CHAPTER I

LITERATURE REVIEWS

1. Endophytic Fungi
1.1 Definition of Endophyte
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Fungal €ndophytes live intgrnally, either intercellularly g& intracellularly,
and asym )ﬁeﬂxﬂﬁ ﬁg ﬂmﬁg@]wﬁhin plant
tissues. En ytes usually occur in aboveground plant tissues, but also occasionally
in roots, and are distinguished from mycorrhizal by lacking external hyphae or
mantles (12). They have long been known in grasses, and more recently, their
occurrence in a variety of woody plants has also been reported. They have been
found in virtually any host plant investigated, usually by rigorous surface sterilization
of leaf or stem samples and subsequent incubation of the samples in nutrient media.

With appropriate clearing and staining techniques endophytic hyphae can often be



demonstrated visually within plant tissue. Endophytic infection frequencies can vary
from rare to 100% depending on the size of the sample and its provenance. Carroll
and Petrini have shown that climate and density of vegetation probably serve as
important determinants of infection frequency (13).

Grass endophytes, such as Neotyphodium, are generally thought to form
systemic infections throughout the host, although mycelial biomass may be unevenly
distributed within plants. However, few systemic endophyte-grass associations have
been studied intensively for within-plant distribution. In Neotyphodium-infected
Arizona fescue plants, for example, mfe‘;hﬁy individual tillers is variable, ranging
from 10% to 100%. Even in th;ﬁntenswely Neotyphodium-infected cultivars
of tall fescue and perenmalqegass unniecteame often produced by infected
) ysteml::m%ns within plants (14).

oody plants are usually highly localized

plants, which suggests less
Infections by e

within leaves, petioles, 5. :E'Isotyever under certain conditions, such as

_1zed
nq:’lo r ap y because the infections become

et tzT oa v too little is known about

asstitie TiA nsystemic. Likewise, little is
s :-.ev
known about nonsystemic endOphyﬂc In s in grasses because virtually all

'llr <

studies have focused onlsystemlc endbphj?tes ﬁb‘-wever, a [ecent study indicates that

when leaves age or s ections can become more widespread,

although the term endop
external. Nevertheless, P

endophytes of woody plants

-§k
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may be as diverse and al:ywdant as those found in woody ﬂpnts (12).
Research on sgemes composmon of endophyte communities of several
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the tissues of a §ingle host specnes after surface sterilization (15) Endophytic
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species can be detected between young and old individuals of the same host. Higher

colonization rates by endophytic fungi can be observed for samples from
homogeneous stands with closed canopy. There may be a correlation between
elevation above sea level and/or humidity and moisture and infection by a given
endophyte. In general, a correlation between increase in species richness and/or
frequency of colonization and the age of the tissues has been demonstrated. Usually,

distinct endophyte communities characterize leaf samples of different age classes.



Changes in diversity of the endophytic associations are mostly correlated with the
differential distribution of some species in young versus old leaves. There is a
tendency for a marked increase of overall colonization rates and changes in species
diversity with increasing height of the canopy; no significant differences, on the other
hand, have been found for leaf and twig samples taken from different compass
directions on the same tree (16).

Studies on seasonal changes of the endophyte populations and
communities have yielded partially contrasting results. In 1984, Widler and Muller
described a seasonal pattern in the oa{, some endophytes of Arctostaphylos
uva-ursi (L.) Sprengle, but the %ﬂ mdergos onal variation were never host-
specific, frequently observed.ﬁxa—ln 1987, ﬁﬁaﬂd Hugentobler detected no
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increasingly. Endophytic fungi 1§01&1§d from-he3
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4 - hexenyl) benzofuran, show toxicity to spruce budworm (Christoneura fumifercina
Clem.) cells, and 5 — hydroxy — 2 - (1’ — oxo0 - 5° —methyl - 4* - hexenyl) benzofuran
is also toxic to the larvae (21). Endophytes which produce secondary metabolites
toxic to animals confer a selective advantage on their plant hosts by preventing
grazing or insect attack. Members of the Hypocreales related to the ergot fungus are

found in some grasses where they produce alkaloids that deter insect attack. The



weed known as darnel is the grass Lolium temulentum infected by a toxin-producing
fungal endophyte which prevents animals feeding on it (7). A unique lipopeptide
antimycotic, termed cryptocandin, is described from, an endophytic fungus,
Cryptosporiopsis cf. quercina. Cryptocandin exhibits activities against isolates of
Candida albicans, Trichophyton mentagrophytes, and Trichophyton rubrum.
Cryptocandin is also active against a number of plant-pathogenic fungi including
Sclerotinia sclerotiorum and Botrytis cinerea (22). CR377, a new pentaketide
antifungal agent, is isolated from an endophytic fungus, Fusarium sp. CR377,
collected in the Guanacasted Conse Y' f of Costa Rica. CR 377 shows potent
activity against Candida albic. % p timicrobial metabolite, named
colletotric acid, is 1solateWollqpméyosporioides an endophytic
fungus colonized inside “'HMI-Colletotnc acid inhibits the
growth of Bacillus s - Knd Sarcina lutea (24).
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2. Genetic Basis of An lOﬂCRﬂmﬁ

The history of drug re31stance has been closely paralleled to the history of
chemotherapy. ithin the population.
Antibiotics do rﬂuﬂ:amﬂﬂj Hﬂm qt produce resistant
organism ﬁ ﬁ" liferation of
drug-resns iﬁ:lsalﬁvﬁ ﬂ ﬁﬂﬁmﬁ rEthhin the vast

majority of sensitive cells. Antimicrobial resistance is acquired either by mutation in

the pathogen’s chromosome or by direct transfer of R-factor plasmids from antibiotic-
resistant strains to sensitive recipients (27).

Microbial populations, particularly large inocula, often contain a few resistant
organisms before the initiation of therapy. In some cases, the initial population is
comprised solely of drug-sensitive cells, but one or a few organisms subsequently

become resistant and are selected out during therapy. The chromosomal type of



resistance that arises because of mutation may change antibiotic sensitivity greatly or
moderately, depending upon the location, type, and biological consequence of the
mutation (28). Random mutations in chromosomal genes may produce a few cells
that are resistant to antibiotics. These mutants become significant only when
prolonged exposure to the drug favors their survival over that of sensitive cells. In
bacteria, genetic information for resistance may also be carried by plasmids, which
are readily transferred to susceptible cells by conjugation or transformation. The
normal flora often acquires such transrT’Wsistance. The overuse of antibiotics
favors these plasmid-carrying strains ing a reservoir of R factors in the
normal flora. Since plasxmkfan be trané-among different species, drug-

u %R factofe..ﬁ;gm normal flora bacteria, and a

sensitive pathogenic bacteria may =
patient’s disease suddey%a  ‘untteatable by antibiotics that would have been

effective prior to the pla Therefore, prolonged exposure to even a single
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antibiotic may favor the prolif; ofbact&rfa re31stant to several drugs (29).
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are naturally resistant td 0 penicillin and other 1nh1bnoxs:ﬂ1£gena] cell wall synthesis.
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3.1 Decreased Drug Uptake or Increased Efflux of the Drug
Most chemotherapeutic agents must be able to penetrate the cell wall and

tion, altered amount

plasma membrane to achieve effective concentrations at an internal target site. A
modification in the plasma membrane may reduce its permeability to the drug,
thereby increasing the microbe’s resistance.  Altered membrane permeability,
however, does not confer resistance against penicillin and cephalosporins, as these
antibiotics block extracellular assembly of peptidoglycan. This mechanism is the

principal mechanism of tetracycline resistance in bacteria. In recent years active



efflux systems have been responsible for resistance of mammalian cells to a variety of
structurally unrelated antibiotics and toxic compounds. This mechanism is being

recognized more frequently in a variety of bacteria (29,30).

3.2 Enzymatic Inactivation of Drug
Many microorganisms produce extracellular enzymes that destroy an
antibiotic’s activity. Penicillinases, for example are produced by many bacterial
species, including Staphylococcus, Ne Pseudomonas Proteus, Mycobacteria,

Yersinia, Salmonella, and Shi ella rial enzymes chemically modify
antibiotics to forms that are sorbed éﬂ

principal mechanism of ce s to U p ns, aminoglycosides, and
chloramphenicol (29,30)? // \ \
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3.4 Increased ‘oncentration of a M
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Some bacteria fagquire resistancéito antimetabolites by bypassing the

metabolic step mﬂlulﬁlh%m &Lﬂgpwtﬁi;}amﬁcqum the ability to

absorb folic acid 16 longer depend oncthe biosynthetic step blocked by sulfa drugs.
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unaffected Because it has an alternative source of this essential coenzyme (30).

tagonizing the Drug

3.5 Altered Amount of Drug Receptor
Microorganisms commonly acquire resistance when a structure or enzyme
that is normally impaired by an antibiotic is modified and is no longer recognized by
the drug. Bacteria resistant to streptomycin, for example, produce modified
ribosomes to which the antibiotic cannot bind. Protein synthesis continues

unimpaired in these bacteria even in high concentrations of streptomycin (29,30).



3.6 Decreased Affinity of Receptor for the Drug
This mechanism has been defined in bacteria resistant to sulfonamides,

trimethoprim, streptomycin, erythromycin, rifampin, and several other antibiotics
(30).
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