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Reviewer #1: 

Remarks to the Author: 

Koreny et al 

NCOMMS-22-26335-T 

This manuscript explores the relationship of the Kelch-13 centered complex and the IMC and 

pellicle of T. gondii that form fixed sites of endocytosis that are situated in gaps of the inner 

membrane complex. The core of the complex consists of Kelch 13 and AP2 adapter proteins that 

are associated with clathrin mediated endocytosis in other eukaryotes. Kelch13 and AP2 proteins 

have been previously characterized as components of the cytostome of Plasmodium falciparum, 

which is used by malaria parasites for hemoglobin uptake. Kelch-13, a core component of the 

complex, and other cytostome-associated proteins are implicated in artemesinin resistance. 

The work uses multiple complementary techniques to understand the structure and organization of 

this complex, including 3D SIM super resolution microscopy and proteomics. The images are high 

quality and the overall model is convincing, but the manuscript suffers throughout because of 

qualitative rather than quantitative support for the observations. 

The identification of a novel endocytic structure that is fixed and composed of both conserved and 

novel proteins is significant, particularly since the proteins appear to be conserved in Apicomplexa 

and essential for parasite survival. 

1. The abstract could be rewritten to focus on the novel cell biology features of the findings. Yes, 

the endocytic complex proteins are implicated in artemesinin resistance in malaria, but this isn’t 

particularly relevant for the current story that focuses upon Toxoplasma and identifies a conserved 

endocytic complex in Apicomplexa that is fixed and localized to the inner membrane complex. 

2. Figure 1 and S1 show localization data of K13, 5 members of the AP2 associated family, and 

DrpC, a member of the dynamin family. The AP2 localize with K13 though Beta also also has other 

localization. They report DrpC is seen in 2 forms one similar to K13 and the other a conical 

punctum of smaller diameter consistent with constriction. How many images, replicates were used 

to define these localizations? Did they perform quantitation of localizations, quantify distances or 

perform statistical analyses? 

3. Figure 2 shows localization of proteins identified by BioID with 5 bait proteins. IMC proteins 

were amongst the interacting proteins identified. Details of the criteria to fold change are 

presented as a heat map, but the details of the actual data are not provided, and the heat maps 

are very difficult to read with tiny fonts. From the methods provided, the analysis appears 

appropriate. The authors state the data have been deposited, but as presented in the manuscript 

the rigor and validity of the analysis are impossible to assess because of incomplete information. 

Further details of false and true positive data should be provided in a supplementary table. 

4. Figure 3 explores the positioning of the complex in relationship to the IMC. K13 localizes to 

longitudinal or transverse plate boundaries, and regions where IMC membranous markers are 

excluded, consistent with coordinated interruption of the IMC, with K13 providing an interface 

between plasma membrane and cytosol. Again, details of replicates, images analyzed and 

quantitation of these observations is not provided. 

5. Figure 4 Live fluorescent imaging reveals stable complexes and that the complexes appear to 

assemble during daughter cell formation prior to plasma membrane association with the IMC. 

Again no quantitation of these observations is provided Plaque assays have no statistics or 

information about replicates. 

6. Figure 5 presents a new endocytosis assay based upon Halo tagging of SAG1 that can be used 

to quantify external vs internalized SAG1. Using this assay, they show that K13 Knockdown is 

associated with decreased endocytosis of SAG1. Replicates of assays are not provided nor is any 

quantitation or statistics. 

7. Figure 6 shows that K13 KD doesn’t affect parasite replication, but vacuoles are disorganized 

with impaired plasma membrane marker localization. Does K13 KD affect egress or subsequent 

invasion? 



Reviewer #2: 

Remarks to the Author: 

This study is centered around the TgK13 complex and its function in parasite endocytosis. The 

authors first use proximity labeling and high-resolution microscopy to identify and localize several 

components of the parasites endocytic machinery that likely corresponds to the micropore. They 

then develop a novel endocytosis assay based around the recycling of SAG1 and show that K13 is 

important for this dynamic process. Finally, the authors characterize the defects of K13-depleted 

parasites to demonstrate that the purpose of endocytosis in these parasites is to maintain plasma 

membrane homeostasis rather than uptake nutrition for growth. Overall, this is an important study 

that sheds light into a long-standing mystery with extensive techniques and robust evidence to 

support the conclusions. Specific comments are below. 

Major comments 

1. Overall, this is solid and important work. The identification of a group of proteins that are 

almost certainly the micropore is nicely done with excellent imaging and the use of proximity 

labelling with multiple bait proteins. In addition, the importance of the development of the 

endocytosis assay that assesses the recycling of SAG1 is important. Existing assays are tricky and 

hard to quantify and this advance provides a new method for assessing uptake via these proteins. 

2. The authors never directly show that the protein machinery identified corresponds to the 

micropore. Could one of these proteins be directly localized to the micropore to firmly resolve this? 

(the reviewer acknowledges this may be technically challenging). 

3. The authors mention that many of these components contain cytoskeletal or protein-protein 

interaction domains that might make the micropore a more stable structure. Is K13 tethered to the 

cytoskeleton as assessed by detergent fractionation (as done for ISAP1 and its interactors in Chern 

et al.) 

4. The authors should better acknowledge the findings of previous work, in particular the overlap 

with Chern et al. which localized several of the same proteins and also showed localization to the 

IMC suture junctions (note that this does not diminish the findings of this paper which provides 

additional proteins and a much higher resolution of the components within the micropore and 

surrounding components of the IMC). 

- Chern et al. previously reported the localization of ISAP1 and its partners - KAE 

(TGME49_272600), EPS15L (TGME49_227800), and CGAR (TGME49_297520) and showed 

colocalization to the sutures. 

- DrpC was previously localized to discrete puncta in three separate papers (Melatti et al. 2019, 

Heredero-Bermejo et al. 2019, Chern et al. 2021) 

- These findings should be included in the results (lines 168, 181-185), added to the previously 

localized proteins in Fig 2A, and noted in Fig 3 (lines 227-237). 

5. Regarding epitope tagging endocytic machinery components 

a) Fig 1 - The authors should state which tags were used for each protein and whether they were 

N or C terminally tagged in the figure or in the figure legend. Same applies for other figures when 

needed or if changed for a particular experiment. This could also be accomplished with a 

supplementary table. 

b) It appears that N-terminal tagging was used in some cases (for K13 and KAE BioID at least). Is 

this because C-terminal tagging gave apparent mislocalization or inactivity of the fusion protein? – 

or was some feature of the protein that was avoided? If so, this should be discussed. 



6. How does K13 depletion affect the localization of its partners? Are they still present in foci at the 

IMC sutures? or is the complex disrupted and the proteins are then mislocalized? 

7. Since the authors already have knockdown-inducible lines for other proteins, is it possible to 

show that KD of other components (or even a single other one) show similar plasma membrane 

homeostasis problems? Additional functional data would provide more compelling evidence of this 

paradigm shift for the function of the micropore in apicomplexans. 

8. Fig 6 “K13-depletion disrupts parasite order and integrity rather than replication 

417 rate” The authors state that replication rate is not affected - but then presumably shortly after 

the timepoint examined, the parasites die as no plaques are formed. Is this likely due to an 

incomplete knockdown at this stage? Discuss how protein levels and the phenotype ultimately 

affect viability? 

Minor comments 

1. DrpC is not enriched very highly in multiple datasets compared to other components of the K13 

complex. 

- Melatti et al has shown DrpC associated with the mitochondria and Chern et al sees DrpC signal 

distinct from ISAP1. Is DrpC always K13 associated? I believe all of these were C-terminal tags 

thus unlikely to be the N-terminal tagging issue brought up in the paper? 

2. Fig 2A, S3. The authors find several centrosome-like proteins and basal complex proteins in 

their BioID experiments. It would be stronger (and an easy experiment) if these were colocalized 

with a control marker to definitively show this. 

3. Does every K13 complex have SAG1 foci directly above it? Do other non-GPI linked plasma 

membrane proteins show similar foci (eg. HP03)? 

4. The authors should quantify plaque assays in Fig. 4C. 

5. The authors state that “K13-knockdown parasite vacuoles shows inter-parasite spaces filled by 

single-membrane bound parasite cytoplasm These extensions lacked an IMC but often contained 

recognizable parasite organelles.” 

- How was the lack of IMC assessed? 

- Which organelles? - May be helpful to stain with rhoptries or other markers to strengthen this 

claim. 

- Since the parasites are replicating, is the mitochondrion still in a classical lasso-shape? Or is it 

collapsed? (PMC7018656) 

- Is it possible that this is enhanced residual body following replication rather than blebbing of 

cytosolic components? 

6. Fig 6. – the vacuoles appear very different in 6B than 6C which has clear morphological 

differences that would be apparent in phase (also seen in S5). What percent of the vacuoles show 

the disruption of membrane integrity in 6C, 6D, and S5? (also Fig S5 is unclear. Are these just 

several examples at a single time point?) 

Text changes 

1. Line 29 – “are major unanswered questions” - would be clearer if the preceding were in a 

question format 

2. Figure 1 - it would be helpful if the merged panels in each image were labeled 

3. Figure 2A - TSC3 is referenced as Chern et al. but it should be Chen et al. 2015. 

4. MCA2 (TGME49_243298) should be re-labeled as MCA3 based on previous publication (PMID: 

34384491). 



Reviewer #3: 

Remarks to the Author: 

Stable and ancient endocytic structures navigate the complex pellicle of apicomplexan parasites 

Koreny et al 2022 Submitted to Nature Communications 

Apicomplexan parasites, such as the malaria parasite and other such as Toxoplasma and 

Cryptosporidium, are major human and animal pathogens. A key characteristic of them is that 

they are intracellular and therefore need to gain nutrients, and interact with the “extracellular 

world”, through their host cell. Furthermore, the importance of understanding this exchange is 

heightened in intracellular pathogens where it is necessary to ensure that drugs can gain access to 

the pathogens for treatment. In most cells, endocytosis is a key mechanism for this 

nutrient/environmental exchange, however, little is known about the mechanisms governing 

endocytosis in the Apicomplexa. This is a very important topic which this paper addresses, using 

the parasite Toxoplasma as a model. 

In the paper the authors set out to determine where endocytosis occurs, to identify the major 

function of endocytosis and to investigate the mechanistic and origins of features of the process. 

The authors comprehensively address a sequence of questions using robust, highly detailed and 

well controlled experiments. As part of their investigations, they have developed a novel 

endocytosis assay that could be used more widely as a tool for these types of studies in the future. 

The methods are reported in a robust repeatable manner. 

The authors identify the components of the micropore, the key role of the kelch-domain protein 

K13 and the link to endocytosis. Based on the phenotype of K13 knock-downs, the authors identify 

that the key function of endocytosis seems to be in membrane homeostasis rather than parasite 

nutrition – this is based on the fact that these knockdowns affect parasite membrane 

structure/organisation but does not affect parasite growth. The authors discuss the limitations of 

this conclusion, in detail, in the discussion but it is worded more definitively in the abstract. 

Finally, the authors place their findings in an evolutionary context and demonstrate the 

conservation of these structures. 

The authors use approaches that are scientifically robust and that support their conclusions. 

The presentation of the manuscript is generally good, although for the general reader there is a 

degree of complexity over gene/protein names especially in the initial parts of the results section. 

Minor comments 

Line 36. The abstract implies that endocytosis is not essential to parasite nutrition. While the data 

points to the great importance in plasma membrane homeostasis, I don’t think that the data, as it 

stands, fully rules out an important role in nutrition. The authors should remodel this sentence to 

reflect that. (It is well discussed in the discussion). 

The authors should check through the manuscript and polish up/edit the language/grammar, just a 

couple of examples for instance: 

Throughout (e.g. line 29, 34 etc), it is a better written style if “the Apicomplexa” rather than just 

“Apicomplexa” is used. 

Line 202 Toxoplasma K13 complex shows conservation with the Plasmodium cytostome but also 

“possesses” unique proteins. 

Etc.



REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author): 

Koreny et al 

NCOMMS-22-26335-T 

This manuscript explores the relationship of the Kelch-13 centered complex and the IMC and pellicle of T. 

gondii that form fixed sites of endocytosis that are situated in gaps of the inner membrane complex. The 

core of the complex consists of Kelch 13 and AP2 adapter proteins that are associated with clathrin 

mediated endocytosis in other eukaryotes. Kelch13 and AP2 proteins have been previously characterized as 

components of the cytostome of Plasmodium falciparum, which is used by malaria parasites for 

hemoglobin uptake. Kelch-13, a core component of the complex, and other cytostome-associated proteins 

are implicated in artemesinin resistance.  

The work uses multiple complementary techniques to understand the structure and organization of this 

complex, including 3D SIM super resolution microscopy and proteomics. The images are high quality and 

the overall model is convincing, but the manuscript suffers throughout because of qualitative rather than 

quantitative support for the observations.  

The identification of a novel endocytic structure that is fixed and composed of both conserved and novel 

proteins is significant, particularly since the proteins appear to be conserved in Apicomplexa and essential 

for parasite survival.  

1. The abstract could be rewritten to focus on the novel cell biology features of the findings. Yes, the 

endocytic complex proteins are implicated in artemesinin resistance in malaria, but this isn’t particularly 

relevant for the current story that focuses upon Toxoplasma and identifies a conserved endocytic complex 

in Apicomplexa that is fixed and localized to the inner membrane complex.  
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2. Figure 1 and S1 show localization data of K13, 5 members of the AP2 associated family, and DrpC, a 

member of the dynamin family. The AP2 localize with K13 though Beta also also has other localization. They 

report DrpC is seen in 2 forms one similar to K13 and the other a conical punctum of smaller diameter 

consistent with constriction. How many images, replicates were used to define these localizations? Did they 

perform quantitation of localizations, quantify distances or perform statistical analyses?  
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3. Figure 2 shows localization of proteins identified by BioID with 5 bait proteins. IMC proteins were 

amongst the interacting proteins identified. Details of the criteria to fold change are presented as a heat 

map, but the details of the actual data are not provided, and the heat maps are very difficult to read with 

tiny fonts. From the methods provided, the analysis appears appropriate. The authors state the data have 

been deposited, but as presented in the manuscript the rigor and validity of the analysis are impossible to 

assess because of incomplete information. Further details of false and true positive data should be 

provided in a supplementary table.  
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4. Figure 3 explores the positioning of the complex in relationship to the IMC. K13 localizes to longitudinal 

or transverse plate boundaries, and regions where IMC membranous markers are excluded, consistent with 

coordinated interruption of the IMC, with K13 providing an interface between plasma membrane and 

cytosol. Again, details of replicates, images analyzed and quantitation of these observations is not 

provided.  
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5. Figure 4 Live fluorescent imaging reveals stable complexes and that the complexes appear to assemble 

during daughter cell formation prior to plasma membrane association with the IMC. Again no quantitation 

of these observations is provided Plaque assays have no statistics or information about replicates.  
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6. Figure 5 presents a new endocytosis assay based upon Halo tagging of SAG1 that can be used to quantify 

external vs internalized SAG1. Using this assay, they show that K13 Knockdown is associated with 

decreased endocytosis of SAG1. Replicates of assays are not provided nor is any quantitation or statistics. 
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7. Figure 6 shows that K13 KD doesn’t affect parasite replication, but vacuoles are disorganized with 

impaired plasma membrane marker localization. Does K13 KD affect egress or subsequent invasion? 
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Reviewer #2 (Remarks to the Author): 

This study is centered around the TgK13 complex and its function in parasite endocytosis. The authors first 

use proximity labeling and high-resolution microscopy to identify and localize several components of the 

parasites endocytic machinery that likely corresponds to the micropore. They then develop a novel 

endocytosis assay based around the recycling of SAG1 and show that K13 is important for this dynamic 

process. Finally, the authors characterize the defects of K13-depleted parasites to demonstrate that the 

purpose of endocytosis in these parasites is to maintain plasma membrane homeostasis rather than uptake 

nutrition for growth. Overall, this is an important study that sheds light into a long-standing mystery with 

extensive techniques and robust evidence to support the conclusions. Specific comments are below. 

Major comments 

1. Overall, this is solid and important work. The identification of a group of proteins that are almost 

certainly the micropore is nicely done with excellent imaging and the use of proximity labelling with 

multiple bait proteins. In addition, the importance of the development of the endocytosis assay that 

assesses the recycling of SAG1 is important. Existing assays are tricky and hard to quantify and this advance 

provides a new method for assessing uptake via these proteins.  

2. The authors never directly show that the protein machinery identified corresponds to the micropore. 

Could one of these proteins be directly localized to the micropore to firmly resolve this? (the reviewer 

acknowledges this may be technically challenging). 
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136&%+%&*)"8#&/'#&"6#"&*:)K$3')+&%032*')/)0*&9)'/#3'493,7)6%,68"'3%,)#%)#$3')%"#'#/,23,7)M"*'#3%,=)/,2)<*)

#$/,L)#$*)&*03*<*&)4%&)#$*)*O#&/)*,6%"&/7*1*,#)#%)'**L)#$3')/,'<*&:

3. The authors mention that many of these components contain cytoskeletal or protein-protein interaction 

domains that might make the micropore a more stable structure. Is K13 tethered to the cytoskeleton as 

assessed by detergent fractionation (as done for ISAP1 and its interactors in Chern et al.) 

!"#$%&'()&*'+%,'*-)K$3')M"*'#3%,)%4)#$*)53%+$9'36')%4)?@A)3')5*9%,2)#$*)311*23/#*)'6%+*)%4)M"*'#3%,')#$/#)

<*)/22&*'')3,)#$3')'#"29=)/,2)3')+/&#)%4)/)'"5'*M"*,#)'#"29)#$/#)<*)/&*)+*&4%&13,7)4%6"'3,7)%,)#$*)

53%6$*13'#&9)%4)/''*1589)/,2)3,#*&/6#3%,')%4)136&%+%&*)+&%#*3,')3,)2*#/38:

4. The authors should better acknowledge the findings of previous work, in particular the overlap with 

Chern et al. which localized several of the same proteins and also showed localization to the IMC suture 

junctions (note that this does not diminish the findings of this paper which provides additional proteins and 

a much higher resolution of the components within the micropore and surrounding components of the 

IMC). 

- Chern et al. previously reported the localization of ISAP1 and its partners - KAE (TGME49_272600), EPS15L 

(TGME49_227800), and CGAR (TGME49_297520) and showed colocalization to the sutures. 

- DrpC was previously localized to discrete puncta in three separate papers (Melatti et al. 2019, Heredero-

Bermejo et al. 2019, Chern et al. 2021) 

- These findings should be included in the results (lines 168, 181-185), added to the previously localized 



proteins in Fig 2A, and noted in Fig 3 (lines 227-237).  

!"#$%&'()&*'+%,'*-).*)$/0*),%<)3,68"2*2)23&*6#)1*,#3%,)%4)#$*)E$*&,)*#)/8)&*+%&#)%4)QJ!N@=)TNJ@[Z=)Ef!S=)

?!T)/,2)D&+E)/#)#$*)'"#"&*')3,)#$*)&*'"8#'=)/,2)3,2**2)#$3')'#"29)&*3,4%&6*')%"&)6%,68"'3%,')%4)/)136&%+%&*)

/#)#$3')8%6/#3%,:)K$*)'"11/&3*')%4)8%6/#3%,')3,)H37')F)/,2)A)/&*)#%)#$*)136&%+%&*)/,2)/&*)#$*&*4%&*),%0*8)#%)

%"&)'#"29:)!88)%4)#$*)'#"23*')1*,#3%,*2)&*8/#*2)#%)D&+E)>X*8/##3)*#)/8:)FG@W=);*&*2*&%YP*&1*h%)*#)/8:)FG@W=)

E$*&,)*#)/8:)FGF@B)/&*)63#*2:)

5. Regarding epitope tagging endocytic machinery components 

a) Fig 1 - The authors should state which tags were used for each protein and whether they were N or C 

terminally tagged in the figure or in the figure legend. Same applies for other figures when needed or if 

changed for a particular experiment. This could also be accomplished with a supplementary table. 

b) It appears that N-terminal tagging was used in some cases (for K13 and KAE BioID at least). Is this 

because C-terminal tagging gave apparent mislocalization or inactivity of the fusion protein? – or was some 

feature of the protein that was avoided? If so, this should be discussed. 

!"#$%&'()&*'+%,'*-).*),%<)1/L*)3#)68*/&)<$/#)&*+%&#*&)#/7')$/0*)5**,)"'*2)/,2)#$*3&)#*&13,3)%4)4"'3%,)3,)

#$*)437"&*'i437"&*)8*7*,2':)Q#)3')6%&&*6#)#$/#)?@A)/,2)?!T)232),%#)#%8*&/#*)EY#*&13,/8)4"'3%,')/,2)<*)1/L*)

#$3')68*/&)3,)#$*)1*#$%2'),%<)^)_S*+%&#*&')<*&*)EY#*&13,/889)4"'*2)#%)#$*3&)+&%#*3,')%4)3,#*&*'#)",8*'')#$3')

</'),%#)#%8*&/#*2)>?@A)/,2)?!TY4"'3%,')6%"82)%,89)5*)&*6%0*&*2)<$*,)/#)#$*)RY#*&13,"'B:a)H"&#$*&1%&*=)<*)

23'6"'')#$/#)D&+E)6%"82)5*)#/77*2)/#)*3#$*&)*,2)5"#)#$/#)<$*,)#/77*2)/#)#$*)RY#*&13,"')>/,2)<3#$)/),%,Y

,/#30*)+&%1%#*&B)/223#3%,/8)D&+E)8%6/#3%,')#%)#$*)136&%+%&*)<*&*)/8'%)'**,:).*)8313#*2)%"&)6%,68"'3%,')#%)

#$*)EY#*&13,/8)4"'3%,)<3#$),/#30*)+&%1%#*&:

6. How does K13 depletion affect the localization of its partners? Are they still present in foci at the IMC 

sutures? or is the complex disrupted and the proteins are then mislocalized?  

!"#$%&'()&*'+%,'*-)K$*'*)/&*)3,#*&*'#3,7=)5"#)/223#3%,/8)M"*'#3%,'=)#$/#)<*)/&*)/22&*''3,7)3,)/,)*O+8%&/#3%,)

%4)#$*)/''*1589)%4)#$3')'#&"6#"&*)/')/)'*+/&/#*)2*#/38*2)'#"29:))

7. Since the authors already have knockdown-inducible lines for other proteins, is it possible to show that 

KD of other components (or even a single other one) show similar plasma membrane homeostasis 

problems? Additional functional data would provide more compelling evidence of this paradigm shift for 

the function of the micropore in apicomplexans.  

!"#$%&'()&*'+%,'*-).*)$/0*)/6#*2)%,)#$3')&*M"*'#)/,2)/,/89'*2)#$*)+$*,%#9+*')%4)D&+E)2*+8*#3%,)/8'%)>H37)

JWB:).*)'$%<)#$/#)#$*)'/1*)+$*,%#9+*')2*0*8%+)/')4%&)?@A)^),%)6$/,7*)3,)&*+836/#3%,)&/#*=)5"#)

2*0*8%+1*,#)%4)23'%&2*&*2)0/6"%8*')/,2)8/&7*)+8/'1/)1*15&/,*)*O#*,'3%,')'**,)59)*8*6#&%,)136&%'6%+9:)

K$3')6%,43&1')#$/#)#$*)+8/'1/)1*15&/,*)$%1*%'#/'3')+&%58*1')/&*)/)7*,*&/8)+$*,%#9+*)%4)136&%+%&*)

23'&"+#3%,=),%#)h"'#)#$/#)%4)?@A:)H"&#$*&1%&*=)29,/13,)$/')/)L,%<,)4",6#3%,/8)&%8*)3,)*,2%69#%'3'=)'%)#$3')

&*'"8#)+&%032*')/)23&*6#)83,L)5*#<**,)#$*)+&%6*'')/,2)#$*)+$*,%#9+*:).*)/7&**)#$/#)#$*'*)/223#3%,/8)

4",6#3%,/8)2/#/)'#&*,7#$*,)%"&)6%,68"'3%,':)

8. Fig 6 “K13-depletion disrupts parasite order and integrity rather than replication rate” The authors state 

that replication rate is not affected - but then presumably shortly after the timepoint examined, the 

parasites die as no plaques are formed. Is this likely due to an incomplete knockdown at this stage? Discuss 

how protein levels and the phenotype ultimately affect viability?  

!"#$%&'()&*'+%,'*-).*)$/0*),%<)2*#*&13,*2)#$/#)*7&*'')3')'#&%,789)/44*6#*2)59)?@AY2*+8*#3%,)<3#$3,)#$*)

#31*4&/1*)%4)#$3')#&*/#1*,#=)/,2)#$3')+&%032*')/)68*/&)&/#3%,/8*)4%&)#$*)+8/M"*)/''/9)&*'"8#:)H"&#$*&1%&*=)<*)

23'6"'')#$/#)&*'32"/8)?@A)+&%#*3,)6/,,%#)5*)23'6%",#*2)3,)%"&)3,#*&+&*#/#3%,)%4)+$*,%#9+*':)

Minor comments 



1. DrpC is not enriched very highly in multiple datasets compared to other components of the K13 complex. 

- Melatti et al has shown DrpC associated with the mitochondria and Chern et al sees DrpC signal distinct 

from ISAP1. Is DrpC always K13 associated? I believe all of these were C-terminal tags thus unlikely to be 

the N-terminal tagging issue brought up in the paper? 

!"#$%&'()&*'+%,'*-)K$*)/++/&*,#)/''%63/#3%,)%4)D&+E)<3#$)#$*)13#%6$%,2&3%,)3')234436"8#)#%)/''*'')5*6/"'*)

X*8/##3)*#)/8)232),%#)$/0*)/)136&%+%&*)1/&L*&)/,2)#$*3&)%5'*&0/#3%,)137$#)&*48*6#)#$*)6$/,6*)+&%O313#9)%4)

#$*)8/&7*)13#%6$%,2&3%,)<3#$)#$*)136&%+%&*':)E$*&,)*#)/8)&*+%&#)'%1*)D&+E)'37,/8)<3#$%"#)QJ!N@=)$%<*0*&=)

3,)%"&)%,7%3,7)'#"23*')%4)#$*)136&%+%&*)/''*1589)<*),%#*)#$/#)D&+E)/++*/&')5*4%&*)QJ!N@)3,)2*0*8%+3,7)

2/"7$#*&'=)/,2)3#)3')+%''358*)#$/#)#$*9)$/0*)%5'*&0*2)#$*'*)*/&89)2/"7$#*&)6*88':)Q,)%"&)'#"29)<*)$/0*)"'*2)

5%#$)311",%Y48"%&*'6*,6*)/''/9')/,2)830*Y6*88)1/&L*&'=)/,2)<*)%0*&<$*813,789)%5'*&0*)D&+E)*O68"'30*89)

<3#$)#$*)?@A)+&%#*3,)/')<*)'#/#*)3,)#$*)23'6"''3%,:)Q#)3')#&"*)#$/#)3,)#$*)P3%QD)&*'"8#')#$*)D&+E)'$%<*2)

&*8/#30*89)8*'')*,&36$1*,#)<3#$)#$*)%#$*&)136&%+%&*)5/3#'=)$%<*0*&)#$3')&*'"8#)137$#)5*)2"*)#%)D&+E)5*3,7)

#$*)1%'#)23'#/889)8%6/#*2)%4)#$*)136&%+%&*)+&%#*3,'=)%&)'%1*)'#*&36)$3,2&/,6*)%&)%5'#&"6#3%,)4&%1)%#$*&)

+&%#*3,')#$/#)137$#)'$3*82)3#)4&%1)&*63+&%6/8)8/5*883,7:)Q,#*&+&*#/#3%,)%4)#$*'*)&*8/#30*)'37,/8')3'),%#)

'#&/37$#4%&</&2=)/8#$%"7$)<*),%#*)#$/#)13#%6$%,2&3/8)+&%#*3,')2%),%#)/++*/&)3,)#$*)83'#)%4)P3%QD)+&%O31/8)

+&%#*3,')#%)D&+E:)

2. Fig 2A, S3. The authors find several centrosome-like proteins and basal complex proteins in their BioID 

experiments. It would be stronger (and an easy experiment) if these were colocalized with a control marker 

to definitively show this. 

!"#$%&'()&*'+%,'*-)K$*'*)8%6/#3%,')/&*)+"#/#30*)/,2)/')#$*'*)+&%#*3,')2%),%#)3,4%&1)%,)#$*)?@A)6%1+8*O)

#$*9)232,(#)</&&/,#)4"&#$*&)*O/13,/#3%,)3,)#$*)6%,#*O#)%4)#$3')'#"29:).*)$/0*)1%2343*2)#$*)8/,7"/7*)#%)

/88%<)4%&)",6*&#/3,#9)3,)#$*)43,/8)8%6/#3%,)2*'37,/#3%,')%4)#$*'*)+&%#*3,':)

3. Does every K13 complex have SAG1 foci directly above it? Do other non-GPI linked plasma membrane 

proteins show similar foci (eg. HP03)?  

!"#$%&'()&*'+%,'*-)j+%,)&*/,/89'3,7)%"&)ADYJQX)2/#/)/,2)+&%h*6#3%,)%4)#$*)?@A)'37,/8')4&%1)#$*)'32*)<*)

4%",2)#$/#)#$*)4%6"')%4)J!f@)3')/6#"/889)/)'1/88)+*,*#&/#3%,)%4)#$*)?@A)&3,7)3,)/,)*O#*,'3%,)6%,'3'#*,#)<3#$)

#$*)136&%+%&*)1*15&/,*)3,0/73,/#3%,:).*),%<)'$%<)FF)3,2*+*,2*,#)'#&"6#"&*')<3#$)J!f@)8%6/#*2)<3#$)

&*'+*6#)#%)?@A)>H37)A)/,2)J\PB:)K$3')31/7*&9)3')68%'*)#%)#$*)8313#')%4)&*'%8"#3%,)%4)#$3')4%&1)%4)136&%'6%+9=)

/,2)<*)2%),%#)#$3,L)#$/#)3#)3')'"3#/58*)#%)2*43,3#30*89)2*#*&13,*)34)'%1*)?@A)&3,7')8/6L)/)J!f@)*O#*,'3%,=)'%)

#$3')3'),%#)/)M"*'#3%,)#$/#)<*)/22&*'':)R*0*&#$*8*''=)#$*)&*+&%2"635383#9)%4)#$3')%5'*&0/#3%,)3')3,4%&1/#30*)%4)

$%<)#$*)136&%+%&*)3,#*&/6#')<3#$)#$*)+8/'1/)1*15&/,*:)K$*);NGA)1/&L*&)</')*O6*88*,#)3,)830*)6*88)31/73,7)

5"#)232),%#)43O)<*88)/,2)<*)2%),%#)$/0*)/66*'')#%)ADYJQX)'"+*&)&*'%8"#3%,)136&%'6%+9)3,)/)6%,#/3,1*,#)

4/6383#9)#$/#)<%"82)/88%<)4%&)830*)31/73,7)/#)#$*),*6*''/&9)&*'%8"#3%,)#%)#*'#)34)3#)/8'%)%66"&')3,)#$*)1*15&/,*)

3,0/73,/#3%,)%4)#$*)136&%+%&*:

4. The authors should quantify plaque assays in Fig. 4C. 

Q,3#3/8)&*'+%,'*-)K$*)&*03*<*&)+&%032*'),%)&/#3%,/8*)4%&)#$3')&*M"*'#)%&)'#/#*')<$/#)M"*'#3%,')6%"82)5*)

/22&*''*2)59)2%3,7)'%:)Q,2**2=),%,*)%4)%"&)6%,68"'3%,')<%"82)5*)/44*6#*2:).*)"'*)#$*)+8/M"*)/''/9')#%)

6%,68"2*)#$/#)*/6$)%4)#$*)+&%#*3,')#*'#*2)/&*)3,2*+*,2*,#89),*6*''/&9)4%&)'%1*)4/6*#)%4),%&1/8)136&%+%&*)

4",6#3%,)<$*&*)#$*)&*'"8#)3')53,/&9)^),%)2344*&*,6*)3,)+8/M"*)'3k*)0*&'"'),*/&)%&)6%1+8*#*)/5'*,6*)%4)+8/M"*)

2*0*8%+1*,#:)K$*)3,#*&+&*#/#3%,)%4)2344*&3,7)+8/M"*)'3k*')5*#<**,)2344*&*,#)L,%6L2%<,)1"#/#3%,')3')/)0*&9)

3,*O/6#)'63*,6*)<3#$)/''"1+#3%,')%4)6%,'3'#*,#)&/#*')%4)+&%#*3,)2*+8*#3%,=)'*,'3#303#9)%4)&*8/#30*)+&%#*3,)

/5",2/,6*=)1%2*')%4)/6#3%,)%4)1"#/#3%,=)/,2)L3,*#36')%4)+8/M"*)7&%<#$)0*&9)234436"8#)#%)0/832/#*)3,)%&2*&)4%&)

1*/,3,74"8)6%1+/&3'%,')#%)5*)1/2*:)K$*&*4%&*=)<*)2%,(#)'**)/,9)"'*4"8)&%8*)4%&)+8/M"*)M"/,#3436/#3%,)3,)#$*)

&*'*/&6$)M"*'#3%,')#$/#)<*(0*)/22&*''*2)%&)#$*)6%,68"'3%,')#$/#)<*)+&*'*,#:)



5. The authors state that “K13-knockdown parasite vacuoles shows inter-parasite spaces filled by single-

membrane bound parasite cytoplasm These extensions lacked an IMC but often contained recognizable 

parasite organelles.” 

- How was the lack of IMC assessed? 

- Which organelles? - May be helpful to stain with rhoptries or other markers to strengthen this claim. 

!"#$%&'()&*'+%,'*-)#$*)QXE)3')32*,#343/58*)/')/)#$36L)2/&L)83,*)5%&2*&3,7)#$*)+/&/'3#*')3,)#$*)KTX')%,)/66%",#)

%4)3#)5*3,7)6%1+&3'*2)%4)#<%)/223#3%,/8)1*15&/,*')#%)#$*)+8/'1/)1*15&/,*)+8"')/)+&%#*3,/6*%"')

'"5+*8836"8/&),*#<%&L:)Q#')/5'*,6*)3')68*/&)<$*&*)%,89)/)'3,78*)5%",23,7)1*15&/,*)2*83,*/#*')#$*)

69#%+8/'136)*O#*,'3%,')%4)#$*)1"#/#3%,':)K$*)%&7/,*88*')32*,#343/58*)3,)#$*)1*15&/,*)*O#*,'3%,')3,68"2*)#$*)

2*,'*)7&/,"8*')/,2)13#%6$%,2&3/)<$36$)/&*)68*/&89)32*,#343/58*)59)#$*3&)23'#3,6#)"8#&/'#&"6#"&*)/,2)'#/3,3,7)

+/##*&,'=)/,2)*O/1+8*')%4)#$*'*)$/0*)5**,)3,236/#*2)3,)#$*)437"&*'),%<:)J#/3,3,7)<3#$)1/&L*&')3'),%#)#&303/8)

/')/),*<=),%,Y%'136/#*2)43O/#3%,)<%"82)5*)&*M"3&*2)4%&)/,#35%29)8/5*883,7:)

- Since the parasites are replicating, is the mitochondrion still in a classical lasso-shape? Or is it collapsed? 

(PMC7018656) 

!"#$%&'()&*'+%,'*-)!22&*''3,7)/,9)6%,4%&1/#3%,/8)6$/,7*')#%)#$*)13#%6$%,2&3/)3'),%#)23&*6#89)&*8*0/,#)#%)

#$*)+&31/&9)M"*'#3%,')%4)#$3')'#"29:)f30*,)#$/#)13#%6$%,2&3/)/&*)'**,)3,)#$*)69#%+8/'136)*O#*,'3%,')%4)#$*)

1"#/,#'=)3#)3')*O+*6#*2)#$/#)13#%6$%,2&3/8)1%&+$%8%79)<388)5*)6%,'32*&/589)23'&"+#*2)5"#)#$3')1/9)5*)/)

'*6%,2/&9)*44*6#)%4)#$*)23'%&2*&)6&*/#*2)59)#$*)8%'')%4)+8/'1/)1*15&/,*)$%1*%'#/'3':))

- Is it possible that this is enhanced residual body following replication rather than blebbing of cytosolic 

components? 

!"#$%&'()&*'+%,'*-)Q#)3'),%#)68*/&)<$/#)#$*)&*03*<*&)1*/,')59)l*,$/,6*2)&*'32"/8)5%29(:)K$*)&*'32"/8)5%29)3')

'#388)/)&*8/#30*89)*,371/#36)'#&"6#"&*=)$%<*0*&)3#)3')L,%<,)#%)5*)3,0%80*2)3,)1/3,#/3,3,7)#$*)%&7/,3'*2)&%'*##*)

4%&1/#3%,)%4)#$*)+/&/'3#*)0/6"%8*')/,2)*O6$/,73,7)%&7/,*88*')/,2)1%8*6"8*')5*#<**,)#$*)+&*69#%L3,*#36)

6*88':);%<)#$3')4",6#3%,)6%"82)5*)l*,$/,6*2()3'),%#)+/&#36"8/&89)68*/&:);%<*0*&=)730*,)#$/#)<*)'**)+%%&89)

%&7/,3'*2)0/6"%8*')#$/#)4/38)#%)*7&*''=)3#)3')1"6$)1%&*)83L*89)#$/#)#$*)+$*,%#9+*')#$/#)<*)'**)&*+&*'*,#)/)

2*#*&3%&/#3%,)%4)4",6#3%,=)&/#$*&)#$/,)/,)*,$/,6*1*,#:

6. Fig 6. – the vacuoles appear very different in 6B than 6C which has clear morphological differences that 

would be apparent in phase (also seen in S5). What percent of the vacuoles show the disruption of 

membrane integrity in 6C, 6D, and S5? (also Fig S5 is unclear. Are these just several examples at a single 

time point?) 

)

!"#$%&'()&*'+%,'*-)K$*)830*)6*88)31/73,7)>H37)\E)/,2)J])m4%&1*&)J[nB)"'3,7)*3#$*&)fHN)1/&L*&')%4)#$*)+8/'1/)

1*15&/,*)%&)DQE)31/73,7)2%*')*,/58*)/)'"+*&3%&)03*<)%4)#$*)1%&+$%8%79)%4)#$*)6*88')/,2)+8/'1/)

1*15&/,*)6%1+/&*2)#%)43O*2)6*88')03*<*2)59)+$/'*:)K$3')3')83L*89)2"*)#%)'%1*)2*7&**)%4)1*15&/,*)6%88/+'*)

%&)&*%&7/,3'/#3%,)2"&3,7)6$*136/8)43O/#3%,:)R*0*&#$*8*''=)#$*)43O*2)6*88')03*<*2)<3#$)+$/'*)>H37)\PB)*,/58*)

'6%&3,7)%4)#$*)0/6"%8*)/&&/,7*1*,#)>%&2*&*2)0*&'"')23'%&2*&*2B)/,2)#$3')3')/8'%)#$*)+&*'*,#/#3%,)#$/#)#$*)

43*82)3')1%'#)"'*2)#%)'**3,7:).*)#$3,L)3#)3')"'*4"8)#%)'$%<)5%#$)4%&)/)4"88*&)3,#*&+&*#/#3%,)%4)#$*)'#/#*)%4)#$*)

6*88':).*)$/0*)/8'%),%<)'6%&*2)#$*)+*&6*,#/7*)%4)0/6"%8*')<3#$)23'&"+#*2)1*15&/,*')/')&*M"*'#*2)/,2)#$3')

3')3,68"2*2)3,)H37)\:)K$*)8*7*,2)4%&)H37)J])'#/#*')#$/#)#$*'*)31/7*')/&*)4"&#$*&)*O/1+8*')4&%1)H37)\=)/,2)3,)

H37"&*)\)3#)3')'#/#*2)#$/#)#$3')3')/)'3,78*)#31*)+%3,#)*M"30/8*,#)#%)#$*)%#$*&)#&*/#1*,#')3,)#$3')437"&*)>3:*:=)FV)

$%"&')+%'#)3,0/'3%,)<3#$)/)#%#/8)%4)IF)$%"&')%4)!K6)#&*/#1*,#B:)

Text changes 

1. Line 29 – “are major unanswered questions” - would be clearer if the preceding were in a question 

format 



!"#$%&'()&*'+%,'*-).*)$/0*)&*<%&2*2)#$3')'*,#*,6*)/')&*M"*'#*2)^)_.$*&*)*,2%69#%'3')%66"&')3,)#$*'*)

6*88'=)$%<)6%,'*&0*2)#$3')+&%6*'')3')<3#$)%#$*&)*"L/&9%#*'=)/,2)<$/#)#$*)4",6#3%,')%4)*,2%69#%'3')/&*)/6&%'')

#$3')+$98"1)/&*)1/h%&)",/,'<*&*2)M"*'#3%,':a

2. Figure 1 - it would be helpful if the merged panels in each image were labelled 

!"#$%&'()&*'+%,'*-).*)$/0*)&*%&7/,3'*2)H37)@)/,2)#$*)6%8%"&*2)'37,/8')'$%<,)3,)#$*)1*&7*)/&*)/88)68*/&89)

3,236/#*2:

3. Figure 2A - TSC3 is referenced as Chern et al. but it should be Chen et al. 2015. 

!"#$%&'()&*'+%,'*-)K$3')$/')5**,)6%&&*6#*2)/8#$%"7$)<*),%#*)#$/#)#$*)9*/&)%4)#$3')+"5836/#3%,)3')FG@I:

4. MCA2 (TGME49_243298) should be re-labeled as MCA3 based on previous publication (PMID:  

34384491). 

!"#$%&'()&*'+%,'*-)K$3')3')'837$#89)",4%&#",/#*)5*6/"'*)#$3')K%O%+8/'1/)+&%#*3,)3')%&#$%8%7%"')#%)#$*)

N8/'1%23"1)XE!F:);%<*0*&=)#%)/0%32)6%,4"'3%,)<3#$)#$*)K%O%+8/'1/)43*82)<*)$/0*)"'*2)#$*)+&*6*2*,#)%4)

XE!A)/')'"77*'#*2:

Reviewer #3 (Remarks to the Author): 

Stable and ancient endocytic structures navigate the complex pellicle of apicomplexan parasites 

Koreny et al 2022 Submitted to Nature Communications 

Apicomplexan parasites, such as the malaria parasite and other such as Toxoplasma and Cryptosporidium, 

are major human and animal pathogens. A key characteristic of them is that they are intracellular and 

therefore need to gain nutrients, and interact with the “extracellular world”, through their host cell. 

Furthermore, the importance of understanding this exchange is heightened in intracellular pathogens 

where it is necessary to ensure that drugs can gain access to the pathogens for treatment. In most cells, 

endocytosis is a key mechanism for this nutrient/environmental exchange, however, little is known about 

the mechanisms governing endocytosis in the Apicomplexa. This is a very important topic which this paper 

addresses, using the parasite Toxoplasma as a model. 

In the paper the authors set out to determine where endocytosis occurs, to identify the major function of 

endocytosis and to investigate the mechanistic and origins of features of the process. 

The authors comprehensively address a sequence of questions using robust, highly detailed and well 

controlled experiments. As part of their investigations, they have developed a novel endocytosis assay that 

could be used more widely as a tool for these types of studies in the future. The methods are reported in a 

robust repeatable manner. 

The authors identify the components of the micropore, the key role of the kelch-domain protein K13 and 

the link to endocytosis. Based on the phenotype of K13 knock-downs, the authors identify that the key 

function of endocytosis seems to be in membrane homeostasis rather than parasite nutrition – this is based 

on the fact that these knockdowns affect parasite membrane structure/organisation but does not affect 

parasite growth. The authors discuss the limitations of this conclusion, in detail, in the discussion but it is 

worded more definitively in the abstract. Finally, the authors place their findings in an evolutionary context 

and demonstrate the conservation of these structures. 

The authors use approaches that are scientifically robust and that support their conclusions. 

The presentation of the manuscript is generally good, although for the general reader there is a degree of 

complexity over gene/protein names especially in the initial parts of the results section. 

Minor comments 

Line 36. The abstract implies that endocytosis is not essential to parasite nutrition. While the data points to 



the great importance in plasma membrane homeostasis, I don’t think that the data, as it stands, fully rules 

out an important role in nutrition. The authors should remodel this sentence to reflect that. (It is well 

discussed in the discussion). 

!"#$%&'()&*'+%,'*-).*)/7&**)<3#$)#$3')+%3,#)/,2)$/0*)1%2343*2)#$*)!5'#&/6#)'*,#*,6*)/')4%88%<')^)_.*)

2*#*&13,*)#$/#)/)2%13,/,#)4",6#3%,)%4)*,2%69#%'3')3,)K%O%+8/'1/)3')+8/'1/)1*15&/,*)$%1*%'#/'3'=)&/#$*&)

#$/,)+/&/'3#*),"#&3#3%,=):):):a:)Q,)#$*)23'6"''3%,)<*)6%,'32*&)#$/#)/),"#&3#3%,/8)&%8*)6/,,%#)5*)&"8*2)%"#=)5"#)

#$/#)3#)2%*'),%#)1/,34*'#)3,)#$*)+&31/&9)+$*,%#9+*)"+%,)*,2%'9153%'3')3,$353#3%,:)

The authors should check through the manuscript and polish up/edit the language/grammar, just a couple 

of examples for instance: 

!"#$%&'()&*'+%,'*-)<*)$/0*)2%,*)%"&)5*'#)#%)6%&&*6#)8/,7"/7*)/,2)7&/11/&)#$&%"7$%"#:

Throughout (e.g. line 29, 34 etc), it is a better written style if “the Apicomplexa” rather than just 

“Apicomplexa” is used. 

!"#$%&'()&*'+%,'*-)!+36%1+8*O/)3')#$*),/1*)%4)#$*)+$98"1)/,2)#$*&*4%&*)<*)5*83*0*)#$/#)%"&)"'*)3')6%&&*6#:)

Q#)3')%4#*,)3,6%&&*6#89)"'*2)/')/)+8"&/8),%",)3,)+8/6*)%4)l/+36%1+8*O/,'()/,2)<*)'**L)#%)/0%32)#$3':

Line 202 Toxoplasma K13 complex shows conservation with the Plasmodium cytostome but also 

“possesses” unique proteins. 

Etc. 

!"#$%&'()&*'+%,'*-)K$/,L)9%"=)6%&&*6#*2:



Reviewers' Comments: 

Reviewer #1: 

Remarks to the Author: 

The authors have addressed my prior comments and supplied new data that strengthens their 

manuscript. The manuscript provides a thorough study that gives new insight into the Kelch 13 

complex in Toxoplasma gondii. 

Reviewer #2: 

Remarks to the Author: 

The authors have done a nice job with addressing the comments from the initial review. In 

particular the immunoelectron microscopy directly showing localization to the micropore is a great 

advance for this nice paper – congratulations! 


