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Graphical abstract

A TgAtg3 B
/\

Highlights

o TgAtg8-TgAtg3 interaction occurs in Toxoplasma gondii.

e The TgAtg8 can bind directly TgAtg3 in vitro.

e There is higher affinity between TgAtg8 and TgAtg3.

o TgAtg8 possesses the conserved structure to interact with other TgAtg
containing AlIM.

« TgAtg3 contains core E2 enzymatic activity structure and a truncated handle
region.

ABSTRACT

Autophagy is a catabolic process in eukaryotic cells involved in the targeted degradation of cellular
organelles and the cytoplasm. Recent works in Toxoplasmagondii suggest that the autophagy processes
may serve as an important pathway in modulating parasite survival or death. As an important
modulator of Atg8 lipidation and autophagy, Atg8-Atg3 interaction has been attracting increasing
attention. However, there is no direct evidence that TgAtg8-TgAtg3 interaction occurs in the parasite.
In this study, we firstly found TgAtg8 partially colocalized with TgAtg3 in GFP-TgAtg8 transgenic
strains using IFA. Then, lysates from GFP-TgAtg8 tachyzoites were directly subject to large-scale
tandem affinity purification with anti-GFP antibody. Western blot and tandem mass spectrometry
(MS/MS) analysis determined the interaction between TgAtg8 and TgAtg3. Additionally, we performed
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real-time interaction analysis with a surface plasmon resonance biosensor using BIAcore system. As
expected, the result demonstrated a concentration-dependent increases in resonance signals and
indicated the TgAtg8 could bind directly TgAtg3in vitro.Noteworthily, A KD of 34.9nMobtained from
TgAtg8-TgAtg3 interaction indicate a high-affinity between Atg8-Atg3 in Toxoplasma.Furthermore,
homology modeling and sequence alignment showed that TgAtg8 has greatest sequence and structural
conservation. Within TgAtg3, this protein possesses the core E2 enzymatic activity structure and a
truncated handle region which may contain AIM sequence. Taken together, our findings would help
elucidate the formation mechanism of autophagosome in Toxoplasma and provide a possibility for

looking into parasitic drug targets.

Keywords:Toxoplasma gondii; autophagy; Atg8; Atg3; Surface plasmon resonance; Protein-Protein

interaction

1. Introduction

Toxoplasmosis is caused by infection with the protozoan Toxoplasma gondii, an obligate
intracellular parasite. It can cause substantial morbidity and mortality in humans and animals and is a
major public health burden in the developing world(Dubey et al. 2005; Hide et al. 2009; Dubey
2010).Existing treatment drugs have associated toxicities and do not eliminated parasite(Weiss et al.
2009; Canon-Franco et al. 2014). Discovery of novel compounds in anti-toxoplasmosis drug

development is essential for future intervention strategies.

In recent years, programmed cell death (PCD) pathways have shed a light on providing potential
targets for the development of new therapy(van Zandbergen et al. 2010). The best-known PCD
pathway in higher eukaryotic cells is apoptosis, type | PCD. However, whether there is apoptosis
pathway within T. gondii remains to be demonstrated in spite of the fact that a primitive apoptotic
cascade does indeed exist in Toxoplasma genome(Sinai et al. 2012). Recent emerging data indicate that
autophagy-related process, a type 1l PCD, may play a vital role in life sustaining and death promoting
in T. gondii whilethe decision-making mechanismsin Toxoplasma to shift autophagybetween these two

activitiesis not known(Besteiro et al. 2011; Ghosh et al. 2012). Consequently, as a unique and essential
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programmedcell death occurring in Toxoplasma gondii,the discovery of autophagy offers novel

therapeutic tools to treat toxoplasmosis.

Macroautophagy, usually referred to as autophagy, is a major intracellular degradation process in
eukaryotes(Eisenstein 2014).In autophagy process, the autophagosome is a transient but key structure,
by which the cytosolic or organellar materials are sequestered for degradation(Yang et al. 2010).As the
central event of autophagy, the formation of autophagosome is governed by a series of autophagy-
related (Atg) proteins, which were originally identified in the budding yeast Saccharomyces
cerevisiae(Nakatogawa et al. 2009; Mizushima et al. 2011). Of these, two ubiquitin-like conjugation
systems, Atg8-phosphatidylethanolamine (PE) and Atg12-Atg5, have been identified in yeast and most
of eukaryotes(Hurley et al. 2014). The Atgl2-Atg5 conjugation system is able to accelerate Atg8
lipidation but may not be essential in some eukaryotes and several protozoa, including T.

gondii(lchimura et al. 2004; Mizushima et al. 2014).

In most eukaryotes, nascent Atg8 is proteolytically processed by Atg4 protease to expose C-
terminal Gly residue(Kirisako et al. 2000). The exposed Gly of Atg8 is bound to Atg7, an El-like
activating enzymethrough a thioester bond(Tanida et al. 1999). Then the activated Atg8 is transferred to
Atg3, an E2-like conjugating enzyme and to form Atg8-Atg3 complex through another thioester
bond(Ichimura et al. 2000). Subsequently, Atg8 is covalently attachedto the lipid PE moiety in the

phagophore membrane by Atg3(Yamaguchi et al. 2010).

To date, database searches and bioinformatics have illustrated thatalthough lack of the clear
orthologs of the Atgl2-Atg5-Atgl6 complex,T. gondiiappears to contain the core conjugation system
involved in the attachment of Atg8 to PE, including TgAtg3, TgAtg4, TgAtg7 and TgAtg8. Moreover,
when TgAtg3 function was interfered with conditional gene knockdown strategy, not only conjugation
of TgAtg8 to PE was obstructed, but also the tachyzoites were severely disturbed in growth and
showed obvious organellar defects(Besteiro et al. 2011).These findings suggest that both TgAtg8 and
TgAtg3 have a function in survival of the parasite, and especially, the mechanismof TgAtg8-TgAtg3
interaction may be conserved in T. gondiias seen in other species. But, even so, there is no direct

evidence that TgAtg8-TgAtg3 interaction occurs in Toxoplasma.

Herein, we detect the binding interaction between TgAtg8 and TgAtg3 byin vitro and in vivo
studies. Our data reveal TgAtg8 directly interact with TgAtg3, which provides an attractive candidate
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for anti-toxoplasmosis drug design.
2. Materials and methods
2.1. Host cells and Parasite culture

Tachyzoites of the RH wild type strain or GFP-TgAtg8 strain(Besteiro et al. 2011)were routinely
propagated in human foreskin fibroblast cells (hnTERT) monolayers(Xue et al. 2013) cultivated in
normal culture media, which consists of Dulbecco’s modified Eagle medium (DMEM, pH 7.2)
supplemented with 1% (v/v) heat-inactivated fetal bovine serum (FBS, Gibco) and 5 mg/ml gentamicin

antibiotic (Sigma). Cultures were maintained in a humidified incubator at 37 °C with 5% CO..
2.2. Indirect Immunofluorescent assay (IFA)

Induction ofToxoplasma autophagy was performed in starvation conditions as described
previously(Besteiro et al. 2011). Briefly, extracellular tachyzoites of GFP-TgAtg8 strain were collected
from freshly lysed hTERT, sedimented by centrifugation and washed twice in Hank’s Balanced Salt
Solution (HBSS, Invitrogen). The parasites were resuspended in HBSS and incubated for 8 h at 37 °C.
Then, they were fixed in 4% paraformaldehyde/PBS for 20 min and then permeablized in PBS
containing 0.2% Triton X-100 plus 3% BSA for 10 min. After blocked in PBS with 3% BSA for 1 h,the
parasites were first probed with rabbit polyclonal anti-TgAtg3 (1:1 000). Secondary antibodies were
Alexa Fluor® 568 goat anti-rabbit 1gG (1:1000, Invitrogen). Fluorescent images were obtained with a
Nikon ECLIPSE Ci-L epifluorescence microscope. Non-induced extracellular tachyzoites were used as

control.
2.3. Protein Extraction andImmunoprecipitation of TgAtg8

Two 150 cm? flasks of hTERT were cultured in DMEM supplemented with 1% FBS for 24 h.
Confluent hTERTs were then infected with GFP-TgAtg8 strain tachyzoites. When approximately 95%
of the infected cells had been lysed, the extracellular tachyzoites were harvested and purified from host
cell debris using 3.0-um Nuclepore filters (Whatman, GE healthcare).After ~8 hours of induction of
autophagyin HBSS, theparasite pellet was resuspended and lysed in 0.5 ml of lysis buffer composed of

50 mMTris-HCI (pH7.4), 150 mMNaCl, 1% Nonidet 40 (NP40) and a protease inhibitor cocktail

(Roche) and then sonicated with 18 short bursts of 15 s followed by intervals of 30 s on ice. Unbroken

debris was removed by centrifugation for 20 min at 4°C and 16 000 g and protein concentration in the
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supernatant was confirmed with the 2-D Quant kit (GE Healthcare) in accordance with the

manufacturer's protocol. As a control, RH wild type tachyzoites were treated in a same manner.

0.5 ml of parasite lysate was incubated with 20 pl of anti-GFP beads (Abcam) for 2 h at 4°C under
gentle agitation, and then washed five times with lysis buffer. Remaining buffer was discarded and the
beads were resuspended in 100 pl of lysis buffer and 30 pl of SDS-PAGE loading buffer and denatured

for 10 minutes at 95°C followed by SDS-PAGE.

2.4. \estern blot analysis

Western blot assays were performed using immunoprecipitated proteins by 12% SDS-PAGE.
After transferred to methanol-activated polyvinylidene fluoride membranes (Millipore Corp), the
membranes were incubated in blocking buffer containing 0.05% Tween 20 and 5% nonfat milk powder.
For identification of both TgAtg3 and TgAtg8, rabbit-derived polyclonal antibodies against anti-
TgAtg3 (1:1 000) and anti-TgAtg8 (1:1 000) that have been raised in our laboratory were used as the
primary antibodies and incubated overnight at 4°C. Membranes were washed and incubated with
horseradish peroxidase (HRP)-conjugated anti-rabbit secondary antibody (Sigma) diluted at 1:2000 and

chemiluminescence substrate for detection (Sigma).

2.5. Mass Spectrometry

Parasite lysates were immunoprecipitated and then separated by SDS-PAGE and visualized with
Novex Colloidal Blue Stain Kit (Invitrogen). Bands of interest were in-gel tryptically digested
following destainand send to Shanghai Sangon Biotech company (Shanghai, China) for tandem mass

spectrometry (MS/MS) analysis.

2.6. Prokaryotic expression and purification

To express the N-terminal His-tagged TgAtg3 or TgAtg8 fusion protein, either full length
TgAtg3(ToxoDB: TGGT1_236110) or TgAtg8 (ToxoDB: TGGT1 254120) was amplified from RH
strain cDNA using primers A3F:
GGAATTCCATATGcatcatcatcatcatcacCAGCAGCGGCATGACGAAGCCTCAAGAGACACC
andA3R:CCC AAG CTTCTACTTCTC GTT TTT TGT ACT GCG G or ABF:GGAATTCCATATGcat
catcatcatcatcacAGCAGCGGCATGCCATCGATTCGCGACand A8R:

CCCAAGCTTTTACCCCAGAGTGTTCTC, respectively. Afterwards, the amplified fragments were
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ligated into pCold™I11l expression vector (TaKaRa) usingNdel and HindIll restriction sites.Each
constructs was transformedinto Escherichia coliBL21 (DE3) and sequenced to confirm their identities,
theneither Hisg-TgAtg3 or Hisg-TgAtg8 was induced with 1 mM IPTG for 22 h at 15°C under

vigorousshaking.

After induction, the cells were harvested by centrifugation at 4°C 10,000 g forl0 min and the
pellet were resuspended in PBS buffer (pH 7.4) with a Complete EDTA-free protease inhibitorcocktail
tablet (Roche) and lysed by sonication. The solublefraction was obtained by centrifugation at 4°C
12,000 g for 10 min and dialyzed in BufferA(500mMNacl,20mMTris-HCl,pH 7.9) overnight. The
resulting lysate was loaded onto a Ni-NTA Agarose affinity column (QIAGEN) pre-equilibrated with
Buffer A. Washing column use BufferA after lysate loading. Approximately 8 column volumes of
BufferA containing 60 mMimidizole were used for washing. Afterwards, the fusion protein of interest
was eluted with 250 mMimidazoleand dialyzed in PBS buffer overnight. All purification steps were
conducted at 4 °C.The quality of the purified proteins was examined by SDS-PAGE.The concentration

of proteins was detected by BCA method.
2.7. BlAcore analysis

The binding affinity of Hise-

TgAtg8 was determined using a ProteOn XPR36 Protein Interaction Array system (Bio-

Rad Laboratories, Hercules, CA) with a HTE sensor chip(ProteOn™, #176-5033). 0.4mg of purified
Hisg-TgAtg3 (in acetate acid buffer pH 5.5) was loaded to sensors whichactivated with 10 mM NiSO,
pre-conditioned with nickel according to the manufacturer’s instruction. Various concentrations of
Hisg-TgAtg8 were injected onto the flow cell in running buffer (PBS, 0.1% SDS, 5% DMSO) at a flow
rate of 30pM /min for 120s of association phase,followed with 120s of dissociation phase at 25°C. The
final graphs were obtained by subtracting blank sensor grams from the duplex or quadruplex sensor
grams. Data were analyzed with ProteOn manager software. The association rate (Ka), the dissociation
rate (Kd) and the dissociation constant (KD = Kd / Ka), the data were calculated using the global fitting
of the kinetic data from various concentrations of Hiss-TgAtg8 using one to one Langmuir binding

model.
2.8. Secondary Structure-based Sequence Alignment and Homology Modeling

A multiple sequence alignment was generated using ClustalX. Homology models of TgAtg8 and
7
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the TgAtg3 were calculated using both programs I-TASSER(Roy et al. 2010) and MODELLER(Eswar
et al. 2006).The structure of TgAtg8 was modeled onto both known crystal structure ofS.cerevisiae (Sc)
Atg8 (PDB ID 2zpn) and Plasmodium falciparum(Pf) Atg8 (PDB ID 4EQY)crystal structures. Both of
ScAtg3 (PDB ID 2DYT) and human Ubc9 (PDB ID 1U9A) were used as TgAtg3 template proteins. All
calculations were carried out under default conditions unless otherwise stated. To build the homology
models, Visualization of the structures was done using UCSF Chimera (Pettersen et al. 2004) and

Accelrys Discovery Studio Visualizer commercial software.

3. Results

3.1. The TgAtg8-TgAtg3 interaction occurs in tachyzoite of Toxoplasma in vivo

To study the interaction between TgAtg8 and TgAtg3, we firstly observedthe colocalization of
TgAtg8 and TgAtg3 in tachyzoite stage using IFA. As shown in Fig. 1, whether with the induction of
autophagy or not, TgAtg8 partially colocalized with TgAtg3 in GFP-TgAtg8 parasites.It has been
discovered that a significant proportion of TgAtg8 present as a lapidated protein in basal condition,
suggesting the TgAtg8-TgAtg3 interaction appears to be already present prior to the induction of

autophagy(Besteiro et al. 2011; Kong-Hap et al. 2013).

Furthermore, lysates from GFP-TgAtg8 transgenic strain tachyzoites were directly subject to
large-scale tandem affinity purification with anti-GFP antibody.Eluted proteins were resolved using
SDS-PAGE and immunoblottedwith antibodies against either TgAtg8 or TgAtg3, confirming that this
protein corresponded to ectopic GFP-TgAtg8 conjugated to endogenous TgAtg3. In contrast, both
proteins were not observed in wild-type controls (Fig. 1B and C).At the same time, the gel was stained
with Coomassie brilliant blue and the protein bands of interest were trypsin-digested and subject to
tandem mass spectrometry (MS/MS) analysis. The results obtained revealedtwo unique peptides that
match the amino acid sequenceof TgAtg3, ten unique peptides that match the aminoacid sequence of

TgAtg8. This result confirmed that TgAtg8 interacts with TgAtgs.

3.2. TgAtg8 can interact with TgAtg3 in vitro

To characterize the interaction kinetics between the TgAtg8 and TgAtg3, we performed real-time
interaction analysis with a surface plasmon resonance biosensorusing BlAcore system. Here, we

immobilized the higher molecular weight protein, Hisg-TgAtg3, on the surface of
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a HTE biosensor chipvia His tag followed by injection of purified Hise-TgAtg8 at five 2-fold serial
dilutions and response versus time was measured. As expected, the result demonstrated a
concentration-dependent increases in resonance signals and indicated the TgAtg8 could bind directly
TgAtg3in vitro(Fig. 1D). Furthermore, A KD of 34.6 nM was determined, indicating a strong affinity

and interaction between TgAtg8 andTgAtg3.

3.3. The structure of TgAtg8 is well conserved across Atg8 homologues

Thus far, most of evidences have shown that Atg8 and its conjugation system are evolutionarily
conserved. In autophagy process, both autophagic receptors and enzymes modifying Atg8 utilize a
common Atg8-family interacting motif (AIM) for direct interaction withW-site and L-site in Atg8-
family proteins(Ilchimura et al. 2008; Noda et al. 2008; Kirkin et al. 2009; Okamoto et al. 2009).To
predict AIM binding site in TgAtg8, the homology model of the structure of TgAtg8 was generated
based on the known crystal structure of ScAtg8(Noda et al. 2008) and the similarity of TgAtg8 with
other Atg8 family members was compared using a structure-based multiple sequence alignment.As
shown in Fig.2A, the predicted structure of TgAtg8 maps onto the structure of ScAtg8 quite well, with
the conserved ubiquitin-like domain at C terminus and helical domain consisting of tandem a helices,
al and o2, at N terminus. Like all Atg8-family proteins, TgAtg8 possesses an exposed B2 strand and
two distinguishing hydrophobic pockets, W-site and L-site. The W-site is located between 02 and (32
and comprised of Glul6, 11e20, Pro29, lle31, Lys47, Leud9 and Phell2, and the L-site is located
between B2 and a3 and comprised of Phe48, Val50, Pro51, Met54, Phe59 and lle 62. According to the
multiple sequence alignment, these residues are highly conserved among Atg8-family proteins,
particularly those composing the W-site (Fig. 2B). These results clearly indicate that the TgAtg8

possesses the structure foundation to interact with other TgAtg containing AIM.

3.4. TgAtg3 possesses a conserved E2 core region and the handle region

Although TgAtg3 is vital for the normal development of T. gondii tachyzoites and thought to be
an E2-like enzyme, it is not clear if TgAtg3 has structural similarity with canonical E2 enzymes
because they share litter sequence homology. So far, All E2 enzymes reported possess a conserved E2
core consisting of four a-helices surrounding a central four-stranded B-sheet(Tong et al. 1997). For this
reason, we firstly made a structural comparison of TgAtg3 with human Ubc9, a canonical E2 enzyme
for small ubiquitin-like modifier (SUMO). Apparently, the structure of TgAtg3 possesses a conserved

9
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E2 core region although it seems to be significantly dissimilarto that of Ubc9 (Fig. 3).

It has been reported that Atg8 protein interact with Atg3 and most Atg8-binding proteins involved
in cytoplasm to vacuole targeting pathway (Cvt) in yeast and selective autophagy in mammals via the
AIM, W/Y/[F-X-X-L/I/V, where X is an acidic residue preferred(Noda et al. 2008).To search the AIM in
TgAtg3, we compared further the structure of TgAtg3 with that of ScAtg3. In addition to a conserved
E2 core region, ScAtg3 has two unique insertions, the handle region (HR) and the flexible region (FR).
It was identified that ScAtg3 HR directly interact with the AIM binding site on ScAtg8 using the
WEDL sequence(Yamada et al. 2007).Likewise, the overall structure of TgAtg3 contains the
truncatedHR (Fig. 3). Taken together, these results suggest that the AIM in TgAtg3 is probably similar

toknown motifs in yeast, humansorPlasmodium falciparum.

4. Discussion

As an important modulator of Atg8 lipidation and autophagy, Atg8-Atg3 interaction has been
attracting increasing attention.For instance, it is reported that several small molecule inhibitors
disrupting the Plasmodium falciparum Atg8-Atg3 interaction are able to prevent PfAtg8 lipidation with
PE, and suppress the growth and development in liver and blood stage parasites(Hain et al. 2012; Hain
et al. 2014).Recently, it is revealed that ToxoplasmaTgAtg3 could be involved in the conjugation of
TgAtg8 and the ability of TgAtg8 lipidation and autophagosome formation was seriously impaired in
TgAtg3-depleted strains(Besteiro et al. 2011). However, there is unclear whether the TgAtg8-TgAtg3
interaction occurs in the parasite. In the present study, we provided direct evidence for the interaction
between TgAtg8 and TgAtg3 by in vitro and in vivo studies.Noteworthily, in BIAcore assay, we
calculated the KD value which is commonly used to describe the affinity between a ligand and a
protein. The smaller the KD value, the more tightly bound the ligand is, or the higher the affinity
between ligand and protein.Compared with A KD of 290nM of PfAtg8-PfAtg3 interaction(Hain et al.
2012),the KD value obtained from TgAtg8-TgAtg3 interaction is lower (KD=34.9 nM), implying a
higher affinity between Atg8-Atg3 in Toxoplasmathan inPlasmodium. Thus, we speculate the
interaction is probably more important in Toxoplasma gondii although both of them belong to the
phylum Apicomplexa.

Atg8 is an ubiquitin-like protein and usually recognized as the most reliable marker for
10
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autophagosomes since it is a key and conserved protein for the autophagy, functioning in cargo
recruitment into autophagosomes(Weidberg et al. 2011)and in autophagosomal biogenesis(Nakatogawa
et al. 2007; Xie et al. 2008).In apicomplexan parasites,intriguingly, Atg8 also localizes on the
apicoplast(Kitamura et al. 2012; Kong-Hap et al. 2013; Mizushima et al. 2014) that is a unique and
essential organelle for parasites and is associated with the synthesis of fatty acids, isoprenoids, and
heme(van Dooren et al. 2013). Moreover, the ultrastructure observation determines further that the
apicoplast is not degraded with colocalization of Atg8(Kitamura et al. 2012; Jayabalasingham et al.
2014). Importantly, Atg8 can no longer localize on the apicoplasts when the C-terminal glycine of Atg8
is replaced with alanine(Eickel et al. 2013; Kong-Hap et al. 2013).Although there is unclear the
function of Atg8 at the apicoplast membrane, these findings implicate that it is lipidated and thus still

requires Atg8-Atg3 interaction.

In this study, we predicted the tertiarystructure through homology modeling and found TgAtg8
contains conserved cargo receptor sites, W- site and L- site, which are responsible for interaction
between Atg8 and Atg8-binding proteins. Alignment analysis demonstrated further the amino acid
residues constructing both site are well conserved across Atg8 homologues. To date, the crystal
structure of Plasmodium falciparum Atg8 has been elucidated(Hain et al. 2012a).Therefore, we
compared TgAtg8 with PfAtg8. Like the PfAtg8, TgAtg8 also contains an Apicomplexan-specific loop,
residue 68-76, which has been confirmed play the important role in mediating the interaction of PfAtg8
with PfAtg3(Hain et al. 2012a).Furthermore, we found all amino acid residues composing W- and L-
site in TgAtg8 are completely consistent with PfAtg8 except for the residue Phell2. Taken together, it
strongly suggests that TgAtg8 possesses conserved function and biological activity as identified
PfAtg8, andTgAtg8-TgAtg3 interaction is not only associated with parasite autophagy,may also

contributed to the formation and maintenance of the apicoplast.

Thus far, the three-dimensional structure of Atg3 has only been reported in yeast(Yamada et al.
2007).Therefore, we predicted also the tertiarystructure of TgAtg3 using the ScAtg3 as
template.However, the structure showed that although it possesses the conserved the E2 core region,the
HR containing AIM motif is severely truncated in TgAtg3, similarly as in P. falciparum homologue.
Within PfAtg3 protein,the AIM sequence is different from known motifs in yeast and humans due to
the existence of Pro, rather than Leu, lle or Val at the fourth position of the motif. Further experiments

are required to identify AIM in TgAtg3 and if it is contributed to mediate the TgAtg8-TgAtg3
11
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interaction. Meanwhile, further crystallization of full length TgAtg8 and TgAtg3 will help elucidate

their structural characterization and the interaction model between TgAtg8-TgAtg3.

In conclusion, our studies of the Toxoplasma gondii TgAtg8-TgAtg3 interaction provide a
possibility for looking into parasitic drug targets. Especially, besides its therapeutic application, a drug
disrupting the interaction between TgAtg8 and TgAtg3 would help elucidate the role of TgAtg8 in the

different stages of Toxoplasma life cycle.
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Figure captions

Fig. 1. The interaction between TgAtg8 and TgAtg3 was identified by in vivo and in vitro studies.(A)
IFA assays showed whether with the induction of autophagy or not, TgAtg8 partially colocalized with
TgAtg3 in GFP-TgAtg8 parasites. (B) After ~8 hours of starvation,lysate from tachyzoites of both RH
wild type (WT) and RH GFP-TgAtg8 were immunoprecipitated with anti-GFP antibody beads and
detected by SDS-PAGE. Anticipated GFP-TgAtg8 and TgAtg3 were indicated with arrows. (C)
Immunoprecipitated samples were detected using Western blot with anti-TgAtg8 and anti-TgAtg3,
respectively. (D) BlAcore analysis. Increasing concentrations of Hisg-TgAtg8 wasinjected over an

Hiss-TgAtg3 conjugated chip and the binding response was measured.
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442 Fig. 2.The structure and sequence of TgAtg8 is evolutionarily conserved across Atg8-family proteins.
443 (A) Predicted tertiarystructure of TgAtg8 (left), the structure ofS. cerevisiaeAtg8 (middle; PDB 1D
444 2zpn)(Noda et al. 2010) and the structure of P. falciparum Atg8 (right; PDB ID 4EQY)(Hain et al.
445 2014). Two hydrophobic pockets responsible for the recognition of Trp and Leu in the AIM (WXXL)
446 motif are labeledW-site and L-site, respectively, and circled. Residues constituting these pockets are
447  colored red and green, respectively, and their side chains are shown with a stick model. (B)Sequence
448  alignment of TgAtg8. The secondary structural elements of TgAtg8 are shown above the alignment.
449 Residues constituting W- and L-sites arecolored red and green, respectively. Basic residues responsible
450  for ionic interaction with acidic residues in AIM are enclosed with a blue square. Residue numbers of
451 TgAtg8 are shown above the alignment. Pf, Plasmodium falciparum; Tb, T. brucei; At, Arabidopsis

452 thaliana; Sc, S. cerevisiae; Rn, Rattusnorvegicus; Hs, Homo sapiens.
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Fig. 3. Stereo view of the ribbon diagram of TgAtg3. Predicted tertiarystructure of TgAtg3 (left), the
structure ofS. cerevisiaeAtg3 (middle, PDB ID 2DYT), Ubc9 (Protein Data Bank code 1U9A)(Yamada
et al. 2007).Conserveda-helices are lettered and indicated with red helical ribbons, conservedp-strands
are numbered and indicated withcyan arrows, and the handle region is indicated with golden helical

ribbons. Residues adjacent to the disordered regions are numbered.




