


dusk, but it is unclear what would physically cause a delayed "day end". 

6. Worth commenting that in the Fig 6 experiments, it is possible to simulate the temporal statistics of the environment, but
presumably the experimental system is not capturing the magnitude of the irradiance at these geographical sites 

Reviewer #2 

(Remarks to the Author) 
Eremina et al. investigated the circadian clock in cyanobacteria by single-cell analysis of oscillating gene expression
patterns. This study is technically sound and offers profound insights into the functioning of the Synechococcus circadian
clock, shedding light on its robustness and underlying mechanisms. 

One of the most notable strengths of this study is its innovative approach, which utilizes a microfluidic device to dissect and
scrutinize the circadian rhythm at the single-cell level. This methodological choice not only enhances the precision of the
analysis but also allows for a comprehensive assessment of the clock's functions with high resolution. By harnessing the
power of microfluidics, researchers have effectively captured the dynamic nature of gene expression within individual
cyanobacterial cells, uncovering previously obscured nuances in circadian regulation. 
Because I am not a specialist in modelling, I will focus my review on single-cell analysis of wild-type and clock mutants.
First, they validated the usefulness of single-cell observations by comparing oscillating reporter activity with that of previous
studies using cells grown on agar. They showed that the oscillators in the single cells were very stable, and it was
remarkable that they were able to show that there is a precise clock phase inheritance, which is independent of cell division.
Next, they aimed to understand the role of known regulators of the cyanobacterial circadian clock on clock precision. They
analyzed circadian expression in different mutant strains of clock regulators and mutations affecting KaiC function. Their
model suggested that the robustness of the clock depends mainly on the robust and low-noise oscillations generated by the
KaiABC oscillator. Most importantly, the authors used their single-cell based system to study simple 12 h light/ 12 h dark or
more complex simulated and environmental cycles and fluctuating light conditions. These are the conditions for which one
would expect clock regulators to be important in reducing noise in natural conditions. In addition to these strengths, it is
important to acknowledge the limitations of this study. Despite the comprehensive analysis conducted on the wild type, a
notable gap in the research lies in the absence of analyses involving clock mutants under changing environmental
conditions. While this investigation provides valuable insights into the functioning of circadian clocks in a controlled setting,
the exclusion of clock mutants under fluctuating conditions represents a missed opportunity to explore the full spectrum of
clock robustness and adaptability. However, the establishment of single-cell analysis under controlled conditions is a
significant step towards a more complete understanding of the robustness of circadian rhythms under natural conditions.
Moreover, the findings presented in this study underscore the remarkable adaptability and resilience of cyanobacterial
circadian clocks in response to environmental perturbations. 

Specific comments: 
1. Line 116: The term ‘healthy cell growth and division rates’ should be avoided. How “healthy” can be defined? 
2. Line 269: Why were WT, KaiC-R215C, and KaiC-T495A mutants analyzed under high light, whereas SP16 and LP48
were analyzed under low light? Was there any reason for that? 
3. Table 1: SynPCC 7942 is not introduced. It would be better to use the name S. elongatus. None of the mutants appeared
to be nourseothricin resistant. Why is concentration given? What means “none” for SP16? How were regulator mutants
generated? A reference is given. Did you receive strains from the respective laboratories? 
4. Line 559: “To reduce phototoxicity, the maximal imaging frequency was set to every 45 min under light and every 240 min
under darkness.” I do not care too much about phototoxicity, but how did you exclude the possibility that excitation during
microscopy can influence oscillations? 

Version 1: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
The authors have addressed my concerns. I think this is a valuable study and should be published. 

Reviewer #2 

(Remarks to the Author) 
The authors have responded adequately to my minor suggestions and added the requested information on mutants. Please,
check the indicated concentrations of the antibiotics. These seem to be incorrect (maybe per milliliter?). The abbreviation
NSII should not be defined in Table 1, as it is not used there. Bacterial gene and mutant names should be italic (please,
check especially in figures and table 1). 
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Environmental and molecular noise buffering by the cyanobacterial clock in individual

cells

Aleksandra Eremina, Christian Schwall, Teresa Saez, Lennart Witting, Dietrich Kohlheyer,

Bruno M.C. Martins, Philipp Thomas, James C. W. Locke

IO ^RKXU ^RO \O`SOaO\] PY\ ^ROS\ ZY]S^S`O K]]O]]WOX^ YP Y_\ WKX_]M\SZ^& IO RK`O

KNN\O]]ON KVV ^ROS\ ZYSX^] KXN MYWWOX^] SX ^RS] \O`S]ON `O\]SYX$ aRSMR aO NO^KSV

LOVYa& IO SXMV_NON KNNS^SYXKV ObZO\SWOX^KV NK^K ]O^] KXN WYNOV ]SW_VK^SYX]$ KXN

_ZNK^ON Y_\ pQ_\O] KMMY\NSXQVc& EZOMSpMKVVc$ ^RO XOa NK^K ]O^] K\O >KS8%D*)-8 _XNO\

WONS_W ?? ";SQ&+9$ ;SQ&E+&.$ E+&/#$ KXN KNNS^SYXKV NK^K ]O^] PY\ IF _XNO\ WONS_W ??

";SQ.S4.2)$ >KS8%D*)-8 _XNO\ RSQR ?? ";SQ&E+&/#$ jVNZ6%* KXN jZ\U:%* "Fig.S4.2#& IO

YL^KSXON ^RO]O Ob^\K NK^K ]O^] ^Y KNN\O]] ]ZOMSpM \O`SOaO\]l ZYSX^] KXN ^Y OX]_\O K

]_rMSOX^ ]KWZVO ]SdO SX KVV ObZO\SWOX^]&

=X KNNS^SYX$ aO RK`O _ZNK^ON Y_\ pQ_\O] KXN XYS]O VYYZ KXKVc]S] ^Y ^KUO SX^Y KMMY_X^

K LKMUQ\Y_XN MY\\OM^SYX _]SXQ ^RO ZSbOV SX^OX]S^c YP KX OWZ^c MRKXXOV "]OO @O^RYN]$

VSXO] .(-%.(0#$ Z\Y`SNON K ^KLVO VS]^SXQ SWKQSXQ MYXNS^SYX] PY\ KVV pQ_\O] "FKL&E)#$ KXN

MVK\SpON$ SX ^RO \O]ZOM^S`O pQ_\O VOQOXN]$ aRO\O K NK^K]O^ S] _]ON SX WY\O ^RKX YXO

pQ_\O& IO XY^O ^RK^ ^RO LKMUQ\Y_XN ]_L^\KM^SYX \O]_V^ON SX ^RO MRKXQO YP ^RO 8&H&* SX

MVYMU KWZVS^_NO "WKbSWK YP XYS]O VYYZ]# P\YW (&() ^Y (&(- "VSXO )0,#$ aRSMR S] ]^SVV

VYaO\ ^RKX SX Z\O`SY_] \OZY\^]$ K] aO RKN Y\SQSXKVVc MYXMV_NON& 6VV q_Y\O]MOXMO NK^K

S] XYa LKMUQ\Y_XN%]_L^\KM^ON aS^RY_^ KXc KNNS^SYXKV XY\WKVS]K^SYX&

6VV ^Ob^ _ZNK^O]$ KZK\^ P\YW ]ZOVVSXQ MY\\OM^SYX]$ K\O RSQRVSQR^ON SX \ON PYX^& IRO\O K

]SQXSpMKX^ ZY\^SYX YP ^RO ^Ob^ aK] \OWY`ON$ ^RO ^Ob^ KZZOK\] SX \ON aS^R K

]^\SUO^R\Y_QR VSXO& @KTY\ pQ_\O _ZNK^O] K\O VS]^ON LOVYa2

)& ;SQ&)2 PY\ MYX]S]^OXMc$ ^RO ]KWO MOVV S] RSQRVSQR^ON SX ZKXOV] 6%9 KXN ^RO ]KWO

IF WONS_W ?? NK^K]O^ S] _]ON ^R\Y_QRY_^& AYS]O VYYZ] aO\O \OMKVM_VK^ON

SXMV_NSXQ LKMUQ\Y_XN ]_L^\KM^SYX&

*& ;SQ&*2 ZVY^] SX ZKXOV 7 WYNSpON ]VSQR^Vc ^Y SXMV_NO YXVc VSXOKQO] aS^R MYX]S]^OX^

SWKQSXQ MYXNS^SYX] "MOVV MY_X^] _ZNK^ON KMMY\NSXQVc#& 8KVM_VK^SYX] SX ZKXOV] 8

KXN 9 aO\O XY^ KPPOM^ON& 9K_QR^O\ ZRK]O NSPPO\OXMO] SX ^RO jVNZ6 LKMUQ\Y_XN

aO\O KNNON ^Y ZKXOV 9 "LY^^YW#&



+& ;SQ& +2 aO MRY]O ^Y ZVY^ ?C,0 KXN EC). NK^K ]O^] P\YW ^RO ]KWO MRSZ "S&O&

]KWO ObZO\SWOX^#$ ]Y K NSPPO\OX^ ?C,0 NK^K ]O^ S] ]RYaX "MOVV MY_X^ KNT_]^ON

KMMY\NSXQVc# KXN IF S] \OWY`ON& 6NN\O]]SXQ \O`SOaO\ *l] ZYSX^ YX MYWZK\SXQ

^RO W_^KX^] _XNO\ NSPPO\OX^ SWKQSXQ MYXNS^SYX]$ aO KV]Y MYXN_M^ON WY\O

ObZO\SWOX^] aS^R >KS8%D*)-8 _XNO\ WONS_W KXN RSQR ?? ^Y ]RYa ^RK^ ^RO

OPPOM^ YP ^RO QOXO^SM] YX ^RO MVYMU XYS]O S] ]SWSVK\ _XNO\ NSPPO\OX^ VSQR^

\OQSWO]& FRO]O NK^K K\O XYa KNNON ^Y ;SQ&+9&

GZNK^O] ^Y ^RO ]_ZZVOWOX^KV pQ_\O] aO\O ^RO PYVVYaSXQ2

)& AYS]O MKVM_VK^SYX] KXN XYS]O VYYZ] SX ;SQ&E)&-$ E)&. KXN E*&+ aO\O WYNSpON ^Y

\OqOM^ LKMUQ\Y_XN ]_L^\KM^SYX "XY [_KVS^K^S`O MRKXQO]#&

*& IO \OY\NO\ON ;SQ]&E+& ;SQ&E+&) "Z\O`SY_]Vc ;SQ&E+&+# XYa RK] ^RO

K_^YMY\\OVK^SYX P_XM^SYX ]RYaX SX ^RO LY^^YW ZKXOV3 K] aS^R ;SQ& + "]OO KLY`O#$

IF WONS_W ?? aK] \OWY`ON P\YW ;SQ&E+&*%,&

+& IO \OWY`ON ;SQ&E,&*$ MYWZK\SXQ ^RO XYS]O VYYZ] _XNO\ ?9 MYXNS^SYX]$ K] aO

^RSXU S^ NSN XY^ Z\Y`SNO Ob^\K SX]SQR^& =X]^OKN$ ^RO XOa ;SQ&E,&* ]RYa] ZRK]O

`K\SKXMO SXM\OK]O] aS^R ^SWO PY\ KVV IF KXN \OQ_VK^Y\ UXYMU%Y_^ NK^K ]O^]&

,& ;SQ]&E- KXN E. ]RYaSXQ \Ka q_Y\O]MOXMO KXN VSQR^ NK^K aO\O \O%Y\NO\ON&

IO ^RKXU ^RO \O`SOaO\] PY\ ^ROS\ MK\OP_V \OKNSXQ KXN ]_QQO]^SYX]$ aRSMR MYX^\SL_^ON

^Y KX SWZ\Y`ON ZKZO\& 7OVYa$ aO KNN\O]] KVV ^ROS\ ]ZOMSpM MYWWOX^]&
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GPMZM Q[ U]KP \W TQSM QV \PM UIV][KZQX\ NZWU ;ZMUQVI M\ IT) _PQKP ][M[ I [QVOTM KMTT

IVITa[Q[ WN KQZKILQIV ZPa\PU[ QV JIK\MZQI \W OW JMaWVL XZM^QW][ _WZS _PQKP PI[

\W]KPML WV [QUQTIZ \WXQK[ WN [\WKPI[\QKQ\a IVL ZM[XWV[M \W M`\MZVIT l]K\]I\QWV[) >

[MM I UIRWZ IL^IVKM WN \PQ[ _WZS \W JM \PM LM^MTWXUMV\ WN \PM "OZMMV UW\PMZ

UIKPQVM" _PQKP ZMY]QZML VWV(\ZQ^QIT \MKPVQKIT QVVW^I\QWV IVL ITTW_[ NWZ \PM kZ[\

[QVOTM KMTT UMI[]ZMUMV\[ WN \PM KaIVWJIK\MZQIT KTWKS ]VLMZ \Z]Ta KWV[\IV\ K]T\]ZM

KWVLQ\QWV[)

IO KZZ\OMSK^O ^RO \O`SOaO\l] OX^R_]SK]W PY\ Y_\ aY\U$ KXN K\O RKZZc ^ROc ]OO ^RO

NO`OVYZWOX^ YP ^RO Q\OOX WY^RO\ WKMRSXO K] K WKTY\ KN`KXMO&

GPM [\]La ][M[ \PQ[ UW\PMZ UIKPQVM \WWT \W ILLZM[[ U]T\QXTM QV\MZKWVVMK\ML

Y]M[\QWV[) > PI^M [WUM UIRWZ KWVKMZV[ IJW]\ [WUM WN \PM KWVKT][QWV[ I[ _MTT I[

UWZM UQVWZ []OOM[\QWV[)

AIRWZ KWVKMZV[5

,) AIVa ZMILMZ[ _QTT I[[]UM \PI\ \PM \Q\TM ";V^QZWVUMV\IT IVL UWTMK]TIZ VWQ[M

J]NNMZQVO Ja \PM KWZM XPW[XPWZaTI\QWV TWWX)))" ZMNMZ[ \W KWVKT][QWV[ IJW]\ KMTT[ \PI\

PI^M ZMUW^ML \PM \ZIV[KZQX\QWVIT NMMLJIKS KWVVMK\QWV[ JM\_MMV \PM ?IQ XZW\MQV[

IVL \PMQZ M`XZM[[QWV) >V \PM TQVOW WN \PM kMTL' KMTT[ \PI\ WVTa PI^M I "DGC") 8]\ I[ NIZ

I[ > KIV \MTT ITT WN \PM M`XMZQUMV\[ IZM WV KMTT[ _Q\P QV\IK\ \ZIV[KZQX\QWVIT NMMLJIKS)

GPQ[ [MMU[ M[XMKQITTa ZMTM^IV\ [QVKM \PM GMVO M\ IT) XIXMZ IZO]M[ \PI\ \PM

\ZIV[KZQX\QWVIT NMMLJIKS XTIa[ I KZ]KQIT ZWTM QV [\WKPI[\QKQ\a) GPM \Q\TM [PW]TL JM

KPIVOML IV \PM ZMTI\QWV[PQX WN \PM IVITa[Q[ \W XZM^QW][ _WZS [PW]TL JM KTIZQkML)

IO KQ\OO ^RK^ ^RO ^S^VO MY_VN LO WS]VOKNSXQ& IO MRKXQON S^ ^Y k:X`S\YXWOX^KV KXN

WYVOM_VK\ XYS]O L_PPO\SXQ Lc ^RO McKXYLKM^O\SKV MS\MKNSKX MVYMU SX SXNS`SN_KV MOVV]l& IO

KV]Y KNNON ^aY ]OX^OXMO] SX ^RO NS]M_]]SYX ZYSX^SXQ ^Y ^RO \YVO YP ^RO ^\KX]M\SZ^SYXKV

POONLKMU VYYZ SX \ON_MSXQ MVYMU XYS]O "VSXO] ,0)%,0+#&

-) GPM WJ[MZ^I\QWV \PI\ \_W [MTMK\ML XMZQWL U]\IV\[ KI][M IV QVKZMI[M QV

[\WKPI[\QKQ\a Q[ Y]Q\M QV\MZM[\QVO' GPM KWUXIZQ[WV _Q\P \PM UWLMT QV <QO]ZM .: Q[

Y]M[\QWVIJTM' [QVKM Q\ ZMTQM[ WV \_W U]\IV\[ XZM^QW][Ta ZMXWZ\ML \W PI^M XMZQWL

MNNMK\[ %IVL \PM "IZZPa\PUQK U]\IV\[" _PMZM XMZQWL M[\QUI\QWV Q[ UWZM LQmK]T\&) GPM

UWLMT \ZMI\[ ITT XMZQWL MNNMK\[ I[ IZQ[QVO NZWU KPIVOM[ QV \PM ZI\M[ I[[WKQI\ML _Q\P



?IQ7(?IQ9 QV\MZIK\QWV' J]\ \PQ[ [MMU[ QUXTI][QJTM [QVKM ZM[QL]M[ -0, IVL .4. IZM

Y]Q\M NIZ NZWU ?IQ7 QV\MZIK\QWV [Q\M[) DZM[]UIJTa \PMZM IZM W\PMZ _Ia[ XIZIUM\MZ[

KW]TL JM KPIVOML QV \PM UWLMT \W ILR][\ XMZQWL \PI\ UQOP\ XZWL]KM LQNNMZMV\ K) )̂ ^[)

XMZQWL K]Z^M[)

IO KZYVYQS]O PY\ ^RO VKMU YP MVK\S^c& IO NSN XY^ WOKX ^Y ]_QQO]^ >KS6%>KS8 S] ^RO YXVc

ZY]]SLVO ObZVKXK^SYX PY\ Y_\ YL]O\`K^SYX& IO RK`O KWOXNON ;SQ&E+&. ^Y NOWYX]^\K^O

^RK^ ZO\^_\LK^SYX] ^Y ]O`O\KV ZK\KWO^O\] SX ^RO WYNOV Z\YN_MO [_KVS^K^S`OVc ]SWSVK\

LORK`SY_\]& IO KNT_]^ON ^RO aY\NSXQ SX ^RO WKSX ^Ob^ "VSXO] +(1%+)+# KXN ^RO MKZ^SYX

YP ;SQ_\O +9 ^Y ]^K^O ^RK^ [_KVS^K^S`OVc ]SWSVK\ XYS]O WSXSWK K\O YL]O\`ON _XNO\ K

\KXQO YP WYNOV ZO\^_\LK^SYX]$ SXMV_NSXQ MRKXQO] ^Y ^RO NOZRY]ZRY\cVK^SYX \K^O&

DMZPIX[ IVW\PMZ _Ia \W IXXZWIKP \PQ[ _W]TL JM \W KWUXIZM X]JTQ[PML %J]TS&

IUXTQ\]LM[ NWZ XMZQWL U]\IV\[%[MM >\W(AQ_I M\ IT) NWZ [WUM LZIUI\QK M`IUXTM[&((LW

\PM[M IOZMM _Q\P \PM <QO]ZM .: K]Z^M6

FRS] S] KX SX^O\O]^SXQ ]_QQO]^SYX& B_\ ]SXQVO%MOVV YL]O\`K^SYX] YP ZO\SYN W_^KX^]

]_QQO]^ ^RK^ ZO\SYN XYS]O SXM\OK]O] aS^R NO`SK^SYX] P\YW ^RO IF ZO\SYN& IO MY_VN

^R_] ObZOM^ ^RK^ ZO\SYN W_^KX^] NS]ZVKc ]^\YXQO\ NKWZSXQ YP L_VU Y]MSVVK^SYX] ^RKX

^RO IF& =XNOON$ ^RO ]OWSXKV >YXNY O^ KV& ")11,# ZKZO\ ]RYa] ^RK^ L_VU Y]MSVVK^SYX] YP

LY^R ]RY\^% KXN VYXQ%ZO\SYN W_^KX^] K\O WY\O NKWZON ^RKX IF Y]MSVVK^SYX]$ KXN

^RO]O SXMV_NO ]O`O\KV W_^K^SYX] SX Y_\ ]^_Nc& IO XYa ObZVSMS^Vc \OPO\ ^Y ^RS] [_KVS^K^S`O

KQ\OOWOX^ SX ^RO WKSX ^Ob^ "VSXO] ,.1%,/*#&

FRO ]^_Nc YP =^Y%@SaK O^ KV& ]RYa] K aSNO \KXQO YP ZO\SYN] aS^R aOKU NKWZSXQ

YL^KSXON P\YW ]SXQVO \O]SN_O ]_L]^S^_^SYX]& FRO]O W_^K^SYX] MKXXY^ LO _XNO\]^YYN

P\YW ]SXQVO%ZK\KWO^O\ ZO\^_\LK^SYX] YP Y_\ WYNOV$ L_^ Y^RO\ W_V^S%ZK\KWO^O\

ZO\^_\LK^SYX] MY_VN LO _]ON& ;Y\ ObKWZVO$ ]MKVSXQ KVV WYNOV ZK\KWO^O\] KVVYa] ^_XSXQ

^RO ZO\SYN SXNOZOXNOX^Vc YP ^RO XYS]O Z\YZO\^SO] KXN ^R_] VOKN] ^Y aOKU NKWZSXQ

SXNOZOXNOX^ YP ^RO ZO\SYN& 9O^O\WSXSXQ ObKM^Vc aRSMR ZK\KWO^O\ S] MRKXQON _XNO\ K

]ZOMSpM W_^K^SYX S] LOcYXN ^RO ]MYZO YP Y_\ ]^_Nc KXN \OWKSX] P_^_\O aY\U& IO XYa

SXMV_NO K MYWWOX^ YX KXN MS^K^SYX ^Y ^RS] ]^_Nc "VSXO] ,/*%,/.#&
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.) FWUM\PQVO [MMU[ WNN _Q\P <QO .8) >\ [MMU[ TQSM \PM LQNNMZMVKM JM\_MMV \PM \WX

IVL JW\\WU XIVMT[ Q[ ZM[KITQVO WN \PM \QUM I`Q[ Ja \PM W[KQTTI\WZ XMZQWL) HPa LW \PM

ZMTI\Q^M IUXTQ\]LM[ WN \PM I]\WKWZZMTI\QWV XMIS[ [MMU \W KPIVOM6

CKXOV] 6 KXN 7 SX ;SQ_\O + MYX^KSX NK^K P\YW NSPPO\OX^ ]^\KSX] "XYS]c Y]MSVVK^Y\ ]^\KSX]

K^ ^RO ^YZ$ KXN ZO\SYN Y]MSVVK^Y\ ]^\KSX] K^ ^RO LY^^YW#& ESXMO ^RO W_^KX^] SX ZKXOV 7

RK`O XYX%*, MVYMU ZO\SYN]$ aO Z\O]OX^ON K_^YMY\\OVK^SYX P_XM^SYX] XY\WKVS]ON ZO\

ZO\SYN YP ^RO MVYMU& IROX MYWZK\ON ^Y ;SQ&E+&+$ aRO\O K_^YMY\\OVK^SYX P_XM^SYX] YP

ZO\SYN W_^KX^] K\O ZVY^^ON K] K P_XM^SYX YP ^SWO$ S^ MKX LO ]OOX ^RK^ ^RO KWZVS^_NO] YP

^RO q_M^_K^SYX] K\O Z\O]O\`ON&

/) 7ZM \PM LI\I QV <QO /8 [PW_QVO \PI\ XPI[M KWPMZMVKM Q[ QUXZW^ML I\ PQOPMZ TQOP\ I\

WLL[ _Q\P LI\I QV \PM GMVO M\ IT) XIXMZ _PQKP [MMU[ \W [PW_ QVKZMI[ML [\WKPI[\QKQ\a

I\ PQOPMZ TQOP\ TM^MT[6 DTMI[M KWUUMV\

FOXQ et al. "*()+# YL]O\`ON ^RO ]cXMR\YXS]K^SYX SXNOb N\YZZSXQ P\YW (&0 ^Y (&/ Y`O\

^RO MY_\]O YP ^R\OO NKc] SX VYa VSQR^ KXN K N\YZ P\YW (&/ ^Y (&. Y`O\ K ]SWSVK\

^SWO]ZKX SX RSQR VSQR^& IO YL]O\`O K ]SWSVK\ MRKXQO YP %(&) SX ^RO ]cXMR\YXS]K^SYX

SXNOb Y`O\ ^R\OO NKc] SX Y_\ WONS_W KXN VYa VSQR^ MYXNS^SYX] ";SQ&)<#& B_\ \O]_V^] K\O

^R_] MYWZK^SLVO aS^R ^RY]O YL]O\`ON Lc FOXQ O^ KV& "*()+#$ KXN ^RS] S] ]^K^ON SX VSXO]

)/,%)/.&

<YaO`O\$ ^RO\O K\O ]YWO NSPPO\OXMO] LO^aOOX Y_\ KXN FOXQ O^ KV& "*()+#l] MYXNS^SYX]$

]Y K NS\OM^ [_KX^S^K^S`O MYWZK\S]YX S] NSrM_V^& FRO KZZK\OX^ VY]] YP ]cXMR\YXc K^

RSQRO\ VSQR^ VO`OV] ]OOW] ^Y K\S]O P\YW SWZO\POM^ OX^\KSXWOX^ YP MOVV] SX FOXQ et al.

"*()+#$ aRSMR aO NY XY^ YL]O\`O SX Y_\ WSM\Yq_SNSM NO`SMO& ;_\^RO\WY\O$ ^RO SX^OX]S^c

YP SVV_WSXK^SYX SX ^ROS\ aY\U aK] e*- �WYV Wn* ]n) PY\ RSQR Q\Ya^R \K^O IF ]KWZVO]

"MY\\O]ZYXNSXQ KZZ\YbSWK^OVc ^Y Y_\ kWONS_Wl VSQR^# KXN e)( �WYV W%*]%) PY\ VYa

Q\Ya^R \K^O "MY\\O]ZYXNSXQ ^Y Y_\ kVYa VSQR^l#& IO YL]O\`O NSPPO\OX^ Q\Ya^R _XNO\

WONS_W "RSQR SX FOXQ et al."*()+## VSQR^ "KX K`O\KQO NY_LVSXQ ^SWO YP /%), R SX Y_\

NK^K `] ),%). R SX ^ROS\ NK^K#$ KXN O`OX WY\O ]Y _XNO\ VYa VSQR^ "KX K`O\KQO NY_LVSXQ

^SWO YP ).%*/ R SX Y_\ NK^K `] /* R SX FOXQ et al.#& ;Y\ ^RO]O \OK]YX]$ aO \OWY`ON ^RO

[_KX^S^K^S`O MYWZK\S]YX&

0) GPM M`XMZQUMV\[ QV <QO 0 IZM Y]Q\M QV\MZM[\QVO) >V UIVa XIXMZ[ "VWQ[M" ZMNMZ[ \W

IUXTQ\]LM VWQ[M' J]\ Q\ [MMU[ TQSM Q[ JMQVO [QU]TI\ML PMZM Q[ UWZM TQSM "RQ\\MZ"'

\ZIV[QMV\ VWQ[M QV \PM XPI[M) HPI\ Q[ \PM TWOQK QV KPWW[QVO ">V fVWQ[a LIa [\IZ\g



KWVLQ\QWV[ _M LMTIaML \PM WV[M\ WN TQOP\ Ja ]X \W . P' IVL QV fVWQ[a LIa MVLg

KWVLQ\QWV[ _M LMTIaML \PM \ZIV[Q\QWV NZWU TQOP\ \W LIZS Ja ]X \W . P IVL IKKMTMZI\ML

Q\ Ja ]X \W , P"6 7ZM \PM[M V]UJMZ[ LMZQ^ML NZWU ZMIT _MI\PMZ LI\I6 7 XZMUI\]ZM

"LIa MVL" KIV JM ]VLMZ[\WWL I[ M)O) KTW]L[ ZWTTQVO QV \PM KZMI\M I XZMUI\]ZM L][S'

J]\ Q\ Q[ ]VKTMIZ _PI\ _W]TL XPa[QKITTa KI][M I LMTIaML "LIa MVL")

IO KQ\OO aS^R ^RO \O`SOaO\ ^RK^ YXVc NKaX NOVKc KXN N_]U KN`KXMO K\O \OZ\O]OX^K^S`O

YP ^RO MYXNS^SYX] ^RK^ McKXYLKM^O\SK MKX OXMY_X^O\ SX ^RO aSVN "KV^RY_QR ]YWO

Y\QKXS]W] MY_VN ObZO\SOXMO NOVKc] SX N_]U N_O ^Y K\^SpMSKV R_WKX%WKNO VSQR^

ZYVV_^SYX#& B`O\KVV$ ^RO ObZO\SWOX^] SX ;SQ&- aO\O MYXMOZ^_KV KXN KSWON K^ Z\YLSXQ ^RO

MVYMUl] \O]SVSOXMO ^Y ZO\^_\LK^SYX] SX ^RO ^SWSXQ YP ?'9 ^\KX]S^SYX]$ LY^R ObZOM^ON "Y\

kXK^_\KVl# SX ^RO aSVN KXN _XObZOM^ON "Y\ kK\^SpMSKVl#& IO XYa MVOK\Vc ]^K^O SX ^RO WKSX

^Ob^ ^RK^ ^RO ZO\^_\LK^SYX] SX ;SQ& - Z\YLO ^RO \O]ZYX]O ^Y K\^SpMSKV OX`S\YXWOX^KV

XYS]O aRSVO ;SQ& . MYXMO\X] \OKV OX`S\YXWOX^KV MYXNS^SYX] "VSXO] +--%+-/$ +1-%+1.#&

1) HWZ\P KWUUMV\QVO \PI\ QV \PM <QO 1 M`XMZQUMV\[' Q\ Q[ XW[[QJTM \W [QU]TI\M \PM

\MUXWZIT [\I\Q[\QK[ WN \PM MV^QZWVUMV\' J]\ XZM[]UIJTa \PM M`XMZQUMV\IT [a[\MU Q[

VW\ KIX\]ZQVO \PM UIOVQ\]LM WN \PM QZZILQIVKM I\ \PM[M OMWOZIXPQKIT [Q\M[

FRO VSQR^ MYXNS^SYX] _]ON SX ^RO ObZO\SWOX^] MY\\O]ZYXN NS\OM^Vc ^Y ^RO

WO^OY\YVYQSMKV WOK]_\OWOX^] Lc @ONSXK O^ KV& "*()0# + W _XNO\aK^O\& B`O\KVV$ ^RO

S\\KNSKXMO WKQXS^_NO YX ^RO ]S^O `K\SON P\YW e)( �WYV Wn* ]n) ^Y e+(( �WYV Wn* ]n)&

IO ]OVOM^ON ^RO ]O[_OXMO YP NKc] MVY]O]^ ^Y ^RO MYXNS^SYX] SX ;SQ_\O] )%, SX ^ROS\

M_W_VK^S`O VSQR^ SX^OX]S^SO]& IRSVO ^RO]O K\O ^RO VOK]^ L\SQR^ NKc] YP ^RO cOK\$ ^RO

MYXNS^SYX] aO _]ON K\O ]^SVV \OZ\O]OX^K^S`O YP ^RO VSQR^ S\\KNSKXMO YX ^RO ]S^O&

IO RK`O KNNON MVK\SpMK^SYX ^RK^ ^RO ObZO\SWOX^ KXN ^RO ZK\KWO^\S]ON WYNOV

\OZ\O]OX^ \OKVS]^SM S\\KNSKXMO]& FRS] S] SXMV_NON SX ^RO ]OMYXN ^Y VK]^ ZK\KQ\KZR YP ^RO

DO]_V^] KXN MKZ^SYX YP ;SQ&.6&

EM^QM_MZ #- %EMUIZS[ \W \PM 7]\PWZ&5

;ZMUQVI M\ IT) QV^M[\QOI\ML \PM KQZKILQIV KTWKS QV KaIVWJIK\MZQI Ja [QVOTM(KMTT

IVITa[Q[ WN W[KQTTI\QVO OMVM M`XZM[[QWV XI\\MZV[) GPQ[ [\]La Q[ \MKPVQKITTa [W]VL IVL

WNNMZ[ XZWNW]VL QV[QOP\[ QV\W \PM N]VK\QWVQVO WN \PM FaVMKPWKWKK][ KQZKILQIV KTWKS'

[PMLLQVO TQOP\ WV Q\[ ZWJ][\VM[[ IVL ]VLMZTaQVO UMKPIVQ[U[)



CVM WN \PM UW[\ VW\IJTM [\ZMVO\P[ WN \PQ[ [\]La Q[ Q\[ QVVW^I\Q^M IXXZWIKP' _PQKP

]\QTQbM[ I UQKZWl]QLQK LM^QKM \W LQ[[MK\ IVL [KZ]\QVQbM \PM KQZKILQIV ZPa\PU I\ \PM

[QVOTM(KMTT TM^MT) GPQ[ UM\PWLWTWOQKIT KPWQKM VW\ WVTa MVPIVKM[ \PM XZMKQ[QWV WN \PM

IVITa[Q[ J]\ IT[W ITTW_[ NWZ I KWUXZMPMV[Q^M I[[M[[UMV\ WN \PM KTWKS$[ N]VK\QWV[

_Q\P PQOP ZM[WT]\QWV) 8a PIZVM[[QVO \PM XW_MZ WN UQKZWl]QLQK[' ZM[MIZKPMZ[ PI^M

MNNMK\Q^MTa KIX\]ZML \PM LaVIUQK VI\]ZM WN OMVM M`XZM[[QWV _Q\PQV QVLQ^QL]IT

KaIVWJIK\MZQIT KMTT[' ]VKW^MZQVO XZM^QW][Ta WJ[K]ZML V]IVKM[ QV KQZKILQIV

ZMO]TI\QWV)

IO K\O Q\K^OP_V PY\ ^RO \O`SOaO\l] ZY]S^S`O K]]O]]WOX^ YP Y_\ aY\U& IO KNN\O]] ^ROS\

MYWWOX^] LOVYa$ ZYSX^ Lc ZYSX^2

8MKI][M > IU VW\ I [XMKQITQ[\ QV UWLMTTQVO' > _QTT NWK][ Ua ZM^QM_ WV [QVOTM(KMTT

IVITa[Q[ WN _QTL(\aXM IVL KTWKS U]\IV\[) <QZ[\' \PMa ^ITQLI\ML \PM ][MN]TVM[[ WN

[QVOTM(KMTT WJ[MZ^I\QWV[ Ja KWUXIZQVO W[KQTTI\QVO ZMXWZ\MZ IK\Q^Q\a _Q\P \PI\ WN

XZM^QW][ [\]LQM[ ][QVO KMTT[ OZW_V WV IOIZ) GPMa [PW_ML \PI\ \PM W[KQTTI\WZ[ QV \PM

[QVOTM KMTT[ _MZM ^MZa [\IJTM' IVL Q\ _I[ ZMUIZSIJTM \PI\ \PMa _MZM IJTM \W [PW_ \PI\

\PMZM Q[ I XZMKQ[M KTWKS XPI[M QVPMZQ\IVKM' _PQKP Q[ QVLMXMVLMV\ WN KMTT LQ^Q[QWV)

BM`\' \PMa IQUML \W ]VLMZ[\IVL \PM ZWTM WN SVW_V ZMO]TI\WZ[ WN \PM KaIVWJIK\MZQIT

KQZKILQIV KTWKS WV KTWKS XZMKQ[QWV) GPMa IVITabML KQZKILQIV M`XZM[[QWV QV LQNNMZMV\

U]\IV\ [\ZIQV[ WN KTWKS ZMO]TI\WZ[ IVL U]\I\QWV[ INNMK\QVO ?IQ9 N]VK\QWV) GPMQZ

UWLMT []OOM[\ML \PI\ \PM ZWJ][\VM[[ WN \PM KTWKS LMXMVL[ UIQVTa WV \PM ZWJ][\ IVL

TW_(VWQ[M W[KQTTI\QWV[ OMVMZI\ML Ja \PM ?IQ789 W[KQTTI\WZ) AW[\ QUXWZ\IV\Ta' \PM

I]\PWZ[ ][ML \PMQZ [QVOTM(KMTT JI[ML [a[\MU \W [\]La [QUXTM ,- P TQOP\* ,- P LIZS WZ

UWZM KWUXTM` [QU]TI\ML IVL MV^QZWVUMV\IT KaKTM[ IVL l]K\]I\QVO TQOP\ KWVLQ\QWV[)

GPM[M IZM \PM KWVLQ\QWV[ NWZ _PQKP WVM _W]TL M`XMK\ KTWKS ZMO]TI\WZ[ \W JM

QUXWZ\IV\ QV ZML]KQVO VWQ[M QV VI\]ZIT KWVLQ\QWV[) >V ILLQ\QWV \W \PM[M [\ZMVO\P[' Q\ Q[

QUXWZ\IV\ \W IKSVW_TMLOM \PM TQUQ\I\QWV[ WN \PQ[ [\]La) :M[XQ\M \PM KWUXZMPMV[Q^M

IVITa[Q[ KWVL]K\ML WV \PM _QTL \aXM' I VW\IJTM OIX QV \PM ZM[MIZKP TQM[ QV \PM

IJ[MVKM WN IVITa[M[ QV^WT^QVO KTWKS U]\IV\[ ]VLMZ KPIVOQVO MV^QZWVUMV\IT

KWVLQ\QWV[) HPQTM \PQ[ QV^M[\QOI\QWV XZW^QLM[ ^IT]IJTM QV[QOP\[ QV\W \PM N]VK\QWVQVO

WN KQZKILQIV KTWKS[ QV I KWV\ZWTTML [M\\QVO' \PM M`KT][QWV WN KTWKS U]\IV\[ ]VLMZ

l]K\]I\QVO KWVLQ\QWV[ ZMXZM[MV\[ I UQ[[ML WXXWZ\]VQ\a \W M`XTWZM \PM N]TT [XMK\Z]U

WN KTWKS ZWJ][\VM[[ IVL ILIX\IJQTQ\a) =W_M^MZ' \PM M[\IJTQ[PUMV\ WN [QVOTM(KMTT

IVITa[Q[ ]VLMZ KWV\ZWTTML KWVLQ\QWV[ Q[ I [QOVQkKIV\ [\MX \W_IZL[ I UWZM KWUXTM\M

]VLMZ[\IVLQVO WN \PM ZWJ][\VM[[ WN KQZKILQIV ZPa\PU[ ]VLMZ VI\]ZIT KWVLQ\QWV[)

AWZMW^MZ' \PM kVLQVO[ XZM[MV\ML QV \PQ[ [\]La ]VLMZ[KWZM \PM ZMUIZSIJTM

ILIX\IJQTQ\a IVL ZM[QTQMVKM WN KaIVWJIK\MZQIT KQZKILQIV KTWKS[ QV ZM[XWV[M \W

MV^QZWVUMV\IT XMZ\]ZJI\QWV[)



IO KQ\OO ^RK^ ObKWSXSXQ MVYMU \OQ_VK^Y\ W_^KX^] _XNO\ q_M^_K^SXQ OX`S\YXWOX^]

aY_VN LO PK]MSXK^SXQ$ KXN KV^RY_QR Y_^ YP ^RO ]MYZO YP ^RS] ]^_Nc$ S^ S] ]YWO^RSXQ aO

SX^OXN ^Y NY SX P_^_\O aY\U& IO XYa ZYSX^ ^Y ^RS] YZOX [_O]^SYX SX ^RO pP^R ZK\KQ\KZR

YP ^RO NS]M_]]SYX "VSXO] -((%-(*#&

FXMKQkK KWUUMV\[5

,) @QVM ,,15 GPM \MZU fPMIT\Pa KMTT OZW_\P IVL LQ^Q[QWV ZI\M[g [PW]TL JM I^WQLML)

=W_ hPMIT\Pai KIV JM LMkVML6

IO KQ\OO$ KXN RK`O YWS^^ON ^RO aY\N kROKV^Rcl KXN ]SWZVc ]^K^O KQ\OOWOX^ aS^R

ZROXY^cZO] YL]O\`ON YX KQK\Y]O ZKN]&

-) @QVM -145 HPa _MZM HG' ?IQ9(E-,09' IVL ?IQ9(G/407 U]\IV\[ IVITabML ]VLMZ

PQOP TQOP\' _PMZMI[ FD,1 IVL @D/3 _MZM IVITabML ]VLMZ TW_ TQOP\6 HI[ \PMZM IVa

ZMI[WV NWZ \PI\6

FRO\O aK] XY ]ZOMSpM \OK]YX PY\ ^RS]& IO KNNON XOa ObZO\SWOX^] ]RYaX SX ;SQ&E+&/

^RK^ NOWYX]^\K^O >KS8%D*)-8 MVYMU NcXKWSM] K\O ]SWSVK\ _XNO\ LY^R WONS_W KXN

RSQR ??& @Y\OY`O\$ ;SQ&+9 ]RYa] ^RK^ ^RO NSPPO\OXMO] SX MVYMU ZO\SYN XYS]O N_O ^Y VSQR^

VO`OV] K\O XOQVSQSLVO MYWZK\ON aS^R QOXO^SM OPPOM^]&

.) GIJTM ,5 FaVD99 24/- Q[ VW\ QV\ZWL]KML) >\ _W]TL JM JM\\MZ \W ][M \PM VIUM F)

MTWVOI\][) BWVM WN \PM U]\IV\[ IXXMIZML \W JM VW]Z[MW\PZQKQV ZM[Q[\IV\) HPa Q[

KWVKMV\ZI\QWV OQ^MV6 HPI\ UMIV[ hVWVMi NWZ FD,16 =W_ _MZM ZMO]TI\WZ U]\IV\[

OMVMZI\ML6 7 ZMNMZMVKM Q[ OQ^MV) :QL aW] ZMKMQ^M [\ZIQV[ NZWU \PM ZM[XMK\Q^M

TIJWZI\WZQM[6

IO KZYVYQS]O PY\ ^RO VKMU YP MVK\S^c& FRO W_^K^SYX] aO\O QOXO\K^ON SX Y_\ VKL KXN XY

XY_\]OY^R\SMSX aK] _]ON SX QOXO\K^SXQ ^RO W_^KX^]& IO RK`O XYa MY\\OM^ON ^RS] ZYSX^

KXN RK`O SXMV_NON Ob^\K NO^KSV] SX FKLVO )&

/) @QVM 0045 hGW ZML]KM XPW\W\W`QKQ\a' \PM UI`QUIT QUIOQVO NZMY]MVKa _I[ [M\ \W

M^MZa /0 UQV ]VLMZ TQOP\ IVL M^MZa -/+ UQV ]VLMZ LIZSVM[[)i > LW VW\ KIZM \WW U]KP

IJW]\ XPW\W\W`QKQ\a' J]\ PW_ LQL aW] M`KT]LM \PM XW[[QJQTQ\a \PI\ M`KQ\I\QWV L]ZQVO

UQKZW[KWXa KIV QVl]MVKM W[KQTTI\QWV[6

;V_Y\O]MOXMO WSM\Y]MYZc SWKQSXQ YP MVYMU \OZY\^O\ ]^\KSX] SX McKXYLKM^O\SK S] KX

O]^KLVS]RON ^OMRXS[_O "\O`SOaON PY\ ObKWZVO SX 8YROX E: et al& "*()-#3 KXN JYUYY et

al& "*()-##& 8YWWYX SWKQSXQ Z\KM^SMO] ^RK^ aO _]O ^Y \ON_MO ^RO OPPOM^] YP ObMS^K^SYX



VSQR^ Y\ Y^RO\ K\^OPKM^] K\O2 "S# K VYa SWKQSXQ P\O[_OXMc "5 +( WSX#3 "SS# ]RY\^ ObZY]_\O

^SWO "o (&)*] aS^R K RSQRVc VYMKVS]ON VSQR^ MYXO$ aRSMR KWY_X^] ^Y K `O\c ]RY\^

ObZY]_\O aROX MYWZK\ON ^Y ^RO VSQR^ M_O] aS^R ^SWO ]MKVO] YP NYdOX] YP WSX_^O] Y\

RY_\] ^RK^ MK_]O WOK]_\KLVO ZRK]O ]RSP^]#3 KXN "SSS# K`YSNSXQ q_Y\O]MOX^ \OZY\^O\]

aS^R ObMS^K^SYX ]ZOM^\K Y`O\VKZZSXQ ZOKU] YP MOVV_VK\ K_^Yq_Y\O]MOXMO "LV_O KXN \ON

aK`OVOXQ^R aSXNYa] WKSXVc#& IO XY^O ^RK^ ]SWSVK\ Q\Ya^R \K^O] aO\O YL]O\`ON

aS^RY_^ ObMS^K^SYX SVV_WSXK^SYX KXN SX ]^\KSX] aS^RY_^ q_Y\O]MOX^ \OZY\^O\] Q\YaX YX

KQK\Y]O ZKN] "]OO @K\^SX] et al& "*()0##&



Reviewer #2 (Remarks to the Author): 

 

The authors have responded adequately to my minor suggestions and added the 

requested information on mutants. Please, check the indicated concentrations of the 

antibiotics. These seem to be incorrect (maybe per milliliter?). The abbreviation NSII 

should not be defined in Table 1, as it is not used there. Bacterial gene and mutant 

names should be italic (please, check especially in figures and table 1). 

Thank you for these corrections. We have fixed the antibiotic concentrations 

and italicised gene names and knockouts. NSII is used as a heading in the 

Table, so we have retained the definition in the legend. 


