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ABSTRACT
The purpose of this thesis was to investigate the
effect of high temperatures (45 C) on the lipid composition
and ultrastructure of creosotebush leaves (Larrea divaricata
Cav,),

Lipid analyses of field grown plants showed that

heat caused no significant qualitative or quantitative
changes in the phospholipids and monogalactosyl digly
cerides , but heat increased the quantity of the digalactosyl
diglycerides significantly when Compared to plants grown at
25 C.

The specific activity of the galactolipids averaged

1,5 cpm/gram dry weight.
Lipid analysis of the six month old seedlings
showed that heat caused no qualitative change in the phos
pholipids or galactolipids of the 45 C grown plants,
however, heat did reduce the incorporation of sodium acetateinto phospholipids by 75% while it increased the in
corporation into galactolipids by 138%,

The heat treated

seedlings and field plants had large lipid globules in the
chloroplast while 25 C grown plants had fewer globules.
These globules varied from 0.3 to 0,8 microns in diameter y
and were stained darkly in the presence of OsO^.
The labeling experiments with seedlings indicated
that heat induced a reduction of phospholipid synthesis

viii

a,nd stimulated, galactolipid synthesis,

The increased

galactolipid synthesis and .quanity may correlate with
increased numbers of chloroplast lipid globules.

INTRODUCTION
Creosotebush (Larrea diyaricata Cav.) is the domi
nate plant growing over more than 30,000,000 acres of the
hottest and driest intermountain plains of the Mexican
and southwestern American deserts.

It is a remarkable

plant having the capacity to adapt to high temperatures of
40 C which could in part explain the success of the
creosotebush as the most predominate woody perennial of
the southwestern deserts (Duisberg, 1951),

a-

Various hypotheses have used morphological char
acteristics to explain the resistance of the creosotebush to
heat but none appear adequate *

Several investigators have

credited the cuticular resins with the function of reduction
of transpiration (Shantz and Piemeisel, 1924; Spalding, 1909).
Ashby (1932) and Spalding (1904) found the rate of trans
piration unexpectedly high even in bushes having leaves
sticky with resin.

The fairly extensive root system of

the creosotebush was considered partly responsible for its
resistance to heat and drought by some early workers
(Cannon, 1911).

This explanation is doubtful since the

root system is rather similar to those of other species
of angiosperms grown under semiarid condition by Dittmer
(1948)\

Runyon (1934) has observed that under conditions

•
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of extreme- heat and drought the more mature leaves die and
the immature leaves and buds dry out and turn brown.'

When

more favorable conditions exist again the immature leaves
and buds continue to grow.

He suggested that the resistance

to extreme conditions might be related to physiological or
chemical factors.
The objectives of this study were (1) to determine
the effect of high temperatures on the major membrane
lipids of creosotebush leaves, and (2 ) to observe ultrastructural changes of chloroplasts of plants grown under
heat stress,
The ability of an organism to grow under high
temperatures has been reported for bacteria, fungus, and
higher plants and animals.

Several hypotheses have been

devised to explain the mechanisms of heat tolerance.

One

hypothesis suggests that there is a rapid breakdown and
resynthesis of cellular structures. Another suggestion
- •
i:*.
is that the macromolecules such as the DNA and RNA are
more stable.

And lastly, a recent and much studied theory

is that the, membranes are more stable in heat tolerant
organisms.
The young buds which can dry out and then return
to normal growth when more favorable conditions return as
reported by Runyon (1934) may provide an interesting tool
to explain the function of the desert plant and the role

3
the membrane plays in maintaining life under almost im
possible conditions,
Creosotebush grows in two major genetic population
systems in North America, the Chihuahuan Desert and the
Sonoran Desert,

The Sonoran Desert ecotype is less tolerant

to low temperature and is more tolerant for low moisture
(Yang, 19 67),

A comparative study of these two genetic

types may be helpful in determining functions of the mem
brane.

LITERATURE REVIEW
Temperature is one of the' more important environ
mental factors which controls or regulates the growth of
most living organisms.

Creosotebushes (Larrea divaricata

Cav,) can grow and develop under high day temperatures of
40 C and night temperatures of 25 C (Strain and Chase,
1966),

The problem of how the creosotebush as well as

other plants survive at high temperatures has intrigued
investigators for many years and several theories have been
advanced to explain the capacity of these organisms to
exist at high temperatures (Strain and Chase, 1966; Rickard
and Murdock, 1963; Mallery, 1935).

These theories are

discussed below.
Theories.of Heat Tolerance
Breakdown and Resynthesis of
Cellular Structures
After studying the carbohydrate metabolism, res
piration, and nutritional requirements of four groups of
bacterial thermophiles (Bacillus circulans, B.. sphaericus,
B . coagulans, and B. subtilis), Allen (1953) noted that the
cellular constituents of these bacteria were readily de
graded at high temperatures but at the same time the con
stituents were also rapidly resynthesized.

She assumed

that the rate of synthesis of the cellular constituents
continued to increase exponentially with increasing1 tem
peratures until a lethal temperature was reached.

The

decrease in the net growth of the bacteria was due to the
increased degradative reactions occurring above the lethal
temperature„
Thermostability of Macromolecules
The second theory suggests that macromblecules of
the cell such as enzymes and nucleic acids are stable at
high temperatures.

Dowben and Weidenmuller (1968) noted

that several strains of Bacillus subtilis which normally
are mesophilic bacteria, can be adapted to grow at elevated
temperatures by slowly increasing the temperature of incu
bation .

Organisms adapted for growth at 63 C were about

four times larger than organisms grown at 27 C ,

The bac

teria grown at 63 and 27 C contained approximately the same
amounts of DNA and RNA; however, the bacteria grown at 63 C
had more protein than bacteria grown at 27 C.

They sug

gested that cells grown at elevated temperatures produced
more heat resistant enzymes and proteins.
were reported by Campbell (1954),

Similar results

He compared the various

properties of the enzyme a-amylase prepared from a thermo
philic strain of Bacillus stearothermophilus and a meso
philic strain of Bacillus coagulans girown at 35 and 55 C,
The only difference between the enzymes was that the

a-amylase of the thermophilic strain retained its enzymatic
activities at 90 C while the a-amylase of the mesophilic
strain became inactivated at 90 C.
Koffler (1957) suggested that the remarkable heat
stability of proteins from thermophilic bacteria lies in
the relative stability of the molecular structures to main
tain a tertiary structure under heat stress.

He noted that

cytoplasmic proteins from thermophilic Bacillus stearothermophilus were stable when heated at 60 C for
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min.

The nucleic acids of thermophilic and mesophilic
bacteria can be differentiated physiochemically«

Stenesh,

Roe and Snyder (1968) reported that DNA and RNA or three
thermophilic strains of Bacilla had a higher guanine +
cystine content than three mesophilic strains.

He showed

that DNA with a higher G+C content melted at a higher ex
pected temperature than DNA with a lower G+C content,
Zeikus, Taylor and Brock (1970) reported similar results
for ribosomal RNA and transfer RNA of Thermus aquaticus.
They also found that these bacteria were able to synthesize
protein at higher temperatures than mesophilic bacteria
because the cellular RNA contained higher G+C content,
Thermostability of Membrane Lipids
Bacteria and Fungi.

Shen, et al, (1970) reported

that the fatty acid compositions of three mesophilic and
three thermophilic strains of genus Bacillus were

significantly different.

The thermophilies were richer in

the saturated fatty acids with higher melting points.

The

mesophilic strains contained more of the fatty acids having
a lower melting point.

They suggested that the melting

point of these fatty acids could be important in protecting
and maintaining the structural integrity of the membranes
of thermophilic bacteria.

Steim, et al. (1969) noted that

transition temperatures of membranes from Mycoplasma
laidlawii were, higher if the amount of saturated fatty
acids was increased in the membrane.
The relative percent of polar and neutral lipids
of nine thermophilic and nine mesophilic fungi were
examined and compared by Mumma, Sekura and Fergus (1971).
They reported that the polar lipids of the thermophilies
contained considerably more saturated fatty acids with
higher melting points than the corresponding polar lipids
of the mesophiles.

Within the nine thermophilic species

the polar lipids were usually more saturated than the
neutral lipids.

The thermophiles produced higher levels

of saturated fatty acids with higher melting points than
the mesophiles and preferentially incorporated these fatty
acids into their polar lipids.

Because membranes must be

in a liquid^crystalline state to be functional, they sug
gested that the saturated nature of the polar lipids of the
thermophiles would provide for a greater thermostability of

the membranes when the fungus were grown at elevated tem
peratures . At lower temperatures they suggested that‘thermo
philic fungi were unable to produce sufficient quantities
of unsaturated fatty acids to maintain the membrane in a
liquid-crystalline state.
Animal Lipids.

Johnston and Roots. (1964) found

that the fatty acid compositions of brain tissue from
goldfish were affected by temperature.

They reported that

there was a decrease in total amount of lipid in the brain
of goldfish which had been acclimated to higher temperatures.
There was a tendency for the fatty acids to become more
saturated when the acclimation temperature was increased.
They suggested that goldfish have the ability while accli
mating to various temperatures, to regulate the amount of
saturated or unsaturated fatty acids present in the mem
brane of the brain, and thus maintain a specific liquidcrystalline state within the membrane.
Higher Plants.

Ballantine and Forde (1970) sub

jected soybeans to high temperatures.

They reported ,that

the chloroplast lipid content was directly proportional to
the temperature.

As the temperatures were increased the

lipid content also increased.

j

Thermostability of the Membrane
Structure
Daniell, Chappell, and Couch (1969) subjected soy
bean (Glycine max L.) and Elodea canacensi (Michx) leaves
to lethal temperatures by placing the leaf in various tem
peratures of water.

The water temperature was varied in

increments of one degree from 47-57 C.

The heat treated

leaves were prepared for light microscope observation and
examined over a 12 day period.

Ninety percent or more of

the soybean leaf cells showed chloroplast and Vacuole deg
radation at temperatures over 56 C? whereas, Elodea showed
the same symptoms at 53 C or over.

The chloroplast appeared

shrunken and chlorophyll leaked into the cytoplasm.

This

suggested that the action of high temperature was to dis
rupt the membrane.
The effect of lethal temperatures on the chloro
plast ultrastructure has been noted by Ballantine and
Forde (1970) .

They exposed soybean plants to high tem

peratures under low and high light intensities.

The ultra-

structure of the chloroplast at high temperatures and low
light intensities was normal, but plants grown at high
temperatures and high light intensities had decreased grana
organization and decreased amounts of chloroplast lipids.
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General Responses to Heat
There are three other factors that have been re
ported which affect the ability of the plant to tolerate
heat which should be considered.
Age of the Plant

.

Laude (1957) subjected prairie bromegrass to a
high temperature of 54 C for 4-3/4 hour after post
emergence.

During the first week after emergence high

tolerance to heat was observed, but during the following
week there was a rapid decrease in heat tolerance.

He

suggested that this response was probably associated with
the exhaustion of food reserve of the endosperm before
the plants became completely established.

The low tolerance

to heat lasted about two more weeks after which resistance
began to increase.
Weight of Plant
In pine the resistance to heat injury, as de
termined by the respiratory rates, depended on the amount
of bark on the trunk and the amount of transpiration
occurring in the plant.

Shirley (1936) suggested that the

living tissue of the tree is protected from overheating
in direct proportion to the area of light colored insulating
bark.

However, the cooling effect of transpiration was

11
probably the most important-factor involved in the greater
resistance of plants to heat in dry air.
Soil Temperature
KetelTapper

(1960) indicated that soil temperature

has a greater effect on the plant growth than does the air
temperature.

Kurtz (1958) reported that roots of the

creosotebush had their maximum growth at soil temperatures
of 30-35 C .

The growth of creosotebush roots at 20-25 C

was ten times slower than" at 30-35 C.

He implied that there

could be a chemical basis for the high temperature tolerance
of the plant.

METHODS. AND MATERIALS
• Experimental Materials
Seedlings
Creosotebush seeds (Larrea divaricata Cav.) used in
this study were obtained from plants growing in a large lot
between
Arizona.

6

th Street and Broadway on Rosemont Ave., Tuqson,
These seeds were collected at random from several

plants in October, 197 0.

Each seed was removed from its

mericarpel wall by hand. The seeds were* then, rinsed with
distilled water, and
placed on wet filter paperin petri
.

dishes to germinate.

.

When the radicles reached the length

of approximately 25 mm, each germinated seed was trans
ferred into a 9 ounce plastic cup containing soil collected
from the site where the seeds were obtained.

The seedlings

were grown for one week under room conditions until the
seedlings were well established in the soil.
time the first true leaves began to emerge.

During this
The seedlings

were then placed under the following experimental condi
tions:

(1 ) Some of the seedlings were grown under a 16

hour photoperiod with a light intensity of

1 0 0 0

foot candles

(Sylvania gro-lux fluorescent lamps) with a day temperature
of a maximum of 25 Cand a night temperature of
(2) Other seedlings were grown

12

21 C,

under partial sunlight by a,
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south facing window at a constant room temperature of ap
proximately 23 C.

(3) The last group of seedlings were

grown under a light intensity of 1000 foot candles (Sylvania

gro-lux fluorescent lamps) at a day temperature of

45 C and a night temperature of 28 C.

The photoperiod for

45 C grown plants was decreased from 16 hours to

8

hours

as the seedlings could not survive under the long periods
of high temperatures provided by the lights.
Since the seedlings grew very slowly, the leaves .
were not sampled for experimental purposes until

6

months

after germination (i.e., October, 1970 to March, 1971/.
Mature Field Plants
Fully developed leaves were obtained from plants
2.5 meters or taller at a 30 x 30 meter plot located at
7th Street and Mountain Avenue, Tucson, Arizona.
leaves were collected in the month of April, 1971.

The
Tem

peratures during April were ca. 35 C maximum during the
day and 10 C minimum at night.

Two or three branches were

cut from the east side of the plant
ground level.

1

.3 meters from the

The youngest leaves of the small twigs

were a glossy yellow-green color while the older leaves
were dark green.

A second collection was taken from the

same plants in June, 1971, after one week of hot summer
weather when the temperature was 45 C maximum during the
day and 25 C minimum at night.' The leaves were selected
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from the branchesweighed on a double beam balance, frozen
in liquid nitrogen, and lyophilized for 2 days.

Soil-

sample s were determined for water content in April and in
June.

The water content was negligible for both samples

as there was 1.6 in (40 mm) moisture reported January
through June.
Experimental Methods
Lipid Analyses
Total lipids were extracted from an 0.25 g sample
of lyopholized leaf tissue.

The tissue was ground into a

fine powder with a mortar and pestle, and then chloroform:
methanol (1 :1 , v/v) was added to the powder and the grinding
continued.

The homogenate was spun at 5000 xg in a Sorval

RC-2 centrifuge (4 C) using an SS-34 rotor, and the supernatent was poured off and saved.

Half ml of new chloroform:

methanol (1 :1 , v/v) was added to the pellet and the centri
fuge tube shaken on a vortex mixer for 30 sec, then to
resuspend the pellet centrifuged at 5000 xg (4 C).

The

supernatent was added to the previous supernatant.

This

step was repeated three times.

The combined supernatants

were washed three times with 0.9% NaCl (Folch et al.,
1957) ,

After each wash the chloroform:methanol and aqueous

solutions were allowed to separate overnight before the
upper phase of the salt solution was siphoned off and

.

discarded

'

■

1 5

The chloroformsmethanol layer was reduced in

volume by blowing warm air over the surface liquid until
there was only an oily liquid film of lipids remaining and
the solvent had been evaporated„

The lipids were resus

pended in 0,5 m chloroform:methanol (1:1, v/v),
Thin Layer Chromatography
Thin layer plates (250 pm x 20 cm x 10 cm) were
prepared with silic gel G (Merck) containing 20% CaSO^
(gypsum) binder.

Fifty grams of gel, 50 ml ethanol, and

50 ml distilled water were mixed in a 100 ml flask and
shaken by hand for about 5 min.

The gel was then spread

on 20 cm x 10 cm plates with a Camag TLC spreader.

After

drying the plates, one cm of the gel was scraped off each
edge to prevent uneven ascension of the solvents up the
plate.

Commercial plates, silica gel F-254 (EM Reagents),

were also used.

The plates were activated at 120 C for

20 min immediately before use.

The lipids were applied to

the thin layer plate as a line of overlapping spots one
cm from the bottom of the plate; the plate was developed
in an ascending direction in tanks lined with filter paper
to insure a saturated environment inside the tank.

Four

solvent systems were used: hexane:diethyl ether:acetic
acid (70:30:1, v/v/v)

(Dittmer and Wells, 1969)

ethyl acetate ;ethanol (2:1:1, v/v/v).

toluene;

(Appelqvist et al »,

1968); acetone:benzene:water mixture (91:30:8, v/v/v)
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(Pohl and Wagner, .1970); and chloroform:methanol;acetic
acid:water (.65 ;15 ;10 ;4 , v/v/v/v). (Nichols, 1964) „
Phospholipids
Qualitative Analyses.

For separation of the

phospholipids, the thin layer plates were divided into
four

2

cm lanes by scratching a line vertically through

the gel, then an

0 , 0 2

ml aliquot of the lipid extract was

applied to the plate in overlapping spots (about eight
spots/2 cm),

The chromatogram was developed either in

the solvent hexene :diethyl ether :acetic acid (70:30; D-,
v/v/v) or acetone;benzene:water mixture (91:30:8, v/v/v)
(Pohl and Wagner, 1970) for 45-50 min.or until the solvent
front was 150 cm from the origin.
detected by spraying molybdenum

The phospholipids were
blue reagent on the

plates (Dittmer and Wells, 1969) which is specific for
phosphates.

Half of the plate was developed, the other

half was used for quantitative analysis.
Quantitative Analysis, —

Quantitatively total

phosphates were determined by a modification of the method
of Fiske and Subbarow (Dittmer and Wells, 1969) ,

The

phospholipids at the origin of plates developed in hexene:
diethel-ether;acetic acid (70:30:1, v/v/v) were scraped
with a razor blade onto wax paper.

The phospholipids in

the silica powder were then transferred into kjeldahl
flasks and digested over a flame with

0,8

ml concentrated

17
perchloric acid for at least
clear,

10

min or until the mixture was

The flasks were cooled to room temperature ^ad two

ml of water and 0.5 ml of 5% ammonium molybdate reagent
were added to the lipid perchloric acid digest and thoroughly,
mixed.
6

Next 0.4 ml reducing agent (30 g sodium bisulfite,

g sodium sulfite f and 0.5 g 1,2,4’-aminonaphthol sulfonic

acid dissolved in 250 ml distilled water) was added to the
solution and the reaction mixture allowed to stand at room
temperature for 15 min,

The mixture was centrifuged at

2000 x g in a GC-2 type of centrifuge in a swinging bucket
rotor for 5 min in order to pellet the silica gel.

The

supernatent was collected and its absorbance was read on
the Beckman DB-G spectrophotometer at 660 nm.

Standards

of 0,05 micromole KH2 PO 4 and blanks prepared from silica
gel obtained from areas on the plate lacking lipids were
included with each analysis (see Appendix A for the
standard curve).
Galactolipids
Qualitative Analyses.

Galactolipids of the total

lipids extract were separated and analyzed by spotting

0 . 1

ml aliquot of the lipid extract on silica gel G plates
(Merck) as described above.

The lipids were separated in

solvent systems of either (1 ) toluene:ethyl acetate:
ethanol (2:1:1, v/v/v)

(Appelqvist, et al,, 1968),

(2)

chloroform:methanol:acetic acid:water (65:15:10:4, v/v/v/v)

(Nichols, 1964); or (3) acetonesbenzene:water mixture
(91:30:8, v/v/v)

(Pohl and Wagner, 1970).

Better separa

tion of both galactolipids and phospholipids was obtained
by the latter method.

The lipids on the chromatograms

were visualized by applying one or a combination of the
following reagents:

iodine vapor which is used to identify

unsaturated compounds (Mangold and Kammereck, 1962); 50%
sulfuric acid followed by charring at 150 C for 20 min which
is a general method for detecting, most lipids (Randerath,
1963); or 2 ’7'-dichlorflorisein which is used to identify
most of the saturated and u„saturated lipids. Lipids can
be visualized under short wavelength ultraviolet xight
(Mangold and Kammereck, 1962).

Matching undeveloped lanes

were used for quantitative determinations which were
covered during spraying.
Quantitative Analysis.

The monogalactosyl di-

glyceride and digalctodsyl diglyceride bands were scraped
off plates developed in acetone:benzene:water (91:30:8,
v/v/v)

(Pohl and Wagner, 1970).

The lipids in the gels

were collected on wax paper and then transferred to kimex
test tubes.

Quantitative determination of galactolipids

was carried out according to the procedure of Roughan and
Batt (1968)„

One ml of 2% phenol (water:phenol, 1:1, v/v)

was added to the silica powder containing the galactolipids.
Four ml of concentrated sulfuric acid was rapidly added to
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insure proper -heating and mixing.

After allowing the mix

ture to stand at room temperature for 15 min, it was
centrifuged at 2000 x g on a GC-2 type of centrifuge in
a swinging bucket rotor for 5 min in order to pellet the
silica gel.

The supernatent was collected and its ab-

sorbency was read at 480 nm on a Beckman DB-G spectro
photometer,

The standard used in this analysis was d (+)

galactose (150 jam) in 100 ml 2% phenol.

Blanks were pre

pared from silica gel obtained from an area on the plate
lacking lipids.

A standard and a blank were included with

each analysis (see Appendix B for the standard curve).
Sodium Acetate
and Incorporation

Uptake

Isotope-Treatment of Tissue.
Leaves Floated on the Isotope Solution, —

Approxi

mately 30 leaflets were harvested from each of the following
heat treated and untreated plants;

(a) mature field plants

growing at 45 C, (b) a seedling growing at 45 C, and a
seedling growing at 25 C.
floated on

2

Each group of leaflets were

ml aqueous solution containing

2

microcuries

sodium acetate 1,2-"*"^Carbon (New England Nuclear 0,05
millicuries specific activity).
to take up the isotope for

6

The leaves were allowed

hours.

Parafilm was placed

over the top of the beakers to eliminate excessive evapora
tion.
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Isotope Taken up through Stem to the Isotope Solu
tion, -- A small.stem having approximately 30 leaflets was
obtained from either (1) a field plant grown at 45 C,.
(2) a seedling grown at 45 C, or (3) a seedling grown at
25 C,

Each stem was placed in a 5 ml vial containing 1 ml

aqueous solution of 1 microcurie sodium acetate-1 ,2 14 carbon. The stems were exposed to the isotope for
hours.

6

Parafilm was placed around the stems in order to

eliminate excessive evaporation.

When required, distilled

water was added to the vials in order to keep the water
level at

1

ml,

Counting the Radioactivity.

After the initial up

take of radioactive acetate, the leaves were washed with
distilled water.

The leaves on the stem were stripped

by hand with gloves.
and lyophilized.

Each group of leaves were weighed

Lipids were extracted and the lipids

were separated by thin layer chromatography as previously
stated.

The bands where detected by iodine vapor and then

scraped off the plate with a razor blade, crushed to a
fine mixed powder, transferred to planchets as a fine
layer having infinite thickness (Chase and Rabinowitz,
1962) and counted in a thin-window Geiger-Muller gas flow
counter (Nuclear-Chicago).

The powder was collected from

the planchets and quantitative tests were made for the
galactolipids.
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Electron Microscopy
Blocks of tissue 0.5. mm by 0.5 mm were obtained
from the growth chamber seedlings and field grown plants
at temperatures of 25 and 45 C respectively'.

Tissue blocks

were fixed in 1.5% glutaraldehyde in 0.1 M phosphate
buffer, pH 7,2 (4 C) for 4-6 hours.

The tissue was washed

in the same buffer without glutaraldyhyde three times over
a three hour period.

The specimens.were postfixed for

3 hours in 1.0% OsO^ in 0.1 M phosphate buffer.

The sam

ples were then dehydrated in an acetone series.

Tissue

was stained in
hour.

1

% uranyl nitrate in 70% acetone for one

After completion of dehydration, the specimens

were embedded in marglass, hard mixture (17,5 g marglass,
6

g carbolite, 0.5 ml BDMA),

A Porter-Blum MT-2 microtome

with glass knives was used to section the tissue.

The

sections were picked up on uncoated 600 mesh grids.

Just

prior to examination with the Phillips 200 electron micro
scope, the sections were post-stained for
lead citrate (Reynolds, 1963).

minutes with

Other fixation methods

were attempted but without success.
6

1 0

Glutaralcehyde at

% or 3% in cacidillic buffer at 7,2 pH were tried but

results were poor,
Statistical Methods
The statistical treatment of the data in this
thesis was performed by the t test which compares two

J

.

,

■
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groups to determine whether they are significantly different. *
This test makes use of the formula (Snedecor, 1954),

in which x designates the differences between the mean of
the values of the 25 C grown plant and that of the 45 C
grown plant, n is the number of observations within each
group, and Sx

is the sum of the squares of the deviations

of individual measurements of 25 C and 45 C grown plants,
from mean values.

The resulting t values are then converted

to the corresponding

value from statistical tables.

The

p value indicates the probability of obtaining an experi
mental value which differs from the control values by a
greater amount than in the preceeding experiments, by pure
chance alone.

In this thesis a £ value of 5% or less is

considered significant.

RESULTS
Morphology of the Seedling
and Mature Plant
High temperatures of 45 C produced noticeable
effects on the morphology of creosotebush seedlings.
After

6

months the seedlings which were grown at 25 C f

under

1 0 0 0

foot candles of light, and with a photoperiod

of 16 hours were approximately 10-12 cm in height.
were healthy and dark green.

Leaves

Leaf size varied, intery

nodual lengths were 3-8 mm, and branching was frequent.
Seedlings grown at 45 C under 1000 foot candles of light
with an

8

hour photoperiod were 8-10 cm in height,

The

leaf morphology of the 45 C grown seedlings was similar
to the leaves of seedlings, grown, at 25 C, but the 45 C
seedlings had a longer internodual length of 12-15 mm and
had little or no branching (Fig. 1).

Only about 50% of

the seedlings grown at 45 C survived,
Phospholipids
Qualitative Analyses of Field
Grown Plants
The lipids extracted from leaves of field plants
grown at 25 C and 45 C temperatures were separated by thin
layer chromatography in several solvent systems and
23
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Fig. 1. Six month old creosotebush seedlings grown
under 1000 foot candles fluorescent lighting.
Plant A was grown at 25 C and had characteristic branching
and short internodal space. Plant B was grown at 45 C and
had little branching and long internodal space.
(x 0.32)
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identified with one or more reagents.

Both 25 and 45 C

degree treatments consistently produced identical lipid
bands on the TLC plates.

Visual inspection (Figs, 2-3) gave

no clue as to any quantitative differences in amounts of '
lipid present and also indicated that no particular lipid
compound or lipid class was absent in either treatment„
In plates developed with acetonejbenzene;water (91:30:8,
v/v/v)

(Pohl and Wagner, 1970) or chloroform:methanol;

acetic acid:water (65:15:10:4, v/v/v/v)

(Nichols, 1964)

the phospholipid bands were faint but distinct on all of
the chromatograms„

f„

Qualitative Analyses of Seedlings
Lipids extracted from leaf tissue of seedlings
grown at 25 C and 45 C were run on TLC plates in the same
solvent system as for field plants as described above.
Lipid bands were identical from tissue grown at 25 and 45 C
temperature treatments.

There appeared to be no difference

between the number and the class of lipid bands from
seedlings and field grown plants.

Since there was limited

leaf tissue of the seedlings available only two runs were
made of each temperature treatment.
Quantitative Analyses of Field
Grown Plants
A summary of the quantitative amounts of the phos
pholipids of mature field plants is shown in Table 1.
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Solvent Front
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25C TRE ATM EN T

45 C TREATMENT

Fig, 2. Diagram of the typical thin-layer chromato
gram showing separation of the total lipid extracted from
lyopholized creosotebush leaves into seven fractions.
Solvent: acetone:benzene:water (91:30:1) (Pohl and Wagner,
1970). Visualization: H 2 SO4 . Identity of the components:
1 . neutral lipids and pigments;
2 . monogalactosy 1
di
glycerides; 3. digalactosyl diglyceride; 4. phosphatydyl
ethanolamine; 5. phosphatidyl glycerol; 6 . phosphatidyl
choline.

27
Solvent Front

Origin
25C TREATMENT

4 5 C TREA TM ENT

Fig. 3. Diagram of the typical thin-layer chromato
gram showing the separation of the total lipid extract from
lyopholized creosotebush leaves into five fractions.
Solvent: chloroformimethanol:acetic acid:water (65:15:
10:4) (Nichols, 1964). Visualization:H 2 SO4 , Identity
of components: 1 . neutral lipids and pigments; 2 . phosphatic
acid; 3 . phosphatidyl ethanolamine and phosphatidyl glyceral;
4 . digalctosyl diglyceride and phosphatidyl choline.
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Table 1,

The effect of heat on the total phospholipids
on field grown plants.

Plant

Temperature

pm phosphate/gram DW

Mature
field plant

25 C

1.56 ± 0 . 3

Mature
field plant

45 C

1,48 ± 0.3*

*Not significant at the 0.05 level.

These lipids were separated on plates run in hexene;
diethyl-ether:acetic acid, (70:30:1, v/v/v).

A minimum of

eight estimations were used at each temperature,

At 25 C,

total phospholipids averaged 1.56 ± 0.3 micromoles/gram
dry weight; at higher-temperatures of 45 C they averaged
1,48 ± 0.3 micromoles/gram dry weight.

These values were

not significantly different at the 5% level as determined
by the t test *
Galactolipids
Qualitative Analyses of Field
Grown Plants
The lipid extracts from field plant leaves grown
at 25 and 45 C temperatures were run on thin layer chroma
tography in a solvent system of acetone:benzene:water
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(91:30; 1 f v/v/v)

(Pohl and Wagner , 1970)

(Fig. 2).

No

qualitative differences in number or position of the lipid
bands could be detected between plants grown at 25 or 45 C.
Qualitative Analyses of Seedlings
The lipid extracts from seedling leaves harvested
at 25 and 45 C temperatures were run on silica gel thin
layer plates in the same solvent system used for field
plants (Fig. 2),

No qualitative differences were detected

between the two heat treatments,
Quantitative Analyses of Field
Grown Plants
Quantitative analysis of galactolipids is shown on
Table 2.

A minimum of four estimations were used at each

temperature.

Leaves of mature'field plants grown at 25 C

contained 0.62 ± 0.082 micromoles/gram dry weight of monogalactosyl diglyceride and plants grown at 45 C had 0,68 +
0.082 micromoles/gram dry weight.

These values are hot

significantly different from each other at the 5% level as
determined by the t test.

The digalactosyl diglyceride

concentrations for plants grown at 25 C was 0.55 ±0,047
micromoles/gram dry weight and 0,71 ± 0,047 micromoles/gram
dry weight of plants grown at 45 C.. :This difference was
significant at the 0.05% level for the t test.
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The effect of heat'on the mono- and digalactosyl
diglycerides from heat treated and control field
grown plants grown at the temperature treatment
for one week and from six month seedlings grown
at the temperature treatment for five months.

Temperature

Plant
Mature
field plant

25 C

Mature
field plant

45 C *

Monogalactosyl
Diglyceride
pm/gram DW

Digalactosyl
Diglyceride
pm/gram DW

0,62+0.082

0.55 +0. 047a,b

0.68+0.082

0.71 +0. 0 4 7 ^
o
CO
Q

Table 2.
•

•

Seedlings

25 C

0.82

Seedlings

45 C

0.69

.

0.50C

^Significant at the 5% level.
The average of at least four analyses.
cThe amount found in one analysis.

Quantitative Analysis of Seedlings
Only one estimation for quantitative determination
of galactolipids was made for seedlings grown at 25 and
45 C degrees because of lack of available material.

Seed-;

lings grown at 25 C contained 0,82 micromoles/gram dry
weight monogalactosyl diglyceride while those grown at
45 C had 0.69 micromoles/gram dry weight.

The digalactosyl
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di.glyceri.de concentration for seedlings grown at 25 C was
0,84 micromoles/gram dry weight and 0,50 micromoles/gram
dry weight for seedlings at 45 C (Table 2),

This data

seems to indicate that there is more of both galactolipids
in seedlings grown at 25 C than in seedlings grown at 45 C.
Sodium Acetate C~^ Incorporation
and Uptake
Phospholipids
The incorporation of sodium acetate

into

phosphatidyl ethanolamine, phosphatidyl"glycerol and phos- •
phatidyl choline was reduced by 75, 92, ,and 97 percent
respectively when seedlings grown at 45 C were compared to
those seedlings grown at 25 C which took the isotope up
through the stem (Table 3).

When the isotope was taken

up through the leaves of the seedlings, incorporation
into the phosphatidyl ethanolamine and phosphytidyl choline
was decreased by 52 and

8

percent, while the incorporation

into the phosphatidyl glycerol was increased by 228%.
Galactolipids
At 45 C temperatures, the incorporation of sodium
acetate C 14 into monogalactosyl diglyceride was increased
by 444%, but there was a 27% decrease of sodium'acetate
C 1 4 incorporation into the digalactosyl diglyceride when
the isotope was taken up by the stem (Table 4).

When the

Table 3.

The effect of heat on the incorporation of sodium acetate C14 in the
phosphatidyl ethanolamine (PE), phosphatidyl glycerol (PG), and phos
phatidyl choline (PC) lipids. — The tissue was treated for 6 hours
by exposing the stem to the isotope or by floating the excised leaves
on the isotope.

Temperature

Stem

Leaf

CPM X 103
PG
Stem
Leaf

6 month
seedling

25 C

105.7

6.5

19.5

6 month
seedling

45 C

2. 6

3.4

1 . 6

Mature
field plant

45 C

40.1

3,9

1 0 , 2

PE
Plant

PC
Stem

Leaf

2.4

83.8

4.3

5.5

2.3

1,3

1 . 1

.

2 1 . 2

2.2
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Table 4.

Plant

The effect of heat on the incorporation of sodium
acetate
into monogalactosyl diglyceri&es and
digalactosyl diglycerides of creosotebush. grown
for 6 months at 25 and 45 C , — The tissue was
treated for 6 hours by exposing the stem to the
isotope or by floating the excised leaves on the
isotope.

Temperature

Seedling
Seedling
Mature
field
plant

25 C
•

45 C

•’

45 C

O
CPM X 1 0
yg/lipid/g dry weight
Monogalactosyl
Digalactosyl
Diglyceride
Diglyceride
Stem
Leaf
Stem
Leaf
1.04

2.16

8.78

2.84

4.40.

2.95

.2.36

4.20

0,91

1.50

2,35

1,37

isotope was taken up through the leaf the 45 C temperatures
caused a 138 and 147 percent increase in the incorporation
of sodium acetate into the mono- and digalactosyl diglycer
ide respectively„

Although not a true comparison, the

incorporation of sodium acetate

into the mono- and

digalactosyl diglyceride was decreased in mature plants
grown at 45 C as compared to seedlings grown at 25 or 45 C"
temperatures (Table 4).

This may have been caused by the

lack of water available for the field grown plants.
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Ultrastructure
Chloroplasts of creosotebush have not been described
in literature.

They appear to be typical grana containing

chloroplasts with an outer envelope.

The chloroplasts

from seedlings and field plants grown at 25 and 45 C de
grees were well developed and contained organized grana
with little or no swelling (Figs. 4 and 5).

Chloroplasts

contained grana.typically composed of two or more stacks
with at least two thylakoids appressed together.
In the chloroplasts of seedlings and field plants
there were two sizes of lipid bodies.

Typica,lly the

smaller bodies stained darker with the osmium than the
larger bodies (Figs„ 5 and

6

).

Chloroplasts of plants

grown at 45 C (Figs, 4 and

6

) contained more of the larger

lipid bodies than plants grown at 25 C (Figs, 5 and

7),

Greenwood, Leech and Williams (1963) described the smaller
bodies as osmiophilic globules varying in size (1 0 0 5000 A) and being electron dense.

Lichtenthaler (1966)

describes the bodies as plastiglobules which contain lipids.
Other cellular structures such as the endoplasmic
reticulum, nucleus, nucleolus, and mitochondria appeared
to look normal in both the 25 and 45 C temperature treat
ments ,

Creosotebush cells seem to have larger vacuoles

than other types of leaf tissue, causing only a thin band
of cytoplasm by the cell wall (Figs. 4 and 7),
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Fig. 4. Chloroplasts from leaf section of a 45 C
field grown creosotebush plant fixed in 1 % OSO4 .
The lipid bodies (LB) are lightly to darkly stained.
(G) grana; (CW) cell wall.
(x 22,000)
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Fig. 5. Chloroplasts from leaf section of creosotebush grown at 25 C under sunlight fixed in 1% OsO^.
o
These chloroplasts have small lipid bodies less than 30 0 A.
(x 18,461)
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Fig. 6 . Chloroplasts of leaf tissue from creosotebush grown at 45 C under 1000 foot candles fluorescent
lighting fixed in OsO^.
Typically, these chloroplasts have both small lipid bodies
(LB) which stain darkly and large lipid bodies as well as
starch granules.
(x 16,000)

38

Fig. 7. Chloroplasts of leaf tissue from creosotebush grown at 25 C under 1000 foot candles fluorescent
lighting fixed in OsO^.
Characteristically these chloroplasts have small lipid
bodies (LB) which are few in number, and large starch
granules (S). (x 36,114)

DISCUSSION
Morphology
The morphology of creosotebush seedlings grown for
6

months at 25 and 45 C temperatures, was compared.

seedlings were grown under
tensity,

1 0 0 0

The

foot candles of light in

Seedlings grown at 45 C temperatures were 2-3 cm

shorter, had longer internodal spaces, and had less
branching than seedlings grown at 25 C.

It would appear

that heat had a strong influence on the apical meristem
which is an important factor in the control of leaf and
branch primordia (Esau, 1964).

Since the 45 C grown

seedlings were shorter it may be that the apical meristem
is less active.

Heat also seems to influence the ability

of the meristematic cells to differentiate into leaves
and branches which may be due to a change in the enzymes
or hormones.

■

The morphology of the field plants grown at 25 and
45 C temperatures was also compared.

The morphology of

the new growth was not influenced by the higher tempera
tures .

Heat did not prevent branching as was the case

for seedlings,

Perhaps the transpiration produced a cooling

effect which allowed the mature plant to branch in a normal
manner.
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Lipids
It is possible that the types of membrane lipids
found in creosotebush is a factor which provides a sta
bility to the membrane, giving it resistance to high tem
peratures .

Several workers have shown a correlation

between the kind of lipid content in the membrane and its
ability to withstand high temperatures„

Fungi that are

able to grow at high temperatures have membranes which
contain large amounts of saturated lipids (Mumma, Sekura
and Fergus, 1971),

Goldfish which had been acclimated to

high temperatures also have been shown to contain an in
creased amount of saturated fatty acid in the brain tissue
(Johnston and -Roots, 1964),

When Mycroplama laidlawii

were grown in nutrients supplemented with a saturated
fatty acid, the transitional temperature of the membrane
(which contains a high percentage of phospholipids) was
raised allowing the organism to survive at higher tem
peratures (Steim et al., 1969),
Since the creosotebush can withstand high tem
peratures, we asked the questions, (1 ) do the lipids of
the membrane differ in phosphotidic acid content, and (2 )
do the lipids of the membrane have higher saturated fattyacids in the seedlings grown at 45 C temperature treat
ments when compared to seedlings grown at 25 C temperature
treatments, We would ekpect to find an increase in the
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saturated membrane lipids such as the phospholipids (Mumma,
Secura and Fergus, 1971; Ballantine and Forde, 1970),

We

found no differences in quantity of the total phospholipids
between the two temperature treatments.

We would also

expect a decrease.in galactolipids which we assume to con
tain unsaturated fatty acids such as linoliec and linolinic
acid (Rosenburg, 1967) but in our results we found the
content of monogalactosyl diglycerides were not increased
and the digalactosyl diglycerides were significantly in
creased.

We were not able, however, to determine the com- •

position of the fatty acid chains from the galactolipids
because we did not have access to the equipment needed for
these analyses.

The theory that the types of membrane

lipids found in the creosotebush provide a stability to the
membrane giving the plant resistance to high temperatures
does not adequately explain the data reported here.
Another hypothesis which may explain the galactolipid data better was suggested by Allen (1953) who indi
cated as heat was increased during growth of microorganisms,
the synthesis and degradation of cellular constituents were
both increased. We found that the specific activity of
galactolipids was increased during heat stress (Table 4),
The galactolipids which are constituents of the chloroplast
may be sensitive to heat and need to.be replaced rapidly
during heat stress.

The enzyme system responsible for
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synthesis of galactolipids may be heat stable, or the en
zyme system may be activated by heat causing the increased
galactolipid production.

It is also possible that the

digalactosyl diglyceride and monogalactosyl diglyceride
are easily converted and interchanged which would be an
explanation of the variation of sodium acetate

uptake.

The phospholipid data does not appear to fit Allen's
theory, as the specific activity of the phospholipid uptake
was decreased for 45 C grown seedlings as compared to 25 C
seedlings (Table 1),

It is possible that the phospho

lipids, which are constituents of membranes throughout
the plant's cell walls, are not as sensitive to heat as the
galactolipids which are specific to the chloroplast mem
brane,

One of several things may be taking place.

If

heat does not affect the phospholipids by breaking them
down, an increase in synthesis would not be necessary.
Also, the enzyme system responsible for the synthesis of
phospholipids may be heat sensitive and thus there would
be less sodium acetate C"^ incorporation during heat
stress.
Heat appeared to cause accumulation of large lipid
o
.bodies (300-800 A) in the chloroplast of the 45 C degree
grown plants (Figs. 4 and
poration of sodium acetate

6

),

In correlating the incor
and the quantitative

galactolipid data we can infer that one of several things
may be happening. . (1) Heat may cause an increase in the
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synthesis of the galactolipids (Table 4) thereby causing
an accumulation of digalactosyl diglyceride.

These newly

synthesized lipids may then be incorporated into the lipid
bodies which were observed to accumulate in the chloroplast
under heat stress (Figs. 4. and

6

).

(2) Heat causes any

increased production of the digalactosyl diglycerides but
may have nothing to do with the.accumulation of the lipid
bodies in the chloroplast.

-

The increase of lipid bodies

may be due to high light intensities from sunlight.

Alr'

though it was difficult to judge the effect of fluorescent
light and sunlight on creosotebush tissue because of a
lack of serial sections f work done on other types of plant
tissue indicates that there is an increase in lipid bodies
when light intensities are increased (Ballentine and Forde,
1970).

(3) Heat may cause a breakdown of other cellular

constituents which then are resynthesized to form galacto
lipids.

These galactolipids could become part of the lipid

storage bodies in the chloroplast.

Greenwood, Leech and

Williams (1963) noted that osmiophilic bodies which are
found between lamellea in Vicia faba L. have galactolipids.
Additional research is needed to verify the composition
of these bodies, and to determine if other metabolic path-.
ways are synthesizing products at a faster rate during
heat stress,

Technical Problems
Separation of all the lipid classes by thin layer
chromatography has been difficult to perform (Nichols,
1964; Freeman and West, .1966) .

In this study three solvent

systems were used in order to give good separation of the
lipids.

Quantitative analyses were made on each band from

the solvent which most clearly separated the desired
individual lipid from the other lipids„
Another problem was to find the best way to get
consistent uptake of sodium acetate C"*"^ into the creosotebush tissue.

Both methods

.sed gave inconsistent results.

The variation of the uptake of the isotope by the stem
could have been (1 ) because the amount of sodium acetate
taken up by the stems may depend on the number of jcylum
vessels in the cut stem, or (2 ) when the isotope is taken
up by the stem the leaf cells adjacent to the xylem vessels
I

,

may be challenged with the isotope more than the cells
which are further away from the vessels.

Consequently

the cells of the leaf would incorporate sodium, acetate
C 1 4 in a nonuniform manner.

The variation of the uptake

of the isotope by the leaves may be caused by (1 ) the
thickness of the cutical which would limit the movement of
the isotope, or (2 ) the metabolism of the excised leaves
may not,be uniform throughout the leaf.

Because of this
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variation the isotope would not enter each of the cells
equally resulting in a variation in the synthesis of the
lipids.

;
This variation of isotope uptake has been noted by

Appleqvist et al. (1968).

They reported that a larger

portion of labeled acetate was incorporated into the
phosphotidyl inositol and choline in tissue slices as com
pared to tissue which was dipped into acetate solution or
whole leaves which were floated on the acetate solution.
Although there was variation in the amount of sodium
14
acetate C
the trend of isotope incorporation was increased
for the galactolipids (Table 4), and decreased for the
phospholipids (Table 3) with only one figure from each
analysis diverging from the trend of incorporation.

APPENDIX A
STANDARD CURVE FOR PHOSPHATES
One tenth micromole KH 2 PO 4 per ml HgO was used
as a standard solution.
as explained in the text.

Phosphate determinations were made
The absorbance was read on the

Beckman DB-G spectrophotometer at 660 nm.
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APPENDIX B
STANDARD CURVE FOR GALACTOLIPIDS
Fifteen micromoles d (+) galactose per ml 2%
phenol solution was used as a standard.

Galactose determina

tions were carried out as explained in the text.

The ab

sorbance was read on the Beckman DB-G spectrophotometer at
480 nm.
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