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CHAPTER I

INTRODUCTION AND PURPOSE

The cultivation of tissues in vitro 1s a relatively
young field of science. One of the first attempts at studying
the functional properties of cells and how they affect or are
affected by their immediate environment was performed by
von Reckinghausen (1886) who kept amphibian blood cells allve
undey various conditions for as long as 35 days.

The first tissue culture experiments were carried
on by Roux (1885) who by maintaining the neural plate of a
chick embryo in warm saline, proved the closure of the neural
tube to be a function of the constituent cells and not the
direct effect of mechanical pressure from the ad jacent
structures,

Harrison (1907) made observations on the living

nerve fiber,
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Carrel (191li) succeeded in keeping a strain of chick
connective tissue cells alive and actively multiplying for
3l years,

Thomson (191L) initiated a different approach to tissue
culture along with Strangeways and Fell, This was the start of
"organ culture", a technigue whose aim it 1s to maintain small
fragments of tissues in a state as close as 1s possible to thelr
in vivo situation, rather than trying to make cells grow as
rapidly as possible, _

Maitland and Maitland (1928) developed a simple method
for virus multiplication,

| Up to this time orig;nal methods of tissue culture as
fashioned after the meticulous aseptic techniques of Carrel, were
extremely tedious., Thus, the labor required to keep cultures
free from contamination deterred many biologists from entering
the fleld,

With the stimulus of World War II,, the study of
chemotherapeutic agents lead to the discovery of antibiotics,
The incorporation of antibloties into tilssue culture media
lessened the problems of tlssue culture to a considerable extent,
Ko longer were the exacting original techniques regquired for
cultural asepsis. There was a resurgence of Interesat in the
flield as a practical art. |

A great impetus was glven to tissue culture as a
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fleld when Enders (1948) et al. showed that the polio virus
could be cultivated in vitro in thé absence of nervous tlssue.

The contributions of these and others have aided in
the development of preocedures that have proved and are proving
to be advantageous to all fields of experimental blology and
medicine, The importance and potential of tlszssue culture 1n the
areas of morphogenesis, cancer research and virolegy is far
reaching.

Tissues of mammalian, amphibian, and avian origins
have been used a great deal for tissue culture studles, but
comparatively few cbservers have used fish tissues,

Since fish are poikilothermic, the development of flsh
cell lines has many possibllities. In thelr natural environment
they matabolize at relatively low temperatures, If cells of fish
origin could be cultivated and stored at low btemperatures, they
would be useful for cultivating agents which cannot be maintained
at the higher temperatures required by some of the mammalisn cell
1lines. They may one day provide an interesting vehicle for viral
research.

The purpose of this work was two-fold. The primary
objective was to establish a flsh cell line in continuous
culture from fish cells of varied tissue origins. The second
objective was to explore the tolerance of such cells to

variations in medla, antibiotics, temperature, pH, and the

means by which they could be stored.




CHAPTER IIX

LITERATURE REVIEW

Osowski (191))) observed cellular movement in fragments
of tadpoles and trout (3almo Gairdnerl), whilch were maintained
for 2 hours in Ringer's sclution, Lewis (1916) studled
embryonic tissue maintenance using sterile sea water as a tissue
eulture medium, Dpederer (1921) in studying the behavior of
embryonie fish ectoderm cells in tissue culture (from Fundus
hetervelitus), uas& a sea water base and fish bouillon, These
cultures were only viable for 10 days, Chlopin (1922) cultured
tissves from pilke and crusisn carp In rabblt plasma, "dlluted
with hemorenous extract®,

The above works comprise the rudimentary beginnings
of the culturing of fish tissues in vitro., These first attempts

izwalmd primarily the nalntenance of fish enbryos.
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The next trend of lInvestigation is seen in the works of
such investigators as Grand (1935, 1938, 1941), Gordon (1938,
19L41), and Cameron (1935, 1941), who concerned themselves with
the morphologlcal and physlological aspects of fish melanomas and
leliomyomas,

Schumberger (19)9) studying neoplastic goldfish tissue,
added embryonic fish extracts to salt solutions enriched with
chicken, human cord or fish sera,

‘Soret and Sanders (195L) succeeded in propagating the
virus of Eastern equine encephalomyelitis in fish embryos,.

Wood (1955) was shle to isolate and identify agents which were
causative of a myeosiselike granuloma of salmon.

Gritzner (1956), of the Robert Koch Institute, Berlin,
examined the application of tilssue cultures of Lebistes
reticulatus (Petefs) and Macropodus opercularis (linne) in
virology. An aﬁtempt was made to demonstrate the lymphooystis
virus and the virus causative of carp pox in tissue cultures of
troplcal fish, Specific dlagnostic cell aslterations were observed
14-18 days after infecticn with cerp pox in tissue cultnres of
Leblstes reticulatus,

In the attempts to demonstrate the virus of lymphocytis
morpheological osll alterations appeared, however, their specificitﬁ
requires more extensive examinatlion., They were able, in some

instances, to successfully transmlt lymphocystls disease in vivo
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from viral inoculume grown in these tissue cultures., Electron
micrographs of the tumors show what may be the elementary bodies
of the virus, More investligative work must be carried out before
a positive identification can be made,

Grutgner (1958) successfully ocultivated the liver and
kidnéy tissuves of Tinca vulgaris (a viviparous carp) in vitro.
Monolayers developed within 5 « 6 days and could be maintained
in a healthy condition for 3 = lj weeks, The medium employed con=-
sisted of SM 199 (synthetic medium 199) supplemented with beef
amniotic fluid plus 15«20% calf serum; other media used for
eculture, but which gave pocr growth, were (1) isotonic medium 199
plus 204 calf serum, (2) Lactalbuminehydrolysate (ilsotcnic) plus
20% calf serum, (3) Lactalbuminehydrolysate plus isotonic 199,
plus 20% ealf serum, (1) beef amniotic Fluid (isotonic) plus
154204 calf serum, and (5) beef amniotic fluld plus Lactelbumine
hydrolysate (isotonic) plus 30% calf serum. These cultures were
carried through three sube-culturea, The optimal growth was
achieved at 20°C,

Cne of the most fruitful endeavors uhich involved fish
tissue culture was reported by G. Bargen and A, Wessing (1960) of
the Bonn Unilversity Zoological Institute., They cultivated
embryos of Lebistes reticularis (viviparous toothed carp,gupples)
for use in studying a virus which leads to the formation of

malignant tumoré in various tropical fish, Their observations




are based on momolayer ocultures and plasma elot sultures,
The nutrient medium contained 1 part embryo extract (9 « 10 daoy
0ld chicken embryo), L parts P.C., (phosphate containing) solution
and L parts human umbilical cord serum or an artificial nutrient
mediuvm, {T.C.M., 199, Worran, “Yorton and Parker), to which 3% um=
bllical cord sePQm is added., The eells were cultivated 2 = 3
weeks wltheout transfer and were maintained through sub~culturing
for 6 « B weeks, Observations made during the first few days
after establishing the cultures, revealed epithiliai ¢ells which
give way to fibroblastic forms as the cultures Ircreased with age;
The following observations of cellular structure were noted:
1. The nucleus is oval or sometimes dumbbell
shaped,
2, Nucleoli are sharply delined,
3. Mitochondria can be seen In freshly grown
fibroblasts. They were unusually long:
a few strands exceed the dimensions of the
nueleus and extend from the cell center to
the smallest cellular branch,
L. Golgl apparatus is evident after staining
with sulfates.
5. A cell wall struciure was found that was

peculiar to epithelial cells only.
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In order to make the ohservatlions cited, the fixatlocn
and stainling process developed by K. E. Wohlfarth-Bottermann
(1957) was employed. It involves these basic phases: Fixation
of the cells with osmium tetroxide (isotonic) 1% and potassium
dichromate 1%, This is followed by exposure to a mixture of 1%
phosphotungstic anhydride snd uranyl acetate 5% in 70% methanol.
After exposure of the cells to the above procedure, the cell
population is fixed in a manner in which all of the structural
elements of the living cell are preserved and are visible
microscopleally.

Wolf and Dunbar (1957) cultivated adult teleost tlssues
in vitro (trout and goldfish). Trout (Salmo gairdneri,Salvelinus
fontinalis, and Salmo trutta), was successfully cultured for 65
days at 19°C or lower in 20% serum, 30% synthetic medium 199,

154 Earlts solution and 5% fish embryo extract. Good results
were attained with human cord, human homologous sera or bovine
ammiotic fluld at 20%., Temperatures below 20°C were thought to be

essential for growth.




CHAPTER III
MATERIALS AND METHObS
Section A:
Seleotion of Fish Type and Tissué Types

Previous work with fish tissve culture has centered on
trout (Salmo sp.). To a limited extent, goldfish (Carassius
auratus) have been studied, however, there is little information
concerning thelr response to their physical and chemical environe
ment. They have not been maintained,;n continuous culture for an
extensive time period. Since mo little is known about a fish
which is so readily attsinable, and one which might have great
worth as a tissue culture tool, goldfish were chosen as the
species to be used in this investigation.

Three tissues were chosen for culturing; whole fish,
fish muscle (from the pectoral region), and fish heart muscle.

Culturing of whole small goldfish was baszed upbn the
assumption that a greater 1nitial yield of cells might be obtained

9
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after enzymatic tlssue digestion.
Fish muscle and fish heart were chosen respectively
since they could be obtained, through aseptic dissection, in
a stete free from bacterial contamination; a problem which posed

difficulty in culturing whole small fish.

Methods of Tissue Preparation

Prior to culturing, the fish were maintained for one
week to 10 days in tap water containing the following antiblotics:
Penicillin 100 units/ml
Streptomysin 100 ¢ g/ml
Pungizone 5« g/ml
Water was changed twice daily,
The general procedure for tissue preparation follows
the methods of Parker (1961) and involves the following steps:
1., Tilssues were obtained under aseptic conditions,
2. Tissues were cut into discrete fragments.'
3s The fragments were washed several times in
- phosphate buffered saline (prepared according
to Kalter, 1963) at a pH of 7.°5.
. The fragments were suspended in 0.25% trypsin
(Difeoc 1:250), This suspension was placed in
8 trypsinizing flask (Bellco), on a magnetic

stirrer for specifilc, time intervals,
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The trypsinized aells were harvested and washed,
by centprifugation, with Henk's {Cappel) salt
aolutions
fenk's salt sclution 1s prepared from Cappel
10 x stock solution, vTﬁa final soluticn cone
tains the followings

Expressed in grems/liter
Nacl , 8400
ECYL 0.40
CaCly 0.1k
Mg30y, # THR0 0,10
HeClaW6ln0 0.10
ﬁuﬁgFﬂu.ﬁzﬂ s
xgaarw (}h.aﬁgﬁ ‘ 0406
KpPey, 0,06
Glucose 1,00
Phenol Red 0.02
NaHCO4 0435
(tas Fhase Alp
(pH 7427)

The washed cells were suspendsd in rrowth
mediuvn and counted by neans of & Spencer Bright
Line henacytometer,

Aliquots of these suspensions were then planted
in milk dilution botiles (Pelleo),




Section B:
Medlia, Antiblotiecs and Supplements for Growth

In establishment of a cell line & major factor is the
selection of an efficient growth medlum and an efficient mainte-
nance medium. To be effective, a growth medium must stimulate
maximum ylelds of metabolizing cells, To be an effective mainte~
nance media, it must support cells in an actively metabollzing
state with limits ah the degree of multiplication,

Media used for the work was selected as s result of
three experiments:

Experinment I

Small whole goldfish, 2 « 3 inches in length, were
trypsinized in ,025% trypsin (Difco 1:250), prepared according
to the recommendation of Marcus {1956), Trypsinizaetion was
carried out for four hours at 10°C, The cells were then washed
2 = 3 times with Hank'!s solution, suspended in growth medium,
counted and inoculated into milk dilution bottles,

The growth medium used consisted of Melnick medium,
prepared according to Melniek (1955), with 10% bovine serum and
P.S.F, antiblotic solution,

P.3.,F, antibiotic s<lution consistas of the follow=

Ing:
Antibiotle Final Concentration
Penielllin 100 units/ml
Streptomyocin 100 4 g/ml

Fungizone 5 4 g/ml
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The freshly Inoculated bottles were incubated at
37° anda 20°.

Samples of medla, trypsin, basic sslt solution, and
serum, were inoculated intc Brain Heart Infusion broth (Difec)
and Sabourand's Dextrose agar (Difeo) to check for bacterial and
for fungal contamination. |

Experiment 2

Wheole flsh cvlbures were trypsinized, washed,
counted and planted according to previcusly stated methods.
This time the growth medium consisted of Melnick medium supple-
mented with 20% bovine serum and P.S.F. antibiotie solution.
Sterility controls of the medla were run according
tc procedure previously clted,

Experiment 3

As will be seen from the resulis, execessive contami-
natlion wasz encountered in Experiments 1 and 2, A screening of
various media types and various antiblotie types ané concentra-
tions was undertaken. An enumeration of media and antibiotlcs

screened is found in Table I, pagell,
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TABLE I .-
Code Letter Base Medlum Antibiotic Type Concentration
A Melnick P.S.7, im1/100
B " " 3m1/100
c " " 2m1/100
D " #P.3,F, im1/100
E 199(Capell) Achromycin(Lederle)  1m1/100
P " " " 3/4m1/100
G " " " 2m1/100
H " " sir#Achromyein $m1/100
I Scherer!a(Capell) " 3m1/100
J n " 1m1/100
K " P.S.F. 1ml/100
L " " 2m1/100
M 199 (Capell) ##P,S.F.A. Iml/100
N " " 2m1/100

# 1ml P.S,.F./100 ml of media —

#% 1ml P.S.F.A./100 ml media —

s 1/l ml Achromyein/100 ml medie -

Final antivictic concen~
tration of

(Penielllin 100 units/ml
(Streptomycin 100 4/ g/ml
{ Pungizone 5 A g/ml
Final antiblotic concen-
tration of

(Penicillin 100 units/ml
(Streptomyein 100 ¢ g/ml
(Funglzone 5 4g/ml
(Achromyein 12,5 4/g/ml

tration of

(12.5 4 g/m1

##r All of the respective media types were supplemented with
20% Bovine Serum

Final antibiotic concen=
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T{ssue eculiure medium MK (uonkey kidney) is used ap a
basal mediun to uwhich serun may be edded for tisaue culture and
viral studles, Tt was described by YMelnick (195%) for the
culturing of wmonkey kidney ocells for virus propeogation and cyto-
paihogenigity studles,

Tissue culture medium Schersr (1955) is a chemicslly
deflined basul medlum to which serum and other enrichments ean
be added, ns supplements, for use in tissue sulture procedures
and virus studies, It aupparta'cell proliferation on gloss walls
of oculture vessels, thus providing an excellent means for studying
cell suseceptibliity to virus by divect uleroscoplic exumination,

Tissue culture medlum 199, prepared according to Harganﬂ
Morton, and Parker (1950), is & chemically defined medium for use
in tissue oulture and virus studies, It 1s a nutritive bdassl
medium to which supplementary growth factors mey be added for the
propagation of tissue cells feor morpholegical, histocheamical and
physicleglcal studiea, It 1a used for dimgnosis, study, detectiony
titering, and typling of viruses, It has partloular advantage in
the propeagation of poliomyelitis and other viruses, Virus may
be serclogically differentiated by its use in such techniques as
complement fixation,meutralisation, hemagglutinationeinhibition
and hemadsorption tests, An additional use for mediym 159 hivolves

its use for preservation of tissunes and cells in storage.
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Achromyein (Tetracyoline Hydrochloride) (Lederle) is a
orystalline broad spectrum antlblotiec, It 18 derived from the
mold Streptomyces aureofaciens. It 1s prepared from chlortetra-
eycline by reductive dehalogenation., It is amctive agalnat a wide
range of bacteria and fungl., For thils reason it was chosen for
use in addition %o ?‘S.F., t0 increass the range of antiblotie
activity,

The procedure for preparation of cells onltured in each
respective modla types follows the methcds of Parker (1961) with
the following modifications:

1., Tissues were scaked prior to trypsinization in

P.3.F, antibiotie sclution for varled time
intervals, ranging from 0 « 10 hours.

2, Tisswves, after soaking, were trypsinized for

for varied time intervals ranging from l~ 10 hours,.

3., Following trypsinization, cells were washed, by

gentrifugation, with Hank's solution,

lie The washed cells were re-suspended in growth

medium, counted and planted in milk diluticn
bottle#.

5, Cultures were incubated at 20°C and 37°C.

6, Sterility controls were szet up in the usual

manner.,

Viable monolayer cultures resulting from the initial
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cultures were carried on in continuous culture, The procedure
employed for the sub-culturing of cells 1a enumerated below:

1. Bottles containing complete monclayefa were
incubated 15 minutes at 37° with .029% trypsin,
in order to free the cells from the glass,

2, Cells were centrifuged and washed 2 « 3 times
in Hank'!s selution,

3. The cells were re-suspended in growth medium,
cnunted,(and incculated into milk diluvtion
bottles,

Maintenance medium was substituted for growth medium

when healthy monolayers were developed and the cells were cone
tinuonsly re-fed with this medium until they were ready to be

subecultnred,

Section C:

Storare of Cells

A problem which poses numerous practieal difficulties
in the use of tissue culture msthods is the storing of cell
lines. These stored cells should retain the ability to actively
metabolize for use in further subeoculture. A successaful long=
term process for storage of cell and tissue cultures would
eliminate the risks concomitant with contlinnous growth of a

oculture over an extended period of time, namely; the inereased
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possibility of mutation, the poasibllity of bacterial, fungsal
and/or viral contamination, and the possible loss of the culture.

Cne method of storing cells 13 by means of freezing
at extremely low temperaturea., The technique used to insure
maximum recovery of viable cultures depends upon the particular
tissue or cell type,

A method with whiech the best resulte have been obtained
and one which 1s commonly employed today, involves the following
steps, (Moline 196L): |

1. The cells or tissues to be stored are cooled at a
precisely controlled rate, The rate of cooling
usually falls within the range of 1% per minute
to 2006 per minute,

2., Protective acditives are added to the medium in
which the sultures are to be stored, The ususl
addltives are elither glycerol cr dimethyl
sulfoxide in concentrations ranging from 5% to 20%.
Glycerol 1s a hydrophllic and prevents excessive
injury to the cells during freezing and thawing.
Dimethyl sulfoxlde apparently has a vast potential
as an additive, It rapidly diffuses into and out
of the cell, thus minimizing osmotic shock when
the cells are diluted for culturing after thawing.

3. The cells are cooled by use of liquld nitrogen and
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gtored at liquid nitrogen temperaturae, ~196%¢,
Por longeterm storage temverstures above ~100°¢
allow the formatlen of lce erysials which ls cone
sidered ans one factar’in,aall destruecticon,
™reering of cells by thils method is difficult,
Fquipnent for the counastant maintenance of storage
tempapraturos 18 required. ‘A
Thawing of cells must be rapid, A limlt of 2 - 3
minutes thawing time has beon Tound to provide |

eplbinal survival,

If fish cells could be stered with any degres of

simplicity, they would afford a cell line of consideradble value,
Investigation of the staragé potential was underiaken,

With every transfer of cells, 6 ml samples were stored
in the freezer at =-20°C, The procedure followed was not involved,

Two methods were employed: Half of the sample was
suspended in growth medium and plsced in the [freszer, The other
half of the sample was suspended in growth medium, supplemented
with 157 glycerol and placed in the fresger. At intervals, the
cells were thawed and subsultured,

Seotion D3
Effecta of Temperature and
The ma jority of cell lines in use today require
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temperatures of 30° = 37°C for optimal growth., It would be advane
tageous if a cell line could be established that would have a
wlder growth temperature range,

Fish are poikilothermiec., Fish cell cultures might show
optimal growth at temperatures lower than 3700. Cultures were
maintaeined at temperatures of 10°c, 20°Gc, and 37°C,

Most mammalien and avian cells are sensitive to changes
in the pH of the media, The pH range to which fish cells can be
aubjected,‘without loss of viability, waes examined.

The media were adjusted to pH ranging from 6 - 8., pH
wesg determined with hydrion paper and verifled by pH meter,

These media . - used to feed the cells for gilven periods of time,
Viébility was determined by observation of cell multiplication.
Section Ej

Classification of Ceontaminant

A contaminating miercorganism, resistant to P.3,F,
antibiotiec solution was encountered. The morphological and
physiologiecal classification of the bacterium was established.

The morphologicel data was determined by performing
the following: |

1. Gram stain asccording to MeClung (1957).

2, Capsule stain according to MeClung (1957).

3, Flagells stain according to Leifsen (1951).

‘ run
Diagnostic biochemical tests were/in order to establish
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physiological activity of the organism.
Its ability to ferment or oxidize carbohydrates was

established for the following sugars; glucose, sucrose, lactose,
zylose, mannitol, tetralose, and inositol.

The carbohydrate media was composed of:

Casitone 1%
Yeast extract .01%
(NH) ),80, .05%
Tris Buffer(Difco.).05%
Agar 3%
Phenol red .001%
Specific sugar 1%

This medium was formulated by Leifson, (personasl commun-
‘ication). The final pH was 6,.7.

The ability of the organism to utilize specific amino
acids was determined for arginine, lysine, and ornithine. The
base medium was iron agar prepared according to the formulation
of Edwards and ¥ife (1961), 10 Grams of the respective smino
80ld was added to the hsase,

Citrate medium was prepared according to the formulation
of Simmons (1926), at a final pH of 6.7. This test is used to
determine the ntilization of citrate asz the socle source of carbon,

The ability of the organism to produce urease was

established by use of the urea test medium prepared according to
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the foramulation of Rustigan and Otvars (1941). The final pH of

the test mediom was 6,8,

The agar medium and the reasgents for the nitrate reduo-
tion test were prepared sccording to Balley (1962), The test
show2 the ebility or lack ¢ ability of the orgasnism to reduce
nitrates to nitrites or to free nitropgen, The resuvlts of a
negstive nitrete test were confirmed by the additicn of a asmall
amount of gine dust to the medium after incubation, If 1t were
a falge negative, the presence of reduced nitrate is revealed by
the development of a red color,

The proteolytic ocapacity of the organism was determined
by testing its ahility to liquefy gelatin, HNutrient gelatin pre-
vared accerding to Bwing (1962) was the specific medium used,

There are some micrcoorganisms which possess the abllity
to deaminate certaln amino sclds, To find out if the vacterium
in queation possessed thls capacity, the deaminuse tes: follow-
ing the methods of Ewing (1957) was performed. The specific test
medium used was Phenylalanine Agar, and the test reagent was a
107 (w/v) sclution of ferric chloride, If phoﬁylalanine nas been
deaminsted to phenylpyruvie acid, a green color develops in the

-gynereslis fluid esnd in the slant,




CHAPTER IV

RESULTS

Experiments 1 and 2,where medium MK (monkey kidney),
supplemented with 10% bovine serum and P,S,F, antibiotie
solution was utilized as the growth medlum, were unsuccessful,
Both of these inltial attempts at establishment of fish cell
cultures were terminasted within 10 - 12 days respectively, due
to contamination by a bacterium which was resistant to P.5.F,,
at the concentrations used.

In both of theae experiments, medla sterility con-
trols which hed been run in Brain Heart infuslon broth and on
Sabouraud!s Dextrose ager remalned negative to bacterial or
fungal contamination, Thus, the bacterium came from the fish
jtsell and was not introduced from externsl sources,

S8ince the contaminant isclated from the éultures
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in Experiments 1 and 2 was definitely resistant to P.S.F. at the
concentrations of Penieillin 100 units/ml, Streptomyein IOQj/g/ml,
and Funglzone S}/ g/ml, not only was there a need for finding a
proper growth medium, but alsoc for finding an antibiotic which
would eliminate the contaminant commen to the fish being used.

The classification of the contaminant from the aspects
of its mcrphologlical and physiological nature was established,
The results of the various determinations will be found in TablelI,.
"The organism is a Gram negative polar flagellated rod similar to

héromonashydrophila.

Experiment 3 entailed the screening of 1L different
media types, which were supplemented with various antiblokie
mixtures, A listing of media types tested will be noted in
Table 1T, The results of the media and antibliotic screening will
be found in Table ITI,

As can be seen from the results clted in Table III,
medlas H., J., eand M were the mcat effective, Medla H, without
Punpgizone, wes diacontinued due to 1ts susceptiblility to cone
tamination by inold.

A greophical comparisen cof the relative value of the
three media btypes will be found in Figure I, Media M , as is
11lustrated, gave the pgreatest increzse in cell numbers, Medla J
gave excellent cellular growth, but the inorease in cell numbers

weg movre limited than with Media M. These results were to be
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expected due to the composition of their basal medias, 199 and
Scherer's base respectively.

Cells on these media types survived continuous culture.
Since medias J and M were by far more efflelent; media M was
chosen as the growth medium and media J was chosen as the maine
tenance medium for further experiments. P.S.F,A. was substltuted
for the single antibiotic Achromycin in media J, This was done
in order to take additlonal precautions apalnst the possibie
development of other bacterial cr fungal contaminants,

As observed, concomitant with the results of the medila
sereening, it was found that P.8.F. was not effective against
contamination unless used at concentrations far In excess of
those normally employed., At these high concentrations 1t was
found to be toxiec te the fish tissues,

Achromyecin was effective. However, 1t wascbserved that
it was toxic to the fish cells at concentrations in excess of
lZ.S,Z%é/ml of growth medium,

To date thé cultures derlived from small whole goldfish
have undergonq?guccassful tranaférs in continuous culture. lThis
18 enumerated in Table IV, | |

After a satlsfactory growth and maintenance medla were
selected, cultures of fish pectoral muscle and fish heart muscle
were established, To date the fish muscle cells have undergone

17 transfers, These results are in Table VI, The fish heart
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cells have also undergone 18 transfers, as is enumerated in
Table V, Suvbeculturing beycnd 20 passages or over a period of six
months 1s teken as an Indication of the establishment of a stable
cell line, Preliminary experimentation with the length of expo-
sure to trypsinization and exposure to antiblotle sosking of the
tissue fragments prior %o trypsinizaticn was performed, For
prevention of contamination the most effective perliod of antl-
biotic socaking was from li to 6 hours of exposure, The best ylelds

of cells were obtalned, for the initial establishment of a
culture, when the trypsinization process was continued for sgix
hours or more before harvest.

The abllity to muliiply after storage of the fish tissues
was determined, Each time the cells were transferred 6 mlsamples
were stored at -20°C, A limited number of these stored cells
have been thawed and carrled 'inccntinucus culture, The results
g0 far have been encouraging. Following thawing, cultures of
small whole goldfish have underpgone transfers to date and are
growing satisfactorily. These results ere clted in Tables VII
and VIII. Cultures of fish pectoral muscle and fish heart muscle
have been brought ocut of storapge and are at present growing satis-
factorily. These results are in Table IX,

Temperatures of 10°C, 20°C, and 37°C were employed in the
cultivation of the various cell cultures., A graphical analysis

of the effect of temperatures on the increase in number of cells
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of all three types 1s 1llustrated in Flgure II,

The optimal cell growth cor increase was at 20°C; good
growth was cbtained at 10°C} cells grew at 37°C, but at a very
slow rate, and they could nbt be carried beyond six transfers,
without the final loss of the cultures,

The ability of the cells to withstand varied degrees of
pH, ranging from 6.0 to 8,0 was determined, It was found that
all three types of tlssue could withstand this range. The
optimum for all tissue types was from 6.8 to 7.2, the best growth
being aczhieved about 7.2. (Table X).

A graph representing the rslationship of pH to cell
number increase, for all three types of tlssues, will be found
in FMigure IITI, As seen in the graph the peak of maximal multi-
pPlication occurs at pH T7.2.

It was observed that in the initlal differentiated
cultures, two cell types predominated. The young cultures dise
played great numbers of epithellal-like cells. As the cultures
underwent sube~gulturing the cells began to de«differentiate and

the fibroblastic forms began to predominate, (Figures IV through
VIL)




CHAPTER V

DISCUSSION

Consideration of all the data reveals certain facts.,
One problem to consideﬁ,kconeerna thé initial establishing of
fish cells in culture, 1In culturing of wnole small goldfish,
it is diffiocult to cbtaln initially sterile tissue prepasrations,
Ccntaminﬁtion is introduced Irom the external body coverings of
the fish and from the gastrointestinal tract., This problem was
encountered during the first sttempts aﬁ working with scch
ocultures, Cne such contsminant predoﬁinated in the initial
culture experiments, After examining the results of the
determination ¢f the morphological and physiological character=-
1sties of the bacierium, a currespondence of the obtalued chare
acteristics with those set down for the genus Aeromonas was
evident, therefore, the bacterium was designated to be an

Asromonad, A more definlitive evalustlion places the organlsm as a

28
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strain of Aeromonss hydrophila. Aerocmonas sp. are commoh to fish
both as normal flora and as etiological agents of pathological
lesions, The econclusion that the contaminant was introduced by
the tlssue fragments per se and not from extranecus sources is
substantiated by media sterillity controls remaining negative
and 1ts complete elimination in subaequent studles by use of
Achromyecin,

Several aspects were conslderedi n arriving at appropriate
methods for successful establishment of fish cell lines, A study
of exposure of the tissues to antiblotic containing salt solution
prior to initlal trypsinization was performed and it was observed
that prior soaking for 6 hours eliminsted contamination.

Trypsinizaticn time was evaluated, Cells harvested after
one hour cculd not be grown in vitro. An interesting phenomenon
was that 1f the cells freed after one hicur exposure to trypsin
were not removed from the trypsinizing flask, none of the cells
{no matter how long the exposure to trypsin) could be grounvgg

vitro. If the first hours yleld wes discarded, harvested cells

were viable after two hours or more trypsinization. The best
yields of cells were obtained after L, « 6 hours trypsinization.
Thus, it is assumed that cduring the first hour of enzymsatie
digestion, the fish cells give off some substance which is
extremely inhibltory to further esll growth and 1s toxie to all
calls being exposed to them. Eilther a cell substance i1s libere
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ated during the first hour of trypsinization, which is

inhibitory of growth, or the trypsin itself may combine with
liberated substances to become an inhibitory fastor.

Experiments were performed to determine 1f trypsin 1s
inhibitory. The method being toc incorpcrate lnactivated trypsin
into the oculture media, If inhiblition is encountered, the next
step 1s a determination of the degree of reversibility., If no

inhibition is observed, then & cellular liberation product must

have been responsible., The product can be identified by chromse
tographical analysis,

Incorporation of inactivated trypsin into the nedia re-
vealed no deleterious effects to cell growth or multiplication,It

can, therefore, beconicluded that a cellular liberation product was

responsible for inhibition.
Figure I reveals medium 199 supplemented with 20% Fovine
s2rum and P.S.F.A. provided an excellent growth medium,because,
a8 per definition, 1t allowed the maximum cell multiplication,

This was media M of the variety of media tested.

Medla J, Scherer's medium, supplemented with 20% Bovine
serum and 12.5,4/g/ﬁ1 Achromycln supported good cellular growth
with emphaslis on maintalning cell quality more than quantity.

It has been noted that Achromycin is toxic¢ at ebncen~
trations above 12.5~y§/h1 medla, It was observed that thilas

tetreeycline in solution is very acidie, This is most likely
attributable to its being commercially prepared as a hydro=-

chloride, which may account for its toxielty.
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Whole small goldfish were cultured with ease after a
sultable media and antibiotic were determined, Fish pectoral
mugcle and fish heart muscle dc not present the contamination
difficultues that are inherent in whele fish cultures, since they
are cbtained as sterlle, when eseptic dissection procedures are
followed:

Definite ccrrespondence between the result of all three
tissue types cultured can be cobserved., There is agreement in the
several results recarding the influence of such physical factors
ag pi and temperature cn the amcunt of multiplication for all
types of goldfish cells,

It is evident In Figure II that temperature plays an
important rcle in effective culturing techniques, Wolf and
Dunbar (1957), believed temperatures below 20°C to be essential
for growth c¢f fish cells., In this work it was establlshed that
the cells will grow as high as 37°C. The growth rate is slow in
comparison t0 lower temperatures and they did not survive more
than seven transfers, but they did grow. At this moment the
usefulness of growth at such a temperature is not evident, but
such cultures might be frultful for the study of enzymes active
only at such a temperature range, or perhaps may be beneficial for
jmmunological studies and for virolegleal studles,

Considering virological studies, although growth at 37°C

is not as poodas at lower temperatures, 1f these “ish cells
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support viral growth, they may be used for study of some known
animal viruses whlch require temperatures around 3700. This
would enable study cof virus adaptablility to change of host and
environment. For example, Fastern Equine encephalomyelitls has
been grown at 19°C in fish embryo cells by Scret and Sanders
(195h)s This virus 1s also known to grow in chickens, (normal
body temperature of 129C) and man (normal body temperature 3760)
ané insects (ncrmel body temperature 20% 37°C), Possibly it
can be grown in these poikilothermic cells 1line at temperature
of 10°C or less. The transcendence of temperature and species
by viruses is as yaﬁ not explained, It is known that the
common cold virus 1s grown at 33°C for eptimal results. = Some
Arboviruses and Plecornaviruses have been grown in cold-blooded
animal cells, Fish cells muy yield good growth at 30° - 33°,

Thisg adds value to cell lines of coldeblooded specles,

Tﬁesa fish cell lines may afford a practical vehicle for viral
studies, |

In the comparative graph (Figure II) the best growth
18 achieved at 20°C, and good growth at 10°C, This might be,
for by nature fish are cold-blooded and their normal environ-
mental temperature 1s approximately 20°c, Being cold=blooded
they have the ability to adapt to the temperature of their
surrcundings, thus, they grow well at 10°C. They adapt to growth

at 37°C, but it 1s more incengruous with nature, therefore, it
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is poor. Possibly enzyme systems are retarded at 3?°C for heat
tends to Inhibit or destiroy enzymes, whafe cold does not neces=
sarily do so, Their ablility to grow at low temperatures may make
them valuable as a cell line fcr studles requiring this temper-
ature range, Growth at 10°C and at L°= 6°C enables refrigerator
storage of such cultures, for they survive at these temperatures
without re-feecding for two weeks, A sanpling of bottles was
maintained at refrigerator temperature. Thelr metabollsm rate
slowed but they remain active and healthy., This provides cell
lines that minimige meintenance tasks,

Figure 11T 1s a graphlcal evaluation of the effect
pH has on fish cell multiplication, Satisfactory cell number
incfaase is attained within an initial range of pH 6.8 - 7.2,
the optimal increase cccurring at iInitial pH of 7.2. A marked
decrease in multipliecation occurs upon exposure to pH 6,0 or
pH 8,0, Tt has hbeen observed that the cells will survive at
these limits for two weeks without re-feeding (with media at
vpﬁ 6.8 - 7+2), but multiplication 18 almost negligible., The
cells are sensitive to these pH limits but are not killed by
such exposure, At pH5 and pH 8.5 no growth occurs. Thus, they
can be considered as hardycell lines, |

Today a number of disciplines utilize tissue and cell
culture teschnliques for research., 7The preservation of cells in

an unaltered state is a hipghly desirable prerequisite., The




34
ability of a cell line to successfully undergo prolonged storage
enhances its value as a tcol, As previcusly stated, storaze &t
very low temperatures is an elabeorate task requiring special
apparatus and the use of culture additives tc he succensful, In
additicon the abllity of these fish cell linés to survive storage
hasg bheen investigated, Tables VII and VIII summarize the results
obtained for small whole goldfish, Table IX contains the results
for fish heart and fish pectoral muscle, These cells will sure
vive storage at «20°C without the use of protective additives,

A compariscn of the results obtained from eells frozen merely in
growth media and cells frozen in srowth media containing 157
glyceral‘show 1ittle varlation in the'r abllity to be brought
back In a healthily metabolizing state and to survive sub-culture,
It must be noted here that the date in Tables VII and VIII is
based on values obtained at weekly Intervals, whereas other data
raferring to 4 of cell number inecrsase was based on readings
taken at two week Intervals, Tn the original data st readings
of twc weeks, the percentages in Tabhles VII and VIII would be
increased by approximately 30 - 104, It ean be concluded that
no cellular alteratlions occurred as a result of storage.
Morpholorsically the cells are small 1n ccmparison te
some animal cell lines., For example, chick ocells are 20¢/in
diameter, Hela cells 15.7/an6 fish cells 1047. Cultures of small
whole goldfish initially contain cells of both the epitheliasl and
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fibroblastic form, After sub-culture they de~differentiate and
and the fibroblastlic form ls the type surviving, Culfures of
fish pectoral muscle and fish heart muscle dlspley the fibro-
blastic appearance Inlitlally and throuchout sub-cnlture,

£11 three types of fish tissue exhibit a common
morphological phenomencn, Young cultures pive clearly defined
.cellular shapes, As they ape, micrescopleally they plve the
appearance cf btone tissue oy hyaline cartilage., This character-
1stic has also been obzerved by other Investigators, Figures IV
through VII photographically deplet thls fibroblestie nature of
the fish cells in culture., Work econcerning determination of an
efficlient staining procedure for these fish cells is in progress.
This fixative employed for the stained cells in the photographs
was Csmium tetroxide 1%, The stain is Delafield's hamatexylin
and eosin,

Healthy monolayers develop within 2l = I8 hours.
Monolayers become exceedingly thick, Fliminatiorn of the serun
supplement entirely slows the growth, (monolayers not being com=
plete before 96 hours), However, there is a poor definition of
cellular differentistion., Therefore, the serum~free medium 1is
not satisfectory for morphelopical stvdies.

Perheps a serum factor is invelved, Studles of
incorporation cf specific serum fractions, the use of serum ultra

filtrates or dlalyzed serum may eliminate this completecoalescing

of the cellas, Thisms is an area of future research,
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Monolayers adhere strongly to the glass., If the mono=-
layer becomes extremely thick, the edges begin curling back and
a sheet of new cells 1s laid down in their place immediately.
They are very hard to remove from the glass, For transfer a
trypsinizaticn time of 20 minutes followed by vigorous agitation
to free them from the gless is required, Even after this
stringent procedure, many cells are not removed and are lost for
transfer, They are very sturdy. After tranafer the cells begin
to adhere to the glass arteiyz < 3 hours,

Cne side experiment ylelds an interesting facet regard-
ing cell transfer and the hardiness of the cell lines, There are
always some cells remaining on the glass after trypsinization.

If the bottles containing remaining monolayer fragments are
washed with Hank's salt solution and re-fed, monolayers are again
developed within 48 hours. This 1s supported by the fact that
two of the originaﬁ?ottles started in August, have been re-fed
after 27 exposures to trypsin and are still actively producing
healthy monolayers,

The next phase of this work will involve testing of
these cells to determine thelr usefulness for viral studies,

Foor viruses wlll be tested: Sindbis, an arbovirus; Vaq&in&a, a
pox virus} Newcastle's disease virus, a myxo virusj and Polioe
myelitus virus, & picornavirnus. The objective 18 to study

oytopathogenie effects and other evidence of viral multiplication|
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Multiplication will be determined by hemagglutinetion and
neutralization tests,

This work is in progress at the present time; however,
due to the scope .of such an investigation 1t will be the subject
of future reports and the results are not incorporated as a part
of this thesis.

If these goldfish cells are able to support viral
growth, they would be valuable cell lines, Tissue culture is
always in need of new cell lines for virus research. A line
with as flexible a range of survival in terms of physical
properties and cne which 18 so readilj aveileble, easily estab-
lished and maintained, has many distinct advantages as a tool for

viral anéd other studies.




CHAPTER VI

SUMMARY

Tissue of Carassius auratus (goldfish) has successfully
undergone continuous culture, Three cell lines have been estab-
lished; whole small goldfish, fish pectoral muscle, and fish
heart muscle, respectively.

To date whole fish cultures have been taken through
27 subwcultures; fish pectoral muscle and fish heart muscle
have undergone 18 sub-cultures,

The growth medium consisting of TC medium 199 {Cappel)
supplemented with 20% Bovine serum; the maintenance media con-
sisting of TC medium Scherer (Cappel) supplemented with 20% Bovine

serum proved satisfactory.

38
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The fish cell lines have been found to grow at temper-
atures ranging from u°c - 3700, the best cell growth and multie~

plication being observed to occur at 20°C.

Fish cell lines survive a pH range of 6 = 8, the best
growth and multiplication cccurring at initial pH 7.2,

The cell lines have been observed to withstand a
simplified storage process; freezing at -20°C, in growth medie
without Incorporation of protective additives, with no apparent
alteraticn of the cells,

The cell lines are hardy, easily established snd main-
tained, and exhibit potential usefulness, as cell lines for

virologlical studies.
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MORPHOLOGICAL AND PHYSIOLOGICAL CLASSIFICATION OF CONTAMINANT

Morphology

1, Gram Negative

2. No Capsule

3, Polar Monotrichous or

Polar Mulitrichous Flagella

Substance

24, HRS

48 HES

Fhysiology

Glucose
Lactose
Suerose
‘altose
Zylose
Mannitol
Tetralose
Inositol

Fermenter+Acid+Gas

+

+Acid and Gas

+

+
Alkaline Top,Acid Butt

+

L 3

Citrate
Urea
Nitrate
Gelatin
Lysine
Argenine
Ornithine
Deaminase




TABLE II
TYPES OF MEDIA SCREENED
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Code _Base Serum Antibiotie Con¢entration
A Melnick 20% Bovine P. 5. F. L, m1/100

B " " " " 3 m1/100

c " " " " 2 m1/100

D " n " n 1 ml/100

E 199 " n Achromycin 1 ml/100

F " " " " 3/4 m1/100

G " " " " 1/2 ml/100

H " " " " 1/l m1/100

I Scherer " " " 1/2 m1/100.

J " " " " 1/4 m1/100

K " " " P, 5, F. 1 m1/100

L " " " " 2 m1/100

M 199 " " P. S. F. A. 1 ml/100

N " " " n 1 ml/100
Note: See page for antibiotic concentration conversion factor




TABLE 111

RESULTS OF MEDIA SCREENIRG ON CULTURE OF WHOLE 3MALL GOLDFISH

Average Initial Aversge Final % Cell Kumber
adl Count _Call Counts io, of Tranafers Incres

Media  Antibiotie iype
TIe RCANLY b n

$AGe3 E hed

A P.5.F. 4ml/100 250,000/ml — 0 0

B " 3m1/100 300,000/ml. 0 0

¢ * 2m1/100 4,50,000/ml. Contaminated — —
D ¥ *  1ml/100 200,000/ml " — —
B Achromy-

ein  1ml/100 230,000/ml —_ o o

F *  3/lml/100 200,000/ml —_— 0 0

G " 1/2m1/100 400 ,000/m2. — 0 o

H et " 1/kml /300 £50,000/m1 750,000/m1 é 66~2/3% *
1 *  1/2m1/100 300,000,/ml — 0 0

J LY 200,000/ml 425,000/ml 23 112%
K P.S.F. 1ml/100 250,000/ml. Contaminated —_ —
L * 2017100 300,000/ml " — —
M #%  P.5.F.A 1m1/100 300,000/m1 752,000 /m1 23 150.6%
K " 00 450,000/ml — 0 s}

# Cultures wiped out by mold, (1 ml of P.S.F. (FPendicillin 100 unite/ml

(in 100 ml of media (Streptomycin 100./g/ml
g (Fungizone 5 /% g/ml
#+  Antibiotic conversion factors  ( 1/4 ml Achromycin per 100 ml nedia (12.5//g/m1
for concentration ( (Perdeillin 100 wnits/ml (
per ml media (

(streptomycin 1004 g/ml
5 1 ml P.3.FA. in (Fungiszone 54/ gfml
100 mls.of media  (Achromycin 12.5// g/md

)) 411 media contained 208 Bovine ssrum :
2) pH of Media: 6.8 at time of feeding and transfers
3) All cultures grown at 109C, 20°C, 37°C,: Data here based on cultures grown at 20°C,

o%




THE RELATION OF TEMPERATURE TO % OF INCREASE IN CELL NUMBERS

TABLE IV (Part 1)

FOR WHOLE SMALL GOLDFISH

47

Transfer

Temperature Number

10°
20
37
10°
20
37
100
20
ggo
20
37
10°
20
37
w@
20
37
100
20
37
100
20
mo
20
10°
.fgo
20
160
20
10°
20
10°
20
100
20
10°
20

10°
20

Average Average

Initial

Inoculum
#1
1

1
#2
2
2
#3
3
3

e
L
i

#5
5

#
6
6

#

7
#8

250,000 -

200,000 b

170,000 -

150,000 226,000
220,000 400,000
100,000 123,000
150,000 223,000
210,000 378,000
100,000 120,000
100,000 150,000
120,000 227,000
200,000 234,000
110,000 164,,000
100,000 190,000
150,000 177,000
190,000 283,000
100,000 189,000
170,000 195,000
118886 165,000
130,000 21,0,000
100,000 104,000
120,000 180,000
150,000 286,000
100,000 151,000
110,000 208,000
150,000 222,000
100,000 189,000
110,000 166,000
100,000 190,000
170,000 253,000
100,000 190,000
120,000 182,000
150,000 287,000
100,000 150,000
220,000 417,000
120,000 181,000
100, 000 190,000
100,000 151,000
160,000 34444,000

198:665 3.8

Days in

Eakkg

* . - L ] »

BEBYIE B8 B-BBES
RRRRR{}@Q[@ARK

O\
-
W o ¢
wRK

3333
KKK K

51.0%
91.1%

1.8

Original Count Final Count X Increase Culture

1
11
11
18
18
i8
25
25
25
34
34
34
41
L1
41

47
L7
L7
56
56
65
65
Th
Th
85
85
93
93
99
99

111

111

120

120

128

128

i
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TABLE IV (Part 2)

THE RELATION OF TEMPERATURE TO % OF INCHEASE IN CHul NUMBERS
FOR WHOLE SMALL GOLDFISH

Transfer Average Average Days in
Iesperature Mumber  Originel Count  Fina) Count X Increase Culture |
100 #17 120,000 179,000 59.1% 149
2 17 200,000 382,000 91.0% 149
10° #18 100,000 151,000 51,07 161
20 18 190,000 362,000 9.5 161
10° #19 110,000 162,000 47,28 267
2 19 260,000 492,000 89.2¢ 167
100 #20 160,000 239,000 L9.3% 173
20 20 190,000 361,000 90.0% 173
10° ZIN 100,000 150,000 50.0¢ 184
20 2 130,000 248,000 90.8% 184
10° #22 100,000 151,000 51,08 193
20 22 170,000 324,000 90.6% 193
10 #23 110,000 165,000 50.08 206
20 23 190,000 363,000 9.1 206
10° #24 110,000 165,000 50.06 224
2 2 156,000 291,000 BT.76 2
10 #25 100,000 153,000 53,06 228
20 25 100,000 192,000 92.04 228
1c° #26 100,000 280,000 L7438 233
20 2% 135,000 253,000 87.48 233
10° #z7 100,000 148,000 48,03 24
20 27 170,000 330,000 yeli A1
Jg #28 100,000 153,000 53.00 265

28 125,000 232,000 85.6% 265

Growth Media : M Maintenance Media : J pH of ledia : 6.8




TABLE V (Part 1)
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THE RELATION OF TuMPERATURE 10 % OF INCLEASE IN CELL NUMBERS
PO FISH HEART MUSCLE

Transfer Average Average % Days in
Iemperature Number Original Count Final Count Ingrease Culture
10° Initisl 250,000 - - -
20 250,000 - - -
37 Inoculum 250,006 - - -
10° #1 250,00 378,000 51.2% 14
20 1 250,000 450,000 80.0% U
37 1 200,006 247,000 23.5% 14
10° §2 100,000 149,000 49.0% 20
2 2 120,000 222,000 85,08 20
37 2 110,000 138,00 25.4% 20
10° #3 110,000 169,000 53.6% 26
20 3 100,000 199,000 99.0% 26
10° #i 100,000 149,000 49.0% 33
20 4 120,000 225,000 87.5% 33
37 b 120,000 133,000 10.8% 33
10° #5 150,000 228,000 52.0% A
2 5 110,000 202,000 83.6% 41
37 5 100,000 113,000 13,04 hl
10° #6 100,000 150,000 50,0% 47
20 6 170,000 315,000 85.3% L7
oo i en 4
7 | » ad o
2 7 150,CC0 285,000 90.0% 56
a7 7 110,000 Cells died - -
10° #8 120,000 185,000 54.1% 66
20 8 140,000 251,000 79.3% 66
10° #9 100,000 153,000 53.0% 75
20 9 160,000 299,000 87.0% 75

Growth Hedia ¢ M

“aintenance “edia : J

pH of Medis : 6.8

Initial intibiotic soak 6 hours
Trypainization initially 6 hours




TABLE V (part 2)

&0

THE RELATION OF TEMPERATURE TC % OF INCREASE IN CELL WUMBERS
FOR FISH HEART

Transfer Average Average % Days in
Temperature Number Original Qount Final Count Increase Culture
100 #10 150,000 225,000 50.0% 8y,
20 10 106,000 180,000 80.0% 84
100 #11 100,000 152,000 52.0% 95
20 1 100,000 194,000 91.0% 95
109 #12 110,000 163,000 48.1% 104
20 12 170,000 321,000 88.8% 104
100 #13 100,000 150,000 50.0% 17
20 13 190,000 365,000 92.1% 117
100 #14 110,000 159,000 43.3% 125
20 1, 155,000 290,000 88.6% 125
100 #15 100,000 153,000 53.0% 139
20 15 160,000 310,000 93.8% 139
10° #16 120,000 183,000 52.5% Uk
20 16 150,000 188,000 25,3% 4,
10° #17 100,000 150,000 50,0% 153
20 17 100,000 192,000 92,0% 153
10° #18 100,000 160,000 60.0% 167
20 18 175,000 322,000 8 .0% 167

Growth Media : M

HMaintenance Media : J

pH of Media : 6.8

Initial Antibiotic socak 6 hours
Trupsinization initialily 6 hours




TABLE VI (Part 1)

THE RELATION OF TEMPERATURE TO % OF INCREASE IN CELL NUMBERS

FOR_FISH MUSCLE

51

Transfer Average Average £ Days in
Iemperature Number Original Coumt Final Count Increase _Culture

16° Initial 200,000 - - -
20 200,000 - - -
37 Inoculum 200,000 - - -
10° #1 200,000 294,000 42.0% 10
20 1 200,000 396,000 98.0% 10
37, 1 200,000 235,000 17.5% 10
10 #2 -150,000 230,000 53.3% 18
20 2 170,000 323,000 90.0% 18
370 2 Cells did not survive second transfer

10 #3 100,000 149,000 49.0% 26
20 3 120,000 227,000 89.2% 26
10 #y 150,000 222,000 41.3% 36
20 i ‘ 170,000 320,000 88.1% 36
10 #5 100,000 150,000 50,0% 45
20 5 110,000 208,000 89.9% L5
10 #6 100,000 149,000 49.0% 57
20 ) 130,000 239,000 83.1% 57
10 #7 150,000 225,000 50.0% 67
20 7 110,000 208,000 89.1% 67
10 #8 160,000 240,000 50.0% 76
20 8 100,000 192,000 92.0% 76
10 #9 110,000 159,000 53.6% 86
20 9 150,000 286,000 92.0% 8é

Growth Media : M

Maintsnance Media : J

pH of Media : 6.8

Antibiotic scak for 4 hours prior to trypsinization
Trypsinization initially lasted 4 hours




TABLE VI (Part 2)
THE RELATICN OF TEMPERATURE TO % OF INCREASE IN CELL NUMBERS
FOR FISH MUSCLE

Transfer Average Average % Days in

Temperature Number Original Count Final Count Increase Culture
10° #10 140,000 210,000 50.0% 95
20 10 150,000 284,000 89.3% 95
10° #11 100,000 150,000 50.0% 106
20 11 155,000 290,000 87.1% 106
10° #12 137,000 204,000 48.9% 15
20 12 180,000 342,000 90.0% 115
10° #13 120,000 182,000 51.7% 128
20 13 149,000 284,000 90.6% 128
10° #14 130,000 200,000 53.8% 136
20, 1k 100,000 193,000 93.0% 136
10 #15 150,000 222,000 48.0% ua
20, 15 110,000 205,000 86.3% 141
10 #16 100,000 152,000 52.,0% 149
20, 16 200,000 390,000 95.0% 149
10 #17 130,000 179,000 37.7% 163
20 17 100,000 207,000 107.0% 163

Growth Media : M

Maintenance Media : J

pH of Media : 6.8

Antibictic soek for 4 hours prior to trypsinigzation

Trypsinization initially lasted 4 hours




TABLE VII
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STORAGE RTSULTS FOR TISSUES CF SMALL WHOLE GOLDFISH

Timein Count Put InitialCount Final Count %
Storage In Storage Alftar Storage After Storage Increase
2 Mos, 260,000 150,000 210,000 L0.0%

2 Mos, 190,000 100,000 158,000 58.0%
3 Mos., 250,000 120,000 191,000 59.1%

Cells were stored at =20°C in Media M
They were brought back on Media M at pH 6,8
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TABLE VIII

STORAGE RESULTS FCR TISSUE OF SMALL WHOLE GOLDFISH

Time in Count Put Initial Comt  Final Count - %
Storage In Storage After Storage AfterStorage Increase
2 Mos, 280,000 140,000 201,000 43.5%
2 VMos, 210,000 110,000 168,000 52.7%
3 Mos, 290,000 170,000 271,000 61.1%

These cells were stored onMedia M supplemented with 15%Glycerdl

They were brought back on Media M at pH 6.8
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TABLE IX
STORAGE RESULTS FOR FISH HEART AND FISH MUSCLE CELLS
Initial Final
Tisspe Time in Gaunt Put gguntafter CountAfter % ’
Type Storage In Storage crage Storage Increasé
Figh
Heart 5 Mos. 149,000 100,000 222,000 122%
Fish «
Muscle l| Mos. 291,000 220,600 395,000 80%
Cells were stored at =20°C in Media M
Cells were brought back on Media M
Counts are average of 5 transfers
Fish
Heart 5 Mos, 149,000 80,000 222,000 150%
Fish ’
Muscle i Mos, 291,000 220,000 102,000 82.7%

Cells were stored at «20 c in Medla M supplemented
with 15% Glycerol

Cells were brought back on Media M

Counts are average of 5 transfers




TABLE X (Part 1)

EFFECT OF pH VARIANCE ON £ OF CELL NUMBER INCREASE

% of Cell Number Increase at pH Range Nurber of

Tissue Type Temperature 6,0 6.8 7.0 7.2 8.0 Transfers
Whole Fish 10° 4.7 49.0 51,6 28.1 7.3 A
20° 23.0 89.0 89.5 9.1 5,0 L
Fish Muscle 10° 10.9  47.0  49.3  46.0 L.6 ok
20° 17.0 9.0 91.8 90.3 ) L
Fish Heart 10° 8.0 47.7 50.0 47.0 ) L
20° 1.6 87.0 89.3  87.7 0 A

All transfers were two weeks apart

oG




¥Whole Fish

10°
200

Fish Muscle
10°
20°

Fish Heart
100

Cell Counts from which the ¥ of increase in No. of cells was calculated

TABLE X (Part 2)

pH 6.0 %

Initial Final  Incr.

150,000 172,000 14.7%
100,000 123,000 23.0%

110,000 122,000 10.9%
100,000 117,000 17.0%

165,000 178,000 8.0%
120,000 134,000 11.6%

Initial Final Iner.

110,000 141,000 28.1%
180,000 344,000 91.1%

115,000 168,000 46.0%
145,000 276,000 90.3%

100,000 :U;?,OOO l&?.O%
130,000 244,000 87.7%

pH 6.8 %
Initial Final  Iner,

100,000 149,000 49.0%
100,000 189,000 89.0%

115,000 169,000 47.0%
140,000 266,000 90.0%

170,000 251,000 47.7%
130,000 243,000 87.0%

pH 8.0 %
Initial Final Iner.

150,000 161,000 7.3%
160,000 168,000 5,0%

125,000 183,000 h 6%
110,000 -

155,000 - o
110‘0,000 - O

pH 7.0 4
Initial Final Iner.

120,000 182,000 51.6%
220,000 417,000 89.5%

150,000 224,000 49.3%
110,000 211,000 91.8%

100,000 150,000 50%
140,000 265,000 89.3%

Counte are average values of four transfers

LG
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KEY FOR INTERPRETATION
OF FIGURE I

EFFECTS OF VARICUS MEDIA TYFES_ON
CELL MULTIPLICATION #

MEDIA TYPE H

MEDIA TYPE J

wevra rvee M NN L

# From data presented in Table III
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FIGURE I

EFFECTS OF VARIOUS MEDIA TYPES ON
CELL MULTIPLICATION

T
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% of INCREASE IN CELL NUMBERS
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KEY_FOR INTERPRETATICN
OF FIGURE II

EFFECT CF TEMPERATURE ON

CELL MULTIPLICATION #

WHOLE FTSH 20°

FISH HEART 20°

# FProm data presented in Tables IV, V, Vi




61

GURE II

EFFECT OF TEMPERATURE ON CELL MULTIPLICATION

200 370

q
10~

37°

0

i
F
200 379 10° 20

10

= O |
u h “
| m | p
I : N R TSN TN
.. e o SRy
x S R S 0 e i 2 e Dy X Ay U S L
D g e g ey TN . o R B O g 2
———— R JZAU” NPT
=
-~ s
>
-
i
By
5 e e o e ! i} ot
,l&!\;.*? ) (Y 7 = 7y FAS =3 S
o Lelatlon: } f : 4 M 1 IR G R TS
e A 0 s | P LT
L.l,II..JTm.,_. I WITJ.‘ i R B 8 i ik
oy o o < ~ T
; ! poppmmegcRe e Ll O
o A O T !
& G R T oyl S B
P .44_\:UL.,.1. Hodachol)
u,.., o o afvier |

90
85
80
75
70

65 |
60

%
Th Cell

Number

85|
50

Increase

.MPERATURE

TE




KEY FOR INTERPRETATION

OF FIGURE III

EFFECT OF VARIANCE OF PH_ON

CELL MULTIPLICATICN *

COLOR
10°
WHOLE FISH
20°
10° L& R v )
FISH PECTORAL
~WgseIE 20
(6]
FISH HEART 10
20° e

# From data presented in Table VIII
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% MOLTIPLICATICON

100
95

85

80 -H11 i
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65

50
L5
10
35
30
25
20
15
10

FIGURE II

EFFECT OF VARIANCE OF pH ON CELL MULTIPLICATION
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LEGED FOR PHOTOGRAPHES

Tissue Type: Fish Heart Cells
Fizative: Osaium Tetroxide
Hain Hesstoxylin « iosine
Figure IV: Low powsr 10X
Figare Vi High Dry 43X
Figave VI High Dey A3
Figaye VIIs 041 Jonersion 974
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FIGURE IV

MAY . 64

MAGNIFICATION: 10 X
FILM: Kodacolor X

FIGURE V

¢« MAY o 64

MAGNIFICATION: L3 X
FILM: Kodacolor X




FIGURE VI

MAGNIFICATION: 43 X
FILM: Kodacoler X

FIGURE VII

*  MAY 64

MAGNIFICATICN: 97 X
FILM: Kodacolor X

65
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