LITERATURE REVIEWS

1. Diversity and taxonomic study of Talaromyces

1.1 Diversity and distribution of Talaromycesin Thailand

Chana (1974) isolaed microfungi from paddy and garden soil from 10
provinces in Centrd, Thaland incduding Bangkok, Kanchanauri, Nonthaburi, Samut
Songkhram, Prachin Buri, Sing Buri, Ratchaburi, Nakhon Pathom, Nakhon Nayok and
Suphan Buri. Alcohol  trestment, Glucose Ammonium Nitrate Agar (GAN) and
sreptomycin were used Talaromyces vermiculatus was found from al soil samples
T. spiculisporus was isolaed from most soil samples excepted soil from Nakhon
Nayok and Kanchanaburi. Whereas, T. striatus was reported from garden <ol in
Samut Songkhram and paddy soil from Sing Buri and Suphan Buri respectively.

Cruesrisawath  (1985) sudied thermophilic and thermotolerant fungi from
0l and deris in Thaland, usng modification of Warcup's soil plate method and
Yeast Starch Agar (YSA). Talaromyces dupontii with Paecilomyces - anamorph was
found from decompoding Starters The optimum temperaiure of this fungi is ranging
from 45-50°C, but it can grow at 30°C.

Kanjanamaneessthian  (1988) reported the diversty of thermophilic and
thermotolerant fungi from various substrates in Thaland Soil plate method, YSA ad
Yeast Glucose Agar (YGA) with Streptomycin were used. Talaromyces
byssochlamydoidesand T. emersonii were recorded fram agriculturd soil  from
Prachuap K hiri khan and Chachoengsao respectively.

Six isolaes of Talaromyces species were isolated from forest soil, Amphur
Thong Pa Phum, Kanchanaburi; soil at Kasetsart University, Bangkok; fores soil and
drawberry garden soil from Do Intanonth, Chiang Mai. Aloohol and heat treatment
with “GAN” were used (Manochand Chana,19%).



Manoch et al., (1997) sudied on Ascomycetes and Deuteromycetes from
forest, agriculturd soil and debris from various locations in Thaland, usng dcohol
and heat trestment and GAN. They could isolaied Talaromyces bacillisporus and
Talaromyces sop. from soil. Manoch et al., (2000) reported 7 isolates of Talaromyces
gp. from different forest types at Khao Ya National Park, Huay Kha Khang Wildife
Sanctuary, Utha Thani. Alcohol and heat trestment techniques were employed for
iolation.

Sudpro(1999) reported the diversty of soil and plant pethogenic fungi in
agriculturd  soil from Sakhon Nakorn, udng the soil plate method and “GAN”. Two
isolaes of Talaromyces sop. were recorded from corn and cassava fidd soils in June

and September, respectively.

Wongthong (2001) isolated fungi from mangrove forest a Ranong Coastal
Research Station, Ranong Province, udng dilution plae method on Glucose Y east
Extract Agar with 14 ppt of sdt. The soil samples werecollected in December
(winter), April (summer) and July (rainy) during 1999 — 2000 Talaromyces flavus was
recorded from mangrove soil in December and July. Four isolates of Talaromyces spp.

were reported from mangrove soil in dl season.

Busarakum (2002) reported 3 iolades o  Talaromyces sop.  from
rhizogphere soils of Lusidia discolor, Calanthe rosea and Spathoglottis plicata a
Queen Sirikit Botanic Garden, Chiang Ma, usng dcohd and heat treatment
techniques with “GAN” .

Manoch et al., (2004) isolated soil fungi from termite mounds in Thaland.
Aloohd and heat treatmert methods and “GAN” were used. Scanning eectron
microscope  (SEM)  photomicrogrgphs  showed the  ascospores  ornamentation  of
Talaromyces bacillisporus from termite mounds in Sakon Nakhon and Trat, wheress,
T. flavus var. flavus was observed from termite mounds in Nakhon Pathom. Sixteen

isolates of Talaromyces spp. were found from termite mounds from Krabi and Nakron
Nayok.



Ito et al., (2001) reported microfungi from mangrove soil in Thaland a
Ranong and Phang Nga Talaromyces byssochlamydoides was isolaed from
rhizogphere soil d Avicennia alba, Rhizophora mucronata, Rhizophora apiculata and
Sonneratin alba. Talaromyces flavus was found from rhizosphere soil of Ceriops tage
and Bruguiera sexangula, whereas T. wortmannii was recordedfrom rhizosphere ol

o Avicenniaal ba.

Jeamjitt (2007) dudied coprophilous fungi from domesic and animds
using heat trestment and “GAN”. Talaromyces bacillisporus and T. rotundus were
recored from rat and buffado dung in Bangkok respectively.

Manoch et al., (2004) dudiedtdeomorph of Aspergillusand Penicillium
from soil a temite mounds usngdcohol and heat treetment and “GAN”.
Talaromyces flavus var. macrosper mus and T. trachysper mus were found from termite
mound at Sakhon Nakhon, whils, T. wortmannii were recorded from termite mound
in Ratchaburi.

1.2 Diversity and taxonomic study of Talaromyces

Saanimi (1971) isolaed fungi from soil a Mt Pdion, Greece usng
dcohol treatment technique and “GAN”. Sx isolaes of Talaromyces luteus were
found. Hudson (1973) isolaed Talaromyces thermophilusfrom ar a Cambridge,
England by usng 2 % malt extract agar.

Inensve researches on diversty of Talaromyces species have been
conducted in Japan New species of Talaromyces were found from various subgrates
induding T. flavus T. helicus (Udagawa, 1963), T. wortmannii (Tokumasu, 1974), T.
trachyspermus (Horie et al., 1977), T. derxii- heterothdlic species (Takada and
Udagawa, 1988), T. helicus var. boninensis (Yaguchi et al., 1992), T. subinflatus
(Yaguchi et al., 19933), T. convolutus, T. emodensis, T. tardifaciens ( Udagawa, 1993)

T. wortmannii var. sublevisporus, T. trachyspermus var. assiutensis, T. muroii



(Yaguchi et al.1994a, b), T. hachijoensis (Yuguchi et al., 1996), T. retardatus
(Udagawa e al, 1993), T. gpectabilis (Udagawa and Suzuki, 1994) and T.
euchlorocarpius (Yaguchi et al., 1999).

In the United States, Tansey (1971) reported Talaromyces emersonii and T.
thermophilus from sdf-heated wood chips. Huang and Schmitt (1975) isolated 7
goecies of this genus induding T. flavus var. flavus, T. helicus T. luteus, T.
trachyspermus, T. udagawae, T. ucrainicus and T. wortmannii form soils of Southern
Ohio. In addition, Yuguchi et al, (1998a) dexribed a new species T.
austrocalifornicus from soil atSouthern Cdifornia, USA .

Rosenberg (1975) studied the effect of temperature and pH on growth of
thermophilic and thermotolerant  properties o Talaromyces emersonii  and  T.
thermophilus Optimum temperatures and pH of both species are 3B-50°C, pH 34 —
54 and 4550 °C,pH 7.2 — 8.1, respectively.

Jesenska et al., (1992) reported 6 species of Talaromyces from soil a
Sovak Republics, induding Talaromyces avellaneus T. bacillisporus, T. emersonii,

T. flavus var. flavus T. trachyspermusand T. wortmannii.

Tzean et al., (1992) isolated Talaromyces unicus from soil, in Tawan. The
2l samples was suspended in 60°C agueous soluion for 20 min and placed on
dichloram rose bengd chloramphenicd agar plate. In addition Yaguchi e al., (1994b)

reported T. eburneuswith Geoamithia anamorph from soil in Taipe, Taiwan

Domsch et al., (1993a b) studied microfungi from soil and reported five
gpecies of Talaromyces induding T. emersonii, T. flavus T. trachyspermus T. helicus
andT. wortmannii. They were found worldwide from various substates such as sail,
fertilizer and dungs.

Some species of Talaromyces were obtained from Arsenic-polluted soil
and able to produce a voldile Ascompound from Ag(Il), such as T. thermophilus an



thermopilic  fungi was isolated from citrus waste decomposng in Jgpan (Hiroki and
Y oshiwara, 1993, Heerden et al., 2002).

Udagawa et al, (1996) isolated ascomycetous microfungi from 58 house
dust samples from detached house and apartment in Kobe City, by udng dilution plate
method and potato dextrose agar with chloramphenicd. The most frequent Species
were Talaromyces flavus, T. trachyspermus, T. macrospermus T. wortmannii and T.

helicus.

Sage et al., (1997) reported 4 species Talaromyces induding T. flavus,
T. helicus T. stipitatus ard T trachyspermus from polluted soils Oued Sebou,
Morocca Sall plae and malt extract agar (MEA) mixed with chloramphenicd were
usad. Talaromyces flavus was more often found a heavily polluted stes than & lightly
polluted ones.

Heredia et al., (2001) reported Talaromyces rotundusand T. ocotl, new
gpoecies with Saganomella anamorph from soil planted with Pinus hartwegii and
Pinuspatula, usng heat and adcohol treatment. For heat treatment, 2-3 g of sal was
filled in duminum fail in hot air oven a 100 °C for lhour. Alcohol trestment was by
2l sample trested with 60% ethanol, 26 phend, “GAN” mixed cydosporin A,
greptomycin sulfate and chlortetracycline in a petridish.

Asan (2004) sudied Aspergillus Penicillium and related species from
various subgrates in Turkey. Fourteen species of Talaromyces were reported from
pepper powder, wheat seed, greenhouse and agriculture soil, drugtablets, dudt, leather
and surgicd grings induding T. bacillisporus, T. byssochlamydoides T. emersonii,
T. flavus, T. hdicus, T. intermedius, T. luteus, T. leycettanus, T. ohiensis T.

purpureus T. rotundus, T. stipitatus, T. udagawaeand T. wortmannii.

Cavdcanti et al, (2002) reported the diversity of microfungi from
mangrove in ltamaraca idands, Pernambuco state, Brazil, usng a dlution technique
and Sabouraud dextrose agar mixed with chloramphenical. Talaromyces bacillisporus,
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T. trachysperus and T. flavus were found. T. bacillisporus was reported as a new
recorded for Brazil.

Talaromyces flavus and T. macrosporus are heat-resstant and reported
farly frequently isolaed from heat processed food and paduerized juice Ascospores
may be soil-born and thus contaminating the fruit (Att and Hocking, 1997; Samson et
al., 2002).

1.3 Study on morphology of Talaromyces

Solk and Samson (1972) dudied and revison monogrgph of Talaromyces
morphology  for  identifying and key of 16 species and 2 vaieties induding
T. bacillisporus, T. byssochlamydoides, T. emersonii, T. flavus var. flavus, T. flavus
var. macrosporus T. helicus var. helicus, T. helicus var. major, T. intermedius,
T. leycettanus, T. luteus, T. purpurea, T. rotundus, T. stipitatus T. thermophilus,
T. trachyspermus T. udagawae T. ucrainicus and T. wortmannii. The man
characterigics of Talaromyces for identification induding 1) ascomatd  initid
devdoping; 2) ascomatad covering; 3) shgpe, Sze and ornamentation of ascospores
under scanning eectron microscope and 4) anamorph (imperfect Sate).

1) Characteridics of ascamatal intid or young cleistothecia (ascomata) of
genus Talaromyces shows varidble induding 1) devdoping as short branches or as
intercdary portions of hyphae which swel consderably, become strongly gnarled and
branched profusdy (eg. T. trachyspermusg (FigurelA); 2 conds of a par of
gemeangium  (eg. T. flavug (Figure1B); 3) condst of swollen cdls ressmbling
chlamydospores (eg. T. emersonii) (Figure1lC); 4 coiled hyphee (eg. T. leycettanug
(Fgure 1D); 5 swollen irregular  septate hyphee producing coiled branches (eg.
T. wortmannii) (Figure2A) and 7) congsting one-cdled and chlamydosporelike and
produce ascogenous hyphae directly (Figures 2B-C) then the initids become setate
and begin to produce branch hyphae for further development.
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Figure 1 Morphologica characteristics of four Talaromyces species
A) T.intermedius, a conidiogenous structures; b. conidia; c. ascomatal
initids; d. chains of asci; e. ascospores; f. ascomatal covering on surface view
B) T. flavus, a conidiogenous dructures, b. conidia; c-h. deveopment of
ascogoniaand antheridia; i-m. chains of asci; j-n. ascospores
C) T. emersonii, a. conidiogenous structure; b. foot-cell; c. conidia;
d. ascomatal initias; e. primordium consisting of profusely branching
hyphae;f. fragment of ascomatal covering; g. asci in chains; h. ascospores
D) T. leycettanus, a. complicated conidiogenous structure;
b. monoverticillate penicillus; c. conidia; d. ascomatal initials, e-f. chains of
asci; g. ascospores, h. fragment of ascomatal covering; i. chlamydospores
Source: Solk and Samson, (1972)



Figure 2 Morphological characteristics of three Talaromyces species

Source:

A) T. wortmannii, a. conidiogenous structures; b. conidia; c. ascomatal
initids; d chains of asci; e. ascospores

B) T.trachyspermus a conidiogenous structures; b. conidia; c. ascomatal
initials; d. chains of asci; e. ascospores; Type collection USDA 5798,

f. ascospores, Herbarium specimen 7b. g. conidiogenous structures with
conidia; h. ascospores.

C) T. bacillisporus, a. conidiogenous structures; b. conidia; c. swollen
cells from which the initials will develop; d. ascomatal initials, producing
branches; e. developing asci; f. chain of asci; g. ascospore

Stolk and Samson, (1972)
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2) Ascomatd coverings of its species consst of a network of hyphae,
differing markedly in ther dengty, 1) covering with scanty and inconspicuous hyphae
(eg. T. byssochlamydoides); 2) didind ad loosetextured (eg. T. flavus) ad
3) thickwaled and dosdy knit, becoming pseudoparenchymatous in age (eg.
T. thermophilus).

3) Mophology of ascospores which various paterns (Figure 3) induding
globose, subglobose or dlipsoidd, ther wals may be smocth, spinulose or provided
with ridges For a few gspecies very little variation in the Szes of the ascospores
produced in different strains of one Talaromyces species.

4) Anamorph-gate of Talaromyces show much variable. Five genera were
reported  induding  Penicillium ~ Paecilomyces, = Geosmithia, Merimble ad
Sagenomella (Table 1). In1972 Sok and Samson reported anamorph dae  of
Talaromyces in 2 genera, Penicilliumand Paecilomyces Paecilomyces is anamorph o
T. leycettanus and T. byssochlamydoides, whereas other Talaromyces species have
Penicilliumanamorph. The genus Paecilomyces differs from Penicilliumby the shape
of the phidides, condging of a cylindricd or swollen basd portion, tgpering into a
long didinct neck. The conidid dructures are usudly divergent, veticllate or
irregularly arranged.

In the course of a revisonary study of the genus Penicillium Pitt (19793
recognized tha cetan species are cdosdy rdaed, but differed dgnificantly in
microscopic characters and coloration from other Penicillium species. Thus he erected
the genus Geosmithia gen. nov. comprisng 6 species: G. emersonii and G. swiftii were
replaced for P. emersonii (tdleomorph- Talaromyces emersonii) and P. bacillisporum
(teleomorpht Talaromyces bacillisporum) respectively. Geosmithia is diginguished
from Penicillium primaily by the formaion of conidia borne as cylindas from
cylindroidd, roughwaled phidides, which commonly lack the didinctive narowed
collula (necks) of Penicillium and Paecilomyces In addition, conidia of Geomithia
viewed on mass are not green: G. namyslowskii, an apparent exception, produces grey
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conidia with a pae green cadt, a color quite diginct from the blue-grey or green-grey
characterigtic of Penicillium(Fitt, 1979).

Fitt (1979¢c) reported Merimble gen. nov. differs from Penicillium by the
absence of green in colony colors, and from Paecilomyces by the formation of
phidides with dhort dragnt collula It differs from both these genera and from
Geoamithia by the characterisic formation of long, wide gpathulate conidiophores
gmilar to those of Aspergillus and Raperia (Subramanian and Rgendran, 1975).
However, the absence of foot cdls and the successve formaion of phidides by
Merimbla provide clear digtinctions from both species (Fitt, 1979¢).

Heredia et al., (2001) reported Sagenomella . a ananamorph  of
Talaromyces ocotl. Sagenomella is resembledto Acremonium but differs producing a
short conidiophore erect  from mycdium, simple phididess o a shot laed
conidiophore bearing 2-4 whorls of bastonoudy branched phidides Phidides
acerose, usudly tepering apicdly, but sometimes cylindricd, dightly swollen a the
base.

Sok and Samson, (1972) proposed Talaromyces differs from the other perfect
penicillate genus Eupenicillium by its soft ascomata. Eupenicillium is characterized by
Lerotioild ascomaa that are very hard to gritty when young. Talaromyces can essly
be diginguished from the relaed genera in the Eurotiacese: Byssochlamys Westling,
Hamigera Stolk & Samson and Ther moascus Miehe by its catenate asci.

In the Family Gymnoascaceae, four genera produce ascomata gpproximating
those of Talaromyces induding Arachniotus Narasimhella, Amauroascus and
Arachnotheco. Talaromyces can easily be separated from these genera by its conidid
dae In these four gymnoascaceous generg the imperfect date is lacking or
represented by arthro-or deurioconidia (Stolk and Samson, 1972).
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Figure 3 A synoptic illustrations of the ascospores ornamentation of Talaromyces

gpecies: T. emersonii (A), T. flavus(B), T. bacillisporus (C), T. stipitatus
(D), T. thermophilus(E), T. udagawae (F) and T. unicus(G). Bar =10 um.
Source: Sk and Samson, 1972; Tzean et al., 1992

Tablel Tedeomorphand anamorph connectiors of Talaromyces species

Talaromyces (T eleomor ph) Anamorph References
Talaromyces assutenss Penicillium assiutense Samson and Abdd -Fattah, 1978
Talaromyces augtrocalifornicus Penicillium austrocalifornicum Yaguchi etal.,1993a

Talaromyces bacillisporus

Talaromyces barcinends
Talaromyces brevicompactus

Talaromyces byssochlanmydoides

Talaromyces convolutus
Talaromyces derxii
Talaromyces dupontii
Talaromyces eburneus
Talaromyces emersonii
Talaromyces emodensis
Talaromyces euchlorocarpius
Talaromyces flavus
Talaromyces galapagend's
Talaromyces gossypii
Talaromyces hachijoenss

Penicillium bacillisporum
Geosmithia swiftii Pitt
Penicillium barcinense
Penicillium brevicompacta
Paecilomyces
byssochlamydoides
Penicillium convolutum
Penicillium derxii
Penicillium duportii
Geosmithia eburnea
Penicillium emersonii
Penicillium emodense
Penidillium euchlorocarpium
Penicillium vermiculatum
Penicillium galapagense
Penicillium gossypii

Solk and Samson, 1972
Pitt, 1979b

Yaguchi etal., 1993b
Kong, 1999

Stolk and Smson, 1972

Udagawa, 1993

Takada and Udagawa, 1988
Stolk and Samson, 1972
Yaguchi etal, 1994a
Stolk and Samson, 1972
Udagawa, 1993

Yaguchi etal., 1999
Stolk and Samson, 1972
Pitt, 1979a

Pitt, 1979a

Yaguchi etal., 1996




Tablel (Continued)
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Talaromyces

Anamorph

References

Talaromyoes helicus

va. boninends
Talaromyceshdlicus var. hdlicus
Talaromyces helicus var. major
Talaromyces indigoticus
Talaromyces intermedius
Talaromyces lagunensis
Talaromyces leycettanus
Talaromyces luteus

Talaromyces macrosporus
Talaromyces mimosinus
Talaromyces muroii
Talaromyces ocotl
Talaromyces ohienss
Talaromyces panasenkoi
Talaromyces purpureus
Talaromyces retardatus
Talaromyces rotundus

Talaromyces spectabilis
Talaromyces dipitatus

Talaromyces striatus
Talaromyces subinflatus
Talaromyces tardifaciens
Talaromyces thermophilus
Talaromyces trachyspermus
Talaromyces trachyspermus
var. assutensis
Talaromyces ucrainicus
Talaromyces udagawae
Talaromyces unicus
Talaromyces wortmannii
Talaromyces wortmannii
var. sublevisporus

Penicillium spirillum

Penicillium helicum
Penidillium helicum
Penicilliumindigoticum
Penicillium intermedium
Penicillium lagunense
Paecilomyces leyoettanus
Penicillium luteum
Penicillium udagawae
Penicillium macrosporum
Penicillium mimosinum
Sagenomdlasp.
Penicillium ohiense
Penicillium panasenkoi
Penicillium purpureum
Penicillium retardtum
Penicillium rotundum
Penicillium sphaerum
Paecilomyces ectabilis
Penicillium gipitatum
Penicillium emmongi
Penicilliumlineatum
Penicillium subinflatum
Penicilliumtardifaciens
Penicillium dupontii
Penicilliumlehmanii
Penicillium lehmanii

Penicillium ucrainicum
Penicillium udagawae
Penicilliumunicum
Penicilliumwortmannii
Penicillium kloeckeri

Yeguchi etal., 1092

Stolk and Samson, 1972
Stolk and Samson, 1972
Takada and Udagawa, 1993
Stolk and Samson, 1972
Udagawaet al., 1994
Stolk and Samson, 1972
Stolk and Samson, 1972
Fitt, 1979a

Frisvad e al ., 1990

Pitt, 1979a

Yaguchi etal., 19%a
Herediaetal., 2001

Pitt, 1979a

Pitt, 1979a

Sak and Samson, 1972
Udagawaet al., 1993
Stolk and Samson, 1972
Pitt, 1979a
Udagawaand Suzuki, 1994
Solk and Samson, 1972
Pitt, 1979a

Pitt, 1979a

Yaguchi etal., 1993a
Udagawa, 1993

Stolk and Samson, 1972
Stolk and Samson, 1972
Yaguchi etal., 1994b

Stolk and Samson, 1972
Stolk and Samson, 1972
Tzean ¢ a., 1992

Stolk and Samson, 1972
Yaguchi etal., 1994b
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1.4 Identification of Talaromyces

Hawksworth et al., (1995) dassfied Talaromyces as beow;

Kingdom Eumycota
Phylum Eumycotina
Class Ascomycetes
Order Eurotiales
Family Trichocomaceae

Genus Talaromyces

Reper and Thom (1949) dudied morphology of the genus Penicillium
They found many species of Penicillium induding P. wortmanni, P. bacillisporus P.
vermiculatum P. stipitatum and P. luteumoould produce soft ascomaa and asci in

chains with 8 ascospores.

In 1955 C.R. Benjamin erected the genus Talaromyces with Type species,
T. vermiculatus (syn. T. flavus (Klocker) Stolk & Samson  (Stolk and Samson, 1972).
For generic description “Ascomaa globose to subglobose, soft, superficid, discrete or
confluent, of indeterminate growth. Ascomatd covering varying from scanty to dense,
congging of a network of hyphae, which may range from very loosedtextured to
dosdy knit, usudly surround by a weft of thin, usudly encrusted radiating hyphee,
draght or twisted depending on the species. Ascomatd initids of various shape. Asci
evanecent, 4, 6- or 8-ored, globose to subglobose or dightly dlipsoildd, borme in
chains. Ascospores globose or dlipsoidd, smooth or showing vaious ornamentatiors,
ydlow, rarely become reddish” (Stolk and Samson, 1972; Fitt, 1979a).

Sok and Samson (1972) divided Talaromyces to 4 secdtions induding
sction Talaromyces Thermophila, Purpurea and Emersonii (Table 2) showed ther
different anamorph states asfollow s,



1 Section Talaromyces - conidid sate beonging to the Penicillium
Bivetidllate- symmetrical type

2. Section Emersonii - conidid state Paecilomyces or beonging to the
Penicilliumcylindrosporumseries

3 Section Thermophila - conidiad state bdonging to Penicillium asymmetrica
Divaricata, near the P. janthinellum-series

4. Section Purpurea - conidid gae beonging to the Penicilliumrestrictum

series
Section Talaromyces

Cleigothecia ydlow, occesondly white, creamish, pinkish or reddish.
Ascospores ydlow, in some drains producing abundant red pigment. Conidid date:
Penicillium bivetidllae—symmetrica type. Phidide usudly lanceolate, in a few
goecies showing a wider base. Species bdonging to this section show ther best
deveopment on mat and oatmed agar. On Czgpek’'s agar (CZA), they develop better
than the species belonging to the other sections. The species beonging to this section
ae meophillic, with optimum temperatures about 25°C and maximum temperatures
not excexding 40°C. Ascomatd initidls are of various types. Paired gemetangia occur
in 3 spedies of this section: T. flavus, T. helicus and T. stipitatus. In the other species
initids develop as branches or as intercdary portions of hyphae. Asti are produced in
short coiled chains they are usudly 8spored. Ascospores are generdly élipsoidd and
their wals showing various ornamentetion.

Section  Talaromyces comprisng 10  species, 2 vaieties  Talaromyces
rotundus, T. luteus, T. udagawae T. stipitatus, T. ucrainicus, T. flavus T.

macrosporus T. helicus var. helicus T. helicus var. major, T. wortmannii, T.
trachyspermusand T. intermedius



Section Emersonii

Ascomatal  coverings scaty to disinct. Ascospores yelow. Imperfect dae
Penicillium cylindrosporum - series or Paecilomyces hermaophilic or thermotolerant.
Optimum temperatures of the 4 species are relaivey high, ranging from 35°C to 45°C
depending on the species All species grow well a 40°C. Ascomatd intials show
different Structures. Asti occur in short, curved or coiled chains usudly 8-spored.

Ascogporesdlipsoidd or globose, snooth wall or showing various ornamentation.

Section Emersonii  comprisng 4 species  Talaromyces byssochlamydoides,
T. leycettanus, T. emersonii and T. bacillisporus

Section Thermophila
The ascomata have wel-developed, thick, parenchymatous wdls. Asci are not
produced in hdicoidd chains as occurring in most species of Talaromyces, but in
rather sraight and branched chains. In addition to the conidid dtate of the only species
is dassfied in the Asymmetrica—Divaricata near the Penicillium janthinellum-series

Ascomata grow well on sterilized oat grains at 45°C.

Section Thermophila comprisng only onespecies: Talaromyces thermophilus

Section Purpurea

Covering of ascomata didinct, congsing of a thin, loosetextured network of
hyphae, ydlow. Ascospores ydlow, becoming reddish from diffusng red pigment.

Anamorph state is Penicillium restrictum— series.

Section Purpurea comprisng only one species: Talaromyces  pur pureus



Table 2 Morphological characteristics of different species of Talaromycesin four
sctionsand three series (M odified from Stolk and Samson, 1972; Pitt,

19793)

1. Section Talaromyces
Series Flavi

Series Lutei

Series Trachyspermus

1. Talaromyces flavus
2. Talaromyces macrosporus
3. Talaromyces helicus
var. helicus
var. major
var. boninensis
Talaromyces stipitatus
Talaromyces striatus
Talaromyces panasenkoi
. Talaromyces muroii

Talaromyces unicus
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. Talaromyces intermedius

1. Talaromyces luteus
2. Talaromyces wortmannii
var . wortmannii
var. sublevisporus

3. Talaromyces rotundus

4, Talaromyces austrocalifornicus

5. Talaromyces retardatus
6.Talaromyces euchlorocarpius
7. Talaromyces udagawae
8. Talaromyces ucrainicus

9. Talaromyces lagunensis

1. Talaromyces trachyspermus
2 Talaromyces gossypii
3. Talaromyces ohiensis

. Talaromyces galapagensis

4
5. Talaromyces mimosinus
6. Talaromyces barcinensis
7

. Talaromyces assiutensis

2. Section Emersonii

1. Talaromyces bacillisporus
2. Talaromyces leycettanus

3 Talaromyces emersonii

3. Section Thermophila

1. Talaromyces thermophilus

4. Talaromyces byssochlamydoides

5. Talaromyces eburneus

6. Talaromyces spectabilis

4. Section Purpurea

1. Talaromyces purpureus




2. Themoalecular study of Talaromyces

2.1 Microsatellites or simple sequence repeats (SSRS)

Microsatdlites or smple sequence repeats (SSRs) are composed of
tandemly repested, smple DNA sequence motif of as many as d9x nudeotides in
length. These locd ae commonly found throughout both prokaryotic and eukaryotic
genomes and typicdly ae highly polymorphic within spedies and populdions. In
addition, these codominant genetic markers are relatively essy to score and have high
reproducibility and specificity. As such, microsadlites have become one of the most
popular classes of molecular markers and are commonly employed to investigete the
population genetics of a diverse range of organisms (Bruford and Wayne, 1993
Goldgein and Schiotterer, 1999; Dettman and Taylor, 2004).

For fung, SSRs have been adso used for phylogenetic andyss and these
andyses have examined evolutionary relationships from the kingdom to species leve
and gendtic polymorphism (Chen et al., 2002 Nascimento et al., 2004; Fisher et al,
20043, b.

White mold and stem rot caused by Sclerotinia sclerotiorumis a serious
disease in agricultural and native plants at Canada. Sirjusingh and Kohn (2001) was
able to show using microsatellites-based analysis the diversity of this fungus. It was
also shown successfully amplified the closely related S. trifoliorumand S. minor.

Paracoccidioides brasiliensis, is a cause of paracoccidioidomycoss
(PCM) and widespread in Centrd and South America, from Mexico to Argentina. Its
naturd habitat in soil or in plants in aress where PCM endemic. Microsatdlite
markers were used to ducidate the phylogendtic rdationships of the environmentd
grains and the types of human disease they cause. The result showed no corrdation
between the dinica form of human PCM and SSR patterns (Fisher et al, 2004a by
Nascimento et al., 2004) used multilocus microsadlite typing to examine the

emergence of Penicillium marneffel in human HIV -pogtive populdions



2.2 Phylogenetic study of Talaromyces

Ribosoma DNA o 29 species of Talaromyces and relaied genera were
examined in their phylogendtic reationships The vaidbility in the nucdear rDNA
repest unit was sudied by the redriction fragments of totd DNA that hybridized to
the rDNA repeat unit of Neurospora crassa (pMF2). The result showed Talaromyces
goecies with Paecilomyces anamorphic dates cluser with Byssochlamys and
Thermoascus species having Paecilomyces anamorphic dates and not  with
Talaromyces species having Penicillium anamorphs. Wheress, the drictly anamorphic
Penicillium species are not mixed in with the holomorphic species, but are clustered in
a group that it well separated from most of the Talaromyces species (Taylor et al,
1990).

LoBuglio et al, (1993) was able to reved the rdaionship between
Talaromyces with Penicillium anamorphs and drictly mitotic species of Penicillium
subgenus Biverticillium usng ribosoma DNA (rDNA) nuclectide characters. They
demondrated that some mitotic Penicillium species have a closer phylogeretic
rlaionship to meotic species than they do to other drictly mitotic Penicillium
Species.

Berbee et al., (1995) conduded that Penicillium is not monophyletic based
on andyss of the variable ITS region and 5.8, 18S regions of the ribosoma DNA.
Penicillium species that have a Eupenicillium tdeomorph grouped with Aspergillus
whereas  Penicillium species  with Talaromyces tdeomorphs grouped  with
Paecilomyces This dudy, however, only looked a three of Penicillium spp. and
Aspergillus spp. with two Paecilomyces species.

Talaromyces ocotl with Sagenomella sp.-anamorph described as new
gpecies, basad on morphological andyses and phylogenetic inferences made from ITS
and 28S rDNA sequence dignments. Talaromyces ocotl and T. rotunduswere isolated
il from Pinus hartwegii and Pinus patula forests a the Volcanic Cordillera in
Mexico (Heredia et al., 2001).
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Yaguchi et al., (2005) were able to demondrate, usng D1/D2 region of 28
S rDNA sequence anayds, that Geosmithia argillacea is the anamorph of
Talaromyces eburneus as a heat resgant fungus. They are often reported spoilage
agents in fruit juices, food and other heat processed fruit based products (Samson et
al., 2002 Udagawa, 2000).

3. Bioloaical Control of plant pathogenic fungi by Talaromyces

Talaromyces flavus (Klocker) Stolk & Samson (conidid dater Penicillium
vermiculatum Dangeard) was reported to be antegonidic to many plant pathogenic
fungi, Sclerotinia sclerotiorum Rhizoctonia solani, Verticillium albo-atrum and V.
dahliae A variety of mechaniams have been postulated for biocontrol of pathogens by
T. flavus induding hypepaagtiam, competition for nutrients and antibioss
(Boosdis, 1956; Duo-Chuan et al., 2005; McLaren et al., 1986, Kim et al., 1983,
Stoxzet al., 1999).

Boosdis (1956) observed that T. flavus invades hyphae of Rhizoctonia solani
directly by producing penetration pegs Thee pegs devdoping from ether a
mycdium coiling around the hogt hyphae or form a hyphae in direct contact with the
host. Later, McLaren et al., (1986) demondrated hyperparadtian of sclerctinia wilt
caused by Sclerotinia sclerotiorum by T. flavus usdng light and scanning dectron
microscopy. The hyphee of T. flavus could grow toward and coiled around the host
hyphd cdls The coiling effect intensfied as the hyphae of T. flavus branched
repegtedly on the host surface. Tips of hyphd branches often invaded the host by
direct peneration of the cdl wadl without formeation of gppressoria Moreover
infection of hog cdls by T. flavus resulted in granulation of the cytoplasm and
collgpse of the cdll walls.

Production of the enzymes glucose oxidase has been shown to be involved in
the biologica control of Verticllium wilt by T. flavus (Ayer and Racok, 1990a). Stosz
et al., (1998 reported the locaion of glucose oxidese in T. flavus by
immunocytochemidry usng glucose oxidase-gpecific polycdond antibody. The results
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showed that glucose oxidase was found in both intracdlular and extracdlular, both
mature and young hypha cdls contained this enzyme, but decreased as the cdls aged.
Enzyme dgability dudies confirmed that the glucose oxidase of T. flavus is an
extremdy dable enzyme, retaining 13% of its origind activity after 2 weeks a 25°C
and retaining activity for severd days a temperatures up to 50°C.

Duo-Chuan et al., (2005) purified two chitinases from the culture filtrate of T.
flavus By SDSPAGE, the molecular weight of the two enzymes was estimated to be
41 and 32 kDa respectively. The two chitinases can degrade cdl wal of Verticillium
dahliae Sclerotinia sclerotiorum and Rhizoctonia solani, and inhibited spore
germingtion and garm tube dongation of Alternaria alternata, Fusarium moniliforme,
and Magnaporthe grisea.

Hydrogen peroxide is one of the products of a reaction cadyzed by glucose
oxidase in the presence of glucose. Kim et al., (1989 purified and characterized the
gucoe oxidase from T. flavus culture filtrales and determined that this enzyme
inhibited germination of V. dahliae microsclerotia in vitro in the presence of glucose.
In vitro exposure to hydrogen peroxide or to glucose oxidase in the presence of
glucose is lethd to the microscleratia of V. dahliae. (Kim et al., 1988, Stosz et al.,
1996).

Nagtzaam and Bollen (1997) reported Talaromyces flavus has potentid as
biocontrol agent againgt of Verticillium dahliae The fungus could colonize potato and
eggplat roots. In pot experiments with fidd soils the fungus could growth from
potato seed tube or eggplant seeds coated to developing roots, induding the root tips
The populaion of T. flavus decreased log-linearly with distance from the seed and was
higher with potatoes than with eggplants.

Tjamos and Fravd (1997) reported the digribution and establishment of T.
flavus in the soil and on roots of solanaceous crops Ascospores of T. flavus were
goplied to eggplant, tomato and potato as ether a drench or in spherica granular
(dginate prill). The percentage colonization of roots was gregter than tha of root tips.
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When populations of T. flavus were expressed as colony forming units g1 fresh
weight, recovery of T. flavus was gregter in root tips and superficidly associate with
the roots. Populations were lower in roots, rhizosphere and non-rhizogphere soils,
respectively. Populations of T. flavus were greaster when it was applied as a drench
rather than in aginate prill.

Jun et al, (1999) dudied on the attegonism of T. flavus agangt pathogenic
fungi infecting cotton in China, induding Verticillium dahliae Fusarium oxysporumf.
. vasinfectum, Rhizoctonia solani and Colletotrichum gossypii in vitro on CZA and
wheat grain media Results showed that T flavusinhibited the radid growth of V.
dahiae, F. oxysporumf. sp. vasinfectum, R. solani and C. gossypii, and the conidia
germingtion of Verticillium dahliag Fusarium oxysporumf. sp. vasinfectum but did
not inhibit R. solani and C. gossypii. The inhibitory activity of T. flavus was affected
by glucose concentration in Czgpek medium, with the highest activity recorded when
glucose was a 0.54.0%.

In Canada, Inglis and Kawchuk (2002) tested the ability of Talaromyces
flavus to degrade cdl walls of Pythium ultimum (Oomycete), Fusarium equiseti
(Ascomycete) and Rhizoctonia solani (Baddiomycete) in vitro. The results showed

that T. flavus could degrade cdl wals o P ultimumand F equiseti. Production of
carboxymethyl cdlulase, 3- glucanases, chitinasesand  chitosanases were reported.

4. Chemistry of theGenus TalaromycesC.R. Benjamin

Fungi are know to produce a vast number of bioactive compounds. After the
discovery of penidllin G from a Penicillium species about 80 years ago that led to
many researches were motivated to search and screening large collection of fungi
epecidly antibiotic property for nove drug (Larsen et al., 2005). Until 1995, the top
twenty sdling prescription medicines worldwide were of fungd origin  (Langley,
1997; Peberdy, 1999; Singh and Anga, 1999; Skehan et al., 1990). Talaromyces is an
interesting fungus for this purpose.
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In recent years, seventeen species of the genus Talaromyces induding
assiutensis, T. austrocalifornicus, T. bacillisporus T. convolutes, T. derxii,

emodenss, T. flavus, T. luteus T. macrosporus, T. mimosnus T. ohiensis,

H o

panasenkoi, T. stipitatus, T. tardifaciens, T. trachyspermus T. udagawae ad
T. wortmannii have been investigated for their secondary metabolites and its activity
(Ayer and Racok, 1990 ab; Dong et al.,, 2006; Frisvad et al., 1990; Ishii et al., 1995;
Nozawa et al.,1995; Phillips et al., 1987, Shiozawa et al., 1995; Suzuki et al., 1992,
1999, 2000; Y amazaki and Okuyama, 1980; Y ashida et al., 1996).

4.1 Talaromyces assiutensis

Frisvad et al., (1990) investigated the profiles of secondary metabolites o

Talaromyces and found that T. assiutensis can produce glauconic acid (1).

Et

1

4.2 Talaromyces austrocalifornicus

Suzuki et al., (1999) reported the isolation of (-)- mitorubrinal (2) and
(-)- mitorubrinic acid (3) from yellow pigmentson ascomata of

T. austrocalifornicus

© N Xy~ CH,0H
Me

Ne)
RO




4.3 Talaromyces bacillisporus

Oxaphendenone dimers and xanthone carboxylic acid were isolated from
T. bacillisporus as badllogporins A (4), B (5), C (6), pinsdin and pinsdic adid.
Compound 4 exhibited antibacterid activity agang Bacillus subtilis and Sarcina lutea
(Yamazaki and Okuyama, 1980).

Furthermore, Ishii et al., (1995) isolated talarotoxin (7) from

T. bacillisporusthat showed cytotoxic activity inhibited the proliferation of both
mouse myeloma X63.Ag8.6.5.3 cellsand BALB/3T3 mouse fibroblasts.




44 Talaromyces convolutus

The fungus contained the secondary metabolites tadaroconvolutins A (8),
B @), C (10) and D (11). Compounds 8 and 9 were reported to inhibit he growth of
Aspergillus fumigatus, A. niger and Candida albicans (Suzuki et al., 2000).
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Moreover, Suzuki et al., (1999) have reported the isolaion of (-)-
mitorubrind @) and €)- mitorubrinic acid ) from yelow pigment on ascomata of
T. convolutus.

45 Talaromyces derxii

Secondary metabolites isolated from T. derxii including; talaroderxines A
(12) and B (13), viriditoxin (14), vioxanthin (15), semiviriditoxin (16), hexamethyl
ether (17) and vioxanthin (18) have strong antibacterial activity against Bacillus
subtilis (Suzuki et al.,1992)
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46 Talaromyces emodensis

Suzuki et al., (1999) isolated (+)- mitorubrinol acetate (19) from yellow

pigment on ascomata of T. emodensis.

O

4.7 Talaromyces flavus

A number of secondary metabolites have been isolated from T. flavus
including D-glucono-1,4-lactone (20), acetylation of D-glucono-1,4-lactone (21), 4,6
—dihydroxy-5 methylphthalide (22), methylation of 4,6 —dihydroxy-5-methylphthalide
(23), 5-hydroxymethylfurfurd (24), 7-hydroxy-2,5dimethylchromone (25),
methylation of 7-hydroxy-2,5dimethylchromone (26), methyl 4-carboxy-5
hydroxyphthaladehydate (27), (28), 3-hydroxymethyl-6,8-dimethoxycoumarin (29),
atenusin  (30), dehydrodtenusn (31), dehydroaltenusin  diacetate (32),
desmethyldehydroatenusin (33), acetylation of desmethyldehydroatenusin (34),
talaroflavone (35), acetylation of talaroflavone (36), deoxytalaroflavone (37),
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hydroxymethylmaltol  (38),
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37
acetylation of  hydroxymethylmaltol  (39),

6-hydroxymethyl-2H-pyran-2-one (40), acetylation of 6hydroxymethyl-2H-pyran2-

one @41),

methyl 4carboxy-5-hydroxyphthalaldehydate @2), vermiculine (43) and

wortmannin @4) (Ayer and Racok, 1990 a,b; Frisvad et al., 1990).
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48 Talaromyces luteus

Yoshida et al., (1996) have isolaed three new azgphilones, luteusns A
(45),B (46),C(47),D (48) and E (49) from T. luteus




4.9 Talaromyces macrosporus

Frisvad et al., (1990) reported the isolation of duclawin (50) from this

fungus. 0 OH
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4.10 Talaromyces mimosinus

Frisvadet al., (1999) have reported the isolation of (-)- mitorubrinal (2)

and (-)- mitorubrinic acid (3) from yellow pgmentson ascomataof thisfungus.

4.11 Talaromyces ohiensis

Frisvad et al., (1990) reported glauconic acid (1) and vermiculine (43)
from this fungus.

4.12 Talaromyces panasenkoi

Frisvad et al., (1990) reported glauconic acid (1) from this fungus.



413 Talaromyces stipitatus

Phillips et al., (1987) reported four new spiroketal talaromycins derived,
talaromycins C (51), D (52), E (53) and F (64) from T. stipitatusas well as the known
talaromycins A, B from Talaromyces flavus Later, Frisvad et al., (1990) reported
more compounds from this fungus including duclauxin 60), catenarin (55), emodin
(56), stipitatic acid (57) and erythroglaucin (58).
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4.14 Talaromyces tardifaciens

The monomethyl-(+)—mitorubrin  (59),
falconensin H (61) have been isolated from this fungus (Nozawa et al.,1995).
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4.15 Talaromyces trachyspermus

Shiozawa et al., (1995) reported a new metabolites, trachyspic acid
(62) from T. trachyspermusthat inhibits tumor cell heparanase.

 COOH
o)

COCOH

62

4.16 Talaromyces udagawae

Frisvadet al., (1990) reported the isolation of (-)- mitorubrinal (2) and
(-)- mitorubrinic acid (3) from thisfungus.

(+)-mitorubrin  (60) and



4.17 Talaromyces wortmannii

Frisvad et al., (1990) isolaled mitorubrin (2), mitorubrinol acetate (19),
ruguogn (63) and skyrin (64) from this fungus. Later, Dong et al., (2006) reported
four new compounds induding wortmanilactones A (65), B (66), C (67) and D (68)
from T. wortmannii. All compounds were screened for cytotoxic activities againgt a
pand of five human cdl lines (HCT-5, HCT-115, A549, MDA-MB-231, and K562).

The IC50 vaues of the compounds range from 28.7 to 130.5 uM.
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