Supporting Information

Structure of (E)-4-hydroxy-3-but-2-enyl 4-diphosphate reductase, the terminal

enzyme of the non-mevalonate pathway

Ingo Rekittke*#, Jochen Wiesner*#, Rene Réhrich*, Ulrike DemmerT, Eberhard
WarkentinT, Weiya Xu', Kathrin Troschke*, Martin Hintz*, Joo Hwan No”, Evert C.

Duin®, Eric Oldﬁeldwﬁ, Hassan Jomaa * and Ulrich Ermler'*

“Institut fiir Klinische Immunologie und Transfusionsmedizin, Justus-Liebig-Universitit
Giessen, Langhansstrasse 7, 35385 Giessen, Germany; "Max Planck Institute fiir
Biophysik, Max-von-Laue-Stral3e 3, D-60438 Frankfurt am Main, Germany; §Department
of Chemistry and Biochemistry, 179 Chemistry Building, Auburn University, Alabama
36849; “Center for Biophysics and Computational Biology, 607 South Mathews Avenue,
Urbana, Illinois 61801; and *Department of Chemistry, University of Illinois at Urbana-

Champaign, 600 South Mathews Avenue, Urbana, Illinois 61801

Date received: August XX, 2008
Running Title: x-ray of LytB

'To whom correspondence may be addressed. E-mail: eo@chad.scs.uiuc.edu;

hassan.jomaa@uniklinikum-giessen.de =~ and  ulrich.ermler@mpibp-frankfurt.mpg.de.

S1



Supporting methods and materials

Work under oxygen exclusion. All work requiring anaerobic conditions was carried out
in a tent (Coy Laboratories, Inc., Grass Lake, USA) under an atmosphere of N, / H;
(95 % / 5 %). Residual O, inside the tent was removed with palladium catalysts. Buffers

were degassed in an ultrasonic bath by passing a stream of helium through the liquid.

Plasmid construction. A synthetic gene encoding the LytB protein of A. aeolicus in the
preferred codon usage of E. coli was produced by custom synthesis (Eurofins
Medigenomix):

ccATGGTGGATATCATTATTGCCGAACATGCCGGTTTCTGTTTCGGTGTCAAAC
GTGCAGTTAAGCTGGCGGAAGAGTCCCTGAAAGAGAGCCAAGGCAAAGTCT
ATACCCTGGGCCCGATCATTCATAATCCGCAAGAAGTGAACCGCCTGAAAAA
CCTGGGCGTGTTTCCATCTCAGGGTGAAGAATTTAAAGAAGGCGATACCGTC
ATTATCCGCTCACATGGCATTCCGCCGGAAAAAGAAGAAGCGCTGCGCAAAA
AAGGCCTGAAGGTGATTGACGCGACGTGCCCTTACGTGAAAGCGGTTCACGA
AGCGGTGTGTCAACTGACGCGTGAAGGTTACTTTGTGGTCCTGGTCGGCGAG
AAAAATCACCCGGAAGTGATCGGTACGCTGGGCTATCTGCGCGCGTGCAACG
GCAAGGGTATTGTCGTTGAAACTCTGGAGGATATCGGTGAGGCACTGAAACA
TGAACGTGTGGGTATCGTTGCGCAAACGACCCAGAATGAAGAATTTTTTAAG
GAAGTGGTGGGTGAAATTGCCCTGTGGGTGAAAGAGGTTAAAGTTATCAATA
CCATCTGTAACGCAACCTCGCTGCGCCAGGAATCTGTTAAAAAACTGGCCCC
AGAGGTTGACGTCATGATTATTATTGGTGGCAAGAACAGTGGCAACACCCGC
CGTCTGTATTACATCTCAAAAGAACTGAATCCGAATACTTATCACATTGAAAC
TGCCGAGGAGCTtCAGCCGGAATGGTTCCGCGGCGTGAAGCGTGTTGGCATTT
CGGCAGGTGCGTCCACCCCTGATTGGATCATCGAACAGGTCAAAAGCCGTAT
CCAGGAAATCTGCGAGGGTCAGCTGGTCAGCAGTagatct

The synthetic gene was cloned into the pQE60 vector (Qiagen) issuing a T5 promoter/lac
operator element, using Nco I and Bgl II restriction sites. After this construct proved to
be unstable in E. coli cells (presumably due to leaky expression), the gene was re-cloned

into the tetracycline inducible pASK-IBA33-plus vector (IBA, Géttingen, Germany). The
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coding sequence was amplified by polymerase chain reaction (PCR) using the
oligonucleotides Aaeo LytBsynth pASK FP (5’-ATG GTA GGT CTC AAA TGG TGG
ATA TCA TTA TTG CCG AAC ATG-3’) and Aaco LytBsynth pASK RP (5’-ATG
GTA GGT CTC AGC GCT GCT GAC CAG CTG ACC CTC GC-3’). The PCR product
was first ligated in the pCR2.1-TOPO-vector (Invitrogen) and then sub-cloned into
pASK-IBA33-plus (IBA, Gottingen, Germany) using Bsal restriction sites, in-frame with
the vector-derived C-terminal Hise stretch. The resulting plasmid (pASK-AaeoLytB)

provided stringent repression and was stably propagated in E. coli cells.

Protein purification and Fe/S cluster reconstitution. £. coli TOP 10 cells (Invitrogen)
were transformed with pASK-AaeoLytB and grown in LB broth supplemented with 150
pg ml’ ampicillin and 300 pM FeCl; at 37 °C until an ODggo of 0.6. Induction was
achieved with 200 pug 1" anhydrotetracycline for 15 h at 30 °C. The cells were harvested
by centrifugation (17700 g, 15 min, 4 °C) and stored at -30 °C until use. All subsequent
purification steps were carried out under oxygen exclusion. The cell pellet (15 g) was
resuspended in 200 ml 100 mM NaCl, 30 mM Tris-HCI (pH 7.5), 10 mM imidazole, and
disintegrated by ultrasonic treatment at 0 °C. After centrifugation (75600 g, 25 min, 4 °C)
the supernatant was filtered through a 0.22 pm filter (Millipore). Using a Pharmacia
FPLC device equipped with a Waters 996 Photodiode Array Detector and a Waters 474
Scanning Fluorescence Detector, the Hiss-LytB fusion protein was loaded on a TALON
superflow immobilized cobalt column (50 ml bed volume; BD Clonetech, Heidelberg,
Germany) at a flow rate of 10 ml min™. After two washing steps with 10 mM and 20 mM

imidazole, respectively, each 15 min, the protein was eluted with 150 mM imidazole. The
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LytB peak fraction was subjected to in vitro reconstitution of the Fe/S cluster, basically
as described'. The protein solution was first adjusted to 1.5 mM NaS, 1.4 mM cysteine
and 3.5 mM dithiothreitol (DTT). Then, FeCl; was added from a 150 mM stock solution
to a concentration of 1.5 mM. The mixture was gently agitated, and the addition of FeCl;
repeated after 20 min and 40 min. In order to remove the precipitate that formed, the
mixture was centrifuged (2440 g, 10 min) and the supernatant filtered through a 0.22 pm
filter. The filtrate was diluted 1:10 with 30 mM Tris-HCl (pH 7.5) and loaded on a
Source 15 Q strong anion exchange chromatography column (20 ml bed volume;
Amersham) using a Waters 600S HPLC device. The column was developed with a linear
gradient of 0 - 500 mM NaCl in 1h at a flow rate of 5 ml min™'. The homogeneity of the
eluted LytB fractions was analyzed by size exclusion chromatography on a Superdex 200
analytical grade 10/300 column (Amersham) with 150 mM NaCl, 30 mM Tris-HCI (pH
7.5) as eluent, at a flow rate of 0.4 ml min™'. Fractions containing the LytB dimer with no
apparent amounts of higher aggregates were combined and concentrated using Centricon
ultrafiltration units with 30 kDa cut-off (Millipore). The concentration of the final LytB
preparation was adjusted to 20 mg ml”" with 40 mM NaCl, 30 mM Tris-HCI (pH 7.5).

Protein concentrations were determined with the BCA Protein Assay Kit (Pierce).

Crystallization and data collection. Crystallization was performed at a temperature of
18°C under exclusion of oxygen using the hanging drop vapor diffusion method. Initial
screening experiments with the Hampton and Jena Bioscience crystallization kits resulted
in a hit in drop C6 of the JBScreen Classic Nr. 4 kit. Best crystals grew by mixing 1.5 ul

enzyme solution and 1.5 ul reservoir solution composed of 10 % (w/w) PEG 8000, 0.1 M
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Tris-HCI (pH 8). Their space group is P2; with unit cell parameters of 60.3 A, 87.6 A,
72.1 A and 95.1°, best compatible with two monomers in the asymmetric unit (Vy=2.3
A’/Da). X-ray measurements were performed at the PXII beamline of the Swiss Light
Source (Villigen, Switzerland). Native data were collected at 1.65 A resolution. A peak,
inflection and remote data set at 2.5 A resolution was recorded at the iron edge to solve
the phase problem by means of the multiple anomalous dispersion (MAD) method. Data

processing was performed by using HKL” and XDS”.

Phase determination and refinement. The coordinates of the two [3Fe-4S] clusters in
the asymmetric unit were calculated from the anomalous information of the peak data set
using SHELXD®, and further refined using SHARP’. Phases were subsequently
calculated with SHARP at 2.6 A, resolution including the peak, inflection and remote
data, and improved by solvent flattening assuming a solvent content of 52 %°. The
quality of the electron density was sufficient to identify the individual iron atoms in the
cluster, and to improve thereby the phases. Partial model building of the two molecules in
the asymmetric unit allowed the definition of non-crystallographic symmetry operators.
Twofold molecular averaging within DM resulted in a clearly interpretable electron
density map of lobes A and B’ and the model could be built in automatically®. The more
flexible and variable lobe C was modelled manually using O’ and COOT'’. Refinement
was started with CNS'' and brought to convergence with REFMAC5'. Except for
residues 290 and 291 at the C-terminal end, the complete polypeptide chain was visible in
the electron density. Moreover, a glycerol molecule was identified at the surface of lobe

B at the same site in both monomers. The quality of the data was assessed by using the
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programs CNS and PROCHECK". Figures were produced with PYMOL (DeLano

Scientific).

Ligand docking. HMBPP was docked to LytB using the Glide program'®. The
diphosphate was constrained to hydrogen bond to His42 in the imidazolium form, while
the HMBPP 4-OH was modeled as the alkoxide, since this RO-group is formally
analogous to the HO-group thought to bind to Fe(4) in aconitase. The fourth ion was

positioned by using homology with the FesS4 cluster in a HiPIP protein, PDB file 1HPI.
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Supporting x-ray crystallographic data

Table S1. Data acquisition and structure refinement statistics for LytB*

Native MAD
Data set high resolution peak Inflection Remote
Data collection
Wavelength 0.9828 1.7374 1.7402 1.716
Space group P2, P2, P2, P2,
Resolution (A) 30.0-1.65 30.0-2.1 30.0-2.5 30.0-2.8
(1.65-1.7) (2.1-2.14) (2.5-2.6) (2.8-2.87)
Cell axis (A) 60.4,87.8,72.4 60.3,87.6,72.1 60.4,87.5,72.1 60.0,87.0,71.7
(®) 95.1 95.1 95.0 94.9

Completeness (%)| 90.9 (58.3) 99.6 (97.9)  99.7 (100.0)  99.5(99.8)
Rgym (%) 4.6 (34.5) 6.6 (37.5) 5.5(20.7) 6.2 (18.9)
I/sigl 15.3 (3.0) 13.2 (3.3) 19.1 (7.8) 17.0 (7.8)
Redundancy 3.5(2.3) 3.6(2.8) 3.6 (3.6) 3.5(3.5)
Refinement
No. mon. a.u. 2
Resolution (A) 20.0 - 1.65
No. reflections 77992
Rworking, Rfree (%) 194, 22.8
No. atoms

protein 4589

[3Fe-48S] clusters 14

water + glycerol 561
B-factors

protein 35.1

[3Fe-4S] clusters 28.2

Water+glycerol 44.2
R.m.s deviation

bond lengths (A) 0.017

bond angles (°) 1.45

* All data were measured under cryogenic conditions. Reym and completeness for the last
resolution shell are given in parentheses. 5% of the data were set aside for Rpee
calculation.

S7



ﬂ|VVVVVVVVVVVVVV|V||VVVV|V||VVVV||V|||V |||||||||||||||| P Rpp—— PR —— >_A>_

oyl OwwrwwwyuuCuwwwwuuwywwuuuwluwlwlwwwwow
COI I I I I I I I I I I I I I I I I I I I I I I I I I I T I T I T I T IX T T T I T T T T IX IXXXXY T TTITITTITITITITIXIXIXINXTTIITIXT
ERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRD?RRDWRRRYRRRRRRRRRRRRRRRRRRRRRRRRERRRR

wwwwwuuuwwwwoe wooww
ITIIITIIIIIIIIIOIXXTT
cxoa o>y oo xoccce

LVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVFVVVV

S>S>>>>>>>>>>>>>>>

> > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > L D > > L > > > > > > > > > > >

> > > > > > > > > > > >l > > > >

V ||||| e —— >>_>> 10— > > _>_>>3>3>3>3>3>3>__>> 1_>>3>_>>3> >33 >3>_ > >

e >>>>_>>>>>>>

<o B By Wy B By Y B By Y B I B Y B Y Y B N B N Y e N B s e T B N B Y Y N e S Y Y Y B N e N Y e N B Y N Y N Y B N I B N Y T Y Y
O <O <C<CA A CLAICLCLLLLCLLCLCA LA LA LCLLNELCLCLALCLLLLLA AL LCLLILCNALNLCLALCLLLCLCLLA LX< <
(61010100 OF40L0NITTe [0 OI010101010101010L0L O VIOITTTITIONOL0L010101010101010101010101010101010101010101010101 0101010100000 L010I O OIOL010}

SSFFFjFHFFFFYHFFFFHFHFFFYFYFFFFFFYFHYYFFHYYW.FYYFYYHYYHYFYWWFFFWYYYYYYYYYYFYWHFYYFFWHYYEFAHYY

w> > SO oo o Jea JoSaexwa>SeloJexoxx O oS e r oo vwe xS v v v x>z o> Jow[ e e[ >oxxSSrox

YXuwowowwuwwwwuwooO0wsnwuwuwwucw Ty jw—wuwlwowwswwwodwxrowww Sy Xuwuwn-wwwnOgwx

cooaCaoocoaxwa Oooon
crg<rcocncx<wwdo <<
CoCWwO OOl ZNOCOWGCGCO

<wwouwwlwaxoxuwowwo

y using the JPRED3"

LLLLLLILIVLAILLLI

DL LL L L LLLLLLDN L L L L L L L L L L L L L L L L L L LI LLL L L L L L L L L LS << <
wrrrrrrrrdrorrrrorexcoxrrorrucujorrxcroceSodvwaexowrex wSeco_Sxoxaoxrunxzx]
WZOZ N W2 Z O L L L LU L O L L L L L L L L L 22 L0 L0 S L 22 L 2 L L O L L 22 L L L L0 L ) OO L L L S L0 L L L © L L L L L 0 L L L L L L0 L L L L >

SlcacOF<-<<g>ccad>ccc ©
MRRER_R(EM WX X o

LUWZ<ooWwWwWoSwL Zxwww 3

AVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVLVVVVVVVVVVVVVVVVVVVVVVVVLVVVV

>S>>> 0> >>> 5> >>>>
e e o . > or> ] - <[ — —— —~ = — —Joo = — |5 <<= -

Yxoowwuno<w (wnnonouuuuuwn<ouuuwu-<<Z0nwoCodw>Suxuwdwoowwrw<OOxw| DKVFTF_TRNSHQNQEDDDDQEEAQQGEIIL

Q> > > > _ _>>> o _ >_>_>_>____

> > > _JHoe>>_

CLCLCLCCLCLCLCLCLCLLCLCLCLCLCLCLLCLLCLCLCLCLLCLLCLLCLCLLCLLCLLCLCLCLCLLCLLCLLCLCLLCLLCLLCLCLCLCLLCLLCLLLCLCLLLLLLLILC
fo offo oo o' o oo o e o s o o o o o o o' o o o o o o o o oo oo o o o o o o o o o o wf=Fo o o o o o o o o oo o' o o o o o s s s s o e o s o o o o
KDDDDDDDDDDDDDHDEDDDEEDDDDDDDDDDDDVVDDDVDVDlNDDDWFDDDWFDDDDEEVDDVDDDDENDDD

<<<<<<<<<<<<<<I<I<I<<C
O or Cr OC o 0f SO0 O O 00 OC CC (O L T 0T
w looxYSlzownwaxwwoaoao

_VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

>S>5>5>5>5>5>5>5>3>3>3>>3>3>>>>

[0101010101010101010I0L0IOIVIVIVIVIVIVIGIVIVIVIOIOIVIVIVIVIVIVIVIVIOLIVIVLVIVIVIVIVIVIVIVIVIVIVIGL VLI IOIVIVIVIVIVIVIVIVIIVIVIOIOIVIVIVIVIVIV]OL010)
LI CICICLCILCILLCLCLCLCLCLCLLCLCCLCLCLCLLCLLCLCLCLCLLCLLCLCLCLCLLCLLCLLCLCLCLCLLCLLCLLCLCLLCLCLLLCLCLLqLLLLLILC
[olejelelelolololololololololololololololololololololololololololololololololololololololololololololololololololololololololololololololololololo) o]
[IRINIRIRININIRRRIRRRRRRRRRRRRRIRRRRRRRIRRIRIRIRIRTAIRIRIRIRIRIR RN TR ) ) IR IRIRIRIRIRIR RN IR J T T JJ IR TR IR TR TN
OGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
Rl o o a st oo o oo s o o a o o o o o o o o o o o o o o o o o o o o o o o oo o o o o o o o o o o o o o o o o e oo o o s e o
i a W o Iy T T o o T O o R T o R o R o R o o o R o T O N o R T R T R O T N o R O o o R o R Y O R Y Y Y B Y Y
WZZzZzzZzzzzzzzzzzz0zZz00zZ2Z22Z2<Zz2wu<zzZz2z20nz00xznl<0<s0nunxux<sc00zZzucs<dZXx<<n<ngsZacnzx0
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAJAAAAAAACAAAAJAACAAAAAAAAC

[010]010101010101010I0I0IVIVIVIV]010]
AL LT
(olojololelolololololololololololole)
Lu>uununnn b >>n
(0101010101000 IVIOIVIVIVIOII0IO10]
oo <<ooooo
[ T Ty Ty Ty o T Y Y Y Yo Y B I Y0
ZowZuwssxZOwuxuwnng<
COCCLCLCLCCNICCOC-CIIC

[N N U [P U NS (U N R U U R PN U R U U U R U U RS [ P LLLLELLLLLLLL LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLFTLLLLLLLLL

I@L.LL.V D e B P PR 92 M DS P A U SN T M ' TP A P g N D~ S < S PR [ & A S SR (o7 S BRI o

B N —— >_>_ > J_ > > 1 >>>> > ) [ Jd_>>>>_>> > > > A> S>> > > > A>> 1 >>> )
OO00>-XOWWOoNXXULWWWWXCWRZT-EXOOHWHZOXOONOF EXXECOXOEXXOOXE FEXZRWXXYTEXRWUXOXEOXE WEXEXWWOWX —0C0 -
>=+-ss3=3===3[Js5== Los b= === [H==ssosss L= H=ses L5 O H H B=Es b« sss0sb>=s5E -

-= = == = = > = = =

™ O o o o - o
@ feafed o g o 3] prgvi 3 w 3 B
(] 0O o a ﬂ o Pages) fas] © < [as]
w ouw o © ~ ~ ~ (&} S w
2 22 e 8 3 @ 38 i 2 3 ©
SNNNO O o rmo S _orolwoghs © VY +~OO0. MO Ro® =rar=1=] oo~ 0N Srorohn? Q- o
WCBDmmm%wm4mmwWMWUXmmwwmﬂEMRYSNNQ%MFM%WSGESMWXMMZMPXWWH%Q%TMW&%%m%MSES%QGWW%MQmuwmummm@BRMw
SIoNE8 AR T NO2GONBIXLO8Dn<SF > R8NOIZ>032>x30n80aNaAg38555=2=5000w DVYVEOQDAJOWYSAsesRSBEOFYLM CX—ozu=08
IARHIIROG7K4SS8KKRYI7FIMEGIQFSSGK3JVZAINNFNIILSZLNFBLWLNBSDIIFA7I JNP9272L4TI3VUAMYGG4NA3FI
L~ O O T~ NN DAL TONA DTN OO rrOMoOO AL -~OOoOWAALONOCOTNO - —O0ONNA-~OCOANSNDYOLTD =D ~ANYNSOONONFTFSODOA
Ubhhwwhh@hhﬁhmW]h]bmhhwhhbmh@hh]]hhbuthhhbwmh]h]bhhhum]bhhwhhhbmh]bthhhh@1“@]@@@@@@@@?@@“
0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000D
>PRPRARDPRPRARNPRARDARDNRARDRPRARNRPARDARDRRNRPRARPARDANRDNRARNRRRARPARIRRRIRANRNRPRARNRDANRIARRRANRRRPRARDANRNDANRRARDN N R
000000000000V VVVVDDDVVVVVVPDDVVVVVVTDDVVVVVVDDDVVVVVDDDVVVVVVDDDVVVVIDDDDD
L €C o O O O (oo o e o e e e e e e r e e r e rrT
DECcCCcCcCCcCcCcCcCCcCcCCcCCCCcCCcCCcCCCcCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcC
0553535353555 55555353335555DDD003335555D5D33333555D5D5D53333355D5D5D5DI333355D5D5D0DI3333555D5DD5D333355D5D5D5D523335D

program. The QUERY sequence (at the top of the output) is LytB from Aquifex aeolicus.

Figure S1: Full alignment of 224 LytB proteins obtaine
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Figure S1 (continued).
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Figure S1 (continued).

S10



o

PN LI CLILLOT >0 LILLIILINILILIILNT LI LOIL L L << << < <S> Jacccccccncc<>Gld ncrncvou/ Jene << <<00nu>S«
ﬁVLLLI._I._I._I._I._l._l._l._l._l._l._l._l._l._l._l._l._l._l._l._l._l._l._l._l._l._l._lVLL'VI._VI._LVLVLVVI._VVI._LLVLVLLLLVVLVLLLVLLLLVLLLVLI._A_I._lLLLLV|LLVV
CxnrzzexzO0zZZzZzXnexZlJToIxwonral [ZroxXxon TrZzZ<Z0 00X ZXOOEIXZX0 OXO ZEXEEXA ZZSXOX IXOZZaXXZO0rXXXaxXxOXXa
LUOWWNOWONONnOWwZ<oo<<oJouwS<unCuouLoHLUXL<COFUFNNZOFNWL T<O0E<NOZZUEOONWUOCZWZOZOZWO<HNOZ-NXWWONK
KNDGQDHHNDNDENNDDDDDNDNFNDFNDDNFDN!DDDDDDPDSDDDRDDFDDNRNPDDDDDPRDNDDNSQNDDNFDNDFFDFNADWW]HDA

[drrzoxxaxxzxaxxxd |[<OxvnroorxoxxOr--OxoxexxO oo <xrra xu<CorE-Crn-0-OXWErroZXYraxXarxyxaowzz<a<a [Zaoc<
>>>>>>0>>>>0>>>>0>>>>>a>>a>>>> o> a>>>ShSula>s_Sul>aa> o> o> Jualc>a__ac>>a_>>Shl>a>>> 0o dafaaa>Su
W-<ZO0ZO0<OWZXEOWEZOO0OOFOWXOOOZWIW-OXZZ TwOX<IOZ+- OZI<<<000<0WOZWXICOZ-X-XOXZSOIXXYXITWZZZWE-<O K
U OWCH WL Z I IO WL IO IWIIIW IO W WX C<OWLCOA W <OWZ o WI<<EES<NO-O>0wo<O0ZT 2 <o wo<><OWXO>NIWIOWT
P> >>5>>>>>_>_>>>>>>>>>>>>_>>> S>> > > S>> > > > S>> <> J<B<Bla < H> > > 5 SEl<d> S Sd> S>> 55 5 5S> — > S<(> S5«
[aYel=Y=Yel=Y=Y=Y=Y=Y=Y=Y=T=Y=Y=Y=T=Y=Y=Y=T[=Y=]=Y=T=]=]=Y=T=T=Y=Y=I N de =T=T=Y=)=1eI=]=): d=Y=1[= YOI [=)1T[aY=Y=kcd=Y=T[=]=1=Y=1e [T [=Y=Y=T=]T[=Y=I L d=Y=Y=T=]=]=Y=Y=Y=1TT[= Y= T =}
L <€ L <C L L < <0 W W W W W W W O < << W W WO G W W< W O WO O N < W< << W X WW O WWWWwoowo o w<woowSuuuuc<<wu TOC<OWWW<OWS << < WO WW o <O < W
HuwowdJewwacaaFeaS<>>wa <> Jwal> JowaSl<o w>cw o> Sl <SGlab-acwJewoawSa>kanca <aaa>50na>o0Jaavws>>_Swoxa aSw

FOXOOF<ONNOXXNNDDFFFFOFFZOFFZOZEXFFONO0OFFZFONFOQFO0WNZZZTIHFWHFZFFFFORFORFZ000FNZZO0F0N0FNDFZFNZFN0-

wuwwwwwwwwwwwwwwwwuwwwww<cwywuwuuwfouwwcwuuwduwdwwoowdoCrnwuw>Cwnuwiwzz0CwwowwwowdwwwuwdowdwdZzww
VVVVVVVVVVIVIVIVVVVVVVVVVVVVVVVI|VVLPII|IVVVVIPVVVVIVVVIIITVIIVVIVVIVVVVVVVVVVVVVVVVVIVVVVPm
> ddddddddddddddJddddddddJJJJdJd 113 a>0 00> 00030330000 Oo gl a> 00 d 0 Jddd— JA>> Jd a0 Jaa> 0 |Oa
LYYYYYYYYYYYFYY_L_HYHYYYLTYLSYYHYFRYLYDYTHTLLHIHDYYTHDTIYKSAVYHY—LjJLHVYYQSYTQYTVVSTLLELLDT
o0 __] SEls S 0sss0s5s > shSlshbs>_>3sE>>_s sS>_s>>0>] -3 >>[=
¥ 0Q0FCOTO00COOTCOCCONIOXTOI-OOEOTNOXHJO<anawa <xO0C-MIryn W < +—I0 xOI<GCOIIa < OWRoX o<
[O101010I010I0I0IOIOIVIVIOE V) [HE:NOIOIOIVIOIVIOIOIVIVIOENOIVIVIOENOIOIVIVIVIVIV NG ) TO0O0CGO6 OO0« G G O ago
ZO00OAXZOIWX—ONO WwOO acoz cwods w o o Hd o +ra o MaYale - Zw Ao OZF -0 wwe [

VnINOXNNL cowan FOX < < 00T T @ Co H< = xoEe o< odz> z « o> - »w << >—- xou T

<TOHXNEXZ ZOZHnzZoa OO0 FCWZZT WWZ  OFW 0 W wowwonoo wiowwd XOXWOWWWCSZOZWWZOO> Qwod W oo

rowowoooo oa<unooxC wwd wooao0ZZ Xouwoaxooooooo PPPSPPPLPPD’QPPP EPPPPPPPDS“SPPND’PD oooo 0 Xoooo
[A>>>2>>>>a>>>>><Bla <>as<BE>u S Sa>o>>>0 <daoSa<unad<aood] Oad<b<Bb<=50 > <> <<>Bla<da o> <<«
>00xr0C000C000C000C000000C000000T0r00000r000xr000CwWoWOWWWTO00000000WOWOTOWO0C0TO0WWOEOWwOwWOOO>O>Two
[OIOIOTOTOIOTOTOTIOTOTOIOTOIOIGTOIGOTOTOTGTOIGIGTOIGIGTOIGTGTOIOTGTOIGT G TOIGTGTOIOT GTOI GRS TOIOT ST OIOTGTOIGTGTOTOTGTOIOT GTOTORGTOIORGTOTOTGTOIORGTOTOS GTOTOTOTOTaY b TOTOT G TGO YOI OR GIOTO]
muMEMMMMMMMMMMMMMMHMMEMMMMMMEMMHMMMERTMMRFMMHMMAMHTAMMMMMMMMEMEMT!MEAMMMMSME@AMRLMMADM Sons
Rl el ol ol ol ol ol ol ol ol ol ol el ol ol ol ol ol ol ol el ol ol ol ol ) ol ol ol ol ol el ol el ol ol ol ol ol el el ol ol el ol el o ol el ol ol el ol el ol ol ol ol el el el ol ol ol el 2N ol ol ol ol TT“TTTTTST Lol ol ol ol ol
[OIOIGTOIOTOTOTOTOTOTOTOTOIOTOTOIOTGTOIOTGTOIOT GTOTGT GTOIOTGTOIOT GTOTGT T OIOT GTOIOT ST OI0T GTOT0R ST OIOTGTOI0TGT010T GTOTOTGTOIOT GTOIORGTOT0TGTO1OT 1001 b T00R 0101 01101 bTOIOIOTOTGT 01016
TE_._._F_E_._._EEEEEEEF__W—EEEEEAEE|VE|EEEEE||EEVE|
>S5 >332 333333 >33 >3 ->>>
vy ww
PD-PPPPD.D.D.D.PPPPPPPPPPPPAPPPPPPPPPPPPPEPPPPPPPDPEPDEEEPPPPPPPAPDPEPEPEPRPPEPPMEPPPDP“RRPD-PF_EED.
IrIrIrIIr*>IIIrITIIrIrIIrI I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I IIIIITIIIIITIIITIIIIIIIIIIIIIIIIIIIIT
ELOLOTOIOTOTOIOTOTOIOTOTOIOTOTOIOTOTOTIOT TGO TOTOTOTOTaY GTOTOTOTOTGT T OTGTGTOTOIGTOTOTGTOTOT T OTa P2 OTOT GTOTCT GTOTOT T 0T YOI R OIOT GTOTOTGTOICT GO N TO PR TOIC FA GO T=Y 0T OTOTO O]
XU OrwaxXxuwaXcOXYXY <O X UOIXCICIXCICICILIIUWOCOXCCCUWCUWYNX CTULCLCLCLLIX L TUWCOWLCOIXN<CWC>-CWOUCWCIXXY<IZC<OWW
LI I I I I I I I I I I I I I I I I I I I I I I I I I I I I IIIII I I I I I I II I I I I I I I I I I I I I I I I I I I I T IIIIITIITIIIXTITIIITIIITIIIIOIIITIT

™ 0O o o o [} <2}

@ ey oo g ] 19 =2 3 ri 3 3
(&) [-]®] o o H o o s3] © < [s]
w ol [os) © ~ ~0m ~ Q o w
o mm a © < m @ © © @ & ~
EranB88 o RS naS oI ®oor . o© Soo 88 DO PODo© O P DOND o S D~ 0 O Croror02s o=8
OCBDOOJ%J%4mmNWMWUXOKF0mWEORYSWN4%DFM%09G160OMMM2%PXW3ﬂ%Q%TOW88%0%&5E$%QGSW%OQWUBQUW7WMBRMO
S<oNSSAR>NOGoNEsxa08m<S % QWZQHNYGJAY93%CSEP%WQJQWUQQFWDVYVEWQDAJ% SA<HJINENOWIL>I=2CX -5z =03
eI SRR o> Orn eI L0 0l SsSRN<CeZZLZz 2 lRASLdm 020200020 LR Za0ana a3 2nSDIS>0095cnL
OO+~ OO T~ ANNNAL TN TONALDTNO-oOrNMMNODAL - OONAALONOOTXO -~ 000 NNAL-~OCOALNONDFIOITD-D—ANYROONNONTSODA
U_Q_Q_Q_U_U_Q_Q_Q_Q_Q_P_Q_A_P_An_Q_A_Q_U_Q_Q_U_Q_Q_Q_U_Q_Q_Q_Q_A_A_Q_Q_Q_An_Q_U_Q_Q_Q_Q_U_U_Q_An_Q_A_Q_Q_Q_Q_A_A_A_Q_Q_Q_U_Q_Q_Q_Q_U_Q_A_Q_Q_Q_D._Q_Q_Q_O_A_U_Q_An_Q_Q_Q_Q_Q_Q_ﬁu_Q_P_Q_Q_U_
0000000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000D
petatatatatatatatatatatatatototo ottt ol lo fo ko ko koo kakakagatataga8a2 22kttt ottt ol f ko ko ko ko ko kR RakaRagka!
T 00000000V OVOVVVVIVOVOVVVVVVOOVVVVVVVOOVVVVVVVVOOVVVVV VOOV VVVV VOOV VVVVVOOVVVDDDDD D DD
LUl € € o oc 0c Oc Oc 0 0 o O O OF Oc Oc 00 00 00 o0 00 0 Oc OC 00 00 o0 o0 o0 e Oc 00 (0 a0 aC oe Qe Qe O 0 C CC CC e Qe Qe O C C e e e Qe Qc C C C C C E e C C C C A A E E C C C A E L C C T
DECcCCcCcCcCcCCcCcCcCcCcCcCcCCcCCcCCcCCcCCcCCcCCcCCcCCcCCcCCcCCCCCCCCCcCCCCCCCCcCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
0555555555555 5555555555555555553535555555335555555535355555555535555555535555555555555555555355555D

Figure S1 (continued).
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Figure S1 (continued).
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Figur(_e S1 (continued).
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Figure S1 (continued).
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Figur(_e S1 (continued).
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Figure S1 (continued).
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Figure S1 (continued).
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Figure S1 (continued).
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Figure S1 (continued).
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Figure S1 (continued).
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