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- STRACT Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were used to study the effect

of aqueous, chloroform,, acetone and methanol extracts of Terfezia boudieri on morphological features and ultra-
structures of four isolates including Gram positive and Gram negative bacteria such as Bacillus subtilis and Pseudomonas aeruginosa and
filamentous Aspergillus niger and Candida albicans, where previously showed highly sensitive to these extracts, respectively. Great changes
(aggregation, distortion, elongation, swollen) of morphological features and alteration of ultra- organelles measurements of tested fungal

isolates were reported.

Introduction

From early stages of civilization, desert macro-fungi in forms
of mushrooms and truffles have been used as food and medi-
cine. Originally, these types of organisms were associated
with Mediterranean region and were first recorded as poem
in Egyptian temples as follows:*Without leaves, without buds,
without flowers: yet they from fruit; as a food, as a tonic, as
a medicine: the entire creation is precious. Thus, macro-fungi
were considered as food and medicine for royalty, and that no
normal citizens were allowed to consume this precious food.
During Greek and Roman eras, they were imported from Lib-
ya and sold in southern part of the European continent (Hon-
rubia et al, 2007). In the southern part of African continent,
the nomadic people of Kalahari Desert used truffles for mil-
lennia (Trappe, 1990).

Mushrooms are visible to the naked eye as they grow above
the earth, whereas truffles grow underground in depth be-
tween 5 and 10cm. Truffles are usually collected by specialists
who have special skills and experience to explore this type of
flora. Sometimes, truffle collectors use some animals suchas
pigs and dogs to discover this type of geographical distribu-
tion. This is based on their high sensitivity to the charac-
teristic truffle volatile compounds.mpounds. Traditionally,
mushrooms and truffles are taken as type of precious food
and consumed either raw or cooked. In addition, they have
been also applied as main component of folk medicine. This
was based on the fact that they are rich source for proteins,
amino acids, fatty acids, fiber, minerals, vitamins, terpenoids,
sterols, flavor compounds, and carbohydrates as reported by
many authors (Trappe, 1990 and Kala, 2009).

In general, not all types of macro-fungi are able to grow
in the harsh environmental conditions of desert. The
term“Desert Macro-fungi: Mushrooms and Truffles” is relat-
ed to the nature and distribution of those species which can
grow under arid and semiarid conditions. Thus, the geograph-
ical distribution of desert truffles in Africa and Middle East is
related to countries around the Mediterranean such as Mo-
rocco, Algeria, Tunisia, Libya, Egypt, and Israel in addition to
the countries of the Arabian Peninsula such as Jordan,Syria,
Saudi Arabia, Iraq, Bahrain, and Kuwait. However,some types
of desert truffles were also found in South Africa and Bot-
swana. Generally, the growth of desert truffles requires an
annual rainfall range between 50 and 380 mm.In North Afri-
ca, good yields of truffle are usually obtained if the rainfalls
range between 70 to 120 mm. In addition,the time, quantity,
and distribution of the rainfall play animportant role in the
quality of desert macrofungus growth. For example, to obtain
good truffles in North African and Middle Eastern regions, it
needs to get rainfall no later than the beginning of December
whereas; in southern Europe it should not be later than the
beginning of October (Lu et al., 2004 and Morte et al., 2009).

Nutritional value and chemical content (carbohydrates, organic
fatty and phenolic acids compositions) as well as, antioxidant
activity also the potency of Terfezia boudieri as antimicrobial
activity against several pathogenic bacterial and fungal isolates
and were previously investigated by Mekawey(2014). However,
currently work aim to study the effect of , these extracts of Ter-
fezia boudier ion

ultra - structures and morphological features of the most sensi-
tive bacterial and fungal isolates using transmission and scan-
ning electron microscope.

Materials and methods

Previously, fresh ascocarps of T. boudieri were purchased and
identified in the agriculture research center - Cairo University
in April 2014, Cairo Egypt. Two methods were carried out to ex-
tract the active compounds of 7. boudieri.

A-The collected 7. boudieri fruits were cleaned and cut
into small pieces and dried under shade at room tempera-
ture. The dried material was ground to fine powder using a
mechanical blender and passed through 24 mesh sieves. T.
boudieri powder (100 g) was extracted with 50 mM sodium
phosphate buffer (pH 7.0) at 37°C. The extract was filtered
through cheese cloth to remove the major debris and the fil-
trate was centrifuged at 10,000 rpm for 15 min at 4°C. The
supernatant was considered as crude aqueous extract of 7.
boudieri and stored at 4°C for experimental use (Aldebasi et
al., 2012).

B-Powdered fungus sample (30 g) was extracted with 250
mL of chloroform in a glass beaker for 8 h at 55°C on a hot
plate. The resultant extract was concentrated using a rotary
evaporator at 40°C at low pressure, and the desired phase
was separated from the crude extract with chloroform.
Later, the residue was extracted with acetone followed by
methanol. After extractions were completed, all the semi-
solid extracts were lyophilized and stored at 4°C (Dogan and
Aydin, 2013).

Also, Previously antimicrobial activities of these extracts were
examined their potency as antimicrobial activity against 10
pathogenic bacterial isolates; five Gram-negative bacteria and
the others Gram positive bacteria.nine filamentous fungi and
sex yeast isolates, the results were reported that all the test-
ed bacterial and fungal isolates were affected by 7. boudieri
extracts. In addition, all Gram positive and unicellular fungi
(yeasts) exhibited highest rate of sensitivity to 7. boudieri
aqueous extract while organic solvent extracts had great abil-
ity to inhibit the growth of Gram negative and filamentous
fungi (Mekawey, 2014).However, aqueous extract had high ef-
fective on Bacillus subtilis, as well asPseudomonas aerugino-
sa, AspergillusnigerandCandida albicansshowed high sensitiv-
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ity to chloroform acetone and methanol extracts, respectively
so that all these organisms were recently studies their effec-
tiveness to 7. boudieri extracts under electron microscope.

Scanning Electron Microscopy (SEM):

Blocks of the investigated fungal isolate were prepared and
examined for SEM at the National Research Centre, Dokki,
Cairo, Egypt. Fixation and dehydration procedures were per-
formed using the programmable LEICA EM TP tissue pro-
cessor model (A-1170), where six to eight millimeter squares
of agar with fungal growth were cut from the cultures. The
squares were then fixed by immersion in 2% (w/v) aque-
ous osmium tetroxide (OsO4) at 4°C for 12 h. Fixed material
was allowed to attain at room temperature and then washed
in distilled water (3 times, 10 min each) to remove excess of
0504 (Yamaguchi et al., 1992).

Fixed and washed materials were submerged and dehydrated
through a graded, 10% steps, ethanol series from 10% to 90%
and finally absolute ethanol. Dehydrated specimens were crit-
ical point-dried using pressure bomb. The critical point-dried
specimens were then attached to 0.9 mm diameter copper
stubs using a carbon adhesive. Specimens were gold-coated
(nearly 50 nm thickness) using polar instruments Inc., Doyles-
town, PA with gold then examined using the high-vacuum
mode of a JEOL JSM-35LV Scanning Electron Microscope (El-
Meleigi, 1996).

Transmission Electron Microscopy (TEM):

Onemm?® blocks of tested isolates as control and other treated
with EHP compound were fixed with 3% glutaraldehyde - 1%
paraformaldehyde at 4°C overnight and 1% osmium tetroxide at
4°C for 1hr., embedded in 2% agar, and dehydrated by a graded
series of ethanol. For rapid freezing and freeze-substitution, liv-
ing cells were sandwiched between two copper discs, rapidly fro-
zen by plunging into propane slush in liquid nitrogen (Yamagu-
chi et al,, 1992), and freeze - substituted in acetone containing
2% osmium tetroxide at -80°C for 2 days. For freeze substitution
after glutaraldehyde fixation, cells were fixed in a mixture of 3%
glutaraldehyde and 1% paraformaldehyde in 0.1 M phosphate
buffer (pH 7.4) at room temperature for 30 — 60 min. or at 4 °C
over night.

They are collected by centrifugation, rapidly frozen by propane
slush, and freeze - substituted in acetone containing 2% os-
mium tetroxide at 80°C for 2 days. These differently fixed and
dehydrated samples were them embedded in epoxy resin and
polymerized at 60 °C for 24 hrs. Ultra-thin sections were cut to
a thickness of 70 - 90 nm with a diamond knife on an ultra-mi-
crotome (Leica ultracut S) and mounted on copper grids. They
are stained with uranyl acetate and lead citrate, coated with
plasma - polymerized naphthalene support film and observed
in JEM 12000EX TEM (Jeol, Tokyo) at 80kv at the National Re-
search Centre, Dokki, Cairo, Egypt(Yamaguchiet al., 2005)..
Measurements of microbial isolates morphological features
and their ultra structures were performed by image analysis
software (analysis 2.1) where the mean, minimum and maxi-
mum of 50 measurements for each case were taken.

Results

Study the effect of 1. boudieri extracts on morphological fea-
tures and ultra-structures of many bacterial and fungal iso-
lates are investigated using scanning and transmission elec-
tron microscopes. Bacillus subtilis (Gram positive

bacteria), Pseudomonas aeruginosa (Gram negative bacteria),
Aspergillus niger ( filamentous fungi), and Candida

albicans (unicellular fungi), showed high sensitivity to aque-
ous,
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chloroform, acetone and methanol extracts; respectively

so that all these organisms are subject to SEM & TEM to
study the effect of a T. boudieri extracts on their morphologi-
cal and

their structures.Scanning electron micrographs reveal the
high sensitive of bacterial isolates used to 7. boudieriextracts.
Many changes are detect in cells of Bacillus subtilisand Pseu-
domonas aeruginosa when treated by aqueous and chloro-
form extracts, respectively. Both bacteria isolates are unable
to keep their form, many distortion in shape and their sizes
dimension are reduced, whereas the length and width of nor-
mal cells of Bacillus subtilis measure 1.2X0.6pm and became
0.56X0.29um  after stress effect (Photos 1 “A,B,C,D”). On
contrast, sizes dimension of Pseudomonas aeruginosa are in-
creased from 0.85X0.43 pm to 1.44X 0.64 pm after stress con-
dition (photos 2 “A,B,C,D”). Also very enlarged and tall cells
chains are produced in both bacterial isolates after treatment
with T. boudieri extracts (arrows in photo 1&2 “C,D”).

Transmission electron micrographs revealed many changes in
ultra-structures of Bacillus subtilis and Pseudomonas aerugino-
saunder the same stress such as most of cells became empty;
cell wall became thinner (normal Bacillus subtilis and Pseu-
domonas aeruginosa cells wall measures 110.5 and 162.9 pm in
diameter, respectively and became 67.4 and 76.1 pm in diameter,
respectively after treatment (photos 1 &2 “E, F, G, H”). On the
other hand, separation and shrinking in cell membrane is clearly
observe, and many pigment vacuoles are formed (arrows in pho-
to 1&2 “G,H”).

Similar, scanning electron micrographs reveal the high sensi-
tive of A. niger against acetone extract of I. boudieri (photo
3 “A, B, C, D”). The fungus was able to keep its aspergillate
form but with alteration of all morphological features. How-
ever, conidia increased in diameters from 2.74 to 3.67 pum,
vesicles became distorted and smaller by 11.3 pm. Sterigmata
became shorter in length and swollen whereas different dis-
torted sterigmata shapes were observed; enlarged, slender as
well as diminished. As well as, several changes on the mor-
phological structure of Candida albicans by methanol extract
of T. boudieri can be summarized as, aggregation of C. albi-
cans cells was observed while many distortion was obtained
in many C. albicans cells like unregularly shape, swollen be-
side their number were decreased and pseudo-mycelium was
disappeared. Also, SEM results show the remarkable changes
on the morphological structure of conidia whereas most
of yeast cells were greatly increase in sizes from 3.5X2.75 to
10.27X8.48 (photo 4 “A, B, C, D”).

In the present study, action of 7. boudieri extract on the sub-
cellular organelles of A. niger and C. albicans was investi-
gated using TEM microscopy. The present study declared
that, several changeable and distortions of sub-organelles of
A. niger were obtained under acetone and methanol extracts
of I. boudieri stress. On general, cell wall and cell membrane
were slightly decreased in thickness, on contrast, great reduc-
tions in mitochondria and nucleus diameter was observed.
Photos 3 &4 (“E, F, G, H”) showed that all fungus and yeast
cells parts appeared inside semi-empty and all sub-organs
were distorted in their shape, separation and shrinking of cell
membrane away from cell wall was observed. Oil drops was
appeared and pigment was precipitated around cell mem-
brane. Number of vacuoles was decreased while very large
vacuole was showed. Finally, thick sheath was appeared
around the conidia.
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Photo 1: Electro-micrographs of Bacillus subtilis
A,B: SEM of normal cell (control); C, D: SEM of treated cells with aqueous extract of Terfiziaboudier
E,F: TEM of normal cell (control); G, H: TEM of treated cells with aqueous extract of Zerfiziaboudieri
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Photo 2: Electro-micrographs of Pseudomonas aeruginosa
A,B: SEM of normal cell (control); C, D: SEM of treated cells with chloroform extract of Zerfiziaboudier
E,F: TEM of normal cell (control); G, H: TEM of treated cells with chloroform extract of Terfiziaboudieri

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 39




Research Paper

Volume: 3 | Issue : 12 | December 2014 « ISSN

Photo 3: Electro-micrographs of Aspergillusniger

A,B: SEM of normal cell (control); C, D: SEM of treated cells with acetone extract of Terfizia boudieri

E,F: TEM of normal cell (control); G, H: TEM of treated cells with acetone extract of Terfizia boudieri

* Cell Wall (CW); Cell Membrane (CM);  Transverse Section of Mitochondria (TSM); Longitudinal Section of Mitochondria
(LSM); Nucleus (N); nucleolus (nu); Vacuole (V); Multivesicular Bodies (MvB); Golgi cisternae (Gc); Budding scare (BS);
Endoplasmic Reticulum (ER)
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Photo 4: Electro-micrographs of Candida albicans

A,B: SEM of normal cell (control); C, D: SEM of treated cells with methanol extract of Terfizia boudieri

E,F: TEM of normal cell (control); G, H: TEM of treated cells with methanol extract of Terfizia boudieri* Cell Wall (CW); Cell
Membrane (CM); Transverse Section of Mitochondria (TSM); Longitudinal Section of Mitochondria (LSM); Nucleus (N); nu-
cleolus (nu); Vacuole (V); Multivesicular Bodies (MvB); Golgi cisternae (Gc); Budding scare (BS); Endoplasmic Reticulum
(ER)
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Discussion

The most interesting finding is the detection of no literature
about studying on the action of I. boudieri extracts on the
morphological features and ultra-structures of bacteria and/
or fungi were found to support the present results, thus we can
compared the action of present natural products with action of
previous plants and/or fungi, so that we recommended further
investigation occur to prove mentioned results.

Our results agree with those of Younis et al (2009) reported that-
three edible mushroom strains belonging to family Pleurotaceae
(Pleurotus ostreatus, Pleurotus sajorcaju and Pleurotus eryn-
gii) were assayed in vitro for their antimicrobial activities using
three solvents for extraction including ethanol, methanol and
water from the fruiting bodies of the three Pleurotus speciesa-
gainst twenty fungal species including yeast and filamentous
fungi as well as ten bacterial species including gram positive and
negative bacteria. High affective microorganisms were subject to
SEM and TEM assay and shrinkage of cell membrane and all dis-
tortion of all sub organs were observed.

Also, plant consider nature source can effect against fungal and
bacterial isolates sush as, Kurita et al. (1981) who suggested
that, plant components have fungicidal action on Candida albi-
cans. Plant components, however induced damages causing the
death of a great number of yeasts. Plantago major would seem,
therefore, to be the major agent in yeast degradation. The ac-
tion of plant extract on membranous structure, described by
Moulinet al. (1986) whowho reported that, plant extract compo-
nents might be degraded the components of cell wall, and that
explained the reduction of cell wall of the cells of C. albicans.
These results in accordance with Shraideh et al. (1998) who de-
clared that, ultrastructural modifications were essentially reflect-
ed in the decreased in the number of mitochondria and most of
cytoplasmic membrane distorted in its shape.

Neil and Geoffrey (1995) who reported that pure antifungal com-
pound acts by binding to a specific sterol in cytoplasmic mem-
brane of sensitive fungi, induce excessive permeability of the
plasma membrane allowing leakage of essential molecules. An-
tifungal agent able to react with the bounds in organs and sup-
pressed their functions so that fungal growth was stopped. On
the otherhand, granules formed between cell wall and plasma
membrane as action of components of Hammada elegans these
granules may be lomasomes organs.lomasomes have been recog-
nized in many species of fungi (Kucers et al., 1997).

Research Paper

Conclusions and Future Prospects

Africa and Middle East are very rich regions of unique types of
macro-fungi. Both truffles and mushrooms of this area of the
world produce wide variety of interesting bio-active compounds
of high medical value and were used for millenniumin the treat-
ment of different diseases. The main drawbacks for their applica-
tion in modern medicine and for production in industrial scales
are based on four main facts. First, most of these types of organ-
isms are not cultivablein green house and thus their availability
is seasonal and highly affected by climate change. The second
fact is the wide variability of the bioactive ingredient contents
which arehighly dependent on collection time, procedure, sea-
son, andenvironment. Third, based on the chemical composition
of both of mushrooms and truffles, they have high capacity to
accumulate high concentration of heavy metals and radio active
isotopes. Thus, special consideration should be taken intoac-
countwhen collected from polluted areas. The fourth fact isthe
lack of standard testing protocols to guarantee the qualityand
the efficacy of the fungal product. Thus, more researchis re-
quired to solve the above mentioned problem to increase the use
of wild macro-fungus inmedical applications. This will change in
part the current medical practice using chemically synthesized
compounds of many side effects.

Aldebasi, Y. H; Wael, G; Mounir, M.and Salah, M. (2012): Comparative Pathological Studies on the Healing Effect of Natural (Zerfeziaclaveryi) and

Synthetic (Vigamox) Antimicrobials on Corneal Ulcers in Rabbits. Journal of Pharmaceutical and Biomedical Sciences 2(6): 66-77. | DoXan, H.H.

and Aydin, S. (2013): Determination of antimicrobial effect, antioxidant activity and phenolic contents of desert truffle in turkey. Afr ] Tradit Complement Altern Med. 10(4):52-58. |
El-Meleigi, M, A. (1996): Scanning electron microscope of maize pericarp and associated fungi after treatment with hot mixture of alcohol;e and sodium hypochlorite. J. king. Saud.
Univ. 2(2); 291-304. | Honrubia, M. Morte, A. and Gutierrez, A.(2007): Las Terfezias. Uncultivopara el desarrollo rural en regions ‘aridas y semi- “aridas. Truficultura. Fundamentosy
t’ecnicas, pp. 365-397, Ediciones Mundi-Presna, Madrid, Spain. | Kala“c, P. (2009): Chemical composition and nutritional value of European species of wild growing mushrooms: a
review, Food Chemistry, vol. 113, no. 1, pp. 9-16. | Kucers, A.; Creowe, S.; Grayson, M. and Hoy, J. (1997): The use of antibiotics a clinical review of antibiotics, antifungal and antivi-
ral drugs. Butterworth heinemann, Oxford. | Kurita, N.; Miyaji, M.; Kurane, R. and Takahara, Y.(1981): Antifungal activity of components of essential oils. Agriculture of biological
chemistry 45:945-952. | Lu, Q.Y Sartippour, M.R. and Brooks, M.N. (2004): Ganodermalucidum spore extract inhibits endothelial and breast cancer cells in vitro. Oncol Rep, 12, 659-
662. | Mekawey, A.LM (2014): Biological Properties, Nutraceutical Potential, and Antioxidant Activity of Terfezia Boudieri Chatin a Wild Edible Desert Truffle from Egypt. Egypt. J.
Biotechnol. Vol. 45. | Morte, A. Zamora, M. Gutierrez A., and Honrubia M. (2009): Desert truffle cultivation in semiarid Mediterranean areas. Mycorrhizas-Functional Processes and
Ecological Impact, pp.221-233, Springer, Berlin, Germany. | Moulin, T.; Venot, C. and Regli, PR. (1986): Action of isoconazole against Candida albicans by transmission electron micro-
scope. Pathology Biology 34: 899-907. | Neil, AR. and Geoffrey, M. (1995): The growing fungus. pp.75-98. Chapman & Hall, 2-6 Boundary Row, London SE1, 8HN , UK. | Shraideh, Z.A;
Abu-Elteen, K. and Sallal, A. (1998): Ultrastructural effects of date extract on Candida albicans. Mycopathologia 142 (3): 119-123. | Trappe, J.M. (1990) :Use of truffles and false truffles
around theworld, in Atti Secondo Congresso Internazional esul Tartufo, Spolero, pp. 19-30, Comunit “a Montana deiMontiMartani e del Serano, Spolero, Italy. | Yamaguchi, M; Suzaki,
Y. and Takeo, K. (1992): A support film of plasma - polymerized naphthalene for electron microscopy: methods of preparation and application. J. electron microscopy 41: 7 - 13. |
Yamaguchi, M; Ohkusu, M.; Sameshima, M. and Kawamoto, S (2005): Safe specimen preparation for electron microscopy of pathogenic fungi by freeze — substituation after glutar-
aldehyde fixation. Jpn. J. Med. Mycol. 46: 187 — 192. | Younis, A.M.; Ghazal, EAM.El- Sheikh, H; Mourad, MH, Mekawey, AAI (2009):Antifungal Production From Edible Mushroom. A
THESIS of Bsc.in Microbiology. |

42 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH




