Journal of Microbiology (2015) Vol. 53, No. 4, pp. 219–225
Copyright G2015, The Microbiological Society of Korea

DOI 10.1007/s12275-015-4700-9

New record and enzyme activity of four species in Penicillium section
Citrina from marine environments in Korea
Myung Soo Park, Ji Eun Eom, Jonathan J. Fong,
and Young Woon Lim*
School of Biological Sciences, Seoul National University, Seoul 151-747,
Republic of Korea
(Received Dec 12, 2015 / Revised Feb 16, 2015 / Accepted Feb 17, 2015)

Several strains of Penicillium section Citrina were isolated
during a survey of fungi from marine environments along
the southern coast of Korea. Based on multigene phylogenetic
analyses (β-tubulin and calmodulin) and morphological
characteristics, the 11 strains were identified as P. citrinum,
P. hetheringtonii, P. paxilli, P. sumatrense, P. terrigenum, and
P. westlingii. To understand the ecological role of these species, we tested all strains for extracellular enzyme activity;
six strains representing four species showed β-glucosidase
activity. Four of the identified species – P. hetheringtonii, P.
paxilli, P. terrigenum, and P. westlingii – are new records
for Korea. For these new species records, we describe morphological characteristics of the strains and compare results to published data of type strains.
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Introduction
The genus Penicillium, is one of the most common fungi
found in the environment (Pitt, 1979; Samson et al., 2010).
This genus is important because it causes pre- and postharvest disease on crop (Frisvad and Samson, 2004) and
produces a variety of bioactive compounds that are harmful (e.g., mycotoxins) or useful (e.g., antibiotics compounds
and enzymes) to humans (Visagie et al., 2014). In particular,
marine-derived Penicillium species are known to produce
secondary metabolites (e.g., anti-cancer and anti-fungal compounds; Edrada et al., 2002) and extracellular enzymes (Dubrovskaya et al., 2012; Park et al., 2014b).
Traditionally, morphological characters of the colonies, conidia, conidiophores, and stipes were used to differentiate
Penicillium species (Pitt, 1979). However, morphological identification of species can be difficult due to the lack, independent evolution, and plasticity of distinguishing features (Pitt,
1973; LoBuglio et al., 1993; Visagie et al., 2014). The addition of DNA sequence data has alleviated many of the prob*For correspondence. E-mail: ywlim@snu.ac.kr; Tel.: +82-2-880-6708; Fax:
+82-2-871-5191

lems associated with morphological analysis. Several genes
have been used to study Penicillium: nuc rDNA internal transcribed spacer (ITS; Peterson, 2000), nuc rDNA large subunit (LSU; Peterson, 2000), β-tubulin (BenA; Seifert and
Louis-Seize, 2000; Samson et al., 2004), calmodulin (CaM;
Peterson et al., 2005), translation elongation factor 1-α DNA
(TEF1-α; Peterson et al., 2005), RNA polymerase II largest
subunit (RPB1; Houbraken and Samson, 2011), RNA polymerase II second largest subunit (RPB2; Houbraken and
Samson, 2011), putative ribosome biogenesis protein (Tsr1;
Houbraken and Samson, 2011), and putative chaperonin
complex component TCP-1(Cct8; Houbraken and Samson,
2011). Current recommendations are to follow the polyphasic
species concept, combining morphology, molecular phylogenetic analyses, and extrolite profiling for identification
(Christensen et al., 1999; Frisvad and Samson, 2004). Based
on a polyphasic analysis (including a multigene phylogenetic
analysis of ITS, BenA, CaM, and RPB2), there are currently
354 accepted Penicillium species, which have been divided
into two subgenera (Aspergilloides and Penicillium) and 25
sections (Visagie et al., 2014).
In Korea, over 100 Penicillium species have been recorded,
with most originating from terrestrial environments (Lee et
al., 2003; Yu, 2006; Kim et al., 2009). As studies using molecular methods and surveying marine environments have
uncovered new species and distributional records of Penicillium to Korea (Park et al., 2014a, 2014b, 2014c), the true
Penicillium diversity in Korea is waiting to be discovered.
The Penicillium section Citrina is of interest because it has
a global distribution and is known to produce a variety of
extrolites (e.g., citrinin and citreoviridin; Houbraken et al.,
2010, 2011). Penicillium species of the section Citrina are
commonly isolated from soil and are characterized by relatively small conidia, ampulliform phialides, and symmetrically biverticillate conidiophores (Houbraken et al., 2011).
Currently, there are 39 recognized species in this section
(Houbraken et al., 2011), with seven species known from
Korea (Lee et al., 2003; Kim et al., 2007, 2013; Paul et al.,
2014). For this study, we focus on species of Penicillium section Citrina from marine environments in Korea.
During recent surveys along the southern coast of Korea,
we isolated 11 strains belonging to six species in the section
Citrina. We identified these species using multigene phylogenetic analyses (BenA and CaM) and test for extracellular
enzyme activity to understand their ecological role. Four of
the identified species – P. hetheringtonii, P. paxilli, P. terrigenum, and P. westlingii – were previously unrecorded in
Korea. For these new records, we describe their macro- and
micro-morphological characteristics and compare them to
published data of corresponding type strains.
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cing was performed in both forward and reverse directions
using the corresponding PCR primers at Macrogen, using
an ABI Prism 3700 genetic analyzer (Life Technologies).

Materials and Methods
Materials
In 2014, marine substrates (sand, mud, seaweed) were collected from sites along the southern coast of Korea (Table 1).
Sterile latex gloves were worn to transfer samples directly to
Zip-lock bags. The samples were transported to the laboratory at 4°C and processed immediately for fungal isolation.
For sand and mud, two serial dilutions (1/10, 1/100) were
made using 5 g of material and artificial sea water (ASW)
(Huang et al., 2011); 0.1 ml of each serial dilution was transferred to the surface of three different culture media plates
prepared with ASW: potato dextrose agar (PDA; Difco-Becton), glucose yeast extract agar (1 g/L glucose, 0.1 g/L yeast
extract, 0.5 g/L peptone, 15 g/L agar), and dichloran rosebengal chloramphenicol agar (DRBC; Difco-Becton). For
seaweed, each sample was gently washed with seawater to
remove surface debris and soil. Discs of 5-mm in diameter
were cut from each sample and placed on the three different
culture media plates. All plates were incubated at 25°C until
the morphology of the cultured fungi could be distinguished
(7–15 days), then each Penicillium strain was transferred to
a new PDA plate. The isolated strains are stored in 20%
glycerol at -80°C at the Seoul National University Fungus
Collection (SFC) (Table 1).

Phylogenetic analyses
Sequences were assembled, proofread, and aligned using
MEGA5 (Tamura et al., 2011). The resulting consensus sequences were deposited in GenBank (accession Nos. in
Table 1). Phylogenetic analyses were performed in two steps.
First, we identified strains belonging to section Citrina by
analyzing BenA sequences with 52 type strains spanning
the diversity of Penicillium, using the type strain of Aspergillus
niger CBS513.88 as the outgroup. Next, strains were identified to species by analyzing the combined dataset (BenA +
CaM) with 37 GenBank sequences (33 type strains) belonging to section Citrina, with P. corylophilum CBS 330.79
(section Exilicaulis) used as the outgroup (Houbraken and
Samson, 2011). The sequence similarities were calculated
from the combined dataset (BenA + CaM) for each species
using MEGA5 (Tamura et al., 2011).
Multiple sequence alignments were performed using the
default settings of MAFFT v7 (Katoh and Standley, 2013),
and ambiguously aligned positions adjusted manually. We
performed maximum likelihood phylogenetic analyses on
datasets with RAxML (Stamatakis, 2006), using the GTR+G
model of evolution and 1,000 bootstrap replicates.

DNA extraction, amplification, and sequencing
Genomic DNA was extracted using a modified cetyltrimethylammonium bromide (CTAB) extraction protocol (Rogers
and Bendich, 1994). BenA and CaM have appropriate resolution for species identification in the Penicillium section
Citrina (Houbraken and Samson, 2011), and were sequenced
for all strains. PCR reactions were performed using primers
Bt2a and Bt2b for BenA (Glass and Donaldson, 1995) and
CF1 and CF4 for CaM (Peterson et al., 2005). Each PCR reaction was performed in a C1000 thermal cycler (Bio-Rad)
using AccuPower® PCR PreMix (Bioneer) in a final volume
of 20 μl, containing 10 pmol of each primer and 10 ng of
DNA. The PCR products were electrophoresed through a
1% agarose gel stained with loadingSTAR (Dyne Bio) and
TM
purified using the Expin PCR SV Kit (GeneAll Biotechnology) according to the manufacturer’s instructions. Sequen-

Enzyme assay
Enzyme assays were done for all 11 strains belonging to Penicillium section Citrina identified in this study. We screened
for extracellular alginase, endoglucanase, and β-glucosidase
activity using the modified plate screening methods of Park
et al. (2014b).
Morphological analysis
Detailed observation of morphology was done for the species
with new distributional records in Korea. To observe macroscopic culture characteristics, strains were inoculated at
three points on five different culture media – Czapek yeast
autolysate agar (CYA, yeast extract, Difco), CYA supplemented 5% NaCl (CYAS), yeast extract sucrose agar (YES,

Table 1. Collection information and GenBank accession numbers for Penicillium strains used in this study
Species
P. citrinum
P. hetheringtonii
P. paxilli
P. sumatrense

P. terrigenum
P. westlingii

Strain No.

Substrate

SFC20140423-M87
SFC20140723-M14
SFC20141120-M06
SFC20141120-M03
SFC20140423-M88
SFC20141120-M01
SFC20141120-M04
SFC20140723-M15
SFC20141120-M02
SFC20141120-M05
SFC20140423-M69

Seaweed
Sand
Seaweed
Seaweed
Seaweed
Seaweed
Seaweed
Mud
Seaweed
Seaweed
Seaweed

BenA, β-tubulin; CaM, calmodulin

Locality
Yeosu, Korea
Buan, Korea
Jeju, Korea
Jeju, Korea
Yeosu, Korea
Jeju, Korea
Jeju, Korea
Taean, Korea
Jeju, Korea
Jeju, Korea
Yeosu, Korea

Date
April 2014
July 2014
November 2014
November 2014
April 2014
November 2014
November 2014
July 2014
November 2014
November 2014
April 2014

Accession No.
BenA
CaM
KP235300
KP235289
KP235301
KP235290
KP235302
KP235291
KP235303
KP235296
KP235304
KP235292
KP235305
KP235293
KP235306
KP235294
KP235307
KP235295
KP235308
KP235297
KP235309
KP235298
KP235310
KP235299
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yeast extract Difco), malt extract agar (MEA, Oxoid), and
creatine sucrose agar (CREA) – and incubated at 25°C for
seven days. In addition, CYA plates were inoculated and
incubated for 7 days at 15°C, 30°C, and 37°C. All media were
prepared as described in Visagie et al. (2014). After incubation, the culture characteristics were recorded using the
models described by Pitt (1979) and Frisvad and Samson
(2004). All the culture color names and codes were based on
the ‘Methuen Handbook of Colour’ (Kornerup and Wanscher,
1963).
To observe microscopic characters, mounts of strains were
made in lactic acid from colonies grown on MEA, and conidiophores were washed with a drop of ethanol to remove
excess spores. Microscopy was performed using a light mi-
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croscope (Nikon Eclipse 80i).
Results and Discussion
The phylogenetic analysis based on the benA dataset identified 11 strains in the section Citrina (bootstrap support=
97%; data not shown). Phylogenetic analysis of the combined dataset (BenA + CaM) identified these 11 strains as
six species; strains were highly similar to and formed strongly
supported monophyletic groups with type strains (Fig. 1).
Strain SFC20140423-M87 and SFC20140723-M14 were identified as P. citrinum (sequence similarity=99.8–100%; bootstrap support=83%), strain SFC20141120-M06 as P. hetherFig. 1. Maximum likelihood phylogenetic
analysis of the combined data set of
β-tubulin (BenA) and calmodulin (CaM)
used to identify strains to species in the
Penicillium section Citrina. Bootstrap scores
of >50 are presented at the nodes. The scale
bar indicates the number of nucleotide subT
stitutions per site, and “ ” indicates the extype strains.
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ingtonii (sequence similarity=99.7%; bootstrap support=99%),
strain SFC20141120-M03 as P. paxilli (sequence similarity=
99.8%; bootstrap support=100%), strains SFC20140423-M88,
SFC20141120-M01, SFC20141120-M04, and SFC20140723M15 as P. sumatrense (sequence similarity=97.8–99.8%; bootstrap support=100%), strains SFC20141120-M02 and SFC20141120-M05 as P. terrigenum (sequence similarity=99.4–
100%; bootstrap support=100%), and strain SFC20140426M69 as P. westlingii (sequence similarity=99.3–99.9%; bootstrap support=91%).
The section Citrina comprises 39 species worldwide (Houbraken et al., 2011). In Korea, seven species in the section
Citrina have been reported from terrestrial soil: P. citrinum,
P. copticola, P. miczynskii, P. raphiae, P. steckii, P. sumatrense,
and P. waksmanii (Lee et al., 2003; Kim et al., 2007, 2013; Paul
et al., 2014). Two species identified in our study were previously reported (P. citrinum and P. sumatrense), while, to
the best of our knowledge, four are new species records to
Korea (P. hetheringtonii, P. paxilli, P. terrigenum, and P. westlingii). The four new species records found in our study increases the species diversity of Penicillium section Citrina
in Korea to 11.
Macroalgae (i.e. seaweed) are common in marine environments, and their cell walls often contain alginate and/or
cellulose for structural strength (Wei et al., 2013). Many
organisms play an important ecological role in decomposing
macroalgae organic material (Barnes and Mann, 1980), including marine fungi (Hyde et al., 1998). Marine fungi produce several extracellular enzymes, such as alginase to degrade alginate (Schaumann and Weide, 1990), and β-glucosidase and endoglucanase to degrade cellulose (Pointing
1999). We tested for these three extracellular enzymes in
the isolated strains. Neither alginase nor endoglucanase activity were identified, although other studies have found
Penicillium species that produce these extracellular enzymes
(Wood et al., 1980; Jorgensen et al. 2003; Dutta et al., 2008;
Burtseva et al., 2010). However, six strains representing four
species (P. citrinum, P. hetheringtonii, P. sumatrense, and P.
terrigenum) showed β-glucosidase activity (Table 2). β-glucosidase contributes to cellulose degradation by breaking the
β 1-4 bond between two glucose molecules (Pei et al., 2012).
These results not only demonstrate the ability of these strains
to degrade cellulose, but also their potential industrial application to biomass degradation.
Comparing morphological characters of these four species,
Korean strains were similar to their corresponding type strains
(Houbraken et al., 2011). We describe the morphology and
taxonomic information of these four species in detail.

Fig. 2. Morphology of P. hetheringtonii SFC20141120-M06 (A–C), 7-dayold cultures, at 25°C. Left to right, first row, all obverse, (A) Czapek yeast
autolysate agar (CYA), (B) malt extract agar (MEA), (C) yeast extract sucrose agar (YES); second row, CYA reverse, MEA reverse, YES reverse;
(D–F) Conidiophores; (G) Conidia (scale bars: D–H = 10 μm).

margins; non-sporulating margins 4–5 mm; small hyaline
exudates droplets; reverse color pale yellow (3A3). Colonies
on MEA; conidia dull green (26D3); colony texture velvety;
sporulation strong, absent towards the margins; non-spor-

Taxonomy
Penicillium hetheringtonii Houbraken, Frisvad & Samson
2010 (Fig. 2)
Description: Colony diameters, 7 d, 25°C (unless otherwise
stated), in mm: CYA 27–31; CYA 15°C 12–13; CYA 30°C
24–26; CYA 37°C 1–3; MEA 25–27; YES 34–35; CREA
20–21. Ratio CYAS:CYA 0.9–1.0.
Colonies on CYA; conidia dull green (27E3); colony texture
velvety; sporulation moderate to strong, absent towards the

Fig. 3. Morphology of P. paxilli SFC20141120-M03 (A–C), 7-day-old cultures, at 25°C. Left to right, first row, all obverse, (A) Czapek yeast autolysate agar (CYA), (B) malt extract agar (MEA), (C) yeast extract sucrose
agar (YES); second row, CYA reverse, MEA reverse, YES reverse; (D–G)
Conidiophores; (H) Conidia (scale bars: D–H = 10 μm).
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ulating edges 1–2 mm; small hyaline exudates droplets; reverse color brownish orange (5C4). Colonies on YES strongly
wrinkled; conidia greenish white (25A2) and dull green
(25E3); colony texture floccose; sporulation moderate; nonsporulating margins 5–7 mm; exudates absent; reverse color
greyish yellow (4B3). Growth on CREA poor; no acid production.
Sclerotia absent. Asci and ascospores not observed. Conidiophores predominantly biverticillate, smooth or finely
roughened walls, 2.3–3.3 μm wide, 3–6 metulae in a compact
whorl, 10–14 × 2.4–3.8 μm; phialides ampulliform, 9–12 ×
2.4–3.2 μm (Fig. 2D-F). Conidia globose to subglobose, 2.3–
3.0 × 2.3–2.6 μm, with smooth or finely roughened walls
(Fig. 2G).
Extracellular enzymatic activity: β-glucosidase (clear zone
= 5.0 mm).
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with yellowish grey (2B2). Growth on CREA poor; no acid
production.
Sclerotia absent. Asci and ascospores not observed. Conidiophores predominantly biverticillate, smooth or finely
roughened walls, 2.3–3.3 μm wide, 3–6 metulae in a compact
whorl, 10–14 × 2.4–3.8 μm ; phialides ampulliform, 9–12 ×
2.4–3.2 μm (Fig. 3D–G). Conidia globose to subglobose, 2.3–
3.0 × 2.3–2.6 μm, with smooth or finely roughened walls
(Fig. 3H).
Penicillium terrigenum Seifert, Houbraken, Frisvad & Samson
2011 (Fig. 4)

Description: Colony diameters, 7 d, 25°C (unless otherwise
stated), in mm: CYA 31–33; CYA 15°C 14–16; CYA 30°C
24–25; CYA 37°C no growth; MEA 31–32; YES 33–38;
CREA 20–22. Ratio CYAS:CYA 1.0–1.03.
Colonies on CYA; conidia dull green (27E3); colony texture velvety; sporulation strong, absent towards the margins; non-sporulating margins 3–4 mm; exudate absent; reverse color greyish yellow (4B3). Colonies on MEA; conidia
dull green (27E3); colony texture velvety; sporulation strong,
absent towards the margins; non-sporulating edges 2–3 mm;
exudates absent; reverse color greyish orange (5B4). Colonies
on YES slightly wrinkled; conidia dull green (27E3); colony
texture velvety; sporulation strong; non-sporulating margins
3–4 mm; exudates absent; reverse color pale yellow (3A3)

Description: Colony diameters, 7 d, 25°C (unless otherwise
stated), in mm: CYA 28–30; CYA 15°C 15–17; CYA 30°C
18–26; CYA 37°C no growth; MEA 26–29; YES 31–36;
CREA 19–22. Ratio CYAS:CYA 1.0–1.2.
Colonies on CYA; conidia dull green (27E3); colony texture velvety and floccose in center; sporulation strong, absent
towards the margins; non-sporulating margins 1–2 mm;
exudate absent; reverse color orange grey (5B2). Colonies on
MEA; conidia dull green (27E3); colony texture velvety; sporulation strong, absent towards the margins; non-sporulating edges 1–2 mm; exudates absent; reverse color brownish
orange (5C4). Colonies on YES strongly wrinkled; conidia
greenish grey (26D2); colony texture velvety; sporulation
strong; non-sporulating margins 1–2 mm; exudates absent;
reverse color greyish yellow (4C3). Growth on CREA poor;
no acid production.
Sclerotia absent. Asci and ascospores not observed. Conidiophores predominantly biverticillate, smooth or finely roughened walls, 2.3–3.2 μm wide, 3–6 metulae in a compact
whorl, 12–16 × 2.4–3.6 μm ; phialides ampulliform, 7.5–10.5

Fig. 4. Morphology of P. terrigenum SFC20141120-M02 (A–C), 7-day-old
cultures, at 25°C. Left to right, first row, all obverse, (A) Czapek yeast autolysate agar (CYA), (B) malt extract agar (MEA), (C) yeast extract sucrose
agar (YES); second row, CYA reverse, MEA reverse, YES reverse; (D–G)
Conidiophores; (H) Conidia (scale bars: D–H = 10 μm).

Fig. 5. Morphology of P. westlingii SFC20141120-M06 (A–C), 7-day-old
cultures, at 25°C. Left to right, first row, all obverse, (A) Czapek yeast autolysate agar (CYA), (B) malt extract agar (MEA), (C) yeast extract sucrose
agar (YES); second row, CYA reverse, MEA reverse, YES reverse; (D-G)
Conidiophores; (H) Conidia (scale bars: D–H = 10 μm).

Penicillium paxilli Banier 1907 (Fig. 3)
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× 2.5–3.3 μm (Fig. 4D–G). Conidia globose to broadly ellipsoidal, 2.4–3.2 × 2.2–3.7 μm, with smooth or finely roughened walls (Fig. 4H).
Extracellular enzymatic activity: β-glucosidase (clear zone
= 3.0–5.0 mm).
Penicillium westlingii Zaleski 1927 (Fig. 5)
Description: Colony diameters, 7 d, 25°C (unless otherwise
stated), in mm: CYA 24–26; CYA 15°C 17–18; CYA 30°C
7–8; CYA 37°C No growth; MEA 22–24; YES 29–32; CREA
15–17. Ratio CYAS:CYA 0.9–1.0.
Colonies on CYA; sparse sporulation in center; conidia
greenish grey (27E2); exudate absent; reverse color greyish
yellow (4B3) with greyish orange (5B3) in center; margin
polygonal. Colonies on MEA; conidia dull green (27E3); colony texture velvety, floccose in the center; sporulation weak;
exudates absent; reverse color greyish orange (5B5). Colonies
on YES; sparse sporulation in center; exudates absent; reverse
color orange white (5A2). Growth on CREA poor; no acid
production.
Sclerotia absent. Asci and ascospores not observed. Conidiophores predominantly biverticillate, smooth, 2.3–3.2 μm
wide, 3–5 metulae in a compact whorl, 9–14(–16) × 2.0–3.5
μm; phialides ampulliform, 6.3–9.0 × 2.4–3.0 μm (Fig. 5D–G).
Conidia globose, 2.2–2.7 μm, with finely roughened walls
(Fig. 5H).
Acknowledgements
This work was supported by the Marine BioResource Bank
Program of the Ministry of Ocean & Fisheries, Korea.
References
Barnes, R.S.K. and Mann, K.H. 1980. Fundamentals of aquatic
ecosystems. Blackwell Science Publishing, Oxford, pp. 229.
Burtseva, Y.V., Sova, V.V., Pivkin, M.V., Anastyuk, S.D., Gorbach,
V.I., and Zvyaginteseva, T.N. 2010. Distribution of O-glycosylhydrolases in marine fungi of the Sea of Japan and the Sea of
Okhotsk: characterization of exocellular N-acetyl-β-D-glucosaminidase of the marine fungus Penicillium canescens. Appl. Biochem. Microbiol. 46, 648–656.
Christensen, M., Frisvad, J.C., and Tuthill, D. 1999. Taxonomy of
the Penicillium miczynskii group based on morphology and secondary metabolites. Mycol. Res. 103, 527–541.
Dubrovskaya, Y.V., Sova, V.V., Slinkina, N.N., Anastyuk, S.D., Pivkin, M.V., and Zvyagintseva, T.N. 2012. Extracellular β-D-glucosidase of the Penicillium canescens marine fungus. Appl. Biochem. Microbiol. 48, 401–408.
Dutta, T., Sahoo, R., Sengupta, R., Ray, S.S., Bhattacharjee, A., and
Ghosh, S. 2008. Novel cellulases form an extremophilic filamentous fungi Penicillium citrinum: production and characterization.
J. Ind. Microbiol. Biotechnol. 35, 275–282.
Edrada, R.A., Heubes, M., Brauers, G., Wray, V., Berg, A., Gräfe, U.,
Wohlfarth, M., Muehlbacher, J., Schaumann, K., Sudarsono, S.,
et al. 2002. Online analysis of xestodecalactones AC, novel bioactive metabolites from the fungus Penicillium cf. montanense
and their subsequent isolation from the sponge Xestospongia
exigua. J. Nat. Prod. 65, 1598–1604.
Frisvad, J.C. and Samson, R.A. 2004. Polyphasic taxonomy of Peni-

cillium subgenus Penicillium. A guide to identification of food
and air-borne terverticillate penicillia and their mycotoxins. Stud.
Mycol. 49, 1–174.
Glass, N.L. and Donaldson, G.C. 1995. Development of primer sets
designed for use with the PCR to amplify conserved genes from
filamentous ascomycetes. Appl. Environ. Microbiol. 61, 1323–1330.
Houbraken, J. and Samson, R.A. 2011. Phylogeny of Penicillium
and the segregation of Trichocomaceae into three families. Stud.
Mycol. 70, 1–51.
Houbraken, J.A., Frisvad, J.C., and Samson, R.A. 2010. Taxonomy
of Penicillium citrinum and related species. Fungal Divers. 44,
117–133.
Houbraken, J., Frisvad, J.C., and Samson, R.A. 2011. Taxonomy of
Penicillium section Citrina. Stud. Mycol. 70, 53–138.
Huang, X.L., Gao, Y., Xue, D.Q., Liu, H.L., Peng, C.S., Zhang, F.L.,
Li, Z.Y., and Guo, Y.W. 2011. Streptomycindole, an indole alkaloid from a marine Streptomyces sp. DA22 associated with South
China Sea sponge Craniella australiensis. Helvetica Chimica Acta.
94, 1838–1842.
Hyde, K.D., Jones, E.B.G., Leano, E., Pointing, S.B., Poonyth, A.D.,
and Vrijmoed, L.L.P. 1998. Role of fungi in marine ecosystems.
Biodiv. Conserv. 7, 1147–1161.
Jorgensen, H., Eriksson, T., Borjesson, J., Tjerneld, F., and Olsson,
L. 2003. Purification and characterization of five cellulases and
one xylanase from Penicillium brasilianum IBT 20888. Enzyme
Microb. Technol. 32, 851–861.
Katoh, K. and Standley, D.M. 2013. MAFFT multiple sequence
alignment software version 7: improvements in performance
and usability. Mol. Biol. Evol. 30, 772–780.
Kim, D.H., Kwon, S.W., and Hong, S.B. 2013. Fungal diversity of
rice Straw for meju fermentation. J. Microbiol. Biotechnol. 23,
1654–1663.
Kim, W.G., Koo, H.M., Kim, K.H., Hyun, I.H., Hong, S.K., Cha,
J.S., Lee, Y.K., Choi, H.S., and Kim, D.G. 2009. List of plant diseases in Korea. Korean Society of Plant Pathology, Suwon.
Kim, W.K., Sang, H.K., Woo, S.K., Park, M.S., Paul, N.C., and Yu,
S.H. 2007. Six species of Penicillium associated with blue mold
of grape. Mycobiology 35, 180–185.
Kornerup, A. and Wanscher, J.H. 1963. Methuen handbook of
colour. Methuen. London.
Lee, S., Hong, S.B., and Kim, C.Y. 2003. Contribution to the checklist of soil-inhabiting fungi in Korea. Mycobiology 31, 9–18.
LoBuglio, K., Pitt, J., and Taylor, J. 1993. Phylogenetic analysis of two
ribosomal DNA regions indicates multiple independent losses
of a sexual Talaromyces state among asexual Penicillium species
in subgenus Biverticillium. Mycologia 85, 592–604.
Park, M.S., Fong, J.J., Oh, S.Y., Houbraken, J., Sohn, J.H., Hong,
S.B., and Lim, Y.W. 2014a. Penicillium jejuense sp. nov., isolated
from the marine environments of Jeju Island, Korea. Mycologia
107, 209–216.
Park, M.S., Fong, J.J., Oh, S.Y., Kwon, K.K., Sohn, J.H., and Lim, Y.W.
2014b. Marine-derived Penicillium in Korea: diversity, enzyme
activity, and antifungal properties. Antonie van Leeuwenhoek
106, 331–345.
Park, M.S., Lee, E.J., Fong, J.J., Sohn, J.H., and Lim, Y.W. 2014c. A
new record of Penicillium antarcticum from marine environments in Korea. Mycobiology 42, 109–113.
Paul, N.C., Mun, H.Y., Lee, H.W., Yu, S.H., and Lee, H.B. 2014. A
new record of Penicillium raphiae isolated from agricultural soil
of Ulleung Island, Korea. Mycobiology 42, 282–285.
Pei, J., Pang, Q., Zhao, L., Fan, S., and Shi, H. 2012. Thermoanaerobacterium thermosaccharolyticum β-glucosidase: a glucose-tolerant enzyme with high specific activity for cellobiose. Biotechnol.
Biofuels 5, 31.
Peterson, S.W. 2000. Phylogenetic analysis of Penicillium species
based on ITS and LSU-rDNA nucleotide sequences, pp. 163–178.
In Samson, R. and Pitt, J. (eds.), Classification of Penicillium

New record of four Penicillium species in Korea

and Aspergillus: Integration of Modern Taxonomic Methods,
Harwood Publishers, UK.
Peterson, S.W., Vega, F.E., Posada, F., and Nagai, C. 2005. Penicillium coffeae, a new endophytic species isolated from a coffee
plant and its phylogenetic relationship to P. fellutanum, P. thiersii
and P. brocae based on parsimony analysis of multilocus DNA
sequences. Mycologia 97, 659–666.
Pitt, J.I. 1973. An appraisal of identification methods for Penicillium
species: novel taxonomic criteria based on temperature and water
relations. Mycologia 65, 1135–1157.
Pitt, J.I. 1979. The genus Penicillium and its teleomorphic states
Eupenicillium and Talaromyces, p. 634. Academic Press, London,
UK.
Pointing, S.B. 1999. Quantitative methods for determining of lignocellulolytic enzyme production by tropical fungi. Fungal Divers.
2, 17–33.
Rogers, S.O. and Bendich, A.J. 1994. Extraction of total cellular DNA
from plants, algae and fungi. In Gelvin, S. and Schilperoort, R.
(eds.), Plant Molecular Biology Manual, Kluwer Academic,
Dordrecht.
Samson, R.A., Houbraken, J., Thrane, U., Frisvad, J.C., and Andersen, B. 2010. Food and indoor fungi. CBS-Fungal Biodiversity
Centre Utrecht.
Samson, R.A., Seifert, K.A., Kuijpers, A.F., Houbraken, J., and Frisvad, J.C. 2004. Phylogenetic analysis of Penicillium subgenus
Penicillium using partial β-tubulin sequences. Stud. Mycol. 49,
175–200.
Schaumann, K. and Weide, G. 1990. Enzymatic degradation of alginate by marine fungi. Hydrobiologica 204/205, 589–596.

225

Seifert, K.A. and Louis-Seize, G. 2000. Phylogeny and species concepts in the Penicillium aurantiogriseum complex as inferred from
partial ß-tubulin gene DNA sequences, pp. 189–198. In Rossen,
L., Rubio, V., Dawson, M.T., and Frisvad, J.C. (eds.), Integration
of Modern Taxonomic Methods for Penicillium and Aspergillus
Classification. Harwood Academic Publishers, Amsterdam, The
Netherlands.
Stamatakis, A. 2006. RAxML-VI-HPC: maximum likelihood-based
phylogenetic analyses with thousands of taxa and mixed models.
Bioinformatics 22, 2688–2690.
Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., and
Kumar, S. 2011. MEGA5: molecular evolutionary genetics analysis using maximum likelihood, evolutionary distance, and maximum parsimony methods. Mol. Biol. Evol. 28, 2731–2739.
Visagie, C.M., Houbraken, J., Frisvad, J.C., Hong, S.B., Klaassen,
C.H.W., Perrone, G., Seifert, K.A., Varga, J., Yaguchi, T., and
Samson, R.A. 2014. Identification and nomenclature of the genus
Penicillium. Stud. Mycol. 78, 343–371.
Wei, N., Quarterman, J., and Jin, Y.S. 2013. Marine macroalgae: an
untapped resource for producing fuels and chemicals. Trend
Biotechnol. 31, 70–77.
Wood, T.M., McCrae, S.I., and Macfarlane, C.C. 1980. The isolation, purification and properties of the cellobiohydrolase component of Penicillium funiculosum cellulase. Biochem. J. 189,
51–65.
Yu, S.H. 2006. Penicillium species associated with post-harvest diseases of plant products. National Institute of Agricultural Science
and Technology, Suwon.

