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6. Talaromyces macrosporus (Stolk & Samson) Frisvad  (Figures 26-30)
Srans examinedt KUFC 3339 agriculturd soil, Chiang Rai; KUFC 3363 forest
s0il, Chiang Ma; KUFC 3367 agriculturd soil, Chon Buri , KUFC 3450
agriculturd soil, Suphan Buri; KUFC 3506 agriculturd soil, Nakhon Ratchasma;
KUFC 3568 forest soil, Mae Hong Son; KUFC 3623 agricultural soil, Chiang
Mai; KUFC 3638 forest sil, Trat; KUFC 3589 nonagricultura soil, Trang
References: Stolk and Samson, 1972; Pitt, 197%; Frisvadet al., 1990

Stat. Anam. Penicillium macrosporum Stolk and Sanson

Colonies on CZA growing moderdely, dtaining a diameter of 20022 mm
within 7 days a 25°C, plane, comsiting of a compact basd felt, producing abundant
young ascomda in a layer on the fdt, Scarlet (R 5) a the centrd area, but esewhere
usudly Pure Ydlow (R 14); conidiogeness moderady; exudates dear to reddish;
soluble pigment Scarlet (R 4) to Rugt (R 39); reverse Scarlet (R 4) to Blood (R 3
(Figures 26 A, a). Colonies on CZA at 28°C, eeching a diameter of 20-22 mm within
7 days plane fasciculge, candding of a compact basd fet, producng numerous
devdoping ascomata on the entire surface, Sulphur Ydlow (R 15); conidiogeness
limited, exudaes dbsent; soluble pigment Apricot (R 42); reverse Amber (R 9)
(Figures 27 A, a).

Colonies on CY A growing rather rgpidly, ataining a diameter of 25-28 mm
within 7 days a 25°C, fasciculate, plane, showing the same culturd characteridtics as
on CZA, Scarlet (R 5) a the centrd areg Pure Yéellow (R 14) a the margin; soluble
pigment Scarlet (R 4) to Rust (R 39); reverse Pae Bay (R 3 (Fgures 26 B, b).
Colonies on CYA a 28°C, reeching a diameter of 40 mm within 7 days, plane,
velvel, lightly radicdly sulcaie, congsing of a compact basd fdt, producing
abundant developing ascomata over the entire surface Sulphur Ydlow (R 15);
conidiogeness scattered exudates absent; soluble pigment Apricot (R 42); reverse
Scarlet (R 4) to Rust (R 39) (Figures 27 B, b).

Colonies on MEA growing moderaidly, ataining a diameter of 2-25 mm
within 7 days & 25°C, vevety, floccose to funiculose, commonly umbonae a the
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central area, condsting of a compact basd fet, producing abundant young ascomata in
a layer on the fdt, intermixed with yellow aerid hyphag Sulphur Ydlow (R 15) to
Pure Ydlow (R 14); conidiogeness sparse and inconspicuous, exudates abundant,
Scarlet (R 5) to Rust (R 39); reverse Scarlet (R 4) to Blood Colour (R 3) (Figures 26
C, ). Colonies on MEA & 28°C, ataining a diameter of 35 mm within 7 days, plane,
velvely, congsing of a compact basd fet, developing abundant ascomata which form
a oontinuous layer, Sulphur Ydlow (R 15); conidiogeness limited;, exudates absent;
soluble pigment Apricot (R 42); reverse Scarlet (R 4) to Cora (R 38) (Figures 27C, c).

Colonieson CMA growing rapidly, attaining a diameter of 40-42 mm within
7 days & 25°C, plane, condding of a vey thin mycdid fdt, vegetative mycdium
submerged or forming a sparse growth of aerid hyphae, plane, produchg moderady
ascomata on the agar surface, Pure Ydlow (R 14); conidiogeness profuse; exudates
scatered, as smal clear drops, reverse uncolored (Figures 26 D, d). Colonies on CMA at
28°C, reaching a diameter of 45 mm within 7 days plang thin, with vegetaive
mycdlium submerged, producing abundant ascomata in a thin layer, Pure Yelow (R 14);
conidiogenes’s sparse; exudates scattered; reverse uncolored (Figures 27 D, d).

Colonies on OMA growing rapidly, ataning a diameer of 4042 mm
within 7 days ¢ 25°C, plane, consging of thin mycdid fet in which abundant
yelow ascomata soon deveop intermix  with conidiogenesis, showing an increased
ydlowish colortion, Pure Ydlow (R 14); conidiogenesis incongoicuous and sparse;
exudates absent; reverse uncolored (Figures 26 E, €). Coloniess on OMA a 28°C,
ataning a diameter of 45 mm within 7 days plane thin, with vegetative mycdium
submerged, granular in appearance due to the numerous production of ascomata in a
layer, Pure Ydlow (R 14); oconidiogeess sparse, exudates scattered, reverse
uncolored(Figures 27 D, d).

Colonies on G25N agar growing dowly, ataining a diameter of 1520 mm
and 22 mm within 7 days a 25°C and 28°C respectivdly, funiculoss, with Pure
Ydlow (R 14) vegetaive mycdium; ascomata limited; conidiogeness moderady
showing Pale Greenish Grey (R 123) cdlar; reverse Umber (R 9) (Figures 6-27 F, 1).
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Ascomaa ydlow, subglobose to globose 300550 mm in  diameter,
confluent, occasondly discrete, ripening within 2 to 3 weeks. Covering condding of
well-developed networks of interwoven hyphae surrounded by weft of short, twisted,
branched hyphee (Figure 20 A). Ascomata initids congpicuous, congging of large,
oylindrica cdls (ascogonia) encirded by fine hyphee (antheridia@) (Figure 30 C) At
evanescent, borne in chains globose to dlipsoidd, 11.513 x 9115 nm (Fgures 29
D, 30 D). Ascogpores ydlow, occasondly reddish, dlipsoidd to broedy dlipsoid, 55
x 7.5 mm, thick-walled, conspicuous spinose (Figures 29 B-G, 30 D).

Conidiophores borne from agrid hyphae and ropes of hyphae, smooth,
sometimes  encrusted, 40-70 x 2-25 mm. Penidlli typicdly biveticllae, raey
monoverticillate and terverticillate. Metulae in smdl verticils of 2 to 4, 10-12 x 225 nm.
Phidides 2 to 6 in the vaticil, 8-10 x 23 mm, typicdly lanceolate (Figure 30 A). Conidia
pae greanish, subglobose to dlipsoidd, 2.7-3.5 x 2-2.7 mm, amooth-waled (Figure 30 B).

This fungus was earlier classification as T. flavus var. macrosporus, but
later described as a separate species (Frisvad et al., 1990). It is an extremely variable
gpecies same as T. flavus. Different strains may show vary in colour and texture of
colonies, in the amount of red pigment produced, in the number d penicilli and

ascomata, and in sizeand color of ascospores (Figures 28, 29 B-G).

Talaromyces macrosporus is heat resstance fungus and used as a mode
system to study heat resstance and heat activation of ascospores (Van Der Spuy et al.,
1975; Beuchat 1986, 19883 b; Dijkgterhuis et al., 2002). In addition, it was reported
cause ooilage outbresks in food and drink products after pasteurization treastments
(Att and Hocking, 1997; Samson et al., 2002). Many study have been performed hest
isdation of this fungus, heat shock is necessary to germinate the ascospores (Conner
and Beucha 1987a b; Beucha, 1988a; King and Whitehand, 1990; Dijksterhuis and
Teunissen, 2004).
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Fiqure 26 Talaromyces macrosporus KUFC 3381. Obverse and reverse views of
colonieson different media, incubated for 7 days at 25°C; CZA (A, a),
CYA (B, b), MEA (C,c), CMA (D, d, OMA (E,e), G25N (F, f)
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Figure 27 Talaromyces macrosporus KUFC 3363. Obverse and reverse viewsof
colonieson different media, incubated for 7 days at 28°C; CZA (A, a),
CYA (B, b), MEA (C,c), CMA (D, d, OMA (E,e), G25N (F, f)
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Figure 28 Variations of colony pattern showing obverse and reverse views of various
isolates of T. macosporus on MEA at 28°C, 14 days
KUFC 3367 (A, a), KUFC 3450 (B, b), KUFC 3506 (C, c)
KUFC 3568 (D, d), KUFC 3623 (E, €), KUFC 3638 (F, f)



Figure29 Talaromyces macrosporus KUFC 3363
A. ascomata; B-E. asci and ascospores; F-G. ascospores (SEM)
(Bars: A =100 pm; B-E =10 pm; G =5 pm)
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Figure30 Talaromyces macrosporus KUFC 3363
Cameralucida drawings of A. penicilli; B. conidia
C. ascomatd initids D. asci and ascospores
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7. Talaromycesindigoticus Takadaet Udagawa (Figures 31-35)
Strain examined: KUFC 3366 forest soil, Sakon Nakhon
Reference: Takada and Udagawa, 1993
Stat. Anam. Penicillium indigoticum Takadaet Udagawa

Colonies on CZA growing moderady, attaning a diameter of 25-26 mm
within 7 days a 25°C, flocoose, consding of a thin basd fdt with White aerid
hyphee, ascomata and conidiogeness absent; exudates absent; reverse Scarlet (R 5) to
Rug (R 39) at the central aea, Straw (R 46) at the margin (Figures 31 A, a). Colonies
on CZA a 28°C, reaching a diameter of 35-37 mm within 7 days, floccose, producing
only white to pinkish shack mycdium; ascomata and conidiogeness absent; reverse
Peach (R4) to Scarlet (R5) at the centre, Straw (R 46) at the margin (Figures
RA,a).

Colonies on CYA growing rather rgpidly, attaining a diameter of 35-37 mm
within 7 days a 25°C, plane, floccose condding of a thin basd fdt with white
mycelid hyphae, ascomata and conidiogenesis absent, white; exudates clear, smdl;
odor mugty; reverse Peach (R 4) to Scarlet (R 5) (Figures 31 B, b). Colonies on CY A
a 28°C, reaching adiameter of 55 mm within 7 days, floccosg, dightly zonae a the
centra area, producing white mycdium but centrd area showing Smoke Grey (R 105)
color where young ascomata develop; conidiogeness absent; reverse Peech (R 4) to
Scarlet (R 5) (Figures 32 B, b).

Colonies on MEA growing moderaely, ataning a diameter of 25-27 mm
within 7 days a 25°C, floccosg, plane, very thin, producing limit devdloping ascomata
in the centrd area, white; conidiogeness limited; reverse Pale Luteous (R 11) (Figures
3l C, ¢). Colonies on MEA at 28°C, reaching a diameter of 35 mm within 7 days,
plane, congding of a thin basal mycdid fet, white; raised to umbonate & the margin;
ascomata and conidiogeness absent; reverse Straw (R 46) (Figures 32 C, ©).

Colonies on OMA growing rgpidly, dtaining a diameter of 3536 mm
within 7 days a 25°C, plane thin, condding of a spreading of submerged vegetative
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mycdium, producing ydlow ascomata in limited numbers in centrd aea; exudates
absent; odor musty; reverse uncolored (Figures 31 D, d). Colonies on OMA a 28°C
soreeding broadly, reaching a diameter of 60-70 mm within 7 days, congding of a thin
basd fdt, with vegeative mycdium submerged, producing limit ascomaa in a thin
layer, showing Sulphur Ydlow (R 15 shade, exudates moderate, smdl; odor musty;

reverse uncolored (Figures 2 D, d).

Colonies on G25N agar growing extremely dowly; dtaining a diameter of
10 mm and 20 mm within 7 days a& 25°C and 28°C respectively, floccose, producing
only white mycdium (Figures 31-32E, e).

Colonies on dl media a& 37°C, 14 days growing rapidy, ataning a
diameter of 2045 mm, commonly smilar in gopearance to colonies on CYA, plang,
floocose, congding of a compact basd fet, producing young ascomata in centrd area,
White to Senna (R 8); conidiogenesis absent; reverse Senna (R 8) to Umber (R 9)
(Figures33 A-F, af).

Ascomata superficid, discrete or  confluent, ripening within 21-30 days,
nonodiolate, globose to subglobose, 250-480 pm in diameter, <oft, ascomata wall
condging of densdy interwoven hyphee (Figure 34 A). Ascomatd initidds composed
of short cylindrical ascogonium, around with thick antheridia coil tightly severd times
(Figures 34 D-E, 35 C). Ak in short chains 8-gpored, ovoidd or subglobose, 7.5-85
X 67 pm (Fgures 34 F, 35 D). Ascospores a fird hydine to pde ydlow, soon
becoming blue findly indigo-blue dlipsoidd, 3545 x 2428 pm, sinose
(Figures34F-l, D).

Conidiophores arisng from aerid hyphee, dipes short, 1215 (-20) x 2-3
pm.  Penidlli  biverticllate, sometimes monoverticillae (Figures 34 B-C, 35 A).
Metulee in gndl veticils of 24, 711 x 2- 25 pm. Phidides 3-6 per metula
lanceolate, 857-10.71 x 2-3 pum. Conidia hyaling ovoidd to dlipsoidd, 23 x 225
pm, smooth-walled (Figures 34 B-C, 35 B).
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Fiqure 31 Talaromyces indigoticus KUFC 3366. Obverseand reverse views of
colonieson different media, incubated for 7 days at 25°C; CZA (A, a),

CYA (B, b), MEA (C,c), OMA (D, d), G5N (E, ¢
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Figure 32 Talaromyces indigoticusKUFC 3366. Obverse and reverse viewsof
colonieson different media, incubated for 7 days a 28°C; CZA (A, a),
CYA (B, b), MEA (C,c), OMA (D, d), G25N (E, e



Fiqure 33 Talaromyces indigoticusKUFC 3366. Obverse andreverse viewsof
colonies on different media, incubated for 14 days at 37°C; CZA
(A, a),CYA (B, b), MEA (C,c), OMA (D, d), G25N (E, e)
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Figure34 Talaromyces indigoticus KUFC 3366
A. ascomata; B-C. penicilli; D-E. ascomatal initials; F-G. asci and
ascospores, H-1. ascospores (SEM)
(Bars: A = 200 um; B-F =10 pm; G-H=5 pm; |1 =2 pm)
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Figure35 Talaromyces indigoticus KUFC 3366
Camera lucidadrawings of A. penicilli; B. ascométid initias
C. ascogonium; D. Asci and ascospores
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8. Talaromyces rotundus C.R. Benjamin (Figures 36 - 38)
Strains examined KUFC 3359 agricultura soil, Chiang Mai; KUFC
3410 agricultural soil, Suphan Buri
References: Stolk and Samson, 1972; Pitt, 197%

Stat. Anam. Penicillium rotundumRaper and Fennell

Colonies on CZA growing dowly, dtaining a diameter of 15-18 mm within
7 days a 25°C, velvel, plane but centraly wrinkled and sulcate, condsting of a thin
basal mycdid fdt, Pure Ydlow (R 14); ascomata and conidiogeness absent; exudates
and soluble pigment dbosent; margins entire and white; reverse brow n shades ranging
Senna(R 8) to Umber (R 9 (Figures 36 A, @).

Colonies on CYA growing rather rgpidly, ataning a diameter of 25-28 mm
within 7 days a 25°C, velvety, radidly sulcate or wrinkled, floccose to funiculosg
congging of a tough mycdid fdt, Pae Luteous (R 11); ascomata and conidiogeness
absent; margins entire; exudates limited reverse Sienna (R 8) to Umber (R 9) (Figures
36 B, b).

Colonies on MEA growing rgidly, dtaning a dianger of 2830 mm
within 7 days & 25°C, plane, fuiiclose, condging of a thin basd mycdid fdlt,
Saffron (R 10); ascomata absent; conidiogeness inconspicuous and sparse;, margins
white and broad exudates absent, reverse Ochreous (R 44) to Amber (R 9) (Figures
¥ C, o).

Colonieson CMA spread broadly, attaining a diameter of 28-30 mm within
7 days & 25°C, plang, condging of a very thin mycdid fdt, vegeaive myocdium
submerged, plane, Pde Luteous (R 11); conidiogeness moderatey; margins broad,
submerged and tranducent; exudates scattered, as smdl clear drops, reverse uncolored
(Figures36 D, d).

Colonies on OMA growing rather rapidy, ataning a diameter of 30-35
mm within 7 days & 25°C, plane condsting of a very thin mycdid fdt in which
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granular due to densdy packed ascomata, Pde Luteous (R 11); conidiogeness
incongoicuous and sparses margins broad and submerged; exudates absent, reverse
uncolored (Figures 36 E, €).

Colonies on G25N agar growing extremey dowly; ataining a diameter of
10 mm within 7 days at 25°C, producing only sparse aeria growth (Figures 36 F, f).

At 37°C, growth is extremely restricted.

Ascomata soft, pde orange globose to subglobosg 400-530 pm in
diameter, discrete or confluent, ripening within 23 weeks. Covering consging of a
thin network of loosdy interwoven hyphae, ydlow to orange (Figure 37 A).
Ascomatal initids develop within short branches or as intercdary portions of hyphae,
become drongly gnarled and branch profusdy (Figures 37 C-E, 38 E). Asci 8spored,
subglobose to globose, 10-11 x 9510 pm (Fgures 37 B, 38 F-G). Ascospores
goboe, (3.5) 455 (-6) um in diamger, thick-wdled, spinulose (Figures 37 F-I, 38
F-G).

Conidid date lacking or produced very limited, best devdopment on CZA
+ 20% sucrose. Conidophores arisng as short branches from agrid mycdium, (20)
26-35 (440 pm long, 2-25 pm wide, smooth-waled. Metulae in verticils of 2 to 3,
measuring 10-12 x 225 pym. Philides about 4 to 6 in the veticil, lanceolate, 10-12.5
(-145) x 2225 pm (Figures 38 A, C). Conidia oblate, 3-3.5 x 152 pm, smooth,
hydine (Figures 38 B, D).



Fiqure 36 Talaromyces rotundusKUFC 3359. Obverse and reverse views of
colonies on different media, incubated for 7days at 5°C; CZA (A, a),
CYA (B, b), MEA (C, c), CMA (D, d, OMA (E, €), G25N (F, f)
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Figure37 Talaromyces rotundusKUFC 3359
A. ascomata; B. Asci and ascospores, C-E. ascomatal initials;

F. ascospores KUFC 3359; G. ascospores KUFC 3410; H-I. ascospores (SEM)
(Barss A =100 pm; B-E =10 pm; F-H =5 pm; | = 2 pm)



Fiqure 38 Talaromyces rotundus

Camera lucida drawings of A. penicilli; B. conidiaKUFC 3359; C. penicilli,

D. conidia KUFC 3410; E. ascomatd initids; F. asci and ascogpores KUFC

3410; G. Asci and ascospores KUFC 3359
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9. Talaromyces stipitatus C.R. Benjamin (Figures 39-43)
Strain examined KUFC 3357 forest soil, Sakon Nakhon, KUFC 3422
nonagricultural soil, Krabi
References: Stolk and Samson, 1972; Pitt, 1979a

Stat. Anam. Penicillium stipitatum Thom

Coonies on CZA growing rapidly, ataning a diameter of 4550 mm
within 7 days & 25°C, plane, consising of a thin basa fet with white agrid mycdid;
ascomata and conidiogenesia absent; exudates and soluble pigment dbsant;  reverse
Straw (R 46) (Fgures 39 A, a). Colonies on CZA a 28°C, ataning a diameter of 50
mm and 65-70 mm within 7 and 14 days repectively, funiculose, congsing manly of
a compadivey thin layer of ascomata, produced near the agar surface, showing
conspicuous Pure Ydlow (R 14) shade, becoming Pde Amber (R 47) to Ochreous (R
44) in age; conidiogenesis sparse; reverse ranging Pure Ydlow (R 14), Luteous (R 12)
to Umber (R9) (Figures40 A, a D, d).

Colonies on CYA growing raher rapidly, ataning a diameter of 55-60
mm within 7 days & 25°C, floccose to funiculoss, condding of a thin basd felt,
producing only Pure Ydlow (R 14) mycdium; ascomata absent; conidiogeness sparse
a the magn; exudates absent; reverse brown shades ranging Pde Luteous (R 11),
Luteous (R 12), Amber (R 47) to Ochreous (R 44) (Figures 39 B, b). Colonies on
CYA a 28°C, ataning a diameter of 50 mm and 55 mm within 7 and 14 days
respectively, floccose or funiculose, condsing of a thin basd fet in which abundant
young ascomata embedded near the agar surface, conspicuous Pure Ydlow (R 14),
becoming Luteous (R 12) in age; conidiogeness sparse; reverse ranging Pure Yelow
(R 14) toLuteous (R 12) (Figures40 B, b, E, €).

Colonies on MEA growing farly rgddly, ataning a dianeter of 60-70
mm within 7 days, 25°C, more or less funiculose condging of a thin layer of
numerous young ascomata produced near the agar surface, intermixed with ydlow
agid hyphee, Pde Luteous (R 11); conidiogeness sparse and inconspicuous, reverse
Straw (R 46) (Figures 39 C, ¢). Colonies on MEA at 28°C, ataining a diameter of 70
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mm and 75 mm within 7 and 14 days respectivdly, funiculose, dightly zonate,
showing the same culturd characteristics and color as on CZA, condsing of a thin
mycelid fet in which granular due to densdy packed ascomata, Pde Luteous (R 11),
becoming pinkish shade in age; reverse Luteous (R 12)  (Figures40 C, ¢, F, f).

Colonies on CMA growing rapidly, ataning a diameter of 60-62 mm
within 7 days & 25°C, plane, thin, with vegetative mycdium submerged, Straw (R 46);
ascomata absent; conidiogenesis incongoicuous and  sparse; margins entire;  exudates
absent; reverse uncolored (Figures 39 D, d). Colonies on CMA a 28°C, ataining a
diameter of 70-80 mm within 14 days & 25°C, plane congting of a thin mycdid fdlt,
Strraw (R 46); ascomata and conidiogeness absent; margins entire; exudates absent;
reverse uncolored

Colonies on OMA growing rapidly, ataining a dianger of 7075 mm
within 7 days & 25°C, more or less funiculose, plang, conssing of a thin mycelid fet
in which numerous devdloping ascomata over the entrie surfuce Straw (R 46) or Pure
Ydlow (R 14); oconidiogeness incongoicuous and sparse; exudates absent; reverse
uncolored (Figures 39 E, €). Colonies on OMA a 28°C, ataning a diameter of 70-75
mm within 7 days plane congding of thin mycdid fdt in which numerous Pure
Ydlow (R 14) ascomata deveop; conidiogeness inconspicuous and sparse; exudates

absent, reverse uncolored

Colonies on G25N agar growing moderady, dtaning a diameter of 20-22
mm within 7 days & 25°C, producing only sparse white to Pale Ydlow (R 14)
mycdium (Figures 39 F, f).

Colonies on dl media within 7 days a 37°C, well developed except on
G25N agar, mogly condging of a thin mycdid fdt, white to Pde Ydlow (R 14);
dowly devdoped of ascomata; conidiogeness limited reverse uncolored to brown
shedes.
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Ascomata subglobose or globoss a firg yelow, then pde luteous or
luteous, becoming pink in age, (150-) 200-250 pm in diameter, discrete or confluent,
ripening within 10 to 14 days. Ascomatad walls composed of a thin network of loosdy
interwoven hyphae (Figure 41 A). Ascomata initids resemble a firg those of T.
flavus condading of thick, dub-shaped ascogonia, around which thin antheridia tightly
coll & the basd pats After fertilization, a the ascogonia gpices they produce a few
gnarled branches which continue to branch profusdy (Figures 41 E, 42 E, F). Asci 8
soored, broadly subglobose to globose, 673 x 67 pm (Fgures 41 F, 43 A).
Ascogpores pae ydlow, flatened dlipsoidd, with a dngle equatorid ridge, 3.34 x
253 pm, snoothwdled to very findy roughened (under SEM) (Figures 41 FHl,
43 B).

Conidiophores short, aisng from aeid hyphee, 14-30 (-35) pm x 233
333 pm. Peniclli typicdly monoveticillae, 2-4 in the verticl, phidides 10-135 (-
1667) x 3-35 pm, occesondly dso <dlitay phidides, 22.5-2867 x 445 pm
(Figures 41 B-D, 42 A, C). Conidia subglobose to globose, 3.34.3 (45) pm, smooth
walled (Fgures41 C-D, 42 B, D).

Talaromyces stipitatus can esdly be disinguished from the other species of
Talaromyces by the unique pettern of the ascospored and ascomatd initids. Because
of the presence of paired gametangia it shows relationships with T. flavus and T.
helicus. This species reported as rady species, but from a variety of sources (Pitt,
1979 ).



Fiqure 39 Talaromyces dipitatus KUFC 3357. Obverse and reverse views of
colonies on different media, incubated for 7days at 5°C; CZA (A, a),
CYA (B,h), MEA (C, c), CMA (D, d, OMA (E, e), G25N (F, f)



Fiqure 40 Talaromyces stipitatusKUFC 3357. Obverse and reverse sides of
colonies on different media, incubated for 7days at 28°C: CZA (A, a),
CYA (B, b), MEA (C, c¢), incubated for 14 days at 28°C: CZA (D, d),
CYA (E, &, MEA (F, f)
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Figure4l Talaromyces stipitatusKUFC 3357
A. ascomata; B-D. penicilli; E. ascomatal initial; F-G. asci and
ascospores; H-1. ascospores (SEM)
(Bars: A =100 pm; B-E =20 um; F=10 pm; G-H=5 pm; | =2 pm)



Fiqure42 Talaromyces stipitatus

Camera lucida drawings of A-B. penicili and conidia KUFC 3357,
C-B. penicilli and conidia KUFC 322; E. ascomatal initialsKUFC
3357 F. KUFC ascomatdl initials 3422
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Figure43 Talaromyces stipitatus KUFC 3357

Cameralucidadrawings of A. asci; B. ascospores

10. Talaromyces trachyspermus (Shear) Stolk & Samson
(Figures 44-47)
Strains examined KUFC 3365 forest soil, Chiang Mai; KUFC 3421
forest soil, Mae Hong Son
References: Stolk and Samson, 1972; Pitt, 197%

Stat. Anam. Penicillium spiculisporum Lehman

Colonies on CZA growing rgpidly, ataning a dianger 3537 mm
within 7 days a 25°C, plane, more or less funiculose, condding of a compact basd
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fdt, producing numerous ascomata over the entire suface, white  conidiogeness
uudly limited or devdoping in the mergins pat of the colony; exudate absent;
reverse Straw (R 46) to Sulphur Yedlow (R 15) (Figures44 A, a).

Colonies on CYA growing rather repidly, ataning a diameer of 45
47 mm within 7 days, at 25°C, funiculose to floccose, plang, condgting of a thin basa
fdt with abundant devdoping ascomata, white; conidiogeness spare  and
incongpicuous;  exudates absent, margins entire; reverse Straw (R 46) to Luteous (R
12) (Figures 44 B, b).

Colonies on MEA growing moderately, ataining a diameter of 24-25
mm within 7 days & 25°C, plang, fasciculate, showing the same culturd characterigtic

ason CYA; marginsentire and lower; reverse uncolored (Figures 44 C, ©).

Colonies on CMA growing rgpidy, dtaining a diameter of 50-55 mm
within 7 days a 25°C, plane, vary thin, vegetative mycdium submerged or forming a
sparse growth of white aerid hyphae; with scattered ascomata over the entire surface;
conidiogeness absat or gparse;, margins submerged and broad; reverse uncolored
(Figures44 D, d).

Colonies on OMA growing rgpidy, ataining a diameter of 35-40 mm
within 7 days a 25°C, plang, thin, with vegetative mycdlium submerged, producing
abundant ascomaa in the centrd area to subcentral area and vey limited conidig,
white; margins broadly submerged; reverse uncolored (Figures44 E, e).

Colonies on G25N agar growing dowly, ataning a dianeter of 10-15
mm within 7 days a 25°C, floccoss umbonate, producing only aerial myodium,
white; margins entire; reverse uncolored (Figures 44 F, f).

Ascomata often confluent, nonodiole globose soft, white, in some
dgran creamish to yelowish ae present, 350400 (-5000 mm in diameter, ripening
within 14 days. Ascomatal wall @nading of a network of closdy interwoven hyphee,
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gmulaing a pseudoparenchymatous wadl, surrounded by a loose weft of radiating
hyphae. Ascomatd initids incongpicuous growing as swollen sde branches of aerid
hyphae, which become srongly gnarled and branch profusdy, then forming a compact
dructure of severd brance (Figure 46 C). Asci subglobose to globose, 6.587 X 5.3
6.5 mm (Figures 45 B, 46 D). Ascospores dlipsoidd, 2.67-3.33 x 225 mm, soinulose
(Figures45 B-E, 46 D).

Conidiophores  arisng from aerid hyphae, usudly short, 6.67-13.33
(-18 x 253 mm. Peniclli irregulaly aranged, monoveticillate to biverticillaie
Metulae, in smdl verticils of 2 to 3, 10-12 (-15) x 2 - 2.67 mm. Phidides about 3 t0 5
in the vertical, lanceolate, 10-16 x 23325 mm (Figures 45 A, 46 A-B). Conidia
dlipsoidd to ovoidd, 3.335 x 167 -2 mm, gnocth-wdled, pde green in mass
(Figures45 A, 46 A-B).



Figure 44 Talaromycestrachyspermus KUFC 3355. Obverse and reverse views of
colonieson different media, incubated for 7 days at 25°C; CZA (A, a),
CYA (B, b), MEA (C, ¢), CMA (D, d), OMA (E, e), G25N (F, f)



Figure45 Talaromyces trachysperus KUFC 3355
A. penicilli; B-C. asci and ascospores D-E. ascospores (SEM)
(Bars: A-C=120pym; D =5 pm; E=2 pm)



Fiqure46 Talaromycestrachyspermus
Camera lucida drawings of A. penicilli and conidia KUFC 3355;

B. penicilli and conidia KUFC 3421; C. ascomatal initials KUFC

3355; D. asci and ascospores KUFC 3355
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11. Talaromyces wortmannii C.R. Benjamin (Figures 47-53)
Strains examined KUFC 3333 forest soil, Mae Hong Son; KUFC
3354 nonagricultural soil, Krabi
References: Stolk and Samson, 1972; Pitt, 197%

Stat. Anam. Penicillium wortmannii Klocker

Colonies on CZA growing moderady, dtaning a diameter of 20-2
mm within 7 days a 25°C, velvely, plane, consging of a thin basd fdt, Sulphur
Ydlow (R 15) or Pure Ydlow (R 14); ascomata absent; conidiogeness sparse and
congpicuous, magins broad and lower, white; exudates and soluble pigment absent;
reverse uncolored (Figures 47 A, a). Colonies on CZA a 28°C, reeching 32-35 mm in
dianeter within 7 days umbonate, fasciculate, with abundant production of ydlow
ascomata,  conidiogenesis incongpicuous or  lacking; margins irregular; reverse Straw
(R46) (Hgures48-49 A, a).

Colonies on CYA growing moderatdly, ataning a diameter of 20-21
mm within 7 days a 25°C, velvety, condding of a thin basd fdt, ascomata absent;
conidiogenesis  abuntdant, Greyish Ydlow-green (R 68) to Pde Greenish Grey (R
123); margins entire, exudates absent, reverse uncolored (Figures 47 B, b). Colonies
on CYA a 28°C, reaching 30 mm in diamger within 7 days, velvely, sulcate,
condging of a compact basd fdt, Pure Yelow (R 14) in color from the scattered
ascomata which are embedded in the fdt; intermixed with conidiogenesis aandart,
showing Pde Greenish Grey (R 123) odor; margins entire; exudates absent, reverse
Straw (R 46) (Figures48-49 B, b).

Cdonies on MEA growing moderady, ataning a diameter of 21-2
mm within 7 days a 25°C, plane, velvety, more or less wrinkled or radialy furrowed,
conggsing of a compact mycdiad fdt in which abundant yelow ascomata soon
develop with ascompanying Greening Glaucous (R 91) color from the profuse conidia;
margins entire. exudates absent; reverse Pae Luteous (R 11) to Luteous (R 12)
(Figures 47 C, ). Colonies on MEA at 28°C, reaching 35 mm in diameter within 7
days, plane, vevety, centrd colony aea lightly wrinkled, condsing of a compact
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basal fdt which numerous ascomata devdop, showing Luteous (R 12) to Pde Orange
(R 7) shade; conidiogeness abundant, Pde Greening Glaucous (R 123) color from the
profuse conidia; in some srain such as KUFC 3354, produdng only umbonate, white
mycdium; margins entire; exudates present as orange drops, reverse Pale Luteous (R
11) to Luteous (R 12) (Figures 48-49 C, c).

Cdonies on CMA, ataining a diameter of 22-23 mm within 7 days &
5°C, plane, dightly zonate, condging of a thin mycdid fet, granular in appearance
due to the production of abundant ascomata, Sulphur Ydlow (R 15) or Pure Yéelow (R
14); conidiogeness sparse and inconspicuous, exudates absent; reverse Straw (R 46)
(Figures 47 D, d). Cdonies on CMA a 28°C, reaching 40 mm in diameter within 7
days, plane thin, congding of a spreading, submerged vegetative mycdium, with
limited devdopment of funiculose aerid hyphae, producing ydlow ascomaa in
limited numbers in centrd aes; Pure Ydlow (R 14); conidiogeness sparse and
conspicuous, exudates absent; reverse Pale Luteous (R 11) .

Colonies on OMA growing rather rgpidly, ataning a diameter of 24-25
mm within 7 days & 25°C, velvety, plane, Sulphur Ydlow (R 15) or Pure Yelow (R
14); ascomata usudly absent; conidiogenesis profuse; reverse Straw (R 46) (Figures
47 E, €). Colonies on OMA at 28°C, reaching 45 mm in diameter within 7 days, plane,
thin, Pure Ydlow (R 14); ascomata dowly deveoping on the fet; conidiogenesis
profuse; reverse Straw (R 46).

Colonies on G25N agar growing dowly; dtaining a diameter of 10-12
mm within 7 days & 25°C, producing abundant penidli, Glaucus Blue-Green (R 94);
ascomata absent; mycdium a margins white; exudates absent; reverse Straw (R 46)
(Figures47 F, 1).

Ascomata yellow to pde orange, soft, subglobose to globose, variable
in d9ze ranging 300-450 (-560) um in diameter, discrete or confluent, ripening within
14 days. Covering composed of the thin network of loosdy interwoven hyphee,
surrounded by radiaion, twisted hyphee (Figure 50 A). Ascomatal initids starts with
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the production of intercday or termind cdls which swell congderably, subsequent
septetion of hyphae. From these cdls deveop wide, somewhat irregularly cailing,
gnarled branches, which continue to branch profusdy, producing ascogenous hyphee
(Figures 50 D, 53 A). Asci borne in chains, 8-spored, globose to ovoidd, 10-115 x &
95 um in damge, evanecent (Figures 50 E, 53 B-C). Ascospores ydlow,
dlipsoidd, 467- 533 x 3335 pm, soinulose Some drains ae smdler, asci 933-10
X 6.5-867 um. Ascospores 4-4.7 x 3-35 pum, spinulose (Figures 50 E-H, 53 B-C).

Conidiophores arising from substratum hyphae, up to 250 um long, 3
35 pum wide, smooth-wdled, occasondly encrused with yedlow granules. Penicilli
typicdly biveticllae (Fgues 50 B-C), in some drans teveticllae or
quaterverticillate (Figures 51, 52). Meulee in verticils of 4 to 6, measuring 10-13.33 X
267-333 um. Phidides lanceolae, about 3 to 6 in the verticil, (8)1133-14 (-166) X
267-3.33 um, gradudly tgpered to a fine tip. Conidia dlipsoidd o fusform, pointed,
33367 x 2-2.5 pm, snocth to findy spinulose, hydine to greenish (Figures 50 B-C,
51-52).

Domsch et al., (19933, b) sated that Talaromyces wortmannii was the
second mogt common  soil-borne  species of Talaromyces and has a worldwide
digribution. It is eesly recovered after brief soil deaming. In addition, to temperate
latitudes where it is recorded from the British Ides, Sweden, Denmak, Germany,
France and the USA. The mycdium contans mucilaginous polysaccharides
resembling luteic acid. Metabolic  products reported ae the viridianreated
wortmannin with antifungal but not antibecterid properties, wortmin, flavomannin, the
anthraquinones kyrin and rugulosn. Dong et al., (2006) reported wortmanilactones
A, B, C and D from Talaromyces wortmannii isolated from soil in China. All
compounds were screened for cytotoxic activity againg a pand of five human cdl
lines (HCT-5, HCT-115, A549, MDA-MB-231, and K562). The I1Cs, vaues of the
compounds range from 28.7 to 130.5 uM.
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Figure 47 Talaromyces wortmannii KUFC 3333 Obverseand reverse views of
colonieson different media, incubated for 7 days at 25°C; CZA (A, a),
CYA (B, b), MEA (C, ¢c), CMA (D, d), OMA (E, €), G25N (F, f)



143

Eigure 48 Talaromyces wortmannii KUFC 3333. Obverse and reverse views of
colonies on different media, incubated for 7 days at 28°C; CZA (A, a),
CYA (B, b), MEA (C, ¢)

Eigure 49 Talaromyces wortmannii KUFC 3354. Obverse and reverse viewss of
colonies on different media, incubated for 7 days at 25°C; CZA (A, a),
CYA (B, b), MEA (C, ¢)
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Figure50

Talaromyces wortmannii KUFC 3333

A. ascomata; B-C. penicilli; D. ascomatal initials; E. asci and
ascospores,; F-H. ascospores (SEM)
(Barss A =200 pm; B-E=10 pm; FG=5 pm; H=2 pm)









147

Figure53 Talaromyceswortmannii
Camera lucida drawings d A. ascomatal initias; B. ascus and
ascospores KUFC 3333; C. ascus and ascospores KUFC 3354
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12. Talaromycessp. 1 (Figures 54-57)
Strain examined KUFC 3399 forest soil, Trat
Reference: Stolk and Samson, 1972

Stat. Anam. Penicillium sp. 1

Colonies on CZA dtaining a diameter of 20-22 mm within 7 days at 25°C,
velvety, zonate, congding of a thick basd fet, producing immeature ascomata at central
area, centra area Apricot (R 42) or Umber (R 9), middle area Greenish Gray (R 110),
margins Sulphur Yedlow (R 15); conidiogeness abundant; exudates absent; soluble
pigment pae brown; margins entire; reverse Pure Ydlow (R.14), with dark Amber (R 47)
a Umber (R 9) in centrd area (Figures 54 A, g. Colonies on CZA at 28°C, ataning 25
mm and 35mm in diameter within 7 and 14 days respectively, velvety, zonate, conssting
of a thick basd fdt, producing limited ascomata in centrd area, colored as colony on
25°C; oonidiogenesis adbundant; exudates absent; soluble pigment pae brown; magin
entire; reverse Luteous (R12) to Umber (R 9) (Figures55A, a).

Cdonies on CYA growing rapidly, dtaning a diameter of 30-35 mm
within 7 days a 25°C, vevety, plang lightly radicdly sulcate, consiting of a compact
basd felt which sparse agrid hyphag Pale Luteous (R 11); ascomata absent;
producing conidiogeress awundant showing Pde Greenish Gray (R 123) odor;
exudates clear; reverse Umber (R 9) (Figures 54 B, b). Cdonies on CYA a 28°C,
reeching 35 mm and 45 mm in diameter within 7 and 14 days respectively, vevety,
plane, sulcate, with centrd area raised up to 23 mm deep, condding of a compact
basd fdt, produdng only Luteous (R 12) aerid hyphag ascomaa very limited in
number; conidiogeness sparse and inconspicuous, Pde Greenish Gray (R 123);
exudates clear; reverse Pde Luteous (R 11) to Apricot (R 42) (Figures55B, b).

Colonies on MEA growing modeady, ataning a dianeter of 25-30
mm within 7 days 25°C, vevety, conssing of a thin basd fdt, producing abundant
conidiogeness over the entire surface, Pde Olivaceous Grey (R 120); ascomata
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limited;, margins entire, broad and submerged; exudaies absent; odor mudy; reverse
Straw (R 46) (Figures 3 C, . Colonies on MEA a 28°C, reaching 30 mm and 45
mm in diameter within 7 and 14 days respectively, vevety, consding of a thin bas
fdt, produdng moderately ascomata a centra area showing Pure Ydlow (R 14)
shade, conidiogeness abundart, Pde Olivaceous Grey (R 120); magins entire
exudates absent; reverse Straw (R46) to Luteous (R 12) (Figures55 C, ©).

Colonies on CMA growing rapidly, dtaning a diameter of 30-35 mm
within 7 days 25°C, fasciculate, plane or somewha zonae, conssing of a very thin
basa fdt, producing abundant ascomata in the central to subcentral areas Pure Yelow
(R 14) to Sulphu Ydlow (R 15); conidiogeness sparse and inconspicuous, exudates
absent; reverse uncolored (Figures B D, d). Colonies on CMA a 28°C, growing rather
rapidly, reaching 35 mm and 50 mm in diameter within 7 and 14 days respectively,
plane, consging of a very thin mycdid fdt in which granular due to densdy packed
ascomata, Pure Yelow (R 14) to Sulphur Ydlow (R 15); conidiogeness sparse and
congpicuous, exudates absent; reverse uncolored (Figures 55D, d).

Colonies on OMA growing rapidly, ataning a diameter of 35-40 mm
within 7 days, 25°C, plane, condsing of a thin basd fdt, with surface appearing
granular due to the production of abundant ascomata, Pure Ydlow (R 14) to Sulphur
Ydlow (R 15); conidiogeness moderatdly; exudates absent; reverse Luteous (R 12)
(Figures 31 E, 9. Coonieson CMA a 28°C, reaching 40 mm and 50 mm in diameter
within 7 and 14 days respectivdly, plane, thin, with vegetative mycdium submerged,
producing abundant ascomata intermixed with aerid hyphee and conidia, Pure Yelow
(R 14) to Sulphur Yelow (R 15); exudates absent; reverse uncolored (Figures 55 E, e).

Colonies on G25N agar growing extremely dowly, ataning a diameter
10 mm and 13 mm within 7 days a 25°C and 28°C respectively, producing only sparse
aerid growth (Figures 54-55 F, f).
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Ascomata discrete or confluent, soft, non-odiole, ripening within 14 to
21 days subglobose to dlipsoidd, ydlow to sulphur ydlow, 200540 pum in diameter.
Ascomad  wdl condging of thin, branched, inte'woven hyphee (Figure 56A).
Ascomatd  initids congding of dub-shgped ascogonia, around with thin antheridia
coil tightly saverd times. At ascogonia apices, they produce dendroid or a few gnarled
branches which continue to brance profusad thus developing the ascogenous hyphee
(Figures 56 D, 57 B). Ast in chains 8-gporred, subglobose to globose, 7.59.5 um,
evanescent (Figures 56 E, 57 C). Ascospores hyaine, broadly dlipsoidd, 354 x 225
pum, spinulose (Figures 56 E-H, 57 C).

Conidiophores arisng from the basd mycdium or aerid hyphee, erect;
dipe hydines 2000300 pum long, 3-35 pum wide. Penicilli often irregularly arranged,
commonly biverticillate, rardy monoverticillate and terverticillate. Metulae appressed,
in vatidlls of 46 (-8), 121665 x 3354.65 um. Phidides lancedlae, 4-8 in the
veticil, 10586 x 26-4 um, tapering to a pointed conidium-bearing tip (Figures 56 B-
C, 57 A). Conidia hydine, globose 2-3.3 pum, smooth-wdled, born in chans (Figures
5 B-C,57A).

Talaromyces .1 (KUFC 3399) is dody rdaed to T. flavus in the
paitern of its ascomatd initids, d9ze and morphology of the ascospores (Sok amd
Samsom, 1972). But the two species differ dgnificantly in the Pde Olivaceous Grey
surface of producing awundance peniclli on both MEA and CZA, and typicdly
bivetidlate peniclli produced on rdativedy long conidiophores with globose conidia
Talaromyces euchlorocarpius somewhat resembles this species in the ascospores
morphology and biveticillae penidlli, but differs in having greenish ascomata and the
pattern of its ascomatal initials. This species is placed in the series Flavi of the section
Talaromyces (At 19798 on the bads of growing ragpidy on common media and its
ydlowish ascomata
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Fiqure 54 Talaromyces sp. 1 KUFC 3399. Obverseand reverse views of
colonies on different media, incubated for 7days at 5°C; CZA (A, a),
CYA (B,b,MEA (C,c), CMA (D, d, OMA (E,e), G25N (F, f)



Figure 55 Talaromyces sp. 1 KUFC 3399. Obverseand reverse views of
colonies on different media, incubated for 7days at 28°C; CZA (A, a),
CYA (B,b),MEA (C,c), CMA (D, d), OMA (E,e), G25N (F, f)



Talaromyces 0. 1 KUFC 3399
A. ascomata; B-C. Penicilli; D. ascomatal initial; E-F. asci and

ascospores, G-H. ascospores (SEM)
(Bars: A =200 pm; B-E=10 pm; F-G=5 pm; H =2 pm)



Figure57 Talaromycessp. 1KUFC 3399

Camera lucida drawings of A. penicilli; B. ascomatd initids
C. asti and ascospores
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13. Talaromycessp.2 (Figures 58-60)
Strain examined: KUFC 3383 forest soil, Trat

Stat. Anam. Penicillium sp. 2

Colonies on CZA growing restrictively, attaining a diameter of 15-17
mm within 7 days & 25°C, velvety, plane, consisting of a thin basal felt in which
abundant conidiogenesis, Pale Olivaceous Grey (R 120); ascomata limited exudates
absent; reverse Pale L uteous (R 11) (Figures 38A , a).

Cdlonies on CYA grow ing regtrictively, ataining 15 mm in diameter within 7
days a 25C, umbonate, more or less wrinkled or radicaly furrow, raised in centrd ares,
conggiing of acompact basal felt which abundant penicilli, Glaucus Grey (R 109) to Greenish
Grey (R 110); ascomataabsent; exudates dear; reverse Pde L uteous (R 11) (Figures58 B, D.

Colonies o0n MEA growing moderatdly, attaining a diameter of 22-25 mm
within 7 days 25°C, velvety to more or less funiculose, plane, dightly sulcate, consisting
of acompact basa felt, producing moderately developing yellow ascomatain central area,
Pure Luteous (R 11); conidiogenesis abundant produced at the periphery, Pale Greenish
Grey (R 123); reverse Pale Luteous (R 11) to Luteous (R 12) (Figures BC, ¢).

Colonies on CMA growing moderately, attaining a diameter of 22-25 mm
within 7 daysat 25°C, congisting of a compact basal felt which surface appearing granular due
to producing of abundant ascomata, Sulphur Ydlow (R 15); conidiogeness absent; exudates
absent; reverse Pale Luteous (R 11), Luteous (R 12) to Umber (R 9) (Figures 58D, d).

Colonies on OMA and G25N agar growing slowly, attaining a diameter
o 15-18 mm within 7 days at 25°C, umbonate, zonate, consisting of a compact basal felt,
producing only Pale Luteous (R 11) mycdium; ascomata moderately; conidiogenesis
absert; exudates abundant; reverse uncolored (Figures 58 D -F, d-f).
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Ascomata confluent or occasionally discrete, soft, non-ostiole, ripening
within 14 days, subglobose to elipsoidal, yellow, (170) 200-300 um in diameter,
ascomatal wall composed of aloose network of branched, yellow, interwoven, septate,
thick-walled and the smooth-walled hyphae (Figure 59 A). Ascomatal initials distinct,
started as side branches of the swollen aeria hyphae, composed of large, terminaly
looped, swollen, septate hyphae, developing into loose coils in a helica pattern
(Figures 59 D, 60 C). Asci in chains, 8spored, subglobose to globose, 10 x 810 um,
evanescent (Figure 60 D). Ascospores pale yellow, broadly ellipsoidal, 44.5 x 3.53.8
pum, microtuberculate to tuberculate (Figures 59 E -G, 60 D).

Conidiophores aising from the basal mycelium or aerial hyphae,
erect, stipe hyalines (100-)120-200 um, Penicilli typicaly biverticillate, rarely
monoverticillate or terverticillate Metulae in verticils of 46, 11.33-13 x 33.5 um.
Phialides lanceolate, 3-6 in the verticil, 10-13.5 x 2.5 3 um, with long collula (Figures
59 B-C, 60 A). Conidia hyaline, ellipsoidal, ovoidal to pyriform, 3-4.5 x 23 pum,
smooth-walled, born in chains (Figures 59 B-C, 60 B).

From characterigics of growth rates, pure ydlow to sulphur ydlow
colony and short swollen initids of the ascomata indicate Talaromyces 0. 2 (KUFC
33383) bdongs in the series Lutel of the section Talaromyces (Ritt, 1979%). Growth
rates, ascandd initids pattern, ascomata Sze of Talaromyces 9. 2 (KUFC 3383) are
smilar T. wortmannii var. wortmannii and T. wortmannii var. sublevisporus, but differ
in colony morphology. Colonies of both varieties of T. wortmannii are more or less
floccose on CYA and MEA, while colonies of Talaromyces . 2 (KUFC 3383) are
plane and vevety, which having aundant devdoping ascomata and penicilli. This
fugus is more Smilar T. wortmannii var. sublevisporus in its shape and
ornamentation of ascospores, but differs in having much larger ascospores and
vaiable Sze of tuberculae on ascosporeswall.
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Figure 58 Talaromyces sp. 2KUFC 3383. Obverseand reverse views of
colonies on different media, incubated for 7 days at 5°C; CZA (A, a),
CYA (B, b),MEA (C,c), CMA (D, d), OMA (E,e), G25N (F, f)



Figure59 Talaromycessp.2 KUFC 3383

A. ascomata; B-C. Penicilli; D. ascomatal initial; E. ascospores
F-G. ascospores (SEM)

(Bars: A =200 um; B-D =10 pm; E-F =5 um; G=2 pm)



Fiqure60 Talaromycessp. 1 KUFC 3383

Camera lucida drawings of A. penicilli; B. conidia; C. ascomatd initias

D. asci and ascospores
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Thirteen species of Talaromyces have been reported consding Talaromyces
austrocalifornicus, T. bacillisporus, T. flavus, T. macrospermus, T. helicus var.
major, T. indigoticus, T. luteus, T. rotundus, T. stipitatus, T. trachyspermus,
T. wortmannii and two unidentified species (KUFC 3399, KUFC 3383). Two Species are
new recorded for Thaland (Talaromyces austrocalifornicus ad T. indigoticug,
whereas the other two unidentified species KUFC 3383 and 3399) do not resemble to
any dexcribed species. Fitt, (19798) was used morphologicd study on standard media
as the growth rate, color, texture, and temperaure & 5°C, 25°C, 37°C for 7 days for
identified spedies. In this study, the temperature range at 25°C, 28 °C and 37°C were
employed. It was found that most species grew well a 28°C for 7 or 14 days and
produced abundant ascomata within 10-14 days a 28°C. No growth occurred a 37°C,
except Talaromyces bacillisporus, T. indigoticusand T. stipitatus

Morphologica characteridics in term of dzes and shapes of ascomata,
asti, ascospores, penicilli and conidia are resemble or close to those desaibed by
previous reported (Stolk and Samson, 1972; Ritt, 1979a; Takada and Udagawa, 1988;
Yaguchi et al.,1992; Yaguchi et al., 19933 b; Udagawa, 1993; Yaguchi et al., 1994a,
b, Yuguchi et al., 1996; Udagawaet al., 1993; Udagawa and Suzuki, 1994). In some
caxe, only dightly different in sze and shgpe of ascospores, for example Talaromyces
bacillisporus T. rotundus and T. wortmannii. In addition, Talaromyces flavus and
T. macrosporus were the dominant species and were found from dl soil samples. They
ae d extremdy vaiable species, in color and texture of colonies in the amount of
red pigment produced, in the number of peniclli and ascomatia, and in Sze and color
of ascospores.
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3. Phylogenetic study of Talaromyces

Phylogenetic andyses were conducted using polymorphic microsatellites of 21
fungi comprigng 18 species of Talaromyces and 3 other Trichocomacese isolated in
Thaland (Figures 61-62). Talaromyces species induded in the andysis comprise of
species representing the 2 sections, section Talaromyces and section  Emersonii,
3 sies series Flavi, series Lutei and series Trachyspermus as defined by Stolk and

Somson, 1972, and Ritt, 1979a (Table 4).

The andyss of the phylogendic rddionships among Talaromyces and other
Trichocomacege indicated that the mgority of Talaromyces species clustered in one
magjor clade with minor branch supported by 100% of the bootstrapped data set.

Macker 1 2 3 4 5 6 7 8 9 10

Figure6l1 Electrophoresis of PCR products using PM7

1=T. bacillisporus 2=T. austrocalifornicus 3=T. macrosporus
4=T. stipitatus 5 = Trichocamaceae (Penicillium anamorph)
6=Talaromyces9. 1  7=T. roduntusKUFC 3446 8= T. wortmannii
9=T. flavus 10=T. rotundusKUFC 3359

M = marker 1kb 100bp ladder plus (Fermentas)
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[0%

| Talaromyces luteus

Talaromyces macrosporus

Talaromyces austrocalifornicus

Talaromyces sp. KUFC3370

Talaromyces flavus

Talaromyces indigoticus

Talaromyces stipitatus

Talaromyces sp. KUFC 3352
L Talaromyces wortmannii

Talaromyceshelicus var . major

Talaromyces sp. KUFC 3470

Talaromycestrachyspermus

Trichocomaceae (Penicillium anamor ph)
Talaromyces sp. KUFC 3383

Talaromyces bacillisporus

Byssochlamys fulva
| Talaromycesrotundus K UFC 3446

| Talaromycesrotundus K UFC 3359
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|—Talaromyce£ Sp. KUFC 3399
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Figure62 Phylogenetic relationships of Talaromyces speciesand related
Trichocomaceae based on SSR gene
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In the monogragphic treatment by Stolk and Samson (1972), Talaromyces
comprised 4 sections with 18 speciess most of which were described as having a
Penicillium anamorph, but which dso included two species with a Paecilomyces state.
In his tregtise on the genus Penicillium, Fitt (19799 divided the 16 Talaromyces
species with Penicillium anamorphic dates into three sections and five series induding
sction Talaromyces (series Flavi Pitt; Lutel Pitt and Trachyspermus Fitt), section
Purpureus Stolk et Samson (series Purpurei Pitt) and section Thermophilus Stolk et
Samson (series Thermophili Pitt).

The classfication of gpecies in 3 saries of section Talaromyces (Pitt, 19799)
does not fully corrdae with phylogengtic andyss of the daa in this sudy, because
gpecies of same series do not clugter together (Figure 62). Among the 5 Talaromyces
species in the series Flavi and 3 species in the series Lutel shared the clade together.
The other two species within the series Lutei, T. roduntus and the unidentified species,
Talaromyces sp. KUFC 3399 were found on same clade which occupies a basd
podtion to the man Talaromyces clade. The SSR phylogeny of my study included
goecies of section Talaromyces and section Emersonii, with Penicillium and
Geosmithia anamorphs. The results dso showed no @rrdaed of the divisons with the
phylogenetic andyss smilar to findings of LoBuglio et al. (1993) and Luangsaard
(2004).

Interestingly, Talaromyces flavusand T. macrosporus form different sub-dade.
based on the phylogenetic tree. These two holomorphic species are difficult to be
diginguished according to morphological characters with in the series Flavi. The key
differences between them are the size of ascospores. First, Talaromyces macrosporus
had been treated as a variety of T. flavus, then ganed the species gatus by its different
hest-resstance and secondary metabolites (Frisvad et al., 1990). But even though with
these differences, they are very closdy rdaed in many respects and should be in the
same clade rather than in different ones The morphology of Talaromyces sp. KUFC
33M is very amila T. flavus and T. macrosporusbut d<o lies in the different dade.
Thisis prelimentary test base open SSR which did not involve in sequences andtss.
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Talaromyces trachyspermus is a distinctive species according to morphologica
and molecular characters. It has white to creamish mycdlia and ascomata conssting of
cdosdy intewoven hyphae, while other, are usudly bright colored-ydlow, or nedly
0; its initids are swollen hypheae producing gnarled branches. This species is dso well
separated from othersin the sudied of LoBuglio and Taylor (1993).

Trichocomaceae (Penicillium anamorph) haes severd didinctive morphologica
characteristics rddive to other Talaromyces species (incduding production of a pde
brown conidiophore with big and tuberculate ascospores. It was dso dugtered with
Talaromyces sp. KUFC 3383 tha has dricilly Biverticlllium Penicillium-anamorph
with 5% digance. Byssochlamys fulva (Paecilomyces anamorph) is found on the same

cladewith T. bacillisporusthat has a Geosmithia- anamorph.
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4. Antagonism against plant pathogenic fungi by Talaromyces

41 In vitroinhibition growth of plant pathogenic fungi

Twenty isolates of T. flavus effectively inhibited mycdia growth of the three
Oomycetes plant pathogenic fungi induding Phytophthora palmivora, P. parasitica
and Peronophythora litchii on PDA, a 28°C, but faled to inhibit Pythium
aphanidermatumin vitro (Table 10, Figures 63-64).

Twenty isolates of Talaromyces flavus inhibited mycdiad growth of the three
Codomycetes plant  pathogenic  fungi  induding  Colletotrichum  capsici,
C. gloeosporioides and Pestalotiopsis guepinii, but could not cortrol Lasiodiplodia
theobromaein vitro (Table 11, Fgures 63-64).

Percent inhibition of mycdid growth for the five Hyphomycetes plant
pahogenic fungi by T. flavus drans vaied with the plant pahogen by isolae
combingtion tested. Twenty isolates inhibited more than 70% of the radid growth of
Helminthosporium maydis and H. oryzae Two isolates of T. flavus, KUFC 3530 and
KUFC 3528, provided 69 % inhibition of the radid growth of Curvularia lunata (Table
12), wheress eighteen isolates of T. flavus produced moderate inhibition of the radid
growth of this plant pathogen. Both dtrains of T. flavus showed nearly 80% inhibition
of mycdid growth of Fusarium oxysporum (Table 12, Fgures 63-64). However,
twenty isolates of T. flavus did not inhibit plait pethogenic fungi in the Class
Agonomycetes, Sclerotium rolfsii and Rhizoctonia solani in vitro.
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Tablel0 Percent inhibition on mycelial growth of four comycetous plant pathogenic
fungi by twenty isolates of Talaromyces flavuscultivated on PDA as
dua cultureat 28 °C for 14 days

Talaromyces Inhibition (%)
flavus KUFC Phytophthora Phytophthora  Pythium Peronophythora litchii
palmivora parasitica aphanidermatum
334 76.92 75.00 10.27 7750
3363 75.00 74.62 19.20 76.27
331 78.05 70.59 o 76.27
3338 78.05 75.00 9.45 75.00
3% 78.75 77.32 0 7750
3397 69.56 72.50 0 75.32
3400 75.20 76.65 0 74.78
3485 72.39 71.26 7.32 75.00
3446 70.79 68.45 4.67 78.32
3450 77.27 75.00 0 76.47
3473 81.93 71.26 0 7951
483 70.59 70.59 0 75.55
3501 76.47 70.59 11.89 70.58
3506 70.45 67.77 4.78 68.89
3508 73.78 73.65 0 74.34
323 83.24 79.56 0 80.45
3525 78.22 75.00 0 76.16
3528 80.69 80.48 12.80 7954
3530 79.01 77.50 19.24 79.50
3550 75.02 73.76 742 75.00

* plant pathogenic fungi overgrew the colony of T. flavus
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pathogenic fungi by twenty isolates of Talaromycesflavus, each isolate of
T. bacillisporus and Talaromyces sp. 1 (KUFC 3399) cultivated on PDA as
dual culturetest at 28 °C for 14 days

Talaromyces Inhibition (%)

flavus Colletotrichum  Colletotrichum Pestalotiopsis Lasiodiplodia Phyllosticta
KUFC capsici gloeosporioides  quepinii theobromea  sp.
3334 70.56 65.45 55.46 10.34 79.01
3363 69.56 60.34 52.32 0* 62.75
3381 70.45 65.00 50.54 0 63.64
3388 67.03 68.75 51.12 0 64.80
3395 67.76 65.77 52.38 0 72.73
3397 69.50 66.89 42.78 0 68.18
3400 71.35 67.34 50.31 7.32 63.78
3485 72.78 65.00 52.44 0 60.77
3446 73.45 66.07 54.80 0 65.19
3450 74.24 66.67 55.00 0 60.67
3473 76.49 69.57 50.38 6.75 57.89
3483 77.06 66.67 55.90 7.32 67.52
3501 75.67 67.06 60.67 7.34 72.41
3506 67.34 55.00 58.40 0 77.49
3508 74.00 58.71 57.47 10.45 72.84
3523 76.88 68.31 59.61 0 85.00
3525 74.19 65.00 61.33 0 73.65
3528 78.36 67.41 62.32 11.40 80.00
3530 79.45 69.90 60.82 0 79.11
3550 70.22 67.34 60.34 0 70.00

T. bacillisporus  70.87 60.45 55.56 0 68.32

Talaromycessp.  70.13 55.89 54.78 0 65.19

KUFC 3399

* plant pathogenic fungi overgrew the colony of T. flavus
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Table12 Percent inhibition on mycelial growth of four hyphomycetous plant
pathogenic fungi by twenty isolates of Talaromyces flavus each isolate of
T. bacillisporus and Talaromyces sp. 1 (KUFC 3399) cultivated on PDA, as
dual culture at 28 °C for 14 days

Talaromyces Inhibition (%)
flavus KUFC Curvularia  Fusarium oxysporum  Helminthosporium Helminthosporium
lunata f.9. lycopersici maydis oryzae

3334 60.00 - 72.45 70.67
3363 54.67 67.82 70.31 -
3381 65.54 71.21 75.34 72.32
3388 60.42 72.32 70.69 70.55
339% 62.00 73.33 7251 71.89
3397 65.37 - 73.39 70.34
3400 60.36 75.14 74.27 75.98
3485 61.19 75.06 76.43 76.14
3446 55.34 70.69 70.42 75.89
3450 57.38 - 78.36 74.56
3473 61.45 77.14 75.56 76.78
3483 6241 75.85 76.64 -
3501 60.37 - 75.00 74.34
3506 56.11 68.71 74.80 7214
3508 66.91 75.11 75.67 70.45
3523 - 76.02 78.65 7750
3525 65.90 - 79.21 76.76
3528 69.20 79.31 79.88 79.08
3530 69.39 78.35 80.31 78.32
3550 65.03 75.26 79.41 70.77

T. bacillisporus 60.59 73.39 70.46 -

Talaromyces sp. 5845 76.91 72.54 61.90

KUFC 3399

Contamination
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Figure 63 Antagonistic tests as dua cultures of different Talaromyces flavusisolates (Ieft) and plant pathogenic
fungi (right) on PDA incubated for 14 days at 28°C
T. flavus (KUFC 3523)vs Phytophthora palmivora (A), Curwularia lunata (B), P. parasitica (C)
T. flavus (KUFC 3528) vs Phytophthora palmivora (D), Colletotrichum capsici (E), Fusarium oxysporum (F)
T. flavus (KUFC 3381) vs Phytophthora palmivora (G), P. parasitica (H), Peronophythora litchii (1)
T. flavus (KUFC 3334) vs Phytophthora palmivora (J), P. parasitica (K), Peronophythora litchii (L)
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Figure64 Antagonistic tests as dual cultures of different Talaromyces flavusisolates (Ieft) and plant pathogenic
fungi (right) on PDA incubated for 14 days at 28°C

T.flavus (KUFC 3363) vs Colletotrichum capsici (A), Phyllosticta sp. (B), Fusarium oxysporum (C)
T. flavus (KUFC 3395) vs Phytophthora palmivora (D), P. parasitica (E), Colletotrichum gloeosporioides (F)
T. flavus (KUFC 3450) vs Phytophthora palmivora (G), Colletotrichum gloeosporio ides (H), P. parasitica(l)
T. flavus (KUFC 3550) vs Phytophthora palmivora (J), P. parasitica (K), Peronophythora litchii (L)
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4.2 Antagonistic activity testsof twenty isolates of Talaromyces flavus
against Sclerotium rolfsii in the greenhouse

The €fficacy of T. flavus in the greenhouse as the biologicad control
agent againg Sclerotium rolfsii, the causd agent of bean gem rat, indicated that the
highet seedling survivd was 93, 88 and 87% in the trestment with ascospore
suspenson of T. flavusisolaes KUFC 3523, 3528 and 3530, respectively, a 7 days after
planting (Figures 65-66). In contrast seedlings survivd was 38% for the control of
mungbean seeds with S. rolfsi. Treatments with T. flavus KUFC 3530, 3523 and 3334
provided highly effective in increesng seedling survivd a 83, 82 and 80%,
respectively, a 14 days after planting (Table 13).

The highest percentage of seedling survivd a 30 days after planting were 45
and 41% when mungbean seeds were treasted with ascospore suspensons of T. flavus
KUFC 3530 and KUFC 3334. All other isolates faled to control this plant pathogen at
30 days after planting (Table 13).

None of the T. flavus isolaes gave high inhibition of S. rolfsii in vitro, because
S rolfsii thoroughly colonized T. flavus in the petridishes However, in the greenhouse
experiment, isolates KUFC 3530 and 3334 controlled S rolfsii, as well or better than
Trichoderma harzianum which showed 34% of seedlings survivd 30 days after
inoculation (Table 13). These reaults indicates tha mechanisms other than antibiotic
production may be responsble for the disease control of S. rolfsii in the greenhouse
experiment.
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Table13 Percent surviva of mungbeen seedlings, after seets were treated with
T. flavus and inoculated with Sclerotiumrolfsii at 7 and 14 days

after inoculation

Talaromyces flavus Seedling survival (%)
KUFC 7 days 14 days 30 days
KUFC 3334 + S rolfdii 85.45 80.22 41.34
KUFC 3363 + S rolfsii 85.69 74.98 0
KUFC 3381 + S rolfsii 83.33 80.55 0
KUFC 3388 + S. rolfsii 80.24 75.10 0
KUFC 3395 + S. rolfsii 77.91 69.45 0
KUFC 3397 + S rolfsii 87.22 78.44 0
KUFC 3400 + S rolfsii 81.67 73.33 25.35
KUFC 3485 + S. rolfsii 81.34 71777 0
KUFC 3446 + S. rolfsii 82.05 74.87 0
KUFC 3450 + S rolfsii 81.67 76.11 0
KUFC 3473+ S rolfsii 79.98 78.32 0
KUFC 3483 + S. rolfsii 78.56 70.45 11.90
KUFC 3501 + S. rolfsii 74.44 71.00
KUFC 3506 + S. rolfsii 86.11 80.56
KUFC 3508 + S. rolfsii 86.11 80.56 0
KUFC 3523 + S. rolfsii 92.59 82.22 1243
KUFC 3525 + S rolfsii 88.37 79.56 0
KUFC 3528 + S. rolfsii 87.54 76.42 0
KUFC 3530+ S rolfsii 86.11 83.33 45.33
KUFC 3550 + S rolfsii 81.15 75.66 0
Mungbean + S rolfsii + T. hardanum?® 93.45 82.04 34.45
Mungbean + H,O 97.22 94.44 94.44
Mungbean + S rolfsii 38.44 30.45 0

¥ Mungbean seeds were treated with powder formulation of Trichoderma harzianum

(Unigreen O)
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S
elofolo

Figure €5 A. Mungbean seeds + digtilled water (left) and mungbean seeds +
Slerotiumrolfsi (right), 7 days after planting (Control), B. mungbean seeds
+ S rolfsi (@), mungbean seeds + Talaromyces flavus KUFC 3523 +
S rolfdi (b), C. mungbean seeds + T. flavus KUFC 3550 + S roflsii (c),
D. mungbeanseeds + T. flavus KUFC 3528 + S rolfsi (d), 7 days after planting

Figure €6 Mungbean seeds inoculated with Sclerotium rolfsii for 7 days,
the collapsed mungbean seedlings and sclerotia (circled) are shown
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Among 122 isolaes of Talaromyces flavus found in this gudy, 20 isolaes
were used for antagonidic activity test agang 15 species of plant pathogenic fungi in
vitro (Tables 10-12). The results showed that dl strains of T. flavus could effectively
control  oomycetes plant pathologenic fungi  in vitro, induding Phytophthora
palmivora, P. parasitica and Peronophythora litchii invitro. All gransof T. flavus
coud moderatdy ocontrol  Fusarium oxysporumf.sp. lycopercisi, F. semitectum,
Colletotrichum capsici, and C. gloeosporioides, but ocoud not control
Lasiodiplodia theobromae Rhizoctonia oryzae and Sclerotiumrolfsii invitro. This
study was supported by report of Jun et al., (1999) as they found that T. flavusisolate
051 could effectivdly control plant pathogenic fungi of cotton in vitro, Verticillium

dahiae, Fusariumoxysporum f.sp. vasinfectum, Rhizoctonia solaniand Colletotrichum

gossypii.

The efficacy of twenty isolates of T. flavus to control bean stem rot caused by
Sclerotium rolfsii was examined in the greenhouse. The grestest disease reduction was
92.59% when trested seeds with ascospores suspenson of T. flavus KUFC 3523,
folowed by T. flavus KUFC 3528 and 3334 a 88.37 and 87.54%, respectively. The
remaning isolaes could moderate control the disease, ranging from 70.45 to 80.22%.
Madi et al., (1997) repated that 64% was greatest reduction in this diseese by T.
flavusdrainsin the greenhouse.

Talaromyces flavus has been reported to suppress Verticillium wilt of tomato,
eggplant and tomato (Fehima and Henis 1995; Madi et al, 1997; Maois et al., 1984;
Tjamos and Fravel, 1995, 1997) and paradtizes Sclerotinia sclerotiorum(McLaren et
al.,, 1986 1989, 1996 Huang et al., 2000) and Sclerotium rolfsii (Fravel, 1996; Madi
et al, 1997). The mechaniams of biocontrol againg plant pahogens incdude
mycoparasitism (McLaren et al, 1986, Fehima et al., 1992, Madi et al., 1997),
antibiotic production (Kim, 1990a by Stosz et al., 1996), and competition (Marois et
al., 1982). In addition, T. flavus has been reported to produce severd cel wadl
degrading enzymes responsble for antegonidic activity agangt phytopathogenic  fungi
(Madi et al, 1997). Glucoe oxidase digplayed important enzyme activity versus V.
dahliae by inhibiting germination, hyphad growth, and mdanization of microsclerotia
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(Madi et al., 1997; Stosz et al., 1998). T. flavus chitinase inhibited cdl wal formation
in Verticillium dahliae Sclerotinia sclerotiorumand Rhizoctonia solani, and inhibited
goore germindion and ge'm tube dongation of Alternaria alternata, Fusarium
moniliforme, and Magnaporthe grisea (Duo-Chuan et al., 2005; Inglis and Kawchuk,
2002).

Nagtzaam and Bollen (1997) reported colonizetion of roots of eggplant and
potato by T. flavus from coated seed. They found that the ability of T. flavus to
colonize plat roots may contribute to diseese suppresson by reducing the
proliferation of the pathogens on the roots by direct mycoparastism or competition.
Madi et al, (1997) reported that a mutant dran of T. flavus exhibited high
extracdlular enzymes activity induding chitinese as wdl as mycoparastisn and in the
biologicd ocontrol of S rolfsii. Microscopic examination of the parastic process
reveded the presence of swollen ssgments and appressorium-like Structures which
have not been observed in wild-type srains of T. flavus.

Talaromyces flavus produces four antibiotics vermiculine (Fuska et al., 1972),
vermidatin (Fuska et al., 19793 1986), vamidllin (Fuska et al., 1979b), and tdaron
(Mizuno et al., 1974). Tdaron, a pde ydlow compound has been recorded as strorg
antifungd agent when grown in a culture medium contaning 8% glucose, but no
antibacterial  activity was reported (Mizuno et al., 1974). Under smilar culture
condition, Fravdl et al., (1987) reported T. flavus produced an extracdlular metabolite
with strong antimicrobid effects againg fungi, bacteria and protozoa This metabolite
inhibited the radid growth and sderotid formation of V. dahliae. The metabolite
subsequently was identified as glucose oxidase.

Kim et al, (1990 b) identified the metabolite glucose oxidese, which
cadyzes the oxidation of glucose to gluconate and hydrogen peroxide. Glucose
oxidase in the presence of glucose killed the microsclerctia of V. dahliae in vitro and
in derile soil, wherees glucose oxidase, glucose, and gluconate were not inhibitory to
V. dahliae when usad individudly. However, hydrogen peroxide was highly toxic to
the microsclerotiaof V. dahliae (Kim et al., 1988).
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4. Secondary metabalites isolated from Talaromyces bacillisporus and
Talaromycessp. 1 (KUFC 3399)

4.1 Secondary metabolitesisolated from Talaromyces bacillisporus

The ethyl acetate extract of the culture of Talaromyces bacillisporus
furnished, besides bacillisporins A @), B 6), C (6) and duclauxin (50), previously
isolated from the Japanese collection of Talaromyces bacillisporus (Yamazaki and
Okuyama, 1980), two new oxyphenalenone derivatives which have named
bacillisporins D (69) and E (70). The structures of these new compounds have been
established by spectrosacopic methods (H, ¥*C NMR, COSY, HSQC and HMBC) and
HRMS as well as comparison of their proton and carbon chemica shift values with
those of bacillisporins A, B, C and duclauxin (Tables 14 and 15).

An ealier atide on the chemistry of the fungus Talaromyces
bacillisporus (Stolk and Samson, 1972) desribed three new  oligophendenone
dimmers (Yamazaki and Okuyama, 1980), which because the authors misspdled the
name of the fungus were misnamed bacillosporins A, B and C Cooke and Edwards
1981; Stolk and Samson, 1972; Yamezaki and Okuyama, 1980; Ishii et al., 1995)
ingdead of more propely becillogporins A-C, a designation which will use henceforth.
A new xanthone pinsdin was aso reported in the same aticle. In addition, Ishii et al.,
(1995) have ds0 isolaed a cytotoxic pyrrolizidinedione derivative from the same
fungus The effect of bedlligporin A on mitochondrid respiration has been dudied
(Snigjiri et al., 1984).

Dudauxin has been previoudy reported from three other Talaromyces
species induding T. flavus, T. macrosporus and T. dtipitatus (Ogihara et al., 1965;
Shibata et al, 1965; Frisvad et al., 1990) and severd aticles have described various
biologicd ectivities of this subdance (Fuskova et al., 1977; Kuhr and Fuska, 1973;
Kovec et al., 1978; Kawai et al., 1982, Shigjiri et al., 1983).
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50 69 70

Figure67 Structure of compounds isolated from the culture of T. bacillisporus
collected from Kasetsat University, Bangkok
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Table14 *H NMR of bacillisporins A (4), B (5), C (6), D (69), duclauxin (50) (DM SO, 500 MHz),

and bacilli sporin E (70) (CDCk, 300 MHz)

1 4 5 6 ® 50 70 (CDCl5)

1a 5.72d (15.2) 573d (15.0) 5.64d (14.3) 7.72s 454d(124)  4.90d (130)

1b 5.64d (15.2) 5.65d (15.0) 5.47d (14.3) 461d(124)  4.82d (130)

5 693s 6.965 7.00d (0.6) 6.91s 6.97s 6.92s

Ta 513d (12.3) 5.14d (12.4) 493d (11.2) 510d(123)  500d (124)  4.88d (125)

T'b 5.05d (12.3) 4.99d (12.4) 463d (11.2) 479d(123)  466d (124)  476d (125)

5 6.88s 683d (0.7) 6.81d (0.9) 6.655 6.88s 6.82d (0.7)

8 5.00brs 4.83brs 3.27d (155) 4.150rs 4530 473d (1.0)
— 310d (155) - —— e

g 5.82Drs 477d (45 5.21brs 464d(55  560d (0.9)

H-4 1165 11865 11665 1067s 11.3s 11265

H9  1014brs 9.99s 989s e e

oH-4  11%brs 12,00 11865 11.71s 11.87s 11.88a

[o TI- Ru— 6.28d (4.9) Yo J— 637d(55 -

CHs6 2935 2.97s 2.10s 2.75s 2.84s 2.88s

CHs6  2.50s 2.48s 2.755 2125 251s 2.62s

o Y =3 A — 298 e e

CHsAC 201s e e 223 e 2155

Table 15 *C NMR of bacillisporins A (4), B (5), C (6), D (69), duclauxin (0) and bacillisporin E ( 70)

(125.77MHz)

BC 4 (DMSO) 5 (DMSO) 6 (DMSO) 60 (DMSO) 50 (DMSO) 70(CDCl3)
1 68.73 66.84 66.67 14869 7105 7154
3 16921 16944 16955 16380 167.29 16753
) 97.47 9754 10058 10135 10794 10802
D 13146 13131 13192 13283 14482 14330
4 16161 16152 162:84 16173 16096 16298
5 11933 11915 11998 12079 12067 1244
6 14576 14597 14869 15197 147.44 14805
6 11806 11915 12101 11818 1744 11678
7 13423 137.29 15508 8871 154.22 15545
8 13597 13476 11372 639 14670 14559
9 14827 14892 15001 19368 19271 191.33
< 11018 10068 10212 11319 65.12 65.81
T 66.36 7010 7330 7132 69.13 68.06
3 167.36 16794 16897 167.26 167,60 167.32
3a 103.72 10382 9.3 10474 10441 104,05
3b 14652 147.77 14415 14282 13668 13581
g 16325 16316 16254 164.74 16323 16485
5 12017 11968 1705 12133 11957 12123
6 15266 152.38 14590 15195 15231 1539
6a 11640 11678 10867 12088 117.37 11690
7 19121 19281 19322 19081 19062 18313
8 6122 6459 4845 67.30 66.40 6364
g 85.33 8531 111.49 7880 84.26 8385
ga 4798 4957 4849 5104 4857 4793
Me6 2427 2445 2301 216 2371 24.77
Me6 2319 2328 2308 262 2329 2%
Ac 2073 e e /o)=Y R — 2087

7010 e e 16950 e 17004
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The molecule of bacillosporins and duclauxin can be considered as a dimer of
oxapnenalenone derivatives. Consequently, they are derived from the coupling of two

oxaphenal enone monomers:

0 OH O OH

CH

HO

upper oxaphenalenone monomer

Bacillosporin A
P upper oxaphenalenone monomer

Thus, it is convenient to delineate first the biogenetic pathway of the two
monomers before considering their coupling. It is clear that both of the monomers are
derived from the acetate pathway. The formation of the upper monomer (J) from the
tetraketide (A) and triketide (C) chainsis shown in Schemel.

Before condensng with the triketide chain (C), the tetreketide chan (A) is
thought to suffer a Clasen condensstion to give the cydic form (B). Aldol
condensation between the tetraketide B and triketide C results in the intermediate D,
which, dfter endlization and dehydration, gives the inteemediate F, through the
intermediate E. Reduction of the ketone function of the intermediate F by NADPH
gives the doohal function in G. Clasen condensation of the hydroxyl group with the
thioester of acetyl Co A results in the formation of the lactone ring in H. Oxidation of
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the methyl group of H gives the caboxyl function in I, followed by decarboxylaion to
give the oxyphendenone J, amonomer of bacillosporins.

enolization,
2H,0 dehydration

enolization

CH, ‘—H3C

Schemel Formation of the upper oxaphenalenone monomer
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Formation o the lower oxaphenalenone unit (R) also proceeds via the
condensation of the tri- and tetraketide units through the intermediates M, N, O, P and
Q (Scheme: 2). However, the manner in which the two polyketide chains are disposed

is different from the formation of the upper unit.

o)
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H,C H

4 —=1Hc J H

H
H.C SCoA ( QH N

3 o o ~o

CoAS ) H
CoAS

/\I

4
0”7 CH,

H  enolizagéo

© ‘- CoAS

Scheme?2 Formation of the lower oxaphenalenone monomer

Through the action of the peroxidase enzymes, the monomer J can form the
freeradical L, through the oxyradical K (Scheme 3).
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Scheme3 Formation of the free radical of the upper oxaphenal enone monomer

In the same manner, the lower oxaphenalenone unit (R) can also form the free

radical U, through the action of peroxidase enzymes (Scheme4).

Scheme4 Formation of the free radical (U) of the second oxaphenaenone monomer (R)

Oxidative coupling between the free radicals of the upper (L) and lower (U)
oxyphenaenone units results in the intermediate V, which, after enolization, gives the
dimer W (Scheme5).



183

Scheme5 Oxidative coupling of two oxaphenalenone units

Nucleophilic addition of the ketone function of the lower oxyphena enone unit
by the phenolic hydroxyl group of the upper oxyphenalenone unit of the intermediate
W, yeilds a hemiketal derivative X. Keto-enol tautomerism of the lower unit in X

results in the more stable keto form in bacillosporin C (Scheme6).

w X Bacillosporin C

Scheme6 Formation of bacillosporin C
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Bacillosporin A Bacillosporin B

Scheme7 Formation of bacillosporin A and bacillosporin B

The biogenesis of bacillosporins A and B can be considered to derive from the
intermediate V. Instead of undergoing enolization to form the intermediate W for the
route to bacillosporin C, the ketone funtion of the upper unit in the intermediate V
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undergoes a nucleophilic attack by the enol group of the lower unit. This results in
formation of the second carbon-carbon bond between the two units in the intermediate
Y. Elimination of the water moleculein Y to give the double bond in the upper unit in
Z. Reduction of the keto function of the lower unit, probably by NADPH, gives
bacillosporin B and, acetylation of the resulting hydroxyl group, yields bacillosporin
A (Scheme?7).

Duclauxin

Bacillosporin A

Scheme8 Formation of duclauxin from bacillosporin A

The formation of duclauxin can be considered as the continuation of the
reaction sequence of bacillosporin A Keto-enol tautomerism and hydration of the
double bond of the upper unit of bacillosporin A to give the hydroxyketo
intermediate. Dehydrogenation of the pyrone ring and methylation of the resulting
hydroxyl by SAM yieldsduclauxin (Scheme8).
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4.2 Secondary metabolitesisolated from Talaromyces sp. 1 (KUFC 3399)

Chemical investigation d Talaromyces $p. 1 (KUFC 3399) furnished the
two new merodrimanes thailandolides A (71) and B (72), an O-methylated derivative
(73) of the aromatic fragment incorporated in thailandolide B, and three known closely
related 1(3H)-isobenzofuran derivatives, penisimplicissin (74), vermistatin (75) and
hydroxydihydrovermistatin ~ (76). The unusual  peptide analogue  N-
benzoylphenylalanyl-N-benzoylphenyl alanirete (77) and 2-glyceryl pamitate (78)
were also found

Thailandolide A (71) was a 3-oxo- 73-hydroxydrimane linked through a
tertiary oxygen to an aromatic moiety incorporating a lactone function in the manner
characteristic of merodrimanes known from fungi of the genus Stachybotrys
(Sawadjoon et al., 2004), but with the lactone function closed to G-8 of the drimane
portion as in the kampanols from Stachybotrys kampalensis(Singh et al., 1998), was
deduced from the *H and *C NMR spectra, listed in Table 16 The probable
stereochemistries of C-8 and C-8 and the location of the phenolic hydroxyl goup on
C-4' of the aromatic ring deduced from chemical shifts and coupling constants in
Table 16 as well as COSY and NOESY data were confirmed by an X-ray analysis.
The ORTEP diagram of 71 (Figure 68) led to the relative configuration shown in

formula71.

'H and C NMR spectroscopic data of compound 72 (thailandolide B)
demonstrated that it differed from 71 in being the extract was 73, an O-methylated
derivative of the aromatic fragment incorporated in 72. The ring conformation of 73 is
such that the methyl group is quasiequatorial, as can be gleaned from the H-3/H-4a,b
coupling constants and conforms to the stereochemistry of the G-8 -methyl group in
71. Thelocation of the hydroxyl group on C-6 and the methoxy group on C-8 is shown
by the presence of hydrogen bonding to the carbonyl, as evidenced by a broad —OH
singal at d 10.29, the COSY spectrum, which exhibited cross-peaks between H-5 and
H-1'ab and between H-3 and the OMe group, and the HMBC spectrum with cross-
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peaks between H-5 and CH»-1', G3, C-1 and C-0, between H-3 and C-1, C-5, and
CO, and between —-OMe and CO.

Interestingly, the dipeptide N-benzoylphenylalanyl-N-benzoylphenyl alaninate
(77) has been previoudly reported as a congtituent of a higher plant Croton hieronymi

(Euphorbiaceae) was a so found from this fungus (Catalan et al., 2003).

Three further congtituents of the extract were three 1(3H )-isobenzofuranone
derivatives, 74-76. Compound 75 was identical with vermistatin, which has been
isolated previoudly from cultures of Penicillium verticulatum (Fuska et al., 1986;
Massias et al., 1989), P. verruculosum (Murtaza et al., 1997) and P. simplicissimum
(Komai et al., 2005 as well as from fungal cultures related to Talaromyces flavus
(Ara et al., 2002; Komai et al., 2004, 2005), while compounds 74 and 76 were
identical with penisimplicissin and a hydrated analogue of vermistatin, both recently
reported from Pencillium simplicissimum (Komai et al., 2005). The structures of 75
was comfirmed by an X-ray analysis (Figure 69). The H and “CNMR data of
vermistatin (63), hydroxydihydrovermistatin (64) and penismplissin (65) are in Tables
17 and 18.
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Figure 68 ORTEP view of thailandolide A (71)

Figure69 ORTEP view of vermistatin (75)
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Table16 NMR Dataof compound 71 and 72 in CDCl; (*H 300 MHz, **C 75 MHz)

191

71 72
position dy (JinHz) e (DEPT) o ¥ de
la 2.01c 32.1t 7.16d(10.3) 156.2d
1R 1.7c
2a 2.49¢c 33.6t 6.00d (10.3) 127.5d
2B 2.65td (11, 4.8)
3 207.3s 203.7s
4 46.9s 44.6s
5 1.95dd (14,3) 43.6d 2.18dd (14,4.6) 424
6a 159 28.2t 2.22.3c 26.5t
63 2.18ddd (14, 7.5, 3) 1.85ddd (14, 14,
2.4)

7 4,03t (7.5) 73.0d 4.18dd (8.6, 2) 71.8d
8 78.3s 79.7s
9 2.05dd (12, 6.2) 40.8d 2.27dd (14, 5) 41.8d
10 35.7s 384s
11a 2.5¢c 19.5t 2.62dd (15, 14) 21.5t
1113 2.5¢ 2.96dd (15, 5)
128 1.37s 23.1q 1.27s 214q
13° 1.11s 20.0q 1.11s 21.3q
14° 1.12s 28.6q 1.12s 27.6q
15° 1.05s 22.88q 1.36s 274q
1 102.2s 102.2s
2 139.1s 135.8s
3 109.9s 112.3s
4 162.3s 162.2s
5 6.35s 103.1d 6.50s 106.3d
6 158.6s 159.6s
7a 2.8dd (16.5, 3.5) 31.5t 6.17d (1.7) 64.1d
F{ES 2.72dd (16.5, 12)
8 4.65ddq (12, 3.5,6.3) 74.7d 4.73qd (6.6, 1.7) 76.0d
9 1.56d (6.3) 21.0q 1.49d (6.6) 16.4q
10 170.0s 168.8s
7-OH 3.11brs
4 -OH 11.09s 11.06s
Ac 2178 20.7q

170.6s

? Intensity three proton.
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Table 17 H NMR of vermistatin (75), hydroxydihydrovermistatin (76) and
penisimplissin (74) (300 MHz, CDCl)

H 75 76 74

H-4 6.98d (2.0) 6.92d (1.8) 6.98d (2.0)
H-6 6.69d (2.0) 6.84d (1.8) 6.68d (2.0)
H-9 6.46s 6.26s 6.45s

H-2 6.16s 6.14s 6.20s

H-5 7.43s 8.14s 7.43s

H-7 6.07dd (15.6, 1.6)  2.58m 2.27s

H-8 6.61dd (156,690 39m = -

H-9 1.93dd (16.9,1,6) 114d(6.2) -
OCH3-5 3.88s 3.87s 3.88s
OCH3-7 3.79s 3.78s 3.79s
OH-8 824s =

Tablel18 23C NMR of vermistatin (75), hydroxydihydrovermistatin (76) and
penisimplissin (74) (75.47 MHz, CDCl)

Bc 75 76 74

2 170.3 169.6 170.0
3 129.3 128.9 129.3
4 98.9 98.8 98.9
5 163.0 162.3 163.0
6 105.1 104.7 105.1
7 154.8 154.7 154.8
8 127.6 127.4 127.6
9 73.6 74.4 735
2 112.8 115.3 115.0
3 123.3 122.0 123.3
4 177.3 176.1 176.9
5 153.9 156.1 154.4
6 162.1 167.4 166.0
7 123.0 434 19.7
8 136.0 63.9

g 185 23.3
OCHg3-5 56.0 55.8 56.0
OCHg3-7 55.8 55.9 55.8




