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Reviewer #1 (Remarks to the Author):

The manuscript by Kobler et al. provides insight into the presence of two circadian oscillators in 

&>4-+05+>8918C !:90578 ,18+5;-7-, )4 5790525/ 5. $)1!A 6759-14 *> :814/ ,1?-7-49 *1514.573)91+

tools and named the protein KaiA3. Using yeast two hybrid experiment and native 
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KaiA3 phosphorylated KaiC3 and the phosphorylation of KaiC3 was abolished when KaiB3 was 
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reconstituted the circadian clock reaction in vitro and claimed that the phosphorylation of 

KaiC3 oscillated in a circadian manner (i.e., with 24 hr period). Authors further checked the 
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antibody. In both in vitro and in vivo, authors showed the phosphorylation of KaiC3 oscillated in 

a circadian manner. So, in addition to the canonical KaiA1B1C1 (orthologs of S elongatus 

circadian clock KaiABC proteins), authors claimed a second circadian oscillator (and named it 

as KaiA3B3C3) does exist in Synechocystis. To show the function of the second circadian 
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kaiA3 null cells were less viable in photomixotrophic condition (continuous light, +glucose) and 

heterotrophic condition (dark+glucose).

It is interesting that Authors discovered a kaiA like protein named KaiA3 that could 

phosphorylate KaiC3 (the ortholog of KaiC1). However, it is questionable whether the 

experiments provided pushes the current manuscript for acceptance in Nature communication. 
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manuscript (Fig 3A and 3C) is very confusing and should be substantially improved by the 

authors to support their claim for the existence of the second circadian oscillator, i.e., 

KaiA3B3C3. It has been known that the KaiC3 (which is the part of the second oscillator) null 

cells have viability issues in continuous dark. Though in this manuscript, some preliminary 
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jointly drive the second oscillator! How the A3B3C3 system regulates the physiology?

Here are my detailed comments:

The focus of this manuscript is to show that there are “two circadian oscillator” exist in 

Synechosystis: one circadian oscillator is driven by Kai A1B1C1 and the second oscillator is 

driven by Kai A3B3C3. Authors, only tried to show the oscillation in KaiC3 phosphorylation, but 

have not provided any data for KaiC1 phosphorylation oscillation either in vitro or in vivo. Are 

those data published anywhere that I do not know?

Authors cited the recent work from Johnson lab (Zhao et al, 2023) where a reporter strain was 

made to show the bioluminescence oscillation. The rhythm in the oscillation in that reporter 

strain was gone in kaiC1 null as well as in kaiC3 null cells. The circadian clock study in 

Synechocsytsis varies a lot from lab to lab. For example, Kucho et al., 2005 showed circadian 

clock exists in Synecocystis, however Beck et al, 2014 claimed the absence of circadian rhythm 

in Synechchocystis. Similarly, work from the authors’ lab could not generate kaiB2C2 null but 

Johnson lab could make kaiB2C2 null cells. Indeed lot of data are dependent on the background 

strain. That’s why it is advisable to check whether the KaiA1B1C1 cluster can generate an 

oscillation in KaiC1 phosphorylation in the background strain (KaiC1 western blot) that the 



authors used for this study and also in vitro. Are those the two oscillators in phase or oscillate 
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Figure 3A and 3C are confusing and can be improved a lot. Please clarify.
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circadian oscillation of phosphorylated KaiC3 (PPKaiC3) for 48 hours and claimed KaiC3 

phosphorylation showed sustained oscillation with a 24 hrs rhythm (when KaiA3 is either 1.4 uM 

or 2.8 uM) that is a characteristic feature of a circadian oscillator.

Looks like in Fig 3A, KaiC3 phosphorylation peaked at 6th hour and dephosphorylated (trough) 

at 18th hour. At 24th hour, the PPKaiC3 is higher than the 18th hour. This suggests the 

phosphorylation cycle is complete at 18th hour. However, if you look at the phosphorylation 

peaks at 6th hour and 30th hour, it does look like a 24 hour cycle. But, in that case it would be 

clear if the experiment was extended up to 54th hour to see the second peak at 54th hour to 

/:9E=8 - HJ 4:@= /D/71K

Is the oscillation in PP-KaiC is dying in the second cycle (please look at 18th to 36th hour 

compared to 0-18th hour)? Is it not a sustained oscillator? Authors have used three replicates 

(marked by dots) for each time point, if you take the average of all the dots at each time point 

and plot, does the trace look like an oscillation (from 18th hour onward)? The reason I am 

bringing this as the amplitude of PPKaiC3 oscillation in the second cycle is very low and the 

replicates marked by three dots at each time points have a wide range of variation; check the 

dots at 24th and 30th hour time points. A true circadian clock oscillator is temperature 

compensated. KaiC3 ATPase activity is not temperature compensated. Will KaiC3 mediated 

oscillation be considered as circadian? Any comments on that?
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Synechocystis cells. They mentioned (line 354, page 11) the two prominent bands which are 
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also marked the very upper band (red arrow) as the fully phosphorylated one and one of the 

lower bands (blue arrow) is the unphosphorylated form. I am confused with the upper band that 

is marked with PP-KaiC3. The topmost band (marked for PPKaiC3) should not show up in kaiA3 

null cells? Am I wrong? How come KaiC3 gets phosphorylated in absence of KaiA3? If that band 

is showing up in kaiA3 null, then that does not represent the true PP-KaiC3 band. So, how that 
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authors took the ratio of fully phosphorylated KaiC3 (PP-KaiC3) to non-phosphorylated KaiC3 
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Reviewer #2 (Remarks to the Author):

The manuscript entitled “Two circadian oscillators in one cyanobacterium” by Köbler et al, is a 

worthy attempt to tackle a really interesting question, namely whether two independent 



circadian oscillators can exist and operate separately in a single cell; in this case, a bacterium. 

To the knowledge of this Reviewer, this question has only been addressed persuasively once 
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circadian rhythms could be monitored under free-running constant conditions and the 
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underlying oscillators ran independently (Nature 362:362-364, 1993; which is a reference that 

the authors inexplicably do not cite).
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persuasively make the case for two independent oscillators in a single cell. What they show 

here is that the KaiA3B3C3 proteins are capable of promoting a weak oscillation of KaiC3 

phosphorylation in vitro (“weak” because the reported data show a high variability of data 

points). They then make two key (and unsupported) assumptions:

1. based on the data from the PCC7942 system, the KaiA1B1C1 system can also oscillate by 

itself in PCC6803 (what’s the evidence for this in PCC6803?).

2. that the KaiA1B1C1 system does not interact with the KaiA3B3C3 system in vivo to form a 

composite single oscillator in vivo. I notice from their 2013 paper that (Fig. 4 of Wiegard et al., 

2013) from FLAG-tag pulldowns that the systems do not appear to interact in vivo by, e.g., KaiC 

monomer exchange. This is a good start, but it doesn’t eliminate the possibility of interaction 
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FLAG-tags have not interfered with functionality of the Kai proteins and/or sterically inhibited 

monomer exchange? Tags can often inhibit function.

In order for the authors to persuasively claim that there are two circadian oscillators in 

PCC6803, they need to show either (or both) of the following:

1. In vitro test: do experiments like those shown in Fig. 3C but where KaiA1B1C1 and KaiA3B3C3 

are both mixed in the test tube at the same time and the phosphorylation cycles of KaiC1 and 
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enough cycles to show that the free-running periods of the KaiA1B1C1 and KaiA3B3C3 systems 
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temperature compensation of both systems; temperature compensation must be 

demonstrated for both systems----otherwise, they are not circadian oscillators.

2. In vivo test: using a luminescence reporter system with reporter luciferases driven by the two 

systems, (1) KaiA1B1C1 (using promoters from one of these genes fused to luxAB) and (2) 

KaiA3B3C3 (using promoters from one of these genes fused to luxAB), the authors might be able 
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paper in Nature 362:362-364, 1993). This experiment could be most persuasively accomplished 

using two-color luciferases (e.g., Plant Cell Physiol. 45:109-13, 2004) where one color tracks the 

KaiA1B1C1 system while the other color tracks the KaiA3B3C3 system simultaneously.
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IP STRSWd L[[]PNTL_P _SP aP]d SPW[Q`W NZXXPY_^ ZY Z`] XLY`^N]T[_ LYO bT^S _Z _SLYV _SP 
POT_Z] LYO ]PaTPbP]^ QZ] NL]PQ`WWd ]PLOTYR Z`] XLY`^N]T[_% 3^ Z`_WTYPO MPWZb# bP SLaP 
TYNW`OPO YPb OL_L LYO ]PZ]RLYTePO _SP L]_TNWP _Z TX[]ZaP NWL]T_d% BWPL^P QTYO _SP 
NZXXPY_^ Q]ZX _SP ]PaTPbP]^ QZWWZbPO Md Z`] LY^bP]^ TY MZWO%  
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FQN VJW^\L[RY] Kb ?XKUN[ N] JU( Y[X_RMN\ RW\RPQ] RW]X ]QN Y[N\NWLN XO ]`X LR[LJMRJW X\LRUUJ]X[\ RW 

EbWNLQXLb\]R\( 7^]QX[\ MR\LX_N[NM JW X[]QXUXP XO ?JR7+ Y[X]NRW Kb ^\RWP MROON[NW] KRXRWOX[VJ]RL 
]XXU\ JWM WJVNM ]QN Y[X]NRW ?JR7-( G\RWP bNJ\] ]`X QbK[RM NaYN[RVNW] JWM WJ]R_N YXUbJL[bUJVRMN 

PNU JWJUb\R\& J^]QX[\ _N[RORNM ]QN RW]N[JL]RXW XO ?JR7- JWM ?JR9-( DNLXVKRWJW] ?JR7- 
YQX\YQX[bUJ]NM ?JR9- JWM ]QN YQX\YQX[bUJ]RXW XO ?JR9- `J\ JKXUR\QNM `QNW ?JR8- `J\ JMMNM 

RW ]QN [NJL]RXW VRa]^[N( FJTRWP JUU ]QN ]Q[NN Y^[RORNM Y[X]NRW\ #?JR7-& 8- JWM 9-$& J^]QX[\ 
[NLXW\]R]^]NM ]QN LR[LJMRJW LUXLT [NJL]RXW RW _R][X JWM LUJRVNM ]QJ] ]QN YQX\YQX[bUJ]RXW XO ?JR9- 
X\LRUUJ]NM RW J LR[LJMRJW VJWWN[ #R(N(& `R]Q ,. Q[ YN[RXM$( 7^]QX[\ O^[]QN[ LQNLTNM ]QN X\LRUUJ]RXW XO 
?JR9- YQX\YQX[bUJ]RXW RW EbWNLQXLb\]R\ LNUU\ Kb `N\]N[W KUX] ^\RWP ?JR9- \YNLRORL JW]RKXMb( =W 

KX]Q RW _R][X JWM RW _R_X& J^]QX[\ \QX`NM ]QN YQX\YQX[bUJ]RXW XO ?JR9- X\LRUUJ]NM RW J LR[LJMRJW 
VJWWN[( EX& RW JMMR]RXW ]X ]QN LJWXWRLJU ?JR7+8+9+ #X[]QXUXP\ XO E NUXWPJ]^\ LR[LJMRJW LUXLT 

?JR789 Y[X]NRW\$& J^]QX[\ LUJRVNM J \NLXWM LR[LJMRJW X\LRUUJ]X[ #JWM WJVNM R] J\ ?JR7-8-9-$ 
MXN\ NaR\] RW EbWNLQXLb\]R\( FX \QX` ]QN O^WL]RXW XO ]QN \NLXWM LR[LJMRJW X\LRUUJ]X[& J^]QX[\ MRM 

]QN _RJKRUR]b J\\Jb RW MROON[NW] P[X`]Q LXWMR]RXW\ JWM \QX`NM ]QJ] ]QN TJR7- W^UU LNUU\ `N[N UN\\ 
_RJKUN RW YQX]XVRaX][XYQRL LXWMR]RXW #LXW]RW^X^\ URPQ]& %PU^LX\N$ JWM QN]N[X][XYQRL LXWMR]RXW 

#MJ[T%PU^LX\N$(  

=] R\ RW]N[N\]RWP ]QJ] 7^]QX[\ MR\LX_N[NM J TJR7 URTN Y[X]NRW WJVNM ?JR7- ]QJ] LX^UM YQX\YQX[bUJ]N 

?JR9- #]QN X[]QXUXP XO ?JR9+$( <X`N_N[& R] R\ Z^N\]RXWJKUN `QN]QN[ ]QN NaYN[RVNW]\ Y[X_RMNM 
Y^\QN\ ]QN L^[[NW] VJW^\L[RY] OX[ JLLNY]JWLN RW BJ]^[N LXVV^WRLJ]RXW( BX MJ]J `N[N PR_NW ]X 

\^YYX[] ]QN NaR\]NWLN XO ?JR7+8+9+ X\LRUUJ]X[( FQN LX[N ORP^[N XO ]QN VJW^\L[RY] #:RP -7 JWM -9$ 
R\ _N[b LXWO^\RWP JWM \QX^UM KN \^K\]JW]RJUUb RVY[X_NM Kb ]QN J^]QX[\ ]X \^YYX[] ]QNR[ LUJRV OX[ 

]QN NaR\]NWLN XO ]QN \NLXWM LR[LJMRJW X\LRUUJ]X[& R(N(& ?JR7-8-9-( =] QJ\ KNNW TWX`W ]QJ] ]QN 
?JR9- #`QRLQ R\ ]QN YJ[] XO ]QN \NLXWM X\LRUUJ]X[$ W^UU LNUU\ QJ_N _RJKRUR]b R\\^N\ RW LXW]RW^X^\ 
MJ[T(  

3Y^bP]1 IP _SLYV _SP ]PaTPbP] QZ] N]T_TNLWWd ]PLOTYR Z`] XLY`^N]T[_% IP L]P _]`Wd R]L_PQ`W 
QZ] _SP SPW[Q`W ^`RRP^_TZY^ ZY SZb _Z TX[]ZaP _SP XLY`^N]T[_% 4L^PO ZY _SP^P NZXXPY_^# 
bP SLaP TYNW`OPO YPb OL_L OPXZY^_]L_TYR _SP []P^PYNP LYO Q`YN_TZY ZQ _SP =LT3(4(5( 
Z^NTWWL_Z] TY aTaZ !8TR% +"% FZ ^_]PYR_SPY _SP NWLTX _SL_ =LT3*4*5* NLY QZ]X LY Z^NTWWL_Z]# 
bP SLaP YZb TYNW`OPO .2 9.753 OL_L ^SZbTYR _SP _PX[P]L_`]P NZX[PY^L_TZY ZQ _SP ^d^_PX 
!8TR% *O" LYO Pc_PYOPO TY aTaZ OL_L ^SZbTYR _S]PP Q]PP$]`YYTYR NdNWP^ ZQ =LT5* 
[SZ^[SZ]dWL_TZY !8TR% +"% FSP^P OL_L ^`[[Z]_ Z`] NZYNW`^TZY _SL_ _SP]P L]P _bZ Z^NTWWL_Z]^ 
TY ';2+)-3);67.6% 4L^PO ZY _SP YPb MLNV^NL__P] LYLWd^T^# bP OPXZY^_]L_PO _SL_ MZ_S 
^d^_PX^# =LT3(4(5( LYO =LT3*4*5*# L]P ]P\`T]PO _Z O]TaP ^PWQ$^`^_LTYPO )+S ]Sd_SX^ 
bSTNS LW^Z SPW[^ _Z MP__P] TY_P][]P_ _SP []PaTZ`^ OL_L !8TR% ,"% IP MPWTPaP _SL_ _SP^P _bZ 
Z^NTWWL_Z]^ L]P OT]PN_Wd Z] TYOT]PN_Wd NZYYPN_PO% FZ PX[SL^TeP _ST^ TY_P]NZYYPN_TZY# bP 
SLaP NSLYRPO _SP _T_WP ZQ _SP XLY`^N]T[_ LNNZ]OTYRWd% 

4PWZb bP LOO]P^^ _SP NZXXPY_^ [ZTY_ Md [ZTY_ 

FQX^PQ RW ]QR\ VJW^\L[RY]& \XVN Y[NURVRWJ[b P[X`]Q [N\^U]\ `N[N PR_NW OX[ ?JR7- W^UU LNUU\ RW 
MROON[NW] P[X`]Q LXWMR]RXW\ R] R\ WX] LUNJ[ `Qb ]QN LNUU _RJKRUR]b J[N MROON[NW] RW ?JR7- _\ ?JR9- _\ 

?JR7-8-9- RW \XVN LXWMR]RXW#\$ N_NW RO ]QNb SXRW]Ub M[R_N ]QN \NLXWM X\LRUUJ]X[! <X` ]QN 7-8-9- 
\b\]NV [NP^UJ]N\ ]QN YQb\RXUXPb6  
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3Y^bP]1 4L^PO ZY _SP ]PaTPbP]p^ ^`RRP^_TZY# bP SLaP TYNW`OPO YPb OL_L ZY Q]PP$]`YYTYR 
TY aTaZ Z^NTWWL_TZY^ ZQ =LT5( LYO =LT5* [SZ^[SZ]dWL_TZY TY _SP ]PaT^PO XLY`^N]T[_ !^PP 
MPWZb"% JZ`] ^`RRP^_TZY _Z TYNW`OP L QZN`^ ZY _SP =LT3(4(5( ^d^_PX !YPc_ _Z 
=LT3*4*5*"# []ZaTOPO aLW`LMWP TY[`_ _Z TY_P][]P_ LW^Z _SP [SPYZ_d[P ZQ _SP []P^PY_PO 
X`_LY_^ TY _SP NZY_Pc_ ZQ MZ_S ^d^_PX^ LYO =LT5* [SZ^[SZ]dWL_TZY% 4d NZX[L]TYR _SP 

[SPYZ_d[P^ ZQ /(.$"%"&" #! $ LYO /(.&# X`_LY_^## bP ^SZbPO _SL_ TY LYd X`_LY_ TY 
bSTNS _SP /(.&# RPYP bL^ OPWP_PO# R]Zb_S bL^ WP^^ LQQPN_PO _SLY LQ_P] OPWP_TZY ZQ _SP 
/(.$"%"&" Z[P]ZY% ?LYT[`WL_TZY ZQ _SP =LT3* WPaPW# SZbPaP]# bL^ L^ OP_]TXPY_LW L^ _SP 
VYZNVZ`_ ZQ _SP /(.$"%"&" Z[P]ZY# ]PRL]OWP^^ ZQ bSP_SP] /(.$# bL^ OPWP_PO Z] 
ZaP]Pc[]P^^PO% 4L^PO ZY _SP^P OL_L# bP ^[PN`WL_P _SL_ _SP [SZ^[SZ]dWL_TZY ZQ =LT5* 
[WLd^ L N]T_TNLW ]ZWP TY [SPYZ_d[TN Pc[]P^^TZY% 8`]_SP]XZ]P# =LT3* XLd SLaP TX[Z]_LY_ 
TY_P]LN_Z]^ Z`_^TOP ZQ =LT4* LYO =LT5* _SL_ NZY_]TM`_P _Z _SP [SPYZ_d[P !YZb ^`XXL]TePO 
TY _SP XZOPW TY 8TR% /"% 4PdZYO _ST^# bP LR]PP bT_S _SP ]PaTPbP] _SL_ bP bP]P `YLMWP _Z 
[]ZaTOP XZ]P OP_LTW^ ZY SZb _SP =LT5*$ML^PO ^d^_PX NZY_]ZW^ _SP [Sd^TZWZRd ZQ 
';2+)-3);67.6 NPWW^% ;Y =fMWP] P_ LW%% LYO ENSP`]P] P_ LW%&# bP XLTYWd LYLWdePO LY 54($

X`_LY_ ^_]LTY TY bSTNS _SP =LT5($ML^PO ^d^_PX NZY_]ZWWPO XLYd L^[PN_^ ZQ _SP ^bT_NS 
MP_bPPY L`_Z_]Z[STN LYO SP_P]Z_]Z[STN XP_LMZWT^X% 4L^PO ZY _SP R]Zb_S [SPYZ_d[P ZQ 

/(.&# LYO /(.$# ^_]LTY^# bSTNS T^ ^TXTWL] _Z _SL_ ZQ _SP /(.$"%"&" ^_]LTY# bP NLY 
Sd[Z_SP^TeP _SL_ LRLTY _SP OL]V XP_LMZWT^X T^ LQQPN_PO TY _SP^P X`_LY_^% :ZbPaP]# L^ bP 
OZ YZ_ VYZb _SP Z`_[`_ NZX[ZYPY_^ ZQ _SP =LT3*4*5* ^d^_PX# bP NLY ZYWd ^[PN`WL_P ZY 
SZb _SP ^d^_PX ]PR`WL_P^ [Sd^TZWZRd !^PP LW^Z NZXXPY_^ MPWZb"% E`NS LY LYLWd^T^ T^ 
MPdZYO _SP ^NZ[P ZQ _ST^ ^_`Od%  

<N[N J[N Vb MN]JRUNM LXVVNW]\4 

FQN OXL^\ XO ]QR\ VJW^\L[RY] R\ ]X \QX` ]QJ] ]QN[N J[N h]`X LR[LJMRJW X\LRUUJ]X[i NaR\] RW 

EbWNLQX\b\]R\4 XWN LR[LJMRJW X\LRUUJ]X[ R\ M[R_NW Kb ?JR 7+8+9+ JWM ]QN \NLXWM X\LRUUJ]X[ R\ 
M[R_NW Kb ?JR 7-8-9-( 7^]QX[\& XWUb ][RNM ]X \QX` ]QN X\LRUUJ]RXW RW ?JR9- YQX\YQX[bUJ]RXW& K^] 

QJ_N WX] Y[X_RMNM JWb MJ]J OX[ ?JR9+ YQX\YQX[bUJ]RXW X\LRUUJ]RXW NR]QN[ RW _R][X X[ RW _R_X( 7[N 
]QX\N MJ]J Y^KUR\QNM JWb`QN[N ]QJ] = MX WX] TWX`6  

3Y^bP]1 ;Y _ST^ XLY`^N]T[_# bP SLaP QZN`^PO ZY _SP OT^NZaP]d ZQ L YPb =LT3* SZXZWZR 
LYO T_^ NZYYPN_TZY _Z =LT4* LYO =LT5*% FSP ]PaTPbP] T^ NZ]]PN_ _SL_ _SP]P L]P YZ OL_L 
^SZbTYR _SL_ =LT34(5( T^ L MZYL QTOP Z^NTWWL_Z]% 4PNL`^P ZQ T_^ STRS SZXZWZRd bT_S 
';2+)-3)3))86 ^[% B55 .0+) LYO []PaTZ`^ OPXZY^_]L_TZY ZQ =LT3($OP[PYOPY_ 
[SZ^[SZ]dWL_TZY ZQ =LT5(# T_ T^ WTVPWd _SL_ _SP =LT34(5( ^d^_PX MPSLaP^ ^TXTWL]Wd _Z _SP 
';2+)-3)3))86 NWZNV% 8`]_SP] PaTOPYNP NLXP Q]ZX L ^_`Od Md _SP <ZSY^ZY R]Z`['"# bSTNS 
^SZbPO _SL_ MZ_S =LT ^d^_PX^ NZY_]ZW NT]NLOTLY RPYP Pc[]P^^TZY% :ZbPaP]# _ST^ bL^ YZ_ L 
MTZNSPXTNLW []ZZQ# LYO T_ LW^Z ^PPX^ [Z^^TMWP _SL_ _SP =LT3(4(5( ^d^_PX T^ YZ_ NL[LMWP 
ZQ ^`^_LTYPO Z^NTWWL_TZY bT_SZ`_ MPTYR NZ`[WPO _Z _SP =LT3*4*5* ^d^_PX% GYQZ]_`YL_PWd# 
_SP SP_P]ZWZRZ`^Wd Pc[]P^^PO =LT5( []Z_PTY bL^ YZ_ ^_LMWP Z] SZXZRPYZ`^ PYZ`RS _Z 
[]ZaP _SL_ =LT5( [SZ^[SZ]dWL_TZY Z^NTWWL_P^ QZ] L_ WPL^_ )+ S% FSP]PQZ]P# bP _PLXPO `[ bT_S 
?TNSLPW D`^_ LYO 9Z[LW BL__LYLdLV Q]ZX _SP GYTaP]^T_d ZQ 5STNLRZ# bSZ bP]P LMWP _Z 
[]ZaTOP Pc_PYOPO TY aTaZ OL_L ZY =LT5( LYO =LT5* [SZ^[SZ]dWL_TZY `^TYR STRS$]P^ZW`_TZY 
E6E$B397# QZWWZbPO Md IP^_P]Y 4WZ_ LYLWd^T^% G^TYR Z`] =LT5($ LYO =LT5*$^[PNTQTN 
LY_TMZOTP^# _SPd ^SZbPO _SL_ =LT5( LYO =LT5* LM`YOLYNP LYO [SZ^[SZ]dWL_TZY Z^NTWWL_PO 
bT_S L [P]TZO ZQ L[[]ZcTXL_PWd )+ S TY aTaZ ZaP] _SP _P^_PO _TXP [P]TZO ZQ _S]PP OLd^ ZQ 
NZY^_LY_ WTRS_ NZYOT_TZY^# ^`[[Z]_TYR Z`] NZYNW`^TZY _SL_ MZ_S ^d^_PX^ NLY Q`YN_TZY L^ 
Z^NTWWL_Z]^% 4Z_S Z^NTWWL_Z]^ L[[PL]PO _Z MP [SL^P$WZNVPO# ^`RRP^_TYR _SL_ _SPd bZ]V 
_ZRP_SP] TY _SP NPWW% FSP OL_L L]P ^SZbY TY 8TR% + TY _SP N`]]PY_ XLY`^N]T[_%  

7^]QX[\ LR]NM ]QN [NLNW] `X[T O[XV >XQW\XW UJK #IQJX N] JU& ,*,-$ `QN[N J [NYX[]N[ \][JRW `J\ 

VJMN ]X \QX` ]QN KRXU^VRWN\LNWLN X\LRUUJ]RXW( FQN [Qb]QV RW ]QN X\LRUUJ]RXW RW ]QJ] [NYX[]N[ \][JRW 
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`J\ PXWN RW TJR9+ W^UU J\ `NUU J\ RW TJR9- W^UU LNUU\( FQN LR[LJMRJW LUXLT \]^Mb RW EbWNLQXL\b]\R\ 
_J[RN\ J UX] O[XV UJK ]X UJK( :X[ NaJVYUN& ?^LQX N] JU(& ,**/ \QX`NM LR[LJMRJW LUXLT NaR\]\ RW 

EbWNLXLb\]R\& QX`N_N[ 8NLT N] JU& ,*+. LUJRVNM ]QN JK\NWLN XO LR[LJMRJW [Qb]QV RW 
EbWNLQLQXLb\]R\( ERVRUJ[Ub& `X[T O[XV ]QN J^]QX[\j UJK LX^UM WX] PNWN[J]N TJR8,9, W^UU K^] 

>XQW\XW UJK LX^UM VJTN TJR8,9, W^UU LNUU\( =WMNNM UX] XO MJ]J J[N MNYNWMNW] XW ]QN KJLTP[X^WM 
\][JRW( FQJ]j\ `Qb R] R\ JM_R\JKUN ]X LQNLT `QN]QN[ ]QN ?JR7+8+9+ LU^\]N[ LJW PNWN[J]N JW 

X\LRUUJ]RXW RW ?JR9+ YQX\YQX[bUJ]RXW RW ]QN KJLTP[X^WM \][JRW #?JR9+ `N\]N[W KUX]$ ]QJ] ]QN 
J^]QX[\ ^\NM OX[ ]QR\ \]^Mb JWM JU\X RW _R][X( 7[N ]QX\N ]QN ]`X X\LRUUJ]X[\ RW YQJ\N X[ X\LRUUJ]N 

`R]Q MROON[NW] JVYUR]^MN JWM)X[ YN[RXM6 

3Y^bP]1 FSP ]PaTPbP] SL^ L aLW`LMWP NZYNP]Y ]PRL]OTYR _SP `^P ZQ ^_]LTY^ Q]ZX OTQQP]PY_ 
MLNVR]Z`YO^ TY OTQQP]PY_ WLMZ]L_Z]TP^% :ZbPaP]# T_ T^ LW^Z [Z^^TMWP _SL_ ^ZXP ZQ _SP 
OTaP]^T_d TY ^_]LTY MPSLaTZ] T^ _SP ]P^`W_ ZQ OTQQP]PY_ R]Zb_S NZYOT_TZY^ TY WLMZ]L_Z]TP^ Z] 
PaPY TY _SP ^LXP WLMZ]L_Z]d% ;Y _SP ]PaT^PO aP]^TZY ZQ _SP XLY`^N]T[_# bP SLaP YZb 
TYNW`OPO XZ]P OL_L Q]ZX OTQQP]PY_ WLMZ]L_Z]d ^_]LTY^ _SL_ bP]P LYLWdePO TY OTQQP]PY_ 
WLMZ]L_Z]TP^% AaP]LWW# Q]ZX _SP^P OL_L# bP NLY PcNW`OP _SP [Z^^TMTWT_d _SL_ _SP =LT3*4*5* 
^d^_PX T^ ZYWd ]PWPaLY_ _Z ZYP [L]_TN`WL] WLMZ]L_Z]d ^_]LTY% 3YZ_SP] ]PL^ZY QZ] _SP `^P ZQ 
OTQQP]PY_ MLNVR]Z`YO ^_]LTY^ bL^ _SL_ YZ_ PaP]d LYLWd^T^ bL^ [Z^^TMWP TY LWW ';2+)-3);67.6
aL]TLY_^2 QZ] PcLX[WP# MLNV^NL__P] XPL^`]PXPY_^ bP]P YZ_ [Z^^TMWP TY _SP B55$? ^_]LTY 
MPNL`^P _SP NPWW^ LRR]PRL_PO TY WT\`TO N`W_`]P# bSTNS []PaPY_PO _SP XPL^`]PXPY_^% 
A`] ]PaT^PO XLY`^N]T[_ ]P[Z]_^ _SP OL_L ZM_LTYPO `^TYR _SP QZWWZbTYR ^_]LTY^% 

(% FSP 5STNLRZ ^_]LTY bL^ LYLWdePO TY _SP D`^_ WLM% FST^ ^_]LTY bL^ TYNW`OPO TY LY TY aTaZ 
Pc[P]TXPY_# ^SZbTYR Q]PP$]`YYTYR Z^NTWWL_TZY^ ZaP] -- Z] .) S QZ] =LT5( LYO =LT5* 
[SZ^[SZ]dWL_TZY !8TR% +"% 

)% FSP G[[^LWL ^_]LTY !ZM_LTYPO Q]ZX G[[^LWL GYTaP]^T_d" bL^ LYLWdePO Md _SP 3cXLYY 
R]Z`[% FST^ WLM ]PNPY_Wd OPaPWZ[PO L XP_SZO _Z XZYT_Z] NT]NLOTLY Z^NTWWL_TZY^ aTL 
MLNV^NL__P] XPL^`]PXPY_^ `^TYR _ST^ ^_]LTY# LYO OPXZY^_]L_PO _SL_ /(.$"%"&" OPWP_TZY 
LMZWT^SP^ _SP^P ]Sd_SX^(% IP Q`]_SP] ]P$NZY^_]`N_PO /(. RPYP OPWP_TZY X`_LY_^ TY _ST^ 
MLNVR]Z`YO LYO ^SZbPO _SL_ /(.$#%#&# OPWP_TZY WPLO^ _Z \`TNV OLX[PYTYR ZQ _SP 
]Sd_SX^%  G[ZY NWZ^P TY^[PN_TZY# _SP OP]TaPO TYQZ]XL_TZY T^ TY LR]PPXPY_ bT_S L ]PNPY_Wd 
[`MWT^SPO [L[P] Md _SP <ZSY^ZY WLM'% 3^ ^SZbY TY 8TR% ) Md KSLZ P_ LW%'# ]PO`NPO 
OLX[PYTYR [PLV^ bP]P ZM^P]aPO TY _SPT] /(.%#&# X`_LY_ ^_]LTY LQ_P] ]PWPL^P _Z NZY^_LY_ 
WTRS_% 

*% FSP ';2+)-3);67.6 B55$? ^_]LTY T^ L XZ_TWP# RW`NZ^P$_ZWP]LY_ ^_]LTY QZ] bSTNS _SP ITWOP 
R]Z`[ RPYP]L_PO LYO LYLWdePO NWZNV$]PWL_PO X`_LY_^ TY []PaTZ`^ [`MWTNL_TZY^$! %! &% IP 
TYNW`OPO ^[Z_ L^^Ld^ QZ] /(. RPYP X`_LY_^ TY _ST^ ^_]LTY MLNVR]Z`YO% IP NZY^TOP]PO `^TYR 
_SP ^LXP ^_]LTY _Z MP TX[Z]_LY_ QZ] NZX[L]T^ZY bT_S []PaTZ`^Wd [`MWT^SPO [SPYZ_d[P^ ZQ 

/(.$"%"&" LYO /(.&# `^TYR _SP ^LXP XP_SZO LYO R]Zb_S NZYOT_TZY^% 8Z] _ST^ B55$? 
^_]LTY# bP SLaP LW]PLOd OPXZY^_]L_PO _SL_ =LT5* [SZ^[SZ]dWL_P^ TY L =LT3*$OP[PYOPY_ 
XLYYP] !8TR% * TY _SP []PaTZ`^ XLY`^N]T[_ aP]^TZY"% IP SLaP XZaPO _SP OL_L _Z 8TR% . _Z 
XZ]P NWPL]Wd OT^N`^^ _SP ZM^P]aPO [SPYZ_d[P^ TY _SP /(.$# X`_LY_^ !^SZbY TY 8TR% - LYO 
8TR% E((" XTRS_ RZ MLNV _Z _SP Od^]PR`WL_TZY ZQ =LT5* [SZ^[SZ]dWL_TZY% 
IP LR]PP bT_S _SP ]PaTPbP] _SL_ T_ T^ TX[Z]_LY_ _Z NSPNV bSP_SP] Z^NTWWL_TZY^ TY =LT5( 
[SZ^[SZ]dWL_TZY LW^Z ZNN`] TY _ST^ ^_]LTY% IP [P]QZ]XPO L BSZ^_LR LYLWd^T^ ZQ =LT5( 
[SZ^[SZ]dWL_TZY# ^TXTWL] _Z _SL_ ZQ =LT5*# L^ ^SZbY TY 8TR% .L% :ZbPaP]# TY STRS$]P^ZW`_TZY 
E6E$B397# =LT5( [SZ^[SZ]dWL_TZY !8TR% +L" bL^ PL^TP] _Z TY_P][]P_ _SLY TY _SP BSZ^_LR 
LYLWd^T^ MPNL`^P ZQ QPbP] N]Z^^$]PLN_TZY^ bT_S _SP LY_TMZOTP^% @PaP]_SPWP^^# _SP BSZ^_LR 
RPW LYLWd^T^ ^SZbPO L ^TXTWL] =LT5( [SZ^[SZ]dWL_TZY [L__P]Y NZX[L]PO _Z =LT5( 
[SZ^[SZ]dWL_TZY TY _SP bTWO _d[P `^PO Md _SP D`^_ WLMZ]L_Z]d% ;Y_P]P^_TYRWd# TY MZ_S 
LYLWd^P^# =LT5( [SZ^[SZ]dWL_TZY SLO L WZbP] LX[WT_`OP _SLY =LT5* [SZ^[SZ]dWL_TZY%  
IP OTO YZ_ TYNW`OP _SP OL_L TY _SP XLY`^N]T[_ MPNL`^P _SP OL_L ^SZbY TY 8TR% + NZaP] L 
WZYRP] _TXP [P]TZO# LYO bP []P^PY_ _SP OL_L TY _SP B55$? ^_]LTY ZYWd TY _SP NZY_Pc_ ZQ ^[Z_ 
L^^Ld^ _Z OT^N`^^ _SP PQQPN_ ZQ =LT3* `[]PR`WL_TZY Z] OZbY]PR`WL_TZY% 
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:RP^[N -7 JWM -9 J[N LXWO^\RWP JWM LJW KN RVY[X_NM J UX]( CUNJ\N LUJ[ROb( 

3Y^bP]1 FST^ QTR`]P SL^ MPPY ]PL]]LYRPO _Z TX[]ZaP NWL]T_d !^PP _SP YPc_ [ZTY_"%

=W ORP -7& J^]QX[\ ^\NM Y^[RORNM [NLXVKRWJW] Y[X]NRW\ #?JR7-& 8- JWM 9-$ JWM LQNLTNM ]QN 

LR[LJMRJW X\LRUUJ]RXW XO YQX\YQX[bUJ]NM ?JR9- #CC?JR9-$ OX[ .2 QX^[\ JWM LUJRVNM ?JR9- 

YQX\YQX[bUJ]RXW \QX`NM \^\]JRWNM X\LRUUJ]RXW `R]Q J ,. Q[\ [Qb]QV #`QNW ?JR7- R\ NR]QN[ +(. ^A 
X[ ,(2 ^A$ ]QJ] R\ J LQJ[JL]N[R\]RL ONJ]^[N XO J LR[LJMRJW X\LRUUJ]X[(  

@XXT\ URTN RW :RP -7& ?JR9- YQX\YQX[bUJ]RXW YNJTNM J] 0]Q QX^[ JWM MNYQX\YQX[bUJ]NM #][X^PQ$ J] 

+2]Q QX^[( 7] ,.]Q QX^[& ]QN CC?JR9- R\ QRPQN[ ]QJW ]QN +2]Q QX^[( FQR\ \^PPN\]\ ]QN 
YQX\YQX[bUJ]RXW LbLUN R\ LXVYUN]N J] +2]Q QX^[( <X`N_N[& RO bX^ UXXT J] ]QN YQX\YQX[bUJ]RXW 

YNJT\ J] 0]Q QX^[ JWM -*]Q QX^[& R] MXN\ UXXT URTN J ,. QX^[ LbLUN( 8^]& RW ]QJ] LJ\N R] `X^UM KN 
LUNJ[ RO ]QN NaYN[RVNW] `J\ Na]NWMNM ^Y ]X /.]Q QX^[ ]X \NN ]QN \NLXWM YNJT J] /.]Q QX^[ ]X 

LXWOR[V J ,. QX^[ LbLUN(  

=\ ]QN X\LRUUJ]RXW RW CC'?JR9 R\ MbRWP RW ]QN \NLXWM LbLUN #YUNJ\N UXXT J] +2]Q ]X -0]Q QX^[ 
LXVYJ[NM ]X *'+2]Q QX^[$6 =\ R] WX] J \^\]JRWNM X\LRUUJ]X[6 7^]QX[\ QJ_N ^\NM ]Q[NN [NYURLJ]N\ 

#VJ[TNM Kb MX]\$ OX[ NJLQ ]RVN YXRW]& RO bX^ ]JTN ]QN J_N[JPN XO JUU ]QN MX]\ J] NJLQ ]RVN YXRW] JWM 
YUX]& MXN\ ]QN ][JLN UXXT URTN JW X\LRUUJ]RXW #O[XV +2]Q QX^[ XW`J[M$6 FQN [NJ\XW = JV K[RWPRWP 

]QR\ J\ ]QN JVYUR]^MN XO CC?JR9- X\LRUUJ]RXW RW ]QN \NLXWM LbLUN R\ _N[b UX` JWM ]QN [NYURLJ]N\ 
VJ[TNM Kb ]Q[NN MX]\ J] NJLQ ]RVN YXRW]\ QJ_N J `RMN [JWPN XO _J[RJ]RXW5 LQNLT ]QN MX]\ J] ,.]Q 

JWM -*]Q QX^[ ]RVN YXRW]\(  

3Y^bP]1 JP^# T_ bL^ OTQQTN`W_ _Z []ZO`NP STRS$LX[WT_`OP Z^NTWWL_TZY^ ZQ =LT5* 
[SZ^[SZ]dWL_TZY TY aT_]Z% IP YZb OP^N]TMP _SP ZM^P]aPO [L__P]Y TY XZ]P OP_LTW LYO [ZTY_ 
Z`_ _SL_ _SP QT]^_ [PLV ZQ TY aT_]Z Z^NTWWL_TZY^ bL^ STRSP] _SLY _SP ^PNZYO [PLV% :ZbPaP]# 
_SP YPb TY aTaZ OL_L []ZaTOPO TY 8TR% + SLO L STRSP] _PX[Z]LW ]P^ZW`_TZY# LYO _SP 
Pc[P]TXPY_ bL^ Pc_PYOPO QZ] -/ S% 8TR% + NWPL]Wd ^SZb^ _SL_ _SP [SZ^[SZ]dWL_TZY NdNWP ZQ 
MZ_S =LT5^ bL^ NZX[WP_P bT_STY )+ S LYO _SL_ _SP^P Z^NTWWL_TZY^ bP]P ^`^_LTYPO QZ] L_ 
WPL^_ _S]PP NdNWP^%  
IP TX[WPXPY_PO ^ZXP NSLYRP^ _Z _SP [WZ_ ^SZbY TY 8TR% *N ![]PaTZ`^Wd 8TR% *L"% 8T]^_# L^ 
]P\`P^_PO# bP [WZ__PO _SP LaP]LRP bT_S ^_LYOL]O OPaTL_TZY^ LYO NZYYPN_PO _SP [ZTY_^ Md L 
WTYP TY^_PLO ZQ ^SZbTYR _SP LVTXL ^[WTYP N`]aP%  ;Y LOOT_TZY# bP OT]PN_Wd WLMPWPO _SP N`]aP 
bT_S _SP ]P^[PN_TaP =LT3* NZYNPY_]L_TZY^% FSP N`]aP^ ]P[]P^PY_TYR (%+ i? =LT3* LYO )%/ 
i? =LT3* L]P YZb STRSWTRS_PO TY MZWO# MPNL`^P _SPd NZY_LTY XZ]P ]P[WTNL_P^ _SLY _SP Z_SP] 
N`]aP^ LYO L]P OT^N`^^PO TY XZ]P OP_LTW TY _SP _Pc_% 
IP SLaP LW^Z ]PaT^PO _ST^ OP^N]T[_TZY TY _SP _Pc_% 8T]^_# bP [ZTY_PO Z`_ _SL_ YZ Z^NTWWL_TZY 
ZNN`]^ bT_S PcNP^^TaP Z] WZb =LT3* NZYNPY_]L_TZY^% IP _SPY QZN`^PO ZY _SP N`]aP^ bT_S 
TY_P]XPOTL_P =LT3* NZYNPY_]L_TZY^ LYO OP^N]TMPO _SP QT]^_ LYO ^PNZYO [PLV^ TY XZ]P 
OP_LTW% ISPY OP^N]TMTYR _SP =LT3*4*5* TY aT_]Z Z^NTWWL_Z]# bP YZb ]P[PL_POWd `^P _SP 
_P]X^ :+(/ Z] *(14+2+* _Z L__]TM`_P _SP ]PO`NPO LX[WT_`OP ZQ _SP ^PNZYO [PLV% :ZbPaP]# 
bP NZ`WO ]PNZY^_T_`_P L _ST]O [PLV TY aT_]Z# bSPY LYLWdeTYR =LT3*4*5* QZ] -'S !YZb 
TYNW`OPO TY 8TR *O" LYO ^SZbPO _PX[P]L_`]P NZX[PY^L_TZY !^PP MPWZb"% 
B]PaTZ`^ 8TR% *N SL^ MPPY NSLYRPO LNNZ]OTYRWd LYO SL^ MPPY XZaPO _Z 8TR% .% IP SLaP 
XZaPO _SP QTR`]P MPNL`^P bP YZb OPXZY^_]L_P ]ZM`^_ TY aTaZ =LT5* [SZ^[SZ]dWL_TZY QZ] L 
WZYRP] _TXP [P]TZO TY 8TR% +%  

7 ][^N LR[LJMRJW LUXLT X\LRUUJ]X[ R\ ]NVYN[J]^[N LXVYNW\J]NM( ?JR9- 7FCJ\N JL]R_R]b R\ WX] 

]NVYN[J]^[N LXVYNW\J]NM( HRUU ?JR9- VNMRJ]NM X\LRUUJ]RXW KN LXW\RMN[NM J\ LR[LJMRJW6 7Wb 
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LXVVNW]\ XW ]QJ]6 

3Y^bP]1 JP^# _PX[P]L_`]P NZX[PY^L_TZY T^ L OPQTYTYR N]T_P]TZY QZ] NT]NLOTLY Z^NTWWL_TZY^%  
IP LW]PLOd VYZb _SL_ MLNV^NL__P] Z^NTWWL_TZY^ L]P _PX[P]L_`]P NZX[PY^L_PO TY 
';2+)-3);67.6 LYO L]P O]TaPY Md =LT3(4(5((% ;Y _ST^ XLY`^N]T[_# bP SLaP YZb TYNW`OPO 
Q`]_SP] OL_L ^SZbTYR _SL_ =LT3*4*5* LW^Z NZY_]TM`_P^ _Z _SP^P ^_LMWP Z^NTWWL_TZY^% 
ETXTWL]Wd# _SP <ZSY^ZY WLM ^SZbPO _SL_ Z^NTWWL_Z]d Pc[]P^^TZY Q]ZX L ^_]ZYR L]_TQTNTLW 
[]ZXZ_P] T^ _PX[P]L_`]P NZX[PY^L_PO LYO _SL_ _SP Z^NTWWL_TZY T^ OP[PYOPY_ ZY MZ_S# 
/(.$"%"&" LYO /(.&#!% FSP]PQZ]P# bP Sd[Z_SP^TeP _SL_ _SP _bZ ^d^_PX^# =LT3(4(5( LYO 
=LT3*4*5*# L]P TY_P]NZYYPN_PO LYO O]TaP _PX[P]L_`]P$NZX[PY^L_PO Z^NTWWL_TZY^% 

FSP ]PaTPbP] T^ ]TRS_ _SL_ TY ITPRL]O P_ LW%## bP ^SZbPO _SL_ MZ_S 3FBL^P LN_TaT_d LYO 
OP[SZ^[SZ]dWL_TZY ZQ =LT5* !LWZYP" L]P _PX[P]L_`]P$OP[PYOPY_% FSP C#" aLW`P QZ] =LT5* 
3FBL^P LN_TaT_d bL^ )%+% ;Q _SP [P]TZO ZQ =LT5* [SZ^[SZ]dWL_TZY OT^[WLdPO _SP ^LXP 
_PX[P]L_`]P$OP[PYOPYNP# T_ bZ`WO NSLYRP )%+ QZWO MP_bPPY ),g5 LYO *, g5% IP 
TYaP^_TRL_PO _SP [SZ^[SZ]dWL_TZY ZQ =LT5* TY _SP []P^PYNP ZQ =LT3* LYO =LT4* L_ ),# *'# 
LYO *,g5 !^PP 8TR% *O"% E`][]T^TYRWd# YZ O]L^_TN NSLYRP^ bP]P ZM^P]aPO ZaP] +/S% FSP 
[P]TZO L_ ),g5 bL^ Pc_PYOPO Md L[[]Zc% -S TY NZX[L]T^ZY _Z _SP [P]TZO^ ZM^P]aPO L_ *'g5 
LYO *,g5# bSTNS T^ ^TXTWL] _Z _SP _PX[P]L_`]P NZX[PY^L_TZY ZM^P]aPO QZ] ';2+)-3)3))86
=LT []Z_PTY^)% IP NLY ZYWd ^[PN`WL_P _SL_ _SP []P^PYNP ZQ =LT3* LYO&Z] =LT4* ^_LMTWTeP^ 
_PX[P]L_`]P NZX[PY^L_TZY% 

:RP^[N -94 G\RWP ?JR9- \YNLRORL JW]RKXMb& J^]QX[\ LQNLTNM ]QN X\LRUUJ]RXW XO C'?JR9- RW 

EbWNLQXLb\]R\ LNUU\( FQNb VNW]RXWNM #URWN -/.& YJPN ++$ ]QN ]`X Y[XVRWNW] KJWM\ `QRLQ J[N 
JK\NW] RW MNU]J?JR9- \][JRW VX\] Y[XKJKUb [NOUNL] ]`X YQX\YQX[bUJ]RXW \]J]N\ XO ?JR9-( FQNb JU\X 
VJ[TNM ]QN _N[b ^YYN[ KJWM #[NM J[[X`$ J\ ]QN O^UUb YQX\YQX[bUJ]NM XWN JWM XWN XO ]QN UX`N[ 
KJWM\ #KU^N J[[X`$ R\ ]QN ^WYQX\YQX[bUJ]NM OX[V( = JV LXWO^\NM `R]Q ]QN ^YYN[ KJWM ]QJ] R\ 
VJ[TNM `R]Q CC'?JR9-( FQN ]XYVX\] KJWM #VJ[TNM OX[ CC?JR9-$ \QX^UM WX] \QX` ^Y RW TJR7- 

W^UU LNUU\6 7V = `[XWP6 <X` LXVN ?JR9- PN]\ YQX\YQX[bUJ]NM RW JK\NWLN XO ?JR7-6 =O ]QJ] KJWM 
R\ \QX`RWP ^Y RW TJR7- W^UU& ]QNW ]QJ] MXN\ WX] [NY[N\NW] ]QN ][^N CC'?JR9- KJWM( EX& QX` ]QJ] 

KJWM `J\ ^\NM OX[ Z^JW]RORLJ]RXW ]X LQNLT ]QN X\LRUUJ]RXW RW ?JR9- YQX\YQX[bUJ]RXW6 7PJRW& 
J^]QX[\ ]XXT ]QN [J]RX XO O^UUb YQX\YQX[bUJ]NM ?JR9- #CC'?JR9-$ ]X WXW'YQX\YQX[bUJ]NM ?JR9- #B'

?JR9-$ OX[ Z^JW]RORLJ]RXW( 8^]& `Qb ]QN J^]QX[\ XWUb ]XXT ]QN CC'?JR9- KJWM K^] MRM WX] LXW\RMN[ 
KX]Q ]QN YQX\YQX[bUJ]NM KJWM\ OX[ Z^JW]RORLJ]RXW6 

3Y^bP]1 ITPRL]O P_ LW%#^SZbPO _SL_ =LT5* PcSTMT_^ L`_Z[SZ^[SZ]dWL_TZY LN_TaT_d TY aT_]Z TY 
_SP LM^PYNP ZQ =LT3% FSP]PQZ]P# T_ T^ YZ_ ^`][]T^TYR _SL_ TY _SP /(.$# OPWP_TZY X`_LY_# _SP]P 
T^ ^_TWW ^ZXP [SZ^[SZ]dWL_PO =LT5* !XL]VPO bT_S BB$=LT5*"# LW_SZ`RS _Z L X`NS WP^^P] 
Pc_PY_ _SLY TY _SP /(.$# ZaP]Pc[]P^^TZY ^_]LTY# LYO NZX[L]LMWP _Z _SP WZbP^_ 
[SZ^[SZ]dWL_TZY WPaPW TY _SP IF% IP SLaP TYNW`OPO L ^PY_PYNP [ZTY_TYR _Z =LT5* 
L`_Z[SZ^[SZ]dWL_TZY !WTYP^ ,++$,+,"%  
C`LY_TQTNL_TZY ZQ =LT5* [SZ^[SZ]dWL_TZY Q]ZX BSZ^_LR RPW^ bL^ YZ_ L^ PL^d O`P _Z _SP 
L[[PL]LYNP ZQ `[ _Z QZ`] MLYO^ bSTNS [L]_Wd ZaP]WL[[PO bT_S ^TRYLW^ OP_PN_PO TY _SP 
X`_LY_ NPWW Pc_]LN_^% FSP^P QZ`] MLYO^ bP]P YZ_ LWbLd^ OP_PN_PO# M`_ L_ WPL^_ _S]PP MLYO^ 
bP]P aT^TMWP TY LWW ]P[WTNL_P^% 8`]_SP]XZ]P# TY _SP TY aT_]Z [SZ^[SZ]dWL_TZY Pc[P]TXPY_^ 
!8TR% *L" LYO TY _SP NPWW Pc_]LN_^# ^P[L]L_PO Md STRS$]P^ZW`_TZY E6E$B397 !8TR% +"# ZYWd 
_S]PP MLYO^ bP]P OP_PN_PO% FZ OP_P]XTYP _SP MLYO^ _SL_ ^SZ`WO MP `^PO QZ] \`LY_TQTNL_TZY# 
NZY_]ZW Pc[P]TXPY_^ bP]P [P]QZ]XPO% IP SLaP []PaTZ`^Wd TYNW`OPO _SPX TY _SP ^`[[WPXPY_ 
M`_ SLaP YZb XZaPO _SPX _Z _SP XLTY _Pc_ !8TR% .M#N" _Z LWWZb OT]PN_ NZX[L]T^ZY bT_S _SP 
_TXP$NZ`]^P LYLWd^P^ !8TR% .L"% :P]P# bP ^`MUPN_PO NPWW Pc_]LN_^ LYO ^LX[WP^ Q]ZX TY aT_]Z 
Pc[P]TXPY_^ _Z BSZ^_LR RPW _Z aP]TQd _SL_ _SP `[[P] MLYO ZM^P]aPO TY _SP NPWW Pc_]LN_^ 
QT__PO _SP BB$=LT5* MLYO Q]ZX TY aT_]Z [SZ^[SZ]dWL_TZY !8TR% .M"% 8`]_SP]XZ]P# bP 
PcLXTYPO TY aT_]Z [SZ^[SZ]dWL_PO =LT5* LYO TYN`ML_PO T_ bT_S >LXMOL [SZ^[SL_L^P ZY L 
BSZ^_LR RPW !8TR% .N"# OPXZY^_]L_TYR _SL_ _ST^ _]PL_XPY_ ]PO`NPO _SP BB$=LT5* !B$=LT5*"$ 
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_Z @B$=LT5* ]L_TZ% :ZbPaP]# _SP XTOOWP MLYO!^" bP]P YZ_ LWbLd^ aT^TMWP2 _SP]PQZ]P# bP OTO 
YZ_ `^P _SPX QZ] \`LY_TQTNL_TZY# LW_SZ`RS bP LR]PP _SL_ _SP^P MLYO^ XZ^_ WTVPWd 
NZ]]P^[ZYO _Z _SP ^TYRWP$[SZ^[SZ]dWL_PO QZ]X^%  
IP bLY_PO _Z STRSWTRS_ _SL_ PaPY bT_S _ST^ OTQQP]PY_ XP_SZO LYO YPRWPN_TYR [Z_PY_TLW ^TYRWP 
[SZ^[SZ]dWL_PO QZ]X^# bP ZM^P]aPO L [SZ^[SZ]dWL_TZY [L__P]Y NZX[L]LMWP _Z _SL_ 
ZM^P]aPO TY aTaZ Md E6E$B397 !YZb TYNW`OPO TY 8TR% +L"%  ;Y _SP !^`MUPN_TaP XZ]YTYR" 
=LT5* T^ Sd[Z[SZ^[SZ]dWL_PO LYO [SZ^[SZ]dWL_PO O`]TYR _SP OLd% FSP QTR`]P SL^ YZb 
MPPY XZOTQTPO L^ OP^N]TMPO LMZaP# LYO bP []P^PY_ _SP OL_L TY NZY_Pc_ bT_S _SP ^[Z_ 
L^^Ld^ _Z (" LaZTO NZYQ`^TZY LMZ`_ OTQQP]PY_ WLM ^_]LTY^ LYO )" NZYQT]X _SL_ =LT5* NdNWP^ TY 
_SP [L]_TN`WL] ^_]LTY `^PO QZ] [SPYZ_d[TN LYLWd^T^ aTL ^[Z_ L^^Ld^ !B55$? ^_]LTY"% 

;Y _ST^ NZY_Pc_# LYLWd^T^ ZQ _SP =LT3* ZaP]Pc[]P^^Z] LYO /(.$# ^_]LTY SPW[PO `^ _Z O]Lb L 

NL]PQ`W Sd[Z_SP^T^ L^ _Z bSd /(.$## /(.&## LYO /(.$#%#&# OT^[WLdPO OTQQP]PY_ 
[SPYZ_d[P^ `YOP] NP]_LTY NZYOT_TZY^% FSP OPR]PP ZQ [SZ^[SZ]dWL_TZY ZQ =LT5* XTRS_ MP 
XZ]P N]T_TNLW QZ] _SP Q`YN_TZYTYR ZQ _SP bSZWP ^d^_PX _SLY _SP LM^PYNP ZQ =LT5* MPNL`^P 
_ST^ XTRS_ MP [L]_Wd NZX[PY^L_PO Md =LT3(4(5(% 6P[PYOTYR ZY =LT5* [SZ^[SZ]dWL_TZY# T_ 
XLd ^P\`P^_P] XZ]P Z] WP^^ =LT4(# _SP]PMd TY_P]QP]TYR bT_S _SP =LT3(4(5( ^d^_PX% 
4PNL`^P bP OZ YZ_ VYZb _SP OT]PN_ TY[`_ LYO Z`_[`_ NZX[ZYPY_^ ZQ _SP =LT3*4*5* 
^d^_PX# bP NLYYZ_ _P^_ _ST^ Sd[Z_SP^T^ L_ []P^PY_% 

DN_RN`N[ ", #DNVJ[T\ ]X ]QN 7^]QX[$4 

FQN VJW^\L[RY] NW]R]UNM hF`X LR[LJMRJW X\LRUUJ]X[\ RW XWN LbJWXKJL]N[R^Vi Kb ?cKUN[ N] JU& R\ J 
`X[]Qb J]]NVY] ]X ]JLTUN J [NJUUb RW]N[N\]RWP Z^N\]RXW& WJVNUb `QN]QN[ ]`X RWMNYNWMNW] LR[LJMRJW 
X\LRUUJ]X[\ LJW NaR\] JWM XYN[J]N \NYJ[J]NUb RW J \RWPUN LNUU5 RW ]QR\ LJ\N& J KJL]N[R^V( FX ]QN 

TWX`UNMPN XO ]QR\ DN_RN`N[& ]QR\ Z^N\]RXW QJ\ XWUb KNNW JMM[N\\NM YN[\^J\R_NUb XWLN KNOX[N& 
WJVNUb RW NaYN[RVNW]\ XW ]QN LUJ\\RL MRWXOUJPNUUJ]N \b\]NV `QN[N ]`X \NYJ[J]N LR[LJMRJW [Qb]QV\ 

LX^UM KN VXWR]X[NM ^WMN[ O[NN'[^WWRWP LXW\]JW] LXWMR]RXW\ JWM ]QN [N\NJ[LQN[\ OX^WM J 
\RPWRORLJW] MROON[NWLN RW ]QN O[NN'[^WWRWP YN[RXM\ XO ]QN ]`X [Qb]QV\ J\ ]QNR[ ^WMN[UbRWP X\LRUUJ]X[\ 

[JW RWMNYNWMNW]Ub #BJ]^[N -0,4-0,'-0.& +33-5 `QRLQ R\ J [NON[NWLN ]QJ] ]QN J^]QX[\ RWNaYURLJKUb 
MX WX] LR]N$( 

3Y^bP]1 IP STRSWd L[[]PNTL_P _ST^ ^`RRP^_TZY Q]ZX _SP ]PaTPbP] LYO _SLYV dZ` QZ] 
[ZTY_TYR `^ _Z _SP aP]d TY_P]P^_TYR [L[P] Md DZPYYPMP]R LYO ?Z]^P !(00*"% 3W_SZ`RS 
P`VL]dZ_TN NT]NLOTLY NWZNV ^d^_PX^ L]P aP]d OTQQP]PY_ Q]ZX NdLYZMLN_P]TLW ^d^_PX^ TY 
_P]X^ ZQ _SPT] XZWPN`WL] OP_LTW^# bP OPQTYT_PWd ^SZ`WO SLaP OT^N`^^PO _ST^ [`MWTNL_TZY TY 
_SP NZY_Pc_ ZQ Z`] [L[P]# L^ T_ SL^ LWXZ^_ _SP ^LXP _T_WP L^ Z`] XLY`^N]T[_% FST^ bL^ 
PXML]]L^^TYR% IP SLaP OT^N`^^PO _ST^ ^_`Od TY _SP ]PaT^PO XLY`^N]T[_%  
8`]_SP]# bP L[ZWZRTeP TQ bP bP]P `YNWPL] TY Z`] []PaTZ`^ XLY`^N]T[_% IP OZ YZ_ NWLTX _SL_ 
_SP]P L]P _bZ Z^NTWWL_Z]^ TY ZYP NPWW _SL_ NLY Z[P]L_P TYOP[PYOPY_Wd ZQ PLNS Z_SP]% A`] OL_L 
^`RRP^_ _SL_ _SP Z^NTWWL_Z]^ L]P NZ`[WPO TY_Z LY TY_PR]L_PO ^d^_PX% FSP]PQZ]P# bP NSLYRPO 
_SP _T_WP _Z nFbZ TY_P]NZYYPN_PO NT]NLOTLY Z^NTWWL_Z]^ TY L NdLYZMLN_P]TLW NPWWo 

GWOX[]^WJ]NUb& ]QN J^]QX[\ XO ]QN L^[[NW] VJW^\L[RY] \NNV ]X WX] JYY[NLRJ]N QX` MROORL^U] R] R\ ]X 

YN[\^J\R_NUb VJTN ]QN LJ\N OX[ ]`X RWMNYNWMNW] X\LRUUJ]X[\ RW J \RWPUN LNUU( HQJ] ]QNb \QX` QN[N 
R\ ]QJ] ]QN ?JR7-8-9- Y[X]NRW\ J[N LJYJKUN XO Y[XVX]RWP J `NJT X\LRUUJ]RXW XO ?JR9- 

YQX\YQX[bUJ]RXW RW _R][X #h`NJTi KNLJ^\N ]QN [NYX[]NM MJ]J \QX` J QRPQ _J[RJKRUR]b XO MJ]J YXRW]\$( 
FQNb ]QNW VJTN ]`X TNb #JWM ^W\^YYX[]NM$ J\\^VY]RXW\4 

+( KJ\NM XW ]QN MJ]J O[XV ]QN C9913., \b\]NV& ]QN ?JR7+8+9+ \b\]NV LJW JU\X X\LRUUJ]N Kb 

R]\NUO RW C9902*- #`QJ]j\ ]QN N_RMNWLN OX[ ]QR\ RW C9902*-6$( 

3Y^bP]1 IP LR]PP bT_S _SP ]PaTPbP] _SL_ YPT_SP] bP YZ] Z_SP]^ SLaP ^SZbY _SL_ _SP 
=LT345 SZXZWZRZ`^ ^d^_PX ZQ ';2+)-3);67.6 T^ L MZYL QTOP Z^NTWWL_Z]# ^TXTWL] _Z _SP 
';2+)-3)3))86 NWZNV% AYP ZQ _SP XLTY ZM^_LNWP^ bL^ _SP ]PWL_TaP TY^_LMTWT_d ZQ _SP 
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SP_P]ZWZRZ`^ =LT5( []Z_PTY# bSTNS []PaPY_PO `^ Q]ZX [P]QZ]XTYR )+ TY aT_]Z 
[SZ^[SZ]dWL_TZY Pc[P]TXPY_^ bT_S =LT5(# =LT3(# LYO =LT4( []Z_PTY^% 7aTOPYNP _SL_ _SP 
=LT3(4(5( ^d^_PX T^ ]P^[ZY^TMWP QZ] NT]NLOTLY Z^NTWWL_TZY^ TY ';2+)-3);67.6 NLXP Q]ZX L 
]PNPY_ [`MWTNL_TZY Md _SP <ZSY^ZY WLMZ]L_Z]d'bSTNS ^SZbPO _SL_ TYLN_TaL_TZY ZQ _SP 
/(.$"%"&" Z[P]ZY LYO /(.%#&# RPYP^ LMZWT^SPO NT]NLOTLY RPYP Pc[]P^^TZY `^TYR L YPb 
^dY_SP_TN W`XTYP^NPYNP ]P[Z]_P]% A`] LOXT__POWd MZWO ^_L_PXPY_ bL^ ML^PO ZY _ST^ ^_`Od# 
LYO T_ OZP^ YZ_ XPLY _SL_ _SP =LT3(4(5(^d^_PX T^ ^`QQTNTPY_ _Z RPYP]L_P ^_]ZYR ]Sd_SX^% 
IP NZX[WP_PWd LR]PP _SL_ _ST^ []PWTXTYL]d PaTOPYNP ]P\`T]P^ Q`]_SP] aLWTOL_TZY _Z XLTY_LTY 
_ST^ ^_L_PXPY_ TY _SP _T_WP ZQ Z`] XLY`^N]T[_% FSP]PQZ]P# bP SLaP YZb []ZaTOPO _SP 
QZWWZbTYR YPb OL_L TY _SP ]PaT^PO XLY`^N]T[_% 
(% 6`P _Z _SP WLNV ZQ `^PQ`W ]P[Z]_P]^ QZ] MZ_S ^d^_PX^# L^ ^`RRP^_PO Md _ST^ ]PaTPbP] !^PP 
Z`] NZXXPY_ MPWZb QZ] ^`RRP^_TZY )%"# bP `^PO MLNV^NL__P]TYR ZQ _SP NPWW N`W_`]P^ _Z 
]PaPLW Z^NTWWL_TZY^ O`]TYR R]Zb_S `YOP] NZY^_LY_ WTRS_ LQ_P] ^dYNS]ZYTeL_TZY ZQ _SP N`W_`]P^ 
Md OTW`_TZY% 3W_SZ`RS _SP ]PL^ZY QZ] _ST^ Z^NTWWL_Z]d MPSLaTZ] ZQ _SP MLNV^NL__P]TYR ^TRYLW 
Q]ZX NPWW N`W_`]P^ T^ YZ_ VYZbY# T_ T^ PaTOPY_ _SL_ TYLN_TaL_TZY ZQ PT_SP] _SP =LT ^d^_PX 
LMZWT^SP^ Z] LW_P]^ _ST^ NSL]LN_P]T^_TN QPL_`]P% FSP^P YPb OL_L L]P ^SZbY TY 8TR% , LYO _SP 
DP^`W_^ ^PN_TZY !FSP _bZ Z^NTWWL_Z]^ _ZRP_SP] O]TaP NT]NLOTLY MLNV^NL__P] ]Sd_SX^"% A`] 
OL_L LYO _SP ^_`Od Md KSLZ P_ LW%'" TX[Wd _SL_ _SP _bZ NT]NLOTLY ^d^_PX^ L]P NZYYPN_PO 
MPNL`^P YPT_SP] ^d^_PX NLY O]TaP ^PWQ$^`^_LTYPO Z^NTWWL_TZY^ LWZYP%  
)% IP bP]P SL[[d _Z QTYO _SL_ _SP ?TNSLPW D`^_ R]Z`[ ^SZbPO ^`^_LTYPO Z^NTWWL_TZY^ ZQ 
=LT5( LYO =LT5* TY ';2+)-3);67.6 NPWW^ ZaP] -- Z] .) S `YOP] NZY^_LY_ NZYOT_TZY^ `^TYR 
E6E$B397% FSP^P OL_L TX[Wd _SL_ _SP _bZ Z^NTWWL_Z]^ L]P [SL^P$WZNVPO !^PP 8TR% + LYO Z`] 
Pc[WLYL_TZY^ TY _SP QZWWZbTYR NZXXPY_^"% BWPL^P ^PP LW^Z Z`] NZXXPY_^ _Z ]PaTPbP] ( LYO 
MPWZb%     

,( ]QJ] ]QN ?JR7+8+9+ \b\]NV MXN\ WX] RW]N[JL] `R]Q ]QN ?JR7-8-9- \b\]NV RW _R_X ]X OX[V J 
LXVYX\R]N \RWPUN X\LRUUJ]X[ RW _R_X( = WX]RLN O[XV ]QNR[ ,*+- YJYN[ ]QJ] #:RP( . XO HRNPJ[M N] JU(& 
,*+-$ O[XV :@7;']JP Y^UUMX`W\ ]QJ] ]QN \b\]NV\ MX WX] JYYNJ[ ]X RW]N[JL] RW _R_X Kb& N(P(& ?JR9 
VXWXVN[ NaLQJWPN( FQR\ R\ J PXXM \]J[]& K^] R] MXN\Wj] NURVRWJ]N ]QN YX\\RKRUR]b XO RW]N[JL]RXW 
KN]`NNW ]QN ]`X \b\]NV\ RW _R_X Kb J MROON[NW] VNLQJWR\V( AX[NX_N[& J[N ]QNb \^[N ]QJ] ]QNR[ 

:@7;']JP\ QJ_N WX] RW]N[ON[NM `R]Q O^WL]RXWJUR]b XO ]QN ?JR Y[X]NRW\ JWM)X[ \]N[RLJUUb RWQRKR]NM 
VXWXVN[ NaLQJWPN6 FJP\ LJW XO]NW RWQRKR] O^WL]RXW(

3Y^bP]1 IP OTO YZ_ TY_PYO _Z ^_L_P _SL_ _SP _bZ Z^NTWWL_Z]^ L]P ]`YYTYR NZX[WP_PWd 
TYOP[PYOPY_Wd MPNL`^P bP OTO ^PP TY_P]LN_TZY^ MP_bPPY []Z_PTY^ TY []PaTZ`^ [`MWTNL_TZY^% 
G^TYR dPL^_ _bZ$SdM]TO L^^Ld^# bP ^SZbPO TY ITPRL]O P_ LW%# _SL_ =LT5( LYO =LT5* NLY 
TY_P]LN_ LYO _SL_ ^[PNTQTNLWWd =LT4( TY_P]LN_^ bT_S =LT5* LYO ]PO`NP^ T_^ 3FBL^P LN_TaT_d% 
FSP]PQZ]P# bP L]R`P _SL_ YPT_SP] Z^NTWWL_Z] Q`YN_TZY^ TYOP[PYOPY_Wd TY L ^TYRWP NPWW%  
;YOPPO# bP MPWTPaP _SL_ _SP 8>39$_LRRPO =LT5 aP]^TZY^ `^PO TY _SP )'(* ^_`Od* XTRS_ SLaP 
TY_P]QP]PO bT_S _SP Q`YN_TZY ZQ []Z_PTY^ TY _SP NPWW%  G^TYR _SP YPb MLNV^NL__P]TYR OL_L# bP 
NLY YZb ^SZb _SL_ _SP _bZ ^d^_PX^ bZ]V _ZRP_SP] !^PP MPWZb"% IP SLaP ]P[S]L^PO ^PaP]LW 
[L]_^ ZQ _SP XLY`^N]T[_ _Z NWL]TQd _SL_ bP OZ YZ_ ^PP _SP _bZ Z^NTWWL_Z]^ L^ _bZ NZX[WP_PWd 
TYOP[PYOPY_ ^d^_PX^% FZ _ST^ PYO bP LW^Z NSZ^P nFSP _bZ Z^NTWWL_Z]^ _ZRP_SP] O]TaP 
NT]NLOTLY MLNV^NL__P] ]Sd_SX^o L^ _SP ^`MSPLOTYR ZQ _SP YPb ]P^`W_ ^PN_TZY ]P[Z]_TYR _SP 
MLNV^NL__P] LYLWd^T^% 

=W X[MN[ OX[ ]QN J^]QX[\ ]X YN[\^J\R_NUb LUJRV ]QJ] ]QN[N J[N ]`X LR[LJMRJW X\LRUUJ]X[\ RW C9902*-& 

]QNb WNNM ]X \QX` NR]QN[ #X[ KX]Q$ XO ]QN OXUUX`RWP4 

+( =W _R][X ]N\]4 MX NaYN[RVNW]\ URTN ]QX\N \QX`W RW :RP( -9 K^] `QN[N ?JR7+8+9+ JWM ?JR7-8-9- 
J[N KX]Q VRaNM RW ]QN ]N\] ]^KN J] ]QN \JVN ]RVN JWM ]QN YQX\YQX[bUJ]RXW LbLUN\ XO ?JR9+ JWM 

?JR9- J[N RWMNYNWMNW]Ub VXWR]X[NM #YN[QJY\ `R]Q JW]RKXMRN\ \YNLRORL OX[ ?JR9+ _\( ?JR9-$ OX[ 
NWX^PQ LbLUN\ ]X \QX` ]QJ] ]QN O[NN'[^WWRWP YN[RXM\ XO ]QN ?JR7+8+9+ JWM ?JR7-8-9- \b\]NV\ 

J[N RWMNYNWMNW]( FQR\ NaYN[RVNW] WNNM\ ]X KN MXWN J] MROON[NW] ]NVYN[J]^[N\ ]X LXWOR[V 
]NVYN[J]^[N LXVYNW\J]RXW XO KX]Q \b\]NV\5 ]NVYN[J]^[N LXVYNW\J]RXW V^\] KN MNVXW\][J]NM 

OX[ KX]Q \b\]NV\''''X]QN[`R\N& ]QNb J[N WX] LR[LJMRJW X\LRUUJ]X[\(  
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3Y^bP]1 IP LR]PP _SL_ _ST^ bZ`WO MP L ^_]LTRS_QZ]bL]O Pc[P]TXPY_% GYQZ]_`YL_PWd# ZbTYR 
_Z _PNSYTNLW OTQQTN`W_TP^ ]PWL_PO _Z _SP TY^_LMTWT_d ZQ _SP =LT5( []Z_PTY# bP bP]P `YLMWP _Z 
[P]QZ]X TY aT_]Z Pc[P]TXPY_^% FZ ^`[[Z]_ Z`] Sd[Z_SP^T^ _SL_ MZ_S Z^NTWWL_Z]^ L]P 
Q`YN_TZYLW# bP [P]QZ]XPO TY aTaZ Pc[P]TXPY_^% ;Y _SP ]PaT^PO XLY`^N]T[_# bP YZb ^SZb _SP 
^`^_LTYPO TY aTaZ [SZ^[SZ]dWL_TZY NdNWP^ ZQ =LT5( LYO =LT5* LQ_P] PY_]LTYXPY_ `YOP] 
NZY^_LY_ NZYOT_TZY^ ZaP] _S]PP ^`MUPN_TaP YTRS_ LYO OLd NdNWP^ !8TR% +"% :P]P# _SP 
\`LY_TQTNL_TZY ZQ _SP BB$=LT5* _Z @B$=LT5* ]L_TZ bL^ XZ]P NZYaTYNTYR _SLY _SL_ ZQ _SP 
BSZ^_LR RPW^% FSP [SZ^[SZ]dWL_TZY ZQ MZ_S =LT []Z_PTY^ NdNWP^ bT_S L [P]TZO ZQ 
L[[]ZcTXL_PWd )+ S TY _SP ^LXP [SL^P# M`_ bT_S L OTQQP]PY_ LX[WT_`OP% FST^ Q`]_SP] 
^`[[Z]_^ Z`] Sd[Z_SP^T^ _SL_ MZ_S Z^NTWWL_Z]^ L]P TY_P]NZYYPN_PO% ITPRL]O P_ LW%# ^SZbPO 
L_ WPL^_ QZ] =LT5* _SL_ _SP 3FBL^P Q`YN_TZY bL^ YZ_ _PX[P]L_`]P NZX[PY^L_PO# M`_ bP 
ZM^P]aPO _PX[P]L_`]P NZX[PY^L_TZY ZQ _SP bPLV TY aT_]Z Z^NTWWL_TZY bSPY XTcTYR =LT3* 
LYO =LT4* bT_S =LT5* !8TR *O"% 
;Y WTYP bT_S _ST^# MLNV^NL__P] Z^NTWWL_TZY^ ZQ ';2+)-3);67.6 NPWW^ L]P _PX[P]L_`]P$
NZX[PY^L_PO(# LYO MZ_S =LT3(4(5( LYO =LT3*4*5* L]P ]P\`T]PO _Z XLTY_LTY MLNV^NL__P] 
Z^NTWWL_TZY^ !(LYO YPb 8TR% ,# ^PP LW^Z MPWZb"% ETXTWL]Wd# KSLZ P_ LW%' OPXZY^_]L_PO NWPL] 
_PX[P]L_`]P NZX[PY^L_TZY ZQ Z^NTWWL_TZY^ `^TYR L W`NTQP]L^P ]P[Z]_P] ^d^_PX% 3^ _SP^P 
Z^NTWWL_TZY^ L]P YZ_ PaTOPY_ TY /(.&" Z] /(.&# X`_LY_^# bP L^^`XP _SL_ MZ_S =LT ^d^_PX^ 
L]P ]P\`T]PO _Z O]TaP NT]NLOTLY RPYP Pc[]P^^TZY TY ';2+)-3);67.6%   

,( =W _R_X ]N\]4 ^\RWP J U^VRWN\LNWLN [NYX[]N[ \b\]NV `R]Q [NYX[]N[ U^LRON[J\N\ M[R_NW Kb ]QN ]`X 

\b\]NV\& #+$ ?JR7+8+9+ #^\RWP Y[XVX]N[\ O[XV XWN XO ]QN\N PNWN\ O^\NM ]X U^a78$ JWM #,$ 
?JR7-8-9- #^\RWP Y[XVX]N[\ O[XV XWN XO ]QN\N PNWN\ O^\NM ]X U^a78$& ]QN J^]QX[\ VRPQ] KN JKUN 

]X \QX` ]QJ] ]QN\N ]`X [Qb]QV\ [^W `R]Q MROON[NW] YN[RXM\ #Kb JWJUXPb ]X ]QN JOX[NVNW]RXWNM 
YJYN[ RW BJ]^[N -0,4-0,'-0.& +33-$( FQR\ NaYN[RVNW] LX^UM KN VX\] YN[\^J\R_NUb JLLXVYUR\QNM 
^\RWP ]`X'LXUX[ U^LRON[J\N\ #N(P(& CUJW] 9NUU CQb\RXU( ./4+*3'+-& ,**.$ `QN[N XWN LXUX[ ][JLT\ ]QN 
?JR7+8+9+ \b\]NV `QRUN ]QN X]QN[ LXUX[ ][JLT\ ]QN ?JR7-8-9- \b\]NV \RV^U]JWNX^\Ub( 

3Y^bP]1 FST^ T^ L aP]d PWPRLY_ bLd _Z aP]TQd _SL_ =LT ^d^_PX^ NZY_]ZW _SPT] ZbY RPYP 
Pc[]P^^TZY TY L NT]NLOTLY XLYYP]% :ZbPaP]# _SP]P T^ YZ PaTOPYNP ZQ L`_Z]PR`WL_TZY ZQ _SP 
/(.$"%"&"! /(.$#%#! 35 /(.&# []ZXZ_P]^+% ;Y NZY_]L^_ _Z ';2+)-3)3))86 +032,(786# _SP 
]P^[PN_TaP XD@3^ L]P ]PR`WL_PO Md L Y`XMP] ZQ LY_T^PY^P D@3^ LYO ^SZb ZYWd WZb$
LX[WT_`OP NdNWTN MPSLaTZ] !PaPY `YOP] OT`]YLW NZYOT_TZY^"+% :ZbPaP]# _SP []ZXZ_P]^ ZQ 
_SP^P Z[P]ZY^&RPYP^ L]P _ZZ bPLV _Z MP `^PO TY W`NTQP]L^P ]P[Z]_P] ^d^_PX^ TY STRSWd 
[TRXPY_PO Z]RLYT^X^% KSLZ P_ LW%' SLO _Z `^P L aP]d ^_]ZYR [SZ_Z^dY_SP_TN []ZXZ_Z] _Z 
`^P W`NTQP]L^P L^ L ]P[Z]_P] QZ] NT]NLOTLY RPYP ]PR`WL_TZY% 8`]_SP]XZ]P# L_ []P^PY_# bP OZ 
YZ_ VYZb _SP OT]PN_ _L]RP_^ ZQ PT_SP] ^d^_PX% FZ LNSTPaP _ST^# bP bZ`WO QT]^_ YPPO _Z 
OP_P]XTYP _SP Z`_[`_ ZQ _SP =LT5* Z^NTWWL_Z] LYO TOPY_TQd RPYP^ _SL_ L]P OT]PN_Wd NZY_]ZWWPO 
Md D[L3# _SP Z`_[`_ ]PR`WL_Z] ZQ _SP =LT5( ^d^_PX% FST^ T^ ^ZXP_STYR _SL_ bP bZ`WO WTVP _Z 
OZ TY _SP Q`_`]P%  
;Y^_PLO# bP SLaP TYNW`OPO OL_L ZY _SP PQQPN_ ZQ =LT3*4*5* !LYO =LT3(4(5(" ZY _SP 
NT]NLOTLY MLNV^NL__P] Z^NTWWL_TZY ZQ ';2+)-3);67.6 NPWW^% ?Z^_ WTVPWd# _ST^ Z^NTWWL_TZY T^ 
OZbY^_]PLX ZQ _SP OT]PN_ Z`_[`_ ZQ _SP Z^NTWWL_Z]^# LWWZbTYR `^ _Z TYaP^_TRL_P bSP_SP] LYO 
SZb _SP _bZ ^d^_PX^ bZ]V _ZRP_SP]% @PT_SP] Z^NTWWL_Z] NLY RPYP]L_P ^PWQ$^`^_LTYPO 
MLNV^NL__P] ]Sd_SX^% IP SZ[P _SL_ bT_S _SP YPb TY aTaZ OL_L# bP NLY NZYaTYNP _SP 
]PaTPbP]^ ZQ Z`] XLY`^N]T[_ _SL_ MZ_S =LT ^d^_PX^ Z^NTWWL_P ^TX`W_LYPZ`^Wd TY 
';2+)-3);67.6 LYO _SL_ _SPd L]P TY_P]NZYYPN_PO%  
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Reviewer #2 (Remarks to the Author):

The manuscript entitled “Two interconnected circadian oscillators in a cyanobacterium” by 

Köbler et al, is a worthy attempt to tackle a really interesting question. I still believe that the 

authors seem to not appreciate how di icult it is to persuasively make the case for two

oscillators in a single cell. The authors attempt to address the problem by adding the word 

@-06)4'100)'6)(A 61 6,) 6-6.)= $0*14670%6).:> 6,-5 -5 016 %0 %()37%6) @;9A 61 6,) 241&.)/= #,)

authors appear to be confused about the distinction between OSCILLATOR and RHYTHM. Their 

observation that there are rhythms of both KaiC1 AND KaiC3 phosphorylation does not mean 

that there are two oscillators. It is possible that in vivo, C1 and C3 monomers exchange into and 

out of composite KaiC hexamers. Or that one phosphorylation rhythm is driven by the other. And 

there are other ways to envision the current data of the relationship between C1 and C3 that do 

not require two separate oscillators (interconnected or independent).

I was about to reject the manuscript for failing to adequately address the concerns of my 

previous review, but then I noticed something interesting in the authors’ new backscattering 

data (Fig. 5) that the authors don’t comment upon. The authors focus upon amplitude and 

phase (both of which could be a ected by output components without a change in properties of

6,) (4-8-0+ 15'-..%614?> &76 6,): %22)%4 61 ,%8)/-55)( 6,) 5-+0-;'%0') 1* 6,) ',%0+) 1* 2)4-1( -0

the damped oscillation expressed by the d-A3B3C3 strain. In WT, the period is approximately 24 

h, but in the d-A3B3C3 strain, it appears to be approximately 21 h (Fig. 5d). This is a very 

important result, because it indicates that----while the A1B1C1 oscillator is the predominant 

driver of the backscattering rhythm----the A3B3C3 “oscillator” plays a subsidiary role in 

()6)4/-0-0+ 2)4-1(> 241&%&.: -0 % '172.)( 15'-..%614 5:56)/= " ;0( 6,)5) (%6% 1* !-+= <( 61 &) 6,)

most persuasive evidence for the authors’ contention that there is a second oscillator (encoded 

by A3B3C3) operating in a coupled system with the primary oscillator (encoded by A1B1C1).

To adequately address this point, the authors need to reanalyze and present the data of Figure 5 

in the context of PERIOD for all the strains shown. As I said, the data of panel d appear to show a 

period of ~24 h for WT and of ~21 h for d-A3B3C3, but are the authors really sure that there is not 

a long-period oscillation in the d-A1B1C1 strain? If so, it could be additional evidence that an 

oscillator encoded by the A3B3C3 genes can cycle in the absence of KaiA1B1C1 genes and 

drive very weak, long-period rhythms of backscattering. I look forward to seeing the results of 

6,15) %0%.:5)5 %0( 6,) %76,145B (-5'755-10 1* 6,)-4 5-+0-;'%0')=

Incidentally, the authors contend in their 2023 BioArchives preprint that this backscattering 

rhythm is related to glycogen metabolism, but they do not mention that interpretation in this ms 

(as they should) and acknowledge publications from other labs that have reported rhythms of 

glycogen content in cyanobacteria.

Alternatively, I suggest that this rhythm of backscattering might be an indicator of rhythms of 

cell size/cell number/cell division/growth. If so, the authors should acknowledge and reference 

prior papers showing cell size/division rhythms in PCC 7942:

Mori et al. PNAS 93: 10183-10188 (1996)

Kondo et al. Science 275: 224-227 (1997)



We are very grateful to Reviewer 2, who raised these important concerns and provided helpful 

suggestions. You will find our answers in bold following the respective remark of the reviewer.  

!"#$%&# '( ')% &%*+%$%& ,(--%"'#

Reviewer #2 (Remarks to the Author): 

The manuscript entitled “Two interconnected circadian oscillators in a cyanobacterium” by Köbler et 

al, is a worthy attempt to tackle a really interesting question. I still believe that the authors seem to 

not appreciate how difficult it is to persuasively make the case for two oscillators in a single cell. The 

authors attempt to address the problem by adding the word “interconnected” to the title. 

Unfortunately, this is not an adequate “fix” to the problem. The authors appear to be confused 

about the distinction between OSCILLATOR and RHYTHM. Their observation that there are rhythms 

of both KaiC1 AND KaiC3 phosphorylation does not mean that there are two oscillators. It is possible 

that in vivo, C1 and C3 monomers exchange into and out of composite KaiC hexamers. Or that one 

phosphorylation rhythm is driven by the other. And there are other ways to envision the current 

data of the relationship between C1 and C3 that do not require two separate oscillators 

(interconnected or independent). 
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I was about to reject the manuscript for failing to adequately address the concerns of my previous 

review, but then I noticed something interesting in the authors’ new backscattering data (Fig. 5) that 

the authors don’t comment upon. The authors focus upon amplitude and phase (both of which could 

be affected by output components without a change in properties of the driving oscillator), but they 

appear to have missed the significance of the change of period in the damped oscillation expressed 

by the d-A3B3C3 strain. In WT, the period is approximately 24 h, but in the d-A3B3C3 strain, it 

appears to be approximately 21 h (Fig. 5d). This is a very important result, because it indicates that---

-while the A1B1C1 oscillator is the predominant driver of the backscattering rhythm----the A3B3C3 

“oscillator” plays a subsidiary role in determining period, probably in a coupled oscillator system. I 

find these data of Fig. 5d to be the most persuasive evidence for the authors’ contention that there 



is a second oscillator (encoded by A3B3C3) operating in a coupled system with the primary oscillator 

(encoded by A1B1C1). 

To adequately address this point, the authors need to reanalyze and present the data of Figure 5 in 

the context of PERIOD for all the strains shown. As I said, the data of panel d appear to show a 

period of ~24 h for WT and of ~21 h for d-A3B3C3, but are the authors really sure that there is not a 

long-period oscillation in the d-A1B1C1 strain? If so, it could be additional evidence that an oscillator 

encoded by the A3B3C3 genes can cycle in the absence of KaiA1B1C1 genes and drive very weak, 

long-period rhythms of backscattering. I look forward to seeing the results of those analyses and the 

authors’ discussion of their significance. 
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Incidentally, the authors contend in their 2023 BioArchives preprint that this backscattering rhythm 

is related to glycogen metabolism, but they do not mention that interpretation in this ms (as they 

should) and acknowledge publications from other labs that have reported rhythms of glycogen 

content in cyanobacteria. 

!"#$%&. /% 044%4 ')% )<;(')%#+# 0"4 2+'%&0'=&% '( ')% 4+#,=##+(" +" 2+"%#. GGF>GNO

Alternatively, I suggest that this rhythm of backscattering might be an indicator of rhythms of cell 

size/cell number/cell division/growth. If so, the authors should acknowledge and reference prior 

papers showing cell size/division rhythms in PCC 7942: 

Mori et al. PNAS 93: 10183-10188 (1996) 

Kondo et al. Science 275: 224-227 (1997) 
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Reviewer #2 (Remarks to the Author):

The revised manuscript by Koebler and collaborators includes many of my suggestions from the 

original review.

From the new data and analyses in Figure 5, it appears that kaiC3 is critical for maintaining a 

wild-type period but kaiA3 and kaiB3 are not important as far as period is concerned. On the 

other hand, kaiA3 and kaiB3 are important for amplitude and sustained rhythmicity. These data 

do not persuasively support the authors' original conclusion & title of "Two circadian oscillators 

in one cyanobacterium," but the revised title and conclusion "Two KaiABC systems controlling 

circadian oscillations in one cyanobacterium," is defendable from the authors' data.
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study.
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The statement in the Introduction by the authors, "In contrast to the study by Zhao et al.17, 

deletion of kaiC3 in themotile Synechocystis strain (PCC-M29) used in our study had no e ect

on growth under light/dark (LD) cycles" is an exaggeration since the e ect in the Zhao study is
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to the study by Zhao et al.17 that reported a small growth defect in Synechocystis in which 

kaiC3 has been deleted, our studies with the motile Synechocystis strain (PCC-M29) showed no 

such e ect on growth under light/dark (LD) cycles."



Reviewer 2: 
Minor suggestion for the final text: 
The statement in the Introduction by the authors, "In contrast to the study by Zhao et 
al.17, deletion of kaiC3 in the motile Synechocystis strain (PCC-M29) used in our 
study had no effect on growth under light/dark (LD) cycles" is an exaggeration since 
the effect in the Zhao study is small (barely significant). I suggest that the authors 
rephrase this sentence to read " In contrast to the study by Zhao et al.17 that 
reported a small growth defect in Synechocystis in which kaiC3 has been deleted, 
our studies with the motile Synechocystis strain (PCC-M29) showed no such effect 
on growth under light/dark (LD) cycles." 

Answer:  
We are very grateful to Reviewer 2, who carefully reviewed the revised version of our 
paper. In the revised version of our paper, we have made the suggested change 
(lines 92-94) in the final text. 


