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January 27, 20201st Editorial Decision

January 27, 2020 

Re: Life Science Alliance manuscript  #LSA-2019-00626-T 

Prof. Michael J Blackman 
The Francis Crick Inst itute 
Division of Parasitology Nat ional Inst itute for Medical Research The Ridgeway 
Mill Hill 
London NW7 1AA 

Dear Dr. Blackman, 

Thank you for submit t ing your manuscript  ent it led "Simultaneous gene disrupt ion and allelic
replacement in the malaria parasite enables dissect ion of PKG funct ion and phosphorylat ion." to
Life Science Alliance. The manuscript  was assessed by expert  reviewers, whose comments are
appended to this let ter. 

As you will see, the reviewers appreciate your method and the insight into PKG funct ion provided,
and they offer construct ive input on how to further strengthen your manuscript . We would thus like
to invite you to submit  a revised version to us for publicat ion here. Addressing the reviewer
suggest ions seems rather straightforward, but please do get in touch in case you would discuss a
revision point  further. 

To upload the revised version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

While you are revising your manuscript , please also at tend to the below editorial points to help
expedite the publicat ion of your manuscript . Please direct  any editorial quest ions to the journal
office. 

The typical t imeframe for revisions is three months. Please note that papers are generally
considered through only one revision cycle, so strong support  from the referees on the revised
version is needed for acceptance. 

When submit t ing the revision, please include a let ter addressing the reviewers' comments point  by
point . 

We hope that the comments below will prove construct ive as your work progresses. 

Thank you for this interest ing contribut ion to Life Science Alliance. We are looking forward to
receiving your revised manuscript . 

Sincerely, 

Andrea Leibfried, PhD 



Execut ive Editor 
Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 

--------------------------------------------------------------------------- 

A. THESE ITEMS ARE REQUIRED FOR REVISIONS 

-- A let ter addressing the reviewers' comments point  by point . 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tp://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le and running t it le. It  should
describe the context  and significance of the findings for a general readership; it  should be writ ten in
the present tense and refer to the work in the third person. Author names should not be ment ioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING: 

Full guidelines are available on our Instruct ions for Authors page, ht tp://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

***IMPORTANT: It  is Life Science Alliance policy that if requested, original data images must be
made available. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original microscopy and blot  data images
before submit t ing your revision.*** 

--------------------------------------------------------------------------- 

Reviewer #1 (Comments to the Authors (Required)): 

This paper from Koussis et  al present an elegant manner to use the DiCre system. This is an
improved version of the exist ing loxPint . The authors have introduced 1 or 2 supplementary loxP
sites in the LoxPint , creat ing the 2loxPint  and 3loxPint  respect ively. The strategy proposed allows
to generate mutant/KO and complemented parasites from a single induct ion. One advantage of
this method is the immediate availability of internal controls, since mutant and complemented



parasites are generated in parallel. As proof of principle, both 2loxPint  and 3loxPint  have been used
on protein kinase G (PKG). In a compelling way, the authors demonstrate the involvement of PKG in
the egress of P. falciparum merozoites. Overall, the study is very well conducted and only minor
points need to be addressed. 
Minor comment: 
- While the efficiency of 2loxPint  is well demonstrated, the efficiency of 3loxPint  should be better
documented. In figure 2, 2loxPint  PKG_synthGFP-ΔPKG_mCherry induct ion generate ~90% of
parasites expressing PKG_synthGFP and ~10% parasites expressing ΔPKG_mCherry. 
Later the authors state that the distance between the loxP sites impacts recombinat ion efficiency.
To test  this, they exchange the posit ion between ΔPKG_mCherry and PKGmut_GFP (which have
the same size as PKG_synthGFP) (Figure 4). Subsequent ly, they observed a change in the
efficiencies with 40% PKGmut_GFP and 60% ΔPKG_mCherry. 
This might indicate that the addit ion of 5,6 kb (size of PKG_synthGFP/ PKGmut_GFP gene) before
the ΔPKG_mCherry decreased recombinat ion rates ~50% and rises some quest ions regarding the
applicat ion limits of the 3loxPint . 
This should be discussed in more detail. 

-Figure 2C, what is recognised for the non-induced parasites by the mCherry ant ibody? Why does
this band disappear upon induct ion with RAP? 
-What is the rat io of each KO (green, red and blue) for the 3loxPint  experiment (Fig.5)? 

Reviewer #2 (Comments to the Authors (Required)): 

In this paper the authors employ lox sites other than the previously in P. falciparum used loxP to
'instant ly' complement condit ional diCre generated mutants with different versions of a gene of
interest . The authors use this to analyse the funct ion of cGMP-dependent protein kinase (PKG).
The system works in a way that a mixture of parasites is generated that harbour one of either two
or three different versions of the gene of interest  that  are stochast ically picked for
complementat ion based on the different lox sites that are compat ible only among themselves. Each
version of the gene is flagged with a different fluorescent protein which makes it  easy to t rack the
parasites with a part icular change in the populat ion. 

This is a very useful and clever approach that expands the toolbox of genet ic techniques to study
malaria parasites. The demonstrat ion that these addit ional lox sites can be used in the parasite will
likely also open avenues for other interest ing uses. The paper also addresses a biological quest ion
and shows that PKG likely has no scaffolding funct ion and that its 7 known phosphosites are
collect ively needed for its funct ion. 

The paper is very clearly and well writ ten. The figures enable the reader to rapidly understand how
the system was designed. Referencing is exemplary. Clearly this is a very nice system that will be
very useful for the field. I have only some minor points: 

- Figure2: PKG is expressed from 24 h after invasion. The authors conclude that there is no funct ion
of PKG before egress due to a lack of effect  unt il parasites reach the schizont stage in cycle 0 (the
cycle of excision of the funct ional copy of pkg). However, can it  be excluded that after gene excision
there is mRNA or protein left  from before that could take over funct ion? This could be easily



clarified by providing the exact t iming of when the samples for the Western blots (Fig. 2C) were
taken and when complete excision was detected by PCR. Was excision complete before 24 h, i.e.
before t ranscript ion of the gene had started? Maybe it  would be helpful to have a sect ion in the
Materials and Methods that explains how a typical rapamycin induct ion experiment looked
(synchronisat ion and t iming of rapamycin addit ion and when samples were harvested for PCR and
Western blots). 

- It  is not always clear from the figure legends what kind of replicas were used, e.g. in Figure 1E,
were these biological or technical replicas? Please add n numbers to the legends. 

- the abstract  states that it  remains a challenge to complement condit ional mutants. However, this
is not always true. Episomal complementat ion, even of many different modificat ions of a gene, are
possible (e.g. Mesen-Ramirez et  al., PlosBio 2019). The authors right ly discuss on page 15 that such
an episomal approach can be problemat ic and clearly the system introduced in this manuscript  has
the advantage of providing an 'endogenous' complementat ion and the benefit  that  this
complementat ion happens at  the same t ime as the knock out (e.g. avoiding problems with
dominant negat ive effects). Nevertheless, due to its simplicity episomal complementat ion should
not be ent irely rejected. Eespecially if many different constructs are to be tested such an approach
may be very valuable and in many cases may be less of a challenge than indicated here. The
statement in the discussion could therefore be softened somewhat. 

- while not essent ial for this paper, it  st ill would have been nice to have the more similar rat io of
recombinat ion events between a t ruly complement ing gene version (PFGsynth_GFP) and the
knock out (reverse configurat ion of figure 2). It  is appreciated that the authors wished to move on
to test  the phosphosite mutant, rather than repeat ing what was done in Figure 2 simply to show
the corrected rat io. It  would nevertheless have been nice to compare PFGsynth_GFP vs
DeltaPKG_mCherry in this setup, part icularly as a higher abundance of the knock out might have
made it  easier to analyse it . 
This issue also highlights that using two different full length versions as complementat ion will
always result  in a placement of the second copy so far downstream that the rat io will be unequal.
This might be a point  worth ment ioning for potent ial users and might be part icularly important if
large genes are to be used. 
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Reviewer #1 (Comments to the Authors (Required)): 

This paper from Koussis et al present an elegant manner to use the DiCre system. This is an improved version of 

the existing loxPint. The authors have introduced 1 or 2 supplementary loxP sites in the LoxPint, creating the 

2loxPint and 3loxPint respectively. The strategy proposed allows to generate mutant/KO and complemented 

parasites from a single induction. One advantage of this method is the immediate availability of internal 

controls, since mutant and complemented parasites are generated in parallel. As proof of principle, both 

2loxPint and 3loxPint have been used on protein kinase G (PKG). In a compelling way, the authors demonstrate 

the involvement of PKG in the egress of P. falciparum merozoites. Overall, the study is very well conducted and 

only minor points need to be addressed.  

Minor comment: 

- While the efficiency of 2loxPint is well demonstrated, the efficiency of 3loxPint should be better

documented. In figure 2, 2loxPint PKG_synthGFP-ΔPKG_mCherry induction generate ~90% of parasites 

expressing PKG_synthGFP and ~10% parasites expressing ΔPKG_mCherry.  

Later the authors state that the distance between the loxP sites impacts recombination efficiency. To test this, 

they exchange the position between ΔPKG_mCherry and PKGmut_GFP (which have the same size as 

PKG_synthGFP) (Figure 4). Subsequently, they observed a change in the efficiencies with 40% PKGmut_GFP and 

60% ΔPKG_mCherry.  

This might indicate that the addition of 5,6 kb (size of PKG_synthGFP/ PKGmut_GFP gene) before the 

ΔPKG_mCherry decreased recombination rates ~50% and rises some questions regarding the application limits of 

the 3loxPint. This should be discussed in more detail.  

Our aims in this part of the work were: (a) to show that recombination can be achieved between 3 distinct lox 

sites within a synthetic intron; and (b) to use this tool to exclude any role for PKG in intracellular development 

of the parasite prior to the point of egress. We fully agree with the reviewer that the genetic distance between 

introduced loxP sites will likely be a limiting factor for the broader utility of the 3loxPint strategy. Despite these 

limitations however, we believe that the 3loxPint module may prove particularly useful for the allelic 

replacement of small genes or for other applications such as modification of promoter regions or using a 

combination of excision and inversion to achieve multiple simultaneous modifications. As requested by the 

reviewer, in the revised manuscript the potential limitations and uses of the 3loxPint system are now discussed 

further in the Discussion (lines 371-379). 

1st Authors' Response to Reviewers               February 29, 2020
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-Figure 2C, what is recognised for the non-induced parasites by the mCherry antibody? Why does this band

disappear upon induction with RAP? 

The anti-mCherry panel in Fig 2C (right hand-side panel) shows a re-probing of the PKG Panel (the left hand-side 

panel). After being probed with rabbit anti-PKG antibodies, the membrane was re-probed with a rabbit anti-

mCherry antibody to demonstrate the appearance of mCherry only in the RAP-treated sample and to highlight 

the difference between the DMSO- and the RAP-treated samples for both PKG and mCherry. To clarify this, in 

the revised manuscript the PKG band is now labelled in Fig 2C (black asterisk) and referred to in the figure 

legend. 

-What is the ratio of each KO (green, red and blue) for the 3loxPint experiment (Fig.5)?

We apologise for the omission of these data from the original manuscript. The proportions of each population of 

fluorescent parasites in the RAP-treated cultures are now included in the revised text (lines 332-334). The 

apparent preference for recombination between loxN sites is also discussed (lines 379-383). 

Reviewer #2 (Comments to the Authors (Required)): 

In this paper the authors employ lox sites other than the previously in P. falciparum used loxP to 'instantly' 

complement conditional diCre generated mutants with different versions of a gene of interest. The authors use 

this to analyse the function of cGMP-dependent protein kinase (PKG). The system works in a way that a mixture 

of parasites is generated that harbour one of either two or three different versions of the gene of interest that 

are stochastically picked for complementation based on the different lox sites that are compatible only among 

themselves. Each version of the gene is flagged with a different fluorescent protein which makes it easy to 

track the parasites with a particular change in the population.  

This is a very useful and clever approach that expands the toolbox of genetic techniques to study malaria 

parasites. The demonstration that these additional lox sites can be used in the parasite will likely also open 

avenues for other interesting uses. The paper also addresses a biological question and shows that PKG likely has 

no scaffolding function and that its 7 known phosphosites are collectively needed for its function.  

The paper is very clearly and well written. The figures enable the reader to rapidly understand how the system 
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was designed. Referencing is exemplary. Clearly this is a very nice system that will be very useful for the field. 

I have only some minor points:  

- Figure 2: PKG is expressed from 24 h after invasion. The authors conclude that there is no function of PKG

before egress due to a lack of effect until parasites reach the schizont stage in cycle 0 (the cycle of excision of 

the functional copy of pkg). However, can it be excluded that after gene excision there is mRNA or protein left 

from before that could take over function? This could be easily clarified by providing the exact timing of when 

the samples for the Western blots (Fig. 2C) were taken and when complete excision was detected by PCR. Was 

excision complete before 24 h, i.e. before transcription of the gene had started? Maybe it would be helpful to 

have a section in the Materials and Methods that explains how a typical rapamycin induction experiment looked 

(synchronisation and timing of rapamycin addition and when samples were harvested for PCR and Western 

blots).  

In all our experiments using the DiCre system, we RAP-treated highly synchronised newly invaded ring-stage 

parasites (3-4 hours post invasion). Samples of the culture for analysis by diagnostic PCR to assess excision 

efficiency were collected 24 h following RAP treatment (at trophozoite stage) whilst samples for Western blots 

were collected 40-42 h post RAP-treatment. These important details are now included in the Material and 

Methods section of the revised manuscript (lines 431-435).  

With regard to the point raised by the reviewer, previous studies examining PKG expression over the course of 

the asexual blood stage cycle (Hopp et al, 2012) showed that PKG protein can be detected from 24 h post-

invasion onwards. In our current study, although we cannot exclude the presence of traces of PKG mRNA at 24 h 

post invasion in our knockout parasites, we believe that the key point is that we could not detect protein signal 

at 44 h in the majority of the treated parasites, suggesting efficient depletion of endogenous PKG expression in 

cycle 0. Whilst it could be argued that undetectably low levels of enzyme present in RAP-treated cells might 

have been sufficient to fulfil an essential role for PKG prior to egress, they were clearly not sufficient to initiate 

the egress cascade at the end of cycle 0. We therefore maintain that the simplest interpretation of our data is 

that PKG does not play an essential role during intraerythrocytic development of the parasite.  

- It is not always clear from the figure legends what kind of replicas were used, e.g. in Figure 1E, were these

biological or technical replicas? Please add n numbers to the legends.  

Reference to the number of biological replicates in each case have now been added now to the figure legends. 
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- the abstract states that it remains a challenge to complement conditional mutants. However, this is not 

always true. Episomal complementation, even of many different modifications of a gene, are possible (e.g. 

Mesen-Ramirez et al., PlosBio 2019). The authors rightly discuss on page 15 that such an episomal approach can 

be problematic and clearly the system introduced in this manuscript has the advantage of providing an 

'endogenous' complementation and the benefit that this complementation happens at the same time as the 

knock out (e.g. avoiding problems with dominant negative effects). Nevertheless, due to its simplicity episomal 

complementation should not be entirely rejected. Especially if many different constructs are to be tested such 

an approach may be very valuable and in many cases may be less of a challenge than indicated here. The 

statement in the discussion could therefore be softened somewhat.  

We completely agree with the reviewer that genetic complementation using episomal (plasmid) expression 

constructs can be a perfectly adequate and occasionally even preferred means of assessing gene function in P. 

falciparum, especially where analysis of multiple different mutant constructs is under investigation. Indeed, we 

have ourselves used episomal approaches on several previous occasions in our own studies. As the reviewer 

correctly points out, what we provide here is an alternative experimental strategy to overcome the problems 

associated with either constitutive expression of a second gene copy prior to endogenous gene disruption (which 

can be toxic), or the variability in gene expression often associated with episomal constructs, which are 

generally poorly segregated in Plasmodium. In response to the reviewer’s suggestions, the revised Discussion has 

now been modified to clarify these issues (lines 356-360). 

 

- while not essential for this paper, it still would have been nice to have the more similar ratio of 

recombination events between a truly complementing gene version (PFGsynth_GFP) and the knock out (reverse 

configuration of figure 2). It is appreciated that the authors wished to move on to test the phosphosite mutant, 

rather than repeating what was done in Figure 2 simply to show the corrected ratio. It would nevertheless have 

been nice to compare PFGsynth_GFP vs DeltaPKG_mCherry in this setup, particularly as a higher abundance of 

the knock out might have made it easier to analyse it.  

This issue also highlights that using two different full length versions as complementation will always result in 

a placement of the second copy so far downstream that the ratio will be unequal. This might be a point worth 

mentioning for potential users and might be particularly important if large genes are to be used.  

We appreciate the reviewer’s comments and fully agree that the control line described could have been 

generated and included in the analysis; as the reviewer mentions this would facilitate analysis of the knockout 

phenotype. The positioning of the recombination events is important and needs to be considered in experimental 
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design using the 2loxPint or 3 loxPint modules. This is now mentioned in the revised Discussion. We also agree 

that there are limitations to the system especially in the case of larger genes, and so this issue is now also 

discussed further (see also our response to the first comment of Reviewer #1). 

 

 



March 2, 20201st Revision - Editorial Decision

March 2, 2020 

RE: Life Science Alliance Manuscript  #LSA-2019-00626-TR 

Prof. Michael J Blackman 
The Francis Crick Inst itute 
Division of Parasitology Nat ional Inst itute for Medical Research The Ridgeway 
Mill Hill 
London NW7 1AA 

Dear Dr. Blackman, 

Thank you for submit t ing your revised manuscript  ent it led "Simultaneous mult iple allelic
replacement in the malaria parasite enables dissect ion of PKG funct ion". I have now assessed the
revisions performed and I appreciate the introduced changes. I would thus be happy to publish your
paper in Life Science Alliance pending final revisions necessary to meet our formatt ing guidelines: 

- Please link your profile in our submission system to your ORCID iD, you should have received an
email with instruct ions on how to do so 
- Please re-name appendix Table S1 to simply supplementary Table S1 and provide it  as a docx file 
- Please provide the integrat ion constructs used (current appendix figure S1) as a dataset and add
a callout  to this dataset in the manuscript  text  
- Figure S5 is missing from the submission, please provide 
- Please add legends for the movies 
- Please add a scale bar to Figure 4E and increase visibility of those in Fig. 3B, Fig. 4G. Fig. 5C 

If you are planning a press release on your work, please inform us immediately to allow informing our
product ion team and scheduling a release date. 

To upload the final version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

To avoid unnecessary delays in the acceptance and publicat ion of your paper, please read the
following informat ion carefully. 

A. FINAL FILES: 

These items are required for acceptance. 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tp://www.life-science-
alliance.org/authors 



-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le. It  should describe the context
and significance of the findings for a general readership; it  should be writ ten in the present tense
and refer to the work in the third person. Author names should not be ment ioned. 

B. MANUSCRIPT ORGANIZATION AND FORMATTING: 

Full guidelines are available on our Instruct ions for Authors page, ht tp://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the
acceptance of your manuscript .** 

**It  is Life Science Alliance policy that if requested, original data images must be made available to
the editors. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original data images prior to final
submission.** 

**The license to publish form must be signed before your manuscript  can be sent to product ion. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements.** 

**Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life
Science Alliance will be published online, alongside the manuscript . If you do want to opt out of
having the reviewer reports and your point-by-point  responses displayed, please let  us know
immediately.** 

Thank you for your at tent ion to these final processing requirements. Please revise and format the
manuscript  and upload materials within 7 days. 

Thank you for this interest ing contribut ion, we look forward to publishing your paper in Life Science
Alliance. 

Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 
Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 



March 9, 20202nd Revision - Editorial Decision

March 9, 2020 

RE: Life Science Alliance Manuscript  #LSA-2019-00626-TRR 

Prof. Michael J Blackman 
The Francis Crick Inst itute 
Malaria Biochemistry Laboratory 
1 Midland Road 
London NW1 1AT 
United Kingdom 

Dear Dr. Blackman, 

Thank you for submit t ing your Methods ent it led "Simultaneous mult iple allelic replacement in the
malaria parasite enables dissect ion of PKG funct ion". It  is a pleasure to let  you know that your
manuscript  is now accepted for publicat ion in Life Science Alliance. Congratulat ions on this
interest ing work. 

The final published version of your manuscript  will be deposited by us to PubMed Central upon
online publicat ion. 

Your manuscript  will now progress through copyedit ing and proofing. It  is journal policy that authors
provide original data upon request. 

Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life Science
Alliance will be published online, alongside the manuscript . If you do want to opt out of having the
reviewer reports and your point-by-point  responses displayed, please let  us know immediately. 

***IMPORTANT: If you will be unreachable at  any t ime, please provide us with the email address of
an alternate author. Failure to respond to rout ine queries may lead to unavoidable delays in
publicat ion.*** 

Scheduling details will be available from our product ion department. You will receive proofs short ly
before the publicat ion date. Only essent ial correct ions can be made at  the proof stage so if there
are any minor final changes you wish to make to the manuscript , please let  the journal office know
now. 

DISTRIBUTION OF MATERIALS: 
Authors are required to distribute freely any materials used in experiments published in Life Science
Alliance. Authors are encouraged to deposit  materials used in their studies to the appropriate
repositories for distribut ion to researchers. 

You can contact  the journal office with any quest ions, contact@life-science-alliance.org 

Again, congratulat ions on a very nice paper. I hope you found the review process to be construct ive
and are pleased with how the manuscript  was handled editorially. We look forward to future excit ing
submissions from your lab. 



Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 
Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 
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