 

Substrate 	Fluoroacetate 	Percent theore- 	Net citrate 
tical 02 uptake 

C... 
0-hydroxy 	+ 	 11 	 -.02 
Propionate 	- 	 _ 38 	 . 0 
Acrylate 	+ 	 15 	 -.07 

_ 	 54 	 0 
Propionate 	+ 	 60 	 008 

- 	 72 	 0 
Acetate 	 + 	 59 	 .18 
pyruvate 	+ 	 16 	 .27  

Each cup contained: 130 pM Tris phosphate buffer pH 7.0; 120 pM 
Na+; 50 pM K+; 50 pM Mg; 12 pM K fluoroacetate; 5 ;.24 substrate; 
0.2 ml. 20% KOH; 12.5 mg. dry ut. of cells; total volume 3.0 ml; 
temp.  25°C;  gas_phase  air.    

C. Fixation of C1402 in the presence of propionate and succinate 

The metabolism of propionate in animal systems is known to involve an initial 
carboxylation to yield succinate which is then metabolized by the conventional tri-
carboxylic acid cycle. An enzyme system has also been demonstrated in many bacteria 
which will catalyze the carboxylation.of propionate. 

It became of Irolterest to us to determine whether cells of B16 would fix a 
greater amount of C1 2 in the presence of propionate than in the presence of suc-
cinate. If they did, then it could be argued that perhaps this initial.carboxyla-
tion may be an important mechanism for propionate oxidation by B16. 

The method consisted of allowing B16 cells to metabolize the substrate in the 
presence of NaHCI403 for a specified period, following which.the cells were removed 
and the various fractions of the experiment analyzed for C14  content. 
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The cells were allowed to oxidize the substrate in 125 ml. erlenmeyer flasks 
which had been adapted with sidearms and a centre well as in a conventional Warburg 
flask. Rubber serm: stoppers were used to cover the openings, thus permitting the 
injection of NaHCi402  at the beginning of the experiment, HC1 to stop the reaction 
and NaOH into the centre well to absorb residual CO 2' 

Each flask contained 0.5 ml.  0.2 M Tris phosphate biffer pH 7.0; 1.0 ml. 
B16 cells at 1 mg N per ml.; 320p1 Na r  solution; 160 }114 e solution; 150 pm Mg++ 
solution; 1.5 to 2.0 ml. NaHC'403 solution; 20 }IM substrate in a total volume of 
6.0 ml. The flasks were incubated at  25°C.  on a rotary shaker for 50 minutes fol-
lowing which 1.0 ml. of 10% HC1 vas  added to stop the reaction and 1.0 ml. 10% NaOH 
was  added to the centre well to absorb residual CO 2. Shaking was allowed to continue 
overnight to ensure complete CO 2  absorption. 

Each cup was then fractionated as follows: 

Reaction 

Ether 
Extraction 

r---  
Ether Soluble 

—1 
Ether Insoluble 

The results of the experiments are given in Tables III and IV. 

TABLE III - NaHC1403 in presence of propionate. 

Fraction Exp. 1 Exp. 3 Exp. 4 Exp. 5 

Initial 
Centre well 
Supernatant 
Cells 
Residue 
Distillate 
Ether Soluble 
Ether Insoluble 

1,614,000 
1,733,000 

34,868 
10,960 
18,500 
1,340 
1,368 

14,220 

916,640 
1,000,600 

33,276 
5,600 

26,320 
2,390 

 704 
15,190 

2,940,950 
2,710,300 
. 56,648 
27,920 
43,000 
2,400 
800 

38,240 

• 3,855,000 
•2,987,300 

.110,800 

..13,900 
. 108,300 

1,300 
. 2,830 

..47,680 

Valves expressed in counts per minute. 
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TABLE IV - NaSC1403  in presence of succinate. 

Fraction Exp. 2 Exp. 3 Exp. 4 Exp. 5 

Initial 
Centre well 
supernatant 
Cells 
Residue 
Distillate 
Ether Soluble 
Ether Insoluble 

1,547,000 
1,674,000 

28,670 
6,500 

27,440 
0 

1,120 
19,940 

916,640 
918,600 
.13,924 
2,100 

13,200 
•350 
224 

10,770 

2,940,950 
3,086,600 

60,552 
10,180 
.52,280 

230 
400 

51,140 

3,855,000 
2,781,500 
- 37,580 

6,000 
31,280 

240 
390 

• 29,980 
Valves expressed in counts per minute. 

If te carboxylation of propionate is an obligatory step in.its metabolism, 
then more C '02  should be fixed with propionate as substrate than with succinate 
as substrate. Thus the supernatant fraction should be more radioactive in the pre-
sence of propionate.than in the presence of succinate. .This is borne out.very - 
nicely in Experiments 3 and 5. Howevere .when Experiments 1 and 2 are compared .and 
Experiment 4, it can be seen that the supernatants here contain about equal activi-
ties. Thus there does not seem to be any-definite..pattern of CO2 fixation. 

The ether soluble fractions, which would contain.the tricarboxylic acids, 
had very little activity. The ether insoluble fractions, which woUld contain amino 
acids and sugars, had considerable activity. These fractions have yet to - be.examined 
in detail. 

Thus, as would be expected, there is a significant fixation of  C140  by E16 
cells when the substrates propionate or succinate are oxidized. However, there does 
not appear to be a greater amount fixed consisteatly with propionate as substrate as 
compared to succinate as substrate. Therefore, we are unable to.determine by.this 
method whether the carboxylation of propionate is a necessary step in its metabolism. 

D. Separation of intermediates of the tricarboxylic 
acid cycle on celite chromatographic columns  

Because of the remarkable success of other workers in separating members of 
the tricarboxylic acid cycle on chromatographic columns packed with celite (Swim and 
Utter Methods in Enzymology  IV, p. 584, Academic Press, New York, 1957), it was,, 
decided to inVestigate this method in studying the.metabolism of propionate-1-0'4  bY 
organism B16. In Summary No. 17 of this Station's Annual Report for 1956-57, we 
reported on a separation procedure which involved ethanol and ether extractions fol-
lowed by paper chromatography. Certain difficulties were encountered which lead to 
the search for a more desirable separation procedure. 

Johns-Manville Celite Analytical Filter-Aid,,washed with ether and dried, was 
used to pack the columns. Elution was carried out by chloroform-n-butanol mixtures 
equilibrated with 0.2 N 112SO4. Several gradient elution techniques were tested but 
none proved as satisfactory as a step-wise elution starting with chloroform and pro-
ceeding to a final solution of chlorofôrm containing 60% n-butanol. 

The following known acids were passed through the columns singly and in com-
bination so that peaks of known acids could be identified from future experiments. 
50 pM sodium propionate; 50 JIM sodium pyruvate; 20 pM fumaric acid; 10 »M succinic 
acid; 10 pM a -ketoglutaric acid; 20 pM malle acid; 10 »M citric acid. 
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Samples of 5 ml. were collected in an automatic fraction collector and titra-
ted with 0.006 N NaOH using phenol red as an indicator. Fig. 1 represents a typical 
chromatograph of a mixture of known acids. 

The experiment, using propionate-l-C14, was carried out in a 2.8-litre Fern-
bach flask fitted with a 3-hole rubber stopper, containing a separatory funnel and 
an inlet and outlet tube. The flask  vas  continually flushed with CO2-free air hy 
drawing the air through two bead towers containing 3 N NaOH, a tower of water, then 
through the reaction flask, followed by two small bead towers containing 3 N NaOH 
to remove any C1402  produced. 

The flask contents were as follows: 22 qal 1 M phosphate b iffer pH 6.4; 
4000 el Na propionate (187 Na propionate-l-C14e + 3813 AM cold Na propionate); 
77 grams B16 (grown in Sw-1 medium) suspended in artificial sea water to 200-ml. 
volume; water to a total volume of 500 ml. 

The cells were collected by centrifugation and washed with 250 ml. distilled 
water. 

Fig. 2  Typical chromatograph of a mixture 
of known acids. 
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After washing, the cell-paste  vas  acidified to pH 2 with 2 N HC1 and lyophilized. 

The supernatant, after removal of the cells, was reduced to approximately 
80 ml. by direct distillation then acidified to congo red with H2SO4. Fifteen 
volumes were steam distilled. 

The distillates were neutralized and taken to dryness on a flash evaporator. 
The residue was further reduced by direct distillation to 10 ml., mixed with 50 
grams celite, packed in a column and extracted with 1500 ml. ether. 

This ether extract was taken to dryness and chromatographed on a 10-gram 
celite column. Tentatively the peaks for pyruvic, fumaric, succinic or lactic, 
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a-ketoglutaric and malic acid were foune ?  However, when the radioactivity of these 
fractions was determined, the peak of CA content did not coincide with any of the 
major peaks as determined titrimetrically. These unknown radioactive compounds 
have yet to be determined. 

The cells, following lyophilization, were mixed with 40 gm 0 celite, adjusted 
to pH less than 2 with H2S01  and packed in a colùmn. The organic acids are eluted 
with 3 1. of ether followed Ey evaporation of the ether. The cell-celite mixture 
(after removal of the ether) was thoroughly extracted with water yielding a water 
soluble fraction. The residue remaining after extraction with water was suspended 
in 200 ml. 10% HC1 and autoclaved at 15-lbs. pressure for 12 hours. The.undissolved 
material was removed by centrifugation and the residue washed several times.with 
water. The supernatants were combined and evaporated to dryness and this is ref:a:red 
to as the water insoluble fraction. 

It is extremely interesting to note that the peaks of titratable acidity and 
radioactivity do not coincide in the fractions that have thus far been.analyzed. It 
thus appears that at least C-1 of propionate-3.-C14 does not become.part of, the tri-
carboxylic acid cycle acids. What will happen when this experiment is repeated 
using propionate-2- C14  or succinate-1-C14  should produce interesting data and will 
help to elucidate some of the pathways of intermediary metabolism of B16. 

SUMMARY NO. 49  

OXIDATIVE METABOLISM OF A MARINE BACTERIUM 
H. STUDIES ON TRICARBOXYLIC ACID CYCLE ENZYMES 

R.A. MacLeod 
C.A. Claridge 

A. Hori 

As part of the program to elucidate the mechanism of terminal respiration in 
one of our marine bacteria, evidence for the existence of the enzymes of the conven-
tional tricarboxylic acid cycle was sought. Succinic dehydrogenase - céll-free 
eXtracts were prepared by sonic disruption of cell suspensions washed free of Na+ 
and K+  by a solution containing Mg++ ions. Succinic dehydrogenase activity was mea-
sured manometrically using a Warburg respirometer by measuring the rate of uptake of 

on the addition of euccinic acid as rubstrate. KCN was added to inhibit  cyto-
chrome oxidase and methylene blue was included as an autoxidizable hydrogen acceptor. 
It was found that oxygen was taken up in the presence of KCN and in the absence of 
M.B., indicating either that the succinic dehydrogenase of these cells could couple 
directly with 02  or a natural KCN insensitive autoxidizable hydrogen acceptor was 
present in the cells. The formation of fumaric acid in reaction systems containing 
added 'succinic acid was demonstrated by paper chromatography. . 

Fumarase - An active fumarase was demonstrated in cell-free extracts of.the 
organism. The enzyme reaction was carried out in a spectrophotometer cuvette and 

e  the rate of formation or disappearance of fumaric acid  was  followed by observing the 
change in absorption in a spectrophotometer.at a wavelength of 240 mg. The formation 
of malic acid from fumaric and the reverse was demonstrated by paper chromatography. 

Malic dehydrogenase - This enzyme was shown to be present in cell-free ex-
tracts of the organism. The reaction was followed by observing the rate of reduction 
of triphosphopyridine nucleotide in the presence of malic acid. Increase in absorp-
tion by the reaction mixture due to the reduction was followed at 340 mg in a Beckman 
spectrophotometer. The system was found to require TPN rather than DPN and to require 

. a 167 mM concentration of IC for maximum activity. Reversal of the reaction was 
achieved with oxalacetate rather than with pyruvate and CO2, indicating.that a malic 
dehydrogenase rather than a malic enzyme was present. 
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We were very interested in the effect of Ka+  and of K4  on the activity of 
these enzymes since we had shown previously that there was a requirement for Nil+ 
and for K4  for oxidation of substrates by whole cell  suspensions of the organism. 
It had furthermore been shown that the di- and tri-basic acids required three or 
four times as much Na4  for maximum rate of oxidation as the monobasic acids. 

The effect of Na4  and K+  in various combinations and concentrations on the 
activity of enzymes in a cell-free extract is shown in Table I. 

TABLE I - Activity of succinic dehydrogenase, fumarase and malic 
dehydrogenase in cell-free extracts of amarine 

 bacterium at various concentrations of Na+ and K4 . 

0 	0 	100 	 100 	 8 
200_ 	33 	65 	 25 	 37 

	

200 	- 	55 	 36 	 5 

	

33 	_ 	88 	 97 	 8 

	

- 	33 	70 	 77 	 82 

	

- 	200** 	68 	 38 	 100 

	

33 	200** 	58 	 30 	100 
* For each enzyme thé maximum activity attained was assigned the 
value of 100. The activity under other conditions is expressed 
as percent of the maximum activity. 

** For malic dehydrogenase the level of K4  for optimum rate of 
oxidation (167 mM) was used.  

The lack of a requirement for Na4  for activation of the three  enzymes  tested 
in the cells, coupled with evidence that the substrates involved required more Na4 

 for maximum rate of oxidation by whole cells than did monobasic acids e led to the 
conclusion that Na4  is involved in transport of the di- and tri-basic acids across 
the cell membrane. Since di- and tri-basic acids can form chelates and since mole-
cular spin resonance techniques have shown that complexes between.Na4  and common 
metabolites will form, it is concluded that di- and tri-basic acids must form a 
complex with Na4  before crossing the cell membrance. 

Condensing enzyme - This enzyme is  a  most important one where the tricar-
boxylic acid cycle is the terminal respiratory pathway. This enzyme catalyzes the 
condensation of acetyl coenzyme A and oxalacetate to form citrate. 

Acetyl CoA + oxalacetate --*  citrate. Coenzyme A is generated through the 
action of transacetylase vhich catalyzes: 

Acetyl PO4 + CoA —*Acetyl CoA + PO4 

A reaction system consisting of acetyl PO4, Colt, transacetylase (commercial 
preparation), oxalacetate.  and  cell-free extract of the organism was prepared and 
allowed to incubate for 60 minutes at  25°C.  At the end of this time a quantitative 
analysis for citric acid  vas  performed. The results and the effect of deleting 
various components from the complete system  are. shown in Table II. Removal of any 
one of the components caused a marked reduction in citrate formation. ATP and ace-
tate could not replace acetyl PO4. The absence of oxalacetate completely prevented 
citrate formation. 
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TABLE II - Effect of various components of the reaction system 
on the formation of citrate by condensing enzyme 
from marine bacterium B-16 0  

Component deleted* 	 Citrate formed 
zir  per ml.  

None 	 365 
Cysteine 	 170 
Transacetylase 	 112 
Acetyl PO4 	 70 
Acetyl PO4 (acetate + ATP) 	 23 
CoA 	 70 
Oxalacetate 	 0 

* Complete system contained cysteine, transacetylase, acetyl 
ODA, oxalacetate and cell-free extract of B-16 0 PO4,, 

Isocitritase - This enzyme has recently been found to.be present in a number 
of bacteria and has been ascribed an important role as a source of glyoxylate for 
the formation of glycine in cells. The enzyme catalyzes  the conversion of isoci-
trate to succinate and glyoxylate. Attempts to demonstrate the.formation.of glyoxy- 
late from isocitrate by cell-free extracts of marine bacterium B-16.were unsuccessfUl. 
Since a sensitive test for the determination„of glyoxylate was.used, and since a 
variety of test conditions was employed, it seems reasonable.to conclude.that.this 
enzyme is not present in our organism at.least under the conditions under-which it 
was grown in these experiments. 

Cytochrome oxidase - Of interest in connection with the function  of a+  and 
K.+  in metabolism is the observation of  Baxter.  and  Gibbons that  the cytochrome  oxi-
dase of a halophilic bacterium was found to be activated by relatively.high concen-
trations of Na+ and K+ ions. Since.the cytochrome system has been.postulated to play 
a role in ion transfer in many organisms, they concluded.that their observation of 
the salt requirement of cytochrome oxidase eupported this conclusion. To see if cyto-
chrome oxidase in our marine bacterium was similarly.dependent on ions for maximum 
activity, a test system for this enzyme was investigated. Reduced cytochrome C was 
used as the eubstrate for the reaction and the rate of oxidation was followed by de- 

• termining the rate of change in absorption at 550 mp in the Beckman spectrophotometer. 
The effect of various concentrations of Na+ and K1-  on the reaction are shown in 
Table III. 

TABLE III - Cytochrome oxidase activity of a marine bacterium 
at various concentrations of Na+ and e. 

	

Ions added 	 Activity 
Na  + 	K+ 	 0.D0 change/2 min.* 

mM 

	

zoo 	33 
200 
33 

33 

	

- 	200 

	

33 	200 
* At 550 mp. . 

As in the case of succinic dehydrogenase  an oil fumarase, the activity  of. cytochrome  oxi-
dase was greater in the absence of added Nice and Kl" than in the presence of any one or 
combination of the two ions tested. 

.094 
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SUMMARY NO. 50  

THE SODIUM AND POTASSIUM CONTENT OF 	 R. Jonas 
FISH FROM THE BRITISH COLUMBIA COAST 	 R.A. MacLeod 

This is a continuation of work reported in Summary No. 23 of this Stationts 
Annual Report fo 1956-57. It concerns a further investigation of the variations 
in the Na* and ET  content of the flesh of herring and lemon sole. Results on salmon, 
since they are a part of a study of biochemical changes during salmon migration, are 
reported separately (Summary No. 8 of this report). 

Most fish were sampled according to the modified A.O.A.C. method, although 
variations from this routine were made from time to time and will.te noted. Five-
gram samples were solubilized by nitric acid as previously described. A Beckman DU 
spectrophotometer with a flame photometer attachment and photomiltiplier was used 
in all analyses. Spectral lines 589 mg for sodium and 768m» for potassium were 
employed. Moisture and nitrogen were determined by the same methods that have been 
previously described. Fat was determined by the Damberg method.as  it  vas  found to 
be rapid and accurate and the results compared very favourably with those of other 
methods. 

Because of the size of the fish, herring were occasionally sampled by remov-
ing fillets from the aides  rather than by pooling flesh obtained.from slices cut 
according to.the A.O.A.C..method. .14hen the same batch of herring was sampled by the 
two procedures, variations in the Na* and e content of the .flesh were noted. This 
led to the suspicion that different.levels of sodium and potassium may exist in dif-
ferent parts of the body.of the fish. To check this possibility..further a group of 
herring caught in February (1957) was.sampled for.analysis. Five fish  of the  same 
approximate size were chosen from the group. The long muscles on either side of the 
dorsal fin of each fish were removed and pooled. Another pool of muscles from the 
left and right ventral sides of the same fish were prepared. A third pool was made 
of milt and a fourth of roe. .Each vas  homogenized separately in a Serval Omnimix 
homogenizer. Aureomycin at a level of 1 part per million  was  incorporated into each 
of the samples as a preservative.. This procedure was repeated on a group'of herring 
obtained in March of the. same year. .The results.of the Na*.and-E* analyses, together 
with information on the ,  fat and protein  content of the muscle tissues'are.recorded 
in Table I. 

TABLE I — Na* and E* content of different parts of the herring. 

Flesh 	Date 	% H20 	Fat 	Protein mg./100 g. flesh 
Na+ 

Dorsal ) 	 75.83 	6.50 	17.55 	43.3 	. 529 
muscle ) February 
Ventral) 	1957 	72.10 	7.90 	17.32 	103.3 	.445 
muscle ) 

Dorsal ) 	 78.65 	4.10 	15.43 	92.0 	459 
muscle ) march 
Ventral) 	1957 	73.90 	4.50 	15.38 	92.8 	404 
muscle ) 

Milt ) February 	 125.7 	320 
Roe 	) 	1957 	 — 	112.6 	287 



Area where 
caught 

Month 	 Nat 	Kt 	Fat 
caught, 	 mg./100 gm. flesh* 

H20 
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In the February sample.Nat in the dorsal muscle tissue_was less than.half,the level 
in the ventral muscle.while Kt was correspondingly.high...This situation did not. 
apply in the march sample where values for Nat in both muscles are very nearly thé 
same. There is at present no explanation for the marked difference in .Nat and Kt  
values in dorsal muscle tissue in February and March. March is.the month these 
herring spawned and results obtained with salmon.showed marked increases.in the Nat 
content of the muscle tissue just prior to spawning (Summary No. 8.of_this report). 
It is not unlikely that a similar phenomenon occurs in herring but it is not clear 
why only the dorsal muscle should be involved. There is no otmious correlation 
between the Nat and Kt values obtained and the Hc0,,fat and protein content of the 
flesh. It is of interest that a group of investtgators in the U.S..have reported 
variations in the Nat  content of flesh taken from different sections of the body of 
pink salmon. 

Lemon sole (Parophrys vetulus)  

Studies reported last year (Summary No. 23 of this Stations Annual Report 
for 1956-57) had shown that Nat levels in the flesh of lemon sole caught in one 
fishing area were markedly different from those from fish caught.in another area. 
It was decided that a further observation should be made on the same species of 
fish caught at a different time of the year. It  vas  not possible to obtain fish 
from Area 21 again but fish from Areas 17 and 18, Which are not too far distant 
from Area 21 e  were sampled. Fish were obtained from Area 12 as before. The . 
results, Table II , show that in March there was very little difference between 
the flesh levels of Nat of fish caught in the two fishing areas. Furthermore, if 
the results obtained for fish caught in Area 12 in March are compared_ with those 
for fish caught in the same area in July of the previous year, it is apparent that 
there is a considerable difference in values for levels of Nat in the flesh...What 
appeared previously to be a variation in fish from one area to.another would now 
seem to be the result of a seasonal variation within an area. It is becoming clear 
from these studies that Nat and Kt levels in the flesh of any given species of fish 
are by no means constant quantities and the levels are subject to wide variations 
due to factors about which we have little knowledge. 

TABLE II - The Nat and Kt content of the flesh of lemon sole 
caught  in  two different  fishing areas in March. 

s No, 12 March 	Average 
Range 

83.2 	394 	2.02 79.1 
71.7-98.0 362-410 

Nos. 17 	March 	Average 
and 18 	 Range  

93.7 	345 	1.20 81 02 
81.9-107.2 330-370 

* 6 fish from each area were sampled. 

MISCELLANEOUS  

ANALYSES 	 A.P. Ronald 

Iron-pickling effluent - Analyses were requested by Mr. M.P..Houghton, 
Fisheries Inspector, on samples from an iron-pickling process.at Burrard Dry Dock 
Coi, North Vancouver. The following results were.obtained: 



Sample  Iron (Fe+++) 	HCI 
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#1 ex tank 	 1.00% 	. 0.84% 
#2 ex ejector hose end 	0.59% 	0.52% 
#3 ex sump at tide water 	0.15% 	. 0.48% 

Iron in sodium chloride  - Samples of salt suspected of containing iron were 
received from the Queen Charlotte Canners Ltd. e .accompanied by a.request for analysis. 
TWO samples were sent, one from a new bag, the other from the drier. The sample from 
the drier looked dirty,and gave a cloudy solution. Examination showed that the im-
purity was organic. Both samples had a low iron content. _Salt from the new bag had 
0.00005% iron as against 0.0004% for the salt from the drier. 

Black spots on inner surfaces of cans containing crab meat Queen Charlotte 
Canners Ltd. requested that we identify black spots which had appeared on tins of a 
special pack of crab meat. .The black spots were shown to be iron sulphide and it  vas 

 also shown that much of the zinc in the enamel had been converted to zinc sulphide. 

Iron in boat's water tanks  - The Department of Fisheries.requested analyses 
on samples of water taken from tanks on a boat. The water.was found to contain a 
rather high level of iron& Miss B.A. Southcott identified an iron utilizing bacte-
rium in the water. 
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