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INTRODUCTION 

The precise mechanism whereby physiological control of the in- 

ternal body fluids in aquatic animals occurs has remained a contro- 

versial problem. Evidence to date has shown that freshwater fish 

maintain water balance by the production of a dilute urine. However, 

in salt water they effect a decrease in urine production and the urine 

is very low in salt content. (Holmes, W. 1959, and Holmes, R. 1961) 

It has also been shown that most saltwater fishes drink sea water in 

order to maintain water balance (Smith, 1930 and Maetz, 1958) in- 

dicating that the problem centers around the mechanism by which the 

excess salts are eliminated. 

Many studies (Maetz, 1958; . Gordon, 1959; Houston, 1960; 

Parry, 1961; Conte and Wagner, 1965 and Conte, 1965) support the 

theory that the regulatory mechanism lies outside the kidney in the 

"extrarenal" tissue, i. e. the gills, intestinal tract and skin. 

The gills from many species of fish have been shown to contain 

mitochondria -rich cells. (See Figure 1) Recently Lin (1966) showed 

that these cells appear to undergo rapid division during saltwater 

stimulation. These mitotically active cells are thought to give rise 

to the specialized cells responsible for the salt secretion. (Conte, 

et al. 1967, and Newstead and Conte, 1967) If changes of the inter- 

nal electrolytes occur in response to the increased levels of external 
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FIGURE 1. Electron micrograph showing the structure of the 
mitochondria -rich cell. 
(The electron micrograph is presented through the 
courtesy of Dr. Frank P. Conte and Dr. J.D. Newstead) 
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electrolytes then these electrolytes should induce changes in the 

mitochondria -rich cell population. An examination of the mitochon- 

drial system in the gill epithelium might reflect these changes in 

quantity of mitochondrial organelles and /or mitochondrial enzymatic 

activity. 

Theoretically, it should be possible to show comparative 

changes in the types of cells in a mixed cell population provided that 

(1) a constant component occurs in all of the cell types, i. e. the 

nucleus containing the genetic material (DNA), which can be quanti- 

tatively isolated and measured, (2) a specialized product or organelle 

occurs only in the cell in question and does not occur to any signifi- 

cant amount in the other types of cells in the population and (3) the 

product or organelle can be quantitatively isolated and characterized 

on a per individual cell basis. 

The most constant biochemical component of somatic cells 

appears to be the DNA content (Mirsky and Ris; 1951, Swift, 1950), 

that is providing the cells do not exhibit a high degree of polyploidy. 

If the DNA content per cell is known, the total number of cells in a 

solid tissue can be determined from a measurement of the total DNA 

content of the tissue. 

Enzyme assays characteristic of mitochondria are well known 

(Green and Ziegler, 19,3 and Mahler, 1955). Thus if one isolates 

and identifies the appropriate mitochondrial enzyme which is found 



only in this organelle, then one could quantitate the enzymatic 

activity per cell. 

Recently, Gebicki and Hunter (1964), demonstrated the feasibil- 

ity of measuring the number of mitochondria in an isolated suspen- 

sion. Quantitative recovery of isolated mitochondria would allow 

calculation of average number of mitochondria per individual cell. 

Theoretically, the enzymatic activity per mitochondria could 

be calculated as shown in the following equations. 

(I) enzymatic activity 
cell 

(2) mitochondria 
cell 

(3) enzyme activity 
mitochondrion 

total mitochondrial 
enzymatic activity protein 

_ x mitochondrial 
protein 

total DNA 

quantity DNA 
cell 

total number total. 
mitochondria mitochondrial protein 
mg mitochon- total DNA 
drial protein 

quantity DNA 
cell 

enzyme activity cell 
cell mitochondria 

4 

Comparison of equations (2) vs. (3) would indicate if the number 

of mitochondria were increasing with salinity or if enzymatic activity 

per mitochondrion was increasing. 

The purpose of this thesis is to determine if salt will induce 

x 

x 

x 
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quantitative changes in mitochondrial enzyme activity of the cell 

populations in the gill epithelia of O. tshawytscha. 
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PART I 

QUANTITATION OF CELLS IN GILL EPITHELIUM 

If one assumes the genetic complement of deoxyribonucleic acid, 

DNA, to be a constant for each somatic cell of a certain species, then 

this constant could be used to estimate the number of cells in a popu- 

lation of cells of a solid tissue. Some investigators (Mirsky and Ris, 

1951, and Boivin et al, 1948) have already demonstrated that the DNA 

constancy of certain somatic cells occurs within a variety of species. 

Biochemical experiments utilizing various types of tissues have 

shown the DNA content to be very nearly constant (Swift, 1950). How- 

ever the liver cell is an exception. Some cells in the liver may con- 

tain from two to four times as much DNA as the diploid nuclei or 

other types of somatic cells (De Robertis, 1965). However, this 

polyploidy occurs predominately in the older mature animal. The 

ova and sperm are also exceptions in that each contain a haploid 

quantity of DNA. 

Since salmon red blood cells are nucleated, diploid, and easily 

accessible they were chosen as a typical representative of a somatic 

cell for this organism. Knowing the DNA content per red blood cell 

and measuring the total DNA content of a unit weight of gill tissue, one 

can then estimate the number of cells in a unit mass of gill epithelia, 
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MATERIALS AND METHODS 

Juvenile spring chinook salmon (Oncorhynchus tschawytscha) 

were used throughout these experiments. They were reared from 

eggs to the juvenile stage at the Oregon State Game Commission Re- 

search Division Laboratory. Fish were transported from the 

O. S. G. C. Laboratory to the aquaria facilities at the Radiation Center, 

Oregon State University, at least three days prior to use. Reagents 

used throughout the thesis work are listed by appropriate footnote in 

Appendix V. 

A. In- -vitro Cell Population Measurements 

Fish were anaesthetized in MS..222a (1 :10, 000 w /v). The 

blood was collected in a heparinizedb test tube following tail excision. 

The collected blood was stored in an ice bath during the 10 minute 

interval required for blood sampling. 

Blood cell population was determined by counting the cells in a 

particle counter. The heparinized blood was diluted in 0. 9 percent 

sodium chlorided solution (120, 000 v/v) which had been filtered 3 

times through a 0. 45 Millipere filter. Blank values for the filter- 

ed saline never exceeded 100 counts /ml. 

B. DNA Isolation Technique and Colorimetric Assay: 

Quantitative DNA assays were accomplished by combining four 

ii 
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procedures; 1. The Schmidt -Thannhauser nucleoprotein extraction, 

1945, 2. The Holloway- Ripley lipid extraction, 1952, 3. The Bur- 

ton modification of the diphenylamine assay fordeoxypentose, 1956, 

and 4. The method of additions technique (Joyner, 1966) to account 

for DNA lost during the isolation procedure. (See Appendix I). 

During the assay it was found that an interfering substance(s) 

was present. An attempt to identify the nature of this substance was 

made. Aliquots of blood cells were treated with trypsine and with 

RNasef prior to trichloroacetic acid precipitation of the nucleoprotein 

as described in Appendix I. A wavelength spectra was made on di- 

phenylamine color produced following these treatments and compared 

with that of untreated controls. A Beckman Model DB recording 

spectrophotometer was used. 

C. Measurement of Cell Populations of Solid Tissue: 

Gill and liver tissues were excised, homogenized in a known 

volume of 0. 25M sucrose 
: O.01M triceneh buffer media, pH 7. 4i. 

A Potter- Elvehjem glass -teflon homogenizer was used. DNA assay 

is described in Appendix I. 

RESULTS 

To establish the relationship between the number of cells in the 

in vitro cell populations to its DNA content, several dilutions of 
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heparinized blood cells were prepared. They were counted in the 

particle counter and then isolated and assayed for DNA. Figure 2 

shows the correlation between total cell number and DNA recovered. 

The relationship appears to be linear. However, note that the inter- 

cept does not pass through the origin. Neither the method of addi- 

tions nor lipid extraction was employed during this isolation and 

assay of DNA. Therefore, the intercept demonstrates that for these 

cells some interfering material is being encountered in these experi- 

ments. A theoretical curve (drawn from data that is presented later 

in the paper) is included to show the magnitude of the interference. 

Calculated equations for the two curves are: 

equation for 
theoretical = gm DNA = 9.47 47 x 10'12 gm DNA x cells 

cell (from curve) curve 

equation for 
observed = gm DNA = 134 x 10-12 gm DNA x (cells - 0.08) 
curve cell (from curve) 

Thus, for this particular fish, the error in an aliquot containing 

1.0 x 109 cells would be 130 fold. 

Table I shows the quantity of DNA per erythrocyte utilizing dif- 

ferent isolation techniques, but without utilizing the method of addi- 

tions technique which will be discussed later. No that the data are 

extremely varied. 
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TABLE I. Summary: DNA Content Per Erythrocyte (Chinook Salmon O. tshawytscha). 

Fish 
No. 

Cells per ml 
Blood 

Lipid Extraction Color of 
Diphenylamine 

Assay 

gms DNA 
per ml 
Blood 

gms DNA per 
cell 

1. 097 x 109 Ethanol: Chloroform: ether green -blue 35. 1 x 10-3 32. 7 x 10-12 

0. 87 x 109 Ethanol: Chloroform: ether green -blue 1064.0 x 10 -3 1220 x 10 -12 

3 1. 24 x 109 Ethanol: Chloroform: ether green -blue 109. 4 x 10 -3 96. 4 x 10 -I2 

4 Ethanol: Chloroform: ether green -blue 9. 2 x 10 -3 7.5 x 10 -12 
1.23 x 109 

4 None green -blue 14. 4 x 10-3 10. 7 x 10 

5 
m 

5 
rig 

5 

1.59 x 109 

0.83 x 109 

0. 45 x 109 

None 

None 

None 

green -blue 

green -blue 

green -blue 

200 x x 10-3 

100 x 10 -3 

45.0 x 10 -3 

125.0 x 10-12 

120. 0 x 10 -12 

100.0 x 10-12 
N 

5 0.23 x 109 None green -blue 21. 1 x 10 -3 90.0 x 10 -12 

6 Acetone: ether blue 20.5 x 10 3 12.2 x 10-12 
1.69 x 109 

6 + trypsin Acetone: ether blue 18.5 x 10 -3 11. 0 x 10 

7 erythrocytes Acetone: ether blue 320. 0 x 10 -3 202.0 x 10 -12 
1.59 x 109 

7 nuclei Acetone: ether blue 320.0 x 10 -3 202.0 x 10 -1 

2 

14 
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Figure 3 demonstrates the absorption spectra of diphenylamine 

color produced from various treatments on the blood. Neither 

trypsin nor RNase has any effect on the absorption spectra of the nu- 

clear or cytoplasmic fractions (See Appendix I for separation of 

nuclei and cytoplasm). Note also that the sum of the nuclear and 

cytoplasmic optical density values at 600 mµ is equal to that of the 

intact erythrocytes. 

Figure4 demonstrates the Method of Additions technique. Table 

II gives a summary of the quantity of DNA per erythrocyte utilzing 

this technique. DNA per cell values are fairly uniform. Best re-. 

suits are obtained using the acetone :ether extraction. 

Table III illustrates the relationship between DNA content for 

diploid and haploid cells. Unfortunately, neither lipid extraction nor 

method of additions was employed. Note that the haploid sperm DNA 

per cell is approximately one half the average value of erythrocyte 

DNA per cell listed in Table II. Since the salmon in the two tables 

are of different species, a definite comparison can not be made. 

Table IV lists the quantity of cells per gram gill epithelial tis- 

sue for five different fish. 

Table V lists the values for the estimated number of liver cells 

per gram of tissue for the same group of experimental animals. Note 

that the tissue to body weight ratios remain constant and that the 
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TABLE II. DNA Content Per Erythrocyte with Method of Additions 

Fish 
No. 

Cells per ml 
Blood 

Lipid Extraction Color of 
Diphenylamine 

Assay 

gms DNA per 
ml Blood 

gms DNA per 
cell 

1 1. 097 x 109 Ethanol: Chloroform: ether green -blue 6. 24 x 10 -3 5. 8 x 10 

2 0. 87 _ x 109 Ethanol: Chloroform: ether green -blue 2.3 x 10 -3 2.7 x 10-12 

3 1.24 x 109 Ethanol: Chloroform: ether green -blue 8. 1 x 10 -3 6.5 x 10 
-12 

4 Ethanol: Chloroform: ether green -blue 6.0 x 10 -3 4. 9 x 10 -12 

1. 23 x 109 
4 None green -blue 14.6 x 10 -3 11.9 x 10 -12 

6 Acetone: ether blue 13.6 x 10 -3 8.1 x 10 -12 
1.69 x 109 

6 + trypsin Acetone: ether blue 16.8 x 10 -3 10.0 x 10 -12 

7 erythrocytes Acetone: ether blue 15.8 x 10 -3 9.9 x 10-12 
1.58 X 109 

7 nuclei Acetone: ether blue 15.8 x 10 -3 9. 9 x 10 -12 

Average gms DNA per cell for fish 6 and 7 = 9. 47 x 10-12. (See Discussion) 



TABLE III. Quantity of DNA for Diploid and Haploid Cells (O. kisutch) 

Tissue gm DNA per cell 

Erythrocyte + Plasma 

Erythrocyte Nuclei 

Spermatocyte 

66.4x 10-12 

4.8x 10-12 

3.3 x 10-12 

v 



TABLE IV.. Quantity of Cells Per Gram of Gill Epithelial Tissue (O. tshawytscha) 

Fish Length Weight Weight Ratio gmsDNA No. Cells 
No.. (cm) (gms) Gill Wt. Gill per per 

(gms) Wt. Body gm Gill gm Gill 

8 14. 7 31.9 0. 90 0. 0282 0. 60 x 10-2 6. 34 x 108 

9 16. 0 41. 7 1. 11 0. 0258 0.34 x 10-2 3. 59 x 108 

10 19. 3 77.2 1. 77 0. 0230 0.20 x 10-2 2. 11 x 108 

11 22. 7 111. 3 2. 96 0. 0266 0. 12 x 10-2 1. 27 x 108 

12 24. 2 156. 2 3.99 0. 0256 0. 11 x 10-2 1. 16 x 108 

J 



TABLE V. Quantity of Cells per Gram of Liver Tissue (O. tshawytscha) 

Fish 
No. 

Length 
(cm) 

Weight 
(gms) 

Weight 
Liver 
(gms) 

Ratio 
Wt. Liver 

gms DNA 
per 

gm Liver 

No. Cells 
per 

gm Liver Wt.. Body 

8 

9 

10 

11 

12 

14.7 

16.0 

19.3 

22.7 

24. 2 

31.9 

41.7 

77.2 

111.3 

156. 2 

0.34 

0.48 

0.75 

1.22 

1.58 

0.0106 

0.0115 

0.0091 

0.0110 

0.0101 

1. 23 _ x 10-2 

1.04 x 10-2 

0. 88 x 10-2 

0.64 x 10-2 

0. 70 x 10-2 

13.2 x 108 

11.0 x 108 

9.3 x 108 

6.8 x 108 

7.4 x 108 

. 



number of cells per gin tissue appears to decrease with increasing 

body weight. 

DISCUSSION 

19 

There appears to be at least two sources of interference in this 

DNA assay. First is the pigmentation interference which is presum- 

ably from hemoglobin. It is not removed by alcohol: chloroform: 

ether extractions but apparently is removed with acetone: ether. 

The major difference in the two lipid extractions lies in the fact that 

alcohol forms a gummy gel upon contact with the trichloracetic acid 

precipitate whereas acetone does not. This assures a more com- 

plete removal of pigment. 

The nature of the second interfering substance(s) has not been 

identified. Hutchison and Munro, 1961, point out the critical neces- 

sity of considering these unknown factors when working with an un- 

familiar tissue. There are four obvious classes of compounds to 

consider as possible contaminates. 

First, the lipids. It is known that lipid solvents do not affect 

removal of the interfering material as it is present in both types 

of extractions. This is demonstrated by the wide variability in DNA 

content per cell values of Table I. Therefore the interference(s) 

would not appear to he lipid in nature. 

Hutchison and Munro, 1961, have reported a protein 
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interfere with the diphenylamine reaction. Since the nucleoprotein 

fraction is hydrolyzed 24 hours in 0. 3N potassium hydroxide, most 

proteins should have been destroyed. Also, treatment of the lysed 

erythrocytes with trypsin prior to trichloroacetic acid precipitation 

should have destroyed the integrity of most of the proteins. The 

treatment with trypsin did not produce a difference in the resultant 

diphenylamine assay. 

Third, the ribonucleic acids have not been removed and there- 

fore represent a possible contaminate. I have not yet found reports 

oí such an interference in the literature. The 24 hour alkaline hydro- 

lysis should have reduced all ribonucleic acids to mono ribonucleo- 

tides. Overend (1951) has reported interference from both amino 

acids and purines and pyrimidines. Therefore, neither proteins 

nor ribonucleic acids can be eliminated from the list of possible 

interfering substances. 

This leaves the fourth and most likely class of contaminants, 

the carbohydrates. Some tissue glycogens are almost impossible to 

remove and are only solubilized by alkali (Stetten, et al. 1958). 

Since no further extractions are made after the alkaline hydrolysis 

this represents the most probable interferant. 

Whatever the contaminate, it can be compensated for using the 
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method of additions technique (Joyner, 1966). The method compen- 

sates for interferences in solutions which cause proportionate 

changes with reference to standard solutions, for example, in a 

sample matrix having a high solids content which is hard to dupli- 

cate in a standard. For the method to be valid, the response to addi- 

tions of the known material must be linear. For the DNA isolation 

and subsequent diphenylamine assay, response to the addition of 

exogenous sperm DNA was linear (Fig. 3). Therefore, both mech- 

anical loss and the proportionate positive interferences are compen- 

sated. 

It is observed that this contaminate is present in both species 

of salmon erythrocytes,(O. kisutch and O. tshawytscha) but apparent- 

ly did not appear in the analysis of the sperm cells (O. kisutch). 

Also, one can speculate that mechanical loss of DNA has occurred 

during assay of the sperm and the resultant haploid value of DNA 

per cell may be low (Mirsky and Ris, 1951). 

The average value of DNA content per cell for our experimental 

fish of 9. 47 x 10-12 gms was chosen because of three basic facts. 

(1) The green -blue color caused by the interfering pigment ap- 

pears to be eliminated. (2) Analyses were reproducible using the 

acetone; ether extraction and method of additions techniques. (3) 

Tissue analyses were done using the same technique, thus making 

comparisons between the blood cells more justifiable. 
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The decrease in number of cells per tissue with increasing body 

weight was expected. It is known that the cells get larger with age in 

the liver. Likewise in the gill, there is some increase in size with 

age, but the majority of change is due to an increase in quantity of 

supporting cartilage. A mechanical artifact was also present during 

assay of gill epithelia. The increased cartilage in the gill bound the 

pestle and resulted in incomplete homogenizations. Therefore, 

assays of tissues appearing later in the paper were performed on 

gill epithelia cut away from the cartilage before homogenization. 

To prove conclusively that the value chosen for DNA per cell 

is an accurate one, and hence appropriate for determining the 

number of cells in a tissue, one more experiment needs to be per- 

formed; i. e. show that chinook sperm DNA is half the value of the 

erythrocyte DNA. 

It would also be interesting to try to correlate quantity of inter- 

ference with nutritional state of the animal or perhaps with glycogen 

or carbohydrate content of the blood. 
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PART II 

IDENTIFICATION OF MITOCHONDRIAL ENZYME ACTIVITY 

The chemistry of the electron transport system has been studied 

extensively since 1940. The most recent comprehensive review of 

mitochondrial systems is by Lehninger (1964). The exact sequence 

for the components implicated in the electron transport pathway was 

not and is not definitely known. 

In 1962, Fernandez -Moran reported the presence of a repeating 

unit in the mitóchondrial membrane which -he called the elementary 

particle. Parsons, 1963, confirmed and expanded these concepts. 

Blair, et al. 1963, calculated the mass required by the functional 

electron transport chain to be 1.5 x106. Oda, 1963, (See Green, 

1966) calculated the mass of the repeating elementary particle 

to be 1. 33 x 106. On the basis of this work Green, 1966, has postu- 

lated the following model for electron transport 

NADH 

Complex I 

succinate 

Complex II -III Complex IV 

NADH-DH 

- 

(Fe-Fe)4 
Q 

?b(Fe-Fe)--) 
cl 

I 

1 
(Fe-Fe) 

b . SDH 

cyt 
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in which the complexes are contained in the base pieces of an elemen- 

tary particle, and the particles arranged, in repeating units. Chance, 

1963, has coined the term "oxysome" for this repeating unit. 

Klingenberg, 1967, suggested on the basis of the quantity of 

components present in the electron transport system (i. e. cyt 

a =. cyt b cyt c O. 1 - 0.2 succinate DH, NADH -DH .r 6 

coenzyme Q) that coenzyme Q acts as a means of electrical 

conduction over the lipid surface layer of the mitochondria. 

To define the electron transport capability of gill mitochondria, 

two aspects of the "oxysome" were chosen to be examined. The 

inhibitor, cyanide, is known to block electron transport between 

complex IV and oxygen, at cytochrome oxidase. As electrons are 

transported, cytochrome c will accumulate in the reduced form. 

Reduced cytochrome c absorbs in the visible spectra at 550 mµ. 

Another inhibitor, Artimycin A,will block the electron transport 

somewhere between the flavoprotein of the enzyme and cytochrome 

c, or in Complex II -III. Cytochrome c is therefore not reduced, 

and the increase in absorption stops. 

It was decided that this study should examine the two reactions 

NA DH-4 mitochondria -*cytochrome c and succinate 

dria cytochrome c, using potassium cyanide to accumulate re- 

duced cytochrome c and Antimycin A to demonstrate the "intact- 

ness" of the electron transport chain. 

. 

= = 

I-i 
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In addition, the feasibility of identifying (3 -hydroxybutyrate dehydro- 

genase would be of interest since D- ß -hydroxybutyrate dehydrogen- 

ase appears to be exclusively mitochondrial membrane bound in rats. 

(Lehninger, et al. 1960). It also appears to have direct access to its 

own compartmented NAD pool (Lehninger, 1964). The enzyme is ap- 

parently bound internally and is active in vitro only when the mito- 

chondria are lysed. If this enzyme is present in gill, its activity 

could be used as an index of mechanical and /or osmotic lysing during 

isolation. Also, it could be used as an index to quantitate the mito- 

chondria for a particular cell type. 

MATERIALS AND METHODS 

Isolation of the mitochondrial fraction follows the technique of 

Schneider, 1948. Fish were sacrificed either by severance of the 

spinal cord behind the cranium or by a sharp blow on the head. The 

gill and liver tissues were excised and homogenized in a 0. 3M 

sucrose: 0.01M tricene buffer media for 60 seconds in a Potter- 

Elvejhem glass teflon homogenizer. Homogenization was carried 

out in an ice bath at a tissue: media ratio of 1:10 (w /v). The total 

volume of homogenized brei was measured. 

Aliquots were taken for DNA assay as described in Part I, and 

for total protein assay using the Lowry technique for determination 

of soluble proteins. The remaining brei was centrifuged in a 
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Sorvall RC -2 centrifuge at 755 xg for 10 minutes at 40°C. The cell 

debris pellet was discarded. The supernatent was then centrifuged 

at 12, 100 x g for 15 minutes. The pellet isolated from this centri- 

fugation was termed "mitochondrial fraction" and resuspended in the 

sucrose: tricene buffer media. Aliquots were assayed for mito- 

chondrial protein. A schematic representation of the isolation pro- 

cedure is shown in Figure 5. 

Three enzyme reactions were examined. Succinate- cytochrome 

c reductase activity was based on a modification of the procedure by 

Green (1963) and is described in Alpendix II. Nicotinamide adenine 

diphosphopyridinenucleotide, NADH- cytochrome c reductase activity 

was based on a modification of the procedure of Mahler (1955), and 

is described in Appendix III. p- Hydroxybutyrate dehydrogenase 

activity was based on the procedure of Lehninger, et al., 1960, and 

is described in Appendix IV. 

Lineweaver -Burk plots were constructed to evaluate Vmax, 

the maximum product formation per minute per mg mitochondrial 

protein. Thus, an increase in the rate of product formation, (i. e. , 

in Vrnax), would reflect an increase in the amount of a substrate 

specific enzyme per unit mass of mitochondrial protein fraction. 

Total volume of the resuspended fraction must be known to report 
activity on a per cell basis. Unfortunately, this was not done. 
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RESULTS 

A. pH Dependence of Enzyme Assays. 

Figure 6 describes the pH dependence of mitochondrial succinate 

-cytochrome c reductase isolated at pH 7. 6 and assayed at various 

hydrogen ion concentrations. For gill mitochondria there appears to 

be a plateau region from pH 6. 9 - 7. 3 with an optimum at pH 7. 8. 

Liver mitochondrial activity demonstrates a similar pattern having 

an apparent plateau from pH 6. 5 to 7. 4 with an optimum at pH 8. 0. 

Figure 7 describes the pH dependence for mitochondrial succinate- 

cytochrome c reductase isolated at pH 7. 4. The gill plateau region 

is apparently identical (pH 6. 8 -7. 4) but the optimum has shifted to 

pH 7. 4. Specific reaction velocity is less than for the mitochondria 

isolated at pH 7. 6. Liver mitochondria isolated at pH 7. 4 also 

demonstrate an apparent plateau region from pH 7. 0 to 7. 4 and 

an optimum at pH 7. 7. Reaction velocity is faster than for liver 

mitochondria isolated at pH 7. 6. 

Figure 8 shows the pH dependence of NADH - cytochrome c 

reductase for liver mitochondria isolated at pH 7. 4. Difficulties 

were encountered for this assay. Therefore, the curve does not re- 

present the optimal conditions of assay. 

The pH dependency was not done for p- hydroxybutyrate dehydro- 

genase. 
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FIGURE 6. pH dependence of mitochondria succinate-cytochrome 
c reductase O. tshawytscha. Isolation pH 7. 6. 
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FIGURE 7. pH dependence of mitochondrial succinate- cytochrome 
c reductase (O. tshawytscha) Isolation pH 7. 4. 
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FIGURE 8. pH dependence of mitochondrial NADH- cytochrome c 

rr:ductase (J, tshawytscha). Isolation pH 7. 4. 
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B. Substrate Dependency of Enzyme Assays. 

Figure 9 represents a typical Lineweaver -Burke plot for fresh- 

water gill and liver mitochondrial succinate- cytochrome c reductase. 

Table VI is a summary of this data for the succinate assays. Maxi- 

mum velocity for gill succinate- cytochrome c reductase activity 

appears to be 4 + 1µ,M cytochrome c reduced per minute per mg. 

mitochondrial protein. Liver Vmax appears to be 6 + 3 cyto- 

chrome c reduced per minute per mg. mitochondrial protein. 

Figure 10 shows the degree of non enzymatic reduction of cyto- 

chrome c by NADH at the substrate levels used. 

Figure 11 represents the Lineweaver -Burk plot for freshwater 

gill and liver mitochondrial NADH - cytochrome c reductase. Table 

VII is a summary of the NADH- cytochrome c reductase data. 

Only an estimate can be made of the NADH- cytochrome c reductase 

activity. It would appear that Vmax for gill mitochondrial NADH- 

cytochrome c reductase activity is approximately 7.4µM cytochrome 

c reduced per minute per mg. mitochondrial protein and that Vmax 

for liver mitochondria is around 36+ 18 µ,M cytochrome c reduced 

per minute per mg. protein. 

Both succinate- cytochrome c reductase and NADH- cytochrome 

c reductase activities were completely inhibited by Antimycin A at 

O. 12, rnM final core _m.. lion. 

Figure 12 demonstrates the DL- p - hydroxybutyrate dehydro- 
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Vmax = 3. 33 
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FIGURE 9. Mitochondrial succinate- cytochrome c reductase from 
freshwater O. tshawytscha. 



TABLE VI. Quantity of Succinate- cytochrome c Reductase Activity for Freshwater O. tshawytscha. 

Tissue Isolation Total Cellular Total µgm Vmax (µ,M Cytochrome Vmax /cell* 
and Assay DNA (gms.) No. cells Mitocondrial c Reduced per min. 

pH Protein per mg. Mitochondrial 
Assay Protein) 

vïì 
13 7. 4 not determined 94 & 187 3. 33 

14 7. 6 0. 0080 8.46 x 108 76 & 151 4.47 5. 28 x 10-9 

13 7. 4 not determined 253 & 506 9. 0 1* * 
Liver 

14 7. 6 0. 0125 13.2 x 108 34 & 68 3. 82 2. 89 x 10 -9 

* Value appears to be inconsistent. 

µ,M cytochrome c reduced per min. per mg. mitochondrial protein per cell. If total mitochondrial 
protein were known one could measure µ,M cytochrome c reduced per min. per cell. 
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TABLE VII. Quantity of NADH -cytochrome c Reductase Activity for Freshwater O. tshawytscha. 

Tissue No. Wet Wt. 
(gms.) 

p..gm mitochondrial 
protein per assay 

Vmax 
µM cytochrome c reduced per min. per mg 
mitochondrial protein 

Gill 

Liver 

16 

16 

15 

8.65 

3.54 

4.5 

18 & 37 

9& 18 

90 

(1) 

(2) 

47.6 possible substrate interference 
(See Figure 11) 

7.4 assumes no interference 

52.6 

18.2 
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FIGURE 12. Mitochondrial ß-hydroxybutyrat:e drogenase 
activity. 
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genase activity for lysed mitochondrial fractions of gill, liver and 

rat liver. The intact mitochondria from each of the tissues did not 

show activity. Activity could not be demonstrated in any of the frac- 

tions indicated in Figurel2 for salmon mitochondria under the pre- 

sent experimental conditions whereas rat liver fraction was active. 

DISCUSSION 

One of the more critical aspects of gill mitochondrial enzyme 

studies was to obtain "active" mitochondria. 

Elizabeth King (1966) had examined oxidative activity of isolated 

gill mitochondria from brackish water crabs and marine crabs. 

She found that oxygen consumption increased 75% and 35% respect- 

ively for mitochondria from the two species upon dilution of a sucrose 

suspending media from 1. 6 to O. 16 osmoles. Cytochrome oxidase, 

succinoxidase, fumarase and malic dehydrogenase activities all in- 

creased 200 -300 percent with the 10 -fold dilution. It was found 

that fish gill and liver mitochondria needed a higher osmotic environ- 

ment during assay (final concentration about 400 mosmoles)as well 

as during isolation. Even so activity decreases rapidly within four 

hours after isolation. Therefore, if comparisons are to be made 

between individuals or between treatments, the animals must be 

sacrificed, mitochond rì isolated and assayed within 30 minutes of 
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one another, and preferably simultaneously or concurrently. 

Once the mitochondria are isolated and resuspended, there re- 

mains the question of whether they have maintained their structural 

integrity or have become fragmented. Enzyme assays can be run 

in either case but they will not be comparable unless the same 

degree of fragmentation was achieved during each isolation procedure 

Ziggler, 1958, (see King, 1966) has reported increased dehydrogenase 

activity with swollen mitochondria. Only ultramicroscopic examina- 

tion can resolve this question. 

There are two pieces of evidence, which tend to support the con- 

cept that the mitochondria in this study, are swollen yet intact. 

First, Mahler's enzyme which is purified from fragmented mito- 

chondria and examines NADH - cytochrome c reductase is not 

inhibited by Antimycin A. It is possible that the enzyme had under- 

gone degradation. It is known that NADH electron transport in intact 

mitochondria is inhibited (Lehninger, 1964). Our NADH system is 

also completely inhibited. 

And second, it is known that tightly coupled mitochondria or 

those undergoing oxidative phosphorylation, cannot use exogenous 

NADH as substrate (Lehninger, 1964). The mitochondria in this 

study can utilize NADH and therefore are thought to be "leaky ". They 

probably are not undergoing oxidative phosphorylation. We have not 

yet examined this aspect. Likewise, the apparent Michaelis 
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constants for both succinate and NADH enzyme systems were not 

reproducible. 

These enzyme assays are admittedly incomplete and do show 

that certain inconsistencies must be solved in the future. Some of 

the areas of the problem which can be corrected are: 

1. The integrity of the mitochondria must be established for 

studies which involve their enzyme activity as a criteria for the 

measurement of differences between environmental conditions. 

Oxidative phosphorylation as evidenced by consistent PIO ratios 

would serve as a measurement of integrity. If D- ß -hydroxybutyrate 

dehydrogenase can be shown to be present, it too could serve as a 

measure of lysing. It is suspected that the pH optimum of D- ß - 

hydroxybutyrate dehydrogenase for fish is different from the pH 

optimum of rats. If so, we may have missed the activity entirely. 

2, Succinate - cytochrome c reductase activity would appear 

to be the system of choice for comparative purposes. Non - enzymatic 

reduction of cytochrome c is not encountered with this substrate. 

Succinate appears to be more reproducible than NADH assay. Also, 

if we can produce tightly coupled mitochondria exogenous NADH 

might not be utilized. A system would have to be developed which 

would produce endogenous NADH for the mitochondria. This step 

would not be difficult, but would introduce still another variable into 

the system. 



42 

PART III 

QUANTITATION OF CELLULAR DIFFERENTIATION OF IONOCYTES 
BY ENVIRONMENTAL SALINITY 

It has been shown (Conte et al. 1967) that two types of secretory 

cells are present in gill epithelia of Oncorhynchus (O. kisutch and 

O. tshawytscha.) They are the mucoid goblet cells and the iono- 

cytes, (mitochondrial rich cells). Autoradiographic studies with 

tritiated thymidine indicate that the ionocyte is more frequently 

labeled during salt water stimulation than during freshwater im- 

mersion (Newstead and Conte, 1967). Correspondingly it has been 

shown that the gill epithelial DNA of the salt water stimulated ani- 

mal has a greater turnover value than does fresh water animal. 

The mucoid cell shows very little labeling and contains few mito- 

chondria. 

Copeland (1948) demonstrated a mitochondrial rich cell in the 

gill filament of Fundulus heteroclitus which had excretory vesicles 

at the free surface of the gills. The formation of the cells was de- 

pendent upon internal chloride concentration. The cell was rarely 

found in the freshwater animal. This work has since been confirmed 

by Philpott, 1965. 

The role of the mitochondria in these cells has not been examin- 

ed to date, but three possible hypotheses can be extended. 
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1. The mitochondria's primary role could be that of producing 

an energy source, i.e. adenosine triphosphate, ATP, for active 

ion transport at the cell membrane. 

2. The mitochondria could act as ion "sinks" by actively ac- 

cumulating ions from the surrounding media. 

3. Or the role could be a combination of processes. 

The purpose of these experiments is to compare enzymatic activities 

of gill epithelum during salt secretion in the marine environment. 

MATERIALS AND METHODS 

Juvenile spring chinook salmon were aclimatized 40 days 

in 34 %o sea water at 9 °C. Fish were sacrificed and the mito- 

chondria isolated as described in Figure 5. Enzyme assays are 

described in Appendixes II and III. 

RESULTS 

Figures 13 and 14 are Lineweaver -Burk plots for succinate - 

and NADH - cytochrome c reductase activities respectively. Due 

to unexpected loss of experimental animals from pump failure in 

which animals died from gas embolism only one set of assays was 

performed. Succinate._ cytochrome c reductase activity is sum- 

marized in Table VIII. NADH- cytochrome c reductase activity is 
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FIGURE 13. Mitochondrial succinate -cytochrome c reductase from 
saltwater adapted O. tshawytscha. 

24 

C 

20 

0 

ó .08 



45 

Cd .., 

0 

U 
0 

4-) 

b.0 

C) 
f]. 

0, 10 

aì 

a 
ro 0.08 

a.) 

gill: 
ró 1/Vmax = 0.054 

Vmax = 18. 5 
v 0.06 0 liver: 
E 1/Vmax = 0. 030 

Vmax = 33. 3 
;-1 

C> 

0 

0. 2 0.4 0.6 
1/NADH (mM) 

0. 8 1. 0 

FIGURE 14. Mitochondrial NADH -cytochrome c reductase from 
saltwater adapted O. tshawytscha. 

.,. 

E 

E 
s., 

E 
F+ 

U 

° 0.04 
U 

J.. 

0.02 

é 

s 

ti 



TABLE VIII, Quantity of Succinate - Cytochrome c Redactase Activity for Saltwater Adapted 
O. tshawytscha 

Tissue Isolation Total Total Vmax (µM µgms 
and DNA No. Cytochrome c Mitochondrial 

Assay (gms) Cells Reduced per Protein per 
pH min. per mg. Assay 

Mitochondrial 
Protein) 

Vmax*/cell 

Gill 7.6 0. 40 x 10 -2 4.23 x 108 11.8 187 28.8 x 10 °9 

Liver 7.6 1. 10 x 10 -2 11.6 x 108 3. 76 132 2.81 x 10°9 

TABLE IX. Quantity of NADH -Cytochrome c Reductase Activity for Saltwater Adapted Q tshawytscha. 

Tissue Isolation Total Total Vmax (p.M gms 
and DNA No. Cyrochrome c Mitochondrial 

Assay (gms) Cells Reduced per Protein per 
pH min. per mg. Assay 

Mitochondrial 
Protein) 

Vmax*/cell 

Gill 7. 6 4.0 x 10 -3 4. 23 x 108 18.5 187 42. 6 x 10°9 

Liver 7.6 11.0 x 10 -3 11.6 x 108 33.3 132 30.3 x 10-9 

*Vmax_ /cell = p.M cytochrome c reduced per min per mg mitochondrial protein per cell. 
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When juvenile salmon are placed in salt water in the laboratory, 

their desire to eat is reduced sharply. They cease to maintain or 

gain weight. Morgan, et al. 1967, has reported that the succinic 

dehydrogenase and cytochrome oxidase activities are reduced sharp- 

ly in whole liver homogenates of the fasting reptile, Amphiuma means. 

There is a gross difference between the fish and the reptile, but it 

would appear that the decrease in the appetite of the saltwater 

adapted fish has not produced the lowered succinic - cytochrome c 

reductase in liver mitochondria as seen in the reptile, nor has the 

change in salinity altered the activity of this enzyme for liver 

mitochondria, when compared to the freshwater animal (Vmax 3. 8 

to 3. 8). 

There appears to be a 3 fold increase in the gill mitochondria 

succinate - cytochrome c reductase activity upon saltwater adapta- 

tion (Vmax 3.9 to Vmax 11. 8). Ramamurthi, 1966, has demonstrated 

an increase in gill and hepatopancreas total tissue succinic de- 

hydrogenase activity with increasing salinities for the freshwater 

crab, Paratelphusa hydrodromous, He also reported activity in- 
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creases with size and that males have a higher specific activity than 

do females. While fish were sized, sex was not recorded in the study. 

Poor reproducibility in the NADH- cytochrome c reductase assay 

makes it difficult to draw conclusions, but it appears that activity 

has remained constant for liver mitochondria and perhaps increased 

for gill mitochondria when challenged with saltwater stress. Not 

much significance can be placed in these values until more assays 

are performed. 

It has been shown,insofar as possible, that succinate -cytochrome 

c reductase activity has been increased with increasing salinity, but 

it is not possible to show which of the three hypotheses proposed for 

mitochondria is operating under the salinity stress. 
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SUMMARY AND CONCLUSIONS 

It has been possible to measure the DNA content of a representa- 

tive somatic cell of Oncorhynchus (i. e. nucleated red blood cells) . 

O. tshawytscha cells have a diploid value of 9. 47 x 10 -i2 gms. 

Knowing the DNA content per cell, it is possible to estimate 

the number of cells in a solid tissue such as liver and gill. It was 

also possible to measure the enzymatic activity per cell. Unfortunate- 

ly, one critical measurement was not made and activity must be 

reported on a mitochondrial protein basis. 

Mitochondrial enzymatic activity does change when fish are 

challenged with osmotic changes. A threefold increase in succinate- 

cytochrome c reductase activity is present between freshwater and 

saltwater adapted animals. 

Estimations of (1) mitochondrial integrity, (2) total mitochon- 

drial number per cell under freshwater and saltwater conditions and, 

(3) the enzymatic activity per mitochondria still remain to be explored. 

Knowledge of these parameters should begin to define the role of the 

mitochondria in the ionocyte of the gill epithelium. 
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APPENDIX I 

Deoxyribonuclic Acid Content of Erythrocytes and Tissues 

Step 1: Count cells /ml blood in Coulter counters 

Step 2: Assay DNA content /ml blood 

1. Sample number (in duplicate) 1 2 3 

2. Aliquot of blood, µl 250 250 250 

(or tissue homogenate (f1) 1000 1000 1000 

3. Equal aliquot of water (ill) + + + 

a. to separate nuclei and cyto- 

plasm, centrifuge at 1250 xg 

for 10 min. Wash nuclear 

pellet one time with 0. 9% 

sodium chlorided 

(Method of Additions Section) 

4. '11 0. 3N KOHi 500 250 0 

5. p1 1 mg DNAk/m.1 0. 3N KOH 0 250 500 

6. mix; 

a. to digest protein add typsine 

b. to digest RNA add pancreatic 

RNa se 
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7. Add 1. 0 ml 10% TCA1 

8. Mix, centrifuge at 1250xg for 10 min. 

in cold, decant supernatent 

9. Repeat steps 7 and 8 two times. 

10. Add 1. 0 ml glass distilled water. 

Continue as in Step 8. 

Repeat. 

11. Add 1.0 ml acetone 

Continue as in Step 8. 

Repeat. 

12. Add 1. 0 ml ether. 

Continue as in Step 8. 

Repeat. 

13. Air dry for 15 minutes. 

14. Add 0. 3 NKOH,,hydrolyze 24 hours at 37° C. 

(Add 5.0 ml for blood, 2.0 ml for tissue.) 

15. Place aliquots from each sample in a 15 ml test tube. 

Recommended aliquots for blood, 50 pl;for tissue, 500 pl. 

16. Prepare DNA standards. 

17. Add 3.0 ml of 0. 5N PCA° to each tube. 

18. Add 2. 0 ml of diphenylamine reagent to each tube. 

Diphenylamine reagent is prepared: 

150 mg diphenylamine 
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0. 05 ml diluted acetaldehyde (0.1 ml concentrated 

acetaldehydeq + 4. 9 ml water) 

10.0 ml acid stock solution (1000 ml glacial acetic acidr 

+ 15 ml concentrated sulfuric acids 

19. Incubate 16 -20 hours at 37 °C. 

20. Read at 600 mµ. 

Step 3: Divide gm DNA per ml blood 
cells per ml blood 

to give gm DNA per cell; 

or divide total DNA per tissue 
gm DNA per cell 

to give number of cells per tissue 

Assays without lipid extractions and assays with alcohol: chloro- 

form: ether extractions were performed prior to selection of the 

acetone: ether extraction for routine assay. 

Diphenylamine color from a DNA standard solution was no long- 

er reproducible one week after preparation in 0. 3 N KOH. In addi- 

tion the color produced at Step 2, Part 19 varies with incubation time. 

Therefore, a standard curve must be run with each assay. DNA 

standards were prepared in 0.3 NKOH because preparation in 

glass distilled water, 0. 9 percent sodium chloride, or 0.5 N 

perchloric acid were found to be unstable and irreproducible after 

standing two days under refrigerated conditions. 
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APPENDIX II 

Succinate- cytochrome c Reductase Activity 

The following reagents were placed in a 1 ant Beckman quartz 

cuvette. The apperance of reduced cytochrome c at 550mµ with time 

was followed using the Gilford Recording Spectrophotometer. 

A. Enzyme pH dependence 

Reagent Cuvette 
1 2 

1. Cytochrome ct, 10 mg /ml 0.2 ml 0. 2 ml 

2. KCNu, 10 mg/m1 0. 1 ml 0. 1 ml 

3. Mitochondrial enzyme, less than 0.1 ml 0. 2 ml 

1 mg protein /ml 

4. 0. 30M sucrose 0. 01M triceneh 2. 5 ml 2. 4 ml 

buffer pH can be varied as desired. 

We chose a range from 5. 96 - 9. 00. 

5. Equilibrate until endogenous sub- 

strates have been exhausted. 

6. Succinate,w 250 mg /ml 0. 1 ml 0. 1 ml 

Total volume 3.0 ml 3. 0 ml 

Plot velocity (mM cytochrome c reduced per minute per mg 

mitochondrial protein) vs. pH to determine pH optimum. 

B. Enzyme substrate dependence. 
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Reagent Cuvette 
1 2 

1. Cytochrome c, 10 mg /ml 0. 2 ml 0. 2 ml 

2. KCN, 10 mg /ml 0.1 ml 0. 1 ml 

3. Mitrochondrial enzyme, less than 0. 1 ml 0. 2 ml 

1 mg protein /ml 

4. Sucrose :tricene buffer pH 7.59 2.5 2. 4 

5. Equilibrate until endogenous sub- 

strates are exhausted. 

6. Succinate, vary from 66. 6 mg /ml 

to 500 mg /ml 

0. 1 0. 1 

Total volume 3. 0 ml 3. 0 ml 

Use Lineweaver -Burk plots, i. e. 1/velocity vs. 1 / succinate (mM) 

to determine maximum velocity, Vmax (µ M cytochrome c reduced per 

min. per mg mitochondrial protein. ) 

Determination of the apparent Michaelis constant, K(app), does not 

appear to be justified at this time. See Discussion, Part II. 
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APPENDIX III 

NADH - Cytochrome c Reductase Activity 

The following reagents were placed in a 1 cm2 Beckman quartz 

cuvette. The apperance of reduced cytochrome c at 550 mµ with 

time was followed using the Gilford Recording Spectrophotometer. 

A. Non -Enzymatic Reduction of cytochrome c by NADH. 

Reagent Cuvette 
1 2 3 4 

1. Cytochrome c, 10 mg/ml 0. 2 ml 0. 2 ml 0. 2 ml 0. 2 ml 

2. KCN, 10 mg/ml 0. 1 ml 0. 1 ml 0. 1 ml 0.1 ml 

3. 0. 3M sucrose: 0. 01M 

tricene buffer pH 7. 4 2. 5 ml 2. 5 ml 2. 5 ml 2. 5 ml 

4. NADHd 20 mg/ml 0. 1 ml 

40 mg/ml 0. 1 ml 

80 mg/ml 0. 1 ml 

120 mg/ml 0.1 ml 

Plot velocity (mM cytochrome c reduced per minute) vs. NADH 

concentration (mM) to determine non -enzymatic velocity at a given 

substrate concentration. 

B. Enzyme pH dependence 



Reagent Cuvette 

1 2 

1. Cytochrome c, 10 mg /ml 0.2ml 0.:.2 ml 

2. KCN, 10 mg /ml 0.1 ml 0:1 ml 

3. Mitochondrial enzyme, less than 

1 mg protein /ml 0.1ml 0.2ml 

4. Sucrose: tricene buffer pH can 

be varied as desired. We chose 

a range from pH 5. 9 to 8. 0. 

5. Equilibrate until endogenous sub- 

strates have been exhausted. 

6. NADH, 120 mg /ml 0.1m1 0.1 ml 

Total volume 3. 0 ml 3.0 ml 

Correct for non -enzymatic reduction of cytochrome c by NADH. 

Plot velocity (rnM cytochrome c reduced per minute per mg protein) 

vs. pH to determine pH optimum. 

C. Enzyme substrate dependence 

Reagent 

1. Cytochrome c, 10 mg /ml 

2. KCN, 10 mg/ml 

3. Mitochondrial enzyme, less than 

Cuvette 

1 2 

0. 2 ml 0.2 ml 

0.1ml 0.1ml 

60 
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1 mg protein /ml 0.1ml 0.2m1 

4. 0. 3M sucrose: 0.01 M tricene 

buffer pH 7. 4 2.5 ml 2.4 m1 

5. Equilibrate until endogenous 

substrates are exhausted. 

6. NADH, vary from 20mg /m1 

to 120 mg /ml. 0.1ml 0.1ml 

Total volume 3.0 ml 3.0 ml 

Use Lineweaver -Burk plots, i. e. 1 /velocity vs. 1 /NADH(mM) to 

determine maximum velocity, Vmax ((; M cytochrome c reduced per 

min. per mg mitochondrial protein. ) 

Determination of the Michaelis constant is not justified. See 

Discussion, Part II. 
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APPENDIX IV 

- Hydroxybutyrate Dehydrogenase Activity 

Fish mitochondria were isolated as described in Figure 4. Rat 

liver mitochondria were isolated in a similar manner. These mito _ 

chondria were called "intact ". "Lysed " mitochondria were prepared 

by freezing and thawing the intact mitochondria two times. 

The following reagents were placed in a 1 cm2 Beckman quartz 

cuvette. The appearance of reduced nicotinamide adenine diphospho- 

pyridi ne nucleotide, NADH, was observed at 340 mµ using the 

Gilford Recording Spectrophotometer. 

Reagent Cuvette 

1 2 3 4 

1. 0..05 M Tricene buffer pH 

8..5 2. 5 ml 2. 4 ml 2. 4 ml 2. 4 ml 

2. 1..5 M nicotinamidex 0. 1 ml 0. 1 ml 0. 1 ml 0. 1 ml 

3. 0.3 M cysteiney 0. 1 ml 0. 1 ml 0. 1 ml 0. 1 ml 

4. 0. 06 M NADz 0. 1 ml 0. 1 ml 0. 1 ml 0. 1 ml 

5. 0..03 M KCN 0. 1 ml 0. 1 ml 0. 1 ml 0. 1 ml 

6. Enzyme 

fish gill m itochondria 

fish liver mitochondria 

rat liver mitochondria 

0. 1 ml 

0. 1 ml 

0. 1 rr:l 
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7. 3. OM DL- ß-hydroxybuty= 0. 1 ml 0. 1 ml O. 1 ml 0. 1 ml 

rateaa 

Total volume 3. 0 ml 3. 0 ml 3. 0 ml 3. 0 ml 

Plot optical density readings at 340 mµ vs. time to determine 

differences in velocity. 
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APPENDIX V 

Reagents 

a.. MS -222 Tricaine methane sulphate, Sandoz Pharmacuticals, 

Hanover, N. J. 

b. Heparin, Sodium USP, Hynson, Westcott and Dunning, Baltimore, 

Md. 

c. Coulter Counter Model A, Coulter Electronics, Chicago, Ill. 

d. Sodium chloride, Reagent, A. C. S. Baker and Adamson Lab- 

oratory Chemicals. 

e . Trypsin, 1:250, 2. 5 percent in isotonic saline, Microbiological 

Associates, Inc. , Bethesda, Md. Add 5 mg trypsin/ µl blood. 

f . RNase, Ribonuclease A, Type 1 -A, pancreatic, Sigma Chemi- 

cal Co. , Add 4 Fig RNase /µl blood. 

g. Sucrose, (pfs) Sigma Chemical Co. 

h.. Tricene buffer, (tris (hydroxy methyl) methyl glycine) General 

Biochemicals. 

i. pH adjusted with HC1 or NaOH. 

HC1, hydrochloric acid, specific gravity 1. 18, reagent A. C. S. 

Baker and Adamson Laboratory, Chem. 

Sodium hydroxide, reagent, low in carbonate, Matheson Cole- 

man and Bell, 

j . KOH, potassium hydroxide, pellets, reagent, A. C. S. Baker 
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and Adamson Laboratory Chemicals (B and A). 

k. SS DNA, Salmon sperm deoxyribonucleic acid, Type III Sigma 

Chemical Company. 

1 . TCA, trichloroacetic acid, crystal U. S. P., B and A. 

m. Acetone, reagent, A. C. S. , B and A. 

n. Ether, anhydrous, reagent, A. C. S. , B and A. 

o. PCA, perchloric acid, 70 percent, reagent, A. C. S. , B and A. 

p. Diphenylamine, stabilized with (NH4)2CO3, Matheson Coleman 

and Bell. 

q. Acetaldehyde, BP 20 -22 °, Matheson, Coleman and Bell. 

r . Acetic acid, glacial reagent, A. C. S. , B and A. 

s. Sulfuric acid, Specific Gravity 1. 84, low N, Reagent, A. C. S. 

B and A. 

t Cytochrome c, type III, from horse heart, 90 -100% Sigma 

Chemical Company. 

u. KCN, potassium cyanide., r,eagent, Matheson Coleman and Bell. 

v. NAD.H, ß - diphosphopyridene nucleotide, reduced form di - 

sodium salt, Sigma Chemical Company. 

w. Succinic acid, disodium salt, (pfs)Sigma Chemical Company. 

x. Nicotinamide, (niacinamide) (pfs) Sigma Chemical Company. 

y. Cysteine, L- cysteine(pfs), free base, Sigma Chemical Company. 

z. NAD, ß- diphosphopyridine nucleotide, Grade III, Sigma Chemi- 

cal. Co. 

. 
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aa. DL- ß - hydroxybutyrate, sodium salt, (pfs) Sigma Chemical 

Company. 


