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Cyberlindnera jadinii is widely used as a source of single-cell protein and is known for its ability to synthesize a
great variety of valuable compounds for the food and pharmaceutical industries. Its capacity to produce
compounds such as food additives, supplements, and organic acids, among other fine chemicals, has turned it into

an attractive microorganism in the biotechnology field.
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| Introduction

The future of our society challenges researchers to find novel technologies to address global environmental
problems, mitigate ecosystems’ damage, and biodiversity losses, as the current model of development based on
natural resources exploitation is unsustainable. Exploring microorganisms for the production of platform chemicals
constitutes an alternative approach to avoid the use of nonrenewable petrochemical-based derivatives. Developing
applications for the industrial sphere using biological systems instead of classical chemical catalysts is the main
focus of white biotechnology . In microbial-based industrial processes, several features have to be addressed to
obtain robust cell factories capable of achieving superior metabolic performances, such as the optimization of
metabolic fluxes, membrane, and transporter engineering, and increased tolerance against harsh industrial
conditions and toxic compounds 2. In addition, specifications like the cost of feedstock, product yield and
productivity, and downstream processing have to be taken in account to develop successful industrial approaches
. withal the fact that Saccharomyces cerevisiae is by far the most relevant industrial yeast
species, Cyberlindnera jadinii is an example of the so-called non-Saccharomyces yeasts & claiming for a place as
a relevant contributor to the industrial biotechnological sector. The yeast C. jadinii is able to produce valuable
bioproducts being an attractive source of biomass enriched in protein and vitamins. The richness of protein
content, around 50% of dry cell weight, and amino acid diversity turn its biomass ideal as a source of protein
supplement for animal feed and human consumption . The high degree of tolerance to environmental changes
occurring during fermentation turn C. jadinii an alternative to other established cell factory systems Bl As a
Crabtree-negative yeast, it has one of the highest respiratory capacities among characterized yeast species, being
considered ideal for continuous cell cultures 8. The Food and Drug Administration (FDA) attributed the “General
Regarded as Safe” (GRAS) status to this yeast, recognizing it as safe and suitable for supplying food additives and
dietary supplements for humans BIIEIE, The ability to produce relevant compounds, to grow in a wide range of

temperatures, to use inexpensive media with high productivity levels turns it an industrially relevant microorganism
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[BI0IAL[A2] Recent efforts have developed C. jadinii molecular tools for metabolic engineering processes and the
overexpression of proteins. In the past, the uncertainty of this yeast polyploidy, together with the lack of suitable
selection markers and expression cassettes, (1% delayed its widely use as cell factory. With this review, we intend
to compile the existing knowledge on this yeast, that will allow the development of future strategies to strengthen
the role of C. jadinii in the biotechnology sector. We start by reviewing the nomenclature of this species, altered
several times over time. An update on the current nomenclature of the most relevant strains is also presented. We
establish the evolutionary relationship of C. jadinii within other fungi with a complete genome available. The most
relevant morphological and physiological traits are also here described, together with the genetic manipulation
tools and expression systems currently available. Moreover, we present a summary of all the plasma membrane
transporter systems so far characterized in this yeast, as they are key-players for cell factory optimization. Finally,
we will focus on the biotechnological potential of this yeast and highlight the future challenges to achieve the full

exploitation of this industrially valuable microorganism.

| Ecology, Taxonomy, and Evolution

The natural environment of Cyberlindnera jadinii is still an open question. It is thought that it may be associated
with the decomposition of plant material in nature, as it is able to assimilate pentoses and tolerate lignocellulosic
by-products B, displays great fermentative ability, and is copiotrophic 13, The current laboratory strains were
isolated from distinct environments, namely, from the pus of a woman abscess (CBS 1600/NRRL Y-1542), a cow
with mastitis (CBS 4885/NRRL Y-6756), a yeast deposit from a distillery (CBS 567), yeast cell factories (CBS 621),
and flowers (CBS 2160) RIEIZEIENL2 The extensive nomenclature revisions of this species are well described in
“The tortuous history of Candida utilis” by Barnet [24l. In 1926, this yeast was isolated from several German yeast
factories, which had been cultivated without a systematic name during the time of World War | for food and fodder
(241 1t was first named Torula utilis being later referred to as Torulopsis utilis (1934). The “food yeast” was also
designated as Saccharomyces jadinii (1932), Hansenula jadinii (1951), Candida utilis (1952), Pichia jadinii (1984),
and Lindnera jadinii (2008) (12141151161 From the aforementioned, C. utilis was the nomenclature most commonly

used, having almost 1000 published papers in PubMed (results available at: https://pubmed.ncbi.nim.nih.gov/?

term=%22candida+utilis%22; Accessed 16 October 2020). The Candida genus comprised species that form

pseudohyphae or true hyphae with blastoconidia, among other standard characteristics AR89 | the
classification system implemented in 1952 by Lodder and Kreger-van Rij, the Candida genus included yeasts that
produce only simple pseudohyphae 141, At that time, the majority of the isolates was renamed as C. utilis 18, Later,
the C. utilis was established as an asexual state of a known ascosporogenous yeast, Hansenula jadinii, as it was
found to share some similarities between phenotypic traits 29, In 1984, even though concurring with a publication
of an extensive chapter of the genus Hansenula, Kurtzman moved most of the Hansenula species to
the Pichia genus, due to their “deoxyribonucleic acid relatedness.” Thus, C. utilis was renamed Pichia jadinii. A
guarter of a century later, this yeast species was again renamed as Lindnera jadinii based on analyses of
nucleotide sequence divergence in the genes coding for large and small-subunit rRNAs [£2. Species integrated into
the Lindnera differ considerably in ascospore morphology ranging from spherical to hat-shaped or Saturn-shaped

spores. In addition, this clade includes both hetero- and homothallic species and physiological features as

https://encyclopedia.pub/entry/6575 2/14



Cyberlindnera jadinii | Encyclopedia.pub

fermenting glucose and assimilating a variety of sugars, polyols, and other carbon sources are defining
characteristics of the Lindnera genus 12, Finally, 1 year later, the genus Lindnera was replaced by Cyberlindnera,
as the later homonym defined a validly published plant genus 22 This substitution occurred in 21 new species,
including Cyberlindnera jadinii [12. In summary, any of the aforementioned nomenclatures reported in the literature
may refer to the same organism since C. utilis is the anamorph state and C. jadinii the teleomorph state 24!, The
anamorph represents the asexual stage of a fungus contrasting with the teleomorph form that defines the sexual
stage of the same fungus [, The primary name of a species relies on the sexual state or teleomorph, but a
second valid name may rely on the asexual state or anamorph 22, However, this should only happen when
teleomorphs have not been found for a specific species or it is not clear if a particular teleomorph is the same
species as a particular anamorph. Accordingly, since 2013, the International Botanical Congress states that the
system for allowing separate names for the anamorph state should end 3. The new International Code of
Nomenclature for algae, fungi, and plants, the Melbourne Code, supports the directive that fungal species or higher
taxon should be assigned with a single valid name. Accordingly, anamorph yeast genera like Candida should be
revised to turn the genus consistent with phylogenetic affinities 2. Notwithstanding, the reclassification of
several C. utilis as C. jadinii in several culture type collections is still confusing, reaching a point where the same
strain is designated as C. utilis and C jadinii in different culture type collections. This aspect, together with the
previous nomenclatures used in research papers, leads to unnecessary misunderstandings. To clarify this, Table

1 presents the alternative designations of the main laboratory strains.

Table 1. Main C. jadinii (former C. utilis) strains described in literature.

Nomenclature in

) rrent Nomenclatur Isolation r Referen
Literature Current Nomenclature solation Source Reference

Candida utilis C. jadinii ATCC 9950; COE;;E?GOQ; DSM 2361; NBRC Yeast factory in -

MRSl NCYC 707: NRRL Y-900 Sl

C. utilis ATCC C. jadinii NRRL Y1084; CBS 841; CCRC 20334; DSM Unknown [25][26]
9256 2 70167; NCYC 359; VKM Y768; VTT C79091

C. utilis ATCC

9226 @ C. jadinii VTT C-71015; FMJ 4026; NBRC 1086 Unknown 25][27]28]
NBRC 1086
C. utilis 1IGC 3092 C. jadinii PYCC 3092; CBS 890; VKM Y-33 Unknown (29)[30)(31]
C. utilis CCY 39- C. jadinii CCY 029-38-18 Unknown 321
38-18
C. utilis NCYC C. jadinii NCYC 708; ATCC 42181; CBS 5947; VTT 53]
Unknown
708 C-84157
C. utilis CBS
4885 C. jadinii CBS 4885; NRRL Y-6756; NBRC 10708 Cow with mastitis [34]
NRRL Y-6756
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Nomenclature in

Literature Current Nomenclature Isolation Source Reference
C. utilis CBS 567 o ) Yeast deposit in [34]
NRRL Y-1509 C. jadinii CBS 567; NRRL Y-1509 distillery
C. utilis CBS e Flower [34]
2160 C. jadinii CBS 2160 of Taraxacum sp.

C. utilis CBS 621 C. jadinii CBS 621; NRRL Y-7586; ATCC 22023; Yeast factories [35]
PYCC 4182
ubphylum
C. utilis CBS C. jadinii CBS 1600; NRRL Y-1542; ATCC 18201 Pus of a woman [16] acteristics
[13] 1600 abscess le to stain

with diazonium blue, low content of guanine and cytosine (G + C < 50%) at nuclear DNA, and presence of

SORHRURHsn MRIQHRRHE aRUENATBAUANAMEB. WallelQyRl: nfmiBP I REANESIE it nrRSE AP AVSRIRR fafR
eafthaeBIeGIRS: MoalYs RRERAMYCRIAIAR QFdffs R sV LEHEHRI B SIS EIQNRYE. TadRIRBRNeas
H@‘M‘?ﬁiﬁt&?%@é@%—%\é@ﬂ!mary relationship are still missing for this species B8IEZE8] Aiming at filling this
gap, we performed a robust phylogeny reconstruction [B€I[3940l41] - As can be depicted in Figure 1, this yeast
localizes in the Phaffomycetaceae clade together with Cyberlindnera fabianii and Wickerhamomyces ciferri. The
nearest neighbors belong to the Saccharomycetaceae family, which includes a clade with S. cerevisiae/Torulaspora
delbrueckii species and another clade with Eremothecium gossypii (former Ashbya gossypii), Kluyveromyces
lactis/marxianus, and Lachancea species. Despite the previous genus nomenclature adopted for C.
jadinii (Candida and Pichia), it is phylogenetically distant from the Debaryomycetaceae and Pichiaceae families
that include the Candida species, except C. glabrata, the Pichia kudriavzevii, and Ogataea species. Komagataella
phaffi is as expected included in the Pichiaceae clade, together with Komagataella pastoris B840 The
Trichomonascaceae/ Dipodascaceae clade, formerly known as the Yarrowia clade, includes now the Sugiyamaella
lignohabitans species together with Yarrowia lipolytica, and is the most distant yeast clade, except for the
Schizosaccharomycetaceae that clusters with all the Basiodiomycota. The filamentous fungi Neurospora
crassa and Fusarium graminearum are in different clades as members of the Sordariaceae and Nectriaceae
clades, respectively 49, |n addition, in the Sordariaceae clade, the phylogenetic position of Thermothelomyces
thermophila species (Myceliophthora thermophila) was uncovered [2242],
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Figure 1. Evolutionary relationship of Cyberlindnera jadinii, a member of the Phaffomycetaceae clade. The
phylogenetic reconstruction was obtained using the following parameters: maximum likelihood in IQ-TREE

(http://www.igtree.org), the model of amino acid evolution JTT (Jones-Taylor-Thornton), and four gamma-

distributed rates. Homologues were detected for 1567 proteins across the proteome of 77 selected fungal species
from NCBI. The 1567 set of proteins were aligned and then concatenated in order to use in the phylogenetic
analysis. These proteins offer a clear high-resolution evolutionary view of the different species, as they are
essential proteins beyond the specific biology of the different yeasts. Bootstrapping provided values of 100% for all
the nodes. Yeast and fungi families are highlighted with different colors and shades. The phylogenetic relationships
reflect evolutionary ancestries, independently of adaptations and overall gene contents within the various species.

All families with more than one representative species in the analyses formed monophyletic groups.

| Morphology and Physiology

The C. jadinii microscopic view provided by Kurtzman et al. (2011) has shown the diversity of cell shapes and sizes
(20134] after 10-30 days at 25 °C in 5% Malt Extract Agar media. The cell patterns of C. jadinii CBS 1600 varied
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from ellipsoidal to elongated occurring in single cells or in pairs. Some pseudohyphae forms were also detected
with diameter balanced between (2.5-8.0) and (4.1-11.2) pm.

Figure 2 shows C. jadinii DSM 2361 strain cultivated on YPD or Malt Extract Agar media for 3 (A and C) and 12
days (B and D) at 30 °C. The colonies are white, round, with a smooth texture, an entire margin, and a convex
elevation trait (C and D). Cells present an ellipsoidal to elongated form, with a diameter between 5 and 7.5 um (A
and B). Yeast cell morphology can be tightly influenced by the environment. These modifications can affect the
fermentation performance by inducing rheological changes that can influence mass and heat transfer alterations in
the bioreactor 43, However, in a study performed by Pinheiro et al. (2014), the CBS 621 strain cultured in a
pressurized-environment triggered with 12 bar air pressure presented no significant differences in cell size and
shape B8], C. jadinii is a homothallic species and forming hat-shaped ascospores that can be present in a number
of one to four in unconjugated deliquescent asci 24, Cyberlindnera species can assimilate several compounds,
namely, sugars and organic acids. The robust fermentation characteristics of C. jadinii allow growth in a diversity of
substrates from biomass-derived wastes, including hardwood hydrolysates from the pulp industry, being able to
assimilate glucose, arabinose, sucrose, raffinose, and D-xylose BIRI0E4] A5 previously mentioned, C. jadinii is a
Crabtree-negative yeast, reaching higher cell yields under aerobic conditions “346l47 than Crabtree-positive
species. The Crabtree-negative effect favors the respiration process over fermentation, enabling the development
of phenotypes relevant for protein production [8l. This species has a high tolerance to elevated temperatures,
being able to grow in a broad spectrum of temperatures from 19 to 37 °C 7 and to tolerate long-term mild acid
pHs (~3.5) 49 Another relevant property is the ability to release proteins to the extracellular medium B2,
Significant lipase and protease content were achieved using a wild C. jadinii strain isolated from spoiled soybean
oil, using solid-state fermentation (152, ¢, jadinii assimilates alcohols, acetaldehyde, organic acids, namely,
monocarboxylates (DL-lactate), dicarboxylates (succinate), and tricarboxylates (citrate), sugar acids (D-gluconate),
and various nitrogen sources comprising nitrate, ammonium hydroxide, as well as amino acids [BILAIL2E7 A set of
metabolic advantages, as the high metabolic flux in TCA cycle, the great amino acid synthesis ability, and strong
protein secretion turns C. jadinii a yet underexplored host for bioprocesses. An incomplete understanding of
genetics, metabolism, and cellular physiology combined with a lack of advanced molecular tools for genome edition

and metabolic engineering manipulation of C. jadinii hampered its development for cell factory utilization.
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Figure 2. C. jadinii DSM 2361 morphological traits. (A) Microscopic photographs of C. jadinii cells after 3 days (A)
and 12 days (B) of growth at 30 °C on yeast extract-peptone-dextrose media. Scale bars are 5.0 um. Macro-
morphological features of C. jadinii after 3 days of growth in YPD (C) and Malt Extract Agar (D) media, at 30 °C.
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