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ABSTRACT

The stability of the encysted gastrulae of Artemia salina under

anaerobic conditions has been studied in this thesis. A comparison
with encysted gastrulae not subjected to anaerobic conditions has
revealed various differences: a greater resistance of the yolk plate-
lets from anaerobic cysts to solubilization by NaCl, to disruption by
incubation at 37°C and to extraction of carotenoids by organic solvents;
a change in the cytochrome c oxidase and GTP:GTP guanylyltransferase
enzyme activities; and an increased carotenoid content in the cysts
subjected to anaerobic conditions. An argument is presented to show

that encysted gastrulae of Artemia salina are capable of stabilizing

enzyme and membrane systems under anaerobic conditions by complexing
these systems with carotenoids. The limnology of the natural habitat

of Artemia salina is discussed in an attempt to rationalize the response

of encysted gastrulae of Artemia salina to anaerobic conditions.
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I. INTRODUCTION

In 1966, Dutrieu and Chrestia-Blanchine reported that the fully

hydrated encysted gastrulae of Artemia salina could tolerate extended

periods of anoxia (at least 5 months) without utilizing their carpo-
hydrate and lipid reserves to any appreciable extent. Subsequently,
these observations were confirmed and expanded by Ewing (1968) and

Ewing and Clegg (1969) demonstrating that anaercbiosis also arrests
morphogenesis and during anaercbic conditions there was no increase in
the lactic acid concentration nor an increase in the lagtate dehydrogen-
ase activity. Also, the ability of gastrulae stored under anoxia to
produce viable nauplii when placed in an aercbic environment at the

same percentage (Ewing and Clegg, 1969) but not necessarily at the same
rate (Stocco Sﬁ.il:' 1972) as compared with gastrulae kept under aercbic
conditions indicated that no major structural deterioration occurred
under anaercbic conditioné.

The existence of some form of energy for the maintenance of the
structural integrity that must be occurring during anaerobic conditions
in the hydrated embryo of Aftemia seems to be a reasonable assumption.

A candidate for this energy source may be the diguanosine nucleotides
found so abundantly in the Arﬁemié embryo {Finamore and Warner, 1963).

In 1972, Stocco et gi. demonstrated that although carbohydrate metabolism
and morphogenesis are arrested, nucleotide metabolism continues. Under

prolonged anaerocbic conditions the adenosine nucleotide pools are
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depleted, whereas thé concentration of the diguanosine nucleotide, Gp4G,
steadily decreases for several months and the concentration of the
diguanosine nucleotide, Gp3G, initially increases and reaches a plateau
which is maintained for several months.

The stability 6f these embryos during anaerobiosis is interesting
not only in that it occurs, but also that it can be maintained for at
least 5 months of anoxia. Such an adaptive mechanism of encysted

' gastrulae of Artemia salina during anaercbiosis is unique. Most embryos

will develop normally only in the'presence of oxygen (Boell, 1955) and
malformation or death usually results from extended periods of anoxia
(stocco et al., 1972).

That the absence of oxygen should have such profound effects on a
developing organism is understood in light of the need of the embryo to
execute specific events at specific times in order to properly undergo
morphoéenesis. The embryo possesses insufficient stored energy to
undergo morphogenesis without producing its own energy. It is for this
reason that cleavage and blastulation will occur in the frog embryo
during anaerobiosis but gastrulation is incomplete and neurulation is
impossible in the absence of oxygen (Needham, 1942). Also, in sea
urchins and asc;ris embryos, cell division is blocked immediately by’
oxygen laqk but the zygote can undergo activation and associated cortical
changes in the absence of oxygen (Boell, 1955).

Artemia embryos under anaerobiosis possess a mechanism which
successfully restricts the embryos from committing themselves to a
Process which they cannot complete appropriately and thereby are not

subject to the deleterious effects of such an action.
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It was felt that such an adaptive mechanism entails the stabiliza-
tion of cellular components such as membranes and enzyme systems.
Several experimenté were performed on aercbic, anaerobic and anaerobic
cysts (recovered) for 9.5 h in air, to evaluate the influence of anaero-
bic conditions on the stability of selected structures and the persist-
ence of the stability in recovered embryos. This was accomplished by
measuring in the three groups of cysts the structural integrity of the

" yolk pPlatelets and the visible spectral properties of the carotenoid-
protein complex (Warner et al., 1972) found in the yolk platelet and
the role played by the carotenoids in the structural integrity and
spectral properties. Also, the activity of membrane-associated and
cytosol enzymes of various fractions was measured in aerobic, anaerobic
and recovered cysts. The results of these experiments indicated that
anaercbiosis conferred some stability on these cellular components with
the carotenoids playing a central role in this stability, and that in
some instances, stability was still present in the cysts after a 9.5 h
recovery period in air compared to cysts maintained aercbically.

Prior investigation (unpublished) in this laboratory on the cytosol
dufing gel filtration chromatography revealed a shift in the elution
position of the macromolecular compounds to a higher molecular weight
range with increased time under anaerocbic conditions. In an attempt
to elucidate this observation, the distribution of the protein, lipid,
carotencoids and inorganic phosphate in three subcellular fractions was
investigated in aerocbic, anaerobic and recovered cysts.

of the-various strategies used by organisms to overcocme the prob-

lems of anaercbiosis, the one employed by Artemia salina is especially

1
¥
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successful. The attempt will be madeto demonstrate that an integral

part of this successful strategy is the complexing of carotenoids to

selected cellular structures of the embryo.
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II. MATERIALS AND METHODS

The experimenﬁal results reported here were obtained from three
separate batches (designated numbers 4, 7 and 9) of dried encysted

embryos (cysts) of the brine shrimp Artemia salina harvested from the

salterns in Utah (Canadian Aquarium Supply Co., Ltd.). Batch 4 was
used for the study of the solubility properties of the c;rotenoid—
protein complex from yolk platelets. Batch 7 was used for the experi-
ments on the subcellular distribution of protein, lipid, carotenoid and
inorganic phosphate. Batch 9 was used for the remainder of the experi-

ments.

A, Sterilization, N_ - Purging and Incubation Procedures

The cysts were sterilized by immersion in 7% antiformin solution
for 30-45 minutes in an ice-bath (Nakanishi et al., 1962). Following
the removal of debris and floating cysts by suction, the cysts were
washed with distilled water until the washings were neutral to pH paper.
The cysts were then suspended in ice cold 1% urea for 30 minutes to
remove any residual antiformin after which the cysts were washed with
water as outlined above. The sterilized cysts were collected on a
fritted-glass funnel and divided into two portions. One portion was
frozen immediately and served as control (C) embryos, while the other

was purged with N2 as described below.

Ten-gram portions of sterilized cysts were placed in 50 ml ampules

(Wheaton Gold Band funnel top ampules, Wheaton Glass and Plastics,
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Brantford, Ontario) and covered with approximately 50 ml of sterile sea
water (Warner and McClean, 1968). The ampules were placed in an ice-

(Stocco et al.,

bath and purged for at least 30 minutes with purified N2

1972) .

Following the N2 treatment the ampules were sealed and stored at
room temperature. At the desired times the ampules were broken open and
the cysts collected on a fritted-glass funnel and washed with distilled

" water. 1In some cases the cysts were divided into two portions; one
portion was frozen immediately and served as the experimental (E)
embryos while the other was divided into 1.5-2.0 g portions which were
Placed in petri dishes and covered with artificial sea water containing
penicillin (1000 units/ml) and streptcmycin sulphate (100 ug/ml) (Warner
and McClean, 1968) and incubated for 9.5 h at 30°C, These cysts were
then collected on a fritted-glass funnel washed with water and then
stored at -20°C. Based on a previous study (Stocco et al., 1972),
these embryos should have fully recovered from the effects of the N2

treatment, at least with respect to their nucleotide profile, and they

were denoted at (R).

Storage of hydrated ‘cysts at -20°C results in the freezing of the

water around the cysts causing the entire population of cysts.to form a

solid mass. Consequently, sample taking becomes difficult and leads to

certain problems, i.e., the cysts either need to be thawed in air or a

stream of water needs to be forced into the mass of cysts dislodging the

required amount. In order to eliminate this difficulty the C, E and R

embryo samples from batch 9 were lyophilized for 24 h and stored at

=-20°C.
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The percentage of embryos that emerged and hatched after the above
treatments was determined as described previously (McClean and Warner,

1971).

B. Collection of Subcellular Fractions

In this study four subcellular fractions were obtained; these were
total homogenate (TH), yolk platelets (YP), mitochondrial-rich fraction -
(MRF) and post-mitochondrial fraction (PMF). The four fractions were
obtained sequentially by differential centrifugation in a refrigerated
centrifuge (Sorvall, RC-2B) as described below.

Batches of 5-10 grams of cysts were hydrated overnight in 2.5% NaCl
at 4°C. The cysts were then collected and washed on a fritted-glass
funnel then suspended in 20-30 ml of 0.3 M sucrose containing 0.2 mM EDTA
and 0.03 M Tris-HCl, pH 7.4, ahd homogenized by stirring vigorously for
2.0-3.5 h at 0°C using a magnetic stirring device. The mixture was then
filtered through a nylon cheesecloth nylon filter. The filtrate repre-
sented the total homogenate. Aliquots were removed from the filtrate
and the remainder was centrifuged at 700 g for 15 minutes. The 700 g
supernatant fraction was removed avoiding the lipid material adhering to
the sides of the centrifuge tube. The 700 g pellet was washed several
times with the homogenization buffer and the 700 g supernatant fractions
were pooled. The final 700 g pellet containing primarily yolk platelets
was suspended in a small volume of homogenization buffer.

The pooled 700 g supernatant fractions were centrifuged at 12,100 g
for 15 minutes and the resulting pellet (MRF) was washed with homogeniza-

tion buffer until there was no lipid material adhering to the sides of
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the centrifuge tube. The MRF was suspended in a small volume of homogen-
ization buffer and either used immediately or stored at 20°C for future
use. The pooled 12,100 g supernatant fractions represented the post-

mitochondrial fractions (PMF) and they were stored as above until needed.

c. Isolation of Lipids, Carotenoids and Protein, and Determination of
Inorganic Phosphate

Aliquots were taken from each subcellular fraction, one each for
the determination of protein, lipid and carotenoid content and the other
for the determination of inorganic phosphate.

For the determination of 1lipid, carotencoid and protein, the sub-
cellular fractions were extracted according to the method of Bligh and
Dyer (1959) as ocutlined below. Sufficient redistilled methanol and
chloroform (made 1% with respect to ethanol as a preservative) were
added to an aliquot of the subcellular fraction so that the final
volumes of chloroform, methanol and water were in a ratio of 1:2:0.8,
respectively. The precipitate that forﬁed upon extraction was collected
by centrifugation (at room temperature) and re-extracted using a mixture
of chloroform, methanol and water in the ratios described above until
the precipitate became colourless (3-4 times)}. The precipitate was
saved for protein determination (Lowry et al., 1951).

The chloroform-methanocl-water soluble fractions were transferred
to a stoppered polyethylene centrifuge tube and stored at 0°C. To the
chloroform-methanol-water soluble fractions sufficient chloroform and
0.05% NaCl (Folch et al., 1954) were added to bring the volume of chloro-

form, methanol and water to a ratio of 2:2:1.8, respectively, and the
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two layers were separated by centrifugation. The lower phase contained
the lipids, pigments and some non-lipid material which was removed by
washing with a volume of chloroform, methanol and 0.3% NaCl (3:48:47 by
volume) equal to the discarded upper phase. This is a modification of

the Folch upper phase which contains 0.02% CaClz, 0.017% MgCl and

2!
0.29% NaCl (Folch et al., 1957). The presence of NaCl in the wash
enhances the distribution coefficient of some lipids so that they remain
in the lower phase minimizing their loss during washing (Folch et al.,
1957). After thorough mixing the two phases were resolved by centri-
fugation and the lower chloroform phase containing the semi-purified
lipids and pigments was saved.

The carotenoid content of the chloroform phase was determined
spectrophotometrically as descriﬁed below (Beckman, Model DB-G). For
the total lipid content an aliquot of the chloroform layer was concen-
tratea at 37°C using an Evapomix Apparatus (Buchler Industries, Ft. Lee,
N.J., U.S.A.). Aliquots of the lipid concentrate were transferred to
tared circular aluminum foil discs (10-20 mg, 2.0 cm in diameter), and
the chloroform was evaporated by placing the discs on a hot plate set
at 54°C, and the samples were weighed on a Cahn Electrobalance {Cahn
Instrument Company, Paramount, Calif., U.S.A.).

For the determination of inorganic phosphate, aliquots of each
subcellular fraction were made 2 N with respect to HClO4 at 0°C. The
precipitate was removed by centrifugation at 12,100 g for 15 minutes

and the supernatant fraction was used for the determination of phos-

phate according to the method of Ernster et al. (1950).
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D. Analysis of Carotenoids of Subcellular and Various Yolk Platelet
Fractions

Washed cysts (2-5 g wet weight) were homogenized in 0.03 M Tris-

HCl, pH 7.4, containing 0.3 M sucrose according to Warner (1975) except
that the brine cyst paste was suspended in 25 ml of buffer. The homogen-
ate was filtered as described above and the filtrate was centrifuged at
1,500 g for 15 minutes. The subcellular fractions were the same as those
described above except that the mitochondrial-rich pellet was excluded.

| The purified yolk platelets (12.7 mg protein/ml for the control
and 12.9 mg protein/ml for the experimental) were suspended in 0.03 M
Tris-HCl, pH 7.4, and the preparation was divided into two equal por-
tions. One portion (6 ml) was made 1 M with respect to NaCl by adding
the appropriate amount of 0.03 M Tris-HCl, pH 7.4, containing 2 M NaCl
and the carotenoid-protein complex (CPC) was extracted for 1.5 h at 0°C.
The second portion (6 ml) was treated with 10 pyg/ml trypsin (lyophilized;
Worthington Biochemical Co.). The solubilized material from both prep-
arations was obtained by centrifugation at 7,500 g for 15 minutes. The
carotenoids from the soluble fractions and from whole cysts were
extracted according to the Bligh and Dyer extraction procedure described
above. The chloroform was removed by evaporation at 30°C facilitate§
by a stream of nitrogen and the oily residue was dissolved in petroleum
ether (30°C-60°C). Samples were streaked across a thin-layer plate of
silica gel (Eastman Kodak, type 6061) previously activated at 115°C
for 30 minutes and the thin-layer plate was developed as recommended by
Davies (1963) using petroleum ether and diethyl ether (1l:1 by volume)
as the solvent (Foppen, 1971). This procedure resolved four visible

bands, Each band was scraped off the thin-layer plate, extracted from
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the silica gel with chloroform, then analyzed in a spectrophotocmeter
(Beckman Acta Eii). Two of the carotenoids, one red and the other
vellow in the solvent system employed here, comprised 95% of the total
visible pigments. The red carotenoid presumed to be canthaxanthin was
quantitated using the extinction coefficient:

E196 = 220 at 482 nm

1 cm

This coefficient was determined using a pure sample of canthaxanthin
from F. Hoffman~LaRoche and Co., Ltd. The yellow pigment was trans-
ferred from chloroform to petroleum ether (30°C-60°C) as described

previously. This pigment thought to be echinenone was quantitated

using the following extinction coefficient (Foppen, 1971):

1%
El cm

These two carotenoids were analyzed further by thin-layer chromatography

= 2168 at 458 nm
and spectral analysis in several solvents before and after saponification
(Davies, 1965) but only the red carotenoid was compared to a known

standard.

E. Purification of Mitochondria for Enzyme Studies

Hydrated cysts were homogenized in a cold mortar and pestle with
0.3 M sucrose containing 1.0 mM EDTA and 0.3 M Tris-HC1l, pH 7.4. The
mitochondrial-rich fraction (MRF) was prepared by the same manner as
described in the collection of subcellular fractions except that the
homogenate was filtered through a cheesecloth-glass wool-cheesecloth
filter and the filtrate centrifuged at 1,500 g for 15 minutes. The MRF
pellet was suspended in 15% sucrose (w/v) containing 0.1 mM EDTA and

0.01 M Tris-HC1l, pH 7.4, then purified on sucrose gradients as described

below.
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The mitochondria were purified on a linear sucrose gradient using
one of two centrifugation procedures. The fifst procedure utilized a 15%
to 65% linear sucrose (w/v) gradient containiné 0.1 mM EDTA and 0.01 M
Tris-HCl, pH 7.4, and the samples were centrifuged at 30,000 rpm for
1.0 h in a SW 41 rotor (Beckman L-55 ultracentrifuge) (Young and
Zimmerman, 1973). The second procedure.utilized 152 to 60% linear
sucrose (w/v) in the same buffer and the centrifugation was at 25,000 rpm
for 45 minuteé. In both cases the mitochondrial band was removed with a
pasteur pipette, diluted with the homogenization buffer and centrifuged
at 12,100 g for 15 minutes to pellet the mitochondria. The resulting
mitochondria were either suspended in the appropriate buffer and used

immediately for the enzyme assays or stored as a pellet at -10°C.

F, Assay of Mitochondrial Malate Dehydrogenase (E.C. 1.1.1.37)
.Activity

The malate dehydrogenase (MDH) assay was performed at 30°C-31°C
according to Englard and Siegl (1969). The reduction of NAD® was follow-
ed at 340 nm for 3 minutes using a Beckman Spectrophotometer (Model DB)
connected to a recorder (Photovolt Corp., New York, N.Y¥.). The initial
velocity was obtained from the slope of the straight portion of thg
recorder tracing. The reaction volume in both cuvettes was 1 ml contain-
ing the following components: 96 md glycine-NaOH, pH 10, in both
cuvettes; 84 mM L-malate, pH 7.5, in both cuvettes; 1.875 mM NAD+, PH
6.5, in the sample cuvette; and the appropriate concentration of the
mitochondrial suspension in both cuvettes. Activity is defined as

umoles NAD' reduced per min per mg protein at 30°C.
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G. Assay of Cytochrome ¢ Oxidase (E.C. 1.9.3.1) Activity

The substrate cytochrome ¢ was prepared in the reduced form as
follows. A sample (20 mg) of cytochrome c¢ was dissolved in 0.01 M
potassium phosphate buffer, pH 7.0. For assay of the first mito-
chondrial preparation 11.6 mM cytochrome c, of which 62% had been
reduced with potassium ascorbate (prepared according to Holland (1948))
was used. For assay of the second mitochondrial preparation 5.2 mM

" cytochrome ¢ of which 98% had been reduced with dithiothreitol was used.
The reductant was separated from the reduced cytochrome ¢ by gel filtra-
tion (Yonetani, 1966) on Sephadex G-25 (Pharmacia) previously equili-
brated with 0.01 M potassium phosphate, pH 7.0. The concentration of
the reduced cytochrome ¢ in all preparations was determined spectro-

Photometrically by oxidation with 0.1 M K Fe(CN)6 using the following

3
extinction coefficients (Margoliash, 1954):

- -1
550 nm (oxidized) = 9.2 mM 1 X cm

550 nm (reduced minus oxidized) = 18.5 Mt x em™t

The cytochrome c oxidase assay was performed according to the
method of Wharton and Tzagoloff (1967). The reaction volume in both
cuvettes was 1 ml containing the following components: 80 mM potassium
rhosphate, pH 7f0, in both cuvettes; the appropriate concentrétion of
cytochrome ¢ in both cuvettes as mentioned above; 5 mM potassium ferri-
cyanide in the reference cuvette; and the appropriate concentration of
mitochondrial suspension in the sample cuvette. The reaction rates were
followed by measuring the decrease in absorption at 550 nm in a Beckman
Spectrophotometer connected to a recorder (Photovolt Corp., New York,
N.Y.). fThe initial velocity was expressed as nmoles cytochrome c oxi-

dized per min per mg protein at 30°C.

—

T
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H. Determination of Post-Mitochondrial Fraction Malate Dehydrogenase
(E.C. 1.1.1.37) (MDH) Activity

Hydrated cysts were homogenized in 0.015 M Tris-HCl containing
0.15 M NaCl, pH 7.4, using a pre-chilled mortar and pestle. The
homogenate was filtered through a cheesecloth-glass wool-cheesecloth
filter and the filtrate centrifuged at 12,100 g for 15 minutes. The
12,100 g supernatant was subjected to gel filtration and the ultra-
violet-absorbing material which eluted in the void volume was pooled
and used directly as the crude enzyme preparation (CEP). The assay
procedure for MDH activity in the CEP is the same as that described

for the mitochondrial MDH assay.

I. Determination of Glycerophosphate Dehydrogenase (E.C. 1.1.1.8)
Activity in the Post-Mitochondrial Fraction

The crude enzyme preparation (CEP) described previously was also
used for the determination of the glycerophosphate dehydrogenase activity
according to the method of Beisenherz et al. (1955). Both cuvettes
contained 1 ml with the following components: 42 mM TEA-HCl, pH 7.4;

92 uM dihydroxyacetone phosphate; NADH (125 uM), in the sample cuvette
only and a suitable amount of enzyme. Incubation was at 30°C and the
reaction rates were followed by measuring the change in optical density
at 340 nm in a Beckman spectrophotometer (Model DB~G) connected to a
recorder (Photovolt Corp., New York, N.Y¥.). The dihydroxyacetcne

Phosphate was prepared according to the Sigma Chemical Company (Circular

No. 383-1).
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J. Determination of Trehalase (E.C. 3.2.1.28) Activity in the Post-
Mitochondrial Fraction

The CEP was adjusted to 60% with respect to ethanol, stirred for
15 minutes in an ice-bath, and the insoluble material was collected by
centrifugation at 5,900 g for 10 minutes. The precipitate was suspended
in a small volume of'0.005 M Tris-HCl, pH 7.4, and used as the enzymé
source (Ewing, personal communication). The assay was performed accord-
ing to Hill and Sussman (1963). The reaction mixture contained in 8 ml
final volume: 125 mM maleic acid plus 125 mM NaOH, pH 6.5; 14.6 mM
trehalose; and a suitable amount of enzyme preparation. Incubation was
at 40°C and the addition of the enzyme preparation was used to start
the reaction. Samples were taken at various times and the reaction
terminated by boiling the sample for 4 minutes with 1.0 ml of distilled
water (previously boiled for 30 séconds). The heat-treated samples
wexe centrifuged at 3,000 g for 10 minutes and an aliquot of the super-

natant fraction was analyzed for glucose (Somogyi, 1952).

K. Determination of Diguanosine Tetraphosphatase (E.C. 3.6.1.17)
Activity

For the determination of diguanosine tetraphosphatase activity
the CEP was concentrated using a Minicon B 15 macrosolute concentrator
(Amicon Corp.). The assay was performed according to Warner and Finamore
(1965). The reaction mixture contained in 1.5 ml final volume: 107 mM

Tris-HCl, pH 8.0; 2 mM Gp4G; 10 mM MgCl and a suitable amount of the

2'
concentrated CEP. Incubation was at 40°C and the concentrated CEP was

used to start the reaction. The reaction was terminated by boiling an

aliquot of the reaction mixture for 4 minutes.

—
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L. Determination of GTP:GTP Guanvylyltransferase Activity in Yolk
Platelets and Post-Mitochondrial Fraction

The CEP was made 40% with respect to ammonium sulphate and stirred
in an ice-bath for 45 minutes. The insoluble material was collected by
centrifugation at 6,800 g for 10 minutes, suspended in 0.015 M NaCl
containing 0.015 M Tris-HCl, pH 7.4, and dialyzed against the same
buffer for 6 h. Yolk platelets were prepared by cysts homogenized
in a chilled mortar and pestle as described previously, except that
the buffer contained 0.1% Tween 80, and the yolk platelets were sus-
pended in distilled water prior to the enzyme assay. The reaction
shown below was measured according to Warner and Huang (1974):

Gp,G + 32ppi T 2¢3%p-cTR)
Fach reaction mixture contained in 1.5 ml final volume: 1 mM Gp4G; 1 mM
32

PPi (S.A. 2.8=-13.2 x 106 cpm/umole) ; 60 mM TEA-acetic acid, pH 5.75;

10 mM MgClz; 20 mM dithiothreitol; and a suitable amount of enzyme source.

M. Determination of Yolk Protein Scolubility in NaCl and Sensitivity
Towards Trypsin

Yolk platelets for the determination of yolk platelet solubility
in NaCl were isolated as described above. The concentration of yolk
Platelets in these suspensions was determined turbidometricaliy at 500 nm
then adjusted to equal concentrations by the addition of an appropriate
amount of 0.03 M Tris-HCl, pH 7.4. The yolk platelet suspension for C,
E, and R samples were each divided into three equal portions and NaCl
containing 0.03 M Tris~HCl, pH 6.9, was added to each portion to a final
concentration of 0.5, 1.0 and 2.0 molar, respectively. All samples

treated in this way were kept in an ice-bath and shaken periodically.
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Aliquots were taken at various times, centrifuged at 12,000 g for 15
minutes, and the protein content of the supernatant fraction was deter-
mined as described previously.

In an attempt to evaluate whether more than one type of carotenoid-
Protein complex was ﬁresent in the yolk platelet, the carotenoid content
was measured from carotenoid-protein complexes extracted by various NaCl
concentrations. The assumption was made that different NaCl concentra-
tions in the extraction medium would select different carotenoid-protein
complexes that would differ in their carotenoid content. The final NaCl
concentration of the extracting media was 0.5, 1.0 and 2.0 molar, and
each contained 5 mM EDTA and 0.015 M Tris-HCl, pH 6.9. From the result-
ing carotenoid-proteins the carotenoids were extracted by the Bligh and
Dyer (1959) lipid extraction procedure. The quantity of carotenoid in
the complex was measured spectrophotometrically (Beckman DB-G).

In order to determine the sensitivity of yolk platelet protein to
trypsin, equal quantities of yolk platelets were suspended in 0.3 M
sucrose containing 0.03 M potassium phosphate, pH 7.4. Each yolk plate-
let preparation (6.0 ml, 14.0 mg protein/ml for the control and 14.3 mg
Protein/ml for the experimental) was pre-incubated for 5 minutes after
which 21 ug trypsin was added to each preparation and incubated in a
Dubnoff metabolic shaking incubator (Precision Scientific Co.) at 37°C.
Periodically, aliquots were taken and added to centrifuge tubes contain-
ing 13.1 ug ovomucoid (Worthington Biochemical Co.) at 0°C. The tubes
were centrifuged at 6,800 g for 5 minutes and the supernatant fluid was

analyzed for protein without prior delipidation (Lowry et al., 1951).
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N. Determination of Spectral Properties of Various Yolk Platelet
Fractions

In these experiments purified yolk platelets were suspended in
0.03 M Tris-HCl, pH 7.4. Each suspension was divided into two portions:
one portion was made_l M with respect to NaCl by adding the appropriate
amount of 0.03 M Tris-HCl, pH 7.4,.containing 2 M NaCl and the CPpC

extracted for 1 h at 0°C. The second portion was treated with trypsin

_ for 3 h at 37°C (in the manner as outlined previously) and centrifuged

at 7,500 g for 15 minutes. UV-visible spectra were obtained on the
supernatant fluid of each sample using a Beckman recording spectro-
rhotometer (Acta Eii).

The supernatant fraction of each sample was subjected to a
sequential fractionation using ammonium sulphate until the CPC pre-
cipitated. The ammonium sulphate precipitated material was solubil-
ized in either 0.5 M Tris-ECl, pH 7.4, or 0.03 M Tris-HCl, pH 7.4,

and their absorption spectra were determined.

0. Assay for Heat Sensitivity of Homogenate and Carotenoid-Protein
Complex

The total homogenate after filtration as described above was incu-
bated at 45°C in a Dubnoff metabolic shaking incubator in the dark. ~
Aliquots were taken at various times, delipidated and the total caroten-
oids measured spectrophotometrically in chloroform. The CPC from the
Yolk platelets was suspended in 0.03 M Tris-HCl, pH 7.4, containing 2 M
NaCl and incubated in the same manner as the total homogenate. Aliquots
were taken at various times and their UV-visible spectra recording using
A Beckman spectrophotameter (Model DB-G) attached to a 10" Beckman

recorder.
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P. Treatment of Carotenocid-Protein Complex from Yolk Platelets with
Urea

Yolk platelets were treated with 2 M NaCl containing 5 mM EDTA and
the mixture was centrifuged. The CPC in the supernatant was removed and
analyzed spectrophotometrically. The CPC was then made 2 M with respect
to urea by adding an equal volume of 4 M urea, stirred in an ice-bath

for 1 h under N2 and then frozen at -20°C. Before analysis the samples

were thawed, centrifuged at 6,800 g for 15 minutes to remove the

insoluble material and the supernatant fraction analyzed spectrophoto-

metrically.

Q. Extractability of Carotenoids with Various Organic Solvents

The four subcellular fractions were isolated as previously
described. These fractions were extracted with acetone and water until
no pigment was visible in the supernatant fluid after centrifugation
(approximately three extractions). The combined acetone-~water extracts
were pooled and the pigment transferred to petroleum ether (Lee, 1966).
The remaining pigment in the pellet was extracted by the Bligh and Dyer

lipid extraction method as described above.

R. Statistical Analysis

The pooled t-test or unpaired t-test was utilized for the statisti-
cal analysis. The pooled t-test was utilized in these circumstances
since samples were drawn randomly from their respective populations
instead of pairs drawn randomly from a single populaticn as would be‘
the case for the utilization of the paired t-test.

The value of t for the pooled t-test was evaluated by:
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where,?l represents the mean of the first group of samples, ?2

sents the mean of the second group of samples, and sP represents the

repre-

pooled standard deviation and is given by:

2 2
. (n1 - 1) sy + (n2 - 1) s,
P ny + n, - 2

where, ny represents the number of samples in the first group of samples,

2
n2 represents the number of samples in the second group of samples, sl

2
represents the variance of the first group of samples, and s, represents

the variance of the second group of samples.
The results of the statistical analysis were primarily reported at
the 0.05 level of significance but other levels were also reported when

it was felt that their presence would clarify the argument at hand.
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ITI. RESULTS

A. Distribution of Protein, Lipids, Carotenoids and Inorganic
Phosphate

The distribution of protein, lipid, carotenoids and inorganic

) phosphate and the corresponding ratio with protein in the subcellular
fractions was determined for the control, experimental and recovered
embryos. The method of evaluating the distribution of these subcellular
constituents in a particular fraction was to measure the percent of the
total of that constituent in that particular fraction. For each sub-
cellular constituent in a group of embryos the total amount used for
this calculation is derived by summing the amount of the constituent
found in the fractions. The reason for choosing the sum of the fractions
as the total was to minimize the chance of error. If the total homogen-
ate was used as the total in the calculations an error in this value
would result in an error in each of the fractions. If the sum of the
fractions was used as the total amount for each constituent an error in
the value of one subcellular constituent would not result in as large an
Overall error.

1. Distribution of protein among various embryo fractions of
treated and untreated embryos.

The distribution of protein in the three subcellular fractions
in embryos subjected to various periods of anaerocbic conditions is
depicted in Table 1. There is no significant difference between these

Values except for the MRF of the recovered embryos compared to the
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TABLE 1. Distribution of protein among the subcellular fractions of
Artemia embryos exposed to Nz/air for various periods of time.

a Period Under b

Fraction Anoxia/Air Percent of Total

C-TH NIIL, 100.0

C-vyp NIL 54.5+ 9.5

C-MRF NIL 4.3+ 0.8

C~-PMF NIL 41.4 + 9.6

E-TH 1 week under N, 100.0

E-vp » ' 62.3 £+ 2.3 (1)

- E-MRF " 4.8 + 0.9 (1)
E-PMF » 32.6 £ 1.4 (1)
E-TH 2 months under N, 100.0
E-YP " 52.5 & 6.4 (I)
E-MRF " 5.3+ 0.5 (1)
E-PMF " 42.3 £ 6.9 (I)
R-TH 2 months under N3, then . 100.0
R-YP 9.5 h incubation in air 52.2 + 11.8 (I)c
R-MRF' at 30°C 6.1+ 0.8 (S)
R-PMF 41.7 £ 12.6 (I)

a .
A control (washed cysts stored at -20°C) was run with each experimental

group.
control

The control values reported here are the average of all three
values (6). The letter in brackets after the number refers to

the statistical significance. The (I) denotes a value which is not
significantly different from the control value at the 0.05 level of
significance and the (S) denotes a value significantly different from
the control value at the 0.05 level of significance.

b
The total is derived as the sum of the YP, MRF and PMF fractions.

Although this value was significantly different from the control value
at the 0.05 level, it was not at the 0.02 level of significance. Also,
it was not significantly different from the values of the MRF fraction
of the other groups of cysts at the 0.05 level of significance.
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control. In the MRF of the recovered embryos there is a significant
difference at the 0.05 level .but not at the 0.02 level of significance.
Also, this value of the MRF of the recovered embryos is not significantly
different from the other MRF values at the 0.05 level.

From Table 1 it can be seen the majority of the protein of the
embryo is localized in the yolk platelet fraction (from 52 to 63%). The
PMF fraction is responsible for approximately 32 to 42% of the protein

" with the MRF representing approximately 4 to 6% of the total.

2. Distribution of lipid among various embryo fractions of treated
and untreated embryos.

The percent distribution of the lipid in the three subcellular
fractions depicted in Table 2 demonstrates that there is no significant
difference at the 0.05 level of significance as compared to the corres-
ronding control values. Of interest is the lipid to protein ratio of
the total homogenate of the embryos exposed to two months of anaercbio-
sis. Although the value of this ratio is not significantly different at
the 0.05 level of significance from the corresponding control value it
is significantly different from the corresponding lipid to protein
ratios of the other two embryo groups. This discrepancy is primarily
due to the greater variation in the value of the total lipid to total
Protein of the control embryos. With respect to the lipid to protein
ratio the largest is found in the PMF: an approximate 1l:1 ratio. The
Second largest lipid to protein ratio (0.7:1 to 0.95:1) is found in the
MRF. The yolk platelet fraction has the lowest lipid to protein ratio
(0.11:1 to 0.18:1). The average overall lipid to protein ratio of the

embryo, depicted by the total homogenate, is 0.5:1.
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TABLE 2, Distribution of lipid among the subcellular fractions of Artemia
embryos cxposed to Nz/air for various periods of time.

a Period Under b Lipid (mg)/
Fraction Anoxia/Air Percent of Total Protein (mg)
C-TH NIL 100.0 0.53 £ 0.13
C-YP NIL 18.9 + 1,2 0.18 + 0.08
C-MRF NIL 7.8+ 2.6 0.95 + 0.26
C~PMI NIL 73.3 £ 3.6 1.09 £ 0.23
E~TH 1 week under N2 100.0 0.45 + 0.02 (I)
E-YP " 15.8 + 3.0 (I) 0.11 £ 0.02 (I)
E~MRF " 8.9 + 4,5 (I) 0.80 £ 0.23 (I)
E~PMF " 75.3 £+ 7.4 (1) 1.04 + 0.19 (I)
E-TH 2 months under N2 100.0 0.63 + 0.01 (I)d
E-YP " 16.9 £ 2.8 (I) 0.21 £ 0.06 (1)
E~-MRF " 5.9 £ 1.1 (1) 0.70 £ 0.07 (1)
E-PMF " 77.2 £ 1.8 (I) 1.16 £ 0,21 (1)
R-TH 2 months under Nj, 100.0 0.49 £ 0.04 (I)
R-YP then 9.5 h incuba- 14.5 £ 4.1 (1) 0.13 + 0.03 (I)
R~MRF tion in air at 10.1 £ 1.6 (I) 0.80 + 0.16 (1)
R-PMP 30°¢C 75.5 £ 3.5 (I) 0.93 £ 0.32 (I)
a and b

As designated in Table 1.

This ratio for the TH is derived by dividing the sum of the lipid of

the YP, MRF and PMF fractions by the sum of the protein of the YP,

MRF and PMF fractions.

dAlthough this value is not significantly different from the control

value it is significantly different from the other two total homo-
genate, lipid to protein ratios at the 0.05 level of significance.
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Table 2 also demonstrates that approximately 15 to 19% of the
lipid is localized in the yolk platélet fraction with the majority
(approximately 73-77%) localized in the PMF. The MRF represents
approximately'G to 10% of the total lipid in the embryo.

As seen from Tables 1 and 2 there does not seem to be a major
redistribution of the lipid or protein in the embryos due to anaercbio-
sis.

3. Distribution of carotenoids among various embryo fractions of
treated and untreated embryos.

The influence of anaercbic conditions on the distribution of
Ccarotenoids in the encysted gastrulae is shown in Table 3. Here the
data suggest that during anaerobiosis there is a redistribution of the
Carotenoids from the yolk platelet fraction into the other fractions
(MRF and PMF). For example, with increased time under anaerébiosis,
the percent of the total carotenoids represented 5y the yolk platelet
fraction decreases and this is significant at the 0.0l leQel of signifi-
cance. In the control embryos the yolk platelet fraction represents
82.1 £ 10.6% of the total carotenoids, whereas, in the embryos exposed
to anaercbiosis for 1 week or 2 months and in the recerred embryos that
Yolk platelet fraction represents 60.0 * 2.7%, 49.5 * 4.2% and 49.9 *
9.9%, respectively, of the total carotenoids. Of interest is the ocbser-
vation that although the percent of the total carotenoids of the
Yecovered embryos represented by the yolk platelet fraction is not
significantly different from the corresponding value of the two experi-
mental embryos at the 0.05 level of significance it is significantly

different from the control value at the 0.01 level.

L
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TABLE 3. Distribution of carotenoids among the subcellular fractions of Artemia embryos exposed to Nz/air

' for various periods of time.

Period Under b Carotenoids (0.D. 482)/

Fraction® Anoxia/Air Percent of Total Protein (mg)c
C-TH NIL 100.0 0.20 + 0.05
C-YP NIL 82.1 * 10.6 0.30 £ 0.05
C-MRF NIL 0.5 0.5 0.03 * 0.02
C-PMF NIL 17.5 £ 10.4 0.09 £ 0.07
E-TH 1 week under N, 100.0 d 0.35 * 0.03 (s)
E-YP " 60.0 2.7 (8S) 0.34 £ 0.03 (I)
E~MRF " 3.0 £ 0.8 (S). 0.22 £ 0.04 (9)
E-PMF " 37.1 £ 1.7 (s)® 0.40 * 0.04 (S)
E-TH 2 months under N, 100.0 4 0.37 + 0.00 (S)
E-YP " 49.5 & 4.2 (8) 0.35 +* 0.01 (I)
E-MRF " 2.5 0.3 (8) 0.18 £ 0.03 (S)
E-PMF " 48.1 £ 4.0 (9)° 0.43 £ 0.04 (S)
R-TH 2 months under Nj, then 100.0 0.34 £ 0.08 (S)
R-YP 9.5 h incubation in air 49.9t 9.9 (S) 0.32 £ 0.06 (I)
R-MRF at 30°C 3.1 0.1 (S) 0.17 £ 0.01 (S)
R-PMF 47.6 * 9.8 (S) 0.41 * 0.08 (S)
aandb

As designated in Table 1.
CAs designated in Table 2.
drhese values are significantly different from each other
©These values are significantly different from each other

at the 0.10 level of significance.
at the 0.10 level of significance.
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With respect to the carotenoids the response of the PMF with
increased time under anaercbiosis displays a slightly greater difference
than was observed in the YP fraction. With increased time under anaero-
biosis the percent of the total carotenoids represented by the PMF
increases significantly. In the control embryos, the percent of the
total carotenoids represented by the PMF is 17.5 % 10.4%, whereas in the
embryos exposed to anaercbiosis for 1 week or 2 months and in the ‘

‘ recovered embryos, the corresponding values are 37.1 + 1.7%, 48.1 = 4.0%
and 47.6 * 9,8%, respectively. As in the case of the YP fraction the
value for the PMF of the recovered embryos is not significantly differ-
ent from the other two experimental groups at the 0.05 level of signifi-
cance but is significantly different from the control value at the 0.01
level of significance. These changes appear to be due primarily to an
overall increase in the carotenoid content of all fractions of the
exPeriﬁental and recovered embryos as suggested by the carotenoid to
Protein ratio in these fractions.

In all fractions except the ¥YP fraction, the carotenoid to
Protein ratio is significantly greater (at the 0.05 level) in all
embryos exposed to anaerobic conditions as compared to the control.
Among the various yolk platelet fractions there is no significant
difference in the carotenoid to protein ratio (see Table 3). Of
Particular significance is the increase in the carotenoid to protein
ratio of the PMF of the embryos exposed to anaercobic conditions as com-
bPared to the control embryos. Except for the MRF, the PMF showed the
highest increase in this ratio. The large increase in the carotenoid

content of the MRF of embryos exposed to anaercbic conditions may be
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related to the fact that the mitochondria from embryos exposed to anaero-
bic conditions are "stickier" than mitochondria from control embryos.
This quality of the anaerobic mitochondria will be elaborated on in the
discussion. Since the carotenoid to protein ratio of the YP fraction is
relatively large a small contamination of the MRF with yolk platelets
may result in a substantial increase of the carotenoid to protein ratio
of the MRF. This "stickiness" of the anaercobic mitochondria may cause

- a greater adherence of the platelets to the mitochondria and create a
greater contamination than is found in the control embryos. HOWeQer,
increase in the carotenoid to protein ratio of the PMF in the experi~
mental embryos is believed to be attributable primarily to changes in
the PMF itself. 1In the control fraction, the carotenoid to protein ratio
for the PMF is 0.09 * 0.07:1, whereas for treated embryos the ratios were
all around 0.40:1 (see Table 3).

A general increase in the carotenoid content of the embryos
which have experienced anaerqbic conditions can be seen by comparing the
carotenoid to protein ratio in the total homogenates of control and
treated embryos. 1In the control this ratio is 0.20 * 0.05. For the
embryos exposed to anaercbiosis the value increases to 0.37 after 2
months of anaerobiosis and remains near that value even after incubation
in air for 9.5 h. It should be noted that this increase in ratio is
Seen in all embryo fractions. The change in the percent of the total
Carotenoids of the YP and PMF fractions during anaercbiosis can be
explained by an increase in the carotenoid content in the PMF of the
eéxperimental and recovered embryos. Such a condition would reduce the

Percent of the total carotenoid represented by the YP fraction and
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increase the percent of the total represented by the PMF as is seen in

Table 3.

4. Distribution of Pi among various embryo fractions of treated
and untreated embryos.

Nucleotide metabolism is active in Artemia embryos under
anaerobic conditions (Stocco et al., 1972), therefore, an analysis of
the change in distribution, if any, of inorganic phosphate appeared
warranted. Table 4 shows an experiment in which the inorganic phésphate
content of various embryo fractions was analyzed in relation to the pro-
tein content and with respect to the distribution of the Pi among these
fractions. 1In these experiments there appears to be an increase in the
Pi content of the embryos exposed to anaerobic conditions. The Pi to
Protein ratio of the total homogenate fraction from the experimental and
recovered embryos is significantly greater at the 0.05 level than the
Corresponding value of the control embryos. The Pi t§ protein ratio of
the PMF of the embryos exposed to anaerobic conditions for 1 week and 2
months are also significantly different at the 0.05 level from the
Corresponding value of the control embryos. The Pi to protein ratio of
the PMF of the recovered embryos is not significantly different from
the control value nor from the two experimental values (at the 0.05 .
level of significance). However, this apparent lack of correlation
appears to be due to the large deviations of the individual sample
Values used to calculate this ratio. There does not seem to be a
Yelationship between time under anaerobic conditions and Pi content.

The values of the Pi to protein ratio of the total homogenate of the
embryos exposed to 1 week and 2 months of anaerobic conditions are not

Significantly different at even the 0.20 level of significanée. This

oo
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TABLE 4. Distribution of Pi among the subcellular fractions of Artemia embryos exposed to Nz/air

for various periods of time.

Period Under

Pi (nmoles)/

Fraction® Anoxia/Air Percent of Totalb Protein (mg)©
C~-TH NIIL, 100.0 54,5 % 6.9
C-YP NIL 23.3 £ 5.0 2.5 + 10.7
C~-MRF NIL 1.0 £ 0.4 9.4 % 5.3
C-PMF NIL 75.7 £+ 4.8 111.0 £+ 48.7
E-TH 1 week under N2 100.0 4 117.9 & 2.5 (S)
E-YP " 5.8+ 1.2 (8) 11.0 + 2.4 (1)
E-MRF - " 0.3 + 0.3 (I)d 7.7+ 4.6 (I)
E-PMF " 94.4 + 2,2 (S) 340.4 + 26.9 (S)
E-TH 2 months under N2 100.0 4 146.8 + 33.5 (S)
E-YP " 6.7 + 3.1 (8) 18.3 * 6.6 (I)
E-MRF " 0.4 £ 0.4 (I)d 11.5 ¢ 9,1 (1)
E-PMF " 92.8 £ 3.5 (9S) 335.4 + 140.5 (S)
R-TH 2 months under N5, then 100.0 101.4 £ 33.0 (S)
R-YP 9.5 h incubation in air 15.1 + 8.5 (1) 28.1 + 13.4 (1)
R-MRF at 30°C 1.1+ 1.2 (1) 15.4 + 16,6 (I)
R-PMF 83.8 £ 9.8 (I) 231.8 ¥ 159.9 (I)
aand b

As designated in Table 1.

s designated in Table 2,

Although these values are significantly different from the control value they are not
significantly different from the corresponding value of the recovered (R) embryos at

the 0.05 level of significance.

ot
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similarity of values is perhaps due to the large standard deviation of
the value of the ratio of the embryos exposed to 2 months of anaerocbic
conditions (146.8 * 33.5:1). The Pi to protein ratios of the YP and MRF
fractions are not significantly different from the control values at

the 0.05 level of significance. It would seem that the increase in the
Pi to protein ratio of the PMF in the embryos exposed to anaercbic

conditions is responsible for the overall increase of the Pi to prdtein

" ratio of the embryos as evidenced by the Pi to protein ratio of the

total homogenate.

One manifestation of the increased Pi to protein ratio of the
PMF is a significant (0.05 level) increase in the percent total Pi that
is found in the PMF as compared to the PMF of the control embryos. In
the recovered embryos, the percent of the total Pi found in the PMF is
not significantly different from the corresponding control value. At
the 0.05 level of significance, however, this value is also not signifi-
cantly different from the two corresponding values of the experimental
embryos. Such a conditio