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Ubiquitin proteolysis of a CDK-related kinase regulates titan

cell formation and virulence in the fungal pathogen

Cryptococcus neoformans



Reviewer #1 (Remarks to the Author) [please see also the attached document]: 

The manuscript by Cao and colleagues describes the function of the E3 ligase Fbp1 in 

titan cell formation and how its ubiquitination of the CDK-related kinase Crk1 results in 

control of Gpa1 and cAMP/PKA signaling that ultimately leads to cell size modifications 

and titan cell formation in the human fungal pathogen Cryptococcus neoformans that 

impact virulence. These studies provide improved clarity on critical unknown aspects of 

the signal transduction pathway involved in cell size regulation that link cell division and 

meiosis events in a context outside of classical mating/sporulation – a process that is 

not well understood in any organism but that is of critical importance, especially in the 

context of human cancer, adaptation, evolution, and even drug resistance mechanisms. 

The studies presented are clear and well described with only minor experimental areas 

where the authors have overstated their conclusions or where the data are not 

thoroughly supported by their data. Detailed comments are listed below. 

1. Example H&E sections that were analyzed to generate the data presented in Fig 1a 

need to be included so the reader can determine whether the data presented in 

accurately represent the data that are visible in the microscopic sections. Because these 

microscopic slides are typically only 5um tissue sections and Cryptococcus cells are 

anywhere from 2-100um in diameter, using slides for measurements of Cryptococcus 

size has a high degree of inaccuracy because it is unknown if the measurement is being 

taken through the middle of the cell. If serial sections are not analyzed to verify that the 

same cell is not analyzed on multiple slides, and that all cells have an equal chance of 

being represented in sections, then an indication of cell size can be gleaned from 

analysis of H&E sections. However, visual comparison of the slides and the data should 

always be presented simultaneously. 

2. This reviewer has concerns with the way the statistics are presented in Figure 1. As 

presented, statistical significance was only observed between the wt and fbp1 mutant 

and not between the mutant and the complement, even though the complement appears 

to have a similar phenotype to the wt. If this is true, these data are very concerning and 

raises the question as to how statistically significance was obtained for the mutant, but 

not the complement in comparison to the wt, and why a difference between the mutant 

and the complement was also not observed. These statistics do not make any sense to 

this reviewer. 

3. Fig 1f – indicate the difference between the black and red lines in the flow plot 

(assume the black line is normal conditions and the red line is in BAL but this is not 

stated in the figure legend or on the diagram). 

4. Lines 177-180. This section needs to be rewritten as the authors step over the line 

between summarizing their results and making conclusions. While they can state that 

their data suggest that Crk1 plays important role in Fbp1-mediated fungal meiosis and 

sporulation. They provide no direct data in this section to link Crk1 to vegetative growth 

or titan cell formation. Thus, their last sentence is speculation. It would be better to lay 

the foundation for this argument in the previous paragraph and them more fully develop 

this concept in the Discussion section. 

5. Fig s2b should be moved to Fig3 as this information is critical to show that the large 

cells generated by the CRK1OE strain are bona fide titan cells. 

6. Fig 3h. “Categories” is vague. Are these GO terms? Metabolic categories? 
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produces enlarged cells needs to be analyzed for ploidy to confirm that the cells are 

bona fide titan cells and the data presented in the figure. Similarly, all of the strains in 

Fig 4 that are putatively producing titan cells should be analyzed for ploidy to confirm 

titan cell formation in this analysis and the data presented in the figure. 



8. The localization data for Gpa1 is unconvincing. It all hinges on fluorescence data 

presenting in Figure 4i. Yet it is unclear how the authors accounted for the difference in 

volume/size of the cells in their determination of the fluorescence and localization of the 

GPA1:GFP signal. Could the decrease in cytosolic signal in the titan cell simply be due to 

the larger size of the titan cell resulting in the protein being distributed across a larger 

volume (i.e. a bigger sphere). What happens if the authors take into account the volume 

of the cell when measuring the internal/cytosolic fluorescence? In the Discussion 

section, Lines 348-350, the authors make the bold statement that “Crk1-mediated Gpa1 

phosphorylation induces Gpa1 membrane localization to trigger GPCR activation of the 

Gpa1-cAMP signaling to regulate cell size in C. neoformans”. In this reviewer’s opinion, 

the authors cannot make this statement without significant additional proof of 

differences in Gpa1 protein localization differences in the Crk1 mutants. For example, 

the authors could perform sub-cellular localizations with Gpa1-FLAG strain in the 

different backgrounds under the titan inducing conditions and examine the membrane 

vs. cytosolic fractions to quantify protein levels in the different fractions. 

9. Line 321 – overproduction of titan cell has previously been shown to result in 

decreased virulence. See Crabtree et al., 2012; Okagaki et al., 2011 and Okagaki et al., 

2012 

10. Lines 396-397 – The statement that Gpa1 phosphorylation is transient is unclear and 

not well supported. 

11. Lines 415-421: It may be worth mentioning that the rim101 mutant, in which the 

GPA1/cAMP pathway is also upregulated but downstream of titan cell signaling 

therefore produces no titan cells, has an abnormal cell wall structure that also induces a 

Th1/Th17 immune response. Thus, it is possible that the fbp1 and CRK1OE strains are 

triggering the same cell wall phenotype but in the context of titan cells, resulting in an 

immune response that is similar to the rim101 mutant. See O’Meara et al., 2013; Ost et 

al., 2017; Wiesner et al., 2015 

12. The manuscript had numerous issues with English language that made reading 

challenging. Instead of providing a comprehensive list of recommended changes, an 

edited version of the manuscript with some of the suggested modifications is attached. 

This is not an exhaustive editing of the manuscript, and it is recommended that the 

authors have a native English speaker review the manuscript for proper usage of 

scientific language prior to resubmission. 

In their review of the first version of this manuscript, reviewer #1 added some 

comments to the manuscript file. These comments were forwarded to the authors, who 

replied as included in this Peer Review File. 

Reviewer #2 (Remarks to the Author): 

This manuscript investigates the control of cell size, in particular the formation of Titan 

cells, and its relation to fungal virulence in C neoformans. It was previously shown that 

Gpa1-cAMP signaling regulates cell size and fungal virulence. Here the authors report 

that Gpa1 is itself regulated through phosphorylation by the protein kinase Crk1, and 

that Crk1 is regulated by the ubiquitin ligase SCF-Fbp1. Thus all three proteins (Gpa1, 

Fbp1 and Crk1) regulate meiosis, Titan cell formation, and fungal virulence. 

The present manuscript would be much stronger if it showed that purified SCF-Fbp1 

directly ubiquitinates Crk1 or at a minimum that Crk1 is actually ubiquitinated (and that 

Fbp1 is required for the appearance of ubiquitinated Crk1 in cells). It would also be 



much stronger if the paper showed that purified Crk1 directly phosphorylates Gpa1 or at 

a minimum that Gpa1 is actually phosphorylated. 

Key findings 

1. Fbp1-Crk1 and Crk1-Gpa1 interactions are shown by yeast two hybrid and co-IP. 

2. Deletion of FBP1 stabilizes Crk1, increases cell body size, and decreases virulence. 

3. Deletion of CRK1 increases Gpa1 mobility (decreases phosphorylation?), decreases 

cell body size and increases virulence. Overexpression or stabilization of CRK1 has 

opposing effects. 

Titan cell formation and virulence is shown in lungs during Cryptococcus infection, and 

is well quantified, for fbp1 mutant , crk1 mutant and CRK1 overexpression. Meiosis is 

shown by visualization of mating structures. This could be done in a more quantitative 

manner (FACS?). 

Crk1 stability was shown by western blotting after a block on transcription, in WT and 

fbp1 mutant cells. Note: this experiment does NOT show that “Crk1 is a substrate of 

Fbp1,” as claimed. This crucial experiment should be done in a more quantitative, direct, 

and well controlled, manner. Is Crk1 actually ubiquitinated? Does ubiquitination require 

Fbp1? Is this band really Crk1 (there is no negative control, such as untagged Crk1)?. 

Gpa1 phosphorylation was shown by a mobility shift upon western blotting in WT and 

crk1 mutant cells. NOTE: a mobility shift could be due to phosphorylation (or another 

modification) and as a result of Crk1 activity (or the activity of another downstream 

protein kinase or phosphatase). This crucial experiment should be done in a more 

quantitative, direct, and well controlled, manner. Is this band really Gpa1 (again there is 

no negative control for the antibody)? Is the mobility shift reversed by phosphatase 

treatment? By mutation of the phosphorylation site? By mutationally inactivating Crk1 

kinase activity? Is it also affected by deletion of Fbp1? Why is much of Gpa1 still 

phosphorylated in the complete absence of the kinase that phosphorylates Gpa1? 

More broadly speaking, I have a major problem with the mechanistic conclusions that 

the authors draw from non-mechanistic genetic approaches. he model in Figure 6 is not 

adequately supported by the evidence, or the central findings as stated in the title. As 

written, all we know is that loss of three different proteins (a ubiquitin ligase, a kinase, 

and a G protein) results in related cellular phenotypes. However a shared phenotype 

does not equal an enzyme-substrate relationship. Given that the gene expression 

profiles overlap only partially (Fig. 3) it seems that functions overlap only partially. The 

proposed mechanistic relationship could be direct or indirect, and in common or in 

parallel pathways. For example, in S. cerevisiae Elm1 phosphorylates Gpa1 but it also 

ubiquitinates other proteins that regulate cell growth independently of Gpa1. Cdc4 

ubiquitinates Gpa1 but it also ubiquitinates other proteins that regulate cell growth 

independently of Gpa1. 

Reviewer #3 (Remarks to the Author): 

Cao et al., investigate the reduced dissemination and pathogenesis of fb1pD, lacking an 

E3 ligase previously shown to physically interact with the kinase Crk1. They nicely 

demonstrate that Crk1 is an Fbp1 substrate, that Crk1 phosphorylates Gpa1, and 

propose a model in which Fbp1 influences cells size and ploidy changes consistent with 

titan cell formation. These findings are further linked to the reduced virulence of an 

constitutively active GPA1Q284L mutant. Overall, these findings build on published work 

and expand our understanding of how Gpa1 and the cAMP pathway influence cell size in 

C. neoformans. 

Despite this, I have several concerns that must be addressed, primarily pertaining to 

data analysis and presentation. 



Major comments 

Statistics: For any figure where values are compared, it is not appropriate to perform 

student's t-test for more than two samples. If the same control is used, then the 

analysis must adjust for multiple comparisons. In addition, the authors should ensure 

the data is normally distributed if the t-test is used. In the majority of these datasets, 

the data appear to be non-parametric. Where "1000 cells" are counted, the authors 

should specify whether this represents a pooled dataset across multiple biological 

replicates, or is a single biological replicate representative of multple datasets. For % 

titan cells, the authors should specify whether these are technical or biological 

replicates in the legend. If only technical replicates, biological replicates are required. 

This in particular applies to all figures where % titan is reported, but should be 

considered wherever more than one comparison is made. For example, the authors as a 

regular practice do not perform a statistical analysis of complemented or OE strains, and 

this should be corrected. 

Figure details throughout are scant, particularly where FP reporters are presented. For 

example, the tagged proteins should be indicated within the figure panel, not only in the 

legend, and the presence of and FP tag should be mentioned in the main text as part of 

the description of the experiment. 

I'm a bit confused by data presented in figure 3 and S2, regarding Crk1OE. First, the 

authors appear to have omitted details about the construction of the OE strain and the 

Crk1-pest strain, including quantification of the degree of over-expression. Are these the 

same strains that are shown in figure S3b and S3C? Construct details should be included 

in the main text to improve clarity. Is this over expression constitutive, or induced? 

Details of promotor should be included in the main text and figure legends to improve 

clarity. 

Second, it appears figure S2B right panel represents sorted or gated cells, but this is not 

clear from the text. If gated, the gating strategy should be provided. If sorted, the 

sorting strategy should be explained. However, if the black line represents an 

uninduced/control condition, this raises the question: are Crk1OE cells base diploid, 

even when grown on YPD (and OE induced, if needed)? Diploid cells are larger and 

produce larger titan cells and larger overall titan-induced populations. 

Figure 4 H/I: This analysis ignores that titan cells are majority vacuole, with cytoplasm 

compressed to one side of the cell. Localization of GFP-GPA to the cell membrane 

requires higher resolution imaging and a marker to differentiate vacuole, membrane, 

and cytoplasm. Otherwise this analysis adds nothing to the manuscript and in fact 

oversells otherwise strong the findings. Line 348/349 in the discussion should be 

modified to avoid over-interpretation in the face of weak data. 

More generally, I wonder if the authors have considered which aspect of titan cell 

induction is driving the observed phenotypes. The in vitro method of Hommel et al., can 

be understood as a combintion of ph, hypoxia, nutrient starvation, and temperature, as 

well as membrane stress during shaking. The cAMP pathway, for example, is a key 

regulator of CO2 response, and also regulates cell membrane stress responses. Have the 

authors examined how Fbp1 and Crk1 integrate or mediate response to one or more of 

these combinatorial signals? 

Minor comments 

Figure 1: 

See comments about statistical analysis. 

Figure 2: 

The length of the "CT" domain should be indicated. Does this include PEST or not? 



Figure 3: 

Growth conditions used for the RNAseq experiment should be provided in the figure 

legend. 

The RNA seq data should be made public upon publication (currently accession number 

is not provided). 

Figure 4 

C: what statistical analysis was performed (see line 254-256) 

F: Clarity would be improved by indicating IP vs total protein on the figure rather than in 

the legend. 

G: A t-test can only be performed on two samples. Which two samples were compared 

here? What about the other samples? It is preferable to use the appropriate test for the 

number of possible comparisons and correct for multiple comparisons to a control. 

Figure S5c-d. 

A t-test for four samples isn't correct, even if the samples look like they're similar. 

Please perform and report an appropriate analysis. 

Figure 5: 

It was nice to see the authors perform the correct statistical analysis for multiple 

comparisons with non-parametric data. Similar rigor should be applied throughout the 

manuscript. 

Discussion line 408-410: Usv101 is a second example of a similar hypertitanising isolate 

associated with reduced dissemination. 

Line 410-412: this would be further supported by Okagaki 2012 showing reduced uptake 

of yeast in the presence of titan cells (doi: 10.1128/EC.00121-12) 

For all flow cytometry data, show gating strategies (for exclusion of doublets, sub-

populations, etc). 

What is the genotype of the CRK1OE strain? it is unclear from the text and apparently 

not included in the strain list. The details of the construction of this strain should also be 

included in the methods. 

Figure S5E: What is GFP-tagged ? How were cells prepared for imaging? YPD can cause 

auto-fluorescence in the 488 (green) channel. Was background fluorescence 

excluded/controlled for? 

line 95/96: incomplete sentence 

line 130, 187, 193, etc: median not medium (assuming the median and not the mean is 

reported. For non-parametric populations, median is appropriate.) If the median was 

reported, then the authors should not use the word "average", as this implies mean. 

line 148: terminus not terminal 

197: significantly fewer, not less (and correct similar issues throughout). 

Throughout: "titan inducing condition " not "titan inducible condition" Also: watch out 

for "tian". 

Line 241: To improve clarity, specify for the reader that GPA1Q284L is constitutively 

active. 

line 151; 177-179; 183, 217, 231/232, 249, 293-297, 308, 309, 310/311, 311, 344, 358, 

374, 376, 415: typos



Title: Ubiquitin proteolysis of a CDK-related kinase regulates cell size 1 and 

fungal virulence in Cryptococcus neoformans (NCOMMS-21-47756) 

REVIEWER COMMENTS

Reviewer #1 (N]eYjck lg l`] =ml`gj) Whd]Yk] k]] Ydkg l`] YllY[`]\ \g[me]flX:

P`] eYfmk[jahl Zq ?Yg Yf\ [gdd]Y_m]k \]k[jaZ]k l`] ^mf[lagf g^ l`] A3 da_Yk] BZh1 af

lalYf []dd ^gjeYlagf Yf\ `go alk mZaimalafYlagf g^ l`] ?@G-j]dYl]\ cafYk] ?jc1 j]kmdlk

af [gfljgd g^ ChY1 Yf\ [=IL/LG= ka_fYdaf_ l`Yl mdlaeYl]dq d]Y\k lg []dd kar]

eg\a^a[Ylagfk Yf\ lalYf []dd ^gjeYlagf af l`] `meYf ^mf_Yd hYl`g_]f ?jqhlg[g[[mk

f]g^gjeYfk l`Yl aehY[l najmd]f[]. P`]k] klm\a]k hjgna\] aehjgn]\ [dYjalq gf [jala[Yd

mfcfgof Ykh][lk g^ l`] ka_fYd ljYfk\m[lagf hYl`oYq afngdn]\ af []dd kar] j]_mdYlagf l`Yl

dafc []dd \anakagf Yf\ e]agkak ]n]flk af Y [gfl]pl gmlka\] g^ [dYkka[Yd eYlaf_/khgjmdYlagf

y Y hjg[]kk l`Yl ak fgl o]dd mf\]jklgg\ af Yfq gj_Yfake Zml l`Yl ak g^ [jala[Yd aehgjlYf[],

]kh][aYddq af l`] [gfl]pl g^ `meYf [Yf[]j, Y\YhlYlagf, ]ngdmlagf, Yf\ ]n]f \jm_

j]kaklYf[] e][`Yfakek.

P`] klm\a]k hj]k]fl]\ Yj] [d]Yj Yf\ o]dd \]k[jaZ]\ oal` gfdq eafgj ]ph]jae]flYd Yj]Yk

o`]j] l`] Yml`gjk `Yn] gn]jklYl]\ l`]aj [gf[dmkagfk gj o`]j] l`] \YlY Yj] fgl

l`gjgm_`dq kmhhgjl]\ Zq l`]aj \YlY. @]lYad]\ [gee]flk Yj] dakl]\ Z]dgo.

1. ApYehd] D&A k][lagfk l`Yl o]j] YfYdqr]\ lg _]f]jYl] l`] \YlY hj]k]fl]\ af Ba_ 1Y

f]]\ lg Z] af[dm\]\ kg l`] j]Y\]j [Yf \]l]jeaf] o`]l`]j l`] \YlY hj]k]fl]\ af Y[[mjYl]dq

j]hj]k]fl l`] \YlY l`Yl Yj] nakaZd] af l`] ea[jgk[gha[ k][lagfk. >][Ymk] l`]k]

ea[jgk[gha[ kda\]k Yj] lqha[Yddq gfdq 5me lakkm] k][lagfk Yf\ ?jqhlg[g[[mk []ddk Yj]

Yfqo`]j] ^jge 2-100me af \aYe]l]j, mkaf_ kda\]k ^gj e]Ykmj]e]flk g^ ?jqhlg[g[[mk

kar] `Yk Y `a_` \]_j]] g^ afY[[mjY[q Z][Ymk] al ak mfcfgof a^ l`] e]Ykmj]e]fl ak Z]af_

lYc]f l`jgm_` l`] ea\\d] g^ l`] []dd. E^ k]jaYd k][lagfk Yj] fgl YfYdqr]\ lg n]ja^q l`Yl l`]

kYe] []dd ak fgl YfYdqr]\ gf emdlahd] kda\]k, Yf\ l`Yl Ydd []ddk `Yn] Yf ]imYd [`Yf[] g^

Z]af_ j]hj]k]fl]\ af k][lagfk, l`]f Yf af\a[Ylagf g^ []dd kar] [Yf Z] _d]Yf]\ ^jge

YfYdqkak g^ D&A k][lagfk. Dgo]n]j, nakmYd [gehYjakgf g^ l`] kda\]k Yf\ l`] \YlY k`gmd\

YdoYqk Z] hj]k]fl]\ kaemdlYf]gmkdq.

=: P`Yfc qgm ^gj l`ak km__]klagf. S] `Yn] af[dm\]\ ]pYehd]k g^ D&A k][lagfk af l`]

^a_mj] k1Y lg j]hj]k]fl l`] lalYf []dd h]j[]flY_] g^ D99, l`] C?K'H emlYfl Yf\ l`]

C?K'H+0-9' [gehd]e]fl kljYaf. ApYehd] g^ D&A-klYaf]\ kda\]k [Yf Ydkg Z] ^gmf\ af

gmj hj]nagmk hmZdak`]\ hYh]j (@KE: 10.1128/E=E.00994-13). =k ^a_mj] k1Y k`gok, gmj

lakkm] k][lagfk o]j] gn]j 5we. S] gZk]jn]\ YZmf\Yfl D99 Yf\ l`] C?K'H+0-9' []ddk

af af^][l]\ dmf_k, Zml dmf_k af^][l]\ Zq l`] C?K'� emlYfl k`go]\ n]jq ^]o q]Ykl []ddk

Yl \a^^]j]fl lae] hgaflk. S] YfYdqr]\ k]jaYd k][lagfk g^ dmf_ lakkm]k ^jge \a^^]j]fl ea[]

lg Ynga\ j]h]Yl e]Ykmj]e]fl g^ l`] kYe] []dd. S] Y_j]] l`Yl e]Ykmj]e]flk g^

.LQKNJ@J@@OM kar] mkaf_ kda\]k `Yk Y `a_` \]_j]] g^ afY[[mjY[q, Yf\ fgl Ydd []ddk o]j]

e]Ykmj]\ ^jge l`] ea\\d], o] l`gm_`l l`Yl Ydd l`j]] af^][l]\ dmf_ kYehd]k o]j]



e]Ykmj]\ Zq l`] kYe] oYq, l`] \YlY k`gmd\ Z] Y[[]hlYZd]. S] Ydkg [gf^aje]\ l`ak

gZk]jnYlagf Zq imYfla^a[Ylagf g^ dYj_] []dd h]j[]flY_] af >=HB kYehd]k (Ba_. 1Z-1\).

2. P`ak j]na]o]j `Yk [gf[]jfk oal` l`] oYq l`] klYlakla[k Yj] hj]k]fl]\ af Ba_mj] 1. =k

hj]k]fl]\, klYlakla[Yd ka_fa^a[Yf[] oYk gfdq gZk]jn]\ Z]lo]]f l`] ol Yf\ ^Zh1 emlYfl

Yf\ fgl Z]lo]]f l`] emlYfl Yf\ l`] [gehd]e]fl, ]n]f l`gm_` l`] [gehd]e]fl Yhh]Yjk

lg `Yn] Y kaeadYj h`]fglqh] lg l`] ol. E^ l`ak ak ljm], l`]k] \YlY Yj] n]jq [gf[]jfaf_ Yf\

jYak]k l`] im]klagf Yk lg `go klYlakla[Yddq ka_fa^a[Yf[] oYk gZlYaf]\ ^gj l`] emlYfl, Zml

fgl l`] [gehd]e]fl af [gehYjakgf lg l`] ol, Yf\ o`q Y \a^^]j]f[] Z]lo]]f l`] emlYfl

Yf\ l`] [gehd]e]fl oYk Ydkg fgl gZk]jn]\. P`]k] klYlakla[k \g fgl eYc] Yfq k]fk] lg

l`ak j]na]o]j.

=: P`Yfck ^gj l`ak aehgjlYfl [gee]fl Yf\ kgjjq ^gj l`] [gf^mkagf af klYlakla[k

hj]k]flYlagf. Ef gja_afYd kmZeakkagf, o] gfdq [gehYj]\ oad\ lqh] oal` l`] ^Zh1x

emlYfl mkaf_ log-lYad]\ l l]kl Z][Ymk] Ydd gmj hj]nagmk klm\a]k k`go]\ l`Yl l`] emlYfl

[Yf Z] ^mddq [gehd]e]fl]\ Zq j]afljg\m[af_ B>L1 _]f]. Ef l`ak j]nakagf, o] [gjj][l]\

l`] klYlakla[Yd YfYdqkak oal` l`] GjmkcYd-SYddak fgfhYjYe]lja[ l]kl ^gj emdlahd]

[gehYjakgf. D]j] o] hj]k]fl l`] klYlakla[Yd ka_fa^a[Yf[] Z]lo]]f oad\ lqh] Yf\ Ydd gl`]j

_jgmhk.

3. Ba_ 1^ y af\a[Yl] l`] \a^^]j]f[] Z]lo]]f l`] ZdY[c Yf\ j]\ daf]k af l`] ^dgo hdgl

(Ykkme] l`] ZdY[c daf] ak fgjeYd [gf\alagfk Yf\ l`] j]\ daf] ak af >=H Zml l`ak ak fgl

klYl]\ af l`] ^a_mj] d]_]f\ gj gf l`] \aY_jYe).

=: S] Yhgdg_ar] ^gj l`] af[gehd]l] af^gjeYlagf af gmj gja_afYd kmZeakkagf. S] Y\\]\

l`] ^a_mj] k1\ lg k`go l`] _Ylaf_ kljYl]_q \mjaf_ l`] YfYdqkak g^ l`] @J= [gfl]fl.

>ja]^dq, []ddk o]j] [mdlmj]\ mf\]j lalYf []dd af\m[af_ [gf\alagfk ^gj 3 \Yqk Yf\ YfYdqr]\

Zq \gl hdglk (BO?/OO?) mkaf_ ^dgo [qlge]ljq. BO?/OO?`a_` (j]\ Zgj\]jk/daf]k) Yf\

BO?/OO?dgo (ZdY[c Zgj\]jk/daf]k) j]hj]k]fl lalYf []ddk (P?) Yf\ lqha[Yd []ddk (l?),

j]kh][lan]dq. P`ak \YlY ak lg [gf^aje l`Yl l`] dYj_] []ddk ^jge l`] C?K'x emlYfl `Yk l`]

kYe] hgdqhdga\q Yk l`gk] af l`] oad\ lqh] D99.

4. Haf]k 177-180. P`ak k][lagf f]]\k lg Z] j]ojall]f Yk l`] Yml`gjk kl]h gn]j l`] daf]

Z]lo]]f kmeeYjaraf_ l`]aj j]kmdlk Yf\ eYcaf_ [gf[dmkagfk. S`ad] l`]q [Yf klYl] l`Yl

l`]aj \YlY km__]kl l`Yl ?jc1 hdYqk aehgjlYfl jgd] af BZh1-e]\aYl]\ ^mf_Yd e]agkak Yf\

khgjmdYlagf. P`]q hjgna\] fg \aj][l \YlY af l`ak k][lagf lg dafc ?jc1 lg n]_]lYlan] _jgol`

gj lalYf []dd ^gjeYlagf. P`mk, l`]aj dYkl k]fl]f[] ak kh][mdYlagf. El ogmd\ Z] Z]ll]j lg dYq

l`] ^gmf\Ylagf ^gj l`ak Yj_me]fl af l`] hj]nagmk hYjY_jYh` Yf\ l`]e egj] ^mddq \]n]dgh

l`ak [gf[]hl af l`] @ak[mkkagf k][lagf.

=: P`Yfc qgm ^gj hgaflaf_ gml l`] eakd]Y\af_ k]fl]f[]. P`ak ak Y nYda\ hgafl. P`] dYkl

k]fl]f[] ak fgl Y [gf[dmkagf, al ak gmj gZk]jnYlagf ^jge Ba_ 2\. S] `Yn] \]d]l]\ l`ak

k]fl]f[] Yf\ e]flagf]\ l`ak af^gjeYlagf af l`] \ak[mkkagf hYjl zS] Ydkg a\]fla^a]\ Y

?jc1 ka_fYd o`]f []ddk o]j] _jgof af UL@ [mdlmj] [gf\alagfk (Ba_ 2\), af\a[Ylaf_ l`Yl



?jc1 ak fgl Y e]agkak-kh][a^a[ hjgl]af Yf\ eYq ]p`aZal []ddmdYj ^mf[lagfk gl`]j l`Yf

j]_mdYlaf_ e]agkak hjg[]kk]k af .% IBJCJLH>IM, o`a[` ak \a^^]j]fl ^jge alk Ee]2

`gegdg_ af <% @BLBPEME>B 56,59{.

5. Ba_ k2Z k`gmd\ Z] egn]\ lg Ba_3 Yk l`ak af^gjeYlagf ak [jala[Yd lg k`go l`Yl l`] dYj_]

[]ddk _]f]jYl]\ Zq l`] ?NG1KA kljYaf Yj] ZgfY ^a\] lalYf []ddk.

=: P`Yfc qgm ^gj l`ak km__]klagf. S] `Yn] egn]\ B=?O YfYdqkak g^ @J= [gfl]fl af

l`] ?NG18/ Yf\ l`] ?NG1�9/<= kljYafk lg l`] eYaf ^a_mj] ^a_.1].

6. Ba_ 3`. z?Yl]_gja]k{ ak nY_m]. =j] l`]k] CK l]jek< I]lYZgda[ [Yl]_gja]k<

=: Ogjjq l`Yl o] \a\ fgl eYc] l`] [Yl]_gja]k [d]Yj. El ak ZYk]\ gf CK l]je. S] Y\\]\

l`] af^gjeYlagf lg l`] ^a_mj] d]_]f\ g^ Ba_.3a Yf\ l`] eYaf l]pl (daf] 226).

7. P`] [jc1� CL=1M284H emlYfl _jgof mf\]j af naljg lalYf af\m[af_ [gf\alagfk l`Yl

hjg\m[]k ]fdYj_]\ []ddk f]]\k lg Z] YfYdqr]\ ^gj hdga\q lg [gf^aje l`Yl l`] []ddk Yj]

ZgfY ^a\] lalYf []ddk Yf\ l`] \YlY hj]k]fl]\ af l`] ^a_mj]. OaeadYjdq, Ydd g^ l`] kljYafk af

Ba_ 4 l`Yl Yj] hmlYlan]dq hjg\m[af_ lalYf []ddk k`gmd\ Z] YfYdqr]\ ^gj hdga\q lg [gf^aje

lalYf []dd ^gjeYlagf af l`ak YfYdqkak Yf\ l`] \YlY hj]k]fl]\ af l`] ^a_mj].

=: P`Yfc qgm ^gj l`ak km__]klagf. S] YfYdqr]\ l`] hdga\q g^ ]fdYj_]\ []ddk l`Yl Yj]

af\m[]\ mf\]j l`] lalYf []dd af\m[af_ [gf\alagfk. =k k`gof af Ba_ k6\, l`] 19,':(*)5

kljYaf, l`] @LF'� 19,':(*)5 kljYaf, Yf\ l`] kljYafk lj]Yl]\ oal` ]pg_]fgmk [=IL gj

gn]j]phj]kkagf g^ 19,' [Yf Z] af\m[]\ lg hjg\m[] hgdqhdga\q af ]fdYj_]\ []ddk.

8. P`] dg[YdarYlagf \YlY ^gj ChY1 ak mf[gfnaf[af_. El Ydd `af_]k gf ^dmgj]k[]f[] \YlY

hj]k]flaf_ af Ba_mj] 4a. U]l al ak mf[d]Yj `go l`] Yml`gjk Y[[gmfl]\ ^gj l`] \a^^]j]f[] af

ngdme]/kar] g^ l`] []ddk af l`]aj \]l]jeafYlagf g^ l`] ^dmgj]k[]f[] Yf\ dg[YdarYlagf g^

l`] CL=1:CBL ka_fYd. ?gmd\ l`] \][j]Yk] af [qlgkgda[ ka_fYd af l`] lalYf []dd kaehdq Z]

\m] lg l`] dYj_]j kar] g^ l`] lalYf []dd j]kmdlaf_ af l`] hjgl]af Z]af_ \akljaZml]\ Y[jgkk Y

dYj_]j ngdme] (a.]. Y Za__]j kh`]j]). S`Yl `Yhh]fk a^ l`] Yml`gjk lYc] aflg Y[[gmfl l`]

ngdme] g^ l`] []dd o`]f e]Ykmjaf_ l`] afl]jfYd/[qlgkgda[ ^dmgj]k[]f[]< Ef l`]

@ak[mkkagf k][lagf, Haf]k 348-350, l`] Yml`gjk eYc] l`] Zgd\ klYl]e]fl l`Yl z?jc1-

e]\aYl]\ ChY1 h`gkh`gjqdYlagf af\m[]k ChY1 e]eZjYf] dg[YdarYlagf lg lja__]j CL?N

Y[lanYlagf g^ l`] ChY1-[=IL ka_fYdaf_ lg j]_mdYl] []dd kar] af ?. f]g^gjeYfk{. Ef l`ak

j]na]o]j|k ghafagf, l`] Yml`gjk [Yffgl eYc] l`ak klYl]e]fl oal`gml ka_fa^a[Yfl

Y\\alagfYd hjgg^ g^ \a^^]j]f[]k af ChY1 hjgl]af

dg[YdarYlagf \a^^]j]f[]k af l`] ?jc1 emlYflk. Bgj ]pYehd], l`] Yml`gjk [gmd\ h]j^gje

kmZ-[]ddmdYj dg[YdarYlagfk oal` ChY1-BH=C kljYaf af l`] \a^^]j]fl ZY[c_jgmf\k mf\]j

l`] lalYf af\m[af_ [gf\alagfk Yf\ ]pYeaf] l`] e]eZjYf] nk. [qlgkgda[ ^jY[lagfk lg

imYfla^q hjgl]af d]n]dk af l`] \a^^]j]fl ^jY[lagfk.

=: P`ak ak Y nYda\ hgafl. >]ka\]k l`] dg[YdarYlagf g^ l`] CL=1:CBL ka_fYd, o] e]Ykmj]\



l`] kmZ-[]ddmdYj dg[YdarYlagf g^ ChY1 ka_fYd af l`] lqha[Yd kar] []ddk Yf\ lalYf []ddk af Y

o]kl]jf Zdgl Yk km__]kl]\. Kmj \YlY [gf^aje]\ l`Yl egj] ChY1 e]eZjYf] dg[YdarYlagf

af l`] lalYf []dd ]fja[`]\ kYehd]k. >Yk]\ gf l`] j]kmdl (Ba_. 4d), o] `Yn] Y\\]\ l`]

^gddgoaf_ k]fl]f[]k lg l`] eYaf l]pl. zOaf[] l`] .;4'R9/<= kljYaf hjg\m[]\ egj] lalYf

[]ddk l`Yf \a\ l`] @LF'� emlYfl o`]f gn]j]phj]kkaf_ 19,', []ddk g^ l`] @LF'� emlYfl

Yf\ l`] .;4'�9/<= kljYaf ]phj]kkaf_ LC@L1-ChY1:BH=C o]j] mk]\ lg j]hj]k]fl lqha[Yd

[]ddk Yf\ lalYf []ddk, j]kh][lan]dq. S] k]hYjYl]\ l`] e]eZjYf] Yf\ [qlgkgda[ ^jY[lagfk

g^ lqha[Yd []ddk Yf\ lalYf []ddk. OYehd]k o]j] fgjeYdar]\ lg l`] kYe] \jq o]a_`l Yf\

o]j] YfYdqr]\ ^gj l`] hj]k]f[] g^ l`] ChY1:BH=C ka_fYd af ]Y[` ^jY[lagf. =k k`gof af

Ba_ 4d, lqha[Yd []ddk Yf\ lalYf []ddk ]p`aZal [gehYjYZd] ChY1 d]n]dk af l`] [qlgkgda[

^jY[lagf, o`]j]Yk lalYf []ddk ]p`aZal egj] ChY1 af l`] e]eZjYf] ^jY[lagf [gehYj]\ lg

lqha[Yd []ddk.{

9. Haf] 321 y gn]jhjg\m[lagf g^ lalYf []dd `Yk hj]nagmkdq Z]]f k`gof lg j]kmdl af

\][j]Yk]\ najmd]f[]. O]] ?jYZlj]] ]l Yd., 2012; KcY_Yca ]l Yd., 2011 Yf\ KcY_Yca ]l Yd.,

2012

=: S] [al]\ l`]k] l`j]] hmZda[Ylagfk af gmj \ak[mkkagf hYjl. zRajmd]f[] Yll]fmYlagf g^

.;4'�9/<=, C?K'x, Yf\ 19,':(*)5 kljYafk ak hYjY\gpa[Yd lg l`]aj gn]jhjg\m[lagf g^ lalYf

[]ddk Z][Ymk] lalYf []ddk Yj] cfgof lg [gfljaZml] lg [jqhlg[g[[Yd najmd]f[] (KcY_Yca BN

>G, 2010; VYjY_grY BN >G, 2010; KcY_Yca BN >G, 2012; KcY_Yc BN >G, 2011 ?jYZlj]] BN >G,

2012){ (daf] 440-442)

10. Haf]k 396-397 y P`] klYl]e]fl l`Yl ChY1 h`gkh`gjqdYlagf ak ljYfka]fl ak mf[d]Yj

Yf\ fgl o]dd kmhhgjl]\.

=: P`Yfc qgm ^gj hgaflaf_ gml l`] eakd]Y\af_ k]fl]f[]. S] `Yn] [gjj][l]\ l`ak k]fl]f[]

lg zEl k`gmd\ Z] fgl]\ l`Yl ChY1 h`gkh`gjqdYlagf Zq ?jc1 oYk \]l][l]\ mf\]j lalYf []dd

af\m[af_ [gf\alagfk, Zml fgl af l`] gl`]j [gf\alagfk o] l]kl]\, l`]j]Zq af\a[Ylaf_ Y

kh][a^a[ jgd] g^ ?jc1 af l`] j]_mdYlagf g^ lalYf []dd hjg\m[lagf.{ (daf] 429-432)

11. Haf]k 415-421: El eYq Z] ogjl` e]flagfaf_ l`Yl l`] jae101 emlYfl, af o`a[` l`]

CL=1/[=IL hYl`oYq ak Ydkg mhj]_mdYl]\ Zml \gofklj]Ye g^ lalYf []dd ka_fYdaf_

l`]j]^gj] hjg\m[]k fg lalYf []ddk, `Yk Yf YZfgjeYd []dd oYdd kljm[lmj] l`Yl Ydkg af\m[]k

Y P`1/P`17 aeemf] j]khgfk]. P`mk, al ak hgkkaZd] l`Yl l`] ^Zh1 Yf\ ?NG1KA kljYafk

Yj] lja__]jaf_ l`] kYe] []dd oYdd h`]fglqh] Zml af l`] [gfl]pl g^ lalYf []ddk, j]kmdlaf_ af

Yf aeemf] j]khgfk] l`Yl ak kaeadYj lg l`] jae101 emlYfl. O]] K|I]YjY ]l Yd., 2013; Kkl

]l Yd., 2017; Sa]kf]j ]l Yd., 2015

=: P`Yfc qgm ^gj l`] km__]klagf. S] `Yn] Y\\]\ k]n]jYd k]fl]f[]k af gmj \ak[mkkagf.

zEf\]]\, l`] klm\a]k gf Nae101, Y \gofklj]Ye ljYfk[jahlagf ^Y[lgj g^ [=IL/LG=

hYl`oYq, k`go l`Yl \]d]lagf g^ ;36'&' Ydl]jk []dd kmj^Y[] kljm[lmj] Yf\ Zdg[ck lalYf []dd

hjg\m[lagf sKkl, 2017 $2179tsK'I]YjY, 2013 $2181t. P`] []dd kmj^Y[] [gehgf]fl

[`alaf `Yk Z]]f j]hgjl]\ lg Zgl` klaemdYl]k Yf\ af`aZalk aeemf] j]khgfk]k sKkl, 2017



$2179tsSa]kf]j, 2015 $1608t. P`] LEH'&'x emlYfl `]dhk lg ]phgk] []dd kmj^Y[]

Yfla_]fk lg l`] aeemf] kqkl]e Yf\ af[j]Yk] hjgaf^dYeeYlgjq [qlgcaf] d]n]dk, af[dm\af_

kljgf_ P`1 Yf\ P`17 j]khgfk]k sKkl, 2017 $2179t. P`] C?K'x emlYfl Yf\ l`]

.;4'�9/<= kljYaf eYq `Yn] kaeadYj []dd kmj^Y[] [`Yf_]k Yk l`] LEH'&'x emlYfl, Yf\

l`]k] hgkkaZadala]k f]]\ lg Z] afn]kla_Yl]\ af ^mlmj] klm\a]k.{ (daf]454-461)

12. P`] eYfmk[jahl `Y\ fme]jgmk akkm]k oal` Af_dak` dYf_mY_] l`Yl eY\] j]Y\af_

[`Ydd]f_af_. Efkl]Y\ g^ hjgna\af_ Y [gehj]`]fkan] dakl g^ j][gee]f\]\ [`Yf_]k, Yf

]\al]\ n]jkagf g^ l`] eYfmk[jahl oal` kge] g^ l`] km__]kl]\ eg\a^a[Ylagfk ak YllY[`]\.

P`ak ak fgl Yf ]p`Ymklan] ]\alaf_ g^ l`] eYfmk[jahl, Yf\ al ak j][gee]f\]\ l`Yl l`]

Yml`gjk `Yn] Y fYlan] Af_dak` kh]Yc]j j]na]o l`] eYfmk[jahl ^gj hjgh]j mkY_] g^

k[a]fla^a[ dYf_mY_] hjagj lg j]kmZeakkagf.

=: S] Yj] _jYl]^md ^gj l`] [Yj]^md ]\alk Yf\ l`] j][gee]f\]\ eg\a^a[Ylagfk Zq l`]

j]na]o]j. P`] j]nak]\ n]jkagf `Yk Z]]f [Yj]^mddq j]Y\ Zq Ydd Yml`gjk Yf\ Y fYlan] Af_dak`

kh]Yc]j lg [gjj][l Yfq _jYeeYla[ ]jjgjk.

Reviewer #2 (N]eYjck lg l`] =ml`gj):

P`ak eYfmk[jahl afn]kla_Yl]k l`] [gfljgd g^ []dd kar], af hYjla[mdYj l`] ^gjeYlagf g^ PalYf

[]ddk, Yf\ alk j]dYlagf lg ^mf_Yd najmd]f[] af ? f]g^gjeYfk. El oYk hj]nagmkdq k`gof l`Yl

ChY1-[=IL ka_fYdaf_ j]_mdYl]k []dd kar] Yf\ ^mf_Yd najmd]f[]. D]j] l`] Yml`gjk j]hgjl

l`Yl ChY1 ak alk]d^ j]_mdYl]\ l`jgm_` h`gkh`gjqdYlagf Zq l`] hjgl]af cafYk] ?jc1, Yf\

l`Yl ?jc1 ak j]_mdYl]\ Zq l`] mZaimalaf da_Yk] O?B-BZh1. P`mk Ydd l`j]] hjgl]afk (ChY1,

BZh1 Yf\ ?jc1) j]_mdYl] e]agkak, PalYf []dd ^gjeYlagf, Yf\ ^mf_Yd najmd]f[].

P`] hj]k]fl eYfmk[jahl ogmd\ Z] em[` kljgf_]j a^ al k`go]\ l`Yl hmja^a]\ O?B-BZh1

\aj][ldq mZaimalafYl]k ?jc1 gj Yl Y eafaeme l`Yl ?jc1 ak Y[lmYddq mZaimalafYl]\ (Yf\

l`Yl BZh1 ak j]imaj]\ ^gj l`] Yhh]YjYf[] g^ mZaimalafYl]\ ?jc1 af []ddk). El ogmd\ Ydkg

Z] em[` kljgf_]j a^ l`] hYh]j k`go]\ l`Yl hmja^a]\ ?jc1 \aj][ldq h`gkh`gjqdYl]k ChY1

gj Yl Y eafaeme l`Yl ChY1 ak Y[lmYddq h`gkh`gjqdYl]\.

=: S] l`Yfc l`] j]na]o]j ^gj l`]k] afka_`l^md km__]klagfk. S] `Yn] [gf\m[l]\ l`] EI

PEPJ mZaimalafYlagf YkkYq (Ba_. 2_), h`gkh`YlYk] YkkYq (Ba_. 4^) Yf\ EI PENLJ cafYk] YkkYq

(Ba_.4_) lg kmhhgjl gmj [gf[dmkagfk. S] Ydkg j]h]Yl]\ l`] \]l][lagf g^ ChY1

h`gkh`gjqdYlagf \mjaf_ lalYf []dd af\m[lagf oal` Y\\alagfYd [gfljgdk Yk km__]kl]\. Kmj

j]kmdlk [gf^aje]\ l`Yl ?jc1 ak mZaimalafYl]\ Zq BZh1 A3 da_Yk], Yf\ ?jc1 \aj][ldq

h`gkh`gjqdYl] ChY1. P`] eYfmk[jahl `Yk Z]]f mh\Yl]\ oal` \]lYad]\ hj]k]flYlagf g^ l`]

f]o \YlY.

G]q ^af\af_k

1. BZh1-?jc1 Yf\ ?jc1-ChY1 afl]jY[lagfk Yj] k`gof Zq q]Ykl log `qZja\ Yf\ [g-EL.

2. @]d]lagf g^ B>L1 klYZadar]k ?jc1, af[j]Yk]k []dd Zg\q kar], Yf\ \][j]Yk]k najmd]f[].



3. @]d]lagf g^ ?NG1 af[j]Yk]k ChY1 egZadalq (\][j]Yk]k h`gkh`gjqdYlagf<), \][j]Yk]k

[]dd Zg\q kar] Yf\ af[j]Yk]k najmd]f[]. Kn]j]phj]kkagf gj klYZadarYlagf g^ ?NG1 `Yk

ghhgkaf_ ]^^][lk.

PalYf []dd ^gjeYlagf Yf\ najmd]f[] ak k`gof af dmf_k \mjaf_ ?jqhlg[g[[mk af^][lagf,

Yf\ ak o]dd imYfla^a]\, ^gj ^Zh1 emlYfl , [jc1 emlYfl Yf\ ?NG1 gn]j]phj]kkagf.

I]agkak ak k`gof Zq nakmYdarYlagf g^ eYlaf_ kljm[lmj]k. P`ak [gmd\ Z] \gf] af Y egj]

imYflalYlan] eYff]j (B=?O<).

=: S] Y_j]] oal` l`] j]na]o]j l`Yl al ak Z]ll]j lg k`go e]agkak af Y egj] imYflalYlan]

eYff]j. Dgo]n]j, o] oadd fgl Z] YZd] lg imYfla^q e]agkak ]^^a[a]f[q af .% IBJCJLH>IM

\m] lg l`] l][`faim] daealYlagfk. .% IBJCJLH>IM Z]dgf_k af l`] h`qdme >Yka\ageq[glY,

Z][Ymk] al _]f]jYl]k Y ^adYe]flgmk k]pmYd klYl] l`Yl j]kmdlk af khgj] hjg\m[lagf ^jge Y

ZYka\ame kljm[lmj]. IYlaf_ hjg[]kk af .% IBJCJLH>IM af[dm\]k []ddk ^mkagf, \acYjqgla[

^adYe]fl ^gjeYlagf, ZYka\ame ^gjeYlagf, fm[d]Yj ^mkagf, Yf\ l`]f e]agkak. Qfdac] eYfq

Yk[geq[]l]k l`Yl mf\]j_g e]agkak lg hjg\m[] ^gmj khgj]k, .LQKNJ@J@@OM kh][a]k Yj]

\aklaf_mak`]\ Zq ZYka\aY oal` ^gmj dgf_ [`Yafk g^ YllY[`]\ khgj]k l`Yl Yj] ]Ykadq

\akh]jk]\. P`]j]^gj], al ak \a^^a[mdl lg akgdYl] l`] e]agkak kh][a^a[ eYl]jaYd ^gj

imYfla^a[Ylagf. Ef Y\\alagf, eYlaf_ gfdq `Yhh]fk gf kgda\ Y_Yj hdYl]k gj gl`]j `Yj\

kmj^Y[], Y\\af_ lg l`] [`Ydd]f_] lg akgdYl] e]agkak kh][a^a[ eYl]jaYdk. S] g^l]f h]j^gje

[]dd ^mkagf YkkYq lg imYfla^q l`] []dd ^mkagf ]^^a[a]f[q af q]Ykl ^gje, Zml l`Yl kl]h ak

hjagj lg e]agkak. S] ogmd\ []jlYafdq Z] n]jq afl]j]kl]\ af ^af\af_ Y oYq lg imYfla^q

e]agkak af .% IBJCJLH>IM, Zml eYq Z]qgf\ l`] k[gh] g^ l`ak klm\q.

?jc1 klYZadalq oYk k`gof Zq o]kl]jf Zdgllaf_ Y^l]j Y Zdg[c gf ljYfk[jahlagf, af SP Yf\

^Zh1 emlYfl []ddk. Jgl]: l`ak ]ph]jae]fl \g]k JKP k`go l`Yl z?jc1 ak Y kmZkljYl] g^

BZh1,{ Yk [dYae]\. P`ak [jm[aYd ]ph]jae]fl k`gmd\ Z] \gf] af Y egj] imYflalYlan], \aj][l,

Yf\ o]dd [gfljgdd]\, eYff]j. Ek ?jc1 Y[lmYddq mZaimalafYl]\< @g]k mZaimalafYlagf

j]imaj] BZh1< Ek l`ak ZYf\ j]Yddq ?jc1 (l`]j] ak fg f]_Ylan] [gfljgd, km[` Yk mflY__]\

?jc1)<

=: P`ak ak Y nYda\ hgafl. S] l`Yfc l`] j]na]o]j ^gj l`ak km__]klagf. S] \a\ l`] 3I PEPJ

mZaimalafYlagf YkkYq lg \]l][l l`] hgdqmZaimalafYl]\ ?jc1. =k k`gof af Ba_mj] 2_. P`]

ke]Yj ka_fYd gf l`] lgh g^ ?jc1:D= (u141c@) af\a[Yl]k l`Yl ?jc1 ak mZaimalafYl]\. S]

lj]Yl]\ []ddk oal` hjgl]Ykge] af`aZalgj IC132, hmja^a]\ ?jc1 mkaf_ D= YflaZg\q Yf\

\]l][l]\ ?jc1:D= ka_fYd mkaf_ D= YflaZg\q. S] gZk]jn]\ l`Yl ?jc1 mZaimalafYlagf ak

\aeafak`]\ af l`] C?K'� emlYfl [gehYj]\ lg l`] D99 ZY[c_jgmf\, o`a[` km__]kl l`Yl

BZh1 ak afngdn]\ af ?jc1 mZaimalafYlagf. S] \a\ fgl \]l][l D=ka_fYd af f]_Ylan] [gfljgd

(D99+n][lgj), o`a[` [gf^ajek l`Yl l`] ZYf\ ak j]Yd ?jc1:D= ka_fYd.

ChY1 h`gkh`gjqdYlagf oYk k`gof Zq Y egZadalq k`a^l mhgf o]kl]jf Zdgllaf_ af SP Yf\

[jc1 emlYfl []ddk. JKPA: Y egZadalq k`a^l [gmd\ Z] \m] lg h`gkh`gjqdYlagf (gj Yfgl`]j

eg\a^a[Ylagf) Yf\ Yk Y j]kmdl g^ ?jc1 Y[lanalq (gj l`] Y[lanalq g^ Yfgl`]j \gofklj]Ye

hjgl]af cafYk] gj h`gkh`YlYk]). P`ak [jm[aYd ]ph]jae]fl k`gmd\ Z] \gf] af Y egj]



imYflalYlan], \aj][l, Yf\ o]dd [gfljgdd]\, eYff]j. Ek l`ak ZYf\ j]Yddq ChY1 (Y_Yaf l`]j]

ak fg f]_Ylan] [gfljgd ^gj l`] YflaZg\q)< Ek l`] egZadalq k`a^l j]n]jk]\ Zq h`gkh`YlYk]

lj]Yle]fl< >q emlYlagf g^ l`] h`gkh`gjqdYlagf kal]< >q emlYlagfYddq afY[lanYlaf_ ?jc1

cafYk] Y[lanalq< Ek al Ydkg Y^^][l]\ Zq \]d]lagf g^ BZh1< S`q ak em[` g^ ChY1 kladd

h`gkh`gjqdYl]\ af l`] [gehd]l] YZk]f[] g^ l`] cafYk] l`Yl h`gkh`gjqdYl]k ChY1<

=: P`Yfc qgm ^gj l`]k] km__]klagfk. S] h]j^gje]\ l`] h`gkh`YlYk] YkkYq (Ba_mj] 4^)

Yf\ gZk]jn]\ l`Yl l`] egZadalq k`a^l g^ ]al`]j lglYd ]pljY[lk gj hmja^a]\ ChY1:BH=C [Yf

Z] j]n]jk]\ Zq h`gkh`YlYk] lj]Yle]fl. Ef Ba_mj] 4`, o] Y\\]\ Y f]_Ylan] [gfljgd (D99)

Yf\ \a\f|l \]l][l Yfq BH=C ka_fYd mkaf_ Yfla-BH=C YflaZg\q. S] Ydkg \]l][l]\

ChY1:BH=C ka_fYd af l`] C?K'x emlYfl Yf\ l`] .;4'x9/<= ZY[c_jgmf\ kljYafk. P`]

imYflalYlan] \YlY k`go]\ fg ka_fa^a[Yfl \a^^]j]f[] [gehYj]\ lg l`] D99 ZY[c_jgmf\.

Ef gmj j]nak]\ eYfmk[jahl, o] \a\f|l emlYfl l`] h`gkh`gjqdYlagf kal] g^ ChY1.

=dl`gm_` ?fChY1 ak l`] `gegdg_ g^ ChY2 af <% @BLBPEME>B, l`] h`gkh`gjqdYlagf kal]k g^

?fChY1 j]eYaf mf[d]Yj. P`] \aj][l h`gkh`gjqdYlagf kal]k g^ ?jc1 af ?fChY1 oadd Z] Y

_gg\ \aj][lagf ^gj ^mlmj] afn]kla_Ylagf. S] Ydkg h]j^gje]\ l`] EI PENLJ cafYk] YkkYq lg

k`go l`Yl ?jc1 h`gkh`gjqdYl]k ChY1 af l`] hj]k]f[] g^ =PL (Ba_mj] 4_).

Hgo d]n]dk g^ h`gkh`gjqdYl]\ ChY1 Yf\ lalYf []dd hjg\m[lagf [gmd\ kladd Z] \]l][l]\

af l`] YZk]f[] g^ ?jc1, km__]klaf_ l`Yl gl`]j hjgl]af cafYk]k Yj] dac]dq Ydkg afngdn]\ af

ChY1 h`gkh`gjqdYlagf af .% IBJCJLH>IM. Bgj ]pYehd], al `Yk Z]]f hmZdak`]\ l`Yl

_dq[g_]f kqfl`Yk] cafYk] (COG) h`gkh`gjqdYl]k ChY2 mf\]j faljg_]f klYjnYlagf

[gf\alagfk af <% @BLBPEME>B. (\ga: 10.1074/bZ[.N=119.009609)

Igj] ZjgY\dq kh]Ycaf_, E `Yn] Y eYbgj hjgZd]e oal` l`] e][`Yfakla[ [gf[dmkagfk l`Yl

l`] Yml`gjk \jYo ^jge fgf-e][`Yfakla[ _]f]la[ YhhjgY[`]k. P`] eg\]d af Ba_mj] 6 ak

fgl Y\]imYl]dq kmhhgjl]\ Zq l`] ]na\]f[], gj l`] []fljYd ^af\af_k Yk klYl]\ af l`] lald].

=k ojall]f, Ydd o] cfgo ak l`Yl dgkk g^ l`j]] \a^^]j]fl hjgl]afk (Y mZaimalaf da_Yk], Y

cafYk], Yf\ Y C hjgl]af) j]kmdlk af j]dYl]\ []ddmdYj h`]fglqh]k. Dgo]n]j Y k`Yj]\

h`]fglqh] \g]k fgl ]imYd Yf ]frqe]-kmZkljYl] j]dYlagfk`ah. Can]f l`Yl l`] _]f]

]phj]kkagf hjg^ad]k gn]jdYh gfdq hYjlaYddq (Ba_. 3) al k]]ek l`Yl ^mf[lagfk gn]jdYh gfdq

hYjlaYddq. P`] hjghgk]\ e][`Yfakla[ j]dYlagfk`ah [gmd\ Z] \aj][l gj af\aj][l, Yf\ af

[geegf gj af hYjYdd]d hYl`oYqk. Bgj ]pYehd], af O. []j]nakaY] Ade1 h`gkh`gjqdYl]k

ChY1 Zml al Ydkg mZaimalafYl]k gl`]j hjgl]afk l`Yl j]_mdYl] []dd _jgol` af\]h]f\]fldq g^

ChY1. ?\[4 mZaimalafYl]k ChY1 Zml al Ydkg mZaimalafYl]k gl`]j hjgl]afk l`Yl j]_mdYl] []dd

_jgol` af\]h]f\]fldq g^ ChY1.

=: P`ak ak Y nYda\ hgafl. S] Y_j]] oal` l`] j]na]o]j l`Yl l`] hjghgk]\ e][`Yfakla[

j]dYlagfk`ah [gmd\ Z] \aj][l gj af\aj][l. Kmj klm\q k`go]\ l`Yl BZh1 ^mf[lagfk Yk Yf A3

da_Yk], o`ad] ?jc1 ^mf[lagfk Yk Y ?@G-j]dYl]\ cafYk]. >gl` hjgl]afk Yj] afngdn]\ af

fme]jmk hjgl]af \]_jY\Ylagf gj eg\a^a[Ylagf, Yf\ l`] ChY1-[=IL hYl`oYq j]_mdYl]k

emdlahd] Zagdg_a[Yd hjg[]kk]k. >Yk]\ gf l`] km__]klagfk, o] h]j^gje]\ kge]

e][`Yfakla[ _]f]la[ YkkYqk, af[dm\af_ l`] EI PEPJ mZaimalafYlagf YkkYq, h`gkh`YlYk]



YkkYq Yf\ 3I PENLJ cafYk] YkkYq, lg hjgna\] egj] \aj][l Zag[`]ea[Yd ]na\]f[] lg kmhhgjl

gmj [gf[dmkagf. ?gfkakl]fl oal` l`] eg\]d, gmj \YlY \]egfkljYl] l`Yl ?jc1

mZaimalafYlagf ak \]h]f\]fl gf BZh1, Yf\ ChY1 [Yf Z] h`gkh`gjqdYl]\ Zq ?jc1. ?jc1

[gff][lk l`] jgd] g^ mZaimalaf-hjgl]Ykge] kqkl]e Yf\ l`] [=IL hYl`oYq lg j]_mdYl]

lalYf []dd hjg\m[lagf `]dh lg mf\]jklYf\ l`] e][`Yfake g^ []dd kar] Yf\ hYl`g_]f]kak af

.% IBJCJLH>IM.

Reviewer #3 (N]eYjck lg l`] =ml`gj):

?Yg ]l Yd., afn]kla_Yl] l`] j]\m[]\ \akk]eafYlagf Yf\ hYl`g_]f]kak g^ ^Zh1@, dY[caf_ Yf

A3 da_Yk] hj]nagmkdq k`gof lg h`qka[Yddq afl]jY[l oal` l`] cafYk] ?jc1. P`]q fa[]dq

\]egfkljYl] l`Yl ?jc1 ak Yf BZh1 kmZkljYl], l`Yl ?jc1 h`gkh`gjqdYl]k ChY1, Yf\

hjghgk] Y eg\]d af o`a[` BZh1 af^dm]f[]k []ddk kar] Yf\ hdga\q [`Yf_]k [gfkakl]fl oal`

lalYf []dd ^gjeYlagf. P`]k] ^af\af_k Yj] ^mjl`]j dafc]\ lg l`] j]\m[]\ najmd]f[] g^ Y

[gfklalmlan]dq Y[lan] CL=1M284H emlYfl. Kn]jYdd, l`]k] ^af\af_k Zmad\ gf hmZdak`]\

ogjc Yf\ ]phYf\ gmj mf\]jklYf\af_ g^ `go ChY1 Yf\ l`] [=IL hYl`oYq af^dm]f[] []dd

kar] af ?. f]g^gjeYfk.

@]khal] l`ak, E `Yn] k]n]jYd [gf[]jfk l`Yl emkl Z] Y\\j]kk]\, hjaeYjadq h]jlYafaf_ lg

\YlY YfYdqkak Yf\ hj]k]flYlagf.

IYbgj [gee]flk

OlYlakla[k: Bgj Yfq ^a_mj] o`]j] nYdm]k Yj] [gehYj]\, al ak fgl YhhjghjaYl] lg h]j^gje

klm\]fl'k l-l]kl ^gj egj] l`Yf log kYehd]k. E^ l`] kYe] [gfljgd ak mk]\, l`]f l`] YfYdqkak

emkl Y\bmkl ^gj emdlahd] [gehYjakgfk. Ef Y\\alagf, l`] Yml`gjk k`gmd\ ]fkmj] l`] \YlY ak

fgjeYddq \akljaZml]\ a^ l`] l-l]kl ak mk]\. Ef l`] eYbgjalq g^ l`]k] \YlYk]lk, l`] \YlY Yhh]Yj

lg Z] fgf-hYjYe]lja[. S`]j] #1000 []ddk# Yj] [gmfl]\, l`] Yml`gjk k`gmd\ kh][a^q

o`]l`]j l`ak j]hj]k]flk Y hggd]\ \YlYk]l Y[jgkk emdlahd] Zagdg_a[Yd j]hda[Yl]k, gj ak Y

kaf_d] Zagdg_a[Yd j]hda[Yl] j]hj]k]flYlan] g^ emdlahd] \YlYk]lk. Bgj % lalYf []ddk, l`]

Yml`gjk k`gmd\ kh][a^q o`]l`]j l`]k] Yj] l][`fa[Yd gj Zagdg_a[Yd j]hda[Yl]k af l`] d]_]f\.

E^ gfdq l][`fa[Yd j]hda[Yl]k, Zagdg_a[Yd j]hda[Yl]k Yj] j]imaj]\. P`ak af hYjla[mdYj Yhhda]k

lg Ydd ^a_mj]k o`]j] % lalYf ak j]hgjl]\, Zml k`gmd\ Z] [gfka\]j]\ o`]j]n]j egj] l`Yf

gf] [gehYjakgf ak eY\]. Bgj ]pYehd], l`] Yml`gjk Yk Y j]_mdYj hjY[la[] \g fgl h]j^gje

Y klYlakla[Yd

YfYdqkak g^ [gehd]e]fl]\ gj KA kljYafk, Yf\ l`ak k`gmd\ Z] [gjj][l]\.

=: P`Yfc qgm ^gj hgaflaf_ gml l`ak ]jjgj. S] `Yn] [gjj][l]\ l`] klYlakla[Yd YfYdqkak.

zOlYlakla[Yd YfYdqkak oYk h]j^gje]\ oal` l`] GjmkcYd-SYddak fgfhYjYe]lja[ l]kl ^gj

emdlahd] [gehYjakgfk Yf\ IYff-o`alf]q fgfhYjYe]lja[ l]kl ^gj log kYehd]k.{

Bgj []dd kar] e]Ykmj]e]fl gj % lalYf []ddk, o] kh][a^a]\ l`] \YlYk]l Yf\ Zagdg_a[Yd

j]hda[Yl]k. Ld]Yk] ^af\ l`] \]lYadk af l`] ^a_mj] d]_]f\k.



Ba_mj] \]lYadk l`jgm_`gml Yj] k[Yfl, hYjla[mdYjdq o`]j] BL j]hgjl]jk Yj] hj]k]fl]\. Bgj

]pYehd], l`] lY__]\ hjgl]afk k`gmd\ Z] af\a[Yl]\ oal`af l`] ^a_mj] hYf]d, fgl gfdq af

l`] d]_]f\, Yf\ l`] hj]k]f[] g^ Yf\ BL lY_ k`gmd\ Z] e]flagf]\ af l`] eYaf l]pl Yk hYjl

g^ l`] \]k[jahlagf g^ l`] ]ph]jae]fl.

=: P`Yfc qgm ^gj hgaflaf_ gml l`ak eakkaf_ af^gjeYlagf. S] Y\\]\ l`] ChY1:CBL af

Ba_mj] 4a Yf\ e]flagf l`] CBL lY_ af l`] eYaf l]pl. zS] afn]kla_Yl]\ l`] kmZ[]ddmdYj

dg[YdarYlagf g^ CBL-^mk]\ ChY1 ]phj]kk]\ ^jge l`] ,.=' hjgegl]j af D99, @LF'�, Yf\

@LF'�+.;4' kljYaf ZY[c_jgmf\k.{

E'e Y Zal [gf^mk]\ Zq \YlY hj]k]fl]\ af ^a_mj] 3 Yf\ O2, j]_Yj\af_ ?jc1KA. Bajkl, l`]

Yml`gjk Yhh]Yj lg `Yn] geall]\ \]lYadk YZgml l`] [gfkljm[lagf g^ l`] KA kljYaf Yf\ l`]

?jc1-h]kl kljYaf, af[dm\af_ imYfla^a[Ylagf g^ l`] \]_j]] g^ gn]j-]phj]kkagf. =j] l`]k]

l`] kYe] kljYafk l`Yl Yj] k`gof af ^a_mj] O3Z Yf\ O3?< ?gfkljm[l \]lYadk k`gmd\ Z]

af[dm\]\ af l`] eYaf l]pl lg aehjgn] [dYjalq. Ek l`ak gn]j ]phj]kkagf [gfklalmlan], gj

af\m[]\< @]lYadk g^ hjgeglgj k`gmd\ Z] af[dm\]\ af l`] eYaf l]pl Yf\ ^a_mj] d]_]f\k lg

aehjgn] [dYjalq.

=: P`Yfc qgm ^gj hgaflaf_ gml l`ak af[gehd]l] af^gjeYlagf. S] `Yn] Y\\]\ kljYaf \]lYadk

o`]f l`]q o]j] ^ajkl e]flagf]\ af l`] eYaf l]pl (?NG1KA: daf] 178 Yf\ daf] 188.

?NG1xLAOP: daf]196) Yf\ Ydkg l`] \]lYadk g^ kljYaf _]f]jYlagf af l`] eYl]jaYd Yf\

e]l`g\k k][lagf (daf] 644-648).

O][gf\, al Yhh]Yjk ^a_mj] O2> ja_`l hYf]d j]hj]k]flk kgjl]\ gj _Yl]\ []ddk, Zml l`ak ak fgl

[d]Yj ^jge l`] l]pl. E^ _Yl]\, l`] _Ylaf_ kljYl]_q k`gmd\ Z] hjgna\]\. E^ kgjl]\, l`] kgjlaf_

kljYl]_q k`gmd\ Z] ]phdYaf]\. Dgo]n]j, a^ l`] ZdY[c daf] j]hj]k]flk Yf

mfaf\m[]\/[gfljgd [gf\alagf, l`ak jYak]k l`] im]klagf: Yj] ?jc1KA []ddk ZYk] \ahdga\,

]n]f o`]f _jgof gf UL@ (Yf\ KA af\m[]\, a^ f]]\]\)< @ahdga\ []ddk Yj] dYj_]j Yf\

hjg\m[] dYj_]j lalYf []ddk Yf\ dYj_]j gn]jYdd lalYf-af\m[]\ hghmdYlagfk.

=: S] Yhgdg_ar] ^gj fgl eYcaf_ al [d]Yj af gmj gja_afYd kmZeakkagf. Haf]k j]hj]k]fl

_Ylaf_ []ddk mf\]j lalYf []dd af\m[af_ [gf\alagfk. S] Y\\]\ l`] Ba_mj] k1\ lg k`go l`]

_Ylaf_ kljYl]_q \mjaf_ l`] YfYdqkak g^ l`] @J= [gfl]fl. >ja]^dq, ?]ddk o]j] [mdlmj]\

mf\]j lalYf []dd af\m[af_ [gf\alagfk ^gj 3 \Yqk Yf\ YfYdqr]\ Zq \gl hdglk (BO?/OO?)

mkaf_ ^dgo [qlge]ljq. BO?/OO?`a_` (j]\ Zgj\]jk/daf]k) Yf\ BO?/OO?dgo (ZdY[c

Zgj\]jk/daf]k) j]hj]k]fl lalYf []ddk (P?) Yf\ lqha[Yd []ddk (l?), j]kh][lan]dq.

Ba_mj] 4 D/E: P`ak YfYdqkak a_fgj]k l`Yl lalYf []ddk Yj] eYbgjalq nY[mgd], oal` [qlghdYke

[gehj]kk]\ lg gf] ka\] g^ l`] []dd. Hg[YdarYlagf g^ CBL-CL= lg l`] []dd e]eZjYf]

j]imaj]k `a_`]j j]kgdmlagf aeY_af_ Yf\ Y eYjc]j lg \a^^]j]flaYl] nY[mgd], e]eZjYf],

Yf\ [qlghdYke. Kl`]joak] l`ak YfYdqkak Y\\k fgl`af_ lg l`] eYfmk[jahl Yf\ af ^Y[l

gn]jk]ddk gl`]joak] kljgf_ l`] ^af\af_k. Haf] 348/349 af l`] \ak[mkkagf k`gmd\ Z]

eg\a^a]\ lg Ynga\ gn]j-afl]jhj]lYlagf af l`] ^Y[] g^ o]Yc \YlY.



=: P`ak ak Y nYda\ hgafl. N]na]o]j $1 Ydkg ]phj]kk]\ l`] kaeadYj [gf[]jf. Pg Y\\j]kk l`ak

[gf[]jf Yf\ [gf^aje l`] k`a^l g^ ChY1 dg[YdarYlagf, o] h]j^gje]\ l`] kmZ-[]ddmdYj

dg[YdarYlagfk g^ ChY1 af l`] lqha[Yd kar] []ddk Yf\ lalYf []ddk. S] k]hYjYl]\ l`] e]eZjYf]

Yf\ [qlgkgda[ ^jY[lagfk g^ lqha[Yd []ddk Yf\ lalYf []ddk \]l][l]\ l`] ChY1:BH=C ka_fYd

g^ ]Y[` ^jY[lagf. =k k`gof af Ba_ 4d, lqha[Yd []ddk Yf\ lalYf []ddk `Yn] [gehYjYZd]

Yegmfl g^ ChY1 af l`] [qlgkgda[ ^jY[lagfk, o`ad] lalYf []ddk `Yn] egj] ChY1 l`Yf lqha[Yd

[]ddk af l`] e]eZjYf] ^jY[lagfk. P`ak j]kmdlk Yj] [gfkakl]fl oal` gmj afl]jhj]lYlagf l`Yl

?jc1 h`gkh`gjqdYlagf g^ ChY1 af\m[]k alk e]eZjYf] dg[YdarYlagf \mjaf_ lalYf []dd

af\m[lagf.

Igj] _]f]jYddq, E ogf\]j a^ l`] Yml`gjk `Yn] [gfka\]j]\ o`a[` Ykh][l g^ lalYf []dd

af\m[lagf ak \janaf_ l`] gZk]jn]\ h`]fglqh]k. P`] af naljg e]l`g\ g^ Dgee]d ]l Yd.,

[Yf Z] mf\]jklgg\ Yk Y [geZafYlagf g^ h`, `qhgpaY, fmlja]fl klYjnYlagf, Yf\ l]eh]jYlmj],

Yk o]dd Yk e]eZjYf] klj]kk \mjaf_ k`Ycaf_. P`] [=IL hYl`oYq, ^gj ]pYehd], ak Y c]q

j]_mdYlgj g^ ?K2 j]khgfk], Yf\ Ydkg j]_mdYl]k []dd e]eZjYf] klj]kk j]khgfk]k. DYn] l`]

Yml`gjk ]pYeaf]\ `go BZh1 Yf\ ?jc1 afl]_jYl] gj e]\aYl] j]khgfk] lg gf] gj egj] g^

l`]k] [geZafYlgjaYd ka_fYdk<

=: P`Yfc qgm ^gj l`ak km__]klagf. S] `Yn] fgl ]pYeaf]\ `go BZh1 Yf\ ?jc1 afl]_jYl]

gj e]\aYl] j]khgfk] lg gf] gj egj] g^ l`]k] [geZafYlgjaYd ka_fYdk. Lj]nagmk klm\a]k

a\]fla^a]\ log C hjgl]af [gmhd]\ j][]hlgjk (Ol]3 Yf\ Chj5) Yj] afngdn]\ af lalYf []dd

af\m[lagf, Zml l`] da_Yf\k ^gj l`]k] j][]hlgjk j]eYaf mf[d]Yj. Ef l`ak eYfmk[jahl, o] Yj]

^g[mkaf_ gf l`] jgd] g^ BZh1 af ^mf_Yd najmd]f[] Yf\ ljq lg ^af\ alk kmZkljYl]k l`Yl Yj]

afngdn]\ af BZh1 e]\aYl]\ ^mf_Yd hYl`g_]f]kak. Pg eYc] l`] imYfla^a[Ylagf ]Yka]j Yf\

egj] Y[[mjYl], o] lja]\ l`] EI PENLJ lalYf []dd af\m[af_ [gf\alagfk _]f]jYl]\ Zq Dgee]d

]l Yd. E\]fla^qaf_ ka_fYdk j]_mdYlaf_ lalYf []dd ^gjeYlagf ak Y `a_`dq afl]j]klaf_ lgha[ l`Yl

j]eYafk lg Z] afn]kla_Yl]\.

Iafgj [gee]flk

Ba_mj] 1:

O]] [gee]flk YZgml klYlakla[Yd YfYdqkak.

=: ?gjj][l]\. P`Yfck

Ba_mj] 2:

P`] d]f_l` g^ l`] #?P# \geYaf k`gmd\ Z] af\a[Yl]\. @g]k l`ak af[dm\] LAOP gj fgl<

=: P`Yfc qgm ^gj hgaflaf_ gml. S] af\a[Yl]\ l`] d]f_l` g^ l`] z?P{ af ^a_mj] 2Y. El

af[dm\]k l`] LAOP \geYaf.

Ba_mj] 3:

Cjgol` [gf\alagfk mk]\ ^gj l`] NJ=k]i ]ph]jae]fl k`gmd\ Z] hjgna\]\ af l`] ^a_mj]

d]_]f\.



=: Cjgol` [gf\alagfk `Yn] Z]]f Y\\]\ aflg l`] d]_]f\ g^ ^a_ 3_

P`] NJ= k]i \YlY k`gmd\ Z] eY\] hmZda[ mhgf hmZda[Ylagf ([mjj]fldq Y[[]kkagf fmeZ]j

ak fgl hjgna\]\).

=: P`] Y[[]kkagf fmeZ]j (LNFJ=816899) oYk hjgna\]\.

Ba_mj] 4

?: o`Yl klYlakla[Yd YfYdqkak oYk h]j^gje]\ (k]] daf] 254-256)

=: zOlYlakla[Yd YfYdqkak oYk h]j^gje]\ oal` l`] GjmkcYd-SYddak fgfhYjYe]lja[ l]kl ^gj

emdlahd] [gehYjakgfk. **, 9 v 0.01.{ oYk af[dm\]\ af l`] ^a_mj] d]_]f\.

B: ?dYjalq ogmd\ Z] aehjgn]\ Zq af\a[Ylaf_ EL nk lglYd hjgl]af gf l`] ^a_mj] jYl`]j l`Yf

af l`] d]_]f\.

=: P`Yfc qgm ^gj l`ak km__]klagf, o] af\a[Yl]\ EL Yf\ lglYd hjgl]afk gf l`] ^a_mj] 4].

C: = l-l]kl [Yf gfdq Z] h]j^gje]\ gf log kYehd]k. S`a[` log kYehd]k o]j] [gehYj]\

`]j]< S`Yl YZgml l`] gl`]j kYehd]k< El ak hj]^]jYZd] lg mk] l`] YhhjghjaYl] l]kl ^gj l`]

fmeZ]j g^ hgkkaZd] [gehYjakgfk Yf\ [gjj][l ^gj emdlahd] [gehYjakgfk lg Y [gfljgd.

=: S] [gjj][l]\ l`] klYlakla[Yd YfYdqkak oal` l`] GjmkcYd-SYddak fgfhYjYe]lja[ l]kl

Ba_mj] O5[-\.

= l-l]kl ^gj ^gmj kYehd]k akf'l [gjj][l, ]n]f a^ l`] kYehd]k dggc dac] l`]q'j] kaeadYj. Ld]Yk]

h]j^gje Yf\ j]hgjl Yf YhhjghjaYl] YfYdqkak.

=: S] [gjj][l]\ l`] klYlakla[Yd YfYdqkak ^gj emdlahd] [gehYjakgfk

Ba_mj] 5:

El oYk fa[] lg k]] l`] Yml`gjk h]j^gje l`] [gjj][l klYlakla[Yd YfYdqkak ^gj emdlahd]

[gehYjakgfk oal` fgf-hYjYe]lja[ \YlY. OaeadYj ja_gj k`gmd\ Z] Yhhda]\ l`jgm_`gml l`]

eYfmk[jahl.

=: P`Yfc qgm. S] [gjj][l]\ Ydd l`] klYlakla[Yd YfYdqkak af l`] ^a_mj]k.

@ak[mkkagf daf] 408-410: Qkn101 ak Y k][gf\ ]pYehd] g^ Y kaeadYj `qh]jlalYfakaf_

akgdYl] Ykkg[aYl]\ oal` j]\m[]\ \akk]eafYlagf.

Haf] 410-412: l`ak ogmd\ Z] ^mjl`]j kmhhgjl]\ Zq KcY_Yca 2012 k`goaf_ j]\m[]\

mhlYc] g^ q]Ykl af l`] hj]k]f[] g^ lalYf []ddk (\ga: 10.1128/A?.00121-12)

=: P`Yfc qgm ^gj l`]k] km__]klagfk, o] e]flagf]\ l`]k] hYh]jk Yf\ [al]\ l`]e.



Bgj Ydd ^dgo [qlge]ljq \YlY, k`go _Ylaf_ kljYl]_a]k (^gj ]p[dmkagf g^ \gmZd]lk, kmZ-

hghmdYlagfk, ]l[).

=: S] k`go]\ l`] _Ylaf_ kljYl]_a]k ^gj l`] ^dgo [qlge]ljq \YlY. Ld]Yk] k]] l`] ^a_mj]k

k1\ Yf\ k3Z-].

S`Yl ak l`] _]fglqh] g^ l`] ?NG1KA kljYaf< al ak mf[d]Yj ^jge l`] l]pl Yf\ YhhYj]fldq

fgl af[dm\]\ af l`] kljYaf dakl. P`] \]lYadk g^ l`] [gfkljm[lagf g^ l`ak kljYaf k`gmd\ Ydkg

Z] af[dm\]\ af l`] e]l`g\k.

=: Ogjjq l`Yl o] \a\f|l eYc] l`] kljYaf af^gjeYlagf [d]Yj. S] mk]\ log .;4'8/ kljYafk

af gmj klm\q. ?QT151 (I=PYdh`Y 923<$109+.;4'+2,$7,=) oYk mk]\ ^gj eYlaf_ Yf\

?QT1291 (I=PYdh`Y 9,.='$.;4'+H.DBLLQ$7,=) oYk mk]\ ^gj gl`]j ]ph]jae]flk. S]

Y\\]\ l`] _]fglqh] g^ kljYafk o`]f l`]q o]j] ^ajkl lae] e]flagf]\ af l`] l]pl. P`]

\]lYadk g^ kljYaf _]f]jYlagf o]j] af[dm\]\ af l`] e]l`g\ zBdmgj]k[]f[] aeY_af_{

Ba_mj] O5A: S`Yl ak CBL-lY__]\ < Dgo o]j] []ddk hj]hYj]\ ^gj aeY_af_< UL@ [Yf

[Ymk] Ymlg-^dmgj]k[]f[] af l`] 488 (_j]]f) [`Yff]d. SYk ZY[c_jgmf\ ^dmgj]k[]f[]

]p[dm\]\/[gfljgdd]\ ^gj<

=: P`] aeY_]k k`go l`] CBL lY__]\ ChY1. S] `Yn] Y\\]\ l`] ChY1:CBL af ^a_mj] k6_.

P`] \]lYadk g^ []ddk hj]hYjYlagf ^gj aeY_af_ o]j] af[dm\]\ af l`] eYl]jaYd Yf\ e]l`g\k

zChY1:CBL dg[YdarYlagf.{ S] fgla[]\ Ymlg-^dmgj]k[]f[] af l`] _j]]f [`Yff]d \mjaf_

aeY_af_ Yf\ Y\\]\ gf] aeY_] af ^a_mj] k6_ lg k`go l`] ZY[c_jgmf\ ^dmgj]k[]f[]. S]

Ydkg Yf\ [gf^aje]\ gmj CBL-lY__]\ kljYafk Zq o]kl]jf Zdgllaf_ mkaf_ l`] CBL YflaZg\q.

daf] 95/96: af[gehd]l] k]fl]f[]

=: ?gjj][l]\. P`Yfck

daf] 130, 187, 193, ]l[: e]\aYf fgl e]\ame (Ykkmeaf_ l`] e]\aYf Yf\ fgl l`] e]Yf ak

j]hgjl]\. Bgj fgf-hYjYe]lja[ hghmdYlagfk, e]\aYf ak YhhjghjaYl].) E^ l`] e]\aYf oYk

j]hgjl]\, l`]f l`] Yml`gjk k`gmd\ fgl mk] l`] ogj\ #Yn]jY_]#, Yk l`ak aehda]k e]Yf.

=: ?gjj][l]\. P`Yfck

daf] 148: l]jeafmk fgl l]jeafYd

=: ?gjj][l]\. P`Yfck

197: ka_fa^a[Yfldq ^]o]j, fgl d]kk (Yf\ [gjj][l kaeadYj akkm]k l`jgm_`gml).

P`jgm_`gml: #lalYf af\m[af_ [gf\alagf # fgl #lalYf af\m[aZd] [gf\alagf# =dkg: oYl[` gml

^gj #laYf#.



=: ?gjj][l]\. P`Yfck

Haf] 241: Pg aehjgn] [dYjalq, kh][a^q ^gj l`] j]Y\]j l`Yl CL=1M284H ak [gfklalmlan]dq

Y[lan].

=: P`Yfc qgm ^gj hgaflaf_ gml. S] kh][a^a]\ 19,':(*)5 Yk l`] kljYaf ]phj]kkaf_ l`]

19,' \geafYfl Y[lan] Ydd]d] (daf] 248).

daf] 151; 177-179; 183, 217, 231/232, 249, 293-297, 308, 309, 310/311, 311, 344, 358,

374, 376, 415: lqhgk

=: =dd [gjj][l]\. P`Yfck

BafYddq, o] l`Yfc Ydd j]na]o]jk ^gj l`]aj [gfkljm[lan] Yf\ afka_`l^md [gee]flk l`Yl `]dh

ka_fa^a[Yfldq aehjgn]\ gmj eYfmk[jahl.



Reviewer #1 (Remarks to the Author): 

The authors provided appropriate revisions that alleviate my previous concerns. 

Reviewer #2 (Remarks to the Author): 

The authors have done an adequate job of toning down their mechanistic conclusions 

and have added several mechanistic experiments in response to my previous comments. 

First they tested whether Crk1 ubiquitination is dependent on Fbp1 and observed that 

7,* 8'-48-7-1&7-21 /*9*/ 2+ $5." -6 )-0-1-6,*) -1 7,* +'3": 087&17 (203&5*) 72 7,* %##

background (Fig. 2g). 

However they don’t really know that the shifted band is ubiquitinated protein, it could 

be another modification entirely. I think the phrase “putatively” or “likely” ubiquitinated 

would be appropriate here. I would like to see documentation of reproducibility and 

quantitation of abundances of the modified and unmodified Crk1. 

Second, to test whether Crk1 is capable of directly phosphorylating Gpa1, they purified 

Crk1:HA and Gpa1:FLAG and performed an in vitro kinase assay. They observed the 

slower migrating form of Gpa1 in the presence of both ATP and Crk1:HA (Fig. 4g), 

indicating that Crk1 directly phosphorylates Gpa1. 

Again there is a heavy reliance on shifted bands, in one case it is inferred to be ubiquitin 

and the other it is inferred to be phosphorylation. 

*** I do not agree that this experiment is detecting phosphorylation of Gpa1-Flag since 

a prominent Gpa1-Flag band is observed in the lane lacking Gpa1-Flag. *** 

This phosphorylation experiment is lacking other essential controls. I would like to see 

Gpa1 plus ATP without Crk1, or better yet with catalytically inactive Crk1 mutant, to 

prove that it is purified and activated Crk1 that is the kinase and not a contaminant 

kinase. 

Also since purified protein is being used the authors should show evidence of purity, by 

Coomassie staining of purified Crk1 and Gpa1. 

Again, I would like to see documentation of reproducibility and quantitation of 

abundances of the modified and unmodified protein. 

Reviewer #3 (Remarks to the Author): 

I thank the authors for their effort to address the comments raised by this reviewer. 

Overall, I found the revised manuscript substantially improved. I applaud the authors 

for their clear presentation of the data and for sharing data in ways that are usable by 

others (Table S1). Overall, the work contributes significantly to an improved 

understanding of the molecular mechanisms governing titan cell formation and 

pathogenesis. Despite this there are still some issues that need to be addressed before 

the manuscript is suitable for publication. 

Panel 3C CRK2deltaPEST is not discussed. I suggest adding it at line 205. 



Supplemental figures are well presented and contribute to understanding of the work. 

Supplemental Tables need clear, descriptive legends. 

It is difficult to see how statements in line 267-269 suggesting that exogenous cAMP 

increases titan cell production in all strains are supported by the data presented in 

figure S6b, were there is no significant difference in median cell size for any strains 

except crk1. It would be better to present these data as scattered points, similar to S6c. 

Is Figure S6D (top and bottom panels) not discussed in the text? This figure is very 

confusing. The referenced data is apparently the two panels floating off to the side on 

the right? This layout needs to be improved for clarity. Also, it's unclear what the blue 

lines in plot WT+cAMP indicate, as these do not match 1C/2C peaks and lack labels. 

Data shown in Figure 4i,j S6g significantly improve the manuscript. 

Figure 4K: it would be better to include the GPA1OE genotype on this figure panel. 

In figure 4I, it is disingenuous to change mutant names to "typical" or "titan", especially 

since these terms are used for subpopulations throughout the rest of the manuscript. 

Were these cells fractionated by size? If not, then simply report strain names and 

explain the logic to your reader. Please make this correction in the text at lines 332, 334 

as well. 

Symbols on Figure 5a don't reproduce well in black and white. It is hard to differentiate 

WT and CRK1dPEST. 

Figure 5B is not quantitative, but is described in the text to show that particular strains 

showed an "increased presence". This must be corrected by presenting quantitative 

data, as has been shown in other points in the manuscript. 

Line 365/366, 452-454, 455-458, Multiple other authors have already shown that 

increased titan cell production correlates with diminished fungal virulence, as has 

already been pointed out to the authors. Statements that over emphasize the novelty of 

the authors findings undermine the overall work and should be revised. Others who 

have done work supporting this conclusion, in addition to work on Pdr802, should be 

cited, as suggested previously. 

There are still some typos that need to be corrected, and some which have been 

incorrectly introduced in the new version, perhaps on the advice of others. I can confirm 

that I have a degree in English writing and grammar (in addition to being a "native" 

speaker) and that these suggestions are grammatically correct: 

Line 56 "elongated hyphae cells" change to: elongated hyphal cells 

Line 63 "cellular heterogeneity ... are often observed" change to: cellular heterogeneity 

... is often observed 

Line 81 "support fine-tune cell..." change to: support fine-tuned cell size regulation 

Line 92 "mutant persists low levels.." change to: mutant persists at low levels... 

Line 95 "low pulmonary persistency...." change to: low pulmonary persistence 

Line 101 "The Gpa1-cAMP pathway activation": "The" is not needed, though this is 

mostly stylistic. 

Line 105/106: "the Gpa1 G protein signal pathway through a kinase regulator Crk1" 

change to: the Gpa1 G protein signalling pathway through a kinase regulator, Crk1. 

Line 119: lower case w in "we" 

Line 148: I think "support" is a more accurate word to use than "perform" 

Line 288-289 "is accounted" change to: To determine whether Crk1 activity accounts for 

Gpa1 phosphorylation.... 

Line 296: "proteins from the H99..." change to: proteins from H99... 



Line 305: this needs to be two separate sentences and the second sentence needs 

correction: 

We isolated the total protein from H99 expressing Gpa1:FLAG that were cultured in YPD 

overnight. The sample was treated with protein phosphatase to remove phosphorylation 

from Gpa1 before purification. 

I suggest rewriting more simply: 

Total protein was collected from overnight YPD cultures of H99 expressing Gpa1:FLAG 

and treated with protein phosphatase to remove phosphorylation before purification. We 

observed the slower migrating form of Gpa1 only in fractions treated subsequently with 

both ATP and Crk1:HA (Fig. 4g), indicating that Crk1 directly phosphorylates Gpa1. 

Line 309-311: "Total proteins... were isolated" change to: Total protein ... was isolated 

(yes, English is weird) 

Line 315: "or a rich medium of YPD" change to: "rich medium (YPD)" or "YPD rich 

medium" 

Line 337: comma, not semi colon. 

Line 339: "levels... and ...production is still" change to: levels... and ...production are 

still 

Line 342: "in vivo and mice" change to: "in vivo, and mice 

Line 350: "infection with Crk1OE strain" change to: infection with the Crk1OE strain 

Line 351: "in infected lungs sections" change to: in infected lung sections 

Line 352: "the lung of mice..." change to: the lungs of mice 

Line 429: "functions upstream of the Gpa1-" change to: functions upstream of Gpa1- 

Line 469: "has been reported to both stimulates and inhibits" change to "stimulate and 

inhibit" 

Line 1109: "proportion in cells overexpression of GPA1" change to: proportion of cells 

overexpressing GPA1" 

Figure legends also need to be read carefully for grammatical issues.



Title: Ubiquitin proteolysis of a CDK-related kinase regulates cell size and fungal virulence 
in Cryptococcus neoformans (NCOMMS-21-47756) 

REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author): 

The authors provided appropriate revisions that alleviate my previous concerns. 

Reviewer #2 (Remarks to the Author): 

The authors have done an adequate job of toning down their mechanistic conclusions and have 

added several mechanistic experiments in response to my previous comments.  

A: We thank the reviewer for the positive response to this revision.

First they tested whether Crk1 ubiquitination is dependent on Fbp1 and observed that the 

gT[cg[f[`Sf[a` ^WhW^ aX >d]0 [e V[_[`[eZWV [` fZW XTb0x _gfS`f Ua_bSdWV fa fZW C88 TSckground 

(Fig. 2g). 

CaiWhWd fZWk Va`qf dWS^^k ]`ai fZSf fZW eZ[XfWV TS`V [e gT[cg[f[`SfWV bdafW[`+ [f Uag^V TW S`afZWd

_aV[X[USf[a` W`f[dW^k- D fZ[`] fZW bZdSeW obgfSf[hW^kp ad o^[]W^kp gT[cg[f[`SfWV iag^V TW

appropriate here. I would like to see documentation of reproducibility and quantitation of 

abundances of the modified and unmodified Crk1. 

A: Although we are confident that the shifted bands that lead to smear signal are ubiquitinated 

proteins, we agree with the reviewer that we cannot exclude the possibility of other post-

translational modifications (PTM), such as myristoylation, phosphorylation, etc. But we expect 

most of the other PTMs would lead to single band shift, so would not fully explain the smear 







Second, to test whether Crk1 is capable of directly phosphorylating Gpa1, they purified Crk1:HA 

and Gpa1:FLAG and performed an in vitro kinase assay. They observed the slower migrating 

form of Gpa1 in the presence of both ATP and Crk1:HA (Fig. 4g), indicating that Crk1 directly 

phosphorylates Gpa1.  

Again there is a heavy reliance on shifted bands, in one case it is inferred to be ubiquitin and the 

other it is inferred to be phosphorylation. 

A: We noticed the shifted bands in our western blot and made hypothesis based on the function 

of proteins. For Crk1 ubiquitination, we detected a ladder-like smear with high-molecular-weight 

protein, but not a single shifted band (Fig. 2g; Image 1-Image 3), in a western blot, which 

suggests a PTM due to poly-ubiquitination. We also used ubiquitin antibody and detected the 

ubiquitin signal (Image 1). Therefore, we are confident that this smear is ubiquitinated Crk1. 

For Gpa1 phosphorylation, we thank reviewer for the constructive suggestion and have 

performed phosphatase assay (Fig. 4f) and In vitro kinase assay (Fig. 4g). Our data confirm that 

the Gpa1 band shift is a result of its phosphorylation.  

*** I do not agree that this experiment is detecting phosphorylation of Gpa1-Flag since a 

prominent Gpa1-Flag band is observed in the lane lacking Gpa1-Flag. *** 

A: We apologize for the wrong information in our previous submission. It was a labeling error. 

We have corrected it. The first lane is Gpa1:FLAG plus ATP without Crk1, the second lane is 

Gpa1:FLAG plus Crk1without ATP. We provided the original label in our X-ray film (Image 4), 

the record (Image 5), and documentation of reproducibility (Image 6) for your information. We 

carefully double-checked all figures and information to avoid similar mistakes. We sincerely 

apologize for this mistake. 





This phosphorylation experiment is lacking other essential controls. I would like to see Gpa1 

plus ATP without Crk1, or better yet with catalytically inactive Crk1 mutant, to prove that it is 

purified and activated Crk1 that is the kinase and not a contaminant kinase.  

A: We corrected Fig.4g and the first lane is the control that Gpa1:FLAG plus ATP without Crk1. 

We enriched the Gpa1:FLAG protein from Cryptococcus strain and did phosphatase assay before 

setting up In vitro kinase assay.  

We agree that it would be ideal to have a catalytically inactive Crk1 mutant as a negative control. 

We have attempted to generate such a strain in this revision, but it appeared to be difficult and 

takes time to identify the site of kinase activity. We will continue working on such mutants in the 

future study. Because we did not observe the slower migrating band of Gpa1 in the control that 

Gpa1:FLAG plus ATP without Crk1, we are confident with the conclusion that Crk1 can 

phosphorylate Gpa1. 

Also since purified protein is being used the authors should show evidence of purity, by 

Coomassie staining of purified Crk1 and Gpa1.  

A: Sorry for the missing information. We purified Gpa1:FLAG via immunoprecipitation with 

FLAG antibody or Crk1:HA with HA antibody. The purified proteins were resolved by 10% 

SDS-PAGE and visualized with Coomassie blue staining (Image 7). We showed here two images 

from independent experimental repeats. Arrows indicate Gpa1:FLAG or Crk1:HA band. 





Reviewer #3 (Remarks to the Author): 

I thank the authors for their effort to address the comments raised by this reviewer. Overall, I 

found the revised manuscript substantially improved. I applaud the authors for their clear 

presentation of the data and for sharing data in ways that are usable by others (Table S1). 

Overall, the work contributes significantly to an improved understanding of the molecular 

mechanisms governing titan cell formation and pathogenesis. Despite this there are still some 

issues that need to be addressed before the manuscript is suitable for publication. 

Panel 3C CRK2deltaPEST is not discussed. I suggest adding it at line 205. 

A: Thank you for the suggestion, we added it in this revision.

Supplemental figures are well presented and contribute to understanding of the work. 

Supplemental Tables need clear, descriptive legends.  

A: We added table legends in this revision.

It is difficult to see how statements in line 267-269 suggesting that exogenous cAMP increases 

titan cell production in all strains are supported by the data presented in figure S6b, were there is 

no significant difference in median cell size for any strains except crk1. It would be better to 

present these data as scattered points, similar to S6c.  

A: Thank you for the suggestion. We found that exogenous cAMP increases titan cell percentage 

in all strains (figure 4a), but significantly increased median cell body size only in the crk1x

mutant (figure s6c). We corrected this eW`fW`UW fa oWe observed that the addition of exogenous 

cAMP significantly increased titan cell production with increased DNA content in the crk1x

mutantp- PW bdWeW`fWV M5b using scattered points, similar to S6c.

Is Figure S6D (top and bottom panels) not discussed in the text? This figure is very confusing. 

The referenced data is apparently the two panels floating off to the side on the right? This layout 

needs to be improved for clarity. Also, it's unclear what the blue lines in plot WT+cAMP 

indicate, as these do not match 1C/2C peaks and lack labels.  

A: We thank the reviewer for these suggestion on figure S6d. This figure was used to address 

dWh[WiWd0qe Ua__W`f $6 oall of the strains in Fig 4 that are putatively producing titan cells 



should be analyzed for ploidy to confirm titan cell formation in this analysis and the data 

presented in the figurep.  In this revision, we reorganized figure S6d to S6c, S6d, and S6h to 

make the data clear. We also discussed each figgdW [` fZW fWjf9 oWe observed that the addition of 

exogenous cAMP significantly increased titan cell production with increased DNA content in the 

Ud]0x _gfS`f 'A[Y- 3S S`V Mgbb^W_W`fSdk A[Y- 5T-6c)p+ oConsistent with this observation, the 

crk1x _gfS`f bdaVgUWV e[Y`[X[US`f^k XWiWd f[fS` UW^^e fZS` C88 ad fZW crk1n+CRK1 strain when 

GPA1 iSe ahWdWjbdWeeWV 'A[Y- 3] S`V Mgbb^W_W`fSdk A[Y- 5Z(p

We improved the image of DNA content. 

We are sorry for the confusion in data presentation. The three blue lines indicate the 1C/2C/4C 

peaks, which are same as lines in figure 1e and 3c. Because of limited space, we only add blue 

lines in plot WT+cAMP, but not other plots. Here, the peak shift between red line and black line 

indicates the increased DNA content of titan cells, so we deleted the blue lines in this revision. 

Data shown in Figure 4i,j S6g significantly improve the manuscript.  

A: Thanks.

Figure 4K: it would be better to include the GPA1OE genotype on this figure panel.  

<9 RWe- PW [`U^gVWV o*PGDP1-GPA1p on figure 4k.

In figure 4I, it is disingenuous to change mutant names to "typical" or "titan", especially since 

these terms are used for subpopulations throughout the rest of the manuscript. Were these cells 

fractionated by size? If not, then simply report strain names and explain the logic to your reader. 

Please make this correction in the text at lines 332, 334 as well.  

A: Thank you for fZW egYYWef[a`- PW V[V`qf fractionate cells by size, so we corrected the typical 

cells to othe crk1x PGDP1-Gpa1:FLAG strainp S`V f[fS` UW^^e fa oCRK1xPEST PGDP1-Gpa1:FLAG 

cellsp in the text and correct the typical to ocrk1x GPA1OEp S`V f[fS` UW^^e fa oCRK1xPEST

GPA1OEp in figure 4l. 



Symbols on Figure 5a don't reproduce well in black and white. It is hard to differentiate WT and 

CRK1dPEST. 

A: Thank you for the suggestion. We changed symbols on figure 5a.

Figure 5B is not quantitative, but is described in the text to show that particular strains showed 

an "increased presence". This must be corrected by presenting quantitative data, as has been 

shown in other points in the manuscript.  

A: We added the quantitative data of titan cell percentage in figure 5b.

Line 365/366, 452-454, 455-458, Multiple other authors have already shown that increased titan 

cell production correlates with diminished fungal virulence, as has already been pointed out to 

the authors. Statements that over emphasize the novelty of the authors findings undermine the 

overall work and should be revised. Others who have done work supporting this conclusion, in 

addition to work on Pdr802, should be cited, as suggested previously. 

A: We cited multiple works to show that increased titan cell production correlates with 

increased fungal virulence. The work on Pdr802 is the only one reporting that titan cell 

production diminishes fungal virulence before our work on Fbp1 and Crk1.

There are still some typos that need to be corrected, and some which have been incorrectly 

introduced in the new version, perhaps on the advice of others. I can confirm that I have a degree 

in English writing and grammar (in addition to being a "native" speaker) and that these 

suggestions are grammatically correct: 

A: We are grateful for the careful edits and the recommended modifications by the reviewer. We 

corrected these typos as recommended.

Line 56 "elongated hyphae cells" change to: elongated hyphal cells 

Line 63 "cellular heterogeneity ... are often observed" change to: cellular heterogeneity ... is 

often observed 

Line 81 "support fine-tune cell..." change to: support fine-tuned cell size regulation 

Line 92 "mutant persists low levels.." change to: mutant persists at low levels... 



Line 95 "low pulmonary persistency...." change to: low pulmonary persistence 

Line 101 "The Gpa1-cAMP pathway activation": "The" is not needed, though this is mostly 

stylistic. 

Line 105/106: "the Gpa1 G protein signal pathway through a kinase regulator Crk1" change to: 

the Gpa1 G protein signalling pathway through a kinase regulator, Crk1. 

Line 119: lower case w in "we" 

Line 148: I think "support" is a more accurate word to use than "perform" 

Line 288-289 "is accounted" change to: To determine whether Crk1 activity accounts for Gpa1 

phosphorylation....  

Line 296: "proteins from the H99..." change to: proteins from H99... 

A: We have corrected all the typos.

Line 305: this needs to be two separate sentences and the second sentence needs correction:  

We isolated the total protein from H99 expressing Gpa1:FLAG that were cultured in YPD 

overnight. The sample was treated with protein phosphatase to remove phosphorylation from 

Gpa1 before purification. 

I suggest rewriting more simply: 

Total protein was collected from overnight YPD cultures of H99 expressing Gpa1:FLAG and 

treated with protein phosphatase to remove phosphorylation before purification. We observed the 

slower migrating form of Gpa1 only in fractions treated subsequently with both ATP and 

Crk1:HA (Fig. 4g), indicating that Crk1 directly phosphorylates Gpa1. 

A: We have modified as suggested.

Line 309-311: "Total proteins... were isolated" change to: Total protein ... was isolated (yes, 

English is weird) 

Line 315: "or a rich medium of YPD" change to: "rich medium (YPD)" or "YPD rich medium" 

Line 337: comma, not semi colon. 

Line 339: "levels... and ...production is still" change to: levels... and ...production are still 

Line 342: "in vivo and mice" change to: "in vivo, and mice 



Line 350: "infection with Crk1OE strain" change to: infection with the Crk1OE strain 

Line 351: "in infected lungs sections" change to: in infected lung sections 

Line 352: "the lung of mice..." change to: the lungs of mice 

Line 429: "functions upstream of the Gpa1-" change to: functions upstream of Gpa1- 

Line 469: "has been reported to both stimulates and inhibits" change to "stimulate and inhibit" 

Line 1109: "proportion in cells overexpression of GPA1" change to: proportion of cells 

overexpressing GPA1" 

A: We have corrected all the typos.

Figure legends also need to be read carefully for grammatical issues. 

A: We have edited figure legends for grammatical correction.



Reviewer #2 (Remarks to the Author): 

I am satisfied with the revisions, thank you for the response. 

Reviewer #3 (Remarks to the Author): 

Overall the authors have addressed my concerns. 

However, I refer the authors to the work of Gish et al., (2016) mBio, where deletion of USV101 

resulted in strains with reduced dissemination to the brain not explained by the capsule-related 

phenotypes. Dambuza et al., and Hommel et al., (2018) PLOS Pathogens later demonstrated that 

USV101 is a major negative regulator of titan cell formation, and were the first to conceptually link 

increased titan cell formation to reduced virulence.
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Response to reviewers’ comments 

REVIEWERS' COMMENTS

Reviewer #2 (Remarks to the Author):

I am satisfied with the revisions, thank you for the response.

A: Thanks. 

Reviewer #3 (Remarks to the Author):

Overall the authors have addressed my concerns. 

However, I refer the authors to the work of Gish et al., (2016) mBio, where 

deletion of USV101 resulted in strains with reduced dissemination to the brain 

not explained by the capsule-related phenotypes. Dambuza et al., and Hommel et 

al., (2018) PLOS Pathogens later demonstrated that USV101 is a major negative 

regulator of titan cell formation, and were the first to conceptually link increased 

titan cell formation to reduced virulence. 

A: We have included these references in our discussion on page 15.


