N

N

Group X hybrid histidine kinase Chkl is dispensable for
stress adaptation, host—pathogen interactions and
virulence in the opportunistic yeast Candida
guilliermondii
Maria Navarro-Arias, Karine Dementhon, Tatiana Defosse, Emilien Foureau,
Vincent Courdavault, Marc Clastre, Solene Le Gal, Gilles Nevez, Yohann Le
Govic, Jean-Philippe Bouchara, et al.

» To cite this version:

Marfa Navarro-Arias, Karine Dementhon, Tatiana Defosse, Emilien Foureau, Vincent Courdavault,
et al.. Group X hybrid histidine kinase Chkl is dispensable for stress adaptation, host—pathogen
interactions and virulence in the opportunistic yeast Candida guilliermondii. Research in Microbiology,
2017, 168 (7), pp.644-654. 10.1016/j.resmic.2017.04.009 . hal-02481143

HAL Id: hal-02481143
https://univ-angers.hal.science/hal-02481143

Submitted on 2 Nov 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://univ-angers.hal.science/hal-02481143
https://hal.archives-ouvertes.fr

Accepted Manuscript -
Microbiology

Group X hybrid histidine kinase Chk1 is dispensable for stress adaptation, host-
pathogen interactions and virulence in the opportunistic yeast Candida guilliermondii

Maria J. Navarro-Arias, Karine Dementhon, Tatiana A. Defosse, Emilien Foureau,
Vincent Courdavault, Marc Clastre, Soléne Le Gal, Gilles Nevez, Yohann Le Govic, G

Jean-Philippe Bouchara, Nathalie Giglioli-Guivarc’h, Thierry Noél, Hector M. Mora-
Montes, Nicolas Papon

PII: S0923-2508(17)30093-1
DOI: 10.1016/j.resmic.2017.04.009
Reference: RESMIC 3597

To appearin:  Research in Microbiology

Received Date: 7 January 2017
Revised Date: 3 March 2017
Accepted Date: 26 April 2017

Please cite this article as: M.J. Navarro-Arias, K. Dementhon, T.A. Defosse, E. Foureau, V. Courdavault,
M. Clastre, S. Le Gal, G. Nevez, Y. Le Govic, J.-P. Bouchara, N. Giglioli-Guivarc’h, T. Noél, H.M. Mora-
Montes, N. Papon, Group X hybrid histidine kinase Chk1 is dispensable for stress adaptation, host-
pathogen interactions and virulence in the opportunistic yeast Candida guilliermondii, Research in
Microbiologoy (2017), doi: 10.1016/j.resmic.2017.04.009.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.resmic.2017.04.009

© 00 N OO o B~ W DN PP

N NN NNRRRRRRRR R R
A W NP O OOWM-NO®UNMWNDNIERO

N
(63}

N
(o))

N N
o

Candida guilliermondiChk1 (version 2)

For publication

Group X hybrid histidine kinase Chk1 isdispensable for stress adaptation, host-
pathogen interactions and virulence in the opportunistic yeast Candida

guilliermondii

Marfa J. Navarro-Arids Karine Dementhdh Tatiana A. Defos$g, Emilien Fourealy Vincent
Courdavaufi, Marc Clastré Soléne Le GAF, Gilles Neve2® Yohann Le Govit', Jean-Philippe
Bouchard’, Nathalie Giglioli-Guivarc’fi, Thierry Noé&f, Hector M. Mora-Monte®, Nicolas
Papofi®

®Universidad de Guanajuato, Departamento de BiolpBi&ision de CienciasNaturales y Exactas,
Guanajuato, México
P Université Bordeaux 2, Laboratoire de Microbiolegtondamentale et Pathogénicité, UMR-CNRS 5234,
Bordeaux, France
¢ Université Francois-Rabelais de Tours, BiomolésueBiotechnologies Végétales, EA 2106, Tours,
France

dUniversité d'Angers, Groupe d'Etude des Interactibidte-Pathogéne, EA 3142, Angers, France

®Université de Brest, Laboratoire de Parasitologieviycologie Médicale, Centre Hospitalier Universita
de Brest, Brest, France

"Laboratoire de Parasitologie - Mycologie, Centredgialier Universitaire d’Angers, Angers, France

*Corresponding authors: N. Papan (nicolas.papon@angers.fr), H.M. Mora-Montes (hmora@ugto.mx)




29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

a7

48

49

Candida guilliermondiChk1 (version 2)

Abstract

Hybrid histidine kinases (HHKSs) progressively enger@s prominent sensing proteins in the
fungal kingdom and as ideal targets for future dpeutics. The group X HHK is of major interest,
since it was demonstrated to play an important roletress adaptation, host-pathogen interactions
and virulence in some yeast and mold models, anicpiarly Chkl, that corresponds to the sole
group X HHK in Candida albicansin the present work, we investigated the roleCakl in the
low-virulence specie€andida guilliermondiiin order to gain insight into putative conseimatof
the role of group X HHK in opportunistic yeasts. VWdemonstrated that disruption of the
corresponding gen€HK1 does not influence growth, stress tolerance, dusgeptibility, protein
glycosylation or cell wall composition i@. guilliermondii In addition, we showed that loss of
CHK1 does not affect C. guilliermondii ability to interact with macrophages and to stiatel
cytokine production by human peripheral blood maradear cells. Finally, th€. guilliermondii
chkInull mutant was found to be as virulent as the wsyjoe strain in the experimental model
Galleria mellonella Taken together, our results demonstrate thatpgdouHHK function is not

conserved irfCandidaspecies.

Key words:Histidinekinases; stress adaptation; cell signaling; ®mak;Candida
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1. Introduction

In bacteria, archaea, slime molds, plants and fumgprid histidine kinases (HHKsS) sense
and transduce many intra- and extracellular signalgulating a broad palette of physiological
processes. Although some HHKs appear to be prasénimans, typical HHK-like sensor proteins
have not yet been reported in mammals, promotiegeliproteins as ideal targets for future therapies
[1].

Since their pioneering identification in fungallsea limited number of fungal HHKs have been
studied over the last fifteen years, and their fimms in fundamental cellular processes are not yet
clearly identified [2,4]. HHKs are involved in tedignaling systems referred to as His-to-Asp
phosphorelays and several canonical schemes deptciinsduction pathways involving HHKs in
fungi have emerged. To date, HHKs act as primangars for various environmental stimuli, and
upon activation, initiate phosphate transfer evéetsveen various proteins, leading to an adaptive
response [4].The number of HHK-encoding genes iféharply from one fungal clade to another,
and the N-terminus sensing domain is highly vagaimnong HHK structures. Considering these
observations, several classifications of fungal HHWere established, and currently, they are
categorized into sixteen groups [4-6].

Group X gathers some of the first described fu}dKs; thus, it is one of the most thoroughly
studied groups in the fungal kingdom. In the dinmbedungusPenicillium marneffeithe group X
HHK PmHhk1 was shown to regulate polarized growfgrulation and cell wall composition [7].
In Clavicepspurpureathe agent of ergot of grasses, homologous HHi§ mvolved in spore
germination, sensitivity to oxidative stress anddwide resistance, and virulence of the mutant
strains was attenuated in bo@ purpureaand Magnaportheoryzg8,9]. Most available data
concerning the role of fungal group X HHKs werengal from functional characterization of
Candida albican€hkl, which was shown to play a crucial role inulence, morphogenesis,

peroxide adaptation, cell wall composition, quorw®nsing, biofiim formation and triazole
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resistance [3]. Furthermore, during fungal infecfi€. albicansChkl was required for survival
within human neutrophils and adherence to ex vivmén esophageal cells [3].

In the present work, we investigated the role af @ albicans CHK1homolog in a low-
virulence-related yeast species, nam@gndida guilliermondii in order to gain insight into
putative conservation of the role of group X HHksthe fungal CTG clade [10]. Indeed, although
C. guilliermondiiis an infrequent agent of candidiasis, this spetias been described as an
emerging pathogen intrinsically poorly susceptilite fluconazole and caspofungin, with a
propensity for causing treatment failure [11]. Recstudies specified thaC. guilliermondii
accounts for 1-3% of all candidemia, but most case£. guilliermondii infection occur in

immunocompromised patients with hematological nmaitcies[12,13].

2. Materials and methods
2.1. Strains and media
Yeast strains (Table 1) were routinely cultivatadiquid YPD medium (1% yeast extract, 2%
peptone, 2% dextrose) at 30°C under agitation (pB@). YNB (0.67% yeast nitrogen base with
ammonium sulfate and without amino acids, 2% sw&ragar (2%) plates were used for selection of
transformants following electroporation experimeitsr heat inactivation, cells were resuspended
in phosphate-buffered saline (PBS) and incubaté&®aE for 1h [14]. Acid phosphatase expression
was induced by growing cells in YNB medium for 18ti28°C with constant shaking (200 rpm).
The murine macrophage cell line J774A.1 (ATCC TIB-&vas cultured in DMEM (Gibco)
containing 10% decomplemented fetal bovine seruBS(Fsibco) and 1 mM sodium pyruvate, or
in cRPMI (complete RPMI corresponding to RPMI-1648igma) without phenol red and
supplemented with 10% decomplemented FBS, 1 mMusodpyruvate and 2 g/l sodium

bicarbonate) for the infection experiments, at 3iif6% CQ.
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2.2. Nucleic acids purification and PCR amplificati

Genomic DNA fromC. guilliermondiistrains was extracted using the Plant Nucleodpkit |
(Macherey-Nagel). DNA purification was performeding the Nucleospin Extract 1l kit
(Macherey-Nagel). PCR assays were performed withsih DNA polymerase (New England

Biolabs).

2.3. Plasmid construction

An 8,569bp PCR fragment was first amplified frome 6. guilliermondiiCHK1 locus
(Genbank accession numberXM_001483618) (Fig. 1Athwihe primer pair CHK1S5'-
TGGTTTCCTGATTCAGTTCGCTATACCE3’ and CHK1R 5’-
AGTACCCACGACCAGTACCAGGATAAGG3'[15]. This amplicon was cloned into the pGEM-T
easy vector (Promega) to yield plasmid BEK1(Fig. 1B). The pGEHKI1plasmid was digested
with Clal (Fig. 1B) to delete a 4,041 bp central fragmenthie clonedCHK1 coding sequence, and
the resulting digested plasmid was ligated toRE#-URA3-RERragment released after digestion
of the pGREP-URA3-REPplasmid[16](Fig. 1C) withClalto yield plasmid pGs’CHK1-REP-
URAS-REP-3'CHK{Fig. 1D). The 5CHK1-REP-URA3-REP-3'CHKdisruption cassette was
released from pGEM-T vector after digestion of #®-5'CHK1-REP-URA3-REP-3'CHKAith

Notl (Fig. 1E).

2.4. Yeast transformation
Transformation of C. guilliermondii cells was performed by electroporation as

described[17].

2.5. mRNA detection
Total RNA was extracted fron®. guilliermondii cultures (YPD) with NucleoSpin RNA
Plant (Macherey-Nagel). First-strand cDNAs weretlsgaized from 1 pg of total RNA using

5
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random hexamer primers (0.5 uM) with 15 units gb&script Il reverse transcriptase (Invitrogen).
The C. guilliermondii CHK1mRNAs were detected by PCR using primers CHK1S @H&1R
under the following conditions: 95°C for 10 min aB@d cycles with denaturation at 95°C for 30 s
followed by annealing at 60°C for 30 s and extemsib72°C for 4 min. Th€. guilliermondiiActin

1 gene ACT]) was used as a housekeeping gene and amplifiagsing primers gACT1-F 5'-
CCGACTTGGGATTGGAAGCCGC-3’ and gACT1-R 5'-
CTCAGGAGGAGCGATGATCTTAACC-3' with the following caditions: 95°C for 10 min and
30 cycles with denaturation at 95°C for 30 sewfs##td by annealing at 60°C for 30 s and extension

at 72°C for 1 min.

2.6. Sensitivity test for stress responses, draglsaatifungal compounds

EUCAST testing was performed according to EUCADef 7.1 methodology[18]. All
strains were cultured on YNB before susceptibiligsting. RPMI (Sigma Aldrich) was
supplemented with antifungal agents, including @63 pg/mL amphotericin B or caspofungin,
0.125-64.0 pg/mL flucytosine, 0.25-128.0 pug/mL @inazole, and 0.015-8.0 pg/mL voriconazole;
or with other chemical compounds, including 0.1284M sodium dodecyl sulfate (SDS, Thermo
Fisher), 0.25-2.0 mM caffeine (Sigma-Aldrich), 0-2®% M NaCl (Thermo Fisher) or sorbitol
(AppliChem), 1.0-11.5mM kD,, 0.003-0.375 mM menadione (Sigma Aldrich), 0.00876mg/mL
Congo red (Sigma Aldrich). Inoculated plates wergubated at 32°C and read with a
spectrophotometer after 48 h. According to EUCADef 7.1 recommendations, MIC 90 was
determined for amphotericin B and MIC 50 for othérugs and compounds. The EUCAST MICs
for the quality control strai. parapsilosisATCC 22019 were all within the recommended ranges
for the licensed compounds. Due to the low soltybilif calcofluor white (CFW) and the high
natural resistance @. guilliermondiitowards this compound[19], comparison of suscdjtitof
wild type (WT) and mutant strains to CFW was achttusing a standard drop plate assay protocol.
For this purpose, each strain was incubated ovetraig35°C in YPD broth, washed, serially diluted

6
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(107 to 1@dilutions) in distilled water and spotted (4 pL)torsolid YPD medium supplemented or

not with 100-600 pg/mL CFW. Plates were incubated3fdays at 32°C.

2.7. Analysis of cell wall composition
Quantification of cell wall mannaf8-glucan and chitin was performed by high-perfornganc

anion-exchange chromatography coupled with pulsegbesometric detection (HPAEC-PAD),
measuring the levels of the corresponding monosaids: mannose, glucose and N-
acetylglucosamine, respectively. Cells grown in YBibth were washed twice with PBS and
broken with glass beads. Cell walls were pelletgeddntrifuging and purified as described[14]. The
samples were then acid-hydrolyzed with trifluore#e acid, and analyzed by HPAEC-PAD in
Dionex equipment as previously reported[14].

To determine the content of cell wall proteins, ls/alere alkali-hydrolyzed before quantifying
using a standard colorimetric method, while theslgwf cell wall phosphomannan were quantified

by cell ability to bind the cationic dye Alciatule, as described[20].

2.8. Zymogram analysis

Acid phosphatase was used as a marker of the sthtbeN-linked glycosylation pathway,
as previously reported[21]. Cells grown overnight¥NB broth were collected by centrifuging,
washed with 10 mMTris-HCI, pH 6.8 and disruptedhwglass beads in a Braun homogenizer. The
homogenate was centrifuged at 20,000 x g for 10 thie soluble fraction saved and loaded onto
native 8% (w/v) polyacrylamide gels. Electrophosesas run at 110 V for 1.5 h, the gel rinsed with
100 mM sodium acetate, pH 5.8 and enzyme actwdéy visualized by incubating with 0.4 mM 4-

methylumbellyferyl-phosphate (Sigma) in 100 mM swdiacetate, pH 5.8 for 30 min at 37 °C.

2.9. Cytokine production by human peripheral blooahonuclear cells
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The Ethics Committee of the Universidad de Guartajapproved the use of human cells in
this study (permission number 17082011). Healthyltacblunteers provided blood samples after a
written informed consent was signed. Peripherabdlmononuclear cells (PBMCs) were isolated
using a Ficoll gradient, as previously reported[2®2]100 uL aliquot of 5 x 16 PBMCs/ml was
added to U-bottom 96-well microplates along withO4€L containing 1x18ungal cells. The
interaction was incubated for 24 h at 37 °C with B#v) CO,. Supernatants were collected by
centrifuging and used to quantify levels of Ib; ITNFa, 1L-6, IL-10 by ELISA (Preprotech). The
IL-1B levels were measured using a commercial kit frafDRFor IL-1a quantification, stimulated

PBMCs were disrupted by three sequential freezyiies as reported[23].

2.10. Macrophage infection with yeasts

Yeast cells were labelled overnight in liquid YRBedium supplemented with 5 pg/ml
CFW. Macrophages were infected as previously desdrin cRPMI medium[24]. We used a
multiplicity of infection (MOI) of 1 macrophage tb yeast (1M:1Y) for all experiments, except for
yeast viability, where we used 10M:1Y. Briefly, ZR1macrophages per well were adhered
overnight in 96-well plates at 37°C in 5% ¢@nd infected with the required number of CFW-
labeled yeasts in cRPMI in the presence of 5 p@RWV to allow the continuous labeling of newly

replicated yeasts outside the macrophages.

2.11. Fluorimetry and flow cytometry assays

Fluorimetry and flow cytometry assays were conedcas previously described using a
FluoStar Optima fluorimeter (BMG Labtech) and a F@anto Il (Becton Dickinson),
respectively[24]. Fluorimetry was used to determimaultiplication of the fungal biomass and the
ratio of ingested fungal cells after 1 h, 5 h addh2of infection. Briefly, we measured the total
fluorescence of CFW-labeled yeasts in an infectvetl. Then, a final concentration of 250 pg/ml of
trypan blue was used to quench the fluorescenceonfingested CFW-labeled yeasts, and we

8
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measured the fluorescence of internalized CFW-abeleasts. Flow cytometry was used to
measure macrophage and yeast mortality rates tlaadratio of macrophages engaged in
phagocytosis. Briefly, macrophages were doublexsthiwith anti-mouse CD16-APC (membrane
stain) and calcein-AM (a marker of active metabuo)isfter 24 h of incubation with CFW-labeled
yeasts. The percentage of macrophage viability easulated as the number of macrophages
positive for both fluorescence (calcein and antii6pin an infection assay versus the uninfected
macrophage control. Phagocytosing macrophages guexetified as the number of macrophages
positive for calcein, anti-CD16 and CFW fluoreseendo determine yeast mortality inside
macrophages, macrophages were infected with CF@lddbyeasts at a MOI of 10 M:1Y in a 96-
well plate. After 24 h, wells were washed, macrg@sawere detached and lysed with 0.1% Triton
X-100 (Acros Organics) to release ingested yeads.d@/e used 1 pg/ml propidium iodide (PI)
(Sigma) fex 535 nm,Aem 617 NM) to stain collected yeasts for flow cytometnalysis. Pl only
enters dead cells. Heat-killed yeasts were usepgoagive controls and live yeasts were used as
negative controls for Pl staining. For heat inaaiio, yeast cells were incubated for 30 min at
90°C. For analysis, the CFW population was seleate&tlthe ratio of the population positive for the

Pl signal was then measured to determine yeasatfiyprt

2.12. Virulence assays in the insect speGaberia mellonella

Groups of 10G. mellonellalarvae of at least 1 cm length and uniform colorev@oculated in the
last left proleg with the fungal suspension usimg¢iamilton syringe (701N, 26’s gauge, D
capacity)[25]. Infection was achieved by injectih pL inoculum into the hemocoel. Animal
groups were kept at 37°C and mortality and phencéyrhanges were recorded for 15 days. As a

control, a group of 10 animals was injected witrSPB

2.13. Statistical analysis
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Data are cumulative results of all experimentdgoered and are shown as mean + SD or
SE. The Mann-Whitney test was used to establish statistical significamdgch was set aP<
0.05. Mortality results were analyzed using the ‘tagk test and shown in Kaplan-Meier charts,

with a significance level set Bk 0.05

3. Results
3.1. Disruption of the&. guilliermondiiCHK1 gene

We previously provided a complete bioinformaticaratterization of both th€. guilliermondii
CHK1 gene and Chkl deduced protein in a global studipderdng the subcellular localization of
the series of HHKs found in this species[15]. Byiethe C. guilliermondiiChk1 predicted protein
iIs composed of 2428 amino acids and shares 30%itidevith Chkl from C. albicans C.
guilliermondii Chk1 displays all subdomains specifically foundCinalbicansChk1, thus belonging
to the group X HHKJ4]. Importantly, no further hofogous sequences were found in the genome
of C. guilliermondii,indicating that, as observed @ albicans a unique copy of thEHK1 gene is
present and thus encodes the sole member of gradigkin C. guilliermondii

Among the series of selectable markers availabl€fauilliermondiigenetics[26-30], we chose
to use the recently developeRA3blaster system to disru@t guilliermondii CHK16]. This was
done to recreate the genetic modifications perfarmeC. albicans where thdJRA3blaster system
was initially used to generaté. albicans chkImutants[31,32]. For this purposep & HK1-REP-
URA3-REP-3'CHKXfragment with 2,900 bp and 1,600 bp of the 5’ @h@HK1homologous arms,
respectively, was generated. This disruption ctsseas used to transform ti@& guilliermondii
U312 @ra3aeo) recipient strain (auxotroph for uracil) to protgghy. Urd transformants were
selected on minimal medium plates. The efficienciransformation was roughly 5-6 transformants
per ug of DNA. A series of 30 randomly selected Uransformants were analyzed by colony PCR
as previously described[33]. Homologous integratafnthe 5’CHK1-REP-URA3-REP-3'CHK1

cassette at th€HKL1 locus (Fig. 2A) occurred in 3 of the analyzed sfarmants and was derived

10



Candida guilliermondiChk1 (version 2)

254  from gene replacement, resulting in  disruptiontlod target gene and in the genotypa3,
255 chklA::REP-URA3-REP (abbreviatedchklh, see a representative clone in Fig. 2B). For the
256 remaining Urdtransformants, it is highly likely that they wererived from gene replacement at the
257 ura3locus (not studied). Loss of intaCt guilliermondii CHK1was confirmed by both PCR and
258 RT-PCR analyses (Fig. 2B). Lack of amplification @HK1 cDNA in the chklA mutant was
259 unlikely to be related to poor quality of the RNeparations, as these were successfully used to
260 synthesize and amplify t®CT1cDNA (Fig. 2B). Therefore, €. guilliermondii chkd null mutant
261 was generated.

262

263 3.2. Growth, stress tolerance, and drug suscegiiolf theC. guilliermondii chk null mutant

264 Since thechklA null mutant was Ura we first compared its growth kinetics with  WiFain
265 ATCC 6260 (the parental strain of U312)[16]: botkhibited similar doubling times in liquid
266 YPDor YNB media (data not shown). Furthermore, rifeences were observed in colony growth
267 (diameter and aspect) of either the WT or mutamairst when cultured on solid YNB or YPD media
268 (data not shown).These results suggest@# 1 deletion does not affe@. guilliermondiioverall
269 development.

270 Since previous works demonstrated the involvemérttildK in the capacity of adaptation to
271 hyperosmotic conditions in several fungal specigsf@ next examined the osmotolerance of the
272 chklA null mutant. Both WT and null mutant strains das@d similar growth rates in high-
273 osmolarity media containing NaCl or sorbitol (TaBle These results demonstrate that @K1
274  deletion has no effect on the growth and the céypatiadaptation o€. guilliermondiiyeast cells to
275 hyperosmotic conditions.

276 It is now well described that Chk1 plays a majdeia the perception of oxidant conditionsGn
277 albicang34]. Thus, the impacto€C. guilliermondii CHK1in resistance to oxidant stresses was
278 evaluated n media supplemented either wigd4+br with menadione. Neither hypersensitivity nor

279 resistance of thehklA mutant towards these oxidant conditions was oleskf{Vable 2).

11
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Finally, because it was previously shown that@halbicans chkA null mutant is hypersensitive
to fluconazole and voriconazole[35], we monitotad effect of a series of clinical antifungals
(amphotericin B, flucytosine, fluconazole, voricanke, and caspofungin) against bo
guilliermondii reference strain ATCC 6260 and ttf&k1A null mutant. Neither hypersensitivity nor
resistance to these antifungals of thé1A mutant was observed. Indeed, the MICs of bothrstra

were similar to those previously described@rmuilliermondii(Table 2)[11].

3.3. Protein glycosylation and cell wall compositia theC. guilliermondii chkX null mutant

It was previously reported that disruption@HK1 in C. albicansled to shortening in cell
wall mannans[36], and this allowed exposure[3df3-glucan at the cell surface, resulting in
increased phagocytosis by phagocytic cells[37].sThue assessed whether los<CofK1 affected
the glycosylation pathways €. guilliermondii Using zymogram analysis of secreted acid
phosphatase, a protein reporter of the statusedfidinked glycosylation pathway[20], we found no
differences in the mobility of the enzyme extractemm WT control cells and thehklA null
mutant, indicating no obvious defects in this bidkgtic pathway (Fig. 3). In order to confirm this
result, we quantified cell wall phosphomannanteoty an indirect indicator of the status of
protein glycosylation pathways[14,20,38,39], andnfd no significant differences in the content of
this moiety attached to botlinked andO-linked mannans (Table 3)[14]. We next determirtesl t
cell wall composition of the null mutant by HPAE@P and we could not find significant
differences in the content of chitin, glucan anahman (Table 3). Moreover, protein content within
the cell wall was similar in both the WT controlash and theehk1A null mutant. These results are
in line with the fact that drugs interfering withet biosynthesis and structure of the fungal cell,wa
such as caffeine, Congo red (Table 2) and calcofiiote (not shown) displayed similar effects on
WT and mutant strains. Furthermore, neither flogttah at the macroscopic level nor aggregation

of cells observed by microscopy, as describederCthalbicanschkA mutant[31], were observed in
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liquid cultures of the correspondin@. guilliermondii mutant. Therefore, loss @@HK1 has no

obvious impact oi€. guilliermondiicell wall composition or protein glycosylation.

3.4. Multi-parametric monitoring of interactionstieeenC. guilliermondiicells and macrophages
Since it was recently demonstrated that deletion®falbicans CHKImproves recognition
by phagocytes[37,40], we were thus interested a@valuation of cellular interactions of tig
guilliermondii reference strain or thehklAnull mutant with macrophages. For this purpose, we
used a recently developed in vitro model allowingltiparametric monitoring[24].The J774
macrophages were infected with tBeguilliermondiireference strain, and the behavior of both cell
types was monitored over time. Multiplication oét. guilliermondiifungal biomass was inhibited
in the presence of J774 macrophages, as showtotgl CFW fluorescence which did not increase
between 1 h and 24 h of infectidfig. 4A). In the case of both strains, the rate of intezad yeast
cells was 40% after 1 h of infection, and reacheglaieau of 80% at 5 h (Fig. 4B). C.
guilliermondii cells remained intramacrophagic at 24 h post-titdac as confirmed by
observation under the microscope (data not showitf),a mortality rate of roughly 20%(Fig. 4C).
The vast majority of the macrophages (nearly 90dfyiged after 24 h of infection, and 63% were
engaged in phagocytosis (Fig. 4D). Finally, we camed the cellular interactions of.
guilliermondii with those of otheiCandida species, includingC. albicans, C. glabrataand C.
lusitaniae(Table 4). GloballyC. guilliermondiibehaved similarly t&C. glabrataand appeared to
be the least aggressive species, as indicated éoyotlest macrophage killing and the highest

proportion of fungal cells internalized.

3.5. Loss of CHK1 does not affeégt guilliermondii ability to stimulate cytokine production by
human PBMCs

Since we did not find obvious differences in theeiaction of theC. guilliermondii chki
null mutant with macrophages, we next evaluatedathigty of this mutant to stimulate cytokines by

13



331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

Candida guilliermondiChk1 (version 2)

human PBMCs. Our results showed that the WT corsir@lin and thehk1A null mutant had a
similar ability to stimulate production of THFIL-6, IL-1a, IL-1B, and IL-10 Fig. 5). Artificial
exposure, by heat-killing, of inner wall componeatsthe wall surface of. albicansstimulated
differential cytokine production by human PBMCs[4Therefore, we performed experiments using
heat-killedC. guilliermondiicells. Despite observing a significant incrementytokine production
upon inactivation of cells by heating (Fig. 5), significant differences between WT control cells
and thechklA null mutant were detected. Therefo@h K1 does not affect th€. guilliermondit

human PBMC interaction.

3.6. TheC. guilliermondii chkWnull mutant is as virulent as the wild type strain

Finally, we aimed to assess the impact ©@HK1 disruption on the virulence of
C. guilliermondii Since no apparent defect in growth, wall compasior interaction with immune
cells was observed, we hypothesized that the vicgl®f the null mutant was not affected. Thus, we
did not perform experiments in mice, but in thesadative hosiG. mellonella which has been
successfully used to assess the virulence of @hedidaspecies, providing results similar to those
generated in the gold standard model, i.e. the gj@86$12,43]. Again, we did not observe any
significant differences in  mortality associatedimthe WT strain and thehkIA null mutant; both
strains killed the entire insect population in leds®an a week Hig. 6). Therefore, the

C. guilliermondii chkA null mutant does not display virulence attenuation

4. Discussion

C. albicansgroup X HHK Chk1 plays a crucial role in morphogsis (especially the yeast
to hyphae switch), virulence, peroxide adaptatmail wall composition, quorum sensing, biofilm
formation and triazole resistance [31,32,34,35,8§FHurthermore, during fungal infectiorG.
albicans Chk1 is required for survival in human neutrophéind adherence to ex vivo human

esophageal cells [37-40]. Therefore, all theseistuduggest that group X HHK represents an

14



357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

Candida guilliermondiChk1 (version 2)

interesting fungal target for the discovery of namtifungal drugs. Via this perspective, it remains
essential to explore the conservation of the rélsuch potential targets in related species. In the
present work, we thus investigated the role of@halbicansCHK1homolog in the low-virulence
related yeast speci€s guilliermondii in order to gain insight into putative conseiwatof the role

of these proteins in other members of @andidaCTG clade. For this purpose, we generat€t a
guilliermondii chklA mutant strain and carried out a series of phenotgmalyses that were
previously investigated in th@. albicans chkA mutant (above mentioned). We demonstrated that
disruption of theCHK1lortholog does not influence growth, stress toleearrug susceptibility,
protein glycosylation or cell wall composition @ guilliermondii In addition, it was found that
loss of CHK1 does not affect C. guilliermondii ability to interact with macrophages and to
stimulate cytokine production by human PBMCs. Hinahe C. guilliermondii chk null mutant
was shown to be as virulent as the WT strain inettigerimental modeb. mellonella Importantly,

it was previously demonstrated that tBelK1 homolog plays no obvious role in the low-virulence
related yeast speci€S. lusitania¢49]. Therefore, although experimental conditiorseds in the
present study were not strictly identical to thosgorted forC. albicans chkA mutant phenotypic
analysis, taken together, and in line with what wesviously suggested i@. lusitania¢49], our
results suggest that group X HHK function is nohserved inC. albicans, C. lusitania®@r C.
guilliermondii. This divergence in the function of several HHKogps was already reported in
molds [3,4]. For instance, group Ill HHK couldaglan opposing role in virulence in the two
closely related species of plant pathogdéiternariabrassissicolaand Alternarialongipefs0,51].
While C. albicans, C. lusitania@nd C. guilliermondiicommonly belong to the particular fungal
CTG clade, it is now accepted that the genetiadst between anyandidaspecies is considerable
[52]. Thus, in agreement with low conservationtlid amino acid sequence Gf albicans, C.
lusitaniaeandC. guilliermondiiChk1, it is likely that differences observed i thunction of these
crucial sensing proteins could underlie, at theuncscale, prominent traits leading to specific
strategies of these yeast species to adapt togpedific environmental niches and hosts. Finatly,
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is important to remember that, as observed in othesely relatedCandida species [49],C.
guilliermondii harbors two additional HHK genes, namé&lyN1andNIK1, which encode HHKs
belonging to groups VI and lll, respectively [1BJthough the structures of the sensing domains in
Chk1, SInl and Nikl deduced proteins are highlyedjent, it is not excluded that functional
redundancy could occur between these three HHKsl farther efforts will be needed to address

this pending hypothesis.
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FIGURE LEGENDS
Fig.l. Different steps in construction of the CHK1 disruption cassette. A.Schematic
representation of th€. Guilliermondii CHK1locus and position of primers CHK1S and CHK1R.

B. Representation of plasmid pGHK1. C. Structure of the p(RU3Rplasmid.D. Representation
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of plasmid pG5'CHK1-REP-URA3-REP-3'CHKIE. Structure of thec’CHK1-REP-URA3-REP-

3'CHK1disruption cassette.

Fig. 2. Disruption of C. guilliermondiiCHK1. A. Schematic representation of the wild-type and
disruptedCHK1 locus.B. PCR analysis of th€HK1 locus in the ATCC 6260 wild-type strain and a
representativeehkA mutant using CHK1S and CHK1R primers (upper parigfle presence of
CHK1 mRNAs in the ATCC 6260 wild-type strain and thpresentativehklAmutant was detected
with reverse transcriptase-PCR (middle panel). Th&uilliermondiiactin 1 geneACT1) mRNAs

(lower panel) were detected as a control of RNt&grity.

Fig. 3. Loss of CHK1 does not affect protein N-linked glycosylation in C. guilliermondii. Cell

homogenates were obtained from either the wild typechklA null mutant and used to perform a
zymogram to reveal acid phosphatase activity, artepof theN-linked mannosylation pathway, as
described in Materials and methods. Similar ebgttoretic mobility of the enzyme was observed

in both samples.

Fig. 4. Multi-parametric analysis of the interaction between J774 macrophages and yeast cells
over 24 h time course experiments. Macrophages were infected with yeast as describeitha
Materials and method#. Fluorimetry analysis of the multiplication of furighiomass in the
presence of macrophages. CFW was added to theat#ike beginning of the infection, and total
fluorescence of CFW-labeled yeast was measuredtowerB. Fluorimetry analysis of the uptake
of yeast cells by macrophages. Trypan blue was tseguench the CFW fluorescence of non-
ingested yeast cells. Residual CFW fluorescendeatefl internalized yeasiS. Flow cytometry
analysis of the mortality of intramacrophagic yeaaits after 24 h of phagocytosis. Ingested CFW-
labeled yeast cells were released from macrophagieg Triton X-100 and were stained with

propidium iodide. Dead cells showed both CFW an@éiudrescenceD. Flow cytometry analysis of
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the survival of infected macrophages after 24 mfafction. The number of surviving macrophages,
positive for both calcein and anti-CD16 fluoreseenwas determined in the presence and in the
absence of yeast cells to calculate percent iv&lrv Macrophages associated with yeast, i.e,
phagocytosing macrophages, were identified as rpheges positive for CFW fluorescence. Non-
phagocytosing macrophages were negative for CF@/dicence. Results are shown as mean £ S.E.

of three independent experiments performed initapd or quintuplet.

Fig. 5. Loss of CHK1 does not affect the ability of C. guilliermondii to stimulate cytokine
production by human PBMCs. Live or heat-killed (HK) cells either from strainTEC 6260
(closed bars) or thehkl1A null mutant (open bars) were co-incubated with anr®BMCs at 37°C
and 5% CQ. Upon 24 h incubation, supernatants were colleetedl used to measure cytokine
levels by ELISA. Results are shown as mean + SDhrefe independent experiments performed in

duplicate, with a total of six donorsP% 0.05.

Fig. 6. Virulence of C. guilliermondii chk1A in theinsect model G. mellonella. Groups containing
10 larvae were infected with 10 of 1 x 1¢ yeastfiL of strains ATCC 6260 (WT) or thehklA
null mutant, and mortality was recorded daily f& days. As a control, one animal group was
injected with 10uL of PBS. Kaplan-Meier plots were generated wittumulative data of three

independent experiments, and each survival curegacted 30 animals.
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Table 1. Strains used in this study

Species Strain Genotype
Candida guilliermondii ATCC6260% wild type
us12°® ura3
chkl4 ura3, chkl::REP-URA3-REP
Candida parapsilosis ATCC 22019% wild type
Candida albicans SC5314 2 wild type
Candida lusitaniae ATCC 38533% wild type
Candida glabrata ATCC90030% wild type

2 Reference strain from American Type Culture Collection, ATCC Manassas, USA.

® From [16].
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Table 2. MIC determination ofC. guilliermondii wild type strain anathk1A null mutant towards

various antifungal drugs and other chemicals.

WT chk14
Antifungals
Amphotericin B (ug/mL) 0.5 (0.25-0.5) 0.25 (0.250.5
Flucytosine (ug/mL) 0.25 (0.12-0.5) 0.25 (0.12-0.5)
Fluconazole (pg/mL) 4 2 (2-4)
Voriconazole (ug/mL) 0.06 0.06 (0.03-0.06)
Caspofungin (ug/mL) 2 (1-2) 2
Other chemicals
Congo Red (mM) 0.03 0.03 (0.03-0.06)
SDS (mM) 0.375(0.375-0.5) 0.5 (0.5-0.625)
Caffeine (mM) 0.75 0.75 (0.5-0.75)
NaCl (M) 1.25 (1-1.25) 1.25 (1-1.25)
Sorbitol (M) 1.25 (1-1.25) 1(0.75-1.25)
H,0, (mM) 2.5 (2.5-4) 4 (2.5-4)

Menadione (mM) 2(1-2) 2 (1-2)




Candida guilliermondii Chk1

(version 1)

Table 3. Cell wall composition of C. guilliermondii chk1A null mutant

Cell wall abundance

Chitin Mannan Glucan Phosphomannan Protein
Strain (%) (%) (%) content (ug)* (Mg)°
ATCC6260 18+12 43.7+3.2 545+43 58.8+9.0 165.7 £ 14.6
chklA 16+1.3 42.7+35 55.7+ 3.7 59.8+10.9 157.7 +15.6

3ug of Alcian Blue bound/ODgy=1

Bug of protein/mg of cell wall



Candida guilliermondii Chk1 (version 1)

Table 4. Comparative analysis of the interactions involvidig74 macrophages and different

Candida species

Fungal biomass Internalized yeast cells (%) idplocage (%) Yeast (%)
Species multiplication survival at 24 h tadity
at24 A 1h 5h 24 h (phagocytosing, %) at 24 h
C. albicans SC5314 6.8+0.1 18+2 10+1 O 5+3 (67 £17) 0
C. glabrata ATCC 90030 14+0.1 555 76+£2 679 79 +472 £ 11) 15+5
C. lusitaniae ATCC 38533 3.6x1.0 54+5 64+£2 374 73 £ 7 £6) 261
C. guilliermondii ATCC 6260 1.1+0.1 41+4  77+10 81+21 90 G4 + 1) 18+1

dcompared to initial fungal biomass at time = 1h.

Results are shown as mean + S.E. of three to sepentent experiments performed by triplicates amtgplets.
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