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Supplementary Materials: Polyenes in Medium Chain Length
Polyhydroxyalkanoate (mcl-PHA) Biopolymer Microspheres
with Reduced Toxicity and Improved Therapeutic Effect
Against Candida Infection in Zebrafish Model
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Table S1. Lethal and teratogenic effects observed in zebrafish (Danio rerio) embryos at different hours post fertilization

(hpf).

Category Developmental endpoints Exposure time (hpf)
48 72 96 120

N
=

Lethal effect Coagulated eggs 2
Lack of the heart beating
Teratogenic effect Malformation of head
Malformation of eyes ®
Malformation of sacculi/otoliths ¢

Malformation of chorda
Malformation of tail 4
Scoliosis
Yolk edema
Yolk deformation

Growth retardation ©
Hatching

Hepatotoxicity Yolk absorption
Liver darkening

Cardiotoxicity Pericardial edema .
Heart morphology
Heart beating rate (beat/min) °

a No clear organs structure is recognized; b Malformation of eyes was recorded for the retardation in eye development
and abnormality in shape and size; c Presence of none, one or more than two otoliths per sacculus, as well as reduction
and enlargement of otoliths and/or sacculi (otic vesicles); d Tail malformation was recorded when the tail was bent, twisted
or shorter than to control embryos as assessed by optical comparation; e Growth retardation was recorded by optical
comparison with the control embryos in a body length (after hatching, at and onwards 72 hpf) using an inverted micro-
scope (CKX41; Olympus, Tokyo, Japan).

Table S2. Therapeutic profiles of free polyenes and the corresponding loaded mcl-PHA microspheres.

Sample MIC LCso? ECsob T index ¢ Ti d
(pg/mL) (LCs0/ECs0) (ECs0/MIC)
Nys 1.0 6.2 34 1.84 34
PHA-20-Nys 5.0 >2000 >2000 1.00 >400
AmB 0.25 1.3 0.8 1.71 3.1
PHA-20-AmB 1.0 148 135 1.10 135

a LC50 — the dose killing 50% of the treated embryos; b EC50 — the dose affecting 50 % of the treated embryos; ¢ T index —
toxicity index; d Ti — therapeutic index. The toxicological parameters (LCso, the dose killing 50% of the treated embryos,
and ECso, the dose affecting 50 % of the treated embryos, values) were determined by the program ToxRatPro (ToxRat,
Software for the Statistical Analysis of Biotests, ToxRat Solution GmbH, Alsdorf, Germany, Version 2.10.05) using probit
analysis with linear maximum likelihood regression.
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Figure S1. FTIR spectra of the PHA, free polyenes and PHA-10-Nys (A) and PHA-10-AmB (B).

FTIR spectra of the PHA, free polyenes and PHA/polyene formulations are presented
in Fig. S1. FTIR spectrum of the PHA microspheres presented bands characteristic for
PHA biopolymers: ester carbonyl group (C=0) stretching at 1740 cm-!, CHs, CH2 and CH
bending in the 1500-1300 cm!, C-O-C stretching in the 1300-1000 cm, C-C backbone
stretching in the 1000-800 cm™ range and asymmetric -CHs and symmetric -CH>- vibra-
tions between 2800-3000 cm™ (Fig. S1) [27]. Free polyenes exhibited characteristic broad
band at 3439 (overlapping of N-H and O-H stretching vibrations), 2930 (-CH:- stretching
vibrations), 1709 (C=0O stretching vibrations) and 1575 cm™ (overlapping N-H bending and
C=0 stretching) for Nys [28] and at 3479 (N-Hand O-H stretching), 2926 (CHz, CHs asym-
metric and symmetric stretching vibrations, CH stretching), 1694 (asymmetric stretching
-CO0O), 1559 (-NHs* symmetric bending coupled with —-COO- asymmetric stretching),
1449 (CH2, CHs asymmetric bending), 1401 (symmetric stretching vibrations -COO-), 1184
(C-O-C asymmetric stretching vibrations), 1069 cm™ (C-O asymmetric stretching) and at
889 cm! (-CH, -CHs bending) for AmB [29]. Following polyene incorporation into the bi-
opolymer, FTIR spectra of the PHA/polyene microspheres showed predominantly bands
characteristic for the PHA indicating efficient incorporation of hydrophobic polyenes into
the polyester matrix [30]. Only the spectrum of formulations with AmB, exhibited AmB
characteristic peaks at 3463 and 1578 cm!, indicating presence of the polyene and potential
molecular interactions, especially via OH and N-H groups.
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Figure S2. Comparison of in vitro antifungal activity of three different formulations of AmB
against C. albicans: (A) dried micelle preparation containing 20% w/w AmB (250 ug of micelles /50
pg of AmB); (B) micelle suspension 25 mg/mL (250 pg micelles /50 pg of AmB)) and (C) antifungal
susceptibility disc (100 pg of AmB).

Vv KN ,\@?‘9@ S M NP PSS (g/m)

PHA

Nys PHA-20-Nys AmB PHA-20-AmB

Figure S3. Heart beating rate in the 120-hpf old zebrafish larvae exposed to different doses of the
mcl-PHA micelles, free drugs AmB and Nys, and PHA micelles containing 20% polyenes in a pe-
riod from 6 to 120 hpf. * p < 0.1; ** p <0.01; *** p <0.001.
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Figure S4. Dose-dependent hepatotoxicity of free drugs Nys and AmB addressed in the transgenic
Tq(fabp10:EGFP) zebrafish larvae with fluorescently labeled liver. The embryos have been exposed
to drugs in the period from 72 hpf to 120 hpf. The applied polyenes caused the liver size decrease
in a dose-dependent manner. Upon the treatments with 8xMIC and 12xMIC of AMB, embryos
exhibited delay in growth with large pericardial edema, completely non-resorbed necrotic (dark)
yolk and weak or no liver fluorescence.
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Figure S5. Dissemination of C. albicans infection in alive infected fish at different developmental
stages without treatment. (A) A few hours after microinjection, the yeast-form cells (arrowhead)
formed hyphae (arrow) inside the hindbrain and disseminated throughout the head, some of
which penetrated out the head epithelium (dashed arrow) by 12-16 hpi, leading to the lethal out-
come by 24-48 hpf. In some infected embryos, disseminated fungus formed secondary foci of in-
fection (B) being visible as filaments in the caudal region and the yeast cells at the end of the tail.
While some infected fish were malformed and moribund by 72 hpf (C), having the fungal infection
within the brain (arrow) and at the site of the body distortion (asterisk), other that survived by 96
hpf (D) and 120 hpf (E) had no visible malformations, and the fungal infection (yeast cells) mainly
occurred within intestine (dashed arrow) (D) and the head (arrow) (E1). In some fish, the fungus
protruded the head epithelium without penetrating it (E2).
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Figure S6. Fungal infection makes the infected embryos more sensitive to polyene treatment. At 2
dpi, the embryos infected with C. albicans were more sensitive than control (5% PVP-injected) to
3xMIC of AmB, failed to completely eliminate fungal infection (arrow) and developed teratogenic
malformations — malformed jaw (arrowhead), scoliosis (dashed arrow) and lack of swim bladder
(boxed). In contrast to this, C. albicans-infected embryos treated with 3xMIC PHA-20-AmB was
normally developed and fungal infection was completely eradicated.
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