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Abstract: Dimorphism refers to the peculiar capacity of several fungi to shift morphologically
between yeast and mycelial forms in response to environmental factors. Various signaling pathways
connect external stimuli and cell morphological changes. Although the dimorphism transition is
usually related to pathogenicity, it also greatly affects cell behavior during fermentation.
Investigating the morphogenetic shifts of those fungi not only builds the foundation for elucidating
pathogenic mechanisms, but may also help identify novel regulation strategies for biotechnological
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applications. The present work focuses on the latest researches aimed at understanding the
environmental factors and their underpinning molecular mechanisms, discusses potential
biotechnological applications, and provides a comprehensive basis for further research.

Keywords: Dimorphism fungi, Morphological switch, Environmental factors, Morphology control,
Molecular mechanism
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Figure 1 Two morphologies of dimorphic fungi Trichosporon cutaneum (1 000x)
A B .
Note: A: Yeast form; B: Mycelium form.
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Table 1 Summary of dimorphic fungal diversity

Eumycota Species Pathogenic form  References
Candida albicans Filament [3]
Ascomycota Candida dubliniensis Filament [4]
Candida tropicalis Filament [5]
Candida parapsilosis Filament [6]
Candida lusitaniae Filament [7]
Paracoccidioides brasiliensis Yeast [8]
Histoplasma capsulatum Yeast [9]
Coccidioides immitis Yeast [9]
Sporothrix schenckii Yeast [10]
Blastomyces dermatitidis Yeast [9]
Pichia fermentans - [1]
Schizosaccharomyces japonicus - [11]
Saccharomyces cerevisiae - [12]
Saccharomyces pombe - [13]
Yarrowia lipolitica - [14]
Y Penicillum marneffei Yeast [9]
Ceratocystis ulmi, Ophiostoma novo-ulmi, Ophiostoma ulmi, Filament [15]
Ophiostoma himal-ulmi

Ophiostoma floccosum Filament [16]
Isaria fumosorosea Filament [17]
Aspergillus fumigatus Filament [18]
Aureobasidium pullulans - [19]
Fusarium moniliforme Filament [20]
Magnaporthe grisea Filament [18]
Cryptococcus neoformans Yeast [9]
Basidiomycota Cryptococcus gattii Yeast [9]
Ustilago maydis Filament [21]
Ustilago esculenta Filament [22]
Tremella fusiformis - [23]
Malasesiza furfur Yeast [24]
Mucor circinelloides Filament [9]

Zygomycota

Note: —: Non-described.
[31] _ pH
(Cephalosporins (Rhizopus oryzae)
acremonium)
C
Liu B2
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Figure 2 Two morphologies of Trichosporon cutaneum B3 (1 000x)

A B C
Note: A: Normol condition; B: Nitrogen limitation; C: Nitrogen abundance.
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Figure 3 Multiple signaling pathways that control filamentous growth in S. cerevisiae

Snfl . AMPK Snfl  Nrgl  Nrg2 Migl  Mig2
. G Ras2 MAPK cAMP . Ras2p  Gpa2p
(Cyrlp) cAMP . Tor
.TOR (NCR) Tap42-Sit4 .

Note: The Snfl, protein kinase that is important for many cellular responses to glucose limitation. The AMPK Snfl, Nrgl, Nrg2, Migl
and Mig2, were required for filamentous growth in response to glucose limitation. The small G protein Ras2, an important regulator of
hyphal development and likely functions upstream of both MAPK pathway and cAMP pathway. Adenylate cyclase (Cyrlp) can be
activated by Ras2p or Gpa2p, inducing the expression of specific genes to bring about filamentous growth. Rapamycin binds and inhibits
the Tor protein kinases, which function in a nutrient-sensing signal transduction pathway. TOR signaling cascade controls filamentous
growth via nitrogen catabolite repression (NCR) and the Tap42-Sit4 phosphatase complex.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2728 WA 384K Microbiol. China

2017, Vol.44, No.11

[631 AMPK (Adenosine
5'-monophosphate (AMP)- activated protein kinase)
Snfl Migl Mig2
Migl/2 MAPK
AMPK Snfl
Snfl-Nrg Floll
Gprl  Mep2
G Ras2  Gpa2
cAMP cAMP PKA
[66-6810 3y TOR
TOR
TOR
Tap42 Sit4

Tap42-Sit42

691 3)
Rim101
pH
[70-72]
pH phrl
Rim9 Rim2l
Rim8 Rim20 Rim20 Riml01
C Rim13
Rim101 Rim101
efgl ( 7 phr2
phr2 pH
5.5 phr2
[74-75]
Ca*"/Calcineurin
(Magnaporthe grisea)
[8-9]

(Candida tropicalis)
Caz+

Ca*’/CaM

Ca®"/CaM
Crzl
Crzl
« 9"
PKA
3
A (CnaA CnaB CnaC) 1
B (CnbR) CnbR
CnbR
FKBP12-FK506 CypA-CsA
PKA [77-78]
22 ERFEFJEER
[ Alkaline pH
Extracellular
Intracellular Rim9 Rim21
[P
Rim101p-long Rim101p-short
e |

!

Filamentous growth

4 WM pH £HT, Riml01 &E250RLESR
231754
Figure 4 Rim101 signaling pathway that controls
filamentous growth in C. albicans
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Note: Rim9 and Rim21, plasma membrane receptor proteins.
Full-length Rim101 can be processed by Riml13, a calpain-like
protease. Processed Rim101p-short is required for the alkaline
response, which includes activation of alkaline-induced genes,
repression of alkaline-repressed genes, and filamentation.
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complex. The transcription factor Crzl, dephosphorylated by
activated CN then to regulate filamentous growth.
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