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DEVELOPMENT OF MITOCHONDRIA-RICH CELLS IN GILL
EPITHELIUM OF COHO SALMON ONCORHYNCHUS
KISUTCH DURING SEAWATER ADAPTATION
INTRODUCTION
The anatomical site of salt excretion and absorption necessary

for the maintenance of the internal body fluid balance by teleosts for
the marine environment has been localized to the gill -buccal region
(Krogh, 1937;

Holmes,

W. ,N..,,

1959; Holmes, R. N., 1961;

Motais, 1961; Maetz, 1963). However, the exact cellular location
within the gill- buccal region which is responsible for this physio-

logical function is unknown. Keys and Willmer (1932) suggested that
a prominent acidophilic cell, heavily laden with mitochondria, found

in the gill epithelium is responsible for the extrusion of chloride ions.
Since electrical neutrality has to be maintained within the cell, it

was reasonable to assume that other solutes (i. e. sodium ion) would

also have to be excreted.

Support for these cells as being the site for

ionic excretion in marine teleosts has been mainly derived from ex-

perimental studies involving cytological and morphological differences
as seen by light and electron microscope. Copeland (1948) noted in

his study of the gill filament of Fundulus heteroclitus, the presence of
the excretory vesicle located at the free surface of the cells.

These

vesicles, whose formation were found to be dependent upon internal

2

chloride concentration, were seldom found in freshwater adapted ani-

mals. Location of chloride ions near this region of the cell was

demonstrated by Copeland using silver nitrate with the precipitation
of lead chloride.

This finding was recently confirmed by observa-

tions mady by Philpott (1965) using electron diffraction patterns of
the halide ion in comparison to those patterns found in filamental

epithelium. Adaptive changes in alkaline phosphatase activity within

these cells of Fundulus heteroclitus was observed in both freshwater
and seawater animals (Pettengill and Copeland, 1948; Copeland, 1950).

Similar studies in other species have concluded that these cells

are sites of active ion excretion (Liu,

1942; Getman,

1950;

1957; Colombo, 1961; and Threadgold and Houston, 1961).

Morris,
However,

it must be noted that other investigators using similar methods do not

agree with these findings (Parry, Holiday and Blaxter, 1959; Doyle
and Gorecki, 1961; Straus and Doyle, 1961; and Straus, 1963).

Additional evidence for the role of ion transport by these cells
in salmonids is offered by electron microscope studies. (Threadgold

and Houston, 1961, 1964).

These studies reveal ultra - structural

changes (especially in the shape and size of the mitochondria) in ani-

mals under different stages of the life history (parr - smolt) and in

response to varying environmental salinities.
The cyto- architecture of the gill filament reveals a picture

which is suggestive of the function of these cells.

A

cross - section

3

of a gill filament (Figures

1

and

2)

show several types of cells com-

posing the stratified epithelial region; namely, the mucous cell, the

mitochondria -rich cell, the pillar cell, and a simple squamous type
cell.

Underlying the surface cells, there is a layer of small cells

which contain a scanty amount of cytoplasm and a large irregular

shaped nucleus lying immediately adjacent to the basal membrance.

These cells will be referred to as the basal cells. It can be seen that
the mitochondria -rich cells can extend either from the free surface of
the gill filament to the basal membrane or lie upon one of the basal

cells. Therefore, these mitochondria -rich cells are favorably located to selectively absorb ions from the bloodstream and excrete
them into the external environment.

In

certain respects, the cellular

structure of the gill filament is very similar

to the toad

urinary

bladder (Peachey and Rasmussen, 1961; Choi, 1963).
It is the purpose of this thesis to investigate the development

and function of these mitochondria -rich cells during seawater adapta-

tion in the juvenile coho salmon, Oncorhynchus kisutch.

Three major approaches to the problem were undertaken in this

investigation:
1.

To

determine the rate and quantity of sodium -24 ion excre-

tion for seawater and freshwater adapted animals.
2.

To

determine the rate of cellular renewal and turnover in

the gill tissue for seawater and freshwater adapted animals.
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Structure of the gill filament: M, mucous cells; MR, mitochondria -rich cells; PL, pillar cells; PT, platelet cells;
B, basal cells; S. squamous cells. Fixed in osmium tetroxide.

Embedded in Epon. Sectioned at 1 µ.
alkaline methylene blue azure II. X 1260.
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2.

Higher magnification of gill filament showing mitochondria rich cell region. MR, mitochondria -rich cells; B, basal
cells and bm, basal membrane. Embedded in Epon.
Stained with alkaline methylene blue azure II. X 2560.

6
3.

To determine the quantity of mitochondria -rich cells

present in gill epithelium for animals living in these two
different environmental states.
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PART I
SODIUM -24 EXCRETION UNDER VARIOUS
ENVIRONMENTAL CONDITIONS

MATERIAL AND METHODS
Two

separate groups of seawater and freshwater adapted silver

salmon, ranging from

13 -15

cm in length, were brought into the ex-

perimental laboratory from the rearing ponds at the Corvallis Re-

search Laboratory.

1

An acclimation period of

three days was al-

lowed for the animals to adjust themselves to temperature (10° C) and

Animals were not fed during the experi-

the experimental aquaria.

mental period. The two groups of animals were anesthetized by use
of 1:10, 000 dilution of MS -222 (Tricaine Methanesulphonate2) and

each fish was given intraperitoneally an injection of 0.

logical saline (0.

9% NaC1)

1

ml of physio-

containing 24 µc of sodium -24.3 After re-

covery from the anesthetic, each fish was placed in an individually

aerated tank containing
(0

No

-

5

No).

3

1

of either seawater (306/oo) or freshwater

A 2 ml aliquot was taken from each tank

at certain

1Corvallis Research Laboratory operated by the Wildlife Research Division of the Oregon State Game Commission.
2

2Sandoz Pharmaceuticals, Hanover, New Jersey.
3

The isotope was obtained from Oak Ridge National Laboratory,
Oak Ridge, Tenn.

8

time intervals and assayed for radioactivity in a Packard Auto Gamma Spectometer Model 410A.

Since the isotope had a half-life

of 15. 05 hours, all radioactivity was

corrected back to the time of

injection (zero hour) and for background. The total radioactivity

present in the tank at any particular time was calculated and recorded
in microcuries.
The sodium excretion pattern was observed in four groups of

animals, which were kept under the following environmental conditions.
Group I.

Seawater (SW) adapted fish which remained in sea-

water
Group II.

(SW

-

SW).

Freshwater (FW) adapted fish which were trans-

ferred to sea water (FW
Group III.

SW).

Seawater adapted fish which were transferred to

fresh water
Group IV.

-

(SW -+ FW).

Freshwater adapted fish which remained in fresh
water (FW

-

FW).

9

RESULTS

Table

1

is a tabulation of the sodium -24 excretion in micro -

curies for a period of

36

hours by each experimental group. A

graphical representation of the results is shown in Figure

3.

The

results show:
1.

There is a significant difference in sodium -24 excretion

rate between the FW and

SW

adapted fish which had re-

mained in their respective environments. The
group had a much higher rate than the FW

rate of sodium -24 excretion for Group

I

SW

FW.

-

SW

The

and Group IV

animals was calculated by taking the slope of the linear

portion of the curves in Figure
was
2.

3. 81

2.

For group

I,

the rate

µc /hour and that for Group IV was 0. 15 µc /hour.

The seawater environment induces a gradual increase in

sodium -24 excretion in the FW adapted animals, but it
does not reach the same level as the

SW

adapted animal.

Conversely, a freshwater environment rapidly suppressed
the sodium -24 excretion rate of SW adapted animals.

Table 1. Sodium -24 excretion under different environmental conditions
Experimental
Initial Environmental
Sodium -24 exreted
Experimental
Group
State
State
No.
1/2
1
(No. of Animals)
( Salinity)
I
Seawater Adapted
Sea Water
1.87*
4. 17
±1.4
(3)
(30 ° /oo)
+0.77
Freshwater Adapted

II

Seawater Adapted
(2)

Freshwater Adapted

IV

(3)

*

Mean value

}tc =

+

microcurie

1

c) at various time periods following injection (HR)
2

8.02
±1.86

4
14. 42

+1.4

6

10

14

25

18.07
±0.55

19.64
+1.86

22.07
+1.24

21.94

36
21. 38

±0.81

+1.17

Sea Water
(30 ° /oo)

0. 29

0. 51

0. 95

2. 71

4. 92

9. 78

13. 51

18. 25

18. 92

+0.22

±0.22

±0.36

+0.55

+0.32

+1.07

+1.24

+1.12

+1.15

Fresh Water
(0 ° /oo- 5 ° /oo)

0. 38

0.81
+0.81

2. 14

3. 47

4. 16

+0.53

+0.56

+0.51

+0.84

5.81
±1.34

Fresh Water
0
(0 0 /00 -5 /oo)

0. 20

0. 33

0. 57

0. 99

1. 24

+0.36

+0.48

+0.54

+0.66

+0.65

(2)

III

(1j,

standard deviation

1.96
+0.82

6. 66

+1.75

8. 76

9. 28

±1.06

±0.55

2. 29

3. 23

3. 41

+0.81

±1.04

±1.03
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Figure

3.

Total sodium -24 excretion ( % o f Inj. dose) for juvenile coho salmon under
various environmental conditions versus time.
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DISCUSSION

It can be seen from Figure

3

that there is a significant dif-

ference between the rate of sodium -24 excretion from freshwater and

seawater adapted animals. Krogh (1937, 1939) observed an active
uptake of electrolytes via the gill region in freshwater fishes.

The

data obtained from these experiments on the freshwater coho salmon
(Group IV) can be interpreted as a result of either exchange of sodium

ions at the gill or electrolyte loss through incomplete reabsorption
in the renal tubules. It has been reported by R. Holmes (1961) that

the urine formation of salmonids in fresh water is much greater than
when the fish are present in sea water.. Therefore, the loss of

sodium -24 observed in the freshwater fish is most probably due to

loss via the kidney.
Since the sodium -24 excretion rate in seawater animals (Group
I)

was significantly greater than that of the freshwater animals

(Group IV), it is thought that the increase is principally due to the

higher rate of exchange at the gills. This is suggested because of the
finding that seawater fish have a reduction in urine formation with
a subsequent

decrease in total urine electrolyte output (R. Holmes,

1961).

However, it is recognized that the explanation offered for
Group I and Group IV does not prove conclusively whether the

13

sodium -24 excretion is entirely from a renal or extra -renal source.
It is observed that animals adapted to one type of environment show

an immediate alteration in excretion rate when placed in a different

environment (Group II and III). This suggests that the renal and

extra -renal systems possess a type of cell which can rapidly absorb
or excrete electrolytes depending on the changes which occur in the

internal body fluid composition. It is well known that when the animals are in a hypoosmotic environment the tubule cell of the fish
kidney can perform this function (Martin, 1958).
However, the gills from freshwater fish are known to contain

mitochondria -rich cells which also appear to be capable of this
function in both environmental extremes.(Philpott, 1965). It is ob-

served that, though the freshwater adapted animals show an immediate excretion of sodium -24, it requires a longer time for them to

reach a new equilibrium state in sea water. This may in part be explained by the fact that the mitochondria -rich cells in the freshwater

animals are not sufficient in number or activity to reduce the excess
salt load which developes when the fish are placed in a seawater
environment. Since these mitochondria -rich cells are suspected to
be responsible for ion excretion and absorption in the hyperosmotic

environment it is necessary to know more about the behavior and
quantity of these cells present in the gill tissue.
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PART II
CELLULAR RENEWAL OF THE GILL TISSUE IN
SEAWATER AND FRESHWATER ADAPTED ANIMALS

Recent autoradiographic experiments have revealed that tri-

tiated thymidine was rapidly incorporated into the basal cells of the
gill filament in juvenile coho salmon (Figures 4, 5, 6, 7; Conte and
Newstead, 1965). A time course study showed that a migration of
the labeled cells into the area of the mitochondria -rich (MR) cells

occurred.

Since the migration appeared to be more rapid in the

case of seawater animals, it was thought advisable to determine

quantitatively whether sea water induces a change in the cellular
kinetics of the gill epithelium.
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4.
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Transverse section of gill filament of juvenile coho salmon
24 hours after injection of H3- thymidine. Labeled cells are
located between lamellae. Fixed in Bouin's solution.
Embedded in paraffin. Sectioned at 4 µ and stained in
hematoxylin and eosin. X 640.
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5.

Cross - section of gill filament of juvenile coho salmon 24
hours after injection of H3- thymidine showing labeling
in mitochondria cell region. Embedded in paraffin. X 640.
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Gill filament of juvenile coho salmon after eight days
seawater immersion. Label found in mitochondria -rich
cell. Embedded in Epon. X 1000.
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Gill filament of juvenile coho salmon after eight days
seawater immersion showing labeling in both basal and
mitochondria -rich cells. Embedded in Epon. X 250.
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MATERIAL AND METHODS
A

group of juvenile coho salmon, ranging in length from

cm, was obtained from Corvallis Research Laboratory.

predesignated days, a small group of
the experimental laboratory.

earlier.

An

10 -12

On

13 -15

several

fish were brought into

Each fish was anesthetized as described

intracardiac injection of 0.1 ml physiological saline con-

taining an anticoagulant (heparin) and 30

1.1c

of

tritiated thymidine was

given. Since all the injections were via cardiac puncture, a dye4 was

mixed into the injection solution to allow a visual observation on the

quantitative delivery of the injection. A good cardiac puncture would

result in an immediate flush of blue across the gill filaments. Twentyfour hours after intracardiac puncture, three to four animals kept in
41

tanks were immersed into seawater, whereas, the remaining fish

were kept in freshwater. All of the experimental aquaria were kept
in a cold room (10°

+ 1° C)

and aerated.

Water was changed daily to

prevent accumulation of waste. The same procedures were repeated
on

several of the predesignated days.

On the 25th day following the

first injection, all the animals were sacrificed and the entire gill
structure of each animal was excised and frozen to await chemical
and radiochemical analyses.

4Evans Blue Dye, obtained from Matheson, Coleman and Bell,
East Rutherford, N. J.
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Chemical determination of the DNA content within the gill tissue was accomplished by a revised Schmidt and Tannhauser method.

(Hutchison and Munro, 1961).
1.

The tissues were homogenized and treated with three

washes of trichloroacetic acid, one

ethanol wash,

95%

two ethanol- chloroform(3:1y/v) wash, one ethanol -ether

wash and air dried after one ether wash.
2.

The nucleoprotein fraction was then treated with

O. 3

N

potassium hydroxide at 37°C for 24 hours.
3.

The samples were reacidified with

O. 5

N

perchloric acid

(PCA) to precipitate the deoxyribonucleic acid (DNA).
4.

After two PCA extractions to remove the solubilized

ribonucleic acid (RNA), the samples were heated with 0.5 N
PCA a t 70°C for 30 minutes.

The hydrolyzed DNA solu-

tions were then used for radiochemical and chemical

analysis.
The quantity of radioactivity in each sample was determined by

placing an aliquot of the DNA hydrolysate into a liquid scintillation
solution of Dioxane -Naphathalene- PPO -POPOP (Wang and Willis,
1965, p. 163 -172) and subsequently

assayed in the Packard Tri -Garb

Liquid Scintillation Counter Model 314 EX.

The DNA content in each

sample was estimated by the modified diphenylamine reaction of

19

Dische (Burton, 1956) using as a standard Salmon sperm DNA. 5
The specific activity of DNA was expressed in units of microcuries

per microgram.

5Salmon sperm DNA was purchased from Sigma Chemical
Company, St. Louis, Mo.

20

RESULTS
The data obtained for both seawater and freshwater animals are

tabulated in Tables

per microgram

2

DNA

and

3.

The incorporation of H3- thymidine (µc)

isolated from gill tissue is plotted on semi -log

paper against time (Figures

8

and 9).

The data shows a rapid in-

corporation of H3- thymidine into DNA during the first three to four
Consequent dilution of labeled DNA follows owing to the sub-

days.

sequent synthesis of unlabeled DNA necessary for cell division.

Extrapolation of the slope of the dilution portion of the curve to zero
time, which would represent instantaneous mixing of the thymidine
pool, indicates that the turnover of 50% of the cell population (Ti) of

i

the gill tissue in the freshwater animals is in the order of 26 days.
In contrast, the gill tissue of the seawater animals

possess a cellular

turnover (Ti) of nine and one -half days.

i

Table 2. Incorporation of tritiated thymidine into the DNA of the gill
tissue from juvenile coho salmon in sea water.
Days in sea water
Specific activity of DNA
No. of animals
(x 10 -5 µc /µgm)
sacrificed
post injection
1

2

1. 0

+ 0. 37*
+ 2. 3

3

5. 76

2
2

6.9 +0.49
4.29 +3.4

3

3. 39 + 1.

13
15

2
2

2. 98

17

1

1. 76

22
25

2

2.56± 1.9

2

1.66 ±

3
6

8
11

'Mean

+

1

standard deviation

7

3.35 ±4.6
± 0. 25
0. 5

21

Table

3.

The incorporation of tritiated thymidine into the DNA of
the gill tissue from juvenile coho salmon in fresh water.

Days in fresh water

post injection

animals
sacrificed

No. of

Specific acitivity of DNA
(x 10-5 µc /Ngm)
;<

1

4

3. 23 + 1. 25

2

2

4.24 ± 0.02

4

3

3. 43

7

2

5.95 +0.55

10

2

1.87

12

3

5.56 +2.45

14

2

5.27 ±1.48

16

2

4.29 +5.2

23

1

1. 18

*

Mean

+

1

standard deviation

± 0. 28

+1.35

22
10
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in
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Figure

8.
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Incorporation of tritiated thymidine into the DNA of the gill
tissue from juvenile coho salmon in fresh water.
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DISCUSSION

It is evident from the experimental data that a more rapid pre -

liferation of cells in the gill tissue occurs in seawater adapted animals.

This, together with the fact that the ultimate fate of many of

the labeled basal cells is in the formation of mitochondria -rich cells,

suggest that a positive correlation exists between the rapidly dividing

cells and the development of mitochondria -rich cells.
If the mitochondria -rich cells were engaged in electrolyte ex-

cretion, one might assume that a seawater environment would demand a greater number of cells to cope with disposing the salt load.
However, this would result in an initial proliferation of cells and
when the number of required cells is reached, the replication would

cease. But the data suggest that a constant turnover of cells occurs.
This could only be the case if there was a constant replacement of
the mitochondria -rich cells because of a shortened life span possibly due to an increased consumption of energy demanded by active

electrolyte excretion.
Conte (1965), irradiating juvenile coho salmon, observed a

decreased survival in animals placed in sea water. In addition, in-

creased levels of plasma electrolytes and osmotic concentrations oc-

curred in the survivors. Since radiation inhibits cell division a lack
of adequate extra -renal

tissue or development of MR cells would re-

sult in the gill being unable to maintain the proper ionic and water
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balance. Therefore, the present observations are in agreement with

this earlier work.
It should be mentioned that the heart and pseudobranch (which

contains similar MR cells) were analyzed in the same manner as the

gills. Dispite the fact that there were few samples, the data indicated that the seawater environment had no affect on increasing the

proliferative activity of these tissues.
Therefore, it is concluded that the seawater environment can
cause an induction in the differentiation and renewal of the cell population in the extra -renal tissue.

This interpretation further sub-

stantiated the assumption that the MR cells are the sites of electrolyte
excretion in the extra -renal tissue of marine fishes.
In considering the absolute turnover rate of the mitochondria-

rich cells as presented by the incorporation of H3- thymidine into
DNA, one

must bear in mind the fact that deoxyribonucleic acid

(DNA) is found within the

Nass,

S.

mitochondria of many animal cells. (M. M.

Nass and Afzelius, 1965). If in the mitochondria -rich cells,

the origin and replication of the mitochondria are dependent upon the

cytoplasmic DNA, a portion of the labeled DNA and subsequent dilution might be attributed to new mitochondria synthesis.

Since the

light microscope cannot reveal the distribution of the labeled DNA
within the fine structure of the cell, it would be necessary to perform
an electron microscope study of the labeled cells to show whether
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H3- thymidine is incorporated into nuclear DNA or part of it is

localized in the mitochondria. Only after such a study is made can
a calculation of the absolute

cells be established.

turnover rate of the mitochondria -rich
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PART III
ISOLATION AND ASSAY OF MITOCHONDRIA FROM GILL
EPITHELIUM OF SEAWATER AND
FRESHWATER ADAPTED ANIMALS
An

excretion of electrolyte against a high external gradient

demands an expenditure of metabolic energy by the cell.

The in-

crease energy requirement of the gill tissue brought about by the rise
in the internal salt load must in some way be satisfied by adaptive

modifications among the mitochondria -rich cells. It is the purpose
of these experiments to investigate the possible changes which could

occur within the mitochondrial- enzyme systems which may reflect
upon both the quantity and activity of the mitochondria -rich cells

present in gill epithelium.
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MATERIAL AND METHODS
As in the previous experiments, both freshwater and seawater

adapted animals6 were used. Animals were obtained from the rearing aquaria at the Corvallis Research Laboratory. At the

start

of

each experiment the necessary number of animals for sacrifice from

each environment was brought into the cold laboratory (4°
30

C + 1° C)

in

Care was taken in each experiment to

gallon plastic containers.

select healthy animals that were of similar size.
All biochemical reagents used in this experiment were obtained

from Sigma Chemical Company. The procedure for the isolation of
the mitochondria was as follows:
1.

The gill filaments were excised from fish of each group

and after rinsing in homogenizing medium, they were

pooled.
2.

The gill filaments were homogenized on either a Virtis or

Potter -Elvehjem homogenizer. The homogenizing medium
consisted of 0.25

M

aminomethane and

sucrose, 0.05

4 x

M

tris (hydroxymethyl)

10-3 M ethylenediamine-tetra-

acetic acid; the pH of the medium was adjusted to 7.4 by
use of 0.

2

M

hydrochloric acid.

6Adapted in sea water for 30 days (30 0/oo).
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3.

The homogenate was centrifuged at 600

remove cell debris.
35, 000 g for 30

g

for

15

minutes to

The supernatant was centrifuged at

minutes for the isolation of mitochondrial

pellet.
4.

The supernatant after this centrifugation was designated

as the "supernatant fraction" whereas the mitochondrial

pellet, after resuspension in deionized water was called
the "mitochondrial fraction ".
5.

These fractions after freezing and thawing were then

assayed for L -glutamic dehydrogenase and DPNHcytochrome

c

reductase activity by use of the Gilford

Recording Spectrophotometer. (See Appendix
6.

A)

Protein content of each fraction was estimated by micro biuret (Itzhaki and Gill,

1964) or

method. (See Appendix C)

ultraviolet absorption
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RESULTS

The mitochondria isolated from the gill tissue appeared to be

very labile. The preparation of a crude homogenate of gill filaments
by the most gentle methods still evidenced a high degree of aging.

This is shown by a decrease in both succinate and DPNH -cytochrome
c

oxidase activity as measured polarigraphically by a Gilson Oxygraph

for an elapsed time of 90 minutes (Figures

10

Therefore,

and 11).

the enzyme assays were not always reproducible due to the inability
to effectively isolate active mitochondrial fractions.

However, in

one experiment, an active preparation of glutamic dehydrogenase was

obtained in all subcellular fractions prepared.
in Table 4.

The data are tabulated

Despite the unsuccessful attempts at repetitive isolation

of active mitochondrial fractions from fish tissue, the methods were

successful for the isolation of mitochondria from chick embryo

tissues.
Specific activity of glutamic dehydrogenase from gill tissue
isolated from seawater and freshwater animals.
Experimental
Specific Activity of Glutamic Dehydrogenase
Group
Supernant Fraction Mitochondrial Fraction
(No. of Animals)
(µmole /min /mg protein) (p.mole/min/mg protein)*

Table

4.

Fr e shwate r
Adapted Animals

3.71

1.48

4. 52

1.

(4)

Seawater
Adapted Animals

78

(4)

Protein content determined by ultraviolet absorption method.
(See Appendix C)
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Figure

10.

Oxygen uptake of gill tissue homogenate immediately after
homogenization at 0°C (See Appendix B).
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Figure

11.

Oxygen uptake by gill tissue homogenate after 90 minutes at
0°C. (See Appendix B).
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DISCUSSION

Although the amount of data presented is limited for this series
of experiments, the results shown in Table 4 indicate that in both the

supernatant and mitochondrial fractions a higher (20 -22 %) glutamic
dehydrogenase activity occurs for the seawater adapted animals.
Since glutamic dehydrogenase is known to be primarily a mitochondrial

enzyme (though it might have in this case diffused out of the mito-

chondria) the data suggest that there may be a significant increase in
the numbers of mitochondria or in the mitochondrial activity.

This

interpretation can only be substantiated by further experimentation.
The entire series of experiments suggest that the gill mito-

chondrial enzymes may be very vulnerable to mechanical disruption.
If the problem is to be pursued, the mitochondria should be isolated
by different methods (i. e. gradient centrifugation). Assays for mito-

chondrial activity should be made immediately by assaying for succinate and DPNH- cytochrome

c

oxidase polarigraphically.
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SUMMARY AND CONCLUSION

Regulation of electrolytes in euryhaline fishes involve mecha-

nisms which can rapidly respond to wide divergencies in environmental levels of monovalent ions. Experimental evidence obtained
through the utilization of a radioactive tracer (sodium -24) indicated

that juvenile coho salmon, Oncorhynchus kisutch, can rapidly alter

their sodium excretion pattern to compensate by making the necessary
adjustments required to maintain constancy of composition of the in-

ternal body fluids. In

a

comparison made between freshwater and

seawater adapted animals it was found that the rate of sodium -24 ex-

cretion and/ or exchange was much greater for the seawater adapted
animals. However, if animals were required to adjust to different
environmental conditions, it was found that the time required to

reach

a new

equilibrium state was much longer (>

30

hours) for the

freshwater adapted animal going into the seawater environment than
if the situation were reversed.

Earlier work

by R. Holmes (1961) on

the excretory function of rainbow trout found that the main organ

system responsible for excretion during the period of marine residency was the extra -renal system. Thus, it appears that in order for

juvenile coho salmon to adapt to either conditions of hyperosmotic
or hypoosmotic environment it must possess a type of cell population
in both the renal and extra -renal system whose response will be
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dependent upon fluctuations in the body fluids.
Since the investigation was to focus on seawater adaptation,

attention was primarily devoted to the gill structure and the mito-

chondria-rich (MR) cells located in the gill epithelium. These cells
have been reported to be capable of functioning in both environmental

extremes (Philpott, 1965).
A study of

cellular renewal rate in the gill tissue by the incorp-

oration of tritiated thymidine into DNA revealed that seawater adapted
animals had a more rapid synthesis of new DNA and a higher turnover rate of the cell population than freshwater animals.

The ulti-

mate location of the labeled cells was shown by Conte and Newstead
(1965) to be in the region of the mitochondria -rich cells.

In fact,

many of the labeled basal cells were shown to develop into MR cells.
Since the present data indicated that rapid proliferation of

cells are needed for the disposal of the salt load, it was thought

necessary to attempt to quantitate the type of cell that is involved in
this new cell synthesis.

Lehninger (1964) has stated that methods presently used to

determine the number of mitochondria per cell have involved the

serial sectioning of cells and scanning the mitochondria.

To employ

this technique in the present investigation was not possible.
to obtain some

In

order

measure of the quantity of MR cells, it was thought that

the isolation and assay of mitochondrial enzyme systems could be
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utilized as an indirect determination. Repeated attempts to isolate
active mitochondria were not successful.

But, the data from one of

the experiments suggested that there may be a significant (20 %) in-

crease in mitochondrial activity for animals maintained in

a

sea-

water environment.
In summary, the evidence from this investigation

clearly shows

that a hyperosmotic environment induces a change in the cellular

kinetics of the gill tissue. It is further believed that the cellular
changes involve a proliferation and differentiation of the basal cells
into mitochondria -rich cells.

Preliminary data

on the

mitochondrial enzyme systems sup-

ports the hypothesis that there may be significant increase in the
number of mitochondria or mitochondrial activity during seawater
adaptation.
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APPENDIX A

Enzyme Assays by Use of Gilford Recording Spectrophotometer
The following reagents were used:
6

mM

ß

-Diphosphopyridine Nucleotide (ß -DPN)

0. 02 M

Potassium Cyanide (KCN)

20 mM

Glutamic Acid (Glu)

0. 02 M

Magnesium Chloride (MgC12)

10

mM Reduced

Cytochrome

C

(3

-Diphosphopyridine Nucleotide (ß -DPNH)

(from horse heart) - 10mg /m1

0. 05 M

Tris Buffer - pH

8. 0

0. 05 M

Tris Buffer - pH

7. 4

For the assay of glutamic dehydrogenase the following reaction
solution were placed into quartz cuvettes and the activity was ob-

served as a change in optical density per minute at 340 mµ on a recording chart.

Reference Cuvette Sample Cuvette
- --

Glu

0. 2

MgC12

0. 2

KCN

0. 2

ml
ml
ml

0.

ml

0.

1

ml
ml

2.

1

ß

-DPN

0. 2

0. 2

0. 2
0. 2

ml
ml
ml
ml

Enzyme solution (From gill

preparation
Tris Buffer pH
Total Volume

8.

0

1

2. 3

3. 0

3. 0

ml
ml
ml
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For assay of DPNH- cytochrome

c

reductase, the reaction solu-

tions were prepared as follows in quartz cuvettes. The activity was

similarly observed at

550 mµ.

Reference Cuvette
- --

p -DPNH

Cytochrome

ml
ml

0. 2

ml
ml

0. 2

ml

0.

2. 5

ml
ml

3. 0

ml

3. 0

ml
ml
ml

0. 2

c

0. 2

KCN

Sample Cuvette
0. 2

Enzyme solution (from gill

preparation)
Tris Buffer pH
Total volume

0.

7. 4

1

1

2. 3

42

APPENDIX

B

Assay of Succinate /DPNH Oxidase Activity by Means of
Gilson Oxygraph Model KM

The reagents used needed were:
10

mM Reduced

Cytochrome
10

C

ß -Diphosphopyidine

Nucleotide

ß -DPNH

(from horse heart) - 10mg /m1

mM succinate (sodium salt)

Antimycin - A
Homogenizing medium (Material and Methods - Part III)
The following reaction solution was prepared in the reaction

cell and the oxygen uptake was recorded on a chart.
p -DPNH

0.

1

ml

Succinate

0.

1

ml

0.

1

ml

Homogenizing Medium

1. 5

ml

Enzyme fraction (from gill preparation)

0. 2

ml

Total Volume

2. 0

ml

Cytochrome

C
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APPENDIX C

Ultraviolet Absorption Method for Estimation of Proteins
An aliquot (0.

quartz cuvette with

1

ml) of the protein solution was placed in a

2. 9

ml of buffer solution; the absorbance at 260

mµ and 280 mµ was recorded.

The protein concentration was determined in units of mg of

protein per ml by the formula
1. 55

OD280 - 0. 76 x OD260

=

mg of Protein /ml

Where OD280 is the absorption at 280 mµ and OD260 is the absorption

at 260 mµ.
The protein concentration so obtained was lower than that de-

termined by the micro- .biuret method. Though this method is less
sensitive, it offers rapid and convenient estimations of the protein
samples; so this method was eventually employed in determining the

protein content of the various fractions obtained in all the experiments
for Part III.

