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Yeast Infections Increased Significantly
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Fungal Infections:
Emerging Threats to Human Health

» 1,000,000,000 skin infections
» 100,000,000 Mucosal infections
> 10,000,000 Allergies and SAFS
(Severe asthma with fungal sensitization)
> 1,000,000 death
= tuberculosis
> malaria
> preast cancer

To develop new effective antifungal drugs Is needed.



Animal Models for

Fungal Infections
LI

Rabbit Mouse Fruit Fly Nematodes Wax Moths Zebrafish

* Mouse models are predominantly used.

» | Several invertebrate models (conserved innate
| Immunity and inexpensive care systems and
enable experiments to be performed on a large

_ scale)
Zebrafish . zeprafish (drug administration, prolific

Embryo fecundity, optical transparency)




Cambridge Ophthalmological Symposium
Eye (2003) 17, 852-862. doi:10.1038/sj.eye.6700557
Fungal infections of the cornea

Proprietary interests: Nil Presented at the Cambridge Ophthalmological
Symposium, 4-6 September 2002



The cphl efgl Mutant Cells Were Capable
of Establishing Restricted Zone of Infection

Wild-type

Mutant



A Fruit Fly Infected with
Beauveria bassiana

Fruit flies that developed in space showed
weakened immunity to fungal infections post-
spaceflight.
Jmage Credit: Deborah Kimbrell (PLoS One 2014)

Brunke et al., Of mice, flies —
and men? Comparing fungal
infection models for large-scale
screening efforts, Disease Models
and Mechanisms 2015 8: 473-486

Glittenberg et al., Wild-type
Drosophila melanogaster as an
alternative model system for
investigating the pathogenicity of
Candida albicans
Disease Models and Mechanisms
2011 4: 504-514



A Warm Infected with
Beauveria bassiana

Caenorhabditis
elegans

Image courtesy of Remedica Journals
http hweewnwr remedicajournals.comThe- Journal-of - Invasive-Fungal - Infections/Browsels
9 suesMNolume-5-lssue-4/Article- Caenorhabditi s-elegans- Antifungal - Defense-Mechanisms



A Warm Infected with
Candida albicans

Galleria mellonella

Cowen et al., Harnessing Hsp90 function as a powerful, broadly

effective therapeutic strategy for fungal infectious disease*
PNAS, February 24, 2009
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Canclda alblcans IN Zebrafish
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Danio rerio

Chao et al., Zebrafish as a Model Host for Candida albicans Infection

" Infect Immun. 2010 Jun; 78(6): 2512-2521.



Progression of C. albicans
Hyphal Formation in Zebrafish
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Danio rerio

Arrows indicate C. albicans cells. L, liver; S, swim bladder; I, intestine

Chao et al., Zebrafish as a Model Host for Candida albicans Infection
Infect Immun. 2010 Jun; 78(6): 2512-2521.
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http://www.jove.com/video/52182/mo
deling-mucosal-candidiasis-larval-
zebrafish-swimbladder



Candida albicans Infects the
Swimbladder of Juvenile Zebrafish

T 1-20 C. albicans cells
' ;;4 i

B

Swimbladder \
Air bubble '

Pneumatic duct . =8¢
Intestinal tract l

inflated > 20 C. albicans cells non-inflated

Gratacap et al., Mucosal candidiasis elicits NF-kB activation,
proinflammatory gene expression and localized neutrophilia in
" zebrafish. Disease Models and Mechanisms 2013 6: 1260-1270. 3 dpf
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Rabbit Mouse Fruit Fly Nematodes Wax Moths Zebrafish

* Mouse models are predominantly used.

» | Several invertebrate models (conserved innate
| Immunity and inexpensive care systems and
enable experiments to be performed on a large

_ scale)
Zebrafish . zeprafish (drug administration, prolific
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Candida albicans Switch between @

Yeast Form and Hyphal Form

Yeast form

Hyphal form

The ability to
switch 1s
Important
for Its
virulence.




First Try
Zebrafish Bath Infection Model
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Wild-type cphl/c hlg 1/efgl

SC5314 cells formed hyphae & killed embryos.
cphl/cphl efgl/efgl cells is not lethal to embryos.
Optimal conditions?
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To define the optimal conditions for zebrafish embryo
bath infection, we co-incubated wild-type C. albicans
cells, SC5314, with 1-day post-fertilization embryos

for various periods of time (1 or 4 hours),
at various shaking speeds (0, 80, 180 rpm),

and in various media [egg water (0.03% sea salt), egg
water/10% serum, RPMI, RPMI1/10%serum]



Procedures

Sterilize Cp-incubat_e embryos 1. Removed un-
1-day post- \_Nlth C. albicans cells adhered C. albicans
fertilization in 6-well plate cells

embryos » containing 4 ml of » 2. Incubate embryos

with 0.028% different medium at 0O, iIn 24-well plate in 1
bleach 80, or 180 rpm and 30 ml of egg water at 30
°C for 1 or 4 hours °C for 2 days
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The Conditions for the
Zebrafish Egg Bath Infection Model

Medium/ 4-h co-incubation

Shaking speed (rpm)
Inoculum 0 80 180

2-day additional incubation

EW/10’ 100 100 100
EW+S/10/ 62 £ 8.7 0 45 1 50.7
R/107 0 0 0
R+S/107 3158 0 291419
R/10° 0 0 37 £50.1
R+S/10° 15+13.8 0 91+16.2

EW: egg water; R: RPMI; S: 10% serum; 10°:1 X 106 ells/ml;
107:1 X 107 cells/ml; *Survival rate * standard deviation

4 h co-incubation, 80 rpm
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and Formed Hyphae/Biofilms

Egg
water/ PRMI/

serum PRMI serum

V4

Survival
rate



|_owest Inoculum?

Medium/ 4-h co-incubation

Shaking speed (rpm)
Inoculum 0 80 180

2 day additional incubation

EW/10’ 100 100 100
EW+S/10/ 62 £ 8.7 0 45 1 50.7
R/107 0 0 0
R+S/107 3158 0 291419
R/10° 0 0 37 £50.1
R+S/10° 151 13.8 0 91t16.2

EW: egg water; R: RPMI; S: 10% serum; 10°:1 X 10° ells/ml;
107:1 X 107 cells/ml; *Survival rate * standard deviation
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_owest Inoculum

1x10° 5x 10° 1x 106

 owest Inoculum: 5 x 10°cells/ml

CAF2-dTomato: Brothers et al. (2013) PLoS Pathog 9: e1003634.



Conditions

Inoculum: > 5 x 10° cells/ml
Co-incubation period: 4 hours
Medium: RPMI or RPMI/serum
Sharking: 80 rpm

Temperature: 30 °C

Can this model be applied to study other mutant
strains known to be involved in virulence?



Reported Mutant Strains

bcerl: decreased adhesion, decreased biofilm formation,
normal hyphal growth

cphl: normal germ tube formation and hyphal growth

efgl: decreased adhesion, decreased biofilm formation,
no hyphal growth

sap6: Secreted aspartyl protease; normal hyphal growth and
virulence

tecl: decreased adhesion, decreased biofilm formation,
normal hyphal growth

29



Germ Tube Formation of
other Mutant Strains?

berl cphl efgl efgl tecl

a b c o d
v Germ tube

50 um
30 cphl sap6 WT



Hyphal Formation of
other Mutant Strains?

cphl efgl efgl tecl

;édheﬁbn
Vvbiofilm
normal hyphae

yadhesion
vbiofilm
VYhyphae
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4 The Results of the Embryo Model ng
A re Consistent with Those in Mouse on
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o” Deletions of CPH1 or SAP6 Did Not
Have Effect on Adhesion or Hyphal Formation

bcrl cphl efgl efgl tecl
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What are the potential causes for the —
death of embryos?

Did Candida cells direct penetrate into
larvae?

Confocal Imaging: Green Candida cells

On the chorion Penetrate chorion



OG1 cells:
Chao et al
(2010).
Infection
and
Immunity
78: 2512.

Majority of C. albicans cells stay on the chorion.
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fallure of transporting toxicities,
either secreted by C. albicans or
generated by embryos,

and/or lack of oxygen

Any comments/suggestions are highly appreciated.
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We have established a protocol
In 24-well plate.
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Can this model study pathogenesis of
other species?
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Candida parapsilosis Caused
Death of Embryos

-
10282015 RPMI 1x10
cells/ml

Co-incubated in RPMI in 24-well for 6 h , washed,
EW with 0.5% YPD, survival rate determination

24 h 48 h
Control 100 100
C. albicans SC5314 0 0
C. albicans cphl efgl 100 100
C. krusel 100 100
C. parapsilosis 50 0
C. glabrata 100 90
C. tropicalis 78 /8




ol Survival Rates after
24 h/48 h Additional Incubation

Control (100) HLC54 (100) SC5314 (0)

C. glabrata(100) C. krusei (100)
C. parapsilosis (50/0) C. tropicalis (78/78)

40..@.




Under the conditions tested,

1. All tested C. krusel, C. glabrata, and Cryptococcus
neoformans did not cause death of embryos.

2. Some C. parapsilosis and C. tropicalis strains can
cause death of embryos
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