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June 5, 20191st Editorial Decision

June 5, 2019 

Re: Life Science Alliance manuscript  #LSA-2019-00413-T 

Prof. Ping Gao 
University of Science and Technology of China 
School of Life Sciences 
Hefei, Anhui 230026 
China 

Dear Dr. Gao, 

Thank you for submit t ing your manuscript  ent it led "Glycine Cleavage System Determines the
Pluripotency via Senescence and Epigenet ic Regulat 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 findings but think that some of your conclusions need
better support . Based on the reviewer input, we would like to invite you to submit  a revised
manuscript  to us. Important ly, the requested controls, quant ificat ions and clarificat ions as well as
the requested better support  for the conclusions regarding pluripotency/different iat ion as well as
senescence should get provided. Reviewer #2 also asks for a few experiments to better support
your claims and to provide more detailed insight, and we would like to ask you to perform these. We
do not expect you to solve the noted discrepancy to the related work by Kang et  al experimentally,
but the discrepancy should get discussed. We realize that addressing all these concerns, and
part icularly those of reviewer #1, is feasible but demanding. We think that the concerns are
however just ified and aim at  strengthening your study. We can extend the standard revision t ime,
should this be helpful. 

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. 

We would be happy to discuss the individual revision points further with you should this be helpful. 

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)): 

Summary/Descript ion of Advancement in the Field: 
This submission ident ifies a specific pathway of amino acid metabolism - the glycine cleavage
system - as an important regulator of pluripotency. Authors find that an important enzyme in the
glycine cleavage system, GLDC, is regulated by Sox2 and LIN28A. In turn, GLDC regulates
pluripotency through product ion of one-carbon units that  influence H3K4me3 deposit ion, and
maintains pluripotency through prevent ion of methylglyoxal (MG)-induced senescence. This work
elucidates a mechanism by which GLDC is controlled, and provides evidence for how the glycine
cleavage system regulates pluripotency exit  in mice and humans. 

Figure 1: Authors claim that the glycine cleavage system in mice is highly act ivated in pluripotent
cells due to high levels of GLDC, contrary to their fibroblast  counterparts. They claim that the
act ivity of the GLDC-mediated glycine cleavage system is associated with pluripotency. Authors
ident ify high levels of glycine metabolism (RNA-Seq, western blot) in pluripotent cells compared to
fibroblasts, and characterize an associated increased expression of enzyme GLDC in various
pluripotent states. 

Figure 1 Comments: 
Figure 1J 
a) This figure conflicts with what the main text  is stat ing, which is that  iPSCs and mESCs consume
higher levels of glycine because of high act ivity of the glycine cleavage system due to increased
levels of GLDC. However, this Y-axis label (extracellular glycine consumption) implies that iPSCs and
mESCs exhibit  lower levels of glycine consumption compared to MEFs. The authors should clarify
this.
b) The figure legend indicates all cells were cultured first  in glycine deprivat ion media for 12 hours,
followed by t reatment with labeled glycine to measure glycine consumption. How does this init ial
glycine deprivat ion affect  viability and/or subsequent glycine consumption due to compensatory
uptake? Could glycine deprivat ion induce different iat ion, and mESCs and iPSCs being measured
may no longer be a homogenous populat ion of pluripotent cells?

Figure S1B/1C/1D 
a) Authors should verify/show that reprogrammed cells express pluripotent markers on this western
blot  figure.

Figure 2: Authors find that Sox2 and Lin28A regulate GLDC expression. Sox2 regulates GLDC
expression through transcript ional binding of the GLDC promoter. In contrast , LIN28A regulates
GLDC expression through post-t ranscript ional means by binding GLDC mRNA. Double knockdown
of both Sox2 and Lin28A causes significant decrease in GLDC expression. 

Figure 3: Authors evaluate regulat ion of metabolite levels by GLDC, and find that GLDC is important
for prevent ing methylglyoxal accumulat ion. Using metabolic flux assays, they further determine that
GLDC is also essent ial for one-unit  carbon product ion of SAM and formate. Formate product ion
appears to rescue pluripotency whereas MG supplementat ion promotes senescence. Formate
product ion and methylglyoxal levels are determined to help regulate pluripotency. 

Figure 3 Comments: 
Figure 3J 
a) GLDC knockdown correlates with decreased pluripotency as shown by AP+ colonies and
immunofluorescence, is there a corresponding increase in different iat ion markers?



Figure 3L 
a) SAM levels are important substrates for deposit ion of H3K4me3, which help maintain
pluripotency. Are even more reprogrammed pluripotent colonies induced when supplemented with
formate and SAM? Why do authors select  formate to rescue the pluripotent phenotype in 4F+
knockdowns?

Figure 4: Authors claim that GLDC mediates pluripotency regulat ion through one carbon-unit
product ion that contributes to H3K4me3 occupancy at  t ranscript ion start  sites of key pluripotent
genes. 

Figure 4 Comments: 
Figure 4G 
a) How does formate restore H3K4me3 levels? In other words, how is formate a methyl donor in this
instance? Are authors using methyl formate to restore H3K4me3?
b) Formate is a negat ive ion, likely discouraging cell permeability. Authors should confirm that
formate is entering the cell in these experiments when rescuing GLDC knockdowns.

Figure 5: Authors claim that the glycine cleavage system in pluripotent cells prevents MG-induced
senescence. 

Figure 5 Comments: 
Figure 5A 
a) Tit rat ion of MG should say 100 μM, not 10 μM.
Figure 5E
a) Authors should t reat MEFs with MG as a negat ive control, confirming that high GLDC act ivity
prevent ing MG accumulat ion is exclusive to the pluripotent state. A t it rat ion should be done to
show the pluripotent state is specifically more sensit ive to MG supplementat ion.
Figure 5M
a) Why do authors switch between formate and SAM rescues of GLDC knockdowns?
General
a) How does addit ion of MG to pluripotent cells/during reprogramming affect  H3K4me3 marks?
From Figure 3M, supplementat ion of MG causes decreases in AP posit ive colonies - is this caused
by senescence or H3K4me3?
b) In pluripotent cells, is there an enrichment for MG detoxificat ion systems, such as glyoxylase
pathways, compared to different iated cells? How do pluripotent cells respond to MG intolerance?

Figure 6: Authors demonstrate that the glycine cleavage system regulates pluripotency by
prevent ing MG-induced senescence and controlling H3K4me3 deposit ion in human cells. 

Figure 6 Comments: 
Figure 6G 
a) Decreases in both H3K4me3 and H3K27me3 are seen in GLDC knockdowns of hPSCs. Can
authors comment on the decrease in H3K27me3?
General
a) Figure 6 should include confirmat ion that reprogrammed human cells t reated with MG give higher
expression of senescence markers.

Figure 7: The schematic indicates that formate is derived from SAM. Figure 3 ident ifies formate and
SAM as two separate byproducts of the glycine cleavage system. The authors should explain this
discrepancy. 



Other: 
a) It  has been reported that an increase in H3K4me3 is seen in GLDC knockdowns of hPSCs (Kang
PJ, et  al., Metabolic Engineering 2019; 53: 35-47), while the authors of this paper see a decrease in
H3K4me3 in hPSCs with GLDC knockdowns. Authors should explain this discrepancy.
b) Kang et  al. also claims that Klf4 and c-myc regulate GLDC expression, whereas authors here
claim that Sox2 and Lin28A actually regulate GLDC expression. Authors should explain this
discrepancy.
c) Methods- Ident ify the passage number/populat ion doubling number of cells used for each of the
experiments, as well as from where they were procured.
d) Discussion- Stem cell aging and exhaust ion is a hallmark but not necessarily the primary driver of
organismal aging. Avoid generalizat ions and see Hallmarks of Aging: Cell paper by Carlos Lopez-
Ot in.
e) Introduct ion/Discussion- Not all cancers are primarily glycolyt ic, so correct  for generalized
statements

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

In this study Tian et  al. discover that the glycine cleavage system (GCS) is involved in promot ing
pluripotency in original stem cells as well as during reprogramming. The proposed mechanisms
involve a general promot ion of H3K4 trimethylat ion as well as prevent ion of methylglyoxal
accumulat ion a cytotoxin that counteracts pluripotency by inducing cellular senescence. The study
is writ ten clearly, contains several interest ing insights that are important to the field and reveals a
so far unacknowledged role of Gldc and the GCS in stem cell biology. 

major comments: 

Fig2 
A 
The Western Blot  shows an induct ion of GLDC expression upon Sox2 and Lin28A expression.
Moreover, it  seems that also Klf4 (probably mislabeled as Kif4 in the Figure) has the same effect .
Could the authors please comment on that and if possible, provide a quant ificat ion of the band
intensit ies across several experiments in order to be able to judge the effect  size? 

M 
The effect  of Sox2 and Lin28A single knock downs on GLDC expression seems to be very mild,
especially in comparison to experiments shown in 2B and 2F, again a quant ificat ion would help. 

In general, this figure provides evidence of t ranscript ional (Sox2) and posttranscript ional (Lin28A)
control of GLDC expression. However, in 1G the authors show and also explicit ly state in the result
sect ion of the text  that  t ranscript ional induct ion of GLDC during reprogramming precedes induct ion
of 4F including Sox2. The authors should discuss the apparent discrepancy and if possible,
formulate alternat ive hypothesis for Sox2-independent GLDC transcript ional control. 

Fig4 
A and D 



The representat ion of the GSEA needs improvement since the current figure is not readable at  the
presented resolut ion. Also, it  would be helpful to display the total number of genes / gene sets
analyzed and housekeeping pathways that may not change as controls. 

B 
The panel shows that pluripotency marker gene expression is lost  upon reduced Gldc expression.
How specific is this effect? Are markers for different germ layers induced, are there any molecular or
morphological hints on into what cellular state these cells different iate into? 

C 
The downregulat ion of SOX2 upon Gldc knock down and opposite behavior upon overexpression
suggests a posit ive feedback loop between these factors. Could the authors please comment on
that possibility and how it  fits in their proposed model Fig7? 

F 
The pluripotency marker genes tested for H3K4me3 tested in Figure 4F suggest an expression and
cell ident ity change due to a reduct ion of methylat ion levels of about 50 % in a Gldc knock down.
Do the authors have control data from non-pluripotent associated genes or, ideally, could they
provide genome-wide ChiP-Seq data to understand how select ive the proposed act ion of the GCS
is? Is it  possible that this effect  is a side-effect  of the proposed ant i-senescence act ivity observed
in data of Fig5? Given that conclusion and model of this work are largely based on this funct ional
connect ion it  deserves further invest igat ion. 

I 
What is the effect  of formate only on these genes? This experiment might reveal if formate is rate
limit ing in the proposed network and might explain the observed overshoot for Klf4. 

Fig5D 
How do the used MG concentrat ions compare to endogenously observed intracellular
concentrat ions? 

Minor comments 

Could the authors discuss how the observed changes in Gldc expression levels compare to
different ial expression during mouse embryogenesis? 



Point-by-point response and revision results 

Editor’s Decision: 

Thank you for submitting your manuscript entitled "Glycine Cleavage System 

Determines the Pluripotency via Senescence and Epigenetic Regulation" to Life 

Science Alliance. The manuscript was assessed by expert reviewers, whose comments 

are appended to this letter.  

As you will see, the reviewers appreciate your findings but think that some of your 

conclusions need better support. Based on the reviewer input, we would like to invite 

you to submit a revised manuscript to us. Importantly, the requested controls, 

quantifications and clarifications as well as the requested better support for the 

conclusions regarding pluripotency/differentiation as well as senescence should get 

provided. Reviewer #2 also asks for a few experiments to better support your claims 

and to provide more detailed insight, and we would like to ask you to perform these. 

We do not expect you to solve the noted discrepancy to the related work by Kang et al 

experimentally, but the discrepancy should get discussed. We realize that addressing 

all these concerns, and particularly those of reviewer #1, is feasible but demanding. 

We think that the concerns are however justified and aim at strengthening your study. 

We can extend the standard revision time, should this be helpful.  

Response: Thank you very much for your kind decision to allow us to revise the 

manuscript. We appreciate the constructive comments and suggestions from the 

reviewers. We have carried out multiple experiments that the reviewers suggested and 

revised the manuscript accordingly. Please find attached our point-by-point response 

to the reviewers’ concern. Thank you for your consideration and hope you find our 

responses satisfactory. 

For the reviewers’ convenience, we have appended in this file all the revised 

figures, which we labeled as Figure R1 to Figure R19. 

1st Authors' Response to Reviewers                                           August 22, 2019



Referee #1: 

This submission identifies a specific pathway of amino acid metabolism - the glycine 

cleavage system - as an important regulator of pluripotency. Authors find that an 

important enzyme in the glycine cleavage system, GLDC, is regulated by Sox2 and 

LIN28A. In turn, GLDC regulates pluripotency through production of one-carbon 

units that influence H3K4me3 deposition, and maintains pluripotency through 

prevention of methylglyoxal (MG)-induced senescence. This work elucidates a 

mechanism by which GLDC is controlled, and provides evidence for how the glycine 

cleavage system regulates pluripotency exit in mice and humans.  

Response: We are grateful for the reviewer’s comments that well summarized the 

major findings and significance of our work. 

Figure 1: Authors claim that the glycine cleavage system in mice is highly activated in 

pluripotent cells due to high levels of GLDC, contrary to their fibroblast counterparts. 

They claim that the activity of the GLDC-mediated glycine cleavage system is 

associated with pluripotency. Authors identify high levels of glycine metabolism 

(RNA-Seq, western blot) in pluripotent cells compared to fibroblasts, and characterize 

an associated increased expression of enzyme GLDC in various pluripotent states.  

Response: Thank you for the comments that well summarized Figure 1 in our work. 

Figure 1 Comments: 

Figure 1J  

a) This figure conflicts with what the main text is stating, which is that iPSCs and

mESCs consume higher levels of glycine because of high activity of the glycine

cleavage system due to increased levels of GLDC. However, this Y-axis label

(extracellular glycine consumption) implies that iPSCs and mESCs exhibit lower

levels of glycine consumption compared to MEFs. The authors should clarify this.

Response: We thank the reviewer for pointing out this mistake. We apologize for

using an inappropriate Y-axis label which conveyed inaccurate information. We have

corrected the Y-axis label in Figure 1J to “Relative levels of residual 13C-glycine in



medium”, which indicated that iPSCs and mESCs exhibit high levels of glycine 

utilization compared to MEFs. For your convenience, we have also appended this 

figure here as Figure R1A. 

Figure R1. mESCs and iPSCs exhibit high levels of glycine utilization compared 
to MEFs. (A) MEFs, mESCs and iPSCs were first cultured in glycine starvation medium for 12 
hours, and the medium was then refreshed with medium containing 13C-labelled glycine. The 
amount of 13C-labelled glycine in the culture medium from MEFs, iPSCs and mESCs was 
measured by GC/MS at the indicated time. The data were presented as the mean ± SD of three 
independent experiments. *P<0.05 compared with MEFs.  

b) The figure legend indicates all cells were cultured first in glycine deprivation

media for 12 hours, followed by treatment with labeled glycine to measure glycine

consumption. How does this initial glycine deprivation affect viability and/or

subsequent glycine consumption due to compensatory uptake? Could glycine

deprivation induce differentiation, and mESCs and iPSCs being measured may no

longer be a homogenous population of pluripotent cells?

Response: Glycine is in a dynamic exchange in the intracellular and extracellular

space. In order to better exhibit the glycine consumption and increase the isotope

labelling efficiency, we cultured the cells in glycine deprivation medium for a short

term before isotope labelling. To address the reviewer’s concern, we further analyzed

the glycine consumption of mESCs and MEFs with or without short-term of glycine

starvation in advance, and the results confirmed that ESCs exhibit a greater glycine

utilization than MEFs either with or without short-term of glycine starvation in

advance (Figure R2A). Furthermore, we detected the viability and pluripotency of

mESCs under the condition of glycine starvation. As a result, no significant difference



was detected in the viability (Figure R2B) or pluripotency of mESCs between that 

cultured under normal condition and that under short term of glycine deprivation 

(Figure R2C), which is consistent with the previous reports 1. 

Figure R2. Short-term of glycine starvation didn't influence the viability or 
pluripotency of mESCs. (A) MEF and V6.5 cells were first cultured under normal or glycine 
deprivation condition for 12 hours, and the medium was then refreshed with medium containing 
13C-labelled glycine. The amount of 13C-labelled glycine in the culture medium of MEFs or V6.5 
cells was measured by GC/MS 0 or 4 hours after medium change. Bar graft presented the relative 
levels of residual 13C-labelled glycine in the culture medium of the indicated cells compared to 
that of MEFs or V6.5 cells 0 hours after medium change. The data were presented as the mean ± 
SD of three independent experiments. (B) Cell numbers of V6.5 cells cultured under normal or 
glycine deprivation condition for 12 hours. Cell numbers were counted after trypan blue staining. 
Data were presented as mean ± SD. (C) qRT-PCR analysis of the expression of 
pluripotency-related genes in V6.5 cells cultured under normal or glycine deprivation condition 
for 12 hours. The data were presented as mean ± SD of three independent experiments.  

Figure S1B/1C/1D 

a) Authors should verify/show that reprogrammed cells express pluripotent markers

on this western blot figure.

Response: We agree with the reviewer that it is important to verify the expression of

pluripotent markers on these reprogrammed cells. However, at such early stages of

reprogramming induction, it is very difficult to distinguish the endogenous Pou5f1,

Sox2, Nanog from the exogenous ones which were forced expressed during

reprogramming at protein level. Alternatively, we detected the mRNA levels of

endogenous Pou5f1, Sox2, Nanog by using primers targeting the 3'UTR of these

pluripotency genes (Figure R3A, also as Figure 1G in original manuscript；Figure

R3B, R3C, also as Supplementary Figure 1C, 1D in the revised manuscript). As a

result, during somatic reprogramming process the endogenous pluripotency genes was

gradually induced, and the expression of Gldc increased even before the induction of



endogenous pluripotency genes, suggesting the important role of Gldc in iPSC 

generation. We thank the reviewer for the important point and we have included these 

results in Supplementary Figure 1C, 1D in the revised manuscript, respectively. 

Figure R3. The expression levels of pluripotent markers in multiple 
reprogrammed cells. (A-C) qRT-PCR analysis of the expression of Gldc, endogenous Pou5f1, 
Sox2 and Nanog in cells during OSKM-induced reprogramming (A), OSK-induced 
reprogramming (B) or OSNA-induced reprogramming (C) at the indicated times. The mRNA 
levels were normalized to the expression levels on Day 0. *P<0.05 compared with the expression 
levels on Day 0. (Also as Supplementary Figure 1C, 1D in the revised manuscript) 

Figure 2: Authors find that Sox2 and Lin28A regulate GLDC expression. Sox2 

regulates GLDC expression through transcriptional binding of the GLDC promoter. In 

contrast, LIN28A regulates GLDC expression through post-transcriptional means by 

binding GLDC mRNA. Double knockdown of both Sox2 and Lin28A causes significant 

decrease in GLDC expression. 

Response: We appreciate the reviewer for well summarizing our results in Figure 2. 

Figure 3: Authors evaluate regulation of metabolite levels by GLDC, and find that 

GLDC is important for preventing methylglyoxal accumulation. Using metabolic flux 

assays, they further determine that GLDC is also essential for one-unit carbon 

production of SAM and formate. Formate production appears to rescue pluripotency 

whereas MG supplementation promotes senescence. Formate production and 

methylglyoxal levels are determined to help regulate pluripotency.  

Response: We are grateful for the reviewer’s comments that well summarized our 

results in Figure 3. 



Figure 3 Comments: 

Figure 3J  

a) GLDC knockdown correlates with decreased pluripotency as shown by AP+

colonies and immunofluorescence, is there a corresponding increase in differentiation

markers?

Response: This is indeed an important and relevant question. To investigate whether

knockdown of Gldc would correlate with the differentiation of ESCs, the mRNA

levels of some differentiation related genes in V6.5 cells expressing shGldc were

analyzed ， and the results showed that genes associated with endodermal

differentiation, such as Gata3 and Wnt2, were upregulated in Gldc-knockdown cells

(Figure R4A).

Figure R4. The effect of Gldc knockdown on the expression of differentiating 
genes. (A) qRT–PCR analysis of the expression of differentiating genes in V6.5 cells with Gldc 
knockdown. The data were presented as the mean ± SD of three independent experiments. 
*P<0.05 compared with the NTC.

Figure 3L  

a）SAM levels are important substrates for deposition of H3K4me3, which help 

maintain pluripotency. Are even more reprogrammed pluripotent colonies induced 

when supplemented with formate and SAM? Why do authors select formate to rescue 

the pluripotent phenotype in 4F+ knockdowns?  

Response: To address this point, we further analyzed the reprogramming efficiency of 

Gldc-knockdown MEFs induced by Yamanaka Factors and supplemented with both 

formate and SAM. Our results showed that supplementation with either formate or 



SAM could partially rescue the shGldc-suppressed reprogramming efficiency, while 

supplementation with both formate and SAM did not further improve the efficiency 

(Figure R5A). Since formate is a major donor of one-carbon unit to produce SAM 

(Figure R5B)2, 3, it is possible that formate supplementation is sufficient to support 

SAM production and, as a result, additional SAM supplementation did not further 

improve the efficiency. 

 Formate serves as the major one-carbon donor for SAM production and also an 

important intermediate metabolite of one-carbon unit metabolism promoted by Gldc. 

As the reviewer has pointed out that “SAM levels are important substrates for 

deposition of H3K4me3”, we thus used formate, the donor of one-carbon unit to 

produce SAM, to rescue the efficiency of somatic reprogramming caused by 

Gldc-knockdown.  

Figure R5. Supplementation with formate and SAM partially rescued the 
shGldc-suppressed reprogramming efficiency. (A) SAM iodide and formic acid were 
supplemented to Gldc-knockdown MEF cells starting from 2 days after infection with virus 
expressing the four factors. AP staining (upper panel) showed the iPSC colonies formed. The AP- 
and Ssea1-positive iPSC colonies were counted (lower panel). The data were presented as the 
mean ± SD. (B) Schematic diagram of one-carbon metabolism. 

Figure 4: Authors claim that GLDC mediates pluripotency regulation through one 

carbon-unit production that contributes to H3K4me3 occupancy at transcription start 

sites of key pluripotent genes.  

Response: We thank the reviewer for the comments that well summarized our results 

in Figure 4. 



Figure 4 Comments: 

Figure 4G  

a) How does formate restore H3K4me3 levels? In other words, how is formate a

methyl donor in this instance? Are authors using methyl formate to restore

H3K4me3?

Response: In one-carbon metabolism, formate transfers a single carbon atom to THF

to generate formyl-THF (CHO-THF), and formyl-THF further transforms into

5,10-methylene-THF (CH2-THF) that finally become the one-carbon donor for SAM

synthesis (Figure R5B). Formate serves as a one-carbon units replenisher, and further

provide one-carbon units for SAM synthesis to restore H3K4me3 levels. Formic acid

(HCOOH) which is widely used to restore the level of one carbon unit in cells was

used in our work2, 3.

b) Formate is a negative ion, likely discouraging cell permeability. Authors should

confirm that formate is entering the cell in these experiments when rescuing GLDC

knockdowns.

Response: Thank you for the concern. Formic acid which has been reported to restore

the level of one carbon unit in the cells was used in our experiments. Please also refer

to the reference2, 3. We apologize for not making this point clear and have revised the

Methods section accordingly.

Figure 5: Authors claim that the glycine cleavage system in pluripotent cells prevents 

MG-induced senescence.  

Response: Thank you for the comments. 

Figure 5 Comments: 

Figure 5A  

a) Titration of MG should say 100 μM, not 10 μM.

Response: We apologize for the error and have corrected the typo in the revised

manuscript.



Figure 5E 

a) Authors should treat MEFs with MG as a negative control, confirming that high

GLDC activity preventing MG accumulation is exclusive to the pluripotent state. A

titration should be done to show the pluripotent state is specifically more sensitive to

MG supplementation.

Response: Thank you for this important and relevant question. Following this

suggestion, we treated mES cells and MEF cells with MG and tested the protein levels

of senescence markers. Our results showed that treatment with 50µM, 100µM MG

significantly induced the protein levels of senescence markers in V6.5 cells (Figure

R6A, also as Figure 5A in original manuscript) but only had slight effect on MEF

cells (Figure R6B). Consistently, it has been reported that high concentrations of MG

leads to the appearance of senescent phenotype of human skin fibroblast in previous

study4. These data suggested that pluripotent stem cells are more sensitive to MG

compared with differentiated cells.

Figure R6. V6.5 cells were more sensitive to MG treatment compared with MEF 
cells. (A-B) Western blot analysis of the expression of senescence-related genes in V6.5 cells (A) 
or MEF cells (B) treated with various concentration gradients of MG. ACTIN served as the 
loading control. 

Figure 5M 

a) Why do authors switch between formate and SAM rescues of GLDC knockdowns?

General

Response: Thank you for the comments. Firstly，we found Gldc promoted one-carbon

unit metabolism, which might be associated with its effect on somatic reprogramming.

Then formate, the intermediate metabolites of this pathway and also the donor of



one-carbon unit to produce SAM, was used to test whether it could rescue the 

efficiency of somatic reprogramming caused by Gldc-knockdown. To further test 

whether Gldc promotes pluripotency acquirement via facilitating the production of 

SAM, the donor of methylation, we used SAM to rescue Gldc-knockdowns. To 

address the reviewer’s concern, we further tested the effects of formate and SAM on 

somatic reprogramming induced by Yamanaka Factors with or without 

Gldc-knockdown. The results showed that there is no obvious difference of rescue 

effect between formic acid and SAM iodide (Figure R7A).  

Figure R7. Supplementation with formate or SAM rescued the 
shGldc-suppressed reprogramming efficiency equally. (A) SAM iodide and formic 
acid were added to the medium of Gldc knockdown MEF cells starting from 2 days after infection 
with virus expressing the four factors. AP staining (upper panel) showed the iPSC colonies formed. 
The AP- and Ssea1-positive iPSC colonies were counted (lower panel). The data were presented 
as the mean ± SD. 

a) How does addition of MG to pluripotent cells/during reprogramming affect

H3K4me3 marks? From Figure 3M, supplementation of MG causes decreases in AP

positive colonies - is this caused by senescence or H3K4me3?

Response: This is an important and relevant question. In order to address this point

clearly, we detected the influence of MG on H3K4me3 in V6.5 cells. The results

showed that supplementation of MG had no effect on H3K4me3 levels in mESCs.

(Figure R8A), indicating that MG accumulation caused decreases in generation of AP

positive colonies via inducing senescence, but not affecting H3K4me3 levels.



Figure R8. Supplementation of MG have no effect on H3K4me3 level. (A) Western 
blot analysis of H3K4me3 modifications in V6.5 cells treated with various concentration gradients 
of MG. Total H3 served as the loading control. 

b) In pluripotent cells, is there an enrichment for MG detoxification systems, such as

glyoxylase pathways, compared to differentiated cells? How do pluripotent cells

respond to MG intolerance?

Response: The glyoxalase system, comprised of Glo1 and Glo2, catalyzes the

conversion of methylglyoxal (MG) to D-lactate via the intermediate

S-d-lactoylglutathione. Glo1 catalyzes the first step of MG detoxification, which

metabolizes MG to S-d-lactoylglutathione. S-d-lactoylglutathione is then converted to

D-lactate by Glo2. To address the reviewer’ concern, we detected the expression

levels of Glo1 and Glo2 in MEFs and ESCs. qRT-PCR and western blot analysis

revealed that the expression levels of Glo1 and Glo2 were upregulated in V6.5 cells as

compared to MEFs (Figure R9A, R9B), which is consistent with previous report5.

Methylglyoxal is a toxic, highly reactive aldehyde which can react with lipids, 

nucleic acids, or with lysine and arginine residues of proteins to form advanced 

glycation end products (AGEs). As we find in our study, MG treatment induced the 

expression of senescence markers in ESCs dose-dependently, suggesting that MG 

intolerance may lead to senescence of ESCs.  

Figure R9. Glo1 and Glo2 were upregulated in V6.5 cells as compared to MEFs. 
(A-B) qRT-PCR (A) and western blot (B) analysis of the expression of Glo1, Glo2 in MEF and 



V6.5 cells. The data were presented as the mean ± SD of three independent experiments. *P<0.05 
compared with MEFs. ACTIN served as the loading control. 

Figure 6: Authors demonstrate that the glycine cleavage system regulates 

pluripotency by preventing MG-induced senescence and controlling H3K4me3 

deposition in human cells.  

Response: We appreciate the reviewer for well summarizing our results in Figure 6. 

Figure 6 Comments: 

Figure 6G  

a) Decreases in both H3K4me3 and H3K27me3 are seen in GLDC knockdowns of

hPSCs. Can authors comment on the decrease in H3K27me3?

Response: Thank you for this comment. We repeated the experiments and provided

the results of three independent experiments here with quantification of the band

intensities by the Image lab 3.0 software (Bio-Rad). The results showed that

knockdown of Gldc significantly reduced H3K4me3 while the level of H3K27me3

was slightly downregulated but not significantly (Figure R10A, also as Figure 6G in

the original manuscript; R10B). Hence, the current study focused on the regulation of

Gldc on H3K4me3.

Figure R10. The effect of Gldc knockdown on the level of H3K4me3 and 
H3K27me3 in hPSCs. (A) Western blot analysis of various H3 lysine methylation 
modifications in H9 cells stably expressing shGLDC or the NTC. Total H3 was used as the 
loading control (Also as Figure 6G in the original manuscript). (B) Western blot analysis of 
H3K4me3 and H3K27me3 modifications in H9 cells expressing shGLDC or the NTC. Total H3 
was used as the loading control. 



General 

a) Figure 6 should include confirmation that reprogrammed human cells treated with

MG give higher expression of senescence markers.

Response: Thank you for this important suggestion. To address this point, we treated

the reprogrammed human cells induced by Yamanaka Factors with MG and detected

the expression of senescence markers. The results showed that supplementation of

MG increased the expression levels of senescence markers in reprogrammed human

cells (Figure R11A). Per our reviewer's suggestion, we have included the result as

Figure 6I in the revised manuscript.

Figure R11. MG induced senescence in human reprogrammed cells. (A) Western 
blot analysis of the expression of senescence-related genes in Yamanaka Factors-induced human 
reprogrammed cells treated with MG. ACTIN served as the loading control. (Also as Figure 6I in 
the revised manuscript) 

Figure 7: The schematic indicates that formate is derived from SAM. Figure 3 

identifies formate and SAM as two separate byproducts of the glycine cleavage system. 

The authors should explain this discrepancy.  

Response: We apologize for providing the improper information in Figure 3A and 

have revised the schematic diagram. For your convenience, we have also appended 

this figure here as Figure R12A. In addition, a more detailed schematic diagram was 

provided here for better understanding one-carbon metabolism (Figure R5B). The 

direct product of the glycine cleavage system is CH2 -THF. CH2 -THF further turns to 

CHO-THF and then to formate in mitochondria. Formate is then transported to 

cytoplasm and provides one-carbon unit to produce CH2 -THF and finally reacts with 

homocysteine (Hcy), generating methionine, the precursor of SAM. 



Figure R12. Schematic diagram of metabolic flux related to the GCS. (Also as Figure 3A in 
the revised manuscript) 

Figure R5B. Schematic diagram of one-carbon metabolism. 

Other:  

a) It has been reported that an increase in H3K4me3 is seen in GLDC knockdowns of

hPSCs (Kang PJ, et al., Metabolic Engineering 2019; 53: 35-47), while the authors of

this paper see a decrease in H3K4me3 in hPSCs with GLDC knockdowns. Authors

should explain this discrepancy.

Response: Thank you for the comments, we also noticed this discrepancy. To address

this concern, we have repeated our experiment. Consistently with our previous data,

the results showed that knockdown of Gldc decreased H3K4me3 level in human ESCs

(Figure R10A, R10B). Then we carefully compared the methods between these two

works, and consider that such discrepancy might be caused by different cell culture

condition and different cell lines we used in the experiments. In detail, H9 cell line



was used in our study, while BG01 cell line was used in the study of Kang et al. The 

cell culture condition was also different. The classical TeSR-E8 medium (from Stem 

Cell) was used to culture H9 cells in our study, while DMEM/F12 supplemented with 

2× ITS, 64 µg/ml L-ascorbic acid-2-phosphate, 100 ng/ml FGF2, 543 µg/ml NaHCO3, 

and 2 ng/ml TGF-β1 was used to culture BG01 cells in the study of Kang et al. 

However, further studies are required for the exploration of this question. 

Figure R10. The effect of Gldc knockdown on the level of H3K4me3 and 
H3K27me3 in hPSCs. (A) Western blot analysis of various H3 lysine methylation 
modifications in H9 cells stably expressing shGLDC or the NTC. Total H3 was used as the 
loading control. (Also as Figure 6G in the original manuscript) (B) Western blot analysis of 
H3K4me3 and H3K27me3 modifications in H9 cells expressing shGLDC or the NTC. Total H3 
was used as the loading control. 

b) Kang et al. also claims that Klf4 and c-myc regulate GLDC expression, whereas
authors here claim that Sox2 and Lin28A actually regulate GLDC expression. Authors
should explain this discrepancy.
Response: we are grateful for the reviewer’s comments. As showed in Fig R13A 

(also as Figure 2A in the original manuscript), our results demonstrated that multiple 

genes might affect Gldc expression in varying degrees, among which Sox2 and 

Lin28A upregulated Gldc significantly while the other genes showed marginal effects. 



Figure R13. Sox2 and Lin28A cooperatively controlled Gldc expression. (A) 
qRT-PCR and western blot analysis of the expression of Gldc in MEF cells overexpressing Oct4, 
Sox2, Klf4, c-Myc, Nanog and Lin28A individually. ACTIN served as the loading control. The 
data were presented as the mean ± SD of three independent experiments. *P<0.05 compared with 
the EV control. (Also as Figure 2A in the original manuscript) 

c) Methods- Identify the passage number/population doubling number of cells used

for each of the experiments, as well as from where they were procured.

Response: We thank the reviewer for the helpful advice and have revised the method

accordingly.

d) Discussion- Stem cell aging and exhaustion is a hallmark but not necessarily the

primary driver of organismal aging. Avoid generalizations and see Hallmarks of

Aging: Cell paper by Carlos Lopez-Otin.

Response: Thank you for the comments. We have revised the Discussion section in

the manuscript accordingly and have included this important reference to our revised

manuscript.

e) Introduction/Discussion- Not all cancers are primarily glycolytic, so correct for

generalized statements

Response: Thank you for the comments. We have revised the manuscript accordingly.



Referee #2: 

In this study Tian et al. discover that the glycine cleavage system (GCS) is involved in 

promoting pluripotency in original stem cells as well as during reprogramming. The 

proposed mechanisms involve a general promotion of H3K4 trimethylation as well as 

prevention of methylglyoxal accumulation a cytotoxin that counteracts pluripotency 

by inducing cellular senescence. The study is written clearly, contains several 

interesting insights that are important to the field and reveals a so far 

unacknowledged role of Gldc and the GCS in stem cell biology.  

Response: We appreciate the reviewer for the comments that well summarized the 

major findings and significance of our study. 

Major comments:  

Fig2  

A  

The Western Blot shows an induction of GLDC expression upon Sox2 and Lin28A 

expression. Moreover, it seems that also Klf4 (probably mislabeled as Kif4 in the 

Figure) has the same effect. Could the authors please comment on that and if possible, 

provide a quantification of the band intensities across several experiments in order to 

be able to judge the effect size? 

Response: Thanks for the concern and suggestion. We have corrected the typo in the 

revised manuscript. Following the reviewer’s advice, we have quantified the band 

intensities value (IDV) of each band by the Image lab 3.0 software (Bio-Rad), which 

showed that all the six genes affected Gldc expression in varying degrees, but Sox2 

and Lin28A upregulated Gldc much more significantly than other genes (Figure 

R13A, also as Figure 2A in the original manuscript). It is probable that these 

transcriptional factors can induce the expression of each other, and influence the 

expression of Gldc directly or indirectly. 



Figure R13. Sox2 and Lin28A cooperatively controled Gldc expression. (A) 
qRT-PCR and western blot analysis of the expression of Gldc in MEF cells overexpressing Oct4, 
Sox2, Klf4, c-Myc, Nanog and Lin28A individually. ACTIN served as the loading control. The 
data were presented as the mean ± SD of three independent experiments. *P<0.05 compared with 
the EV control. (Also as Figure 2A in the original manuscript) 

M  

The effect of Sox2 and Lin28A single knock downs on GLDC expression seems to be 

very mild, especially in comparison to experiments shown in 2B and 2F, again a 

quantification would help.  

Response: Thank you for the helpful advice. We repeated the experiments and 

provided the results of three independent experiments here with quantification of the 

band intensities by the Image lab 3.0 software (Bio-Rad). The results showed that 

knockdown of either Sox2 or Lin28A significantly decreased the expression of Gldc. 

(Figure R14A, B). To avoid further confusion, we replaced this figure in the revised 

manuscript (Figure 2M).  



Figure R14. Sox2 and Lin28A regulate Gldc expression cooperatively. (A) V6.5 
cells were infected with viruses expressing shSox2 or shLin28A or both of them, followed by 
analysis of Gldc expression by western blotting. ACTIN served as the loading control (Also as 
Figure 2B, 2F, 2M in the original manuscript). (B) V6.5 cells were infected with viruses 
expressing shSox2 or shLin28A or both of them, followed by analysis of Gldc expression by 
western blotting. ACTIN served as the loading control. (Also as Figure 2M in the revised 
manuscript) 

In general, this figure provides evidence of transcriptional (Sox2) and 

posttranscriptional (Lin28A) control of GLDC expression. However, in 1G the authors 

show and also explicitly state in the result section of the text that transcriptional 

induction of GLDC during reprogramming precedes induction of 4F including Sox2. 

The authors should discuss the apparent discrepancy and if possible, formulate 

alternative hypothesis for Sox2-independent GLDC transcriptional control.  

Response: Thank you for this important and relevant question. Firstly, transcriptional 

induction of Gldc was observed during Yamanaka Factors-induced somatic 

reprogramming, even earlier than the induction of endogenous pluripotency genes 

(Figure 1). During the somatic reprogramming, exogenous Oct4, Sox2, Klf4 and 

cMyc were forced expressed in MEFs, and the expression of Gldc was upregulated by 

exogenous pluripotent genes. To obtain a better understanding of the mechanism by 



which Gldc is induced in somatic reprogramming, we forced expressed the factors 

used to induce iPS cell generation (Oct4, Sox2, Klf4, cMyc, Nanog or Lin28A), 

respectively, in MEFs, and found that overexpression of Sox2 and Lin28A could 

significantly increase the expression level of Gldc (Figure 2). The induction of Gldc 

was found to stimulate one-carbon metabolism that which is critical for deposition of 

H3K4me3 and the expression of pluripotent genes (Figure 3). Indeed, as shown in 

Figure 2A, we found other tested factors could mildly induce the expression of Gldc, 

especially Klf4, which is consistent with the previous report5. As we know, these 

pluripotent factors can induce the expression of each other in somatic reprogramming6, 

7, and influence the expression of Gldc directly or indirectly. We thank the reviewer 

for insightful comments that help us improve the current study. We have discussed 

this point in the Results section (Figure 2) of the revised manuscript. 

Fig4  

A and D  

The representation of the GSEA needs improvement since the current figure is not 

readable at the presented resolution. Also, it would be helpful to display the total 

number of genes / gene sets analyzed and housekeeping pathways that may not 

change as controls. 

Response: We appreciate the reviewer for the helpful advice and have improved the 

representation of the GSEA in the revised manuscript accordingly (Figure R15A, 

R15B，also as Figure 4A, 4D in revised manuscript). Moreover, we have included the 

GSEA of housekeeping pathway as controls in Supplementary Figure 4A in the 

revised manuscript (Figure R15C), and the data showed that the expression levels of 

genes in housekeeping pathway had no change in Gldc-knockdown cells compared to 

that in the NTC. 



Figure R15. Knockdown of Gldc downregulated stem cell pluripotency and one 
carbon metabolism (A) GSEA of a gene set comprising stem cell pluripotency genes in 
shGldc- versus NTC-transfected V6.5 cells. (Also as Figure 4A in the revised manuscript) (B) 
GSEA of a gene set comprising genes related to one-carbon metabolism in shGldc- versus 
NTC-transfected V6.5 cells. (Also as Figure 4D in the revised manuscript) (C) GSEA of a gene 
set comprising genes related to housekeeping in shGldc- versus NTC-transfected V6.5 cells. 
(Also as Supplementary Figure 4A in the revised manuscript) 

B  

The panel shows that pluripotency marker gene expression is lost upon reduced Gldc 

expression. How specific is this effect? Are markers for different germ layers induced, 

are there any molecular or morphological hints on into what cellular state these cells 

differentiate into?  

Response: Thank you for this important question. The Referee #1 has also raised the 

similar concerns. To investigate whether knockdown of Gldc in pluripotent stem cells 



would induce differentiation, the mRNA levels of markers for differentiation were 

analyzed, and the results showed that the genes associated with endodermal 

differentiation, such as Gata3 and Wnt2, were upregulated in Gldc-knockdown V6.5 

cells (Figure R4A). Indeed, it is an interesting question to make clear what cellular 

state these cells differentiate into and its underlying mechanism, which warrants 

future and independent studies. 

Figure R4. The effect of Gldc knockdown on the expression of differentiating 
genes. (A) qRT–PCR analyses of the regulation of differentiating genes by Gldc in V6.5 cells. 
The data were presented as the mean ±SD of three independent experiments. *P<0.05 compared 
with the NTC. 

The downregulation of SOX2 upon Gldc knock down and opposite behavior upon 

overexpression suggests a positive feedback loop between these factors. Could the 

authors please comment on that possibility and how it fits in their proposed model 

Fig7?  

Response: We truly appreciate our reviewer for the very insightful comments and 

agree completely with this opinion. In pluripotent stem cells and during somatic 

reprogramming, the upregulated Sox2 transcriptionally induced the expression of 

Gldc (Figure R16A, R16B, also as Figure 2A, 2B in the original manuscript) which 

promotes the one-carbon metabolism to maintain H3K4me3 on pluripotency related 

genes including Sox2 (Figure R16C, R16D, also as Figure 4B, 4C in the original 

manuscript). This suggests a positive feedback loop between Gldc and Sox2, which is 

critical for the acquisition and maintenance of pluripotency. Thank you for the 

interesting point and we have discussed this point in the Results section (Figure 4) in 



the revised manuscript. 

Figure R16. A positive feedback loop between Sox2 and Gldc in ES cells and 
during somatic reprogramming. (A) qRT-PCR and western blot analysis of the expression 
of Gldc in MEF cells overexpressing Oct4, Sox2, Klf4, c-Myc, Nanog and Lin28A individually. 
ACTIN served as the loading control. The data were presented as the mean ± SD of three 
independent experiments. *P<0.05 compared with the EV control. (Figure 2A in the original 
manuscript) (B) qRT-PCR and western blot analysis of the expression of Gldc in V6.5 cells stably 
expressing shSox2 or the NTC. The data were presented as the mean ± SD of three independent 
experiments. *P<0.05 compared with the NTC. ACTIN served as the loading control. (Figure 2B 
in the original manuscript) (C, D) qRT–PCR (C) and western blot (D) analyses of the regulation of 
pluripotency-related genes by Gldc in V6.5 cells. ACTIN served as the loading control. The data 
were presented as the mean ± SD of three independent experiments. *P<0.05 compared with the 
NTC. (Figure 4B,4C in the original manuscript) 

F  

The pluripotency marker genes tested for H3K4me3 tested in Figure 4F suggest an 

expression and cell identity change due to a reduction of methylation levels of about 

50 % in a Gldc knock down. Do the authors have control data from non-pluripotent 

associated genes or, ideally, could they provide genome-wide ChiP-Seq data to 

understand how selective the proposed action of the GCS is? Is it possible that this 

effect is a side-effect of the proposed anti-senescence activity observed in data of Fig5? 



Given that conclusion and model of this work are largely based on this functional 

connection it deserves further investigation.  

Response: We appreciate the reviewer for the constructive comments. To address this 

point, we repeated the ChIP experiments and added beta-Actin as non-pluripotent 

associated gene control. The results showed that knockdown of Gldc significantly 

decreased H3K4me3 on pluripotent genes, but had no effect on beta-Actin (Figure 

R17A). Similar results were observed in previous studies that alterative histone 

methylation selectively influence the modification of specific genes but not all the 

genes in embryonic stem cells8, 9, however, the detailed mechanism is still under 

investigation10. To address whether the epigenetic changes is a side-effect of 

senescence, we added MG in the culture medium of V6.5 cells to induce senescence 

and tested the levels of H3K4me3. No significant changes in level of H3K4me3 was 

observed (Figure R8A, the Referee #1 raised similar concerns, for your convenience, 

we append the figures here once again), which suggested that Gldc regulates the 

pluripotent states via preventing senescence and maintaining histone modification 

independently.  

Figure R17. Gldc knockdown reduced H3K4me3 levels on the transcription 
starting site of pluripotency genes. (A) ChIP-qPCR analysis of H3K4me3 enrichment in 
the promoters of Pou5f1, Sox2, Klf4, Nanog and Actb in V6.5 cells expressing shGldc or the NTC. 
The data were presented as the mean ± SD of three independent experiments relative to the input. 
Actb served as the negative control. *P<0.05 compared with the NTC. 



Figure R8. Addition of MG had no effect on H3K4me3 level. (A) Western blot 
analysis of H3K4me3 modifications in V6.5 cells treated with various concentration gradients of 
MG. ACTIN served as the loading control.  

I  

What is the effect of formate only on these genes? This experiment might reveal if 

formate is rate limiting in the proposed network and might explain the observed 

overshoot for Klf4.  

Response: We thank the reviewer for the helpful advice. We performed additional 

experiments to address this point. The mES cells V6.5 were cultured with the 

supplementation of formate and the mRNA levels of pluripotency-associated genes 

were analyzed. As a result, supplementation of formate increased the expression 

levels of pluripotent genes (Figure R18A), which may suggest that the observed 

overshoot for Klf4 was caused by formate itself.  

Figure R18. Formate partially elevates the expression of pluripotency genes. (A) 
qRT-PCR analysis of the expression of Pou5f1, Sox2, Klf4 and Nanog in V6.5 with the 
supplementation of 1 mM formic acid for 48 hours. The data were presented as the mean ± SD of 
three independent experiments. 

Fig5D  

How do the used MG concentrations compare to endogenously observed intracellular 

concentrations?  



Response: Thank you for this point. The endogenously observed intracellular 

concentrations of MG were varying from 20µM to 40µM in different types of the 

cells11. The experiments with MG treatment in our experiments were carefully 

performed referring to the previous studies 12, 13.  

Minor comments  

Could the authors discuss how the observed changes in Gldc expression levels 

compare to differential expression during mouse embryogenesis?  

Response: Thank you for the important and relevant question. To address this point, 

we analyzed public available RNA-seq data of Gldc expression during mouse 

embryogenesis (E-MTAB-6798). As a result, the expression of Gldc was gradually 

downregulated during the development of brain, heart, kidney, ovary and testis in 

mouse embryos (Figure R19A). It is consistent with our results that Gldc has high 

expression level in pluripotent stem cells, and is downregulated in somatic cells 

(Figure 1E, 1F). These data suggested that Gldc expression was correlated with 

pluripotent state.  

Figure R19. The expression of Gldc during the development of five major organs 
of mouse. (A) RNA-seq analysis of the expression of Gldc during the development of five major 
organs of mouse embryos (E-MTAB-6798). E: embryonic day；P: postnatal day. The data are 
presented as the mean ± SD of four independent experiments. 
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Dear Dr. Gao, 

Thank you for submit t ing your revised manuscript  ent it led "Glycine Cleavage System Determines
the Pluripotency via Senescence and Epigenet ic Regulat ion". As you will see, reviewer #2 re-
assessed your work and appreciates the introduced changes, and we would thus be happy to
publish your paper in Life Science Alliance pending final revisions necessary to meet our formatt ing
guidelines. 

- please deposit  your RNA-seq data and provide the accession code in the material and methods
sect ion
- wherever p values are listed, please also indicate in the figure legends which stat ist ical text  was
used
- please link your ORCID iD to your profile in our submission system
- please upload the supplementary figures as individual files and the supplementary tables as either
word docx or excel files
- please add a callout  to Fig 7 into the manuscript  text
- please make the scale bars in Fig3J more visible

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
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**Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life
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Execut ive Editor 
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