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Fig. 1. TLR signaling. Following stimulation, all TLRs except for TLR3 recruit MyD88, IRAKs and TRAF6 to activate the Ubc13/TAK1 pathway. The TAK1

complex then activates the IKK complex composed of IKK  , IKK  and IKK  /NEMO, which catalyzes phosphorylation of I  B proteins. Phosphorylated I  B
proteins are degraded by a proteasome-dependent pathway, allowing NF-  B to translocate to the nucleus. TAK1 also activates the MAPK pathway, which mediates
AP-1 activation. IRF5 is recruited to the MyD88-IRAK4-TRAF6 complex, phosphorylated and translocated to the nucleus. NF-  B, AP-1 and IRF5 control the
expression of genes encoding inflammatory cytokines. TIRAP is recruited to TLR4, TLR1/2 and TLR2/6, activating the MyD88-dependent pathway. TRIF is

recruited to TLR3 and TLR4, and interacts with TBK1 and IKKi, which mediate phosphorylation of IRF3. Phosphorylated IRF3 dimerizes and is translocated to

the nucleus to induce expression of type I IFN and IFN-inducible genes. TRAF3 forms a complex with TBK1 and IKKi. TRIF interacts with TRAF6 and RIP1,

which mediate NF-  B activation. TLR4, but not TLR3, utilizes TRAM for activation of the TRIF-dependent pathway. In pDC, a signaling complex consisting

of MyD88-TRAF6-IRAK4-IRAK1-IRF7 is formed. In this complex, IRF7 is directly phosphorylated by IRAK1, and then translocated to the nucleus to induce

expression of type I IFN and IFN-inducible genes. OPN-i, TRAF3 and IKK  are also involved in this complex. Among these, IKK  is capable of phosphorylating
IRF7, similar to IRAK1. TLR3, TLR7 and TLR9 locate in intracellular compartments such as endosomes.

4. TRIF-dependent pathway

MyD88-deficient mice show a failure to activate NF-  B and
MAPK and produce inflammatory cytokines in response to lig-

ands specific for TLR2, 5, 7 and 9. Although MyD88-deficient

macrophages also fail to produce inflammatory cytokines in

response to LPS, they appear to activate NF-  B and MAPK,
albeit with delayed kinetics [13]. Furthermore, activation of

IRF3 and subsequent induction of IFN  after treatment with
TLR3 and TLR4 ligands is normal in MyD88-deficient mice

[14]. These observations strongly suggest the presence of a

MyD88-independent pathway in TLR3 and TLR4 signaling. In

these regards, TRIF was identified as an essential adapter of

theMyD88-independent pathway [15,16]. TRIF, overexpression

of which activates IRF3 and NF-  B, is recruited to TLR3 and
TLR4. TRIF-deficient mice consistently show defective IRF3

activation and IFN  induction after LPS and poly IC stimula-
tion [17,18]. Moreover, late phase NF-  B andMAPK activation

after LPS stimulation is totally abolished in MyD88 and TRIF

double-deficient mice, indicating that TRIF-dependent signal-

ing contributes to late phase activation of NF-  B and MAPK
(Fig. 1) [17].

The N-terminal and the C-terminal regions of TRIF have

distinct functions with regards to the recruitment of signal-

ing molecules. The N-terminal region of TRIF activates both

IFN  and NF-  B promoters, whereas the C-terminal region

activates NF-  B but not the IFN  promoter. The N-terminal
region recruits non-canonical IKKs, TBK1 (T2K, NAK) and

IKKi (IKK  ), which phosphorylate serine/threonine clusters
present in the C-terminal region of IRF3 [19,20]. Phosphory-

lated IRF3 forms a dimer, which translocates from cytoplasm to

the nucleus to induce expression of target genes including IFN  
(Fig. 1). Cells lacking both TBK1 and IKKi show a loss of IRF3

activation and IFN  induction in response to TLR3 and TLR4
ligands, whereas activation of NF-  B and MAPK and inflam-
matory cytokine induction is unaffected in these cells [21–23].
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2003). In a more recent report, the authors proposed another
model using the crystal structure of the TLR10 TIR domain as
template (Núñez Miguel et al., 2007). They hypothesized that
the TIR dimers found in crystals of the TLR10 TIR domain mimic
physiological dimers and built a model of dimeric TLR4 TIR on
the basis of this idea. In their model, the BB loops of the two
TLR4 TIRs interact in a symmetric fashion. They also proposed
that MAL and TRAM TIRs interact at the dimeric interface
between the two TLR4 TIR domains.

Structure of TLRs and Their Ligand Complexes:
TLR1-TLR2-Ligand Interaction
Recently, three crystallographic structures of the extracellular
domains of TLRs and their ligand complexes have been reported
(Jin et al., 2007; Kim et al., 2007b; Liu et al., 2008). Two of them
were complexed with agonistic ligands and the remaining one
was complexed with a coreceptor and an antagonistic ligand.
They provide the first clues as to how these pattern-recognition
receptors recognize ‘‘patterns’’ in the ligands. They also suggest
an activation mechanism that may be common to all TLR family
receptors.

TLR2 in association with TLR1 or TLR6 is essential for recog-
nizing bacterial lipoproteins and lipopeptides. Lipoproteins are
found in more than 400 proteins from all kinds of bacteria
(Babu et al., 2006). They are anchored to the cellular membrane
via lipid chains attached to conserved N termini and induce
strong proinflammatory responses from macrophages (Cham-
baud et al., 1999). Most bacteria except mycoplasmas produce
lipoproteins with three lipid chains (Hantke and Braun, 1973;
Muhlradt et al., 1997; Shibata et al., 2000). Their invariant N-ter-
minal cysteines are covalently attached to a diacylglyceryl chain
via a thioether bond, and they are further modified by the third
acyl chain’s being connected by an amide linkage to the N-termi-
nal cysteine (Figure 1A). The lipopeptides produced by myco-
plasmas do not have the amide-linked acyl chain and therefore
contain only two acyl chains. Palmitoyl groups are by far the
most common lipids in the lipoproteins, and the composition of
the lipid chains closely resembles that of membrane phospho-
lipids (Belisle et al., 1994; Braun, 1975; Mizuno, 1979; Zlotnick
et al., 1988). Other than the lipidmodifications and the shared se-
quence patterns found in the N termini, bacterial lipoproteins do
not have any similarities of sequence or function. The acyl-
glyceryl cysteine appears to be the structure recognized by
TLRs because synthetic lipopeptides that havemost of their pro-
tein residues except the N-terminal cysteine removed still retain
full immune stimulatory activity (Berg et al., 1994; Bessler et al.,
1985; Seifert et al., 1990; Wiesmuller et al., 1992). Previous stud-
ies have shown that TLR2 is the main receptor recognizing lipo-
proteins and lipopeptides. Triacylated lipoproteins are recog-
nized by the TLR1-TLR2 complex (Shimizu et al., 2007;
Takeuchi et al., 2002), but diacylated lipopeptides, lacking the
amide-bound lipid chain, can activate both of the TLR1-TLR2
and TLR2-TLR6 complexes (Buwitt-Beckmann et al., 2005;
Takeuchi et al., 2001).

We recently determined the crystal structure of the extracellu-
lar domain of TLR2 in association with TLR1 and a synthetic tri-
acylated lipopeptide, Pam3CSK4 (Jin et al., 2007). Pam3CSK4 is
a synthetic derivative of triacylated lipoproteins that retains most
of immune stimulatory activity of full-length lipoproteins. Without

bound ligand, both the TLR1 and TLR2 extracellular domains
eluted as monomers in gel-filtration chromatography. However,
after addition of the agonistic lipopeptide, the TLRs formed a sta-
ble heterodimer in solution as well as in the crystals. In the crystal
structure, the lipid chains of the ligand bridge the TLRs; two of
the three lipid chains are inserted into an internal pocket in
TLR2, and the remaining amide-bound lipid chain is inserted
into the narrower channel in TLR1 (Figure 1B). The ligand-binding
pockets of TLR1 and TLR2 are located at the boundary of the
central and C-terminal domain in the convex region. The flexible
loops at the domain boundaries are separated, forming crevices
that are connected to large internal pockets. The pockets of
TLR1 and TLR2 are bridged by the bound ligand and therefore
form a long continuous hydrophobic pocket. Structural flexibility

Figure 1. TLR1, TLR2, and Ligand Interaction
(A) Chemical structures of a diacylated lipopeptide, MALP-2 from M. fermen-
tans, and triacylated lipoproteins-natural Outer surface protein A (OspA) from
B. burgdorferi, and synthetic Pam3CSK4, and lipoteichoic acid (LTA) from
S. aureus, are shown. Residue numbers are written above the sequence.
The bold Rs in LTA represent substituting groups.
(B) The ligand-binding sites of the TLR1-TLR2 complex are shown in gray and
green, respectively. The molecular surface of the residues directly involved in
pocket formation is represented in mesh. Pam3CSK4 is drawn in red as
a space-filling model.
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at the domain boundary ought to be crucial for ligand recognition
because LRRs are very rigid structural frameworks, and struc-
tural transitions of this magnitude have not been reported. The
heterodimeric complex of TLR1 and TLR2 is further stabilized
by extensive protein-protein interactions near the ligand-binding
pocket. Interestingly, the Pro315Leu substitution in a polymor-
phic variant of TLR1 is located in the protein-protein interaction
interface (Omueti et al., 2007). This change blocks TLR1 signal-
ing in response to pathogenic lipoproteins, confirming that the
heterodimeric interaction shown in the crystal is essential for
lipoprotein signaling.
The crystal structure of the TLR1-TLR2-lipopeptide complex

provides a reasonable template for structure prediction of the
TLR1-TLR2-lipoteichoic acid (LTA) complex. LTAs are potent in-
ducers of innate immune responses via the TLR2-dependent
pathway (Deininger et al., 2003; Han et al., 2003; Schroder
et al., 2003). The LTAs of S. aureus are composed of two lipid
chains attached to glycerophosphate units repeated typically
from 4 to 25 times (Figure 1A andMorath et al., 2001). In solution,
LTA can induce the formation of a stable heterodimeric complex
between the purified extracellular domains of TLR1 and TLR2
(unpublished data). Because the two thioester-linked lipid chains
of the synthetic lipopeptides, Pam2CSK4 and Pam3CSK4, are
inserted into the TLR2 pocket in practically the same conforma-
tion, it is highly probable that the two lipid chains of LTAs are in-
serted into the binding pocket in TLR2 in a similar fashion. Be-
cause LTA has only two lipid chains, the hydrophilic sugars
and repeating units must also interact with TLR1 in order to
stabilize the TLR1-TLR2 complex in the absence of stabilization
of the TLR dimer by a third lipid chain.

TLR3-Ligand Interaction
TLR3 has been shown to recognize dsRNA produced during viral
replication (Alexopoulou et al., 2001). The crystal structure of
TLR3 bound to a dsRNA ligand has been reported (Figure 2
and Liu et al., 2008). The dsRNA interacts with both N-terminal
and C-terminal sites on the lateral side of the convex surface
of TLR3. The N-terminal interaction site is composed of LRRNT
and LRR1-3 modules, and the C-terminal site is composed of
LRR19-21 modules. The positively charged residues of the ter-
mini of TLR3 make the major contributions to the interaction
with the sugar-phosphate backbones of the dsRNA ligand.
Only a minor TLR3-TLR3 interaction is located near the LRRCT,
demonstrating that the ligand-protein interaction is the main
driving force for TLR3 dimerization. The ligand interaction sites
of the TLR3 homodimer are separated by !120 Å, which ac-
counts for why aminimumof 40–50 base pairs is required for sta-
ble binding of dsRNA to TLR3 (Leonard et al., 2008). However,
there have been reports that dsRNA of substantially less than
40 bp can initiate TLR3 signaling (Kariko et al., 2004; Kleinman
et al., 2008). These reports raise the possibility that the N-termi-
nal interaction site may not be essential for efficient TLR3 signal
initiation in some experimental conditions. The interactions be-
tween TLR3 and dsRNA are very different from those between
TLR1-TLR2 and lipopeptides. Hydrophobic interactions make
the main contribution to ligand binding by the TLR1-TLR2 com-
plex (Jin et al., 2007). In contrast, the dsRNA interaction sites in
TLR3 are located on the surface of the protein, and ionic and

hydrogen bonds with the sugar-phosphate backbones of the
ligand play the major role (Figure 2).

TLR4-Ligand Interaction
TLR4 in company with its coreceptor MD-2 is specific for LPS
recognition (Shimazu et al., 1999; Viriyakosol et al., 2001). Lipo-
polysaccharides (LPSs) are outer-membrane glycolipids of
Gram-negative bacteria and are well-known inducers of the in-
nate immune response (Erridge et al., 2002). They are composed
of a hydrophobic lipid A component and a hydrophilic polysac-
charide component. The lipid A portion is composed of phos-
phorylated diglucosamine and four to seven acyl chains
(Figure 3A). Chemically synthesized lipid A has the same biolog-
ical activity as full-sized LPS, demonstrating that it possesses
the same configuration (pattern) as LPS and is the main inducer
of biological responses to LPS (Tanamoto et al., 1984). Both the
1 and 40 positions of the glucosamine backbone of lipid A are
frequently phosphorylated. Phosphorylation is important for
the biological activity of LPS because diphosphorylated lipid A
is more than 1000-fold more active than monophosphorylated
lipid A (MPL) (Rietschel et al., 1987). The phosphate group can

Figure 2. TLR3-Ligand Interaction
Structures of the N-terminal (A) and C-terminal binding sites (B) of TLR3 are
shown. Ca traces of the LRR modules directly interacting with RNA are drawn
in pink. Residues of the RNA are numbered. The second TLR3 molecule in the
TLR3 homodimer is marked with a double apostrophe.
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K3+.# )(03,%# ,1# +(07(1/)# (:# 3%# 3%&,73'355/5# !C1&'3%)/)# 532/'# &9,1&/)#

3'(*%)# &./# 5(%;# "C./5,A"# -./# HC&/'0,%35# )(03,%# (:# P=V# +(%&3,%1# 3#

+5*1&/'#(:#+3&,(%,+#'/1,)*/1#/11/%&,35#:('#PV>#4,%),%;RD"##

PV># 3;;'/;3&/1# ;/%/'3&/)# 42# 43+&/',35# 521,1# ,1# 3# 9/3?#

,00*%(1&,0*53&('#4/+3*1/# 3;;'/;3&/1# 3'/# .3')52# '/+(;%,</)# 42# JBD#

3%)# XB!R"# P=V# &.*1# 4,%)1# &(# PV># 3;;'/;3&/1# 5((1/%# &.,;.&# ,%&/'3+&,(%#

4/&9//%#PV>#0(%(0/'1#3%)#:3+,5,&3&,%;#/%)(&(A,%#&'3%1:/'#&(#XB!RRN"#XC

&/'0,%35#)(03,%#(:#P=V#7'/1/%&#3#'/;,(%#&.3&#7'(0(&/#,%&/'3+&,(%#9,&.#

XB!R#&.*1#:3+,5,&3&,%;#&./#&'3%1:/'#(:#&./#/%)(&(A,%"##

#

:;<;:;=;@; AB:C,

#

-./# +5*1&/'# ),::/'/%&,3&,(%# 3%&,;/%8# XB!R8# .31# 4//%# 1.(9%# &(# 4/# 3# ?/2#

.,;.C3::,%,&2# +/55*53'# '/+/7&('# :('# &./1/# 43+&/',35# /%)(&(A,%1# 3%)# 75321#

3%# ,07('&3%&# '(5/# ,%# /%)(&(A,%C,%)*+/)# 3+&,63&,(%# (:# ,%%3&/# ,00*%/#

+/551RRCR`"#$%#.*03%18#XB!R#,1#+(%1&,&*&,6/52#/A7'/11/)#(%#+/55#1*':3+/1#(:#

0(%(+2&/1m03+'(7.3;/1# 31# 3# SS# ?B3# 0/04'3%/C4(*%)# 7'(&/,%# 3%)#

351(#/A,1&1#,%#3#1(5*45/#:('0#T1XB!RU#TM,;"#RU8#,%#1/'*0#3%)#4(),52#p*,)1#

,%# +(%+/%&'3&,(%1# (:# Dc`# 5;m05# ZD8N["# _/+(;%,&,(%# 3%)# 4,%),%;# (:#

),q/'/%&# 0,+'(4,35# /%)(&(A,%1# &(# 4(&.# 0XB!R# 3%)# 1XB!R# ,%,&,3&/1# 3#

1,;%35,%;#+31+3)/C0/),3&/)#42#-(55C5,?/#'/+/7&('1#T-P_1U#&.3&#7'(0(&/1#

&./# 12%&./1,1# 3%)# 1/+'/&,(%# (:# 0*5&,75/# .(1&C)/',6/)# ,%p3003&('2#

0/),3&('1Ra"##
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# !b#

#

,-./01+4"+567/871+960:+69+*(!4+;<*(!4=+

#

-./#0(%(0/',+# 1*4*%,&# (:# XB!R# +(%&3,%1# &.,'&//%# 1&'3%)18# 3%)# !!# (:#

&./08# :'(0# #N# &(# #!N8# (6/'537# 9,&.# +(%1/'6/)# 5/*+,%/C',+.# '/7/3&1#

TP__1U#TM,;"#RU"#-./#+(%+36/#1*':3+/#(:#&./#.('1/1.(/C1.37/)#1&'*+&*'/#

+(%1,1&1# (:# 3# 53';/# !C1.//&# (:# !!# 73'355/5# 3%)# &9(# 3%&,73'355/5# 4/&3#

1&'3%)1"#-./#+(%6/A#1*':3+/#(:#XB!R#+(%&3,%1#4(&.#./5,+/1#3%)#5((718#,%#

%(# '/;*53'# 73&&/'%"# F1# 3# '/1*5&8# ,&# ,1# '(*;.# '3&./'# &.3%# 10((&.# 3%)#

+(%&3,%1#1/6/'35#;'((6/1#3%)#7(+?/&1#&.3&#3'/#+'*+,35#:('#5,;3%)#4,%),%;"#

-./#0(1&#1&',?,%;#:/3&*'/#(:#&./#1&'*+&*'/#(:#XB!R#,1#&./#HdDC&/'0,%35#

7(+?/&"#-./#7(+?/&# ,1# 5(+3&/)#%/3'# &./#HdD#&/'0,%*18#3%)# ,&# ,1#/%&,'/52#

.2)'(7.(4,+#/A+/7&#:('#&./#7/',0/&/'#TM,;"#SU"#
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#

#

,-./01+>"#>&'*+&*'/#(:#&./#HdDC&/'0,%35#7(+?/&"#TFU#L355#3%)#431/#(:#&./#
%C&/'0,%35#1*47(+?/&#T=U#&./#',0#(:#&./#03,%#7(+?/&"##
#

A

B
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# D!#

#-./#03,%# 7(+?/&# +(%&3,%1# 3# 10355/'# 1*47(+?/&# 3&# &./# 4(&&(0# TM,;"# SU"#

-.,1#1*4C7(+?/&#,1#,1#%3''(9#3%)#

)//7# 3%)# :('0/)# 42#

.2)'(7.(4,+# '/1,)*/1# :'(0##R#c#

`8# $R8# $S8# 3%)# +(%%/+&,%;# 5((71"#

-./# 4(&&(0# 3%)# 93551# (:# &./#

03,%# 7(+?/&# 3'/# 5,%/)# 9,&.#

'/1,)*/1# :'(0# #!cN8# $!c# R8# 3%)#

&./,'#+(%%/+&,%;#5((71"#-./#03,%#

7(+?/&# ,1# 4(&.# 9,)/# 3%)# )//7#

9,&.#),0/%1,(%18#Q#r#9,)/8#!N#r#

5(%;8#3%)#!Y#r#)//7"#O6/'3558#&./#

7(+?/&# ,%+5*),%;# &./# 1*4C7(+?/&#

.31#3#&(&35#6(5*0/#(:#QDY#rN#3%)#

./%+/# ,1# 53';/# /%(*;.# &(#

3++(00()3&/#3&#5/31&#73'&#(:#&./#

5,7,)#+.3,%1#(:#PV>"#-./#'/1,)*/1#

(%# &./# .2)'(7.,5,+# ',0# (:# &./#

03,%#7(+?/&#3'/#.,;.52# :5/A,45/"#

-./#V(+?/&#F'/3#$1#_/17(%1,45/#

:('# PV># =,%),%;f-./C4,%),%;#

1,&/1#:('#PV>#,%#XB!R#.36/#4//%#,%&/%1,6/52#1&*),/)#42#0*&3;/%/1,1#3%)#

42# /7,&(7/# 0377,%;# (:# 3%&,4(),/1# &.3&# 45(+?# PV># 4,%),%;8# 3%)# :(*'#

'/;,(%1# .36/# 4//%# ,)/%&,:,/)# 9,&.,%# &./# HdDC&/'0,%35# `S# '/1,)*/1# (:#

XB!RRQ8Rb"#B/5/&,(%#('#0,11/%1/#0*&3&,(%1#(:#&./1/#'/;,(%1#1,;%,:,+3%&52#

'/)*+/# PV>#4,%),%;# ('# '/17(%1,6/%/11SY8S!"# F55# (:# &./1/# '/;,(%1# TM,;"# `U#

3'/#+5*1&/'/)#3'(*%)#&./#7(+?/&\#'/;,(%#!#,1#5(+3&/)#+5(1/#&(#&./#9355#3%)#

'/;,(%# N# ,1# 3&# &./# 4(&&(0# (:# &./# 7(+?/&8# 9./'/31# '/;,(%1# D# 3%)# R# 3'/#

refinement, strong and continuous electron densities were found inside
the NH2-terminal pocket. These are probably derived from a mixture of
endogenous lipid like molecules co-purified with CD14 (21).

RESULTS AND DISCUSSION

Structure Determination and Overall Structure of CD14—
We have determined the crystal structure of mouse CD14 to 2.5
Å resolution. The carboxyl-terminal 32 residues not needed for
ligand binding or for signaling were deleted by cloning to im-
prove the ability of the protein to crystallize (Fig. 1A) (22). The
monomeric subunit of CD14 contains thirteen ! strands, and
11 of them, from !3 to !13, overlap with conserved leucine-rich
repeats (LRRs) (Fig. 1). The concave surface of the horseshoe-
shaped structure consists of a large !-sheet of 11 parallel and
two antiparallel beta strands. The convex surface of CD14
contains both helices and loops, in no regular pattern. As a
result, it is rough rather than smooth and contains several
grooves and pockets that are crucial for ligand binding (dis-
cussed in the following paragraphs). CD14 forms a dimer in the
crystallographic asymmetric unit as well as in solution (Fig. 1B
and data not shown). Dimerization in the crystal is mediated by
residues in !13 and in the loop between !12 and !13. Parallel
!-sheets from the two monomers interact in an antiparallel
fashion and form a large and continuous !-sheet encompassing
the entire CD14 dimer. Surprisingly, the total number of LRR
motifs in the CD14 dimer is close to that in TLR4, and therefore
the overall shape of the two functionally related proteins is
likely to be very similar.

The NH2-terminal Hydrophobic Pocket—The most striking
feature of the structure of CD14 is the NH2-terminal pocket.
The pocket is located on the side of the horseshoe near the NH2
terminus, and it is entirely hydrophobic except for the rim
(Figs. 1B and 2A). The main pocket contains a smaller sub-
pocket at the bottom. This sub-pocket is formed by hydrophobic
residues from !4–6, "4, "5, and connecting loops (Figs. 1A and
2B). It is narrow and deep with dimensions 4.5 Å wide, 9.6 Å
long, and 8 Å deep. The bottom and walls of the main pocket are
lined with residues from !1–3, "1–4, and their connecting
loops (Fig. 2C). The main pocket is both wide and deep with
dimensions, 8 Å wide, 13 Å long, and 10 Å deep. Overall, the
pocket including the sub-pocket has a total volume of 820 Å3

and hence is large enough to accommodate at least part of the
lipid chains of LPS. The residues on the hydrophilic rim of the
main pocket are highly flexible (Fig. 2D). The average temper-
ature factor of the rim residues is 79.9 Å2, significantly higher
than 43.4 Å2 of the complete protein. Furthermore, some of the
rim residues, Pro22, Lys23, Val54, and Asp55, have different
conformations in the two subunits of the crystal asymmetric
unit.

The Pocket Area Is Responsible for LPS Binding—The-bind-
ing sites for LPS in CD14 have been intensively studied by
mutagenesis and by epitope mapping of antibodies that block
LPS binding, and four regions have been identified within the
NH2-terminal 65 residues of CD14 (23). Deletion or missense
mutations of these regions significantly reduce LPS binding or
responsiveness (23–29). We found that all of these regions are
clustered around the pocket; region 1 is located close to the wall
and region 3 is at the bottom of the pocket, whereas regions 2
and 4 are located on the rim of the pocket (Fig. 3A). Residues
from the turn between the !1 and !2 strands constitute region
1. Region 2 is the loop between the !2 strand and the "1 helix.
Monoclonal antibodies that recognize this area inhibited LPS
binding (23, 25, 30). Region 3 consists of residues from the !3
strand. Region 3 is the most frequent target of LPS blocking
antibodies. At least nine monoclonal antibodies that recognize
the !2 and !3 strands reduce binding of LPS by soluble CD14
(23, 25, 30). Region 4 includes residues from the loop connect-

ing "2 and "3 helices. This area is labile to proteolysis in the
absence of bound LPS but becomes resistant when LPS is
bound (31). Furthermore, the antibodies MEM18, CRIS-6, and
6C8 that block LPS binding bind to the same region (23–25).
Collectively, these mutagenesis and epitope mapping data
strongly suggest that the NH2-terminal pocket is the principal
component of the LPS-binding site in CD14.

Model of LPS Bound to CD14—LPS is a large amphipathic
molecule with a molecular weight ranging from a few thousand
to more than 10 thousand (3). It has typically five to seven fatty
acid groups with 12–14 carbon atoms attached to the phospho-
rylated diglucosamine backbone. A long carbohydrate chain of
the conserved core and the highly variable O-antigen branches
out from the glucosamine backbone. Based on our structural
findings and previous biochemical investigations, we propose
that the lipid portion of LPS binds to the NH2-terminal pocket.
This proposal is based on the following reasoning: 1) as sum-
marized in the previous paragraph, the epitopes of antibodies
and mutations that block LPS binding map around the NH2-
terminal pocket; and 2) the pocket is the only hydrophobic
surface large enough to accommodate lipid portion of LPS.

It is unlikely that binding of LPS induces a global structural
change of CD14, since many residues making up the hydropho-
bic pocket are in conserved LRR motifs, and the overall shape
of LRR proteins displays limited variability (32). Besides, it has
been reported that binding of LPS induces only minor changes
in the tryptophan fluorescence and CD spectrum of CD14 (31).
However, LPS binding can induce local structural changes

FIG. 3. Regions involved in LPS binding and signaling. A, the
molecular surface of CD14 is depicted. The four LPS-binding regions,
R1–R4, identified by previous mutagenesis experiments are colored in
cyan (Fig. 1A). The view is rotated clockwise along the horizontal axis
by 60 degrees from that of Fig. 1B. B, regions that interfere with LPS
transfer are shown in green and labeled T1–T3 (Fig. 1A). The positions
of the secondary structures are indicated. G1 and G2 indicate grooves
that may play roles in LPS and/or PGN binding (see “Results and
Discussion”).
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# DD#

5(+3&/)#(%#&./#',0#(:#&./#7(+?/&"#

_/1,)*/1#:'(0#&./#&*'%#4/&9//%#&./##!#3%)##D#1&'3%)1#+(%1&,&*&/#'/;,(%#

!"# _/;,(%# D# ,1# &./# 5((7# 4/&9//%# &./# #D# 1&'3%)# 3%)# &./# $!# ./5,A"#

J(%(+5(%35# 3%&,4(),/1# &.3&# '/+(;%,</# &.,1# 3'/3# ,%.,4,&/)# PV># 4,%),%;"#

_/;,(%#N#+(%1,1&1#(:# '/1,)*/1# :'(0#&./##N#1&'3%)"#_/;,(%#N# ,1# &./#0(1&#

:'/@*/%&# &3';/&# (:# PV># 45(+?,%;# 3%&,4(),/1"# F&# 5/31&# %,%/# 0(%(+5(%35#

3%&,4(),/1# &.3&# '/+(;%,</# &./##D#3%)##N#1&'3%)1#'/)*+/#4,%),%;#(:#PV>#

42# 1(5*45/#XB!R"#_/;,(%#R# ,%+5*)/1# '/1,)*/1# :'(0# &./# 5((7# +(%%/+&,%;#

$D# 3%)# $N# ./5,+/1"# -.,1# 3'/3# ,1# 534,5/# &(# 7'(&/(521,1# ,%# &./# 341/%+/# (:#

4(*%)#PV>#4*&#4/+(0/1#'/1,1&3%&#9./%#PV>#,1#4(*%)"#M*'&./'0('/8#&./#

3%&,4(),/1#JKJ!Q8#X_$>C`8#3%)#`XQ#&.3&#45(+?#PV>#4,%),%;#4,%)#&(#&./#

130/#'/;,(%"#X(55/+&,6/528#&./1/#0*&3;/%/1,1#3%)#/7,&(7/#0377,%;#)3&3#

1&'(%;52# 1*;;/1&# &.3&# &./# HdDC&/'0,%35# 7(+?/&# ,1# &./# 7',%+,735#

+(07(%/%&#(:#&./#PV>C4,%),%;#1,&/#,%#XB!R"#=31/)#(%#1&'*+&*'35#:,%),%;1#

,&#931#7'(7(1/)#&.3&#&./#5,7,)#7('&,(%#(:#PV>#4,%)1#&(#&./#HdDC&/'0,%35#

7(+?/&"# $&# ,1# *%5,?/52# &.3&# 4,%),%;# (:# PV># ,%)*+/1# 3# ;5(435# 1&'*+&*'35#

+.3%;/#(:#XB!R8#1,%+/#03%2#'/1,)*/1#03?,%;#*7#&./#.2)'(7.(4,+#7(+?/&#

3'/# ,%# +(%1/'6/)# P__# 0(&,:18# 3%)# &./# (6/'355# 1.37/# (:# P__# 7'(&/,%1#

),175321#5,0,&/)#63',34,5,&2"#=/1,)/18#,&#.31#4//%#'/7('&/)#&.3&#4,%),%;#(:#

PV>#,%)*+/1#(%52#0,%('#+.3%;/1#,%#&./#&'27&(7.3%#:5*('/1+/%+/#3%)#XB#

17/+&'*0# (:# XB!R"# d(9/6/'8# PV># 4,%),%;# +3%# ,%)*+/# 5(+35# 1&'*+&*'35#

/17/+,3552#9,&.,%#&./#.,;.52#0(4,5/#$D#3%)#$N#./5,+/1#3%)#&./#+(%%/+&,%;#

5((71"#-./#5(%;#+3'4(.2)'3&/#+.3,%#(:#PV>#,1#.2)'(7.,5,+#3%)#%/;3&,6/52#

+.3';/)# 3%)#0*1&# .36/# ,&1# (9%# 4,%),%;# 1,&/8# 31# 7'/6,(*1# '/1/3'+.# .31#

1.(9%# &.3&# PV># &.3&# .31# 4//%# /%<203&,+3552# )/5,7,),</)# '/&3,%1# 1(0/#

3::,%,&2# :('# XB!RSD"# V'/6,(*1# 1&*),/1# (:# &./# 4,%),%;# (:# VWH# &(# XB!R# ,%#

6,&'(# 7'(6,)/# +5*/1# &(# &./# 4,%),%;# 1,&/# (:# &./# +3'4(.2)'3&/# 7('&,(%# (:#

PV>8#35&.(*;.#&./#4,(5(;,+35#,07('&3%+/#(:#VWH#4,%),%;#&(#XB!Rm-P_D#,1#

*%)/'# )/43&/SN"# -./# .2)'(7.(4,+# HdDC&/'0,%35# 7(+?/&# (:# XB!R# ,1#
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# DN#

*%5,?/52# &(# 4/# ,%6(56/)# ,%# VWH# 4,%),%;8# 1,%+/# VWH# ,1# 3# +(075/&/52#

.2)'(7.,5,+# 0(5/+*5/"# d(9/6/'8# &./# PV>C# 3%)# VWHC4,%),%;# 1,&/1# 0*1&#

(6/'5378#3&#5/31&#,%#73'&8#4/+3*1/#VWH#+(07/&/1#9,&.#PV>#:('#4,%),%;#&(#

XB!R"# -./# 4,%),%;# 1,&/# (:# VWH# 377/3'1# &(# 4/# 1.,:&/)# &(# &./# XOOdC

&/'0,%35# 1,)/# (:# &./# 7(+?/&8# 1,%+/# )/5/&,(%#0*&3%&1# (:# '/;,(%1# !# 3%)#D#

&.3&#.36/#3#7'(:(*%)#/::/+&#(%#PV>#4,%),%;#.36/#(%52#0,%('#/::/+&1#(%#

VWH#4,%),%;"#O%#&./#(&./'#.3%)8#)/5/&,(%#(:#'/;,(%#R#'/)*+/1#4,%),%;#(:#

PV>#31#9/55#31#(:#VWH8#3%)#'/;,(%#R#,1#(%#&./#XOOdC&/'0,%35#1,)/#(:#&./#

7(+?/&"# M*'&./'0('/8# ,&# 931# '/7('&/)SR# '/7('&/)# &.3&# 3# 0(%(+5(%35#

3%&,4()28# P/*sJN8# 17/+,:,+3552# '/)*+/)# &./# 3::,%,&2# :('# 7/7&,)(;52+3%#

9,&.(*&#3::/+&,%;#&.3&#:('#PV>"#-./#/7,&(7/#(:#&.,1#3%&,4()2#0371#&(#&./#

*77/'#1,)/#(:#&./#WD#;'((6/#:('0/)#42#&./#$S#./5,A#3%)#5((71#(%#&./#:3'#

XOOdC&/'0,%35# 1,)/# (:# &./# 7(+?/&"# X(55/+&,6/528# &./# PV>C4,%),%;# 1,&/# (:#

XB!R# 377/3'1# &(# /A&/%)# :*'&./'# 4/2(%)# &./# HdDC&/'0,%35# 7(+?/&# 3%)#

,%+5*)/1#;'((6/1#,%#&./#%/,;.4(',%;#3'/3"#-./#1&'*+&*'35#+.3'3+&/',1&,+1#

(:# &./# 4,%),%;# 1,&/# 032# /A753,%# &./# 4'(3)# 5,;3%)# 17/+,:,+,&2# (:# XB!R"#

F5&.(*;.#&./#.2)'(7.(4,+#4(&&(0#3%)#93551#(:#&./#7(+?/&#3'/#',;,)8#&./#

;/%/'(*1# 1,</# (:# &./# 7(+?/&# 032# 355(9# 1&'*+&*'35# 63',3&,(%# ,%# &./#

.2)'(7.(4,+# 7('&,(%# (:# &./# 5,;3%)"# >&'*+&*'35# ),6/'1,&2# ,%# &./#

.2)'(7.,5,+#73'&# (:# &./# 5,;3%)1# +(*5)#4/# /A753,%/)#42# &./# +(%1,)/'345/#

:5/A,4,5,&2# (:# &./# .2)'(7.,5,+# ',0# +(04,%/)# 9,&.# &./# 0*5&,75,+,&2# (:#

;'((6/1#363,5345/#:('#5,;3%)#4,%),%;"#-(#,%,&,3&/#1,;%35,%;8#PV>#4(*%)#&(#

XB!R# 1.(*5)# 4/# &'3%1:/''/)# &(# &./# -P_RmJBCD# +(075/A# (%# &./# +/55#

0/04'3%/"#>/6/'35#534('3&(',/1#.36/#'/7('&/)#XB!R#0*&3%&1#&.3&#.36/#

(%52# 0,%('# )/:/+&1# ,%# PV># 4,%),%;# 4*&# .36/# 6,'&*3552# %(# 1,;%35,%;#

3+&,6,&2SS"# -./2# 3'/# 353%,%/#0*&3&,(%1# (:# W5*acF17!Y8# F17bcV./!N8# ('#

P/*b!c#W5*!Y!#,%#.*03%#XB!R#('#V'(!S!cP/*!SN#,%#0(*1/#XB!R"#$&#,1#

%(&/9('&.2#&.3&#&./2#3'/#+5*1&/'/)#(%#&./#130/#1,)/#(:#XB!R8#35&.(*;.#

0(1&#(:# &./0#3'/# :3'# 373'&# ,%# &./#7',03'2# 1/@*/%+/"#-./# 1/@*/%+/1#(:#
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# DR#

W5*acF17!Y#3%)#F17bcV./!N#(6/'537#9,&.#'/;,(%#!#(:#&./#PV>#45(+?,%;#

0*&3&,(%1"#

-./'/:('/# '/;,(%# !# 377/3'1# &(# 7532# 3# '(5/# ,%# 4(&.# PV># 4,%),%;# 3%)#

&'3%1:/'# 4/+3*1/# 1(0/# 0*&3&,(%1# ,%# &.,1# 3'/3# 45(+?# PV># 4,%),%;# 3%)#

(&./'1#PV>#&'3%1:/'"#-./#1/@*/%+/1#P/*b!cW5*!Y!#3%)#V'(!S!c#P/*!SN#

3'/#&./#5(9/'#73'&1#(:#&./#&9(#;'((6/18#W!#3%)#WD"#F1#1.(9%#,%#M,;"#N=8#

355#&./1/#0*&3&,(%1#3'/#5(+3&/)#,%#&./#130/#3'/3#%/3'#&./#HdDC&/'0,%35#
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,-./01+!C"#Binding interface to lipid IVa. (A) Ribbon representation of the 

MD2-lipid IVa complex (B) Stereo close-up view of the binding interface. 

Amino acid residues located in the vicinities of the entrance are drawn as 

ball-and-stick models with their residue labels. The structure of the lipid IVa 

moiety is similarly drawn in darker gray, O atoms in red, N in blue, C in 

gray, and P in pink. Water O atoms involved in hydrogen bonds (broken 

lines) are also depicted: W1 between Gly123 N and XG2 O3, as well as a 

group of W2, W3, W4, W5, and  

W6, in which W2 is hydrogen-bonded to Glu92 Oe1, W2 to W3, and W3 to 

XG2 N2.  
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#

other consists of six antiparallel strands (Fig. 2).
Between these sheets is a large and deep hydro-
phobic cavity. It has a volume of 1710 Å3 with
approximate dimensions of 15 Å by 8 Å by 10 Å.
The b6 and b7 strands line the entrance to the
cavity. The cavity makes the span of the two sheets
much wider than that in the previously predicted
model of MD-2 (18). Three disulfide bridges are
located between Cys25 and Cys51, between Cys37

and Cys148, and between Cys95 and Cys105, in
contrast to the predicted bridges between Cys25

and Cys148 and between Cys37 and Cys51 (18).
The sole free Cys133 is located deep in the cavity
and seems not to be involved in the oligomeriza-
tion that has previously been reported (19).

In the native structure, unexpected electron
densities were observed in the cavity; these were
attributed to bound lipidic molecules that pre-
sumably copurified with MD-2 (fig. S1A). Three
myristic acid molecules were built into the
structure (fig. S2). In the structure of the lipid
IVa complex, electron densities in the cavity (fig.
S1B) were assigned to the different parts of lipid
IVa (Fig. 1): two glucosamine, two phosphate,
and four fatty acid chains. The glycosylation sites
of both Asn26 and Asn114 are distant from the
cavity region, indicating that the glycosylation
plays a role not in ligand binding, but
(presumably) in the secretion and protection
of MD-2.

Rootmean square (RMS) positional deviations
between the superposed native and complexed
structures are 0.3 Å for the main-chain atoms and
0.7 Å for all the protein atoms. Thus, the MD-2
structure is not significantly altered upon lipid IVa
binding. A major difference is in the side-chain
conformation of Lys122 located at the entrance to
the cavity: The side chain is shifted toward the
second glucosamine moiety XG2 of lipid IVa,
with RMS deviations of 0.3 Å for the main-chain
atoms and 2.8Å for the side-chain atoms. Overall
B factors for the native and complexed structures
are 39 Å2 and 37 Å2, respectively, and a slight
decrease (3.3 Å2) in the averaged B factor is
noticed for b7 upon complexation.

Details of the interactions between lipid IVa
and MD-2 are shown in Fig. 3 and fig. S3. The
phosphate and sugar groups are aligned in parallel
with b7 in the order XP1, XG1, XG2, and XP2,
with an XP1-XP2 distance of 12.5 Å, which
explains how the peptide fragment from Phe119 to
Lys132 can bind to LPS (20). Residues Phe119 to
Gly123 are important for the LPS recognition, and
these residues, with the exception of Lys122, are
conserved in all the species of MD-2 (21). Three
hydrogen bonds to lipid IVa are noticed: Ser120

N to XA1 O1´ (distance of 2.87 Å), Lys122 N to
XA3 O1´ (3.07 Å), and Ser120 O to XA3 O3´
(2.66 Å). Water atoms mediating lipid IVa and
MD-2 are located at the cavity entrance (Fig. 3).
Among a total of 18 lysine and arginine residues
of human MD-2, which is highly basic with an
isoelectric point value of 8.7, only Lys122 and
Arg90 are located in the vicinities of the
entrance, and their side chains cover XG2 and
XP2. These interactions tether the hydrophilic
moiety of lipid IVa to the cavity. Hydrophobic
and electrostatic surface potentials in the
vicinities of the entrance indicate that the

Fig. 2. Stereo ribbon model of human MD-2 in complex with lipid IVa. The N terminus is drawn in
blue and the C terminus in red. The b strands are indicated with their labels, and some amino acid
residue numbers are shown. Bound lipid IVa and NAGs as well as cysteine residues are drawn as
ball-and-stick models. The two b sheets are inclined toward each other by about 45°.

Fig. 3. Binding interface to lipid IVa. (A) Ribbon representation of the
lipid IVa complex, as viewed from a 40° rotation with respect to Fig. 2. The
representation is similarly drawn as in Fig. 2 so as to show that the
entrance to the MD-2 cavity is lined by the b6b and b7 strands. (B) Stereo
close-up view of the binding interface. Amino acid residues located in the
vicinities of the entrance are drawn as ball-and-stick models with their

residue labels. The structure of the lipid IVa moiety is similarly drawn in
darker gray, O atoms in red, N in blue, C in gray, and P in pink. Water O
atoms involved in hydrogen bonds (broken lines) are also depicted: W1
between Gly123 N and XG2 O3, as well as a group of W2, W3, W4, W5, and
W6, in which W2 is hydrogen-bonded to Glu92 Oe1, W2 to W3, and W3 to
XG2 N2.
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entrance is positively charged and the inside of
the cavity is highly hydrophobic (Fig. 4). None
of the phosphate groups of lipid IVa, which are
reported to be essential to the activation of
immune responses (13), are involved in direct
hydrogen bonds to MD-2 atoms. The lysine
and arginine residues mainly contribute to the
attraction of negatively charged lipid IVa.

Four fatty acid chains of lipid IVa are all deeply
confined in the cavity. The XA1 chain is in an
extended linear conformation and is stuck deeply
into the cavity: Three of its four sides are
surrounded by hydrophobic MD-2 side chains.
The XA2 chain is also in the cavity and lined up
with XA1. The XA3 and XA4 chains are curved,
and the regions of XA3 C10´-11´ and XA4 C11´-
13´ atoms are loosely packed in the cavity. The tip
end of XA4 folds back toward the XG2 moiety,
and that of XA3 hangs over XA4. The fatty acid
chains in the cavity are packed next to each other
through van der Waals contacts, as exemplified in
the lipid molecules bound to the GM2 activator
protein (22). The packed and confined fatty acid
structures are distinct from the extended structures
of the fatty acid chains of LPS associated with the
membrane-embedded region of the FhuA ferri-
chrome ion receptor (23). The cavity of MD-2 is
divided into four sites on the basis of their
interactions to the fatty acid chains: L1 through
L4 respectively correspond to XA1 through XA4
(table S3). In the L1, L2, and L3 sites of the native
structure, the fatty acid molecules assigned as
myristic acids exist in nearly identical config-
urations to those of XA1, XA2, and XA3,
respectively (figs. S2 and S3). The averaged B
factor for the lipid IVa molecule is 46 Å2; com-
parable values are obtained for XA1 (33 Å2),
XA2 (46 Å2), and XA3 (41 Å2), with a larger one
for XA4 (53 Å2). These suggest that the L1, L2,
and L3 sites have higher affinities to fatty acid
chains. The surface area accommodating lipid
IVa is very wide, 890 Å2. This large value is
comparable to that of ligands bound to the
antibodies (24) and explains the nanomolar
affinity of MD-2 toward LPS (10).

TheMD-2 residues essential to the interaction
with TLR4 are reported to be Arg90, Lys91,
Asp100, Tyr102, Cys95, and Cys105 in the absence
of the ligands (25). A synthetic peptide from
Cys95 to Cys105, in the oxidized form, exhibits a
decrease in LPS-induced activation (18) and is
supposed to compete with MD-2 through the
interaction with TLR4. These residues are
located at the cavity entrance (Fig. 4).

The structure of CD14, which transfers LPS
to MD-2, also has a hydrophobic cavity of
dimensions nearly equal to those of MD-2 (26);
hence, it is presumed to recognize acyl chains of
LPS. The only differences between the structures
of the antagonist lipid IVa and of the agonist lipid
A are two additional acyl chains, XA3´ andXA4´
(Fig. 1). The MD-2 cavity likely could not
accommodate more than four acyl chains. When
the additional XA3´ chain ester-linked to the
XA3 O3´ atom is directed toward the inside of the
cavity, the hydrogen bonds of the XA3 O3´ atom
to both Ser120 O and to XA1 O1´ are disrupted,
and hence the XA3 and XA4 portions are
rearranged. This rearrangement would displace
some portions of XA3 andXA4 toward the region
near Val82, Leu87, and Phe126, which is reported to
affect ligand-stimulated TLR4 clustering (27).

Binding sites other than L1 through L4 for the
additional acyl chains or conformational changes
enlarging the cavity are conceivable for lipid A.
The additional lipid A acyl chains displaced from
the hydrophobic cavity might be involved in
activation upon MD-2 complexation with TLR4,
and they may induce the reported oligomerization
of TLR4 (28). This activation scheme is consistent
with the increased MD-2 affinity to lipid A upon
association with TLR4 (29). Recombinant human
MD-2 in which Ser57, Leu61, and Lys122 are
replaced with the corresponding mouse residues
(Thr57, Val61, and Glu122) is reported to be
activated by lipid IVa and lipid A (30). The
hydroxy Og atom of Ser57 in the b4 strand is
hydrogen-bonded to Glu53 N, Leu61 is located
deep in the cavity, and Lys122 is on the surface of
the cavity entrance. The former two replacements

would bring subtle changes in the construction of
the cavity, and the replacement with the glutamate
side chain would change the electrostatic proper-
ties of the cavity entrance.

We hypothesize that the MD-2 structure
unaltered by lipid IVa binding might be
essential to antagonistic properties in human
cells. The complexed structure that confines
most of lipid IVa suggests that MD-2 plays a
principal role in recognizing LPS. Moreover,
it provides a basis for structure-based devel-
opment of antiseptic drugs that might be
effective in preventing endotoxin shock.
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Fig. 4. Binding pocket
and surface properties
of MD-2. MD-2 is viewed
from a 90° rotation with
respect to Fig. 2, and
residues of interest are
indicated. (A) Protein
surface showing hydro-
phobic and hydrophilic
properties. The lipid IVa
structure is removed from
the complexed structure.
Green and red repre-
sent hydrophobicity and
hydrophilicity, respective-
ly, and the extent is in-
dicated by color darkness. (B) Electrostatic potential surface. Positive and negative potentials are shown
in blue and red, respectively. Bound lipid IVa is drawn as a ball-and-stick representation: O in red, N in
blue, C in yellow, and P in green.
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,-./01+ !!"# Binding pocket and surface properties of MD-2. (A) Protein 

surface showing hydrophobic and hydrophilic properties. Green and red 

represent hydrophobicity and hydrophilicity, respectively, and the extent is 

indicated by color darkness. (B) Electrostatic potential surface. Positive and 

negative potentials are shown in blue and red, respectively. Bound lipid IVa 

is drawn as a ball-and-stick representation: O in red, N in blue, C in yellow, 

and P in green.  
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3'/3#3++(00()3&,%;# 5,7,)# $j3# ,1#6/'2#9,)/8#QbY#rD"#-.,1# 53';/#635*/# ,1#

+(073'345/#&(#&.3&#(:# 5,;3%)1#4(*%)#&(#&./#3%&,4(),/1#3%)#/A753,%1#&./#

%3%(0(53'#3::,%,&2#(:#JBCD#&(93')#PV>"#-./#JBCD#'/1,)*/1#/11/%&,35#&(#

&./# ,%&/'3+&,(%# 9,&.# -P_R# 3'/# '/7('&/)# &(# 4/# F';bY8# P21b!8# F17!YY8#

-2'!YD8# X21bS8# 3%)# X21!YS# ,%# &./# 341/%+/# (:# &./# 5,;3%)1"# F# 12%&./&,+#

7/7&,)/#:'(0#X21bS#&(#X21!YS8#,%#&./#(A,),</)#:('08#/A.,4,&1#3#)/+'/31/#

,%# PV>C,%)*+/)# 3+&,63&,(%# 3%)# ,1# 1*77(1/)# &(# +(07/&/# 9,&.# JBCD#

&.'(*;.# &./# ,%&/'3+&,(%# 9,&.# -P_R"# -./1/# '/1,)*/1# 3'/# 5(+3&/)# 3&# &./#

+36,&2# /%&'3%+/"# -./# 1&'*+&*'/# (:# XB!R8# 9.,+.# &'3%1:/'1# PV># &(# JBCD8#

351(# .31# 3# .2)'(7.(4,+# +36,&2# (:# ),0/%1,(%1# %/3'52# /@*35# &(# &.(1/# (:#

JBCD\# ./%+/8# ,&# ,1# 7'/1*0/)# &(# '/+(;%,</# 3+25# +.3,%1# (:# PV>"# -./# (%52#

),::/'/%+/1#4/&9//%#&./#1&'*+&*'/1#(:#&./#3%&3;(%,1&#5,7,)#$j3#3%)#(:#&./#

3;(%,1&#5,7,)#F#3'/#&9(#3)),&,(%35#3+25#+.3,%18#^FNt#3%)#^FRt"#-./#JBCD#

+36,&2# 5,?/52#+(*5)#%(&#3++(00()3&/#0('/#&.3%#:(*'#3+25#+.3,%1"#L./%#

&./#3)),&,(%35#^FNt# +.3,%#/1&/'C5,%?/)# &(# &./#^FN#ONt# 3&(0# ,1#),'/+&/)#

&(93')#&./#,%1,)/#(:#&./#+36,&28#&./#.2)'(;/%#4(%)1#(:#&./#^FN#ONt#3&(0#

&(#4(&.#>/'!DY#O#3%)#&(#^F!#O!t#3'/#),1'*7&/)8#3%)#./%+/#&./#^FN#3%)#

^FR#7('&,(%1#3'/#'/3''3%;/)"#-.,1#'/3''3%;/0/%&#9(*5)#),1753+/#1(0/#

7('&,(%1# (:# ^FN# 3%)# ^FR# &(93')# &./# '/;,(%# %/3'# j35QD8# P/*Qa8# 3%)#

V./!D`8#9.,+.# ,1# '/7('&/)# &(# 3::/+&# 5,;3%)C1&,0*53&/)#-P_R# +5*1&/',%;"#



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

# NY#

=,%),%;#1,&/1#(&./'#&.3%#P!#&.'(*;.#PR#:('#&./#3)),&,(%35#3+25#+.3,%1#('#

+(%:('03&,(%35#+.3%;/1#/%53';,%;#&./#+36,&2#3'/#+(%+/,6345/#:('#5,7,)#F"#

-./#3)),&,(%35#5,7,)#F#3+25#+.3,%1#),1753+/)#:'(0&./#.2)'(7.(4,+#+36,&2#

0,;.&#4/#,%6(56/)#,%3+&,63&,(%#*7(%#JBCD#+(075/A3&,(%#9,&.#-P_R83%)#

&./2#032# ,%)*+/# &./# '/7('&/)#(5,;(0/',<3&,(%#(:#-P_R"#-.,1#3+&,63&,(%#

1+./0/# ,1# +(%1,1&/%&#9,&.# &./# ,%+'/31/)#JBCD# 3::,%,&2# &(# 5,7,)# F# *7(%#

311(+,3&,(%# 9,&.# -P_R"# _/+(04,%3%&# .*03%JBCD# ,%# 9.,+.# >/'Sa8#

P/*`!8# 3%)# P21!DD# 3'/# '/753+/)# 9,&.# &./# +(''/17(%),%;# 0(*1/#

'/1,)*/1T-.'Sa8#j35`!8#3%)#W5*!DDU#,1#'/7('&/)#&(#4/#3+&,63&/)#42#5,7,)#

$j3# 3%)# 5,7,)# F"# -./# .2)'(A2# # 3&(0# (:# >/'Sa# ,%# &./# 4R# 1&'3%)# ,1#

.2)'(;/%C4(%)/)# &(# W5*SN# H8# P/*`!# ,1# 5(+3&/))//7# ,%# &./# +36,&28# 3%)#

P21!DD# ,1# (%# &./# 1*':3+/# (:# &./# +36,&2# /%&'3%+/"# -./# :('0/'# &9(#

'/753+/0/%&1# 9(*5)# 4',%;# 1*4&5/# +.3%;/1# ,%# &./# +(%1&'*+&,(%# (:# &./#

+36,&28#3%)#&./#'/753+/0/%&#9,&.#&./#;5*&303&/#1,)/#+.3,%#9(*5)#+.3%;/#

&./#/5/+&'(1&3&,+#7'(7/'&,/1#(:#&./#+36,&2#/%&'3%+/"#

#

:;<;:;=;C; /4EC,

##

-P_R# ,1# +(07(1/)# (:# 3# `YQ# '/1,)*/# /A&'3+/55*53'# )(03,%8# 3# 1,%;5/#

&'3%10/04'3%/#)(03,%8#3%)#3#!Qa#'/1,)*/# ,%&'3+/55*53'#)(03,%`D#TM,;"#

!DU"#-./#+'21&35#1&'*+&*'/#1.(91#&.3&#-P_R#,1#3%#*%*1*35#0/04/'#(:#&./#

uu&27,+35gg# 1*4:30,52# (:# &./# P__# 1*7/':30,52"# -27,+35# 1*4:30,52# P__#

7'(&/,%1# .36/# +.3'3+&/',1&,+# .('1/C1.(/C5,?/# 1&'*+&*'/1#9.(1/# +(%+36/#

1*':3+/# ,1# :('0/)# 42# 73'355/5# 4# 1&'3%)1# 3%)# 9.(1/# +(%6/A# 1*':3+/# ,1#

:('0/)#42# 5((71# 3%)#N!Y#./5,+/1# `N"# -./#73'355/5# 4# 1.//&# (:# &./# &27,+35#

1*4:30,52# .31# *%,:('0# &9,1&# 3%;5/1# 3%)# '3),,# &.'(*;.(*&# &./# /%&,'/#

7'(&/,%"#i%5,?/#(&./'#&27,+35#:30,52#0/04/'1#,%+5*),%;#-P_N8#3%35C#21,1#

(:#&./#4#1.//&#+(%:('03&,(%#(:#-P_R#)/0(%1&'3&/1#&.3&#,&#+3%#4/#),6,)/)#
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# N!#

,%&(#HC8#+/%&'358#3%)#XC&/'0,%35#)(03,%1#3%)#*%)/';(/1#1.3'7#1&'*+&*'35#

&'3%1,&,(%1# 3&# &./# )(03,%# 4(*%)3',/1"# -./# HC&/'0,%35# )(03,%# 1&3'&1#

:'(0#30,%(# 3+,)# '/1,)*/#D`# 3%)# /%)1# 3&# '/1,)*/#DY!# 3%)# +(%&3,%1# &./#

P__H-# 0()*5/# 3%)# P__# 0()*5/1# !# &(# `"# -./# P__H-# 0()*5/# .31# %(#

1/@*/%+/#.(0(5(;2#9,&.# &./#P__#0()*5/1# 3%)#7'(&/+&1# &./#(&./'9,1/#

/A7(1/)#.2)'(7.(4,+# +('/1# (:# &./# P__#0()*5/1"# -./# 1/@*/%+/1# (:# &./#

1,A# P__# 0()*5/1# ,%# &./# HC&/'0,%35# )(03,%# 3;'//# 9/55# 9,&.# &./#

+(%1/'6/)#73&&/'%#(:#P__#0()*5/1#(:#&./#&27,+35#1*4:30,52"#

#

,-./01+!2"#-(55#P,?/#_/+/7&('#R#T-P_RU#/+&()(03,%+

#

-./# '3),*1# 3%)# &9,1&# 3%;5/# (:# &./# HC&/'0,%35# )(03,%# 351(# 3;'//# 9/55#

9,&.#&.(1/#(:#&27,+35#P__#1*4:30,52#0/04/'1"#-./#XC&/'0,%35#)(03,%#(:#

-P_R#+(%&3,%1#&./#P__X-#0()*5/#3%)#P__#0()*5/1#!N#&(#DD"#-./#'3),*1#

(:#&./#4#1.//&#(:#&./#XC&/'0,%35#)(03,%#,1#DQv#53';/'#&.3%#&.3&#(:#&./#HC



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

# ND#

&/'0,%35#)(03,%"#P,?/#P__H-8#&./#P__X-#0()*5/#+(%&3,%1#&9(#),1*5n)/#

4(%)1# 3%)# +(6/'1# &./# .2)'(7.(4,+# +('/# (:# &./# P__#0()*5/1# 3&# &./# X#

&/'0,%*1"#-./#+/%&'35#)(03,%#,1#+(07(1/)#(:#P__#0()*5/1#a#&(#!D#3%)#

.31# 3# NSv# 10355/'# '3),*1# 3%)# &.'//# &,0/1# ;'/3&/'# &9,1&# 3%;5/1# &.3%#

&.(1/#(:#-P_N"#$&#,%+5*)/1#&./#uu.27/'63',345/gg#'/;,(%#&.3&#,1#/11/%&,35#:('#

'/+(;%,&,(%#(:#3%#PV>#63',3%&#:'(0#V"#3/'*;,%(13`R"#-./#+(%:('03&,(%35#

63',3&,(%#(:#&./#+/%&'35#)(03,%#377/3'1#&(#(',;,%3&/#:'(0#&.'//#+.3%;/1#

,%#,&1#1/@*/%+/#+(%1/'63&,(%#73&&/'%"#-./#1&3%)3')#P__#0()*5/#+(%&3,%1#

&9(# 63',345/# 30,%(# 3+,)1# 4/&9//%# &./# n'1&# 3%)# 1/+(%)# +(%1/'6/)#

5/*+,%/1"# d(9/6/'8# &./# P__#0()*5/1# (:# &./# +/%&'35# )(03,%# .36/# (%52#

(%/# 63',345/# '/1,)*/"# >,;%3&*'/# '/1,)*/1# ,07('&3%&# ,%# &./# 1&'*+&*'/# (:#

&./# uu&27,+35gg# 1*4:30,52# P__# 7'(&/,%1# 3'/# 0,11,%;# :'(0# &./# +/%&'35#

)(03,%`S"# $%# &./# &27,+35# 1*4:30,528# &./# +(%1/'6/)# 3173'3;,%/1# :('0# 3#

+(%&,%*(*1# .2)'(;/%C4(%),%;# 53))/'# 3%)# &./# 7./%25353%,%/1# :('0# 3#

.2)'(7.(4,+#17,%/``"#$%#-P_R8#&./#3173'3;,%/#53))/'#,1#341/%&#:'(0#P__#

0()*5/1# b# %!D# 3%)# &./# 7./%25353%,%/# 17,%/# ,1# 4'(?/%# 3&# &./# 4(')/'#

4/&9//%#&./#+/%&'35#3%)#&./#XC&/'0,%35#)(03,%"#-./#5/%;&.1#(:#&./#P__#

0()*5/1#(:#&./#+/%&'35#)(03,%#63'2#+(%1,)/'34528#'3%;,%;#:'(0#DY#&(#NY#

30,%(# 3+,)# '/1,)*/1`a"# -./# 5/%;&.# (:# &./# P__# 0()*5/# ,1# 1&'(%;52#

+(''/53&/)#9,&.#&./#(6/'355#1.37/#(:#&./#.('1/C#1.(/C5,?/#1&'*+&*'/"#-./#

P__#1*7/':30,52#+(%1,1&1#(:#1,A#1*4:30,5,/18#9,&.,%#9.,+.#&./#5/%;&.1#(:#

&./#P__#0()*5/1#3'/#+(%1/'6/)"#>*4:30,5,/1#9,&.#1.('&/'#P__#0()*5/1#

.36/# 5((71# ,%#&./,'#+(%6/A#'/;,(%18#3%)#&.(1/#9,&.# 5(%;/'#(%/1#.36/#3C

./5,+35#1&'*+&*'/1"#>,%+/#3%#3#./5,A#'/@*,'/1#0('/#173+/# &.3%# 5((718# &./#

.('1/1.(/C5,?/#1&'*+&*'/1#9,&.# 5(%;/'#P__#0()*5/1#.36/#10355/'# '3),,"#

-.*1# &./# 53';/# 63',3&,(%# ,%# &./# 5/%;&.# (:# &./# P__#0()*5/1# 377/3'1# &(#

3::/+&#&./#'3),*1#3%)#1.37/#(:#&./#.('1/1.(/C5,?/#1&'*+&*'/#(:#&./#+/%&'35#

)(03,%"##

#



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

# NN#

!"=" 782=(/)A%$:6(

#

!"="!" B%&+5%/(/)A%$:6(

#

:;C;:;:; 4?!,

#

,7(7(5213++.3',)/# TPV>U# TM,;"# !NU# ,1# &./# 4/1&# +.3'3+&/',</)# 3%)#

9,)/17'/3)#5,;3%)#(:#-P_R#'/+/7&('#+(075/A"#PV>#,1#3#03E('#+(07(%/%&#

(:# &./#(*&/'#0/04'3%/# (:# W'30C%/;3&,6/#43+&/',38# +(%&',4*&,%;# ;'/3&52#

&(#&./#1&'*+&*'35#,%&/;',&2#(:#&./#43+&/',38#3%)#7'(&/+&,%;#&./#0/04'3%/#

:'(0# +/'&3,%# ?,%)1# (:# +./0,+35# 3&&3+?"# PV># 351(# ,%+'/31/1# &./# %/;3&,6/#

+.3';/#(:# &./#+/55#0/04'3%/#3%)#./571#1&34,5,</# &./#(6/'355#0/04'3%/#

1&'*+&*'/"# $&# ,1# (:# +'*+,35# ,07('&3%+/# &(# ;'30#%/;3&,6/# 43+&/',38#9.(1/#

)/3&.#'/1*5&1#,:#,&#,1#0*&3&/)#('#'/0(6/)`Q"##

#

#

,-./01+!3"#>+./03&,+#1&'*+&*'/#(:#5,7(7(5213++.3',)/#TPV>U#:'(0#K"X(5,+

#

PV># +(%1,1&# (:# 3# ;52+/'(7.(17.(5,7,)# ),0/'# TP,7,)FU# 3%)# (:# 3#

'30,:,+3&/)#7(5213++.3',)/#+.3,%#+(00(%52#),6,)/)#,%#OC+.3,%#3%)#+('/#

(5,;(13++.3',)/"#

-./# P,7,)F# TM,;"# !RU# +(%1&,&*&/# &./# 1(# +355/)# /%)(&(A,%# +/%&/'# (:# PV>#

&.*1# 7'(6,),%;# &./# 0,%,035# 1&'*+&*'/# '/17(%1,45/# :('# &(A,+,&2# ,%#

6/'&/4'3&/1"# X./0,+3552# 355# P,7,)F# 3'/# +(%1&,&*&/)# (:# BC;5*+(130,%/#



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

# NR#

),13++.3',)/# !T!C`U# 5,%?/)"# -./# ),13++3',)/# +3'',/1# &9(# 7.(17.3&/#

/1&/'1#;'(*71# 5,%?/)#&(# &./#!#3%)#Rg7(1,&,(%1"#M(*'#T_UCNC.2)'(A2# :3&&2#

3+,)1#3'/#5,%?/)#/1&/'#T7(1,&,(%#N#3%)#NgU#3%)#30,)/#T7(1,&,(%#D#3%)#DgU#

5,%?3;/1# &(# &./# ),113+.3',)/"# $%# ;/%/'35# &9(# :3&&2# 3+,)1# 3'/# 3+253&/)# 3&#

&./,'# NC.2)'(A25# ;'(*7"# B/17,&/# &.,1# +(00(%# 3'+.,&/+&*'/8# 5,7,)# F# (:#

),::/'/%&#43+&/',35#(',;,%#032#63'2# ,%# &./,'# :,%/#1&'*+&*'/"#j3',3&,(%1# ,%#

1&'*+&*'/# '/1*5&1# :'(0# &/# &27/# (:# ./A(1300,%/# 7'/1/%&8# &./# )/;'//# (:#

7.(17.('253&,(%8# &./# 7'/1/%+/# (:# 7.(17.3&/# 1*41&,&*/%&1# 3%)8# 0(1&#

%(&34528#&./#%3&*'/8#+.3,%#5/%;&.8#%*04/'#3%)#5(+3&,(%#(:#5,7,)#+.3,%1"#K"#

X(5,# ,1#+(%1,)/'/)#&./#+5311,+35#7'(&(&27/#3%)#7'/1/%&#!R#+3'4(%#5/%;&.#

:3&&2# 3+,)1# TNC.2)'(A2&/&'3)/+3%(,+# 3+,)U"# -./# .2)'(A2# ;'(*71# (:# &./#

&9(# T_UCNC.2)'(A2# :3&&2# 3+,)# (:# &./# ),1&35# W5+HC'/1,)*/# TW5+H# $$U# 3'/#

3+253&/)# 42# %(%C.2)'(A253&/)# :3&&2# 3+,)1# 9./'/31# &.(1/# 3&# &./# W5+HC

'/1,)*/#3&/#&./#'/)*+,%;#1,&/#TW5+H#$U#3'/#:'//"##

-.*1#&./#(6/'355#3+253&,(%#73&&/'%#,1#31200/&',+#TRwDU"#$%#+(%&'31&8#,%#3#

1/+(%)#;'(*7#(:#5,7,)#F#3#1200/&',+35#:3&&2#3+,)#),1&',4*&,(%#TNwNU#931#

,)/%&,:,/)8# 31# 9,&.# H/,11/',3# 0/%,%;,&,)/1"# -./# +.3,%# 5/%;&.# (:# 30,)/C

5,%?/)# 3+25# ;'(*71# ,1# +(%1&3%&# ,%# 31200/&',+3552# 3+253&/)# 5,7,)# F#

9./'/31# ,&# 63',/1# 30(%;# 1&'3,%1# 9,&.# 1200/&',+35# :3&&2# 3+,)#

),1&',4*&,(%`b"#

J*&3%&31# 53+?,%;# ,%# P,7,)# F# 3%)# 4(&.# IBO# 1.(9# %(# 6,&35,&2#

)/0(%1&'3&,%;# &.3&# &./# 0,%,035# '/@*,'/0/%&# :('# 43+&/',35# 6,34,5,&2# ,1#

P,7,)# F# 3%)# 3&# 5/31&# (%/# IBO"# -./# OCX.3,%# ,1# 3%# (5,;(13++.3',)/#

+(07(1/)# (:# (%/# &(# /,;.&# ;52+(125# '/1,)*/1# *%,&1# '/7/3&/)# 3# 63',345/#

%*04/'#(:# &,0/1#)/7/%),%;#(%# &./# 1&'3,%"#-./# 1&'*+&*'/#(:# &.(1/#*%,&1#

),::/'1# :'(0#1&'3,%1# &(#1&'3,%# &.*1#/A.,4,&,%;#3%#/%('0(*1#63',34,5,&2aYC

aD"#

#



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

# NS#

#

,-./01+!4"#P,7,)#F#:'(0#K"X(5,+

#

-./#+('/#'/;,(%#,1#),6,)/)#,%&(#3%#(*&/'#3%)#3%#,%%/'#7('&,(%"#-./#+('/#

,1# 0('/# 1&'*+&*'3552# *%,:('0# &.3%# &./# OC+.3,%# 4*&# 3# 5,&&5/# 1&'*+&*'35#

),6/'1,&2# ,1# :(*%)# 7',03'52# ,%# &./# (*&/'# +('/# '/;,(%"# F1# :('# 5,7,)# F#

7('&,(%# 351(# :('# &./# +('/# K"# X(5,# ,1# 3# ;(()# 1&'*+&*'35#0()/5"# -./# (*&/'#

+('/#+(%&3,%1#&./#+(00(%#./A(1/#BC;5*+(1/8#BC;353+&(1/#3%)#HC3+/&25C

BC;5*+(1300,%/# ,%# &./# 5,%?3;/# 1.(9%# ,%# :,;*'/# A2"# B/17,&/# 1&'*+&*'35#

),::/'/%+/1# 9,&.,%# &./# ),::/'/%&# +('/# &27/18# 3# +(00(%# 1/@*/%+/# (:#

./A(1/# '/1,)*/1# 7(11/11# &./# ;/%/'35# 1&'*+&*'/G# "dK^!# Cx# D"d/A!# Cx#

D"d/A!#Cx#N"W5+!#Cx#N"`b"#

-./# ,%%/'# +('/# ,1# +(07(1/)# (:# &./# +.3'3+&/',1&,+# 3%)# PV>C17/+,:,+#

+(07(%/%&1# ./7&(1/# Td/7U8# 03,%52# ,%# &./# PC;52+/'(CBC03%%(#



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

# N`#

+(%:,;*'3&,(%8# 3%)# NC)/(A2CBC03%%(C(+&(1*5(%,+# T('# DC?/&(CNC

)/(A2(+&(%,+U# 3+,)# TI)(U"# -./# d/7# 3%)# I)(# '/1,)*/1# 3'/8# ,%# ;/%/'358#

1*41&,&*&/)# 42# +.3';/)# ;'(*71# 1*+.# 31# 7.(17.3&/8# 72'(7.(17.3&/8# DC

30,%(/&.257.(17.3&/# 3%)# DC30,%(/&.2572'(7.(17.3&/8# 5/3),%;# &(# 3%#

3;;5(0/'3&,(%#(:#+.3';/)#'/1,)*/1#,%#&.,1#,%%/'#73'&#(:#&./#+('/#'/;,(%"#

-./# .,;.# )/%1,&2# (:# %/;3&,6/52# +.3';/)# '/1,)*/1# ,1# 5,?/52# &(# 4/# (:#

7.21,(5(;,+35# 1,;%,:,+3%+/8# 31# ,&# +(%+/%&'3&/1# 4,635/%&# +3&,(%1# 1*+.# 31#

X3Dw# 3%)# J;Dw# ,%# &./# +5(1/# /%6,'(%0/%&# (:# &./# +/55# 1*':3+/# 9./'/#

+3&,(%1# 3'/# '/@*,'/)# :('# &./# 1&'*+&*'35# 3%)# :*%+&,(%35# ,%&/;',&2# (:# &./#

(*&/'#0/04'3%/`b"#

-./#0,%,035#PV>#'/@*,'/)#:('#&./#;'(9&.#(:#K"#+(5,#+(%1,1&1#(:#&./#5,7,)#F#
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Comparison with the recently published structure of the monomeric
TLR4 andMD-2 complex shows that the overall folding of TLR4 and
MD-2 is not disturbed by LPS binding or dimerization2. TLR4 adopts
the characteristic horseshoe-like shape of the LRR superfamily16

(Fig. 1b). MD-2 has a b-cup fold structure composed of two anti-
parallel b sheets forming a large hydrophobic pocket for ligand bind-
ing2,3. LPS binds to this pocket and directly mediates dimerization of
the two TLR4–MD-2 complexes (Fig. 1a). As shown previously2, the
primary contact interface between TLR4 and MD-2 that is formed
before LPS binding involves two chemically distinct regions, the A
and B patches provided by the N-terminal and the central domains of
TLR4, respectively. The main dimerization interface of MD-2 is
located on the opposite side of the primary interface and interacts
with LRR modules 15–17 in the C-terminal domain of TLR4 (Fig. 1a
and Supplementary Fig. 2a). For dimerization, TLR4 forms hydro-
phobic and hydrophilic bonds directly with LPS and the surrounding
F126 and L87 loops of MD-2. The F126 and L87 loops connect the
bG–bH and bE–bF strands of MD-2, respectively (Supplementary
Fig. 2b). Throughout this paper, we have marked the second TLR4
and MD-2 molecules and their amino acid residues in the hetero-
tetrameric complex with an asterisk to distinguish them from those
of the primary TLR4 and MD-2 complex (Fig. 1).

The lipid A component of Escherichia coli LPS contains two phos-
phorylated glucosamines that are connected by a b(1–6) linkage and
acylated by six lipid chains (Fig. 2a). The lipid chain attached to theC29
carbon of the glucosamine is labelled R29. The R20 chain is connected

to the R29 lipid by an ester link. The other lipid chains are named in a
similar manner. In the crystal structure these lipid chains interact with
the hydrophobic pocket inMD-2 (Fig. 2b). The carbon chains of lipids
R3, R29, R39, R20 and R30 are completely buried inside the pocket, but
the R2 chain is partially exposed to the MD-2 surface composing the
core hydrophobic interface for interaction with TLR4*. The ester and
amide groups connecting the lipids to the glucosamine backbone or to
the other lipid chains are exposed to the surface ofMD-2.They interact
with hydrophilic side chains located on the bG strand of the MD-2
pocket and on the surface of TLR4 and TLR4* (Fig. 2c). The two
phosphate groups of the lipid A bind to the TLR4–MD-2 complex
by interacting with positively charged residues in TLR4, TLR4* and
MD-2 and making a hydrogen bond to S118 of MD-2 (Fig. 2d).

Both hydrophobic and hydrophilic interactions contribute to the
main dimerization interaction between MD-2/LPS and TLR4*
(Fig. 3a). The hydrophobic R2 lipid chain of LPS interacts directly
with a small hydrophobic patch on the surface of TLR4* composed of
two phenylalanines, F440* and F463* at the core, and L444* at the
periphery (Fig. 3b, c). The hydrophobic residues V82,M85, L87, I124
and F126 of MD-2 supplement this core hydrophobic interface.
Hydrophilic residues in the F126 loop and the R90 residue of MD-2
form hydrogen bonds and ionic interactions with TLR4* that
surround and support thehydrophobic coreof thedimerization inter-
face. The 3-hydroxyl group of the R2 chain of LPS contributes to the
interaction by forming a hydrogen bond with Q436* of TLR4*. Two
phosphate groups, the 1-phosphate and 49-phosphate of lipid A, also
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Figure 2 | Bindingof LPS toTLR4andMD-2. a, Chemical structure of theRa
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shown by broken blue lines. b, The molecular surface of the MD-2 pocket is

drawn in mesh. c, Hydrogen bonds between lipid A and TLR4–MD-2.
d, Ionic andhydrogen bond interactions of the two phosphate groups of lipid
A. Interaction distances in ångströms are written. Inner core carbohydrates
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LETTERS NATURE |Vol 458 |30 April 2009

1192
 Macmillan Publishers Limited. All rights reserved©2009



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

# RY#

,)/%&,:,/)"# O:# &./1/8# &./# &(&35# %*04/'# (:# 5,7,)# +.3,%1# ,1# &./# 0(1&#

,07('&3%&#:3+&('"#P,7,)#F#9,&.#1,A#5,7,)#+.3,%1#.31#(7&,035#,%:53003&('2#

3+&,6,&28#9.,5/#5,7,)#F1#9,&.#:,6/#5,7,)#+.3,%1#3'/#8!YYC:(5)#5/11#3+&,6/8#3%)#

&.(1/# 9,&.# :(*'# 5,7,)# +.3,%18# 1*+.# 31# K',&('3%8# .31# 3%&,C/%)(&(A,%#

T3%&3;(%,1&U#3+&,6,&2"##

#

#

,-./01+ !@"# -./# 03,%# ),0/',<3&,(%# ,%&/':3+/# (:# &./# -P_RcJBCDcPV>#
+(075/A"# TFU# O6/'355# 1.37/# (:# &./# 03,%# ),0/',<3&,(%# ,%&/':3+/"# -./#
7',03'2#,%&/':3+/#,1#+5311,:,/)#,%&(#F#3%)#=#73&+./18#9.,+.#3'/#03'?/)#,%#
'/)D"#T=U#-./#),0/',<3&,(%#,%&/':3+/#.31#4//%#175,&#3%)#'(&3&/)#&(#1.(9#
&./# '/1,)*/1# ,%6(56/)"# -./# P__# 0()*5/# %*04/'1# (:# -P_Rz# 3%)# &./# 4#
1&'3%)1#(:#JBCD#3'/#534/55/)#,%#;'//%#3%)#'/)8#'/17/+&,6/52"##
#

play an important role in dimerization by binding to a positively
charged cluster of lysines and an arginine from TLR4, TLR4* and
MD-2 (Figs 2d and 3a, c). LPS binding and dimerization induce
localized changes in the structure of the F126 loop of MD-2, and in
the radius and bending angle of TLR4 (Supplementary Figs 3 and 4).

In addition to the main interaction described above, several
secondary interactions contribute to the dimerization. A metal ion
found near the 49-phosphate group appears to connect the MD-2–
LPS complex to TLR4 either directly, or indirectly through water

molecules (Supplementary Fig. 5). This is probably a magnesium
ion supplied by the crystallization buffer and appears to be dispen-
sable for LPS binding and receptor dimerization because neither are
blocked by EDTA treatment (data not shown). TLR4 makes an addi-
tional contribution to dimerization by directly contacting TLR4*
(Supplementary Fig. 6). Carbohydrates in the inner core of LPS form
several bonds with the metal ion and the MD-2 and TLR4 molecules
(Supplementary Fig. 7). The importance of these carbohydrate inter-
actions in receptor dimerization is, however, not obvious, because
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they are not essential for the endotoxic activity of LPS17. The Kdo III
group of the inner core and all carbohydrates in the outer core are not
clearly visible in the electron density map, presumably because their
structures and positions are not fixed by interaction with the proteins.

Our structural observations on the TLR4–MD-2–LPS complex are
supported by previous biochemical and mutagenesis studies. We
have shown that truncation of the C-terminal domain of TLR4 blocks
LPS-induced dimerization without compromising LPS binding
activity2. In the crystal structure, the main dimerization interface of
TLR4 is located at LRR modules 15–17 in the C-terminal domain.
Therefore, truncation of all these LRR modules should completely
block dimerization. Mutation of F126 and the surrounding residues
in MD-2 also blocked LPS-induced dimerization2,18. Residue F126 is
located in the core of the dimerization interface and initiates struc-
tural changes in MD-2 (Fig. 3 and Supplementary Fig. 3). In the
monomeric structures of MD-2 bound to non-agonistic ligands2,3,
F126 is exposed to the solvent area without interacting with any
ligand or protein residues (Supplementary Fig. 3b). On the contrary,
in the dimerized structure of the TLR4–MD-2–LPS complex, F126
together with L54, Y131 and I124 of MD-2 forms extensive hydro-
phobic bonds with lipid chains R2 and R3 of LPS, and F440* of
TLR4* (Supplementary Fig. 3c). These interactions are important
for positioning the R2 lipid chain correctly and inducing a ,5 Å
structural shift in the F126 loop, which moves the critical residues
G123, I124 and K125 to positions suitable for the dimerization inter-
action with TLR4*. Hence, changing F126 to alanine, with its smaller
side chain, should disrupt this core interaction and prohibit receptor
dimerization. Mutations of other residues in the F126 loop also
interfere with LPS binding and signalling19–22. Interestingly, a mutant
MD-2 with K125 changed to alanine shows normal LPS binding and
receptor activation activity22. This is because the backbone atoms, but
not the side chain atoms, are involved in receptor dimerization.

Recently the structures of MD-2 bound by two antagonists,
Eritoran and lipid IVa, have been reported2,3. In these crystal struc-
tures, the four lipid chains of the antagonists completely fill the
available space in the pocket. E. coli LPS has two more lipid chains

than these antagonists, so it has been proposed that global structural
changesmay take place in theMD-2 pocket to accommodate the extra
lipid chains2,3,23.Unexpectedly, the crystal structureof theTLR4–MD-2–
LPS complex demonstrates that the size of the MD-2 pocket is
unchanged and that additional space for lipid binding is generated
by displacing the glucosamine backbone upwards by,5 Å (Fig. 4).
This shift of the glucosamines repositions the phosphate groups such
that they can interact with positively charged residues of TLR4 and
TLR4*, thus promoting the dimerization and activation of the receptor
complex (Figs 2d and3a, c). Interestingly, the glucosamine backbones of
the antagonists are not only translated but also rotated by,180 degrees,
so interchanging the two phosphate groups. More research is needed to
establishwhether all LPSderivativeswith four lipid chains cause a similar
rotation of the phospho-glucosamine backbones.

The structure-activity relationship of the lipid A of LPS has been
extensively studied and several factors governing the immunological
activity of LPS have been identified15,24. Of these, the total number of
lipid chains is themost important factor. Lipid A with six lipid chains
has optimal inflammatory activity, while lipidAswith five lipid chains
are ,100-fold less active, and those with four lipid chains, such as
Eritoran, completely lack agonistic activity25,26. The lipid chains of LPS
interact hydrophobically with MD-2, and hydrophobic interactions
are not sensitive to distance and angle, so if the chemical structure of
the chains is changed their positions can be shifted to maximize
hydrophobic contact. Therefore, in LPS with five or less lipid chains,
all the lipid chains probably move further into the pocket to fill the
empty space, and there should be substantial energetic penalties when
they move back to the surface of MD-2 for dimerization with TLR4*.

The twophosphate groups in the lipidA region also greatly affect the
endotoxic activity of LPS15,24. Deletion of either of these phosphate
groups reduces endotoxic activity,100-fold and the resulting mono-
phosphoryl LPS (MPL) is only a weak activator of the human innate
immune response. Furthermore, an MPL based on lipid A from
Salmonella minnesota selectively activates the TLR4–TRAM–TRIF
signalling pathway but not the TLR4–Mal–MyD88pathway27 (Supple-
mentary Fig. 1). This data suggest that deletion of the 1-phosphate
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Figure 4 | Structural comparison of LPS with antagonists. a, Comparison
of LPS and Eritoran after superimposition of MD-2. LPS and Eritoran are
coloured red and blue, respectively. b, Comparison of LPS and lipid IVa. The
structures of LPS and lipid IVa are shown after superimposition of MD-2.

The shape of theMD-2 pocket is drawn schematically with broken lines. The
glucosamine rings and the phosphate groups are represented in darker
colours.
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extended conformation, the R20 and R30 acyl chains are
bent in the middle (Figure 5C). The double bond of the
R20 acyl chain has a cis conformation, and the chain
makes a 180 degree turn at the cis double bond to occupy
the empty space in the pocket (Figure 5D).
The di-glucosamine backbone of Eritoran conserved in

all LPS molecules is fully exposed to solvent. Although
the di-glucosamine sugars do not interact directly with
MD-2, the two phosphate groups attached to the back-
bone form ionic bonds with several positively charged res-
idues located at the opening of the pocket (Figures 5D and
5E). This is consistent with biochemical studies showing
that thedi-glucosaminegroupsaredispensable for binding
of synthetic ligandsderived fromLPS toMD-2,whereas the
phosphate groups are essential (Brandenburg et al., 2004).
The TV3 hybrid does not contain the B patch but still

forms a stable complex with MD-2, suggesting that the
A patch of TLR4 plays the major role in MD-2 interaction.
This is consistent with the evolutionary analysis of TLR4
where the A patch shows higher conservation than the B
patch (Figure 3C). All the residues involved in the A-A0

patch interaction are present in the TV3-MD-2 complex,
and deletion of the B patch induces no substantial struc-
tural changes in the interaction of the A and A0 patches.

Structural Comparison of TLR4 and MD-2
with Related Proteins
We compared the structures of mouse TLR4 in complex
with MD-2 and the human TLR4 without bound MD-2.
Mouse and human TLR4 have 62.4% sequence identity
and therefore are expected to have highly homologous
structures. Indeed, the N- and C-terminal domains of the
two TLR4 structures could be superimposed with average
Ca rms differences of 0.66 Å and 1.56 Å, respectively
(Figure S2). The largest structural differences of the
C-terminal domain were located in the LRRCT module,
where the insertion of Glu563 in human TLR4 caused a
3.5 Å displacement of the LRRCT module.

The central domains differ substantially more in struc-
ture than the N- and C-terminal domains. MD-2-bound
mouse TLR4 has its LRR9 loop shifted by more than
12 Å, which bends the entire horseshoe-like structure
by approximately 20 degrees. The observed structural
change is unlikely to be due to the sequence differences
between human and mouse TLR4 central domains. These
are 56% identical, and residues with clear structural roles
are strictly conserved. Instead, the structural change is
likely to be caused by MD-2 binding because the LRR9
loop of mouse TLR4 occupies the central region of the B

Figure 5. Structure of the TLR4-MD-2-
Eritoran Complex
(A) Overall structure of the TV3-hMD-2-Eritoran

complex. The TLR4 part of TV3 is colored blue

and the VLR part gray.

(B) Closeup view of the human MD-2 and

Eritoran complex. The bound TV3 hybrid is

omitted for clarity. The carbon, oxygen, and

phosphorous atoms of Eritoran are green,

red, and orange, respectively. MD-2 residues

interacting with the hydrophobic acyl chains

of Eritoran are colored magenta and labeled.

(C) Shape of the Eritoran-binding pocket. The

surface of MD-2 is drawn in purple mesh. The

four acyl chains of Eritoran are labeled.

(D) Chemical structure of Eritoran. MD-2 resi-

dues interacting with Eritoran are labeled. The

b strands are shown schematically as broken

arrows.

(E) Surface representation of MD-2. Positively

and negatively charged surfaces are colored

blue and red, respectively. Lysines and argi-

nines interacting ionically with Eritoran are

labeled. The bound TV3 hybrid is omitted for

clarity.
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Spermine-Sulfonamide Analogs (SPM, Series 1), Monosubstituted 

Homologated Spermine-Sulfonamide Analogs (HOMO-SPM, Series 2), Bis-

Substituted Bis-Homologated Spermine-Sulfonamide Analogs (Bis-Sub-Bis-

report hydrophobic interactions.60-62 Furthermore, the cell-based

cytokine inhibition data reflects a more complex, multistep

process.

In contract to monosulfonamides discussed above, the bis-

sulfonamide analogs (Series 3), as well as branched-chain

compounds (Series 4 and 5), showed an apparent inverse

relationship between carbon lengths and binding affinity and

antiendotoxic activity. Maximal affinity and activity was

observed with C8 substitutions (3A, 4A, 5A) and decreased with

longer hydrophobic groups. This, however, is not inconsistent

with the results obtained with the monosulfonamides for the

compounds in Series 3-5 have two hydrophobic groups in
sulfonamide linkages, and the net carbon number for the C8

analogs is 16. The additional hydrophobicity gained with longer

appendages results in lower aqueous solubility, leading to an

apparent decrease in activity, as has been noted in other

lipopolyamines we examined earlier.51,63,64

To further define the molecular requirements of this inhibition,

a variety of analogs shown in Table 2 were produced. The

absolute requirement for a poly-charged species is demonstrated

by oxa- and carba-analogs 20 and 21. These nonpolyamine

analogs showed much weaker activities, suggesting that the

internal secondary amines (H-bond donor atoms) may contribute

to the enthalpy of binding via additional H-bonds with the

glycosidic backbone of lipid A (see Figure 1). This conjecture

is also supported by the observation that22, which is substituted

on one of its internal secondary amines, shows greatly dimin-

ished activity compared to its primary amine-substituted re-

gioisomer 1D. Additional analogs containing the same number

of charges, but with differing spacing relative to spermine in

Table 1. Binding Affinity (BC Displacement; ED50) and Biological Activity (NO Inhibition in Murine J774 Cells; IC50; NFκ! Inhibition, IC50) of
Monosubstituted Spermine-Sulfonamide Analogs (SPM, Series 1), Monosubstituted Homologated Spermine-Sulfonamide Analogs (HOMO-SPM, Series
2), Bis-Substituted Bis-Homologated Spermine-Sulfonamide Analogs (Bis-Sub-Bis-HOMO-SPM, Series 3), Disubstituted Branched
Spermine-Sulfonamide Analogs (Branched-SPM, Series 4), Disubstituted Branched Homologated Spermine-Sulfonamide Analogs
(Branched-HOMO-SPM, Series 5
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with asthma is significantly elevated compared with healthy
volunteers (Sausa et al., 1996). In some animal models of
sepsis, hemodynamics and survival are improved when the
actions of IL-1 are blocked by an IL-1 receptor antagonist
(Fischer et al., 1992; Norman et al., 1995). Tumor necrosis
factor-! (TNF-!) is also known to exhibit diverse physiologic
effects and is one of the most prominent proinflammatory
mediators. It can exert host-damaging effects in sepsis, fever
syndromes, and cachexia as well as in autoimmune diseases
such as RA, psoriasis, and IBD (Raza, 2000; Hehlgans and
Pfeffer, 2005). For example, TNF-! induces the secretion of
inflammatory cytokines and chemokines from stroma cells,
endothelial cells, and mucosal mononuclear cells in IBD
(MacDermott, 1996). NO derived from inducible NO synthase
(iNOS) also seems to be a proinflammatory mediator with
immunomodulatory effects (Guzik et al., 2003). The toxic
properties of NO are the key in the pathogenesis of septic
shock, and overproduction of NO during septicemia is con-
sidered to be responsible for irreversible arterial hypoten-
sion, vasoplegia, lactic acidosis, necrosis, and apoptosis (Par-
ratt, 1997). Furthermore, the manifestations of allergic
airway disease, including infiltration of eosinophils, micro-
vascular leakage, and airway occlusion are markedly less
severe in iNOS!/! animals, and iNOS promotes allergic in-
flammation in airways via down-regulation of interferon-"
(IFN-") (Ricciardolo et al., 2004).

Lipopolysaccharide (LPS), a major constituent of Gram-
negative bacterial outer membrane, can cause inflammatory
responses such as the release of cytokines and NO from
various types of cells, including monocytes and macrophages.
To activate the cells, the lipid A moiety of LPS attaches to the
LPS-binding protein (LBP), and the LPS/LBP complex binds
to CD14 and is then transferred to the Toll-like receptor
(TLR) 4-MD-2 complex (Wright et al., 1990; da Silva Correia
et al., 2001). The resulting activation of the cells induces the
activation of mitogen-activated protein kinases (MAPKs) and
nuclear factor-#B (NF-#B) as well as release of inflammatory
mediators (Guha and Mackman, 2001). TLR4 is also known
to be a receptor for endogenous ligands such as fibrinogen,
hyaluronic acid, and heat shock proteins (Rifkin et al., 2005).
Thus, an agent that inhibits TLR4-mediated cytokine and
NO production could be a promising drug for the treatment of
inflammatory diseases. In fact, some synthetic lipid A ana-
logs showed beneficial effects as TLR4 antagonists in septic
shock models and IBD models in mice (Christ et al., 1995;
Mullarkey et al., 2003; Fort et al., 2005).

We have discovered a novel cyclohexene derivative, TAK-
242, which selectively inhibits the TLR4-mediated produc-
tion of cytokines and NO. The chemical structure of TAK-242
is shown in Fig. 1. TAK-242 is the first small-molecule com-
pound that selectively inhibits TLR4 signaling. In this study,
we investigated the inhibitory effect of TAK-242 on the pro-
duction of inflammatory mediators by macrophages and
monocytes as well as its mode of action.

Materials and Methods
Materials. TAK-242 was synthesized at Takeda Pharmaceutical

Company Limited (Osaka, Japan). AG126 was purchased from Cal-
biochem (San Diego, CA), LPS (from Escherichia coli serotype O111:
B4) and lipoteichoic acid (LTA) (from Staphylococcus aureus) were
from Sigma-Aldrich (St. Louis, MO), and LPS(S) (from Salmonella
typhimurium) was from Difco (Detroit, MI). Recombinant mouse
IFN-" was purchased from Genzyme (Cambridge, MA), whereas
recombinant human granulocyte macrophage–colony stimulating
factor (GM-CSF) was purchased from PeproTech EC (London, UK).
Peptidoglycan from S. aureus (PGN) was purchased from Fluka
(Buchs, Switzerland); polyinosinic-polycytidylic acid [poly(I:C)] was
from Amersham Biosciences Inc. (Piscataway, NJ); paclitaxel (Taxol)
and recombinant human IL-1$ were from Wako Pure Chemicals
(Osaka, Japan), nonmethylated CpG oligodeoxynucleotide (CpG
DNA) was from Hokkaido System Science (Sapporo, Japan), and
2,3-diaminonaphthalene, which an agent for the detection of nitrite
(Misko et al., 1993), was from Dojindo Laboratories (Kumamoto,
Japan).

Cells. The murine macrophage cell line RAW264.7 was purchased
from American Type Culture Collection (Manassas, VA). The cells
were cultured in RPMI 1640 medium (Nikken Bio Medical Labora-
tories, Kyoto, Japan) containing 10% heat-inactivated fetal calf se-
rum (FCS) and 10 %g/ml kanamycin at 37°C under a humidified
atmosphere with 5% CO2. Resident mouse peritoneal macrophages
were harvested from BALB/c mice (Charles River Japan, Kanagawa,
Japan). The peritoneal cells were seeded at a density of 5 " 105

cells/well in 96-well culture plates (Nalge Nunc International, Na-
perville, IL) and cultured in RPMI 1640 medium containing 10%
heat-inactivated FCS, 100 U/ml penicillin G, and 100 %g/ml strepto-
mycin for 2 h. After shaking the cultures, nonadhesive cells were
aspirated. The adhesive cells were washed and used as peritoneal
macrophages. Human peripheral blood mononuclear cells (PBMCs)
were isolated from peripheral blood obtained from healthy human
volunteers by density gradient centrifugation using Ficoll-Paque
Plus (Amersham Pharmacia Biotech AB, Uppsala, Sweden) and sus-
pended in RPMI 1640 medium containing 10% heat-inactivated FCS,
100 U/ml penicillin G, and 100 %g/ml streptomycin. To obtain mono-
cytes, PBMCs were washed and suspended in phosphate-buffered
saline containing 0.5% bovine serum albumin (BSA) and 2 mM
EDTA. The cells were then treated with microbeads coated with
anti-CD14 monoclonal antibody (Miltenyi Biotec, Gladbach, Ger-
many) and subjected to a magnetic cell separation system according
to the manufacturer’s protocol. To differentiate the monocytes into
macrophages, monocytes obtained using the above-mentioned proce-
dure were plated in 96-well culture plates (Corning Glassworks,
Corning, NY) at a density of 1 " 104 cells/well and cultured for 7 days
in RPMI 1640 medium supplemented with 10 ng/ml GM-CSF and
10% FCS at 37°C under a humidified atmosphere with 5% CO2.

Treatments of the Cells. RAW264.7 cells were plated at a den-
sity of 1 " 105 cells/well in 96-well culture plates and incubated
overnight. After removing cell culture supernatants, the cells were
stimulated with various concentrations of TLR ligands in the pres-
ence or absence of IFN-" for 20 h in a stimulation medium (phenol
red-free RPMI 1640 medium containing 1% heat-inactivated FCS
and 10 %g/ml kanamycin). Resident mouse peritoneal macrophages
were stimulated with 1 ng/ml LPS and 1 U/ml IFN-" in RPMI 1640
medium containing 10% heat-inactivated FCS, 100 U/ml penicillin
G, and 100 %g/ml streptomycin for 4 h (for TNF-! and IL-6 assay) or
20 h (for IL-1$ and NO assay). For PBMC assay, PBMCs were seeded
at a density of 8 " 104 cells/well in 96-well culture plates and
stimulated with 1 ng/ml LPS and 1 U/ml IFN-" for 20 h. To examine
the efficacy on IL-8 production induced by LPS and IL-1$, PBMCs
were stimulated with 1 ng/ml LPS or 10 ng/ml IL-1$ for 20 h. For the
comparison of the efficacy on PBMCs, monocytes and macrophages,
the cells were stimulated with 10 ng/ml LPS in the presence of
TAK-242 for 18 h. In another experiment, human macrophages wereFig. 1. Structure of TAK-242.
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Inhibition of Lipid A Stimulated Activation of Human Dendritic Cells
and Macrophages by Amino and Hydroxylamino Monosaccharides
Francesco Peri,* Francesca Granucci, Barbara Costa, Ivan Zanoni, Chiara Marinzi, and
Francesco Nicotra

Sepsis and septic shock are serious clinical
syndromes linked with high mortality
rates[1] and caused by the presence of
circulating microbial antigens in the blood
of affected patients.[2] The development of
septicaemia is often associated with a
systemic inflammatory response to bacte-
rial lipopolysaccharides (LPSs). The toxic-
ity of LPSs lies in the membrane-anchoring
moiety named lipid A.[3] Lipid A is the
lipophilic portion of bacterial LPSs. Its
general chemical structure consists of a b-
(1!6)-linked disaccharide core with two
phosphate esters (at positions C1 and C4’)
and an R-3-hydroxy fatty acid at ester and
amide linkages; some of these fatty acids
are acylated at the 3-hydroxy group
(Scheme 1A).

Lipid A units of different bacterial
origin differ in their chemical structure
(mainly in the ramification of lipophylic
chains) and display a variety of biological
activities. There are highly toxic forms (for
example, hexa-acylated lipid A from
Escherichia coli or Salmonella species)
that stimulate massive cytokine production,
less toxic forms, and even variants that have
antagonistic properties towards cytokine
stimulation. Biophysical studies on the
three-dimensional conformation adopted
by different lipid A structures have
revealed that under physiological condi-
tions the most active (toxic) forms have a conical shape,
whereas a lack of activity or antagonistic properties are
associated with a cylindrical structure.[4] The different 3D
structures of lipid A are thought to influence the geometry of
the complex with the cellular target, the Toll-like receptor 4
(TLR4), and therefore the intensity and the nature of the
biological activity of the LPS.

Great effort has been devoted to the synthesis of lipid A
mimics, which have shown activity as agonists or antagonists
in the TLR4-activation process. The phosphorylated disac-
charide core plays a fundamental role in the biological
activity; it is therefore present in the majority of lipid A
synthetic mimics, as in the case of compound E 5564
(Scheme 1B). This potent lipid A antagonist developed by
the Eisai Group was found to be a good antisepsis drug in
phase II clinical trials.[5] Very few compounds are known that
lack the disaccharide structure but maintain activity as lipid A
agonists or antagonists.[6] Monosaccharide lipid A analogues,
including compound GLA-58 (Scheme 1C), preserved LPS-
mimetic activity despite the absence of the second, non-
reducing monosaccharide moiety.[7] A series of reducing N-
acylated glucosylamines with a phosphate group at C4 and
linear or branched 3-hydroxytetradecanoic acid ester and
amide chains at C2 and C3 were recognized by murine

Scheme 1. Structures of A) Escherichia coli lipid A, B) the synthetic antagonist E 5564, C) the
monosaccharide mimic GLA-58, and D) a synthetic disaccharide antagonist. Glucose
derivatives 1, 2, and 3.
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one of the principal mediators of inflammation and septic
shock. In particular, DCs are distributed in tissues that
interface with the external environment, such as the skin, gut,
and lungs, where they can perform a sentinel function for
incoming pathogens, and have the capacity to recruit and
activate cells of the innate immune system.[12] After microbial
uptake has occurred, DCs undergo a complex process of
maturation with the sequential acquisition of different
immune-regulatory functions. Once the maturation process
initiated by direct exposure to TLR ligands has been
completed, DCs become efficient activators of acquired
immune responses. In this context, LPS activation of TLR4
is one of the most potent stimuli for DC priming.[13]

Because of the pivotal role of early activated DCs and
MFs in directing inflammatory reactions, we tested whether
the two compounds could antagonize the stimulatory activity
of lipid A on bone-marrow-derived macrophages (BMFs)
and DCs (BMDCs) by interfering with their capacity to
induce TNFa production. As a source of DCs, we also used
D1 cells, a DC line that is dependent on the long-term growth
factor GM-CSF (granulocyte macrophage colony-stimulating
factor).[14] BMF, BMDC, and D1 cells were stimulated with
lipid A (0.5 mm) after preexposure to compounds 1–3, and the
amounts of TNFa released in the supernatant were measured
by ELISA. As shown in Figure 1, monosaccharides 1 and 2
interfered with lipid A activity in a dose-dependent manner,
whereas compound 3 showed consistently lower activity.
Monosaccharide 10, which lacks the tetrahydrofuran ring, was
totally inactive. In general, monosaccharides 1–3 did not show
any direct inflammatory function, as they are not capable of
stimulating cytokine production. Compound 2 was more

potent than 1, which was in turn a better inhibitor than 3.
Moreover, compound 2 had the highest solubility in the
aqueous media used in our tests. For these reasons, amines 1
and 2 seemed the best candidates for drug development,
whereas the chemical instability, sparing solubility, and lower
potency of hydroxylamine 3 render it a less interesting lead.

The activity of the most promising lead, compound 2, was
then analyzed in more detail by monitoring the production of
a second inflammatory cytokine, IL-1b. IL-1b and TNFa
synthesis was inhibited in BMF and D1 cells, and the
inhibitory effect was proportional to the concentration of
the inhibitor. To evaluate the selectivity for TLR4, TNFa
production was investigated in the presence of compound 2 in
response to stimulation by the CpG motif of bacterial DNA,
which is recognized by TLR9,[15] and the tripalmitoyl cysteine
(Pam3Cys-SK4) moiety, which is specific for TLR2.[16] Cyto-
kine production was not inhibited by 2 in either the TLR9- or
the TLR2-mediated inflammatory cascade (Figure 2), thus
indicating a relevant level of selectivity.

We then investigated the cytotoxic potential of the
monosaccharides. Compounds 1–3 are composed of a polar
part (the sugar moiety) linked to lipophilic chains, and can
therefore act as detergents and kill cells by generating pores
in the plasma membranes. The toxicity of compounds 1–3 was
investigated with the PI test, the apoptotic potential with the
annexinV test. Neither for the DCs nor for the MFs was an
appreciable percentage of dead cells found after incubation
for 48 h with 2 at concentrations between 10 and 100 mm
(Figure 3).

Further direct evidence that the activity of compound 2 is
selective for the TLR4 receptor was obtained with experi-

Figure 1. Antagonistic activity of monosaccharides 1–3 towards BMDC, BMF, and D1 cells. TNFa production was measured in the supernatants
after 24 h. From right to left: lipid A (0.5 mm): cells treated with lipid A alone; DMSO: cells incubated in the presence of the complete medium
plus DMSO; inhibitor (50 mm): cells treated only with monosaccharides 1–3 ; other columns: lipid A plus compounds 1–3 in increasing doses. The
data represent the mean and standard deviation for triplicate wells. The results are representative for three independent experiments. *, p<0.05;
**, p<0.01; ***, p<0.001, where p is the statistical probability value.
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ments on a TLR4- and TLR9-transfected HEK 293 cell
system.[17] In these cells, TLR-dependent activation of NF-kB
(nuclear factor kB) can be measured readily after stimulation.
The activation of the TLR4 signaling pathway leads to NF-kB
nuclear translocation and inflammatory cytokine produc-
tion.[18] TLR4- and TLR9-transfected HEK 293 cells were
incubated with lipid A (0.5 mm) and CpG (0.5 mm), respec-
tively, after preexposure to compound 2, and the activation of
NF-kB was measured 2 h later. Monosaccharide 2 was able to

counteract significantly the
effect of lipid A in TLR4-
transfected cells, whereas it
was inactive at the maximal
dose of 50 mm in influencing
the effect of CpG on TLR9-
transfected HEK 293
(Figure 4).

The biological data pre-
sented allow some prelimi-
nary considerations on the
structure–activity relation-
ship of this new class of
lipid A antagonists. The
presence of a five-mem-
bered ring attached to the
nitrogen atom at C6 appears
to be fundamental to the
activity of these com-
pounds; compound 10,
which lacks this ring, is
completely inactive. The
permanent positive charge
on the nitrogen atom of 2
has a positive effect on both
activity and solubility.

Monosaccharides 1–3 and the other lipid A mimics
described to date display remarkable structural diversity.
Therefore, the experimental evidence for the interaction of
these monosaccharides with TLR4 could open interesting
perspectives in both drug discovery and the characterization

Figure 2. Selectivity of the monosaccharide 2 for TLR4. A) The antagonistic activity of compound 2 was
investigated by testing its ability to interfere with IL-1b production 24 h after stimulation with lipid A. The
quantity of IL-1b was measured in the supernatants by ELISA. Lipid A (0.5 mm): cells treated with lipid A
alone; NT: cells incubated in the presence of the complete medium; DMSO: cells incubated in the presence
of the complete medium plus DMSO; inhibitor (50 mm): cells treated only with the monosaccharide 2 ; other
columns: lipid A plus compound 2 in increasing doses. The data represent the mean and standard deviation
for triplicate wells. The results are representative for three independent experiments. B) TNFa production
measured by ELISA 24 h after stimulation with CpG or PAM3Cys in the presence of compound 2. NT: cells
incubated in the presence of the complete medium plus DMSO; other columns: cells treated with CpG or
Pam3Cys-SK4 in the presence or absence of the inhibitor 2 (50 mm). *, p<0.05; **, p<0.01; ***, p<0.001.

Figure 3. Compound 2 does not induce the death of MFs or DCs.
Mouse DCs and MFs were either left untreated or treated for 24 h
with compound 2 at the indicated concentrations. Cells were then
analyzed by FACS for the presence of annexinV and propidium iodide
(PI) double-positive cells. A) percentage of annexinV and PI double-
positive cells; B) percentage of annexinV and PI double-negative cells.

Figure 4. Antagonistic activity of monosaccharide 2. HEK 293 cells
transfected stably with the human TLR4A or TLR9 gene were treated
with lipid A alone or lipid A in the presence of monosaccharide 2, and
with CpG alone or CpG in the presence of monosaccharide 2,
respectively. NF-kB activation was evaluated in the nuclear extract 2 h
later, and is expressed as optical density (OD) at 450 nm. NT:
nontreated cells. The data represent the mean and standard error for
duplicate wells. The results are representative for three independent
experiments. *, p<0.001 versus NT cells; 8, p<0.001 versus lipid A
alone (ANOVA (analysis of variance); Tukey test).
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Figure 5. Reagents and conditions: (m) Dess-Martin periodinane, CH2Cl2, rt, 

1h; (n) cyclopentylamine, NaBH3CN, AcOH, CH2Cl2, MeOH, 24 °C, 12 h; 

(o) trifluoroacetic acid, CH2Cl2, 24 °C, 1h; (p) CH3I, Na2CO3, DMF, 24 °C, 

12 h; (e) MsCl, pyridine, 24 °C, 5h; (e) TsCl, DMAP, pyridine, 24 °C, 12 h; 

(f) NaN3, TBAI, DMF, 75 °C, 4 h; (g) PPh3, H2O, THF, 70 °C; (h) N-Fmoc-

Pro, HOBt, DIC, DIPEA, DMF, 24 °C, 4h; (l) piperidine/DMF 2:8, 24 °C, 

1h. 
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9,&.#:531.#+.'(03&(;'37.2#TF+OK&mKBV#b"SGY"SU"#

y,/5)�abv#

#

XRNdaaHNO`8#JLG#aND#

#



D"#J3&/',351#3%)#0/&.()1#

# aS#

!d#HJ_#TRYY#Jd<8#XBX5NU8#�#T770U#�#a"DN#/#`"Qa#TFFg^^g#121&/08#Rd8#��#

Q"R#d<8#dVJ=U\#R"QN#/#R"SY#TF=#121&/08#Dd8#��#!Y"`#d<8#XdD#)/5#VJ=U\#R"a`#

T)8# !d8# ��#N"D#d<8#dC!U\#D"Q`# T08#!d8#dCSU\#N"ab# T18# Nd8#OXdN#)/5#VJ=U\#

N"bYCN"DY#T08#bdU\#N"RY#T18#Nd8#OXdNU\#!"`!C!SS#T08#Rd8#dh#)/5#X!RU\#!"DR#

T18#RRd8#XdD#)/5#X!RU\#Y"SN#T&8#`d8#�#�#S"Q#d<8#XdN#)/5#X!RU"#

#

!NXCHJ_# TXBX5NU8# �# T770U�# !`Y"Y# TXVJ=U\# !NY"N# TXVJ=U\# !Db"Q# TXVJ=U\#

!!R8!#TXVJ=U\#bQ"D#TXC!U\#Q!"a\#Q!"Y\#aQ"D\#aN"b#/#a!"b#TOXdDU\#aY"D\#SS"RQ#

/#SS"RR#TOXdNU\#S!"a#TXC`U\#ND"!N8#NY"Q8#NY"N8#Db"b8#Db"Q8#Db"`8#Db"S8#D`"R8#

D`"D8#DD"b#TXdD#)/55/#+3&/%/#5,%/3',#X!RU\#!R"Q#TXdN#35,:U"#

#

*'DR')$(+!?+;D1KOP7+?SI:-J6S4SHS;4S:1KO6UP+

81JVP7=S2T3SL-SHSK1K0IL1N-7SYS(S.7/N6QP0IJ6<-L1=+

#

#

#

XOJVOiHB# JL# JJOP# K}"# BKH>$-y# }iFH-$-y#

!S# aND# Y"Y`Q# # # SY#0;#

VV.N# D`D# Y"!N`# D# # NS"`a#0;#

-dM# # # # # S#05#

dDY# # # # # Y"S#05#



D"#J3&/',351#3%)#0/&.()1#

# a`#

R06N1L/01W+#

#

X(07(*%)# !S#931# ),11(56/)# ,%# )'2# -dMmdDO# T!YG!U"# F:&/'# 3)),&,(%# (:#

VV.N# '/3+&,(%# 931# 1&,''/)# !8S.# 3&# aY|# X# T-PX# KBVmF+OK&# bG!# /#

F+OK&mJ/Odm&',0/&,530,%/#bG!GY"YSU"#

-./%# 1(56/%&1# 3'/# /637('3&/)# *%)/'# '/)*+/)# 7'/11*'/# 3%)# 7*',:,/)##

9,&.#:531.#+.'(03&(;'37.2#TF+OK&mJ/OdmK&HN#bG!GY"YSU"#

y,/5)�bNv#

#

XRNdabHO`8#JLG#aY`"`#

#

!d#HJ_#TRYY#Jd<8#XBX5NU8#�#T770U#�#a"DY#/#`"QY#TFFg^^g8#Rd8#��#Q"Qd<8#

dVJ=U\#R"QY#/#R"RS#TF=#121&/08#Dd8#��!!"Y#d<8#XdD#)/5#VJ=U\#R"`S#T)8#!d8#

��#N"Dd<8#dC!U\# N"QY# T18# Nd8#OXdN#)/5#VJ=U\#N"QYCN"DY# T08#adU\# N"RY# T18#

Nd8#OXdNU\#N"RY#T08#!d8#dCSU\#D"bQ#T))8#!d8# ��#!N"S8#D"`#dA8#dC`3U\#D"bY#

T08#!d8#dC`3U\#D"`Y#T))8#!d8# ��#!N"S8#R"S#d<8#dC`4U\#!"D`#T08#Rd8#dh#)/5#

X!RU\#!"Y!CY"b!#T08#RRd8#XdD#)/5#X!RU\#Y"SN#T&8#`d8#��#`"S#d<8#XdN#)/5#X!RU"##

#

!NXCHJ_# TXBX5NU8# �# T770U�# !`Y"Y# TXVJ=U\# !NY"Y# TXVJ=U\# !NY"Y# TXVJ=U\#

!!R8!# TXVJ=U\# bQ"YR# TXC!U\# QD"Y`\# Q!"!Q\# aQ"ND\# aR"`b# /# aN"ba# TOXdDU\#

a!"ba\# SS"SN# /# SS"D!# TOXdNU\# RN"Y!# TXC`U\# ND"!a8# NY"QQ8# NY"ND8# Db"b`8#

Db"bD8# Db"aS8# Db"`D8# D`"SR8# D`"DQ8# DD"bS# TXdD# )/55/# +3&/%/# 5,%/3',# X!RU\#

!R"Nb#TXdN#35,:U"#

#

J>#TK>$UG#0m<�#aY`"`#TJU"#

#
+

+

+

+

+



D"#J3&/',351#3%)#0/&.()1#

# aa#

*'DR')$(+>+;D1KOP7+?SI:-J6S2T3SL-SHSK1K0IL1N-7S

YS(S.7/N6QP0IJ6<-L1=#
#

#
#

XOJVOiHB# JL# JJOP# K}"# BKH>$-y# }iFH-$-y#

!`# aY`# Y"NSR# # # DSY#0;#

-MF# # # # !"RQ# N"N#05#

XdDX5D# # # # !"NN# S#05#

#
R06N1L/01W#

#

X(07(*%)# !`# ,1# ),11(56/)# ,%# )'2# XdDX5D"# F:&/'# 3)),&,(%# (:# -MF# 3&# Y|X#

'/3+&,(%#931#1&,''/)#:('#!.#3&#'&#T-PX#F+OK&#mJ/Od#bG!U"#

-./%# 1(56/%&1# 3'/# /637('3&/)# *%)/'# '/)*+/)# 7'/11*'/# 3%)# 3))/)#

13&*'3&/)# 3@*/(*1# 1(5*&,(%# (:# H3dXON# 9,&.# 3# :(55(9,%;# /A&'3+&,(%# ,%#

XdDX5D#3%)#&./#130/#/A&'3+&,(%#'/7/3&/)#9,&.#4',%/"#O';3%,+#7.31/#931#

&'/3&/)#9,&.# 1(),*0# 1*5:3&/# 3%)# :,5&/'/)"# X(07(*%)#931#7*',:,/)#9,&.#

:531.# +.'(03&(;'37.2# TF+OK&mJ/OdmdDO# QGDGY"!# &./%#

F+OK&mJ/OdmdDO#aGNGY"!U"#

y,/5)�aav#

#

XNSda!HOS8#JLG#SQ`"`#



D"#J3&/',351#3%)#0/&.()1#

# aQ#

#

!d#HJ_#TRYY#Jd<8#XBX5NU8#�#T770U#�#R"aS#T)8#!d8# ��#N"S#d<8#dC!U\#N"Qa#

T08#!d8#dlU\#N"aYCN"aS#T08#adU\#N"RY#T18#Nd8#OXdNU\#N"Da#T))8#!d8#��#b"S8#

N"S#d<8#dCDU\#N"YY#T))8#!d8#��#!!"Y8#R"a#d<8#d`3U\#D"DY#T418#Dd8#HdDU\#!"Sa#

T08#Rd8#dh#)/5#X!RU\#!"DR#T08#RRd8#XdD#)/5#X!RU\#Y"Q`#T&8#`d8#��#`"S#d<8#XdN#

)/5#X!RU"##

#

!NXCHJ_#TXBX5NU8#�#T770U�#bQ"a#TXC!U\#Q!"D\#QY"a\#aN"Q\#aD"`\#a!"`\#a!"Y\#

SS"R#TOXdNU\#RN"a#TXC`U\#ND"!8#NY"`8#NY"D8#NY"Y8#Db"b8#D`"N8#D`"D8#DD"b#TXdD#

)/55/#+3&/%/#5,%/3',#X!RU\#!R"N#TXdN#35,:U"#

#

J3113#TK>$UG#0m<�#SQ`"`#TJU"#

+

*'DR')$(+!@+;D1KOP7+?SL1O6UPS?S,:6NSQ067-J1S

2T3SL-SHSK1K0IL1N-7SYS(S.7/N6QP0IJ6<-L1=#

#

#

#

#

#



D"#J3&/',351#3%)#0/&.()1#

# ab#

XOJVOiHB# JL# JJOP# K}"# BKH>$-y# }iFH-$-y#

S# SQ`# Y"!SN# # # bY#0;#

M0(+CV'(# NNa# Y"!`Q# !"!# # S`"a#0;#

dO=&# !NS# Y"NYS# D# # R!"NR#0;#

B$X# !D`# Y"NYS# D# Y"Q!S# Ra"NR#�5##

B$VKF# !Db# Y"R`Y# N# Y"aSS# aQ"Sa#�5#

BJM# # # # Y"bR# R#05#

#
R06N1L/01W#

#

X(07(*%)#S#,1#),11(56/)#,%#)'2#BJM"#F:&/'#3)),&,(%#(:#M0(+CV'(8#dO=&8#

B$X8#B$VKF#'/3+&,(%#931#1&,''/)#:('#R.#3&#'&#T-PX#F+OK&U"#

-./%# 1(56/%&1# 3'/# /637('3&/)# *%)/'# '/)*+/)# 7'/11*'/# 3%)# 3))/)#

13&*'3&/)# 3@*/(*1# 1(5*&,(%# (:# dX5# !H# 9,&.# 3# :(55(9,%;# /A&'3+&,(%# ,%#

XdDX5D# 3%)# &./# 130/# /A&'3+&,(%# '/7/3&/)# 9,&.# H3dXON# 3%)# 4',%/"#

O';3%,+#7.31/#931#&'/3&/)#9,&.#1(),*0#1*5:3&/#3%)#:,5&/'/)"#X(07(*%)#

931#7*',:,/)#9,&.#:531.#+.'(03&(;'37.2#TF+OK&mKBV#`GRU"#

y,/5)�QYv#

+

XSSdQQHDOQ8#JLG#bYS##

#

!d#HJ_#TRYY#Jd<8#XBX5NU8#�# T770U#�#a"a!#T08#Dd8#dM0(+U\#a"SN#T08#Dd8#

dM0(+U\#a"NR#T08#Dd8#dM0(+U\#a"DS#T08#Dd8#dM0(+U\#a"YQ#T418#!d8#HdU\#`"DY#

T418#!d8#HdU\#R"`Y# T4)8#!d8#dC!U\#R"DY# T08#DdU\#R"!Y# T08#!dU\#R"YYCN"YY#

T08#!NdU\#N"D`#T18#Nd8#OXdNU\#D"NY#T08#!d8#dhV'(U\#!"Qa#T08#Dd8#d�V'(U"#

#



D"#J3&/',351#3%)#0/&.()1#

# QY#

!NXCHJ_# TXBX5NU8# �# T770U�# !DQ"Y\# !Da"N\# !Da"Y\# !D`"Y\# !DS"D\# !DR"Q\#

!DY"D\#!!Q"`\#bQ"S#TXC!U\#bR"Y#TXlV'(U\#SS"N\#Ra"R\#ND"!8#NY"D8#NY"Y8#Db"b8#

Db"Q8#Db"a8#Db"`8#D`"D8#DD"b#TXdD#)/55/#+3&/%/#5,%/3',#X!RU\#!R"N#TXdN#35,:U"#

#

*'DR')$(+?+;D1KOP7+?SL1O6UPS?SQ067-J1S2T3SL-SHS

K1K0IL1N-7SYS(S.7/N6QP0IJ6<-L1+

+

+

XOJVOiHB# JL# JJOP# K}"# BKH>$-y# }iFH-$-y#

!a# bYS# Y"Ybb# # # bY#0;#

V,7/',),%/# QS"!S# # # Y"Q`D# aDY#�5#

BJM# # # # Y"bR# D"Q#05#

#
R06N1L/01W#

#

X(07(*%)# !a# ,1# ),11(56/)# ,%# )'2# V,7/',),%/GBJM# DGQ"# _/3+&,(%# 931#

1&,''/)#:('#R.#3&#'&#T-PX#F+OK&U"#

-./%#1(56/%&1#3'/#/637('3&/)#*%)/'#'/)*+/)#7'/11*'/#3%)#7*',:,/)#9,&.#

:531.#+.'(03&(;'37.2#TF+OK&mJ/Od#QGDU"#



D"#J3&/',351#3%)#0/&.()1#

# Q!#

y,/5)�bY8`v#

#

XRYdaQHDO`8#JLG#`QR#

#

!d#HJ_# TRYY#Jd<8# XBX5NU8# �# T770U#�# a"bD# T))8# ��# a"Y8# R"a#d<8#HdXOU\#

R"``#T)8#!d8# ��N"S#d<8#dC!U\#N"QR#T08#!d8#dCSU\#N"aQCN"`Q#T08#NdU\#N"SRC

N"SY# T08# NdU\# N"R`# T&8# !d8# ��# b"!d<U\# N"ND# T18# Nd8# OXdNU\# N"!bCN"Yb# T08#

NdU\#N"!a# T))8#!d8# ��#N"`8#b"N#d<8#dCDU\#D"bS# T08#!d8#d�3U\#D"QY# T08#!d8#

d�4U\#D"!Y#T08#!d8#dChl#7'(5,%3U\#!"QD#T08#!d8#dh#7'(5,%3U\#!"`S#T08#Dd8#

d�#7'(5,%3U\# !"SY# T08# Rd8#dh#)/5# X!RU\# !"NYC!"!Y# T08# RRd8# XdD#)/5# X!RU8#

Y"Q!#T&8#`d8#��#`"`#d<8#XdN#)/5#X!RU"#

#

!NXCHJ_# TXBX5NU8# �# T770U�#!aa"Q# TX�OU\# bQ"b# TXC!U\# QY"`\# QY"R\# aR"Y# /#

aD"Y# TOXdDU\#a!"Y\#aY"a\#SS"N# TOXdNU\#Ra"S# TXC`U\#Nb"a\#ND"!8#NY"`8#NY"N8#

Db"b8#Db"S8#D`"R8#D`"D8#DD"b#TXdD#)/55/#+3&/%/#5,%/3',#X!RU\#!R"N#TXdN#35,:U"#

#

J3113#TK>$UG#0m<�#`QN"`#TJU\#aDD"Q#TJwIU"#

#
#

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+



D"#J3&/',351#3%)#0/&.()1#

# QD#

-"-"1" GA0$)6&(6,$&D'6)6((
#

#
,-./01+?+

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#



D"#J3&/',351#3%)#0/&.()1#

# QN#

*'DR')$(+BE+;D1KOP7+?SIJOPL06/<S?S

</NN-J-7I:-J6S4S;4S:1KO6UP+81JVP7=S2T3SL-SHS

K1K0IL1N-7SYS(S.7/N6QP0IJ6<-L1#
#

#
#

XOJVOiHB# JL# JJOP# K}"# BKH>$-y# }iFH-$-y#

!`# aY`# Y"!SS# !# # Y"!!Y#;#

>*++,%,+#
3%.2)',)/#

!YY# Y"N!# D# # Y"YN!#;#

B'2#V2',),%/# # # # # N#05#

#
+

R06N1L/01W+#

#

X(07(*%)# !`# ,1# ),11(56/)# ,%# )'2# V2"# F:&/'# 3)),&,(%# (:# >*++,%,+#

3%.2)',)/8#'/3+&,(%#931#1&,''/)#:('#!.#3&#'&#T-PX#F+OK&mJ/Od#`GRU"#

-./%# 1(56/%&1# 3'/# /637('3&/)# *%)/'# '/)*+/)# 7'/11*'/# 3%)# 7*',:,/)##

9,&.#:531.#+.'(03&(;'37.2#TF+OK&mJ/Od#b"SGY"SU"#

y,/5)�QYv#

#



D"#J3&/',351#3%)#0/&.()1#

# QR#

XRadQNHOb8#JLG#QY`"!`#

#

!d#HJ_#TRYY#Jd<8#XBX5NU8#�#T770U#�#a"DY#/#`"QY#TFFg^^g8#Rd8#��#Q"Qd<8#

dVJ=U\S"aS#T418#!d8#HdU#R"aY#/#R"RS#TF=#121&/08#Dd8# ��!Y"D#d<8#XdD#)/5#

VJ=U\#R"`S#T)8#!d8#��#N"Dd<8#dC!U\#N"QY#T18#Nd8#OXdN#)/5#VJ=U\#N"SYCN"DY#

T08#adU\#N"NY#T18#Nd8#OXdNU\#N"DY#T))8#!d8#��b"a8#N"R#d<U\#N"!Y#T&8#!d8#��b#

d<U\#D"`Y#T08#Dd8#XdD#300,)/U8#D"NS#T08#Dd8#XdD#300,)/U#!"D`#T08#Rd8#

dh#)/5#X!RU\#!"Y!CY"b!#T08#RRd8#XdD#)/5#X!RU\#Y"SN#T&8#`d8#��#`"S#d<8#XdN#)/5#

X!RU"#

#

!NXCHJ_#TXBX5NU8#�#T770U�#!aS"!b#TXOOdU\#!aD"!S#TX#300,)/U\#!Sb"Ra8#

!NY"NQ8#!NY8#!!R"!S#TX#=/%</%/U\#ba8aS#TXC!U\#Q!"`D8#QY"`N8#aa"DN#TXCD8#

XCN8# XCRU\# aR"`D# TOXdD# VJ=U\# aN"S`8# aD# TXl# +3&/%/# 5,7(:,5/U\# `Q# TXCSU\#

SS"DR#TDX8#OXdNU\#RY"DY#TXC`U\#DbCDD#TXdDU\#!R"NS#TXdNU"#

#

#

*'DR')$(+AE+;BJBI#8-<+;:1KOP7+?SIJOPL06/<S?S
I:-J6S4SHS;4S:1KO6UP+81JVP7=S2T3SL-SHSK1K0IL1N-7S

YS(S.7/N6Q-0IJ6<-7=+</NN-J-:-L1=#
#

#
#



D"#J3&/',351#3%)#0/&.()1#

# QS#

XOJVOiHB# JL# JJOP# K}"# BKH>$-y# }iFH-$-y#

QF# QY`# Y"!!# !# # Y"YbS#;#

!`# aY`# Y"!R# !"D# # Y"YN!#;#

dO=&# !NS"!N# Y"!`# !"S# # Y"YDD#;#

B$VKF# !Db"DS# Y"NN# N# Y"aSS# Y"YS`#05#

B$X# !D`"D`# Y"!`# !"S# Y"QS# Y"!!Y#;#

BJM#)'2# # # # # !D#05#

#
+

R06N1L/01W+#

#

X(07(*%)#QF#,1#),11(56/)#,%#)'2#BJM"#F:&/'#3)),&,(%#(:#X(07(*%)#!`8#

dO=&8# B$VKF# 3%)#B$X# T3&# Y(XU# '/3+&,(%#931# 1&,''/)# :('# !`.# 3&# '&# T-PX#

F+OK&mKBV# bG!U"# -(# 1&(7# '/3+&,(%# K&Od# 931# 3))/)# &./%# 1(56/%&1# 3'/#

/637('3&/)# *%)/'# '/)*+/)# 7'/11*'/# 3%)# 7*',:,/)# # 9,&.# :531.#

+.'(03&(;'37.2#TXdX5NmF+OK&#aGNU"#

y,/5)�aYv#

#

XbYd!`YHDO!R8#JLG!RbR"DR#

#

!d#HJ_#TRYY#Jd<8#XBX5NU8#�#T770U#�#a"DY#/#`"QY#TFFg^^g8#Qd8#��#Q"Qd<8#

dVJ=U\S"bY# T418# Dd8# HdU# R"aY# /# R"RS# TF=# 121&/08# Rd8# ��!!# d<8# XdD# )/5#

VJ=U\# R"`S# T)8# Dd8# ��# N"Rd<8# dC!U\N"QY# T))8# DdU\# N"aS# T18# `d8# OXdN# )/5#

VJ=U\#N"SYCN"DY#T08#!!dU\N"RY#T08#DdU#N"NY#T18#`d8#OXdNU\#N"DY#T))8#Dd8#

��b8#N"R#d<U\#N"!Y#T&8#Dd8#��b#d<U\#D"RY#T08#Rd8#XdD#5,%?/'U8#!"D`#T08#!Yd8#



D"#J3&/',351#3%)#0/&.()1#

# Q`#

dh#)/5#X!RU\#!"Y!CY"b!#T08#bYd8#XdD#)/5#X!RU\#Y"SN#T&8#!Rd8#��#a#d<8#XdN#)/5#

X!RU"#

#

!NXCHJ_#TXBX5NU8#�#T770U�#!Sb"R!8#!NY"NY8#!NY"!R8#!!N"bR#TX#=/%</%/U\#

ba8QS# TXC!U\# Q!"SS8# QY"aa8# aQ"N!# TXCD8# XCN8# XCRU\# aR"aY# TOXdD# VJ=U\#

aN"QN8# a!"Q`# TXl# 35?25# +.3,%1U\# SS"N!# TDX8# OXdNU\# N!CDD# TXdDU\# !R"D!#

TXdNU"#



D"#J3&/',351#3%)#0/&.()1#

# Qa#

*'DR')$(+!CE+;BJB+L-+;3SHSD1KOP7+S4T>SL-SHS

K1K0IL1N-7SYS(S.7/N6QP0IJ6<-L1=+</NN-JI:-L1=#

#

#
#

XOJVOiHB# JL# JJOP# K}"# BKH>$-y# }iFH-$-y#

bF# !RbR# Y"YN`# !# # Y"YSS#;#

-MF# # # # # R#05#

XdDX5D# # # # # R#05#

#
+

R06N1L/01W#

#

X(07(*%)# bF# ,1# ),11(56/)# ,%# )'2# XdDX5D"# F:&/'# 3)),&,(%# (:# -MF# 3&# Y|X#

'/3+&,(%#931#1&,''/)#:('#!.#3&#'&#T-PX#F+OK&U"#

-./%# 1(56/%&1# 3'/# /637('3&/)# *%)/'# '/)*+/)# 7'/11*'/# 3%)# 3))/)#

13&*'3&/)# 3@*/(*1# 1(5*&,(%# (:# H3dXON# 9,&.# 3# :(55(9,%;# /A&'3+&,(%# ,%#

XdDX5D#3%)#&./#130/#3A&'3+&,(%#'/7/3&/)#9,&.#4',%/"#O';3%,+#7.31/#931#

&'/3&/)#9,&.# 1(),*0# 1*5:3&/# 3%)# :,5&/'/)"# X(07(*%)#931#7*',:,/)#9,&.#

&,&'3&,(%#,%#F+OK&#3%)#1(5,)#+(07(*%)#,1#'/+(6/'/)#:,5&/',%;"#

y,/5)�QYv#

(

XaRd!RRHDO!D8#JLG!DSN"bR#



D"#J3&/',351#3%)#0/&.()1#

# QQ#

#

!d#HJ_#TRYY#Jd<8#XBX5NU8#�#T770U#�#`"DY#T418#Dd8#HdU\#R"`S#T418#Dd8#dC

!U\#N"bY#T418#DdU\#N"aY#T08#Rd8U\#N"SYCN"NY#T08#!!dU\#N"RY#T18#`d8#OXdNU\#

N"DY#T418#adU\#D"RY#T418#Rd8#XdD#5,%?/'U8#!"SY#T08#!Yd8#dh#)/5#X!RU\#!"!YC

!"NY#T08#!YYd8#XdD#)/5#X!RU\#Y"QY#T&8#!Rd8#��#a#d<8#XdN#)/5#X!RU"#

#

!NXCHJ_# TXBX5NU8# �# T770U�# !aN"R!# TX# 300,)/U\# bQ8SY# TXC!U\# QY"`S8#

aY"a`8# aY"Da# TXCD8# XCN8# XCRU\# aR"Ya8# a!"b!# TXl# +3&/%/# 5,7(:,5/U\# SS"DQ#

TOXdNU\#Nb"bR#TXC`U\#NDCDD#TXdDU\#!R"N`#TXdNU"#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#
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# Qb#

*'DR')$(+Z(!+;BJBI#8-<+;:1KOP7+?SIJOPL06/<S?S

I:-J6S4SHS</79IK1S2T3SL-SHSK1K0IL1N-7SYS(S

.7/N6QP0IJ6<-7=+</NN-J-:-L1=#

#
#

#
#

XOJVOiHB# JL# JJOP# K}"# BKH>$-y# }iFH-$-y#

!Y# !DSR# Y"YRa# !# # Y"Y`Y#;#

>ON#
+(075/A#
72#

!Sb"!`# Y"DQ# `# # Y"YR`#;#

XdDX5D#)'2# # # # # R#05#

#
+

R06N1L/01W#

#

X(07(*%)#!YF#,1#),11(56/)#,%#)'2#XdDX5D"#F:&/'#3)),&,(%#(:#>ON#+(075/A#

72#'/3+&,(%#931#1&,''/)#:('#R`.#3&#'&#T-PX#F+OK&mJ/Od#`GRU"#

-./%# 1(56/%&1# 3'/# /637('3&/)# *%)/'# '/)*+/)# 7'/11*'/# 3%)# +'*)/#

+(07(*%)# +'21&355,</)# ,%# +5('(7.('0"#V'/+,7,&3&/# ,1# &./%#931./)#9,&.#

-OP# &(# /5,0,%3&/# '/1,)*/1# (:# +(07(*%)# !YF"# M,5&/'/)#03&/',35# ,1# &./%#

/A&'3+&/)#,%#3#4,7.31,+#1(5*&,(%#(:#+5('(7.('0#3%)#3@*/(*1#1(5*&,(%#(:#
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# bY#

Y8!H#dX5# 3%)# (';3%,+# 7.31/# 3%2)',:,/)#9,&.# 1(),*0# 1*5:3&/# 3%)# )'2/)#

*%)/'#'/)*+/)#7'/11*'/"#

y,/5)�SYv#

(

XaRd!RRHDO!Q>D8#JLG!R!R"Ya#

#

!d#HJ_#TRYY#Jd<8#XBX5NU8#�#T770U#�#R"aY#T418#Dd8#dC!U\#R"DY#T418#DdU\#

N"QYCN"SY#T08#!`dU\#N"RY#T18#`d8#OXdNU\#N"DY#T418#DdU\#NCD"`Y#T418#Rd8#XdD#

5,%?/'U8#!"SY#T08#!Yd8#dh#)/5#X!RU\#!"!YC!"NY#T08#!YYd8#XdD#)/5#X!RU\#Y"QY#

T&8#!Rd8#��#a#d<8#XdN#)/5#X!RU"#

#

!NXCHJ_#TXBX5NU8#�#T770U�#bQ8DD#TXC!U\#bR"Sb8#QY"b!8#ab"bN#TXCD8#XCN8#XC

RU\# aN"`!8# a!"bQ# TXl# +3&/%/# 5,7(:,5/U\# SS"`Q# TOXdNU\# NS"N`# TXC`U\# NDCDD#

TXdDU\#!R"NQ#TXdNU"#



D"#J3&/',351#3%)#0/&.()1#

# b!#

@;@;C; F&9-($%(S3),0#0($#-"3)'.+,)(#"305,
#
$'(%# (A,)/# %3%(73'&,+5/1# :*%+&,(%35,</)#9,&.# (5/,+# 3+,)# 9/'/# 7'(6,)/)#

:'(0#V'(:"#B36,)/#V'(17/',"#RY#%;#(:# ZNd[PV>#9/'/#1(5*4,5,</)# ,%#SY#~P#

-',1#DY#0J#7d#a8#KB-F#S#0J#&./%#(5/,+#3+,)#+(3&/)#%3%(73'&,+5/1#TDRY#

%;# ,%#RY#~P#./A3%/U#931#3))/)#3%)#&./#0,A&*'/#1(%,+3&/)# :('#!S�# #,%#3#

1/35/)# 1,5,+(%# +(3&/)# +(%&3,%/'"#F:&/'# &.,1# &'/3&0/%&# &./# +(%&3,%/'#931#

(7/%/)# 3%)# 753+/)# ,%# 3# Na# X#93&/'43&.# :('# ./A3%/# /637('3&,(%# TRS�U"#

J,A&*'/# 931# &./%# 7*',:,/)# 9,&.# 3# %/(),0,*0# ),(A,)/# 03;%/&# O"H"# 3&#

R(X"#RY#~P#(:#1*7/'%3&3%&#931#'/0(6/)#3%)#3%352</)#:('#ZNd[PO>#9,&.#3#

1+,%&,553&,(%#+(*%&/'8#9.,5/#7'/+,7,&3&/#931#'/1*17/%)/)#,%#RY#~P#V=>#DY#

0J#LmO#X3Dw# 3%)#J;Dw# 3%)#ZNd[PO># 7'/1/%+/# 3%352</)# 31# 7'/6,(*1"#

-./#130/#7*',:,+3&,(%#931#'/7/3&/)#:(*'#&,0/1#3&#!#)32#),1&3%+/#/3+."##

#

-"1" K)0/0A,(6'3&)0$(

#

5PJKO1K-N+ N6:Q6/JL<+ <K6N[+ <67/K-6J<W# 1&(+?1# (:# 7*',:,/)# +(7'(./0/#

3%)#./0/#T+3"#!S#0JU#9/'/# :'/1.52#7'/73'/)# ,%#Y"!#J#H3Od#3%)# &./%#

:*'&./'#),5*&/)#9,&.#V=>mY"!v#d>F#&(#&./#)/1,'/)#+(%+/%&'3&,(%"#>&(+?1#

(:# 0(5/+*5/1# !Ca# 9/'/# 7'/73'/)# 7',('# &(# *1/# ,%# !m!# BJ>OmK&Od#

1(5*&,(%# 3%)# &./%# ),5*&/)# 9,&.# V=>mY"!v# d>F# &(# &./# )/1,'/)#

+(%+/%&'3&,(%"#$%#355#1,&*3&,(%1#%(#+.3%;/1#,%#4*::/'#7d#9/'/#)/&/+&/)"#

#

DIK10-I7<W+ -HMC"8# PV># 3%)# P,7,)# F# :'(0# 8;A('3# 9/'/# 7*'+.31/)# :'(0#

>,;03"# ZNd[PO># ('# Z!RX[PO># TDS8YYY+70m70(5\# NYYY# +70m70(58#

'/17/+&,6/52U# 931# ,1(53&/)# :'(0# 3%# 3+/&3&/# 3*A(&'(7.# (:# J.3++.-3#,

1.03053"393+# 1/'(;'(*7# =# 0/&34(5,+3552# 534/5/)# 3%)# ,1(53&/)# 31#

)/1+',4/)"!!# P=V# 3%)# 1XB!R#9/'/# ;,:&1# :'(0# ^(03# T=/'?5/28# XFU# 3%)#

F0;/%#X('7"#T-.(*13%)#O3?18#XFU8#'/17/+&,6/52"#d*03%#1/'*0#354*0,%#
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# bD#

Td>FU#931# (4&3,%/)# 31# 3%# /%)(&(A,%C:'//8# DSv# 1&(+?# 1(5*&,(%# T=3A&/'#

d/35&.# X3'/8# W5/%)35/8# XFU"# X.'(03&(;'37.2# 03&',+/1# T>/7.3+'25# d_#

>DYY# 3%)# >NYYU#9/'/# 7*'+.31/)# :'(0#WK#d/35&.+3'/"# KA7'/11# M,6/-J#

0/),*0#931#7*'+.31/)#:'(0#$%6,&'(;/%#3%)#1*775/0/%&/)#9,&.#D#0J#

;5*&30,%/# 7/'# &./# 03%*:3+&*'/'g1# ,%1&'*+&,(%1"# 1JBCD8# 1XB!R8# &XB!R#

3%)#&./#1JBCDG-P_R#),0/'#9/'/#7'()*+/)#31#7'/6,(*152#)/1+',4/)#3%)#

1&('/)#3&#R# |X"#V'/73'3&,6/# 30(*%&1#(:# 1JBCD#3%)#3# &'*%+3&/)# :('0#(:#

XB!R#9/'/# ;/%/'3&/)# :'(0# ,%:/+&,(%1# (:# d,;.# M,6/# T$%6,&'(;/%U# ,%1/+&#

+/551# 9,&.# 43+*5(6,'*1# +(%&3,%,%;# &./# +BHF# :('# .*03%# JBCD# ,%1/'&/)#

,%&(#7=FXN#Td,1`CJBCDU#('#:('#.*03%#&XB!R#T30,%(#3+,)1#!C!S`8#&XB!RC

d,1`U# ,%1/'&/)# ,%&(# 7=FX!!# 31# )/1+',4/)# 7'/6,(*152# T!SU"# X(%),&,(%/)#

0/),*0#+(%&3,%,%;#JBCD#931#1&('/)#3&#CQY|X#*%&,5#%//)/)"#&XB!RCd,1`#

931# 7*',:,/)# *1,%;# H,# MM# >/7.3'(1/# '/1,%# TWK# d/35&.+3'/U# (%# 3%#

KA75('/'!YY#MVPX#TWKd/35&.+3'/U#9,&.#3%#,0,)3<(5/#;'3),/%&"##V*',:,/)#

&XB!RCd,1`#931#1&('/)#3&#R|X#T!SU"#X(%),&,(%/)#0/),*0#+(%&3,%,%;#JBC

D# 311(+,3&/)# 9,&.# -P_R# /+&()(03,%# T-P_RKXBU8# JBCDm-P_RKXB8# 931#

7'()*+/)# 42# &'3%1,/%&# &'3%1:/+&,(%# ,%# dKIDbN-# +/551# 31# )/1+',4/)#

7'/6,(*152# T!SU"# KA7'/11,(%# 6/+&('1# +(%&3,%,%;# +BHF# (:# ,%&/'/1&# :('#

7'()*+&,(%# (:# MPFWC-P_RKXB8# 30,%(# 3+,)1# DRC`N!8# T7MPFWCXJjC-P_RU#

3%)# JBCDCMPFWCd,1# T7KMC=O>U# .36/# 4//%# 7'/6,(*152# )/1+',4/)# 3%)#

+.3'3+&/',</)# T!SU"# J/),3# +(%&3,%,%;# 1/+'/&/)# 7'(&/,%1# 9/'/#

+(%+/%&'3&/)# !YCDYC:(5)# *1,%;# J,55,7('/# X/%&',+(%C!Y# 4/:('/# *1/"#

X(%),&,(%/)# 0/),*0# +(%&3,%,%;# 1/+'/&/)# JBCDm-P_RKXB# 7'(&/,%1#

03,%&3,%/)# 3+&,6,&2# &(# '/3+&#9,&.# ZNd[PO>�1XB!R# :('# 3&# 5/31&# `#0(%&.1#

9./%# 1&('/)# 3&# R°X"# ZNd[PO>3;;# 3%)# ZNd[PO>�1XB!R# +(075/A# 9/'/#

7'/73'/)#31#7'/6,(*152#)/1+',4/)#TQU"#=',/:528#ZNd[PO>3;;#TJ'#x#DY#A#!Y`U#

9/'/#(4&3,%/)#3:&/'#.(&#7./%(5#/A&'3+&,(%#(:#ZNd[PO>#:'(0#0/&34(5,+3552#

534/5/)# 43+&/',38# :(55(9/)# 42# /&.3%(5# 7'/+,7,&3&,(%# (:# ZNd[PO>3;;8# 3%)#

*5&'3+/%&',:*;3&,(%"#J(%(0/',+#ZNd[PO>�XB!R#+(075/A/1#TJ-,�#`Y8YYYU#
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# bN#

9/'/# 7'/73'/)# 42# &'/3&0/%&# (:# ZNd[PO>3;;# :('# NY# 0,%# 3&# Na|X# 9,&.#

1*41&(,+.,(0/&',+# P=V# T0(53'# '3&,(# DYYG!# PO>GP=VU# 3%)#!C!"S# A#0(53'#

/A+/11# 1XB!R# :(55(9/)# 42# ;/5# /A+5*1,(%# +.'(03&(;'37.2# T>/7.3+'25#

>DYY8# !"`# A# aY# +0# +(5*0%U# ,%# V=>8# 7d# a"R8# Y"!# v# d>F# &(# ,1(53&/#

0(%(0/',+# ZNd[PO>�1XB!R# +(075/A"# ZNd[PO>�JBCD# TJ',�DS8YYYU# 931#

;/%/'3&/)# 42# &'/3&0/%&# (:# ZNd[PO>�1XB!R# TNY#0,%# 3&# Na°XU#9,&.#d,;.#

M,6/# ,%1/+&# +/55#0/),*0# +(%&3,%,%;#d,1`CJBCD# :(55(9/)# 42# ,1(53&,(%# (:##

ZNd[PO>�JBCD# 42# >DYY# +.'(03&(;'37.2"# _3),(+./0,+35# 7*',&2# (:#

ZNd[PO>�1XB!R# 3%)# Nd[PO>�JBCD# 931# +(%:,'0/)# 42# >DYY#

+.'(03&(;'37.2#T!DU",

#

HF\S]7/1%D+ N177+ N/7K/01W+ dKIC=5*/-JCR# +/551# TdKIC=5*/-J# PV>#

B/&/+&,(%# I,&8# $%6,6(W/%U# 9/'/# +*5&*'/)# 3++('),%;# &(# 03%*:3+&*'/'g1#

,%1&'*+&,(%1"#=',/:528#+/551#9/'/#+*5&*'/)#,%#BJKJ#.,;.#;5*+(1/#0/),*0#

1*775/0/%&/)#9,&.#!Yv#:/&35#4(6,%/#1/'*0#TM=>U8#D0J#;5*&30,%/8#!YY#

im0P# 7/%,+,55,%8# !YY# ~;m05# 1&'/7&(02+,%8!^# H('0(+,%-J# T$%6,6(W/%U"#

dKIC=5*/-JCR#+/551#9/'/#03,%&3,%/)#9,&.#&./#3)),&,(%#(:#!^#dKIC=5*/-J#

>/5/+&,(%#T$%6,6(W/%U"#+

+

HF\S]7/1%D+N177<+I<<IPW+-./#3+&,6,&2#(:#+(07(*%)1#!Ca#31#,%.,4,&('1#(:#

&./# -P_R# 1,;%35# 73&.932# 931# &/1&/)# ,%# 6,&'(# *1,%;# dKIC=5*/-J# PV>#

B/&/+&,(%#I,&#T$%6,6(W/%U"#dKIC=5*/-JCR#+/551#3'/#dKIDbN#+/551#1&3452#

&'3%1:/+&/)# 9,&.# -P_R8# JBD8# 3%)# XB!R# ;/%/1"# $%# 3)),&,(%8# &./1/# +/551#

1&3452#/A7'/11#3%#(7&,0,</)#35?35,%/#7.(17.3&31/#;/%/#/%;,%//'/)#&(#4/#

1/+'/&/)# T1FVU8# 753+/)# *%)/'# &./# +(%&'(5# (:# 3# 7'(0(&/'# ,%)*+,45/# 42#

1/6/'35#&'3%1+',7&,(%#:3+&('1#1*+.#31#HMC?=#3%)#FVC!"#-.,1#'/7('&/'#;/%/#

355(91# &(#0(%,&('# &./# 3+&,63&,(%#(:#-P_R# 1,;%35# 73&.932#42# /%)(&(A,%#

TPV># ('# 5,7,)# FU"# J('/(6/'8# *1,%;# dKIC=5*/-J# )/&/+&,(%# 0/),*08#

7.(17.3&31/#3+&,6,&2#+3%#4/#@*3%&,:,/)#17/+&'(7.(&(0/&',+3552"#
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# bR#

F55#+(07(*%)1#9/'/#),11(56/)#,%#BJ>Om#/&.3%(5#!G!#3%)#&./%#),5*&/)#,%#

V=># 3%)# 3))/)# DY# ~P# 7/'#9/55# (:# 3# p3&C4(&&(0# b`C9/55# 753&/# 3&# &.'//#

),::/'/%&# +(%+/%&'3&,(%1# T!8# S8# !Y# ~JU"# -./# n%35# (';3%,+# 1(56/%&#

TBJ>Om/&.3%(5U# +(%+/%&'3&,(%# 7/'#9/55# ,1# 5/11# &.3%# Y"Sv"#dKIC=5*/CR#

+/551#9/'/#)/&3+./)#42#&./#*1/#(:#),5*&/)#&'271,%CKB-F#1(5*&,(%#T!mN#,%#

V=>U8#3%)#&./#+/55#+(%+/%&'3&,(%#931#/1&,03&/)#42#*1,%;#3#+(*%&,%;#+/55"#

-./#+/551#9/'/#),5*&/)#,%#dKIC#=5*/#)/&/+&,(%#0/),*0#T$%6,6(W/%U8#3%)#

DYY# ~P# (:# +/55# 1*17/%1,(%# TDYYYY# +/551U#9/'/# 3))/)# &(# /3+.#9/55"# O%/#

.(*'#3:&/'#,%+*43&,(%#9,&.#+(07(*%)1#3&#Na#|X#,%#3#XOD#,%+*43&('8#+/551#

9/'/#1&,0*53&/)#9,&.#DY#~P#(:#5,7,)#F#TY"Y!#~JU#('#9,&.#-HM_#T!#%;m0PU#

7/'#9/55"#-./#753&/#931#,%+*43&/)#3&#Na#|X#,%#3#XOD#,%+*43&('#:('#DR#."#

P,7,)#F#3%)#-HM_# ,%)*+/#-P_R#73&.932#3+&,63&,(%8# 5/3),%;# &(#35?35,%/#

7.(1C#7.3&31/#1/+'/&,(%"#-./#7.(17.3&31/#3+&,6,&2#,1#)/&/+&/)#42#&./#*1/#

(:#dKIC=5*/#)/&/+&,(%#0/),*08#3%)# ,&# +3%#4/#@*3%&,n/)#17/+&'(7.(&(C#

0/&',+3552G# &./# 753&/# '/3),%;# 931# 311/11/)# 42# *1,%;# 3#

17/+&'(7.(&(0/&/'# 1/&# (%# `NY# %0"#F1# 7(1,&,6/# +(%&'(58#9/# &'/3&/)# &./#

+/551#9,&.#5,7,)#F#TY"Y!#~JU#('#-HM_#T!#%;m0PU#35(%/"##

#

E7[I7-J1+QO6<QOIKI<1+-JO-8-K-6JW+F+&,6/#0(5/+*5/1#TD8#S8#`#3%)#aU#9/'/#

,%+*43&/)# 3&# 03A,0*0# +(%+/%&'3&,(%# T!Y#0JU# 9,&.# '/+(04,%3%&# +35:#

,%&/1&,%35# 35?35,%/# 7.(17.3&31/# TX$VU# T=,(5341U# 3&# ),::/'/%&#

+(%+/%&'3&,(%1# TY"R8# Y"D8# Y"YD# 0im0PU# ,%# &./# 7'/1/%+/# (:# dKIC=5*/-J#

B/&/+&,(%# 0/),*0"# -./# 753&/# '/3),%;# 931# 311/11/)# 42# *1,%;# 3#

17/+&'(7.(&(0/&/'# 1/&# (%# `NY#%0"#dKIC=5*/-JCR# +/551#9/'/# ),5*&/)# ,%#

BJKJ# #9,&.(*&#M=>#3%)#!YY#05#(:# +/55# 1*17/%1,(%# TDYYYY#+/551U#9/'/#

3))/)# &(# /3+.#9/55"# X/551#9/'/# 1&,0*53&/)#9,&.# DY#05# (:# 5,7,)# F# TY"Y!#

0JU#7/'#9/55"# -./#753&/#931# ,%+*43&/)# 3&# Na|X# ,%# 3# XOD# ,%+*43&('# :('#

DR."#!YY#*P#(:#1*7/'%3&3%&#:('#/3+.#9/55#931#,%+*43&/)#:('#S.#9,&.#!YY#

*P# (:# dKIC=5*/-J# B/&/+&,(%# 0/),*0# ,%# &./# 7'/1/%+/# ('# %(&# TXU# (:#
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# bS#

0(5/+*5/1#28#>+ 3%)#@# 3&# !Y#0J"# 1FV# 3+&,6,&2#931# 311/11/)#0/31*',%;#

341('43%+/#3&#`NY#%0#31#7'/6,(*152#)/1+',4/)+

##

EJ-:I7+ I<<IP+ 960+ 1JL6K6U-J+ <O6N[+ Q06K1NK-6JW+XSa=Pm`�#035/#0,+/#

9/'/# ,%&'37/',&(%/3552# T,"7"U# ,%E/+&/)#9,&.# DY#0;m?;# PV># T:'(0# K"# +(5,#

YSSG=S8# >,;038# $&352U8# 3%)# 1*'6,635# (:#0,+/#931# (41/'6/)# (6/'# R# )321"#

X(07(*%)1#9/'/#3)0,%,1&/'/)#,"7"#NY#0,%#4/:('/#&./#PV>"#

#

*177%-K10+]7/1^+N177+M-I8-7-KP+I<<IP+;R06:1.I=W+X/551#9/'/#1//)/)#3&#3#

)/%1,&2# (:# DA!YR# +/551m0P# ,%# SY#05#0/),*0# 7/'#9/55# ,%# b`C9/55C753&/"#

X(07(*%)1#D8#S8#`#3%)#a#9/'/#),5*&/)#9,&.#V=>#3%)#9/'/#3))/)#&(#&./#

+/551# &(# 2,/5)# 3# :,%35# +(%+/%&'3&,(%# (:# !Y# 0J"# DR.# 3:&/'# ,%+*43&,(%# 3&#

Na|X8# &./# 0/),*0# 931# '/0(6/)# 3%)# X/55-,&/'C=5*/�# 0/),*0# T:'/1.#

0/),*0#3%)# #X/55-,&/'C=5*/�#_/3;/%&U#9/'/#3))/)# &(# &./# +/551# (:# /3+.#

9/55"#F:&/'#D.#(:#,%+*43&,(%#&./#341('43%+/#3&#`YY#%0#3%)#SaY#%0#931#

'/3)"# F1# +(%&'(518# 9/# 1/&# *7# &',75,+3&/# 9/551# 9,&.# +/551# 3%)# Y"Sv#

BJ>OmK&Od\# &',75,+3&/# 9/551# 9,&.(*&# +/551# TH(C+/55# X(%&'(5U\# &',75,+3&/#

9/551# 9,&.(*&# +/551# +(%&3,%,%;# &/1&# +(07(*%)1# &(# &/1&# :('# 7(11,45/#

,%&/':/'/%+/#9,&.#X/55-,&/'C=5*/�#_/3;/%&#+./0,1&'2"#F1#7(1,&,6/#+(%&'(5#

:('#+2&(&(A,+,&2# TXwU8#9/#1/&#*7# &',75,+3&/#9/551# +(%&3,%,%;#+/551# &'/3&/)#

9,&.#3#+(07(*%)#?%(9%#&(#4/#&(A,+#&(#&./#+/551"#+

#

R01QI0IK-6J+ 69+ _3H`G'5"R06K1-J;<=+ *6:Q71U1<+ -J+ KO1+ Q01<1JN1+ 69+

<PJKO1K-N+:671N/71<W+ZNd[PO>"JBCD"-P_R#+(075/A#931#;/%/'3&/)#42#3#

&.'//C1&/7#7'(+/11"#1XB!R#TY8Q#%JU#931#7'/C,%+*43&/)#9,&.#P=V#TR#7JU#

T�#12%&./&,+#0(5/+*5/1#3&#),::/'/%&#+(%+/%&'3&,(%1U#:('#NY#0,%#3&#Na#|X#,%#

V=>8#7d#a"R8#Y"!v#d>F"#F:&/'#&.,1#&,0/#ZNd[PO>3;;#TY8Q#%JU#931#3))/)#

3%)#&./#0,A&*'/#931# ,%+*43&/)#:('#NY#0,%#3&#Na|X8# &./%#1*775/0/%&/)#

9,&.# 7'/:('0/)# JBCD"-P_R# ),0/'# TY"!DS# 058# +3"# Y"D# %J8# :,%35#



D"#J3&/',351#3%)#0/&.()1#

# b`#

+(%+/%&'3&,(%8# (:# '/3+&,6/# JBCD�-P_RKXB# ./&/'(),0/'U# 3%)# ,%+*43&/)#

3;3,%# :('#!S#0,%#3&#Na# |X"# ZNd[PO>"JBCD#+(075/A#931#7'/73'/)#9,&.#3#

1,0,53'# &.'//# 1&/7# 7'(+/11# 42# 3)),%;# JBCD# T!"D# %JU# ,%1&/3)# (:# JBC

D"-P_R# ,%# &./# 531&# ,%+*43&,(%# 1&/7"# ZNd[PO>"XB!R# 931# ;/%/'3&/)# 42# 3#

:,'1&#,%+*43&,(%#(:#1XB!R#TY8Q#%JU#T#±#12%&./&,+#+(07(*%)1U#,%#V=>8#!v#

d>F8#NY#0,%#3&#Na#|X# :(55(9/)#42# &'/3&0/%&#9,&.# ZNd[PO>3;;#TY8Q#%JU#

:('#NY#0,%#3&#Na#|X"#

#

F991NK+ 69+ KO1+ <PJKO1K-N+ :671N/71<+ 6J+ G'5+ K0IJ<910+ 906:+

_3H`G'5"<*(!4+ K6+ 1-KO10+ H-<SKI..1L+ K*(!4+ 60+ <D(S2G# X(%),&,(%/)#

0/),*0#+(%&3,%,%;#/,&./'#d,1C&3;;/)#7'(&/,%# T+(''/17(%),%;# &(#3# :,%35#

+(%+/%&'3&,(%# ,%# &./# ,%+*43&,(%# 0,A&*'/# (:# +3"# !"D# %JU# 931# 7'/C

,%+*43&/)#9,&.# 1XB!R# TY"Q# %JU# �# &./# 12%&./&,+#0(5/+*5/1# ,%# V=>8# !v#

d>F8#NY#0,%#3&#Na#|X"#1XB!R#931#3))/)#&(#&./#7'/,%+*43&,(%#&(#:3+,5,&3&/#

,%&/'3+&,(%# # (:# &./# 12%&./&,+# +(07(*%)#9,&.#/,&./'#d,1C&3;;/)#7'(&/,%"#

P=V#931#%(&#%//)/)"#-.,1#7'/C,%+*43&,(%#931#:(55(9/)#42#,%+*43&,(%#:('#

NY# 0,%# 3&# Na# |X# 9,&.# ZNd[PO>"1XB!R# TY"Q# %JU# &(# 355(9# &'3%1:/'# (:#

ZNd[PO># &(# 363,5345/# d,1C&3;;/)# &XB!R# ('# JBCD"# # V'()*+&1# (:# &./#

'/3+&,(%1#9/'/#3%352</)#42#1,</#/A+5*1,(%#+.'(03&(;'37.2#T1//#34(6/U#

3%)m('#42#+(C+37&*'/#&(#d$>P$HI#'/1,%#T1//#4/5(9U"#

#

(1K10:-JIK-6J+ 69+ EQQI01JK+ 5-V1W# >/7.3+'25# >NYY# *1/)# :('#

)/&/'0,%3&,(%# (:# 3773'/%&# J'# 931# +35,4'3&/)# 9,&.# &./# :(55(9,%;#

7'(&/,%1G45*/# )/A&'3%# TD# A# !Y`8# jYU8# &.2'(;5(4*5,%# T`SY8YYYU8# :/'',&,%#

TRRY8YYYU8#+3&3531/#TDND8YYYU8# $;W#T!SQ8YYYU8#d>F#T``8YYYU8#(6354*0,%#

TRR8SYYU8# 02(;5(4,%# T!a8SYYU8# 6,&30,%# =!D# T!DYY8# j,U"# M('# 1,</#

)/&/'0,%3&,(%8# &./# +(075/A# +(%&3,%,%;# ZNd[PO># 931# '/1(56/)# ,%# &./#

7'/1/%+/# (:# 3&# 5/31&# &.'//# 7'(&/,%# 1&3%)3')1"# M('# &./# 3%3521,1# (:#

ZNd[PO>"JBCD"-P_R# +(075/A8# 3# 6(5*0/# (:# Y"b# 05# (:# '/3+&,(%# 0,A&*'/#



D"#J3&/',351#3%)#0/&.()1#

# ba#

7'/73'/)# 31# )/1+',4/)# 931# 5(3)/)# (%# 3# >/7.3+'25# d_# >NYY# +(5*0%#

T./,;.&#`S#+0U#7'/C/@*,5,4'3&/)#,%#V=>8#7d#a"R8#Y8YNv#d>F#3%)#/5*&/)#,%#

&./#130/#4*::/'#3&#3#:5(9C'3&/#(:#Y8S#05m0,%#3&#'((0#&/07/'3&*'/#*1,%;#

FI-F#V*',:,/'#('#KA75('/'#!YY# :31&#7'(&/,%# 5,@*,)#+.'(03&(;'37.2#TWK#

d/35&.+3'/U8# 9,&.# &./# +(55/+&,(%# (:# !# 05# :'3+&,(%1# 3:&/'# Y8N# Xj"#

_3),(3+&,6,&2# ,%# +(55/+&/)# :'3+&,(%1#931# 3%352</)#42# 5,@*,)# 1+,%&,553&,(%#

17/+&'(1+(72# T=/+?03%#P># 5,@*,)# 1+,%&,553&,(%# +(*%&/'U"# -(&35# '/+(6/'2#

(:#ZNd[PO>#931##aYv#,%#355#/A7/',0/%&1"#$%#&./#+31/#(:#ZNd[PO>"JBCD#3%)#

ZNd[PO>"XB!R#+(075/A/18#&./#+.'(03&(;'3:,+#3%3521,1#931#+3'',/)#(*&#,%#

&./# 130/# /A7/',0/%&35# +(%),&,(%18# 42# 5(3),%;# Y"b# 05# 13075/1# (%#

>/7.3+'25#d_#>DYY#+(5*0%#T./,;.&##NY#+0U"#

#

*IQK/01+ E<<IP<+ a-KO+ $-bbS*O17IK-J.+ &1<-JW+ &XB!RCd,1`# 931#

7'/,%+*43&/)#,%#Y8N#05#V=>8#Y"!v#d>F#,%#7'/1/%+/#(:#P=V#TR#7JU#:('#NYg#

3&# NaX# �# ),::/'/%&# +(%+/%&'3&,(%1# (:# 12%&./&,+# +(07(*%)1"# ZNd[PO>3;;#

TY8Q#%JU#931#3))/)#:(55(9/)#42#3%(&./'#,%+*43&,(%#:('#NY#0,%#3&#Na#|X"#

J,A&*'/#931#&./%#,%+*43&/)#9,&.#H,wwd$>P$HI#TDY#*PU#'/1,%#:('#!S#0,%#

3&#DS#|X8#355(9,%;#d,1C&3;;/)#&XB!R#&(#3)1('4#(%&(#4/3)1"#-./#'/1,%#931#

17*%#)(9%8#1*7/'%3&3%&#931#'/0(6/)8#3%)#&./#'/1,%#931#931./)#9,&.#

V=>8# !v# d>F"# -./# ZNd[PO># 341('4/)# (%# 4/3)1# ('# ),11(56/)# ,%#

1*7/'%3&3%&#931#@*3%&,:,/)#42#5,@*,)#1+,%&,553&,(%#17/+&'(1+(72"##

#

D6J6:10-N+ 1JL6K6U-J+ K0IJ<910+ IJL+ NIQK/01+ K1<KW+ &XB!RCd,1`# T!8D#

%JU# 931# ,%+*43&/)# ,%# Y8N# 05# V=>8# Y8!v# d>F# :('# NY# 0,%# 3&# Na# |X# �#

12%&./&,+# +(07(*%)1"# V'/:('0/)# ZNd[PO>"1XB!R# TY8Q# %JU# 931# &./%#

3))/)#3%)#,%+*43&/)#:('#!.#3&#Na#|X"#ZNd[PO>"&XB!RCd,1`#:('0/)#42#PO>#

&'3%1:/'#:'(0#1XB!R8#931#&./%#341('4/)#(%#H,ww#d$>P$HI#'/1,%#TDY#*PU#

42# ,%+*43&,%;# :('# !S# 0,%# 3&# DS# |X# 3%)# '3),(3+&,6,&2# 931# 3%352</)# 31#

7'/6,(*152# )/1+',4/)"# F# +(%&'(5# /A7/',0/%&# 931# '*%# 42# ,%+*43&,%;#



D"#J3&/',351#3%)#0/&.()1#

# bQ#

1JBDCd,1`# T!8D# %JU## 12%&./&,+# +(07(*%)1# :('# NY# 0,%# 3&# Na# |X8# &./%#

1*775/0/%&,%;# 7'/:('0/)# ZNd[PO># 1XB!R# TY8Q# %JU# 3%)# ,%+*43&,%;# :('#

!.# 3&# Na# |X"# -./# ZNd[PO>#JBCDCd,1`# "+(075/A# :('0/)# 42# PO># &'3%1:/'#

:'(0#1XB!R#931#&./%#+37&*'/)#(%#H,ww#d$>P$HI#'/1,%#TDY#~PU"#

#

FJL6K6U-J+ L-<Q7IN1:1JK+ I<<IPW+ &XB!RCd,1`# ('# d,1C&3;;/)# JBD# T!8D#

%JU#9/'/#7'/,%+*43&/)#,%#Y8N#05#V=>8#7d�a8R8#Y"!v#d>F#,%#7'/1/%+/#(:#

P=V#TR#7JU#9,&.#ZNd[PO>3;;#TY8Q#%JU#('#ZNd[PO>"1XB!R#TY8Q#%JU#:('#NYg#

3&# NaX# ),::/'/%&# +(%+/%&'3&,(%1# (:# 12%&./&,+# +(07(*%)1# 931# 3))/)#

:(55(9/)# 42# 3%(&./'# ,%+*43&,(%# :('# NY# 0,%# 3&# Na# |X"# d,1C&3;;/)#

+(%&3,%,%;# +(075/A/1#9/'/# &./%# +37&*'/)#9,&.#H,ww#d$>P$HI# TDY# ~PU#

'/1,%# 42# ,%+*43&,%;# :('# !S#0,%# 3&# DS# |X"# _/1,%#931#931./)# &9(# &,0/1#

9,&.#V=>8#7d�a8R8#!v#d>F#3%)#'3),(3+&,6,&2#931#3%352</)"##

#

FMI7/IK-6J+ 69+ K0IJ<910+ 69+ _3H`G'5+ K6+ H-<?SKI..1L+ Q06K1-J<+ 8P+ N6S

NIQK/01+ K6+ :1KI7+ NO17IK-J.+ 01<-JW+ d,1`C1JBCD# T!"D# %J8# :,%35#

+(%+/%&'3&,(%#('#%(#d,1`C1JBCD#31#%/;3&,6/#+(%&'(5U#931#7'/C,%+*43&/)#

,%#Y"N#05#V=>8#!v#:('#NYg#3&#Na�X#�#),::/'/%&#+(%+/%&'3&,(%1#(:#12%&./&,+#

+(07(*%)1"# ZNd[PO>�1XB!R# TY"Q# %JU# 931# 3))/)# :(55(9/)# 42# 3%(&./'#

,%+*43&,(%#:('#NY#0,%#3&#Na#|X"#-./#'/3+&,(%#0,A&*'/#931#&./%#,%+*43&/)#

9,&.# d$>P$HI# '/1,%# TDY# ~PU# :('# !S# 0,%# 3&# DS# |X8# 355(9,%;# d,1C&3;;/)#

1JBCD# &(#4/#3)1('4/)#(%&(# &./#4/3)1"#-./# '/1,%#931# 17*%#)(9%# :('#D#

0,%#3&#DYYYA#;8#&./#1*7/'%3&3%&#931#'/0(6/)#3%)#&./#'/1,%#931./)#DA#

9,&.# V=>8# !v# d>F# *1,%;# &./# 130/# 7'(+/)*'/"# -./# ZNd[PO># 341('4/)#

(%&(#&./#4/3)1#('#'/+(6/'/)#,%#&./#1*7/'%3&3%&#931#@*3%&,:,/)#42#5,@*,)#

1+,%&,553&,(%#17/+&'(1+(72"##

#

HF\+ *177+ ENK-MIK-6J+ E<<IPW+ dKIC-P_R# +/551# .36/# 4//%# 7'/6,(*152#

+.3'3+&/',</)#3%)#9/'/#+*5&*'/)#31#)/1+',4/)"#M('#+/55#3+&,63&,(%#3113218#



D"#J3&/',351#3%)#0/&.()1#

# bb#

dKIC-P_R#('# 73'/%&35#dKI# +/551#9/'/# ;'(9%# &(# +(%:5*/%+2# ,%# b`C9/55#

753&/1"# X/55# 0(%(532/'1# 9/'/# 931./)# &9(# &,0/1# 9,&.# 93'0# V=># 9m(#

X3Dw# 3%)# J;Dw# 3%)# ,%+*43&/)# (6/'%,;.&# 3&# Na|X8# Sv# XOD8# 3%)# bSv#

.*0,),&2# ,%# DYY# ~5# BJKJ!Y"!v# d>F"# -./# O"H"# ,%+*43&,(%# 931#

7/':('0/)# ,%# 7'/1/%+/# (:# 12%&./&,+# +(07(*%)1# 3&# ),::/'/%&#

+(%+/%&'3&,(%1# TYCSY#~JU8# 3%)# ZNd[PO># T!#%;U8# ZNd[PO>"1XB!R# TY8!# %;U#

('# ZNd[PO>"JBD# TY8YN# %;U# 31# 1&,0*5,"# 1XB!R# TY8Q# %JU8# 1JBD# dKI#

+(%&3,%,%;# 0/),3# T+3"# !8D# %JU# 3%)# P=V# TY8Q# 7JU# 9/'/# 1*775/0/%&/)#

9./%# ZNd[PO># 35(%/# ,1# *1/)# 31# /%)(&(A,%# )(%('# ('# 1JBD# T+3"# !8D# %JU#

9./%# ZNd[PO>"1XB!R# ,1# 7'(6,)/)"# F:&/'# O"H"# ,%+*43&,(%# 753&/1# 9/'/#

+/%&',:*;3&/)# 3&# !YYY# '70# :('# Sg# 3%)# 1*7/'%3&3%&# 931# +(55/+&/)"##

F+&,63&,(%#(:#dKI#+/551#931#311/11/)#42#0/31*',%;#&./#3++*0*53&,(%#(:#

/A&'3+/55*53'#$PCQ#42#KP$>F#3++('),%;#&(#1*775,/'#7'(&(+(5#T=B#X5(%&/+.8#

$%+"8#V35(#F5&(8#XFU"##

#

E<<IP+ 69+ .7PN67-Q-L+ :671N/71+ !S<*(!4+ -JK10INK-6J+ 8P+ <IK/0IK-6J+

K0IJ<910+ L-99101JN1+ ;5%(=+ J/N71I0+ :I.J1K-N+ 01<6JIJN1+ ;$D&=+

<Q1NK06<N6QPW#F#:'/1.52#7'/73'/)#1&(+?#T!"S#0JU#(:#0(5/+*5/#2#T,%#!G!#

BJ>OC)`G0/&.3%(5C)R8#6m6U#931#),5*&/)#&(#!b#µJ#,%#3#4*::/'#+(%&3,%,%;#

!Y#0J#1(),*0#7.(17.3&/#T7d#`"QU#,%#!YYv#DdDO#T13075/#FU"##F%#35,@*(&#

(:#13075/#F#TY"S#05U#931#0,A/)#9,&.#D#µ5#(:#3#!DY#µJ#1&(+?#1(5*&,(%#(:#

1XB!R# T,%# &./# 130/# 1(),*0# 7.(17.3&/# 4*::/'U# &(# ;,6/# 3# :,%35#

+(%+/%&'3&,(%#(:#1XB!R#(:#Y"S#µJ#T13075/#=U"##-.,1#13075/#931#*1/)#&(#

+(55/+&#&./#>-B#HJ_#)3&3"##-./#+(%&'(5#13075/#T13075/#XU#+(%&3,%/)#Y"S#

µJ#1XB!R#35(%/#,%#&./#130/#4*::/'#T!Y#0J#1(),*0#7.(17.3&/#T7d#`"QU#

,%#!YYv#DdDOU"##

>-B#HJ_#)3&3#9/'/#+(55/+&/)#3&#DS#|X#(%#3#='*?/'#F63%+/#$$#QYY#Jd<#

HJ_#17/+&'(0/&/'#/@*,77/)#9,&.#3#1/%1,&,6/#+'2(7'(4/"##>-B#)3&3#9/'/#

+(55/+&/)#31#7'/6,(*152#)/1+',4/)#TNNCN`U"#>,%+/#%(#3'(03&,+#'/1(%3%+/1#
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# !YY#

3'/# 7'/1/%&# :('# 0(5/+*5/# 28# &./# 1XB!R# 7'(&/,%# +3%# 4/# 1/5/+&,6/52#

13&*'3&/)# 42# ,''3),3&,%;# T(%C'/1(%3%+/U# 3&# a"`# 3%)# Q"Y# 770# (%# &./#

7'(&/,%# '/1(%3%+/1# 9,&.# 3# &'3,%# (:# W3*11C1.37/)# 7*51/1# 9,&.# 3# &(&35#

5/%;&.# (:# 13&*'3&,(%# &,0/# (:# !"Y# 1"# # -./# (::C'/1(%3%+/# '3),3&,(%# 931#

7/':('0/)# 3&# 3# +./0,+35# 1.,:&# (:# !N"Y# 770#9./'/# %(# '/1(%3%+/1#9/'/#

(41/'6/)"# #-./#(%C'/1(%3%+/#3%)#(::C'/1(%3%+/# 17/+&'3#9/'/# +(55/+&/)#

,%#3%#,%&/'5/36/)#:31.,(%"# #-./#&(&35#%*04/'#(:#1+3%#+(55/+&/)#931#!YI"##

-./# 17/+&'3# 9/'/# 7'(+/11/)# 9,&.# &./# &(717,%# 6D"!# 1(:&93'/# (%# &./#

='*?/'#17/+&'(0/&/'"##

#

#

#
#
#
!" !"# V/',# MX, .", #';# TDYYaU# $%.,4,&,(%# (:# 5,7,)# 3# 1&,0*53&/)#

3+&,63&,(%#(:#.*03%#)/%)',&,+#+/551#3%)#03+'(7.3;/1#42#30,%(#
3%)# .2)'(A2530,%(# 0(%(13++.3',)/1"# T-'3%153&/)# :'(0# /%;U#
I05.V,A%.1,G0",89,805'#R`T!QUGNNYQCNN!D#T,%#/%;U"#

D" D"# =/&&(%,#$X,.",#';#TDYYQU#W5,35#-P_R#'/+/7&('#31#%/9#&3';/&#&(#
&'/3&#%/*'(73&.,+#73,%G#/::,+3+2#(:#3#%/9#'/+/7&('#3%&3;(%,1&#,%#
3#0()/5# (:# 7/',7./'35#%/'6/# ,%E*'2# ,%#0,+/"# T-'3%153&/)# :'(0#
/%;U#Y'3##S`T!DUG!N!DC!N!b#T,%#/%;U"#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !Y!#

#

3" &F5)G%5+E$(+(#5*)55#'$5+

+

3"!" G-80I0P+L1M176Q:1JK+

 

=31/)#(%#,%:('03&,(%1#;3,%/)#:'(0#&.,1#7'/6,(*1#5,4'3'2#3#%/9#1/&#(:#

+(07(*%)1# 931# 12%&./1,</)# TM,;"# !U# 31# )/1+',4/)# ,%# 03&/',351# 3%)#

0/&.()1#1/+&,(%#T1/+&,(%#D"NU"##

#

,-./01+!"#>&'*+&*'/#(:#W52+(5,7,)1#!C`#3%)#(:#4/%<25300(%,*0#5,7,)#a+

Glycolipids and Benzylammonium Lipids as Novel Antisepsis Agents: Synthesis and Biological

Characterization

Matteo Piazza, Clara Rossini, Silvia Della Fiorentina, Chiara Pozzi, Francesca Comelli, Isabella Bettoni, Paola Fusi,
Barbara Costa, and Francesco Peri*

Department of Biotechnology and Biosciences, UniVersity of Milano-Bicocca, Piazza della Scienza 2, 20126 Milano, Italy
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New glycolipids and a benzylammonium lipid were rationally designed by varying the chemical structure
of a D-glucose-derived hit compound active as lipid A antagonist. We report the synthesis of these compounds,
their in vitro activity as lipid A antagonists on HEK cells, and the capacity to inhibit LPS-induced septic
shock in vivo. The lack of toxicity and the good in vivo activity suggest the use of some compounds of the
panel as hits for antisepsis drug development.

Mammalian cells have developed the ability to respond to
minute (pM) quantities of endotoxin, unique, abundant, and
generally conserved surface glycolipids (the entire LPSa and
parts of its structure, lipid A) of Gram-negative bacteria.1,2 This
exceptional sensitivity is due to signal amplification mediated
by a cascade of sequential protein-endotoxin and protein-protein
interactions involving at least four extracellular and cell-surface
host proteins: LPS-binding protein (LBP), soluble (s) and
membrane-associated CD14, secreted and Toll-like receptor
(TLR) 4-associated forms of MD-2, and TLR4 itself.3-5 MD-2
plays an essential role in regulation of endotoxin mediated TLR4
activation, bridging recognition, normally initiated by CD14,
to receptor activation or antagonism.6-8 TLR4 trigger can be
remarkably sensitive and robust, stimulating prompt and power-
ful host defense responses to different species of invading
bacteria. However, an excessively potent host response generates
life-threatening syndromes such as acute sepsis and septic shock.
Gram-negative sepsis is the first cause of deaths in intensive
care units, and it is associated to a mortality of about 45%.9

Several pharmacologically active compounds have been devel-
oped and used in clinic to treat septic shock.10 However, because
of the serious side effects observed, there is still a major unmet
medical need for safer and more effective antisepsis agents. The
majority of small molecules so far proposed as leads for drug
development are synthetic mimics of the lipid A or naturally
occurring underacylated forms of lipid A that act as antagonists
on the TLR4.11 Among these compounds, worth noting is
compound E5564,12 a synthetic lipid A analogue that is currently
in phase III clinical trials. The ethyl(6R)-6-[N-(2-chloro-4-
fluorophenyl)sulfamoyl]cyclohex-1-ene-1-carboxylate (TAK-
242)13 is another small molecule that reached the clinical phase
III as antisepsis agent, and it was discovered by screening a
large library of compounds. The antiendotoxic activity of this
compound has been related to selective inhibition of the
intracellular signaling of the TLR4 pathway. Another class of
antisepsis agents directly target LPS by binding and sequestering

it. LPS can be complexated and neutralized by antibodies,14

nonantibody proteins,15 and by small molecules such as the
antibiotic cyclic peptide polymixin B16 (PMB), a highly active
endotoxin-sequestring agents that has never been used in a clinic
because its high toxicity. Synthetic polycationic amphiphiles
were shown to protect animals against endotoxin-induced
lethality, and it was found that binding to LPS is a necessary
but not sufficient condition for the inhibition of endotoxic
activity.17 Among these compounds are notable linear or
branched18 spermine derivatives and “Gemini” amphiphiles;19

this last class of molecules has been designed as surfactant and
therefore presents high cytotoxicity and hemolytic activity.
We recently published the synthesis and the biological activity

of compounds 1 and 2, derived from the natural monosaccharide
D-glucose20 (Figure 1). These glycolipids have some structural
elements in common with the branched spermine derivatives cited
above,18 namely two lipophilic (C14) appendages linked to a
positively charged amino group. We reported the activity of these
compounds in inhibiting the lipid A-stimulated cytokine production
in cells of the innate immune system such as macrophages and
dendritic cells. Conversely, TNF-R production inhibition was not
observed in macrophages and DC when these cells were treated
with agents that selectively stimulate other TLRs. Compound 2

* To whom correspondence should be addressed. Phone:+39.02.64483453.
Fax: +39 0.02.64483565. E-mail: francesco.peri@unimib.it.

a Abbreviations: AcOEt, ethyl acetate; ANOVA, analysis of variance;
sAP, secreted alkaline phosphatase; CD14, cluster differentiation antigen
14; CIP, calf intestinal alkaline phosphatase; DC, dendritic cell; DIPEA,
diisopropylethylamine; DMF, N,N-dimethylformamide; DMAP, N,N-dim-
ethylaminopyridine; Fmoc, fluorenylmethoxycarbonyl; HEK, human em-
brionic kidney; HOBt,N-hydroxybenzotriazole; LBP, lipid binding protein;
LPS, lipopolysaccharide; MD-2, protein MD-2; NF-kB, nuclear factor-kB;
SEM, standard error media; TFA, trifluoroacetic acid; THF, tetrahydrofuran;
TLR4, Toll-like receptor 4; TNF-R, tumor necrosis factor-R.

Figure 1. Structure of Glycolipids 1-6 and of benzylammonium lipid
7.
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The library was designed taking into account important structural features 

highlighted in the previous study. Chemical modifications of the lead 2 were 

focused on the amino group on C-6 of glucose and on its substituents (Fig. 

2). It was  designed compound 3, in which the nitrogen atom on glucose C-6 

has been replaced by the oxygen of a cyclopentyl ether, and compound 5 

conserving a primary amino group and lacking the cyclopentyl ring. In 

compound 4 it was inserted an O-methyl hydroxylamine function in C-6 

while in compound 6 the C-6 amine was condensed with a proline residue. 

The unique cyclic structure of this amino acid provides a secondary amine 

inserted into a five-membered cycle. In compound 7 the cyclic core of the 

glucopyranose scaffold of 2 has been replaced by an aromatic ring (Fig. 3).  

The mutual disposition of the C-6 nitrogen (or oxygen, in the case of 3) and 

of the two tetradecyl ethers was conserved in all derivatives. The C-6, C-2 

and C-3 positions of glucose of compounds 1-6 correspond to C-1, C-3 and 

C-4 positions of the benzene ring in 7. The protonation state of the nitrogen 

could greatly influence the biological activity and the pharmacokinetic of 
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these molecules, so all compounds but 3 are fully protonated and therefore 

positively charged at neutral pH. Compounds 1-7 were prepared starting 

from commercially available and inexpensive compounds: the methyl-b-D-

glucopyranoside was transformed into glycolipids 1-6 according to the 

synthetic way described in section 2.3.2, whereas 3,4-dihydroxy benzoic 

acid was transformed in compound 7 through the four-step synthesis 

depicted in the same section.#
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%(%73'30/&',+#)3&3"#K3+.#;'(*7#+(%1,1&/)#(:#/,;.&#0,+/"##
+

#

X(07(*%)1#9/'/#3)0,%,1&/'/)#,"7"#NY#0,%#4/:('/#&./#PV>"#F1#1.(9%#,%#

M,;*'/#Q8# ,"7"# ,%E/+&,(%#(:#DY#0;m?;#PV>#931# 5/&.35#&(#0,+/#3%)#355#0,+/#

),/)#9.,&.,%#&9(#)321"##

-./# 3)0,%,1&'3&,(%# (:# !Y# 0;m?;# (:# &./# &.'//# 0(5/+*5/1# 1,;%,:,+3%&52#

,%+'/31/)#1*'6,635#(:#0,+/"#V3'&,+*53'528# &./#+(07(*%)#2# ,%+'/31/)# &./#

1*'6,635# '3&/# :'(0# Yv# &(# DSv8# +(07(*%)#@# :'(0# Yv# &(# `av# 3%)# 355#

0,+/# &.3&# '/+/,6/)# +(07(*%)# ># 1*'6,6/)"# L/# :*'&./'# 1&*),/)# &./#

7'(&/+&,(%# :'(0#PV># ,%)*+/)# 5/&.35,&2# /A/'&/)#42# +(07(*%)#># 3%)#9/#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !!D#

:(*%)# &.3&# 351(# 3# 10355/'# )(1/# TN# 0;m?;U# /6(?/)# 3# !YYv# 1*'6,635# (:#

0,+/#&'/3&/)#9,&.#PV>#T)3&3#%(&#1.(9%U"#M*'&./'#9('?#,1#,%#7'(;'/11#,%#

(')/'#&(#/1&345,1.#&./#10355/1&#/::/+&,6/#)(1/#(:#+(07(*%)#>#3%)#&(#&/1&#

9./&./'#&./#+(07(*%)#'/1+*/1#0,+/#/6/%#9./%#3)0,%,1&/'/)#3:&/'#&./#

PV># +.355/%;/"# X(07(*%)# !8# &.3&# .31# &./# 9/3?/1&# -P_R# 3%&3;(%,1&,+#

3+&,6,&2# ,%# 6,&'(8#931# %(&# /::/+&,6/# /,&./'# ,%# &./# 5/&.35# /%)(&(A,%# 1.(+?#

0()/5"# F55# 0,+/# &'/3&/)# 9,&.# &.,1# +(07(*%)# ),/)# 9,&.,%# &./# D%)# )328#

/A3+&52#31#0,+/#&'/3&/)#9,&.#PV>#35(%/"#

#
3"!"2" (-<N/<<-6J+

#

=2# +(073',%;# &./# ,%# 6,&'(# 3%)# ,%# 6,6(# 3+&,6,&2# (:# +(07(*%)1#!C@# ,&# ,1#

7(11,45/# &(# /5*+,)3&/# 1(0/# 317/+&1# (:# 1&'*+&*'/C3+&,6,&2# '/53&,(%1.,7# ,%#

&.,1# 1/',/1"# X(07(*%)1# 3# 3%)# 4# 53+?,%;# 3# 7'(&(%3&345/# 30,%(# ;'(*78#

9/'/#,%3+&,6/#,%#3%&3;(%,<,%;#&./#5,7,)#F#/::/+&#(%#dKI#+/551"#X(07(*%)#

?# ,1#'/53&,6/52#*%1&345/#9./%#),11(56/)#,%#1(5*&,(%#3&#'"&"G# ,&1#.35:C5,:/#(:#

34(*&#RQ.# ,1#+(073&,45/#9,&.#&./# ,%#6,&'(#&/1&1#)*'3&,(%#4*&#1,;%,:,+3%&#

)/;'3)3&,(%# ,1# (41/'6/)# 3:&/'# &./# &,0/# '/@*,'/)# :('# ,%# 6,6(# &/1&1# TS#

)321U"# L/# 3'/# ,%6/1&,;3&,%;# &./# 0/+.3%,10# (:# )/;'3)3&,(%# (:# &.,1#

+(07(*%)# 3%)8# (%+/# +53',:,/)# ,&8# 9/# 9,55# 4/# 345/# &(# )/1,;%# +./0,+3552#

1&345/# 1&'*+&*'35# 63',3%&1"# W52+(5,7,)1# 28# ># 3%)# ?# 3'/# 3+&,6/# 5,7,)# F#

3%&3;(%,1&1#(%#dKI#+/551#3%)#7'(&/+&#0,+/#:'(0#PV>C,%)*+/)#5/&.35,&2#,%#

3#1&3&,1&,+3552#1,;%,:,+3%&#932"#H(&34528#+(07(*%)#>#,1#&./#0(1&#3+&,6/#,%#

6,6(# 3%)# &./# !YYv# 1*'6,635# (41/'6/)# 3&# N# 0;mI;# )(1/# 1*;;/1&1# 3#

7(11,45/#*1/#(:#&.,1#+(07(*%)#3&#5(9/'#+(%+/%&'3&,(%1"#-./#7(&/%+2#(:#>#

,1# +(073'345/# &(# &.3&# (:# &./# 4/1&# 3%&,C1/71,1# 3;/%&1# 1(# :3'# )/6/5(7/)#

T+(07(*%)#-FICDRD8# ,%# +5,%,+35# 7.31/# $$$8# 1.(9/)# +(073'345/# 3+&,6,&2#

,%# &.,1# &/1&# 9,&.# 3%# KBSY# (:# Y"N# 0;mI;U"!N# -./# 1/+(%)# 0(1&# 7(&/%&#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !!N#

+(07(*%)# ,%# 6,6(# 3%)# &./#0(1&# 7(&/%&# ,%# 6,&'(# ,1#0(5/+*5/#@8#9,&.# 3%#

3'(03&,+#',%;#,%1&/3)#(:#&./#72'3%(1/#',%;#(:#;5*+(1/"#

(

1"-" C4'3).)3()$&'5%3&)0$(L'&M''$(6,$&D'&)3(/)A%$:6(%$:(EN!=(

#

K%)(&(A,%# '/+(;%,&,(%8# 31# (*&5,%/)# ,%# &./# ,%&'()*+&('2# 1/+&,(%8# ,1# 3#

+(075/A#7'(+/11# ,%6(56,%;#3%#3''32#03,%52#+(07(1/)#(:# :(*'#7'(&/,%1G#

-P_R8#XB!R8#JBD#3%)#P=V"#$%&/'3+&,(%#9,&.#/3+.#(:#&.(1/#7'(&/,%1#+(*5)#

5/3)#&(#,%.,4,&,(%#(:#/%)(&(A,%C)/',6/)#1&,0*5*1"#_3&,(%35#0(),:,+3&,(%1#

(:#&./#0(1&#7'(0,1,%;#+(07(*%)1#,%#&./#5,4'3'2#'/@*,'/#&./#?%(95/);/#

(:# &./,'# &3';/&#7'(&/,%"#-./#3,0#(:# &.,1#1/+&,(%# ,1# &(#+53',:2# &./#0()/#(:#

3+&,(%# (:# &./1/#0(5/+*5/1#9,&.# 73'&,+*53'# :(+*1# (%# &./# 5/3)# +(07(*%)#

�0(5/+*5/# D�8# 42# 3%352<,%;# 7(11,45/# ,%&/'3+&,(%1#9,&.# &./# /A&'3+/55*53'#

+(07(%/%&1# &.3&# 4,%)# 3%)# 1.*&&5/# /%)(&(A,%# &(#-P_R# TP=V8# XB!R8# 3%)#

JBCD8#:'//#('#-P_RC4(*%)U"#

#

#

,-./01+ A"# >&'*+&*'/# (:# 0/&.25# `C)/(A2C# `CJC),0/&.25CJC
+2+5(7/%&2530(%,*0CD8NC),CHC&/&'3)/+25C3CBC;5*+(72'3%(1,)/# TDU#
0/&.25# `C)/(A2C# `C30,%(CD8NC),CHC&/&'3)/+25C3CBC;5*+(72'3%(1,)/# TSU8#
JCTN8RC4,1C&/&'3)/+25(A2C4/%<25UCJC+2+5(7/%&25CJ8JC
),0/&.25300(%,*0# TaU8# 3%)#0/&.25# `C)/(A2C# `C0/&.(A230,%(CD8NC),C
HC&/&'3)/+25C3CBC;5*+(72'3%(1,)/#TRU"+



N"#_/1*5&1#3%)#),1+*11,(%1#

# !!R#

1"-"!" K)03D'*)3%/( 3D%5%3&'5)O%&)0$( 0.( 6,$&D'&)3( /)A%$:6( M)&D(

EN!=(

#

J(5/+*5/# D# TM,;# bU# 931# 1/5/+&/)# 31# 3# 5/3)# +(07(*%)# :('# 4,(+./0,+35#

+.3'3+&/',<3&,(%"# -(# 4/&&/'# )/:,%/# &./# 0/+.3%,10# (:# &./# ,%.,4,&('2#

3+&,(%# (:# 0(5/+*5/# D# (%# PV># T5,7,)# FUC&',;;/'/)# -P_R# 3+&,63&,(%8# 9/#

&/1&/)# &./# 34,5,&2# (:# &.,1# +(07(*%)# &(# ,%.,4,&# P=VmXB!RC)/7/%)/%&#

&'3%1:/'#(:#/%)(&(A,%#TZNd[PO>U#0(%(0/'1# :'(0#ZNd[PO>#3;;'/;3&/1#&(#

JBCDm-P_R8# '/1*5&,%;# ,%# '/)*+/)# :('03&,(%# (:# 3# ZZNd[PO>�JBC

D�-P_RKXB[D# TJ'# �!bY8YYYU# +(075/A"# M('# &.,1# 7*'7(1/8# 1XB!R# 931#

7'/C,%+*43&/)#9,&.# P=V# ,%# &./# 7'/1/%+/# ('# 341/%+/# (:#0(5/+*5/# D# T!Y#

0JU8# 3%)# &./%# ,%+*43&/)# 9,&.# ZNd[PO>3;;# :(55(9/)# 42# +(%),&,(%/)#

0/),*0# +(%&3,%,%;# 7'/:('0/)# JBCD�-P_RKXB# ./&/'(),0/'"# >,</C

/A+5*1,(%#+.'(03&(;'37.2#(:#&./#'/3+&,(%#0,A&*'/#TM,;#!YU#1.(9/)#&.3&8#

,%# &./#341/%+/#(:#0(5/+*5/#D8#6,'&*3552#355# ZNd[PO>#3;;'/;3&/1#TPO>3;;U#

9/'/#+(%6/'&/)#&(#53&/'#/5*&,%;#17/+,/1#T,"/"8#10355/'#ZNd[PO>C+(%&3,%,%;#

+(075/A/1U# +(''/17(%),%;# &(# ZNd[PO>�1XB!R# TJ'�`Y8YYYU# 3%)#

ZZNd[PO>�JBCD�-P_RKXB[D# TJ'�!bY8YYYU"# -./# ;/%/'3&,(%# (:#

ZNd[PO>�1XB!R# '/:5/+&1# /A&'3+&,(%# 3%)# &'3%1:/'# (:# ZNd[PO># 0(%(0/'1#

:'(0# ZNd[PO>3;;# &(# 1XB!R#42# &./# +(04,%/)# 3+&,(%# (:# P=V# 3%)# 1XB!R"#

M('03&,(%# (:# ZZNd[PO>�JBCD�-P_RKXB[D# '/:5/+&1# &'3%1:/'# (:# ZNd[PO>#

0(%(0/'1# :'(0# ZNd[PO>�1XB!R# &(# JBCD�-P_RKXB"# -.*18# &./#

+.'(03&(;'37.,+# 7'(:,5/# (:# ZNd[PO>3;;# ,%+*43&/)# :,'1&# 9,&.# P=V# 3%)#

1XB!R#3%)# &./%#9,&.#+(%),&,(%/)#0/),*0#+(%&3,%,%;#1JBCD�-P_RKXB#

1*;;/1&1# &.3&8# *%)/'# &./1/# /A7/',0/%&35# +(%),&,(%18# &./'/# ,1# %/3'52#

+(075/&/# /A&'3+&,(%# 3%)# &'3%1:/'# (:# ZNd[PO># 0(%(0/'1# :'(0#

ZNd[PO>3;;# &(# ZNd[PO>�1XB!R# :(55(9/)# 42# &'3%1:/'# (:# ZNd[PO>#

0(%(0/'1# :'(0# 34(*&# .35:# (:# &./# ZNd[PO>�1XB!R# :('0/)# &(# JBC



N"#_/1*5&1#3%)#),1+*11,(%1#

# !!S#

D�-P_RKXB"# $%# +(%&'31&8# ,%# &./# 7'/1/%+/# (:# !Y# µJ# 0(5/+*5/# D8#

3++*0*53&,(%# (:# 4(&.# ZNd[PO>�1XB!R# 3%)# ZZNd[PO>�JBCD"�-P_RKXB[D#

931# 03'?/)52# '/)*+/)# 3%)# 0(1&# ZNd[PO># 931# '/+(6/'/)# ,%# &./# 6(,)#

6(5*0/#7'/1*03452#31#53';/#ZNd[PO>#3;;'/;3&/1#TM,;"#!YU"#-./#,%.,4,&,(%#

(:# 3++*0*53&,(%# (:# ZNd[PO>�1XB!R# 1*;;/1&/)# 3# 7',03'2# /::/+&# (:#

0(5/+*5/#D#(%#P=Vm1XB!RC)/7/%)/%&#/A&'3+&,(%#3%)#&'3%1:/'#(:#ZNd[PO>#

0(%(0/'1#:'(0#ZNd[PO>3;;#&(#ZNd[PO>�1XB!R"###

#

,-./01+ !C"# J(5/+*5/# D# ,%.,4,&1# +(%6/'1,(%# (:# ZNd[PO>"3;;# &(#
ZNd[PO>�1XB!R# 3%)# ZZNd[PO>�JBCD�-P_R[D"# 1XB!R# TY"Q# %JU# 931# 7'/C
,%+*43&/)#�#0(5/+*5/#!#T!Y#µJU#:('#NY#0,%#3&#Na#|X#,%#&./#7'/1/%+/#(:#
P=V# TR# 7JU"# >*41/@*/%&528# ZNd[PO>3;;# TY"Q# %JU# 931# 3))/)# 3%)# &.,1#
0,A&*'/#931#,%+*43&/)#:('#NY#0,%#3&#Na|#X"#F:&/'#&./#1/+(%)#,%+*43&,(%8#
+(%),&,(%/)#dKIDbN-#+/55#0/),*0#+(%&3,%,%;#7'/:('0/)#'/3+&,6/#JBC
D�-P_RKXB#./&/'(),0/'#T+3"#Y"D#%J8#:,%35#+(%+/%&'3&,(%U#931#3))/)#3%)#
,%+*43&/)#3;3,%#:('#!S#0,%#3&#Na#|X"#-.,1#'/3+&,(%#0,A&*'/#931#3775,/)#
&(# >/7.3+'25# >NYY# 31# )/1+',4/)# *%)/'# KA7/',0/%&35# V'(+/)*'/1# &(#
0/31*'/# +(%6/'1,(%#(:# ZNd[PO>3;;# T6(,)#6(5*0/U# &(# ZNd[PO>�1XB!R# TJ'#
�`Y8YYYU# 3%)# ZZNd[PO>�JBCD�-P_R[D# "# TJ'# �!bY8YYYU"# -./#
+.'(03&(;'37.,+#7'(:,5/1#1.(9%#3'/#'/7'/1/%&3&,6/#(:#xR#/A7/',0/%&1"#
O6/'355#'/+(6/',/1#(:#ZNd[PO>#9/'/#$#aYv"#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !!`#

+

-(# &/1&# &.,1# .27(&./1,1# 0('/# ),'/+&528# 9/# /A30,%/)# &./# /::/+&# (:#

,%+'/31,%;# +(%+/%&'3&,(%# (:# 0(5/+*5/# D# (%# P=Vm1XB!RC)/7/%)/%&#

+(%6/'1,(%# (:# ZNd[PO>3;;# &(# ZNd[PO>�1XB!R"# F1# 1.(9%# ,%# M,;"# !!8#

0(5/+*5/# D# +3*1/)# 3# )(1/C)/7/%)/%&# '/)*+&,(%# ,%# +(%6/'1,(%# (:#

ZNd[PO>3;;# &(# ZNd[PO>�1XB!R8# 9,&.# )/+'/31/)# 3++*0*53&,(%# (:#

ZNd[PO>�1XB!R#3++(073%,/)#42# ,%+'/31/)# '/+(6/'2#(:# ZNd[PO>#31#.,;.#

J'#PO>#3;;'/;3&/1#TM,;"#!!U"#$%#+(%&'31&8#0(5/+*5/#R8#3#+(07(*%)#9,&.#3#

+./0,+35# 1&'*+&*'/# 1,0,53'# &(# 0(5/+*5/# D# TM,;"# bU# 4*&# %(&# 3+&,6/# 31# 3%#

,%.,4,&('#(:#PV>C&',;;/'/)#-P_R#3+&,63&,(%#,%#6,&'(#3%)#,%#6,6(8#.3)#5,&&5/#

('# %(# /::/+&# (%# P=Vm1XB!RC)/7/%)/%&# +(%6/'1,(%# (:# ZNd[PO>3;;# &(#

ZNd[PO>�1XB!R# TM,;"# !!U"# -.*18# &./# 34,5,&2# (:# 0(5/+*5/# D8# 4*&# %(&#

0(5/+*5/#R8#&(#,%.,4,&#PV>C&',;;/'/)#-P_R#1,;%35,%;#931#73'355/5/)#42#,&1#

34,5,&2# &(# ,%.,4,&# P=Vm1XB!RC)/7/%)/%&# :('03&,(%# (:# 0(%(0/',+#

K"XB!R#+(075/A"##

#

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !!a#

#

,-./01+!!"#Dose-dependent inhibition by molecule 2 but not by molecule 4 

of LBP/sCD14-dependent extraction and transfer of [
3
H]LOS monomers 

from [
3
H]LOS aggregates to sCD14.   sCD14 (0.8 nM) was pre-incubated 

with LBP (4 pM) and varying concentrations of the indicated synthetic 

molecules (0, 5, 10 µM) for 30 min at 37 °C in PBS, pH 7.4, 0.1% HSA. 

[
3
H]LOSagg (0.8 nM) was then added to the reaction mixture followed by an 

incubation for 30 min at 37° C and reaction products were analyzed using 

Sephacryl S200 chromatography. The chromatographic profiles shown are 

representative of >3 experiments. Overall recoveries of [
3
H]LOS were $ 

70%. #

#

O%/# 7(11,45/# 0/+.3%,10# 42# 9.,+.# 0(5/+*5/# 2# ,%.,4,&1# :('03&,(%# (:#

K�XB!R# +(*5)# 4/# 42# +(07/&,%;# 9,&.# K# T/";"8# ZNd[PO>U# :('# 4,%),%;# &(#

XB!R"+ $%# &.3&# +31/8# ,%+'/31,%;# XB!R# +(%+/%&'3&,(%# 1.(*5)# '/)*+/# &./#

,%.,4,&('2#/::/+&#(:#0(5/+*5/#2"#-(#&/1&#&.,1#.27(&./1,18#9/#/A30,%/)#&./#

/::/+&# (:# ,%+'/31,%;# &./# 1XB!R# +(%+/%&'3&,(%# :,6/C:(5)# (%# &./# 34,5,&2# (:#

0(5/+*5/#2+&(#,%.,4,&#+(%6/'1,(%#(:#ZNd[PO>3;;#&(#ZNd[PO>�1XB!R"#F#5/11#

,%.,4,&('2# /::/+&# (:# 0(5/+*5/# 2+931# (41/'6/)# *%)/'# &./1/# +(%),&,(%1#

TM,;"#!DU8#+(%1,1&/%&#9,&.#3#),'/+&#+(07/&,&,(%#4/&9//%#0(5/+*5/#2+3%)#

PO>#:('#XB!R"##

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !!Q#

#

,-./01+ !2"# $%.,4,&,(%# 42# 0(5/+*5/# !# (:# &'3%1:/'# (:# ZNd[PO># :'(0# PO>#
3;;'/;3&/1# &(# 1XB!R# ,1# '/)*+/)# 42# ,%+'/31,%;# 1XB!R# +(%+/%&'3&,(%"##
$%+*43&,(%1# 3%)# 3%3521,1# 9/'/# 31# )/1+',4/)# ,%# TFU# /A+/7&# :('# &./#
3)),&,(%# (:# SA# .,;./'# 1XB!R# +(%+/%&'3&,(%# TR# %JU"# # -./#
+.'(03&(;'37.,+#7'(:,5/1#1.(9%#3'/#'/7'/1/%&3&,6/#(:#xN#/A7/',0/%&1"#
O6/'355#'/+(6/',/1#(:#ZNd[PO>#9/'/#$#aYv"#

#

F1# '/7('&/)# ,%bS8b`# 8# XB!R# 3%)# JBD# 4,%),%;# 1,&/# 7'/1/%&1# 1&'(%;#

1,0,53',&2# 3%)# 3# 7'(7/%1,(%# &(# 4,%)# 5,;3%)1# 9,&.# 3# 307.,7.25,+#

7'(7/'&,/1# 5,?/# 0(5/+*5/# D"# X'21&355(;'37.,+# 3%)# HJ_# 1&*),/1# (:#

/%)(&(A,%# ,%#+(075/A#9,&.#XB!R#3%)#JBD#+5/3'52#1.(9%#&.3&#4(&.#+(C

'/+/7&('1#4,%)1#&./#5,7,)#F#0(,/&2#3++(00()3&,%;#&./#5,7,)#+(07(%/%&#

)//7# ,%# &./#4,%),%;#+36,&2#3%)# ,%&/'3+&,%;#9,&.# &./#7(53'#(%/# &'(*;.#3#

7(1,&,6/52# +.3';/)# +5*1&/'# 3&# &./# &(7# (:# &./# 4,%),%;# 1,&/"#

X.'(03&(;'37.,+# 3%3521,1# ;36/# 1&'(%;# 7'/5,0,%3'2# )3&3# ,%# :36('# (:# 3#

XB!R#431/)#0/+.3%,10#(:#3+&,(%#:('#0(5/+*5/#D#4*&#)(#%(&#+(075/&/52#

/A+5*)/#&./#7(11,4,5,&2#&.3&#&.,1#+(07(*%)#+(*5)#351(#,%&/'3+&#9,&.#JBD#

./%+/8#1(#:3'8# ,%&/'3+&,(%#9,&.#JBD#+(*5)#%(&#4/#/A+5*)/)"# #-(#&/1&#&.,1#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !!b#

.27(&./1,1#9/#/A30,%/)#&./#/::/+&#(:#0(5/+*5/#D#(%#&'3%1:/'#(:#ZNd[PO>#

0(%(0/'1# :'(0#XB!R# &(#JBCD"#M('# &.,1#7*'7(1/8# +(%),&,(%/)#0/),*0#

+(%&3,%,%;# 1JBCD# 931# 7'/C,%+*43&/)# wmC# 0(5/+*5/# D# T!YµJU# ,%# &./#

7'/1/%+/# (:# P=V"# -.,1# 7'/C,%+*43&/)#0,A&*'/#931# &./%# ,%+*43&/)#9,&.#

ZNd[PO>�1XB!R#&(#0/31*'/#&./#)/;'//#(:#&'3%1:/'#(:#PO>#:'(0#1XB!R#&(#

JBCD#&.3&#.3)#4//%#7'/C,%+*43&/)#�#0(5/+*5/#D#&(#311/11#&./#/A&/%&#&(#

9.,+.#JBCD# ,1# (++*7,/)# 42#0(5/+*5/# D8# ,%.,4,&,%;# &'3%1:/'# (:# ZNd[PO>#

:'(0# XB!R# &(# JBCD"# # M,;"# !N# 1.(91# &.3&8# ,%# +(%&'31&# &(# ,&1# /::/+&1# (%#

+(%6/'1,(%#(:#ZNd[PO>3;;#&(#ZNd[PO>�1XB!R8#0(5/+*5/#D#.3)#5,&&5/#('#%(#

/::/+&# (%# &'3%1:/'# (:# ZNd[PO>#0(%(0/'1# :'(0# ZNd[PO>�1XB!R# &(#JBCD8#

,%),+3&,%;#&.3&#5,&&5/#('#%(#JBCD#,1#(++*7,/)#42#0(5/+*5/#D"##

#

#

,-./01+!3"#J(5/+*5/# D# )(/1# %(&# ,%.,4,&# &'3%1:/'# (:# ZNd[PO>#0(%(0/'1#
:'(0# XB!R# &(# JBCD"# 1JBCD# T!"D# %JU# +(%&3,%,%;# 0/),*0# 931# 7'/C
,%+*43&/)#9,&.#�#0(5/+*5/#!# :('#NY#0,%#3&#Na#|X#&(#;,6/#0(5/+*5/#!#3%#
(77('&*%,&2# &(# ,%&/'3+&# 9,&.# JBCD"# -.,1# 7'/C,%+*43&,(%# 0,A&*'/# 931#
&./%# ,%+*43&/)# # :('# 3%#3)),&,(%35#NY#0,%#3&#Na|#X#9,&.# ZNd[PO>�1XB!R#
TY"Q# %JU# &(# 355(9# :('# &'3%1:/'# (:# ZNd[PO># &(# *%(++*7,/)# JBCD"# # -./#
'/3+&,(%# 0,A&*'/# 7'()*+&1# 9/'/# 3%352</)# 42# >/7.3+'25# >DYY#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !DY#

+.'(03&(;'37.2"# X.'(03&(;'301# 1.(9%# 3'/# '/7'/1/%&3&,6/# (:# xN#
,%)/7/%)/%&#/A7/',0/%&1"#O6/'355#'/+(6/',/1#ZNd[PO>#9/'/#x#aYv"#

#

1XB!R#,1#%/+/113'2#:('#0(%(0/'#/%)(&(A,%#1.*::5,%;#:'(0#3;;'/;3&/1#&(#

JBD#3%)#+(*5)#4/#7(11,45/#&.3&#351(#0(5/+*5/#D8#*%)/'#0,+/553'#:('0#3&#

!Y#~J8# '/@*,'/1# 1XB!R# &(# 4/# 5(3)/)#(%#JBD"# M('# &.,1# '/31(%# &./#%/A&#

/A7/',0/%&#931#)(%/#3)),%;#1XB!R#,%#&./#:,'1&#7'/,%+*43&,(%#1&/7#TM,;#

!RU"##

#

,-./01+!4"#J(5/+*5/# D# )(/1# %(&# ,%.,4,&# &'3%1:/'# (:# ZNd[PO>#0(%(0/'1#
:'(0# XB!R# &(# JBCD"# 1JBCD# T!"D# %JU# +(%&3,%,%;# 0/),*0# 931# 7'/C
,%+*43&/)#9,&.#1XB!R#TY"Q#%JU#�#0(5/+*5/#!#:('#NY#0,%#3&#Na#|X#&(#;,6/#
0(5/+*5/# !# 3%# (77('&*%,&2# &(# ,%&/'3+&#9,&.#JBCD"# -.,1# 7'/C,%+*43&,(%#
0,A&*'/# 931# &./%# ,%+*43&/)# # :('# 3%# 3)),&,(%35# NY# 0,%# 3&# Na|# X# 9,&.#
ZNd[PO>�1XB!R#TY"Q#%JU#&(#355(9#:('#&'3%1:/'#(:#ZNd[PO>#&(#*%(++*7,/)#
JBCD"##-./#'/3+&,(%#0,A&*'/#7'()*+&1#9/'/#3%352</)#42#>/7.3+'25#>DYY#
+.'(03&(;'37.2"# X.'(03&(;'301# 1.(9%# 3'/# '/7'/1/%&3&,6/# (:# xN#
,%)/7/%)/%&#/A7/',0/%&1"#O6/'355#'/+(6/',/1#ZNd[PO>#9/'/#x#aYv"#

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !D!#

-./#34(6/#/A7/',0/%&1#)/0(%1&'3&/#3%#34,5,&2#(:#0(5/+*5/#D# &(# ,%.,4,&#

/A&'3+&,(%#3%)#&'3%1:/'#(:# ZNd[PO>#0(%(0/'1# :'(0#ZNd[PO>#3;;'/;3&/1#

&(# XB!R# 9,&.(*&# 3::/+&,%;# 1*41/@*/%&# &'3%1:/'# (:# K# 0(%(0/'1# :'(0#

ZNd[PO>�1XB!R# &(# JBCD"# # -.,1# &3';/&/)# ,%.,4,&('2# /::/+&# +(*5)# 4/#

/A753,%/)# 42# 3# 1/5/+&,6/# /::/+&# (%# /A&'3+&,(%# (:# K# 0(%(0/'1# :'(0#

ZNd[PO>#3;;'/;3&/1#&.3&#,1#%//)/)#:('#;/%/'3&,(%#(:#ZNd[PO>�1XB!R#('#3#

1/5/+&,6/#/::/+&#(%#%/&#&'3%1:/'#(:#ZNd[PO>#0(%(0/'1#&(#1XB!R#61"#1JBC

D"#-(#&/1&#&./# 53&&/'#7(11,4,5,&2#0('/#),'/+&528#9/#&((?#3)63%&3;/#(:#&./#

34,5,&2# (:# 0(%(0/',+# K�1XB!R# +(075/A/1# &(# 1/'6/# 31# 3# )(%('# (:# K#

0(%(0/'1# &(# /,&./'# XB!R# ('# JBCD"# # M('# &.,1# 7*'7(1/8# 9/# *1/)#

ZNd[PO>�1XB!R# T:*55C5/%;&.# 1XB!R8# %(# d,1# &3;U# 31# ZNd[PO># )(%('# 3%)#

/,&./'# d,1`C&3;;/)# &'*%+3&/)# 1XB!R# T&XB!R\# '/1,)*/1# !C!S`U# ('# d,1`C

&3;;/)# 1JBCD# 31# ZNd[PO># 3++/7&('1"# -.*18# ZNd[PO># &'3%1:/'# :'(0#

ZNd[PO>�1XB!R# &(# &XB!RCd,1`# ('# &(# d,1`C1JBCD# # +(*5)# 4/# '/3),52#

0/31*'/)# 42# 31132# (:# +(C+37&*'/# (:# ZNd[PO># &(# d$>P$HI# '/1,%# 31#

)/1+',4/)#,%#J/&.()1"##



N"#_/1*5&1#3%)#),1+*11,(%1#

# !DD#

#

,-./01+!>"#J(5/+*5/#D#1/5/+&,6/52#,%.,4,&1#&'3%1:/'#(:#ZNd[PO>#0(%(0/'#
&(#&XB!R#4*&#%(&#&(#JBCD"#d,1C&3;;/)#&XB!R#('#1JBD#T!"`#%JU#931#7'/C
,%+*43&/)#:('#NYg#3&#Na�X#9,&.#!Y#*J#0(5/+*5/#D8#:(55(9/)#42#3)),&,(%#(:#
ZNd[PO>�1XB!R# TY"Q# %JU# # 3%)# :*'&./'# ,%+*43&,(%# :('# NY#0,%# 3&# Na# |X"#
-'3%1:/'#(:##ZNd[PO>##&(#d,1C&3;;/)#&XB!R#3%)#JBCD#931#31132/)#42#+(C
+37&*'/# (:# ZNd[PO># &(# &./# d$>P$HI# '/1,%# 31# )/1+',4/)# *%)/'#
KA7/',0/%&35#V'(+/)*'/1"#X37&*'/#(:#ZNd[PO>"1XB!R#T%(#d,1C&3;U#4/:('/#
3%)# 3:&/'# ,%+*43&,(%# ,%#0/),*0#9,&.(*&#d,1C&3;;/)#7'(&/,%#931# �# Rv#
3%)# 1*4&'3+&/)# :'(0# /3+.# (:# &./# /A7/',0/%&35# 13075/1# 1.(9%"# B3&3#
1.(9%#3'/# '/7'/1/%&3&,6/# (:# N# /A7/',0/%&18# /3+.# ,%# )*75,+3&/8# 3%)# 3'/#
/A7'/11/)#31#0/3%#�#>KJ"#

F1# /A7/+&/)8# &'3%1:/'# (:# ZNd[PO># # :'(0# ZNd[PO># �1XB!R# &(# &XB!RCd,1`#

3%)#&(#d,1`C1JBCD#931#1,0,53'#TM,;"#!SU"#J(5/+*5/#2#03'?/)52#,%.,4,&/)#

&'3%1:/'# (:# ZNd[PO># :'(0# :*55C5/%;&.# 1XB!R# T%(# d,1# &3;U# &(# &XB!RCd,1`#

4*&#),)#%(&#,%.,4,&#&'3%1:/'#(:#ZNd[PO>#&(#d,1`C1JBCD#TM,;"#!NU"#H(&/#&.3&#

&./# 7'/1/%+/# (:# 0(5/+*5/# 2# ,%+'/31/)# 42# 34(*&# !Yv# &./# %(%17/+,:,+#

+37&*'/#(:#ZNd[PO>#3:&/'#,%+*43&,(%#(:#PO>�1XB!R#�#JBCD#TM,;"#!SU"#-.,1#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !DN#

032#4/#/A753,%/)#42#&./#34,5,&2#(:#0(5/+*5/#2#&(#7'(0(&/#),1753+/0/%&#

(:# ZNd[PO># :'(0# PO>�1XB!R# T1//# 4/5(9U8# :(55(9/)# 42# %(%C17/+,:,+#

3)1('7&,(%#(:#1(0/#(:#&./#),1753+/)#0(%(0/',+#ZNd[PO>#&(#&./#d$>P$HI#

'/1,%"# -./1/# '/1*5&1# )/0(%1&'3&/# &.3&# 0(5/+*5/# 2+ ,%.,4,&1# &'3%1:/'#

T4,%),%;U#(:#ZNd[PO>#0(%(0/'#&(#XB!R#4*&#%(&#&(#1JBCD"#

J(5/+*5/#2# +(*5)# ,%.,4,&# %/&# 4,%),%;# (:# ZNd[PO># &(# XB!R# 42# ,%.,4,&,%;#

&'3%1:/'# (:# ZNd[PO># # &(# XB!R# 3%)m('# 42# 7'(0(&,%;# ),1753+/0/%&# (:#

4(*%)# ZNd[PO># :'(0#XB!R"#-(# &/1&# &./# 53&&/'# 7(11,4,5,&2#0('/#),'/+&528#

9/#,%+*43&/)#ZNd[PO>3;;#9,&.#&XB!R#,%#&./#7'/1/%+/#(:#P=V#3&#Na#°X#:('#

NY#0,%#,%#V=>mY"!v#354*0,%8#&.*1#;/%/'3&,%;#ZNd[PO>�&XB!RCd,1`"#-.,1#

0,A&*'/# +(%&3,%,%;# ZNd[PO>�&XB!RCd,1`# +(075/A#931# &./%# ,%+*43&/)#±#

!Y#µJ#0(5/+*5/#2#3&#Na#°X#:('#NY#0,%"#P(11#(:#ZNd[PO>#:'(0#&XB!RCd,1`#

931#(41/'6/)#42#+(C+37&*'/#(%#&./#d$>P$HI#'/1,%#TM,;"#!`U"#

#

#

,-./01+!?"#J(5/+*5/1#D8#S8#a8#4*&#%(&#0(5/+*5/#R8#7'(0(&/#),1753+/0/%&#
(:#ZNd[PO>#:'(0#ZNd[PO>"&XB!RCd,1`"#ZNd[PO>""&XB!RCd,1`#931#:('0/)#42#
7'/C,%+*43&,(%#(:# &XB!RCd,1`# #9,&.# ZNd[PO>"3;;# # TY"Q#%JU#w#P=V# TR#7JU8#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !DR#

3%)#&./%#,%+*43&/)#3%#3)),&,(%35#NY#0,%#3&#Na|#X#�#!Y#µJ#0(5/+*5/#DCa8#
31#,%),+3&/)"##-./#30(*%&#(:#'/03,%,%;#ZNd[PO>"&XB!RCd,1`#931#31132/)#
42# +(C+37&*'/# (:# ZNd[PO># -(# d$>P$HI# '/1,%# 31# )/1+',4/)# *%)/'#
KA7/',0/%&35#V'(+/)*'/1"##H(%C17/+,:,+#4,%),%;#(:#ZNd[PO>3;;#,%+*43&/)#
,%#&./#341/%+/#(:#"&XB!RCd,1`#931#�#bv#3%)#1*4&'3+&/)#:'(0#/3+.#(:#&./#
/A7/',0/%&35# 13075/1# 1.(9%"# _/1*5&1# 1.(9%# '/7'/1/%&# &./#0/3%# (:# N#
/A7/',0/%&1#/3+.#,%#)*75,+3&/1#3%)#)3&3#3'/#/A7'/11/)#31#0/3%#�#>KJ"#
zzz,%),+3&/1#+(%),&,(%1#,%#9.,+.#,%+*43&,(%#9,&.#&./#,%),+3&/)#12%&./&,+#
0(5/+*5/# '/1*5&/)# ,%# 3# 1&3&,1&,+3552# 1,;%,:,+3%&# T7# �# Y"Y!# TFHOjF\#
B*%%/&&g1# &/1&UU# # '/)*+&,(%# ,%# +(C+37&*'/# (:# ZNd[PO># T,"/"8# '/&/%&,(%# (:#
ZNd[PO>"&XB!RCd,1`U"#

#

-(# /A+5*)/# &./# 7(11,4,5,&2# (:# 3%# 31132# '/53&/)# 3'&,:3+&# &./# 130/#

'/3+&,(%# 0,A&*'/# 9,&.# 0(5/+*5/# D# 931# 3%352</)# 42# ;/5# 1,/6,%;#

+.'(03&(;'37.2#T:,;#!aU"##

#

#

,-./01+ !@"# J(5/+*5/1# D8# 7'(0(&/# ),1753+/0/%&# (:# ZNd[PO># :'(0#
ZNd[PO>"&XB!RCd,1`"# ZNd[PO>""&XB!RCd,1`#931# :('0/)#42#7'/C,%+*43&,(%#
(:# &XB!RCd,1`# # 9,&.# ZNd[PO>"3;;# # TY"Q# %JU# w# P=V# TR# 7JU8# 3%)# &./%#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !DS#

,%+*43&/)# 3%# 3)),&,(%35# NY# 0,%# 3&# Na|# X# �# !Y# µJ# 0(5/+*5/# D8# 31#
,%),+3&/)"# -./# '/3+&,(%#0,A&*'/# 7'()*+&1# 9/'/# 3%352</)# 42# >/7.3+'25#
>DYY#+.'(03&(;'37.2"#X.'(03&(;'301#1.(9%#3'/#'/7'/1/%&3&,6/#(:#xN#
,%)/7/%)/%&#/A7/',0/%&1"#O6/'355#'/+(6/',/1#ZNd[PO>#9/'/#x#aYv"#

+

-.(1/# &9(# 311321# 1.(9/)# 3# 03'?/)# ),0,%*&,(%# (:# ZNd[PO># 4(*%)# &(#

&XB!RCd,1`# ,%)*+/)# 42# ,%+*43&,(%# 9,&.# 0(5/+*5/# 2"+ X5(1/52# 1,0,53'#

/::/+&1#9/'/#1//%#9,&.#0(5/+*5/1#!#3%)+48#4*&#%(&#9,&.#0(5/+*5/#@+TM,;"#

!SU8# 73'355/5,%;# &./# 34,5,&2# (:# 0(5/+*5/1# !S48# 4*&# %(&# @8# 3&# !C!Y# µJ#

+(%+/%&'3&,(%18# &(# ,%.,4,&# PV>C&',;;/'/)# -P_R# 1,;%35,%;# 30, P3"-(# 3%)# 30,

P3P("##

V'/6,(*1# /A7/',0/%&1# 9/'/# )(%/# 9,&.# &XB!R8# 9.,+.8# 31# 1&3&/)#

7'/6,(*1528# ,1# 3# &'*%+3&/)# 4*&# :*552# 3+&,6/# :('0# (:# 1XB!R"# -(# 7'/6/%&#

),::/'/%&,35# 4/.36,('1# 30(%;# ZNd[PO>�&XB!RCd,1`# 3%)# ZNd[PO>�XB!R#

+(075/A/1# ,%# '/17(%1/# &(#0(5/+*5/# !8# &./# 130/# /A7/',0/%&#931# )(%/#

9,&.# :*55# 5/%;&.# 1XB!R# 3%)# '/1*5&1# 3%352</)# 9,&.# ;/5# 1,/6,%;#

+.'(03&(;'37.2#TM,;"#!QU"#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !D`#

#

#

#

,-./01+ !B"# J(5/+*5/1# D8# 7'(0(&/# ),1753+/0/%&# (:# ZNd[PO># :'(0#
ZNd[PO>"1XB!R"#ZNd[PO>""1XB!R#931#:('0/)#42#7'/C,%+*43&,(%#(:#1XB!R#
9,&.# ZNd[PO>"3;;# # TY"Q# %JU# w# P=V# TR# 7JU8# 3%)# &./%# ,%+*43&/)# 3%#
3)),&,(%35# NY# 0,%# 3&# Na|# X# �# !Y# µJ# 0(5/+*5/# D8# 31# ,%),+3&/)"# -./#
'/3+&,(%# 0,A&*'/# 7'()*+&1# 9/'/# 3%352</)# 42# >/7.3+'25# >DYY#
+.'(03&(;'37.2"# X.'(03&(;'301# 1.(9%# 3'/# '/7'/1/%&3&,6/# (:# xN#
,%)/7/%)/%&#/A7/',0/%&1"#O6/'355#'/+(6/',/1#ZNd[PO>#9/'/#x#aYv"#

+

>3075/1# &'/3&/)#9,&.#0(5/+*5/#D#7'/1/%&#3# 5(11# ,%# '/+(6/'2#3%)8#354/,&#

XB!R#+(%&3,%,%;#7/3?1#03'?/)52#'/)*+/#&./,'#3'/38#PO>3;;#7/3?1#1.(9#

%(#,%+'/31/#T:('#+(073',1(%#1//#M,;"#!aC!QU#TM,;"#!bU"#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !Da#

#

#

#

,-./01+ !A"# ZNd[PO>"3;;# 7/3?1# 3:&/'# /%)(&(A,%# ),1753+/0/%&# 9,&.#
0(5/+*5/# D# :'(0# ZNd[PO>"1XB!R# 3%)# ZNd[PO>"&XB!RCd,1`# 7'/:('0/)#
+(075/A/1"#W'37.#,1#)/',6/)#:'(0#:,;*'/#!Q#3%)#!a#9,&.#%(#:*'&./'#)3&3#
3%3521,1#('#.3%)5,%;"#

O%/#7(11,45/# /A753%3&,(%# '/5,/1#(%#PO>#0(%(0/'#4/.36,('# ,%# 3@*/(*1#

1(5*&,(%1"# F&# 5(9C5/6/5# +(%+/%&'3&,(%1# *1/)# :('# &.(1/# 3113218# (%+/#

/%)(&(A,%#0(%(0/'#,1#),1753+/)#:'(0#XB!R#,&#+(*5)#%(&#'/311/045/#,%&(#

0,+/55/1#3%)#&.*1#,1#7'(%/#&(#1&,+?#(%#7531&,+C93'/1#3%)#+.'(03&(;'37.2#

)/6,+/1#*1/)# :('# &./#/A7/',0/%&1"# #-'/3&0/%&#9,&.#Dv#>B>#1(5*&,(%#(:#

/77/%)(':#&*4/1#*1/)#:('#,%+*43&,(%8#'/+(6/'#!b8Qv#(:#'3),(3+&,6,&2#5(1&#

,%#&./#3%3521,1"#

L/#)/+,)/)#&(#0(),:2#&./#4,%),%;#31132#7'/6,(*152#)/1+',4/)#&(#)/6/5(7#

3# :31&# 3%)# '/5,345/# 1+'//%,%;# 121&/0# :('# XB!R# ,%&/'3+&,%;# +(07(*%)1"#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !DQ#

L/#*1/)#PO>3;;#31#/%)(&(A,%#)(%('#3%)#d,1#&3;;/)#&XB!R#31#3++/7&('"#

F1# )/1+',4/)# ,%# 1/+&,(%# D"R# 9/# 7'/,%+*43&/)# &XB!R# 9,&.# ,%+'/31,%;#

+(%+/%&'3&,(%1#(:#0(5/+*5/1#,%#7'/1/%+/#(:#P=V"#PO>3;;#931#&./%#3))/)#

3%)# 0,A&*'/# ,%+*43&/)# 3;3,%# :('# NYg# 3&# NaX8# 3%3521,1# (:# PO>G&XB!R#

+(075/A# :('03&,(%#931# )(%/8# 31# 7'/6,(*18#9,&.# 3# +(C+37&*'/# (:# &XB!R#

+(%&3,%,%;# +(075/A/1"# V',('# &(# *1/# &.,1# 31132# :('# $XSY# +35+*53&,(%# (:#

+(07(*%)1# 9/# +35+*53&/)# &./# +(''/+&# 30(*%&# (:# &XB!R# &(# *1/"#

$%+'/31,%;#30(*%&#(:#&XB!R#*%)/';(%/#&./#130/#/A7/',0/%&35#7'(&(+(5#

31#7'/6,(*1#3%)#'/1*5&1#9/'/#(%+/#0('/#3%352</)#9,&.#+(C+37&*'/#TM,;"#

DYU"#

#

#

,-./01+ 2C"# X35,4'3&,(%# (:# &XB!RCd,1`# 300(*%&# :('# (7&,035# &'3%1:/'# (:#
ZNd[PO>#0(%(0/'1# :'(0# ZNd[PO>3;;# &(# &XB!RCd,1`"# &XB!RCd,1`# TY8# !8# S8#
!Y8#DS#~P8#+(''/17(%),%;#&(#Y8Y`R8#Y8ND8#Y8`R8#!8`#%JU#931#7'/C,%+*43&/)#
w#P=V#TR#7JU# :('#NYg#3&#Na|X"# ZNd[PO>3;;# TY"Q#%JU#931# &./%#3))/)#3%)#
13075/1# 9/'/# ,%+*43&/)# :('# 3%# 3)),&,(%35# NY# 0,%# 3&# Na# |X"# _/1*5&1#
1.(9%# 3'/# '/7'/1/%&3&,6/# (:# xN# ,%)/7/%)/%&# /A7/',0/%&18# /3+.# ,%#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !Db#

)*75,+3&/"#H(%C17/+,:,+#4,%),%;8#0/31*'/)#31#ZNd[PO>#4,%),%;#,%#341/%+/#
(:#&XB!RCd,1`8#931#1*4&'3+&/)#:'(0#/3+.#13075/"##

+

Capture material is analyzed for his radioactive content ([3H]LOS), 

assuming that only tCD14 containing complexes bounds to the Ni-chelating 

resin but to confirm this hypothesis we examined the reaction mixture before 

and after incubation with HISLINK beads (section 2.4) (Fig. 21).#

#

#

#

,-./01+2!"#&XB!RCd,1`#+(%&3,%,%;#+(075/A/1#'/)*+&,(%#3:&/'#+(C+37&*'/#
31132"# &XB!RCd,1`# T!8`#%JU#931#7'/C,%+*43&/)#w#P=V# TR#7JU# :('#NYg# 3&#
Na|X"#ZNd[PO>3;;#TY"Q#%JU#931#&./%#3))/)#3%)#13075/1#9/'/#,%+*43&/)#
:('# 3%# 3)),&,(%35# NY#0,%# 3&# Na# |X"#d$>P$HI#4/3)1#9/'/# 3))/)# TDY#~PU#
3%)# 1*7/'%3&3%&# 3%352</)# 42# >/7.3+'25# >DYY# +.'(03&(;'37.2"#
X.'(03&(;'301# 1.(9%# 3'/# '/7'/1/%&3&,6/# (:# xN# ,%)/7/%)/%&#
/A7/',0/%&1"#O6/'355#'/+(6/',/1#ZNd[PO>#9/'/#x#aYv"#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !NY#

-(# .36/# 3%(&./'# +(073',1(%# 4/&9//%# :('03&,(%# (:# &XB!R# +(%&3,%,%;#

+(075/A/1#3%)#'3),(3+&,6,&2#+37&*'/#9,&.#3::,%,&2#4/3)1#9/#175,&#,%#&9(#

&./#130/#'/3+&,(%#0,A&*'/#3%)#3%352</)#,&#9,&.#4(&.#0/&.()1#TM,;"#DDU"#

#

,-./01+ 22"# X(073',1(%# 4/&9//%# ;/5C1,/6,%;# '/1*5&1# 3%)# +(C+37&*'/#
31132"# &XB!RCd,1`# T!8`#%JU#931#7'/C,%+*43&/)#w#P=V# TR#7JU# :('#NYg# 3&#
Na|X"#ZNd[PO>3;;#TY"Q#%JU#931#&./%#3))/)#3%)#13075/1#9/'/#,%+*43&/)#
:('#3%#3)),&,(%35#NY#0,%#3&#Na#|X"#_/3+&,(%#0,A&*'/#931#),6,)/)#,%#&9(#
/@*,635/%&#73'&1#3%)#3%352</)#9,&.#;/5C1,/6,%;#+.'(03&(;'37.2#3%)#+(C
+37&*'/# 31132"# X(C+37&*'/# '/1*5&1# 3'/# 7'/1/%&/)# 3)#7/'+/%&3;/# (:# &(&35#
'3),(3+&,6,&2#'/+(6/'/)"#W/5#1,/6,%;#)3&3#,%#&./#&345/#3'/#'/7'/1/%&/)#31#
7/'+/%&3;/#(:#&./#&(&35#3'/3#(:#&./#+.'(03&(;'30"#

M'(0# &./# &9(# 531&# /A7/',0/%&1# ,&# 1//01# +5/3'# &.3&# ZNd[PO>G&XB!R# ,1#

1/5/+&,6/52# +37&*'/# :'(0# 4/3)1# 9.,5/# ZNd[PO>3;;# 7/3?# ,1# 350(1&#

*%+.3%;/)"# X(073',1(%# (:# 7/3?1# 3'/31# ,%# ;/5# 1,/6,%;# +.'(03&(;'37.2#

3%)#(:#4(*%)#3%)#*%4(*%)#7/'+/%&3;/#,%#+(C+37&*'/#3%3521,1#.,;.5,;.&#3#

1&',?,%;#1,0,53',&2"##

L/# &((?# 3)63%&3;/# (:# &.,1# 1,075/'# 3%)# :31&/'# +(C+37&*'/# 31132# &(#

@*3%&,:2#&./#,%.,4,&,(%#(:#PO>�XB!R#+(075/A#:('03&,(%#42#(*'#12%&./&,+#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !N!#

+(07(*%)1# TM,;"# DDU"# J(5/+*5/1# D8# S# 3%)# a# 1.(9/)# 3# )(1/C)/7/%)/%&#

,%.,4,&,(%# (:# &./# &'3%1:/'# (:# ZNd[PO># 0(%(0/'1# :'(0# ZNd[PO>3;;# &(#

&XB!RCd,1`8#9,&.#3#+35+*53&/)#$XSY#(:#Y"Q8#D8#3%)#Y"R#µJ#:('#0(5/+*5/1#D8#

S8#3%)#a8#'/17/+&,6/52"#$%#+(%&'31&8#0(5/+*5/#R8#/6/%#3&#!Y#µJ8#7'()*+/)#

5,&&5/#,%.,4,&,(%#(:#&./#&'3%1:/'#(:#ZNd[PO>#0(%(0/'1#:'(0#ZNd[PO>3;;#&(#

&XB!RCd,1`#TM,;"#DNU"##

#

,-./01+ 23"# B(1/C)/7/%)/%&# ,%.,4,&,(%# (:# &./# %/&# &'3%1:/'# (:# ZNd[PO>#
0(%(0/'1# :'(0# ZNd[PO>3;;# &(# &XB!RCd,1`# 42#0(5/+*5/1# DCa# 31# 31132/)#
42# +(C+37&*'/# (:# ZNd[PO># &(# d$>P$HI# '/1,%"# &XB!RCd,1`# T!"`# %JU# 931#
7'/C,%+*43&/)#w#P=V#TR#7JU#:('#NYg#3&#Na|X#�#,%+'/31,%;#+(%+/%&'3&,(%1#
(:# &./# ,%),+3&/)# 12%&./&,+# +(07(*%)1"# ZNd[PO>3;;# TY"Q# %JU# 931# &./%#
3))/)# 3%)# 13075/1#9/'/# ,%+*43&/)# :('# 3%# 3)),&,(%35# NY#0,%# 3&# Na# |X"#
_/1*5&1# 1.(9%# 3'/# &./# 0/3%# �# >KJ# (:# x# N# ,%)/7/%)/%&# /A7/',0/%&18#
/3+.#,%#)*75,+3&/"#H(%C17/+,:,+#4,%),%;8#0/31*'/)#31#ZNd[PO>#4,%),%;#,%#
341/%+/# (:# &XB!RCd,1`8#931# 1*4&'3+&/)# :'(0# /3+.# 13075/"# zzz,%),+3&/1#
+(%),&,(%1# ,%# 9.,+.# 7'/C,%+*43&,(%# (:# &XB!RCd,1`# 9,&.# &./# 3))/)#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !ND#

12%&./&,+# 0(5/+*5/# '/1*5&/)# ,%# 3# 1&3&,1&,+3552# # 1,;%,:,+3%&# T7# �# Y"Y!#
TFHOjF\# B*%%/&&g1# &/1&UU# '/)*+&,(%# ,%# +(C+37&*'/# (:# ZNd[PO># T,"/"8#
'/)*+/)#%/&#:('03&,(%#(:#ZNd[PO>"&XB!RCd,1`U"#

-./#34,5,&2#(:#0(5/+*5/#D#&(#,%.,4,&#%/&#&'3%1:/'m4,%),%;##(:#PO>#&(#1XB!R#

+(*5)#4/#0('/#/31,52#/A753,%/)#42#3%#34,5,&2#(:#0(5/+*5/#D#T3%)#'/53&/)#

0(5/+*5/1#S#3%)#aU# &(#4,%)# &(#XB!R#3%)#&.*1#'/)*+/# &./# ,%&/'3+&,(%#(:#

PO># 9,&.# XB!R"# # -(# &/1&# 0('/# ),'/+&52# &./# 7(11,45/# ,%&/'3+&,(%# (:#

0(5/+*5/# D# 9,&.# 1XB!R8# 9/# 03)/# *1/# (:# >-B# HJ_# &(# 7'(4/#

,%&/'0(5/+*53'# ,%&/'3+&,(%1# 4/&9//%# 0(5/+*5/# D# 3%)# 1XB!R# 3%)# &(#

)/&/'0,%/# 1,&/1# ,%# 0(5/+*5/# D# &.3&# ,%&/'3+&# 9,&.# 1XB!R"# >-B# HJ_#

/A7/',0/%&1#7/':('0/)#(%# &./# 13075/# &.3&# +(%&3,%/)#4(&.#0(5/+*5/#D#

3%)#1XB!R#+5/3'52#1.(9/)#13&*'3&,(%# &'3%1:/'# :'(0#1XB!R#&(#0(5/+*5/#

D8#0(1&#1&'(%;52#3&#Y"QQ#3%)#!"NY#770#3%)#9/3?52#3&#N"!N#770#9./%#&./#

7'(&/,%# '/1(%3%+/1# 9/'/# 13&*'3&/)# 42# _M# ,''3),3&,(%# TM,;"# DRBU"##

$)/%&,+35# >-B#HJ_#/A7/',0/%&1#7/':('0/)#(%# &./# +(%&'(5# 13075/# &.3&#

+(%&3,%/)# (%52# 1XB!R# 1.(9/)# %(# '/1(%3%+/1# 3&# &./1/# +./0,+35# 1.,:&#

7(1,&,(%1# /A+/7&# :('# &./#4'(3)#7/3?1# (:# 43+?;'(*%)# 1,;%351# TM,;"# DRKU"##

KA+/55/%&# +3%+/553&,(%# ,%# &./# >-B# 17/+&'3# (:# &./# 1&'(%;# 1(56/%&# 7/3?1#

7'/1/%&# ,%# &./#13075/1#TM,;1"#DR=CKU#+(%:,'0/)#&./#;(()#@*35,&2#(:# &./#

>-B# )3&3"# # -./# >-B# 7/3?1# )/&/+&/)# 3&# Y"QQ# 3%)# !"NY# 770# 3'/# )/',6/)#

:'(0#&./#5,7,)#+.3,%#cXdN#3%)#cXdD#;'(*718#'/17/+&,6/52#TM,;"#DRFU"##-./#

9/3?#>-B#7/3?#3&#N"!N#770#,1#5,?/52#)/',6/)#:'(0#&./#5,7,)#+.3,%#cOXdD#

;'(*7#%/3'#&./#7(53'#/%)#(:#&./#+(07(*%)"##-./1/#:,%),%;1#&.*1#,%),+3&/#

),'/+&#4,%),%;#6,3#&./#5,7,)#+.3,%1#(:#0(5/+*5/#D#&(#1XB!R"#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !NN#

#

,-./01+ 24"# >3&*'3&,(%# &'3%1:/'# ),::/'/%+/# HJ_# 3%3521,1# (:# ,%&/'3+&,(%#
4/&9//%#0(5/+*5/# D# 3%)# 1XB!R"# # TFCXU# !B# !d#HJ_# 17/+&'3# (:# !b#0J#
+(07(*%)# D# T13075/# FU8# !b# 0J# +(07(*%)# D# 75*1# Y"S# 0J# 1XB!R#
T13075/#=U8# 3%)#Y"S#0J#1XB!R# T13075/#XU8# '/17/+&,6/52"# TBU#>-B#HJ_#
17/+&'*0#(4&3,%/)#(%#13075/#="#TKU#>-B#HJ_#17/+&'*0#+(55/+&/)#(%#&./#
+(%&'(5# 13075/# X"# -./# 1&3'1# ,%),+3&/# !d# 7/3?1# )/',6/)# :'(0# 1(56/%&1#
TBJ>O#3&#D"``#7708#0/&.3%(5#3&#N"Db#770U#3%)m('#4*::/'#+(07(%/%&1#
T.;5;#;52+/'(5#:'(0#1XB!R#,%,&,35#1&(+?#3&#N"SCN"Q770U"#

#

1"-"-" N)63+66)0$(

#

V'/6,(*1# /A7/',0/%&35# (41/'63&,(%1# (%# 0(5/+*5/# 2# 3%)# 1,0,53'#

;52+(5,7,)1#('#4/%<25300(%,*0#5,7,)1#1*;;/1&/)#&.3&#&./#3%&,C/%)(&(A,+#

3+&,6,&2# (:# &./1/# 0(5/+*5/1# ,1# )*/# &(# 3%# ,%&/':/'/%+/# 9,&.# &./# -P_R#

73&.932"#-./# 5,7,)#FC1&,0*53&/)#+2&(?,%/#7'()*+&,(%#42#)/%)',&,+# +/551#

3%)#03+'(7.3;/1#,1#,%.,4,&/)#42#+(07(*%)#2#3%)#3%#3%&3;(%,1&,+#/::/+&#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !NR#

(%#-P_RC)/7/%)/%&#4*&#%(&#(%#-P_DC#('#-P_bC)/7/%)/%&#+/55#3+&,63&,(%#

931#(41/'6/)# ,%#1/5/+&,6/52# &'3%1:/+&/)#dKIDbN#+/551"#-./#03,%#3,0#(:#

&.,1#9('?#931#&(#4/&&/'#*%)/'1&3%)#&./#0/+.3%,10#(:#3+&,(%#(:#+3&,(%,+#

;52+(5,7,)#28# 31# 3# '/7'/1/%&3&,6/#7'(&(&27/#(:# &.,1# +5311# (:# +(07(*%)1"#

M('# &.,1# 7*'7(1/8#9/# &/1&/)# &./# /::/+&# (:#0(5/+*5/#2# (%# &./# 1/@*/%&,35#

/A&'3+&,(%# 3%)# &'3%1:/'# (:# ZNd[PO>#0(%(0/'1# :'(0# ZNd[PO>3;;# &(# P=V8#

XB!R8#3%)#JBCDT�-P_RKXBU8#'/3+&,(%1#&.3&#3'/#?/2#&(#/::,+,/%&#)/5,6/'2#(:#

3+&,63&,%;#K# &(#JBCDm-P_R"#O*'# :,%),%;1#)/0(%1&'3&/# &.3&#0(5/+*5/#28#

3%)# 1&'*+&*'3552# '/53&/)# 0(5/+*5/1# >+ 3%)# @8# 3::/+&# &.,1# 0*5&,C1&/7#

73&.932# ,%# 3# '/53&,6/52# 1/5/+&,6/# 03%%/'8# 3+&,%;# 03,%52# &(# ,%.,4,&#

&'3%1:/'#&(#3%)m('#1&345/#(++*73&,(%#(:#XB!R#42#K#TZNd[PO>U#0(%(0/'1"##

>,0,53'#,%.,4,&('2#/::/+&1#(:#0(5/+*5/#2#9/'/#1//%#9./%#&./#&'3%1:/'#(:#

ZNd[PO># :'(0# /,&./'# ZNd[PO># 3;;'/;3&/1# ('# :'(0# 0(%(0/',+#

ZNd[PO>�1XB!R#931# /A30,%/)# TM,;1"# !!8# !Y8# 3%)#!SU8# ,%),+3&,%;# &.3&# 3%#

3)),&,(%35#/::/+&#(:#0(5/+*5/#2+(%#,%&/'3+&,(%1#4/&9//%#P=V#3%)#KC',+.#

,%&/':3+/1# 931# *%5,?/52# 3%)# %(&# %/+/113'2# :('# &./# ,%.,4,&('2# 3+&,(%# (:#

0(5/+*5/#2"#_/03'?34528#1.*&&5,%;#(:#K#0(%(0/'1#:'(0#XB!R#&(#JBCD#,1#

*%3::/+&/)#42#0(5/+*5/#2"#-./#3773'/%&52#1/5/+&,6/#&3';/&,%;#(:#XB!R#42#

&./1/#),3+253&/)#+(07(*%)1#,1#'/0,%,1+/%&#(:#&./#7'/6,(*152#)/1+',4/)#

34,5,&2# (:# XB!R8# 4*&# %(&#JBCD8# &(# ,%&/'3+&# 1&3452#9,&.# (&./'# ),3+253&/)#

+(07(*%)1# 1*+.# 31# 7.(17.(5,7,)1# 3%)# 5,7(7/7&,)/1"# # -./# &3';/&,%;# (:#

XB!R#42#0(5/+*5/1#2T+>++IJL+@#,1#+(%1,1&/%&#9,&.#&./,'#34,5,&2#&(#,%.,4,&#

XB!RC)/7/%)/%&# -P_R# 3+&,63&,(%# 42# /%)(&(A,%# T5,7,)# FmPV>U# 4*&# %(&#

XB!RC,%)/7/%)/%&# +/55# 3+&,63&,(%# 42# -P_D# 3%)# -P_b# 3;(%,1&1"##

J('/(6/'8# 31#7'/),+&/)# :'(0#(*'#4,(+./0,+35# 1&*),/18#0(5/+*5/#2# )(/1#

%(&#45(+?#-P_R#3+&,63&,(%#9./%#/%)(&(A,%#TPO>U#,1#7'/1/%&/)#31#3#7'/C

:('0/)#PO>�1XB!R#+(075/A#&.3&#%//)1#(%52#&(#&'3%1:/'#PO>#&(#JBCD#&(#

,%)*+/#-P_R#3+&,63&,(%#T)3&3#%(&#1.(9%U"##



N"#_/1*5&1#3%)#),1+*11,(%1#

# !NS#

L./&./'#('#%(&#&./#1/5/+&,6/#,%.,4,&,(%#(:#PO>#4,%),%;#&(#XB!R8#4*&#%(&#

&(# JBCD8# '/:5/+&1# 3# .,;./'# 3::,%,&2# (:# &./1/# ),3+253&/)# +(07(*%)1# :('#

XB!R#61"#JBCD#('#'3&./'#3#.,;./'#3::,%,&2#3%)#0('/#1&345/#311(+,3&,(%#(:#

PO># 9,&.# JBCD# &.3%# 9,&.# XB!R# +3%%(&# 4/# E*);/)"# # -./# ,%34,5,&2# (:#

0(5/+*5/#2# &(# ,%.,4,&# &'3%1:/'# (:# ZNd[PO># &(#JBCD# :'(0# ZNd[PO>�XB!R#

TM,;1"#!N8#!R#3%)#!SU#*%)/'1+('/1#&./#/::,+,/%+2#(:#&.3&#&'3%1:/'#'/3+&,(%#

3%)# 1&'(%;52# 1*;;/1&1# &.3&# 0(5/+*5/# 2# 3%)# '/53&/)# +(07(*%)1# 0*1&#

.36/# &,0/# &(# (++*72# XB!R# 3%)# &./'/42# /A+5*)/# K# :'(0# XB!R# &(# /A/'&#

&./,'#03A,0*0# ,%.,4,&('2# /::/+&1"# -./# >-B#HJ_# )3&3# '/7('&/)# ,%# &.,1#

737/'#+5/3'52#1.(9#&.3&#0(5/+*5/#2#,1#3#5,;3%)#(:#XB!R#3%)#&.3&#&./#5,7,)#

+.3,%1# (:# 0(5/+*5/# 2+ .36/# 3# 03E('# '(5/# ,%# ,&1# ,%&/'3+&,(%# 9,&.# XB!R"#

L('?# ,1# ,%# 7'(;'/11# &(# )/&/'0,%/# &./# &./'0()2%30,+# 73'30/&/'1# (:#

4,%),%;# 3%)# 3::,%,&2# T,%+5*)/)# 1&(,+.,(0/&'2# (:# 4,%),%;U# 4/&9//%#

+(07(*%)1#2T+>T+@#3%)#XB!R#3%)#&./#1&'*+&*'35#431,1#(:#&./#3773'/%&52#

5(9/'# '/3+&,6,&2# (:# 0(5/+*5/# 4# 9,&.# XB!R"# -./# /A7/',0/%&1# '/7('&/)#

./'/# 1*;;/1&# &.3&# &./# 3::,%,&2# (:# +(07(*%)#2# :('# XB!R# ,1# 7'(43452# +3"#

!YYYC:(5)# 5(9/'# &.3%# &.3&# (:# P=VC&'/3&/)# K# 3;;'/;3&/1# ('# 0(%(0/',+#

K�XB!R# :('# XB!R"# -./# :*%+&,(%35# 7'(7/'&,/1# )/1+',4/)# 1*;;/1&# &.3&#

0(5/+*5/1# 2T+ >+ IJL+ @# +(*5)# 4/# +(%1,)/'/)# 5/3)# +(07(*%)1# ,%# &./#

)/6/5(70/%&# (:# %/9# 3%&,C/%)(&(A,+# 3;/%&1# 1/5/+&,6/52# &3';/&,%;# XB!R"#

-./# 4'(3)/'# '(5/# (:# XB!R# T61"# JBCDU# ,%# (&./'# 4,(5(;,+35#

'/+(;%,&,(%m'/17(%1/# 73&.9321# 032# :*'&./'# /A73%)# &./# 7(&/%&,35#

3775,+3&,(%1#(:#&./1/#+(07(*%)1"##

(

(

(

(

(



N"#_/1*5&1#3%)#),1+*11,(%1#

# !N`#

1"1" G( 6,$&D'&)3( 782J=( %3&)P'( A/,30/)4):( :)6+/.%&'( &%5A'&6( &D'(

D+*%$(QNJ-(5'3'4&05((

(

B/17,&/# '/+/%&# +'21&355(;'37.,+# )3&3# (%# -P_R# &',0/',+# 3+&,6/# +(075/A#

3%)#1/0,%35#9('?1#(:#F54',;.&ba#(%#/%)(&(A,%#/7,&(7/1#,%6(56/)#,%#XB!R#

4,%),%;8# ,1# %(&# 7(11,45/# 2/&# &(# .36/# 3%#*%,@*/# '3&,(%35,<3&,(%#(%#-P_R#

5,;3%)1#1&'*+&*'35#'/@*,'/0/%&1"##

-./#03E(',&2#(:#3%&,1/71,1#3;/%&1#)/1,;%/)#&(#4/#-P_R#3%&3;(%,1&18#1*+.#

31# K',&('3%8# 3'/# +(07',1/)# (:# 3# !T!!`UCHC3+/&25;5*+(130,%/#

),13++.3',)/#1+3::(5)#9,&.#&9(#7.(17.3&/1#,%#!#3%)#Rg#7(1,&,(%1#3%)#:(*'#

5,7,)# +.3,%1# ,%1&/3)# (:# &./# 1,A# 7'/1/%&# ,%# 5,7,)# F"# X(073',1(%# (:# &./#

+'21&35#1&'*+&*'/#(:#&./#Z-P_R"JBCD"PV>[D#+(075/A#3%)#&.3&#(:#-P_R"JBC

D"# K',&('3%# ,%),+3&/1# &.3&# &./# 1,</# (:# &./# JBCD# 7(+?/&# ,1# &./# 130/#

9./&./'#./A33+253&/)#3;(%,1&1#('# &/&'33+253&/)#3%&3;(%,1&1#3'/#4(*%)"#

-./#JBCD#+36,&2#6(5*0/#+3%#'/3),52#3++(00()3&/#&./#:(*'#5,7,)#+.3,%1#

(:# 3%&3;(%,1&1# 3%)# 3)),&,(%35# 173+/# :('# 5,7,)# 4,%),%;# ,1# ;/%/'3&/)8# 3&#

5/31&# ,%# &./# +31/# (:# ./A33+253&/)# K"# +(5,# PV>8# 42# ),1753+,%;# &./#

;5*+(130,%/#43+?4(%/#*793')#42#34(*&#S#r"#-.,1#1.,:&#(:#&./#3%(0/',+#

7.(17.3&/#3%)#'/1*5&,%;#'/3''3%;/0/%&#(:#&./#5,7,)#F#3+25#+.3,%1#032#4/#

/11/%&,35# :('#&./#,%&/'3+&,(%#(:#3+&,63&,%;#PV>"JBCD#:'(0#(%/#-P_R"JBC

D"PV>#&/'%3'2#+(075/A#&(#-P_R#:'(0#3#1/+(%)#&/'%3'2#+(075/A8#5/3),%;#

&(#:('03&,(%#(:#&./#Z-P_R"JBCD"PV>[D#),0/'"#

F++('),%;# &(# &.,1# 0()/58# *%)/'3+253&/)# 5,7,)# F# 63',3%&1# T&/&'3C# 3%)#

7/%&3+25U# 9(*5)# (++*72# &./# JBCD# 4,%),%;# 7(+?/&# 9,&.(*&# &',;;/',%;#

'/+/7&('# ),0/',<3&,(%8# &.*1# .36,%;# 5(9# /%)(&(A,+# 3%)# ,%# 1(0/# +31/1#

3%&,C/%)(&(A,+# T3%&3;(%,1&U# 3+&,6,&2"# >&'*+&*'/C3+&,6,&2# 1&*),/1# 1&'(%;52#

1*;;/1&# &.3&# &./# %*04/'# 3%)# &./# 5/%;&.# (:# 5,7,)# +.3,%1# 75321# 3# 7,6(&35#

'(5/# ,%# &./# 19,&+.# :'(0# /%)(&(A,+# T3;(%,1&U# &(# 3%&,C/%)(&(A,+#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !Na#

T3%&3;(%,1&U# 3+&,6,&2"# -.,1# .31# 4//%# (41/'6/)# %(&# (%52# :('# 5,7,)# F#

63',3%&1#431/)#(%#&./#%3&*'35#!T!!`U),;5*+(130,%/#43+?4(%/8#4*&#351(#

,%#12%&./&,+# 5,7,)#F#0,0/&,1+#431/)#(%#3#0(%(13++.3',)/#1+3::(5)#31# ,%#

&./#+31/#(:# &./#0(%(7.(17.('25#30,%(35?25#;5*+(130,%,)/#7.(17.3&/1#

TFWV1U"##

-./#7'/1/%+/#(:#3#!T!!`U),;5*+(130,%/#('#3%#30,%(35?25#;5*+(130,%/#

('# (&./'# %(%+3'4(.2)'3&/# 43+?4(%/1# 4/3',%;# &9(# +(''/+&52# (',/%&/)#

3%,(%,+# ;'(*71# T7.(17.3&/# ('# +3'4(A253&/# ,1(1&/'1U# 3%)# 3# 63',345/#

%*04/'#(:#5,7,)#+.3,%1#1//0#&(#4/#&./#0,%,035#1&'*+&*'35#'/@*,'/0/%&1#

&(#.36/#-P_RC3+&,6/#+(07(*%)1"#

J(5/+*5/1# 12%&./1,</)# 3%)# ),1+*11/)# ,%# &./# 7'/6,(*1# 1/+&,(%1# 3'/#

*%,@*/# /A3075/1# (:# 0(%(13++.3',)/1# 345/# &(# ,%&/':/'/# 9,&.# -P_R#

3+&,63&,(%"#O%/#(:# &./#0('/# ,%&/'/1&,%;# :/3&*'/1#(:# &.(1/#+(07(*%)1# ,1#

&./,'#1/5/+&,6,&2#:('#XB!R#3%)#%(#/6,)/%&#/::/+&#(%#JBD"#XB!R#3%)#JBD#

.36/# 6/'2# 1,0,53'# 4,%),%;# 1,&/1# 3%)# *7# &(# %(9# 1&'*+&*'35# :/3&*'/1# (:#

-P_R# 5,;3%)1# 3'/# 1&*),/)# ,%# '/53&,(%# &(# &./,'# /::/+&1# (%# -P_R# '/+/7&('#

+(075/A8# 1(# &./'/# 3'/# 1&,55# 6/'2# :/9# 17/+,:,+# ,%:('03&,(%# '/;3'),%;#

),::/'/%+/1# (%# JBDmXB!R# 4,%),%;"# K%)(&(A,%# &'3%1:/'# :'(0# XB!R# &(#

JBD# ,1# 1*77(1/)# &(# 4/# 3# 7'(+/11# ,%6(56,%;# 3# ),::/'/%&# 3::,%,&2# (:# &./#

5,;3%)# :('#JBD8# ./%+/#PV>#0(6/1# &(# 5(9/'# /%/';2# +(075/A#9,&.#JBD"#

X(%1,)/',%;# &.3&# 3# 0(%(0/'# T0(5/+*5/# DU# ,1# &3';/&/)# &(# XB!R# 3%)#

%3&*'35# 5,;3%)1# T),0/'1U# 1&3452# 4,%)1# &(#JBD8#9/# ),'/+&# &./# 12%&./1,1#

&(93')#3# 1200/&',+#),0/'# &(#/635*3&/# &./#7(11,4,5,&2#(:# ,&1# ,%&/'3+&,(%#

9,&.#JBD"#

-./#;52+(5,7,)#),1*5:3&/#!#TWB!U#,1#3#5,7,)#F#0,0/&,+#9,&.#3#),13++.3',)/#

1+3::(5)# :('0/)# 42# &9(# ;5*+(72'3%(1/# *%,&1# 4',);/)# &.'(*;.# 3#

1*++,%30,)/#5,%?/'#+(%%/+&,%;#&./#XC`#3%)#XC`g#7(1,&,(%1#(:#1*;3'1#TM,;"#

DSU"# WB!# 43+?4(%/# ),::/'1# :'(0# %3&*'35# !T!gC`UCW5+HF+CW5+HF+#

),13++.3',)/8# .36,%;# 3%# ,%+'/31/)# # +(%:('03&,(%35#0(4,5,&2# )*/# &(# &./#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !NQ#

7'/1/%+/#(:#&./#:(*'C3&(0#1*++,%30,)/#5,%?/'#3%)#351(#&./#(',/%&3&,(%#(:#

&./#&9(#1*5:3&/#;'(*71#,%#R#3%)#Rg#7(1,&,(%#,1#),::/'/%&#:'(0#&.3&#(:#&./#R#

3%)#Rg#7.(17.3&/1#,%#5,7,)#F"#-./#(++*''/%+/#(:#+3'4(.2)'3&/#1*5:3&/1#,%#

%3&*'/# T./73',%/1# 3%)# ./73'3%# 1*5:3&/1U# ,%17,'/)# &./# *1/# (:# 1*5:3&/#

;'(*71#31#0(%(C+.3';/)8# ,1(1&/',+#3%35(;*/1#(:# &./#7.(17.3&/1# &.3&# ,18#

3&# &./# 4/1&# (:# (*'# ?%(95/);/8# *%7'/+/)/%&/)# ,%# 5,7,)# F#0,0/&,+1"# -./#

5,7,)# +.3,%1# 3'/# :(*'# 5,%/3'# &/&'3)/+25# +.3,%1# +(%%/+&/)# &(# &./# ;5*+(1/#

1+3::(5)#&.'(*;.#*%%3&*'35#/&./'#4(%)1"#-./#XC!R#/&./'#+.3,%1#3'/#;(()#

0,0/&,+# (:# 5,7,)# F# +.3,%1# 3%)# 9/'/# *1/)# ,%# 7'/6,(*1# -P_RC3+&,6/#

+(07(*%)1#)/6/5(7/)#42#(*'#;'(*7"#-./#/&./'#4(%)#,%1&/3)#(:#&./#0('/#

534,5/# /1&/'# .31# 4//%# 1/5/+&/)# &(# ,07'(6/# +./0,+35# 3%)# /%<203&,+#

1&34,5,&2#3%)#,%+'/31/#&./#)'*;C5,?/#7'(7/'&,/1#(:#&./#0(5/+*5/"#

 

,-./01+ 2>"# >&'*+&*'/# (:# 5,7,)# F# :'(0# K"X(5,# 3%)# (:#JOJg# 4,1# T0/&.25# `C
3%.2)'(*1C`C30,%(CRCOC1*5:3&/CD8NC),COC&/&'3)/+,5ClCBC;5*+(72'3%(1,5U#
1*++,%,0,)/#

#

#

#

#

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !Nb#

1"1"!" E'//+/%5( %$:( L)03D'*)3%/( 3D%5%3&'5)O%&)0$( 0.( FN!(

)$&'5%3&)0$(M)&D(DQN-(

#

WB!#931#&./%#&/1&/)#9,&.#1&3452#&'3%1:/+&/)#dKIC-P_R#+/551#T:'(0#'/:U#

:('# ,&1# 34,5,&2# &(# ,%&/':/'/# 9,&.# /%)(&(A,%C1&,0*53&/)# -P_R# 3+&,63&,(%"#

dKIC-P_R# +/551# '/17(%)# &(# 43+&/',35# PV># &.'(*;.# 3# -P_RC)/7/%)/%&#

3+&,63&,(%#(%52#9./%#3++/11('2#'/+/7&('1#XB!R#3%)#JBCD#3'/#1*775,/)#

,%#3)),&,(%#&(#/%)(&(A,%#1&,0*5*1"#-.,1#?,%)#(:#+/551#931#*1/)#,%1&/3)#(:#

dKIC=5*/-J#4/+3*1/#&.,1#+/55*53'#0()/5#355(91#3#4/&&/'#+(%&'(5#(:#31132#

+(%),&,(%1"#-./1/#+/551#7'()*+/)# &./# ,%:53003&('2#+2&(?,%/# $PCQ#9./%#

1&,0*53&/)# 9,&.# 43+&/',35# 5,7((5,;(13++.3',)/1# TPO>U# ,%# :('0# (:#

3;;'/;3&/1# ,%#1(5*&,(%#&(;/&./'#9,&.#XB!R#3%)#JBCD"#L./%#dKIC-P_R#

+/551#9/'/#/A7(1/)#&(#,%+'/31,%;#+(%+/%&'3&,(%1#(:#WB!#,%#&./#7'/1/%+/#

(:# 4(&.# 1XB!R# 3%)# JBCD8# 3# )(1/C)/7/%)/%&# $PCQ# 7'()*+&,(%# 931#

(41/'6/)#TM,;"#D`U"##



N"#_/1*5&1#3%)#),1+*11,(%1#

# !RY#

#

,-./01+2?"#-P_RC)/7/%)/%&#3+&,63&,(%#(:#dKIm-P_R#+/551#42#WB!#,%#&./#
7'/1/%+/# (:# JBCD# 3%)# 1XB!R"# X/55# 3+&,63&,(%# 931# 0/31*'/)# 31#
/A&'3+/55*53'# 3++*0*53&,(%# (:# $PCQ# 3:&/'# (6/'%,;.&# ,%+*43&,(%# (:#
dKIm-P_R#±,%+'/31,%;#+(%+/%&'3&,(%1#(:#WB!#31#)/1+',4/)#,%#J3&/',351#
3%)#J/&.()1"##

X(07(*%)#WB!#931# 351(# 345/# &(# ,%.,4,&# ,%# 3# +(%+/%&'3&,(%C)/7/%)/%&#

03%%/'#&./#7'()*+&,(%#(:#PO>C1&,0*53&/)#$PCQ#,%#&./#7'/1/%+/#(:#JBCD#

3%)# 1XB!R# TM,;"# D`U"# L./%# +(073'/)# &(# 43+&/',35# PO>8# WB!# ,1# 5/11#

7(&/%&# ,%# ,%)*+,%;#$PCQ#7'()*+&,(%#TM,;"#D`U"#H/6/'&./5/118# ,&1#3;(%,1&,+#

3+&,6,&2# ,1# 6/'2# 5,?/52# -P_RC)/7/%)/%&# 4/+3*1/# %(# ,%&/'5/*?,%#

7'()*+&,(%#931#(41/'6/)#9./%#/A7(1,%;#dKI#73'/%&35#+/551#&.3&#)(#%(&#

/A7'/11#-P_R#&(#WB!#TM,;"#DaU"#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !R!#

#

,-./01+ 2@"# -P_R# ,%)/7/%)/%&# 3+&,63&,(%# (:# 73'/%&35# dKIDbN# +/551# 42#
WB!"#X/55#3+&,63&,(%#931#0/31*'/)#31#/A&'3+/55*53'#3++*0*53&,(%#(:#$PCQ#
3:&/'# (6/'%,;.&# ,%+*43&,(%# (:# dKIDbN# ±,%+'/31,%;# +(%+/%&'3&,(%1# (:#
WB!#31#)/1+',4/)#,%#J3&/',351#3%)#J/&.()1"#

V'/6,(*1#/A7/',0/%&#355(9#3%#(6/'6,/9#(:#WB!#/::/+&#(%#-P_R#73&.932#

3+&,63&,(%8# 4*&# '/03,%# *%+5/3'# &./# 7'/+,1/# 1&/7# ,%:5*/%+/)# 42# WB!"# F1#

)/1+',4/)# ,%# &./# ,%&'()*+&,(%# 1/+&,(%# T1/+&,(%# !"N"!"a"NU8# /%)(&(A,%#

4,%)1#&(#XB!R#&./%#,1#&'3%1:/''/)#&(#JBD#3%)#&./#KGJBD#+(075/A#355(9#

-P_R# ),0/',<3&,(%"# i1,%;# ),::/'/%&# /%)(&(A,%# )(%('1# 9/# ,%6/1&,;3&/)#

&./# 34,5,&2# (:# WB!# &(# 17/+,:,+3552# ,%&/'3+&# 9,&.# 3# 7'/+,1/# 1&/7# (:# -P_R#

3+&,63&,(%"#F1#1.(9%#,%#:,;*'/#DQ#F8#&./'/#,1#3#)(1/#)/7/%)/%&#,%.,4,&,(%#

(:#PO>#&'3%1:/'#:'(0#XB!R#&(#JBD#3%)#&.,1#'/1*5&#,1#+(073'345/#&(#)3&3#

,%# :,;*'/#D`"# $%1&/3)#9./%#7'/:('0/)#PO>GJBD# ,1#*1/)# ,%# &./#31132#31#

/%)(&(A,%# )(%('# &./'/# ,1# %(# '/)*+&,(%# (:# $PQ# 7'()*+&,(%# TM,;"# DQ# =U"#

-.(1/#)3&3#1*;;/1&1#3%#,%&/':/'/%+/#(:#WB!#(%#/%)(&(A,%#1.*&&5,%;#:'(0#

XB!R#&(#JBD"###

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !RD#

 

,-./01+2B"# $%.,4,&,(%#(:#-P_RC)/7/%)/%&#3+&,63&,(%#(:#dKIm-P_R#+/551#
42#WB!"# X/55# 3+&,63&,(%#931#0/31*'/)# 31# /A&'3+/55*53'# 3++*0*53&,(%#(:#
$PCQ# 3:&/'# (6/'%,;.&# ,%+*43&,(%# (:# dKIm-P_R# ±,%+'/31,%;#
+(%+/%&'3&,(%1# (:# WB!# 3%)# PO>GXB!R# ,%# 7'/1/%+/# (:#0)D# ('# PO>GJBD#
35(%/#31#)/1+',4/)#,%#J3&/',351#3%)#J/&.()1"#

#

-(#4/&&/'#)/:,%/#&./#0/+.3%,10#(:#&./#,%.,4,&('2#3+&,(%#(:#0(5/+*5/#WB!#

(%#PV>#T5,7,)#FUC&',;;/'/)#-P_R#3+&,63&,(%8#9/#&/1&/)#&./#34,5,&2#(:# &.,1#

+(07(*%)# &(# ,%.,4,&# P=VmXB!RC)/7/%)/%&# &'3%1:/'# (:# /%)(&(A,%#

TZNd[PO>U#0(%(0/'1#:'(0#ZNd[PO>#3;;'/;3&/1#&(#JBCDm-P_R8#'/1*5&,%;#

,%# '/)*+/)# :('03&,(%# (:# 3# ZZNd[PO>"JBCD"-P_RKXB[D# TJ'# �!bY8YYYU#

+(075/A"# M('# &.,1# 7*'7(1/8# 1XB!R# 931# 7'/C,%+*43&/)# 9,&.# P=V# ,%# &./#

7'/1/%+/#('#341/%+/#(:#0(5/+*5/#WB!#T!Y#0JU8#3%)#&./%#,%+*43&/)#9,&.#

ZNd[PO>3;;#:(55(9/)#42#+(%),&,(%/)#0/),*0#+(%&3,%,%;#7'/:('0/)#JBC

D"-P_RKXB# ./&/'(),0/'"# >,</C/A+5*1,(%# +.'(03&(;'37.2# (:# &./# '/3+&,(%#

0,A&*'/#TM,;"#DbU#1.(9/)#&.3&8#,%#&./#341/%+/#(:#0(5/+*5/#WB!8#6,'&*3552#

355#ZNd[PO>#3;;'/;3&/1#TPO>3;;U#9/'/#+(%6/'&/)#&(#53&/'#/5*&,%;#17/+,/1#

T,"/"8# 10355/'# ZNd[PO>C+(%&3,%,%;# +(075/A/1U# +(''/17(%),%;# &(#

ZNd[PO>"1XB!R# TJ'�`Y8YYYU# 3%)# ZZNd[PO>"JBCD"-P_RKXB[D#

TJ'�!bY8YYYU"#-./#;/%/'3&,(%#(:#ZNd[PO>"1XB!R#'/:5/+&1#/A&'3+&,(%#3%)#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !RN#

&'3%1:/'# (:# ZNd[PO># 0(%(0/'1# :'(0# ZNd[PO>3;;# &(# 1XB!R# 42# &./#

+(04,%/)# 3+&,(%# (:# P=V# 3%)# 1XB!R"# M('03&,(%# (:# ZZNd[PO>"JBC

D"-P_RKXB[D# '/:5/+&1# &'3%1:/'# (:# ZNd[PO># 0(%(0/'1# :'(0#

ZNd[PO>"1XB!R# &(# JBCD"-P_RKXB"# -.*18# &./# +.'(03&(;'37.,+# 7'(:,5/# (:#

ZNd[PO>3;;# ,%+*43&/)# :,'1&# 9,&.# P=V# 3%)# 1XB!R# 3%)# &./%# 9,&.#

+(%),&,(%/)# 0/),*0# +(%&3,%,%;# 1JBCD"-P_RKXB# 1*;;/1&1# &.3&8# *%)/'#

&./1/#/A7/',0/%&35# +(%),&,(%18# &./'/# ,1#%/3'52#+(075/&/#/A&'3+&,(%#3%)#

&'3%1:/'# (:# ZNd[PO># 0(%(0/'1# :'(0# ZNd[PO>3;;# &(# ZNd[PO>"1XB!R#

:(55(9/)# 42# &'3%1:/'# (:# ZNd[PO># 0(%(0/'1# :'(0# 34(*&# .35:# (:# &./#

ZNd[PO>"1XB!R# :('0/)#&(#JBCD"-P_RKXB"# $%#+(%&'31&8# ,%# &./#7'/1/%+/#(:#

!Y# 0J# 0(5/+*5/# WB!8# 3++*0*53&,(%# (:# ZZNd[PO>"JBCD"-P_RKXB[D# 931#

03'?/)52# '/)*+/)#9.,5/# &./#7/3?# +(''/17(%),%;# &(# &./# ZNd[PO>"1XB!R#

'/1*5&/)# 350(1&# *%63',/)# TM,;"# DbU"# -./# ,%.,4,&,(%# (:# 3++*0*53&,(%# (:#

ZZNd[PO>"JBCD"-P_RKXB[D#3%)#%(&#(:# ZNd[PO>"1XB!R#(%+/#0('/#1*;;/1&1#

&.3&#0(5/+*5/#WB!#6/'2# 5,?/52# ,%&/':/'/1# ,%# &./#7'(+/11#(:#PO># &'3%1:/'#

:'(0# ZNd[PO>"1XB!R# &(# &./# JBCD# '/+/7&('# ('# &(# &./# JBCD"-P_RKXB#

+(075/A"#

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !RR#

 

,-./01+2A"#WB!#,%.,4,&1#+(%6/'1,(%#(:#ZNd[PO>"3;;#&(#ZNd[PO>�1XB!R#3%)#
ZZNd[PO>�JBCD�-P_R[D"# 1XB!R# TY"Q# %JU# 931# 7'/C,%+*43&/)# �# WB!# T!Y#
µJU# :('#NY#0,%#3&#Na# |X# ,%# &./#7'/1/%+/#(:#P=V# TR#7JU"# >*41/@*/%&528#
ZNd[PO>3;;# TY"Q# %JU#931# 3))/)# 3%)# &.,1#0,A&*'/#931# ,%+*43&/)# :('# NY#
0,%# 3&# Na|# X"# F:&/'# &./# 1/+(%)# ,%+*43&,(%8# +(%),&,(%/)# dKIDbN-# +/55#
0/),*0#+(%&3,%,%;#7'/:('0/)#'/3+&,6/#JBCD�-P_RKXB#./&/'(),0/'#T+3"#
Y"D#%J8#:,%35#+(%+/%&'3&,(%U#931#3))/)#3%)#,%+*43&/)#3;3,%#:('#!S#0,%#
3&# Na# |X"# -.,1# '/3+&,(%# 0,A&*'/# 931# 3775,/)# &(# >/7.3+'25# >DYY# 31#
)/1+',4/)# *%)/'# KA7/',0/%&35# V'(+/)*'/1# &(# 0/31*'/# +(%6/'1,(%# (:#
ZNd[PO>3;;# T6(,)# 6(5*0/U# &(# ZNd[PO>�1XB!R# TJ'# �`Y8YYYU# 3%)#
ZZNd[PO>�JBCD�-P_R[D# "# TJ'# �!bY8YYYU"# -./# +.'(03&(;'37.,+# 7'(:,5/1#
1.(9%# 3'/# '/7'/1/%&3&,6/# (:# xR# /A7/',0/%&1"# O6/'355# '/+(6/',/1# (:#
ZNd[PO>#9/'/#$#aYv"#

#

$&#931#&./'/:('/#)/+,)/)#&(#6/',:2#),'/+&52#&./#.27(&./1,1#&.3&#0(5/+*5/#

WB!#+(*5)#,%.,4,&#&./#/%)(&(A,%#&'3%1:/'#:'(0#&./#+(075/A#9,&.#XB!R#&(#

&.3&#9,&.#JBCD"#$&#931#)/1,;%/)#3%#/A7/',0/%&#,%#9.,+.#&./#&'3%1:/'#(:#

&./# '3),(534/55/)# /%)(&(A,%# 0(%(0/'# TZNd[PO>U# :'(0# &./#

ZNd[PO>"1XB!R# &(# &./# ZNd[PO>"JBCD# +(075/A# ,%# 9.,+.# 3%# d,1C&3;;/)#

JBCD#,1#*1/)8#+3%#4/#0(%,&('/)#42#+37&*',%;#&./#ZNd[PO>"JBCD#+(075/A#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !RS#

9,&.# 3# %,+?/5C+(3&/)#d$>P$HI# '/1,%# TM,;"# NYU"# F1# )/1+',4/)# ,%#03&/',35#

3%)#0/&.()1# 1/+&,(%# d,1C&3;;/)#JBCD#931# 7'/C,%+*43&/)# 3&# Na# |X# :('#

NYg#±# ,%+'/31,%;#+(%+/%&'3&,(%1#(:#WB!8# &./%#7'/:('0/)#ZNd[PO>"1XB!R#

+(075/A#931#3))/)#3%)#:(55(9/)#42#3%(&./'#,%+*43&,(%#3&#Na#|X#:('#NYg"#

-'3%1:/'#(:# #'3),(534/5/)#PO>#TZNd[PO>U#:'(0#1XB!R#&(#JBCDCd,1`#931#

(41/'6/)# 42# +37&*',%;# &./# 53&&/'# +(075/A# 9,&.# d$>P$HI# '/1,%# 3:&/'#

,%+*43&,(%# TM,;"# NYU"# -./# ,%+*43&,(%# (:# ZNd[PO>"1XB!R#9,&.#JBCDCd,1`#

:(55(9/)#42#'/1,%#+37&*'/#2,/5)/)#3#;(()#'3),(3+&,6,&2#'/+(6/'2#(%#'/1,%8#

,%),+3&,%;#&.3&#PO>#,1#&'3%1:/''/)#:'(0#XB!R#&(#JBCD"#$%#&./#7'/1/%+/#(:#

,%+'/31,%;# +(%+/%&'3&,(%1# (:#0(5/+*5/# WB!# ,%# ,%+*43&,(%#0/),*08# &./#

4(*%)# '3),(3+&,6,&2# 5/6/51# )/+'/31/)# 7'(7('&,(%35528# &.*1# +5/3'52#

1*;;/1&,%;#),'/+&# /::/+&# (:#0(5/+*5/#WB!# ,%# ,%.,4,&,%;# &./#PO># &'3%1:/'#

:'(0#XB!R#&(#JBCD"#

#
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# !R`#

 

,-./01+3C"#WB!#1/5/+&,6/52#,%.,4,&1#&'3%1:/'#(:#ZNd[PO>#0(%(0/'#&(#JBC
D"#d,1C&3;;/)#1JBD#T!"`#%JU#931#7'/C,%+*43&/)#:('#NYg#3&#Na�X#9,&.#!Y#
*J#WB!8# :(55(9/)#42#3)),&,(%#(:# ZNd[PO>�1XB!R# TY"Q#%JU# # 3%)# :*'&./'#
,%+*43&,(%# :('# NY# 0,%# 3&# Na# |X"# -'3%1:/'# (:# # ZNd[PO># # &(# JBCD# 931#
31132/)# 42# +(C+37&*'/# (:# ZNd[PO># &(# &./# d$>P$HI# '/1,%# 31# )/1+',4/)#
*%)/'#KA7/',0/%&35#V'(+/)*'/1"#X37&*'/#(:#ZNd[PO>"1XB!R#T%(#d,1C&3;U#
4/:('/#3%)#3:&/'# ,%+*43&,(%#,%#0/),*0#9,&.(*&#d,1C&3;;/)#7'(&/,%#931#
�# Rv# 3%)# 1*4&'3+&/)# :'(0# /3+.# (:# &./# /A7/',0/%&35# 13075/1# 1.(9%"#
B3&3#1.(9%#3'/#'/7'/1/%&3&,6/#(:#N#/A7/',0/%&18#/3+.#,%#)*75,+3&/8#3%)#
3'/#/A7'/11/)#31#0/3%#�#>KJ"#

#

F51(# ,:# 4(&.# &./# 7'/6,(*1# /A7/',0/%&1# 3%)# &./# 1&',?,%;# /6,)/%+/# ;,6/%#

:'(0#;/5#1,/6,%;#3%35,121#)/0(%1&'3&/#3#JBD#)/7/%)/%&#0()/#(:#3+&,(%#

:('# WB!# ,&# ,1# 7(11,45/# &.3&# &./# +(07(*%)# ,%&/':/'/# 9,&.# PO>GXB!R#

+(075/A# ),1'*7&,%;# ,&8# &.*1# 0,15/3),%;# &./# ,%&/'7'/&3&,(%# (:# &./#
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# !Ra#

/A7/',0/%&1"#-(#+53',:2#&.,1#7(11,4,5,&2#9/#7/':('0/)#3#7'/,%+*43&,(%#(:#

XB!R# 9,&.# &./# +(07(*%)# ,%# 7'/1/%+/# (:# P=V# :(55(9/)# 42# 3%(&./'#

,%+*43&,(%#9,&.#PO>3;;# # 3%)# 3%352</)# &./# '/3+&,(%#0,A&*'/#9,&.# 3# +(C

+37&*'/# 31132# T0('/# )/&3,5/)# )/1+',7&,(%# (:# &./# 7'(+/)*'/# ,%# 1/+&,(%#

D"RU"#M,;*'/#N!#)/0(%1&'3&/#&.3&#WB!#.31#%(#/::/+&#(%#/%)(&(A,%#4,%),%;#

&(# XB!R# 3%)# :*'&./'# +(%:,'0# &.3&# &.,1# +(07(*%)# 3+&1# ,%.,4,&,%;# &./#

&'3%1:/'#(:#0(%(0/',+#/%)(&(A,%#&(#JBD"#

#

 

,-./01+3!"#WB!#)(#%(&#,%.,4,&1#&'3%1:/'#(:#ZNd[PO>#0(%(0/'#&(#&XB!R"#
d,1C&3;;/)# &XB!R# T!"`# %JU#931# 7'/C,%+*43&/)# :('# NYg# 3&# Na�X#9,&.# !Y#
*J# WB!8# :(55(9/)# 42# 3)),&,(%# (:# ZNd[PO>3;;# TY"Q# %JU# # 3%)# :*'&./'#
,%+*43&,(%#:('#NY#0,%#3&#Na#|X"#-'3%1:/'#(:##ZNd[PO>##&(#d,1C&3;;/)#&XB!R#
931#31132/)#42#+(C+37&*'/#(:#ZNd[PO>#&(#&./#d$>P$HI#'/1,%#31#)/1+',4/)#
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# !RQ#

*%)/'# KA7/',0/%&35# V'(+/)*'/1"# X37&*'/# (:# ZNd[PO>3;;# ,%# 341/%+/# (:#
d,1C&3;;/)# &XB!R# 931# �# Rv# 3%)# 1*4&'3+&/)# :'(0# /3+.# (:# &./#
/A7/',0/%&35# 13075/1# 1.(9%"# B3&3# 1.(9%# 3'/# '/7'/1/%&3&,6/# (:# N#
/A7/',0/%&18#/3+.#,%#)*75,+3&/8#3%)#3'/#/A7'/11/)#31#0/3%#�#>KJ"#

#

#

_/)*+&,(%#(:#PO>GJBD#+37&*'/)#+(075/A/1#.,;.5,;.&#&./#:,%35#,%.,4,&('2#

/::/+&# (:# WB!# 4*&# :'(0# &.(1/# )3&3# ,1# %(&# 7(11,45/# &(# *%)/'1&3%)# ,:# &./#

+(07(*%)# (++*7,/1#JBD# 4,%),%;# 1,&/# 36(,),%;# ,%+(0,%;# /%)(&(A,%# &(#

/%&/'# ('# )2%30,+3552# +(07/&/# 9,&.# &./# 53&&/'# ),1753+,%;# ,&# :'(0#

7'/:('0/)#PO>GJBD#+(075/A/1"#

V'/:('0/)# PO>GJBD# ,1# 3# 1&345/# +(075/A# 3%)# ,1# :*'&./'# 1&34,5,</)# 42#

,%&/'3+&,(%#9,&.#-P_R#1(#9/#/A7/+&/)#&.3&#PO>#4(*%)#&(#JBD#+(*5)#%(&#

4/# ),1753+/)# :'(0# WB!"# -(# 3%19/'# &.,1# @*/1&,(%# 9/# ,%+*43&/)#

ZNd[PO>GJBDCd,1`#9,&.#,%+'/31,%;#+(%+/%&'3&,(%1#(:#WB!#3%)#+37&*'/)#

JBD# 9,&.# d$>P$HI# '/1,%"# =(*%)# 7/'+/%&3;/1# ,%# :,;*'/# ND# )(# %(&#

1,;%,:,+3%&52#+.3%;/#,%#7'/1/%+/#(:#WB!"#

#
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# !Rb#

 

,-./01+32"#WB!#)(#%(&#,%.,4,&1#),1753+/0/%&#(:#ZNd[PO>#0(%(0/'#:'(0#
7'/:('0/)##ZNd[PO>"JBD#+(075/A/1"#d,1C&3;;/)#JBD#T!"`#%JU#931#7'/C
,%+*43&/)# :('# NYg# 3&# Na�X# 9,&.# !Y# *J# WB!8# :(55(9/)# 42# 3)),&,(%# (:#
ZNd[PO>3;;# TY"Q# %JU# # 3%)# :*'&./'# ,%+*43&,(%# :('# NY# 0,%# 3&# Na# |X"#
-'3%1:/'#(:##ZNd[PO>##&(#d,1C&3;;/)#&XB!R#931#31132/)#42#+(C+37&*'/#(:#
ZNd[PO># &(# &./# d$>P$HI# '/1,%# 31# )/1+',4/)# *%)/'# KA7/',0/%&35#
V'(+/)*'/1"#X37&*'/#(:#ZNd[PO>3;;#,%#341/%+/#(:#d,1C&3;;/)#&XB!R#931#
�# Rv# 3%)# 1*4&'3+&/)# :'(0# /3+.# (:# &./# /A7/',0/%&35# 13075/1# 1.(9%"#
B3&3#1.(9%#3'/#'/7'/1/%&3&,6/#(:#N#/A7/',0/%&18#/3+.#,%#)*75,+3&/8#3%)#
3'/#/A7'/11/)#31#0/3%#�#>KJ"#

+

#

#
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#

#
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# !SY#

N"N"D" B,1+*11,(%#

#

-3?/%# &(;/&./'8# &./# /A7/',0/%&1# 7'/1/%&/)# ,%),+3&/# &.3&# &./#

),13++.3',)/# ),1*5:3&/# !# TWB!U# ,1# 3+&,6/# ,%# ,%&/':/',%;# 9,&.# &./# -P_RC

)/7/%)/%&#+2&(?,%/#7'()*+&,(%#,%#dKI#+/551"#L./%#3)0,%,1&/'/)#35(%/8#

WB!# &',;;/'1# -P_R# 3+&,63&,(%# 3%)# $PCQ# 7'()*+&,(%8# 9.,5/# 9./%# +(C

3)0,%,1&/'/)# 9,&.# 43+&/',35# PO># .31# 3# )(1/C)/7/%)/%&# 3%&3;(%,1&,+#

/::/+&#3%)#,%.,4,&1#+2&(?,%/#7'()*+&,(%"#-.,1#4/.36,(*'#1*;;/1&#3#'(5/#(:#

WB!#31#73'&,35#3;(%,1&#(:# &./#-P_R#'/+/7&('"#WB!# ,1#3#0,5)#3;(%,1&#3%)#

;,6,%;# 3-P_R# 1&,0*53&,(%# 0,5)/'# &.3%# 43+&/',35# PO>8# 1(# ,&# +(*5)# 4/# 3#

;(()#+3%),)3&/#31#63++,%/#3)E*63%&"#O%#&./#(&./'#3%)8#WB!#,%.,4,&1#&./#

PO>C&',;;/'/)#-P_R#3+&,63&,(%#1*;;/1&,%;#&./#*1/#(:#WB!#31#5/3)#:('#&./#

)/6/5(70/%&#(:#3%&,C/%)(&(A,+#0(5/+*5/1"#

#

1"="( R'*'( %$:( %( *'&%L0/)3( :'5)P%&)P'9( 30450D'*'9( *0:+/%&'(

&D'(782=(4%&DM%,(:)..'5'$&/,(&D50+AD(:)..'5'$&(*0/'3+/%5(

&%5A'&6(

#

>/6/'35# -P_R# 3%&3;(%,1&1# 9/'/# )/6/5(7/)# T1//# 1/+&,(%# N"!U8# 355# (:#

&./0#9,&.#),::/'/%&#1&'*+&*'/1#4*&#359321#'/53&/)#9,&.#1(0/#:/3&*'/1#(:#

P,7,)#F"#_/+/%&#),1+(6/',/1#1*;;/1&#&.3&#-P_R#+(*5)#4,%)#3#9,)/#3''32#(:#

/%)(;/%(*1# 5,;3%)1# 0(1&# (:# &./0# 9,&.# *%?%(9%# 1&'*+&*'/1"# -.(1/#

5,;3%)1#3'/# ,%6(56/)# ,%#),::/'/%&#73&.(5(;,/1#3%)#+.'(%,+# ,%:53003&('2#

),1/31/1#5,?/#%/*'(73&,+#73,%#3%)#3'&/',(1+5/'(1,1"#>&*)2#3%)#)/6/5(7#(:#

63',3%&1# (:# &.(1/# +(07(*%)1# +(*5)# 4/# *1/:*5# &(# /A73%)# &./# 5,4'3'2# (:#

1&'*+&*'35# /7,&(7/1# ,%&/'3+&,%;# 9,&.# JBD# ('# XB!R"# F# '/+/%&# 737/'#

,%6/1&,;3&/)# &./# 0(5/+*53'# 0/+.3%,10# 9./'/42# ./0/# 3+&,63&/1#

03+'(7.3;/1# 3%)# ,&# 931# (41/'6/)# &.3&# ./0/# ,%)*+/1# &./# 1/+'/&,(%# (:#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !S!#

-HMC3#42#3+&,63&,%;#-P_R#T1//#1/+&,(%#!"R"!"DU"#L/#12%&./1,</)#3#.,;.52#

+3'4(A253&/)# 63',3%&# (:# ./0/8# +(7'(./0/8# 3%)# )/+,)/)# &(# 1&*)2# ,&1#

7'(7/'&,/1# ,%# ,%.,4,&,%;# &./# PV>C1&,0*53&/)# ,%&/'5/*?,%# 7'()*+&,(%# ,%#

dKIC-P_R# +/551"#F1#9,&.# &./#7'/6,(*1# +(07(*%)18# 4,(+./0,+35# 1&*),/1#

(%# &./# ,%&/'3+&,(%# (:# +(7'(./0/# 9,&.# ,1(53&/)# '/+/7&('1# (:# &./# -P_R#

73&.932# T%30/52# P=V8# XB!R8# JBCD# 3%)# -P_RU# 9,55# 4/# 7/':('0/)"# $%#

73'355/58# 9/# 9(*5)# &'2# &(# +.3'3+&/',</# &./# 4,(5(;,+35# 3+&,6,&2# (:# ./0/#

+(%1,)/',%;#&./#7'/6,(*1#(41/'63&,(%1"#

#

1"="!" K)03D'*)3%/( %$:( 3'//+/%5( 3D%5%3&'5)O%&)0$( 0.( D'*'(

%$:(30450D'*'('..'3&6(0$(782=(5'3'4&05(30*4/'S(

#

dKIC-P_R#+/551#9/'/#&'/3&/)#9,&.#,%+'/31,%;#+(%+/%&'3&,(%1#(:#./0/#,%#

+*5&*'/#0/),3#9,&.#('#9,&.(*&##XB!R8#JBD#3%)#P=V#T1//#1/+&,(%#D"R#:('#

:*'&./'# &/+.%,+35# ,%:('03&,(%1U"# F# )(1/C)/7/%)/%&# 7'()*+&,(%# (:# $PCQ#

931# ,%)*+/)# 42# ./0/# 3%)# &./# 5/6/5# (:# ,%&/'5/*?,%# 7'()*+/)# ),)# %(&#

+.3%;/#9./%#JBCD#3%)#XB!R#'/+/7&('1#9/'/#3))/)#&(#&./#0/),*0#TM,;"#

NNU"# -./# 5/6/51# (:# ,%&/'5/*?,%# 1/+'/&/)# *7(%# ./0/# /A7(1*'/8# 9/'/#

3%2932# 0*+.# 5(9/'# &.3%# &.3&# ,%)*+/)# 42# 1&,0*53&,%;# +/551# 9,&.# PV>#

7'(6,)/)# ,%# &.'//#),::/'/%&# :('01G#31#PO>#3;;'/;3&/18#31#PO>"XB!R#3%)#

PO>"JBCD#+(075/A/1"##
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# !SD#

 

,-./01+33"# -P_RC)/7/%)/%&# 3+&,63&,(%#(:#-P_RCdKIDbN# +/551# 42#./0/#
,%# &./# 7'/1/%+/# 3%)# 341/%+/# (:# JBCD# 3%)# 1XB!R"# X/55# 3+&,63&,(%# 931#
0/31*'/)# 31# /A&'3+/55*53'# 3++*0*53&,(%# (:# $PCQ# 3:&/'# (6/'%,;.&#
,%+*43&,(%# (:# dKIm-P_R# ±,%+'/31,%;# +(%+/%&'3&,(%1# (:# ./0/# 31#
)/1+',4/)#,%#J3&/',351#3%)#J/&.()1"#

$&# 931# &./%# +./+?/)# ,:# &.,1# ,%+'/31/# (:# +2&(+.,%/# 7'()*+&,(%# 931# 3#

'/17(%1/# &(# 3# 1&'/11# +(%),&,(%# ;/%/'3&/)# 42# ./0/# ('#931# '/53&/)# &(# 3#

17/+,:,+#3+&,(%#(%#-P_R"#KA7(1*'/# &(#./0/#*7#&(#3#+(%+/%&'3&,(%#(:#aY#

0J# ),)# %(&# +3*1/# 3%2# $PCQ# 7'()*+&,(%# ,%# dKI# 73'/%&35# +/551# 53+?,%;#

-P_R#TM,;#NRU8#&.*1#+(%:,'0,%;#&.3&#&./#1&,0*5*1#)',6/%#42#./0/#'/5,/1#

(%#&./#7'/1/%+/#(:#-P_R"#
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# !SN#

 

,-./01+34"#_/17(%1/#(:#dKI#73'/%&35#+/551#,%#7'/1/%+/#(:#./0/"##

#

V'/6,(*1# /A7/',0/%&35# (41/'63&,(%1# 1*;;/1&/)# &.3&# PV># 3%)# ./0/8#

)/17,&/#4(&.# ,%&/'3+&,%;#9,&.#-P_R8# 5,?/52#&3';/&#),::/'/%&#4,%),%;#1,&/1#

(:# &./# '/+/7&('"# -./# $PCQ# 7'()*+&,(%# (:# dKIC-P_R# +/551# 1&,0*53&/)# 42#

&./# /A7(1*'/# &(# &./# 7'/:('0/)# /%)(&(A,%"JBCD# +(075/A8# 931# &./%#

0(%,&('/)# ,%# &./# 7'/1/%+/# (:# ,%+'/31,%;# @*3%&,&,/1# (:# ./0/"# H(#

1,;%,:,+3%&#,%.,4,&,(%#(:#/%)(&(A,%C)/',6/)#1&,0*5*1#931#(41/'6/)#9./%#

dKIC-P_R#+/551#3'/#7'/,%+*43&/)#9,&.#./0/#TSY#~JU#4(&.#42#1*7752,%;#

/%)(&(A,%# ,%# &./# :('0#(:#PO>"XB!R#3%)#PO>"JBCD#+(075/A/1# TM,;"#NSU"#

-./#34(6/#/A7/',0/%&1#3'/#,%#3++(')3%+/#9,&.#5,&/'3&*'/#)3&3#3%)#7(,%&#

(*&# &.3&# ./0/# /5,+,&1# -P_RC)/7/%)/%&# +2&(?,%/# 7'()*+&,(%# 4*&# -P_R#

3+&,63&,(%# ,1# 3+.,/6/)# &.'(*;.# 3# 0(5/+*53'# 0/+.3%,10# ),::/'/%&# :'(0#

&.3&#311(+,3&/)#&(#/%)(&(A,%#1&,0*53&,(%"##
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# !SR#

$&# (:&/%# .377/%/)# ,%# (5)/'# 737/'1# &.3&# 4/,%;# 6/'2# /312# /%)(&(A,%#

+(%&30,%3&,(%8# '/1*5&1#(%#-P_R#3;(%,10#9/'/#(:&/%#0,15/3)/)#42# &,%2#

30(*%&#(:#PV>#,%#&./#13075/"#$%#&./#+31/#(:#./0/#&.,1#.27(&/1,1#+(*5)#4/#

),1+.3';/)#4/+3*1/#3+&,63&,(%#(++(*'1#,%#&./#341/%+/#(:#JBD#3%)#XB!R"##

 

,-./01+3>"# $%.,4,&,(%#(:#-P_RC)/7/%)/%&#3+&,63&,(%#(:#dKIm-P_R#+/551#
42#./0/"#X/55#3+&,63&,(%#931#0/31*'/)#31#/A&'3+/55*53'#3++*0*53&,(%#(:#
$PCQ# 3:&/'# (6/'%,;.&# ,%+*43&,(%# (:# dKIm-P_R# ±./0/# SY# ~J# 3%)#
PO>GXB!R# ,%# 7'/1/%+/# (:# 0)D# ('# PO>GJBD# 35(%/# 31# )/1+',4/)# ,%#
J3&/',351#3%)#J/&.()1"#

-./# +373+,&2# (:# +(7'(./0/# &(# ,%)*+/# 3# )(1/C)/7/%)/%&# +2&(?,%/#

1/+'/&,(%# ,%# dKI# +/551# 931# &./%# ,%6/1&,;3&/)"# $%# +(%&'31&# 9,&.# 9.3&#

(41/'6/)# ,%# &./# +31/# (:# ./0/8# /A7(1*'/# &(# +(7'(./0/# *7# &(# 3#

+(%+/%&'3&,(%# (:# aY# 0J# ),)# %(&# 1&,0*53&/# 3%2# $PCQ# 7'()*+&,(%# :'(0#

dKIC-P_R# +/551# TM,;"# N`U"# -./# /A7/',0/%&1# )(%/# (%# ./0/# 9/'/#

73'355/5,</)# 9,&.# +(7'(./0/8# 3%)# &./# +373+,&2# (:# +(7'(./0/# &(#

0()*53&/# 3%# PV>C&',;;/'/)# +/55# '/17(%1/# 931# &./%# ,%6/1&,;3&/)"# F1#
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# !SS#

1.(9%# ,%# &./# M,;"N8# &./# /A7(1*'/# &(# +(7'(./0/# ),)# %(&# 35&/'# &./# $PCQ#

7'()*+&,(%# ,%# dKI# +/5518# 9./%# &./# 1&,0*5*1# 931# 7'(6,)/)# 42#

3)0,%,1&/',%;# &./# PO>"JBCD# 7'/:('0/)# +(075/A"# $%# +(%&'31&8# 3%#

,%.,4,&,(%#(:#&./#,%&/'5/*?,%#1/+'/&,(%#,1#(41/'6/)#9./%#&./#/%)(&(A,%#,1#

1*775,/)# 31# 7'/:('0/)# +(075/A# 9,&.# XB!R# TM,;"# N`U"# $%# &./# +3%(%,+35#

1/@*/%+/# (:# '/3+&,(%1# 311(+,3&/)# &(# /%)(&(A,%# '/+(;%,&,(%# 3%)# -P_R#

3+&,63&,(%#,%#,%%3&/#,00*%,&2#+/5518#&./#:('03&,(%#(:#K"XB!R#+(075/A#,1#

%('03552# :(55(9/)# 42# /%)(&(A,%# &'3%1:/'# &(# JBCD# 9,&.# :('03&,(%# (:#

K"JBCD# +(075/A"# -./# 34(6/# /A7/',0/%&1# ,%),+3&/# &.3&# +(7'(./0/#

,%.,4,&1#&./#/%)(&(A,%C&',;;/'/)#-P_R#3+&,63&,(%#9./&./'#,%.,4,&,%;#&./#

ZNd[PO>#&'3%1:/'#:'(0#XB!R#&(#JBCD#3%)m('#42#7'(0(&,%;#),1753+/0/%&#

(:#4(*%)#ZNd[PO>#:'(0#JBCD"#

#

#

 

,-./01+3?"# $%.,4,&,(%#(:#-P_RC)/7/%)/%&#3+&,63&,(%#(:#dKIm-P_R#+/551#
42# +(7'(./0/"# X/55# 3+&,63&,(%# 931# 0/31*'/)# 31# /A&'3+/55*53'#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !S`#

3++*0*53&,(%# (:# $PCQ# 3:&/'# (6/'%,;.&# ,%+*43&,(%# (:# dKIm-P_R#
±,%+'/31,%;# +(%+/%&'3&,(%1#(:# +(7'(./0/#3%)#±# PO>GXB!R# ,%#7'/1/%+/#
(:#0)D#('#PO>GJBD#35(%/#31#)/1+',4/)#,%#J3&/',351#3%)#J/&.()1"#

-(#4/&&/'#)/:,%/# &./#0/+.3%,10#(:# &./# ,%.,4,&('2# 3+&,(%#(:# +(7'(./0/#

(%# PV>C&',;;/'/)# -P_R# 3+&,63&,(%# ,&# 931# )/+,)/)# &(# :(55(9# &./# 130/#

/A7/',0/%&35# 1/&&,%;# *1/)# :('# WB!# 3%)# 0(5/+*5/# !"# $&# 931# &/1&/)# &./#

/::/+&# (:# +(7'(./0/# (%# P=VmXB!RC)/7/%)/%&# &'3%1:/'# (:# /%)(&(A,%#

TZNd[PO>U# :'(0# ZNd[PO># 3;;'/;3&/1# &(# &./# JBCDm-P_R# +(075/A8# 42#

0(%,&(',%;# &./# :('03&,(%# (:# 3# ZZNd[PO>"JBCD"-P_RKXB[D# TJ'#�!bY8YYYU#

+(075/A"# M('# &.,1# 7*'7(1/8# 1XB!R# 931# 7'/C,%+*43&/)# 9,&.# P=V# ,%# &./#

7'/1/%+/# ('# 341/%+/# (:# +(7'(./0/# TSY#0JU8# 3%)# &./%# ,%+*43&/)#9,&.#

ZNd[PO>3;;# :(55(9/)#42#+(%),&,(%/)#0/),*0#+(%&3,%,%;#7'/:('0/)#JBC

D"-P_RKXB# ./&/'(),0/'"# >,</C/A+5*1,(%# +.'(03&(;'37.2# (:# &./# '/3+&,(%#

0,A&*'/#TM,;"#NaU#1.(9/)#&.3&8#,%#&./#341/%+/#(:#+(7'(./0/8#6,'&*3552#355#

ZNd[PO>#3;;'/;3&/1#TPO>3;;U#9/'/#+(%6/'&/)#&(#53&/'#/5*&,%;#17/+,/1#T,"/"8#

10355/'# ZNd[PO>C+(%&3,%,%;# +(075/A/1U# +(''/17(%),%;# &(#

ZNd[PO>�1XB!R# TJ'�`Y8YYYU# 3%)# ZZNd[PO>"JBCD"-P_RKXB[D#

TJ'�!bY8YYYU"#-./#;/%/'3&,(%#(:#ZNd[PO>�1XB!R#'/:5/+&1#/A&'3+&,(%#3%)#

&'3%1:/'# (:# ZNd[PO># 0(%(0/'1# :'(0# ZNd[PO>3;;# &(# 1XB!R# 42# &./#

+(04,%/)# 3+&,(%# (:# P=V# 3%)# 1XB!R"# M('03&,(%# (:# ZZNd[PO>"JBC

D"-P_RKXB[D#'/:5/+&1#&'3%1:/'#(:#ZNd[PO>#0(%(0/'1#:'(0#ZNd[PO>�1XB!R#

&(# JBCD�-P_RKXB"DD# -.*18# &./# +.'(03&(;'37.,+# 7'(:,5/# (:# ZNd[PO>3;;#

,%+*43&/)#:,'1&#9,&.#P=V#3%)#1XB!R#3%)#&./%#9,&.#+(%),&,(%/)#0/),*0#

+(%&3,%,%;# 1JBCD"-P_RKXB# 1*;;/1&1# &.3&8# *%)/'# &./1/# /A7/',0/%&35#

+(%),&,(%18# &./'/# ,1#%/3'52#+(075/&/#/A&'3+&,(%#3%)#&'3%1:/'#(:# ZNd[PO>#

0(%(0/'1# :'(0# ZNd[PO>3;;# &(# ZNd[PO>"1XB!R# :(55(9/)# 42# &'3%1:/'# (:#

ZNd[PO>#0(%(0/'1#:'(0#34(*&#.35:#(:#&./#ZNd[PO>�1XB!R#:('0/)#&(#JBC

Dc-P_RKXB"# $%# +(%&'31&8# ,%# &./# 7'/1/%+/# (:# SY# µJ# +(7'(./0/8#

3++*0*53&,(%#(:#ZZNd[PO>cJBCD"c-P_RKXB[D#931#03'?/)52#'/)*+/)#9.,5/#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !Sa#

&./#+(075/A#ZNd[PO>�1XB!R#931#:('0/)#,%#3#1,0,53'#30(*%&#&.3%#,%#&./#

341/%+/# (:# &./# 0(/5+*5/# TM,;"# NaU"# -./# ,%.,4,&,(%# (:# 3++*0*53&,(%# (:#

ZZNd[PO>cJBCD"c-P_RKXB[D# 3%)# &./# :('03&,(%# (:# ZNd[PO>�1XB!R#

1*;;/1&/)# 3# 7',03'2# /::/+&# (:# +(7'(./0/# (%# &'3%1:/'# (:# ZNd[PO>#

0(%(0/'1#:'(0#ZNd[PO>c1XB!R#&(#JBCD"#

#

 

,-./01+ 3@"# X(7'(./0/# ,%.,4,&1# +(%6/'1,(%# (:# ZNd[PO>�1XB!R# &(#
ZNd[PO>�JBD"# 3%)# ZZNd[PO>�JBCD�-P_R[D"# 1XB!R# TY"Q# %JU# 931# 7'/C
,%+*43&/)#�#+(7'(./0/#TSY#µJU#:('#NY#0,%#3&#Na#|X#,%#&./#7'/1/%+/#(:#
P=V# TR# 7JU"# >*41/@*/%&528# ZNd[PO>3;;# TY"Q# %JU# 931# 3))/)# 3%)# &.,1#
0,A&*'/#931#,%+*43&/)#:('#NY#0,%#3&#Na|#X"#F:&/'#&./#1/+(%)#,%+*43&,(%8#
+(%),&,(%/)#dKIDbN-#+/55#0/),*0#+(%&3,%,%;#7'/:('0/)#'/3+&,6/#JBC
D�-P_RKXB#./&/'(),0/'#T+3"#Y"D#%J8#:,%35#+(%+/%&'3&,(%U#931#3))/)#3%)#
,%+*43&/)#3;3,%#:('#!S#0,%#3&#Na#|X"#-.,1#'/3+&,(%#0,A&*'/#931#3775,/)#
&(# >/7.3+'25# >DYY# 31# )/1+',4/)# *%)/'# KA7/',0/%&35# V'(+/)*'/1# &(#
0/31*'/# +(%6/'1,(%#(:# ZNd[PO>3;;# T6(,)#6(5*0/U# &(# ZNd[PO>�1XB!R# TJ'#
�`Y8YYYU# 3%)# ZZNd[PO>�JBCD�-P_R[D# "# TJ'# �!bY8YYYU"# -./#
+.'(03&(;'37.,+#7'(:,5/1#1.(9%#3'/#'/7'/1/%&3&,6/#(:#xR#/A7/',0/%&1"#
O6/'355#'/+(6/',/1#(:#ZNd[PO>#9/'/#$#aYv"#

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !SQ#

-(# &/1&# &.,1# .27(&./1,1# 0('/# ),'/+&528# JBD# +(%&3,%,%;# 0/),3# 931#

7'/,%+*43&/)#9,&.#+(7'(./0/#TSY#~JU# &./%#1*41/@*/%&52# &./# '/3+&,(%#

0,A&*'/# 931# ,%+*43&/)# 9,&.# ZNd[PO>�1XB!R# &(# 355(9# ZNd[PO>"JBD#

+(075/A# :('03&,(%"# F1# 1.(9%# ,%# :,;*'/# NQ8# +(7'(./0/+ +3*1/)# 3%#

/6,)/%&# '/)*+&,(%# ,%# &./# :('03&,(%# (:# ZNd[PO>cJBCD8# 9.,5/# &./# 7/3?#

+(''/17(%),%;#&(#ZNd[PO>�1XB!R#931#*%63',/)"#

#

#

 

,-./01+3B"#$%.,4,&,(%#42#+(7'(./0/#(:#ZNd[PO>#0(%(0/'1#&'3%1:/'#:'(0#
ZNd[PO>"XB!R# &(# JBD"# JBD# TY"Q# %JU# 931# 7'/C,%+*43&/)# 9,&.#
+(7'(./0/# TSY# ~JU# :('# NY# 0,%# 3&# Na# |X# ,%# V=>8# 7d# a"R8# Y"!v# d>F"#
ZNd[PO>"XB!R#TY"Q#%JU#931#&./%#3))/)#&(#&./#'/3+&,(%#0,A&*'/#:(55(9/)#
42# 3%# ,%+*43&,(%# :('# NY# 0,%# 3&# Na|# X# 3%)# '/3+&,(%# 7'()*+&1# 9/'/#
3%352</)#*1,%;# >/7.3+'25# >DYY# +.'(03&(;'37.2"# -./# +.'(03&(;'37.,+#
7'(:,5/1#1.(9%#3'/#'/7'/1/%&3&,6/#(:#xN#/A7/',0/%&1"#O6/'355#'/+(6/',/1#
(:#ZNd[PO>#9/'/#$#aYv"##

+



N"#_/1*5&1#3%)#),1+*11,(%1#

# !Sb#

V'/6,(*1# /A7/',0/%&# ,%),+3&/# &.3&# +(7'(./0/# 6/'2# 5,?/52# ,%.,4,&1# &./#

&'3%1:/'# (:# ZNd[PO># :'(0# XB!R# &(# JBCD"# M*'&./'# /6,)/%+/# (:# &.,1#

0/+.3%,10# (:# 3+&,(%#931# +(55/+&/)# 42# /A7/',0/%&1# +(075/0/%&3'2# &(#

&.3&# )/1+',4/)# 34(6/8# 3%)# 431/)# (%# &./# :('03&,(%# (:# +(075/A/1# (:#

ZNd[PO># 3%)# .,1&,),%/C&3;;/)# '/+/7&('1# :(55(9/)# 42# +(075/A# +37&*'/#

9,&.#3#H,C+./53&,%;#'/1,%#3%)#@*3%&,:,+3&,(%#(:#4(*%)#'3),(3+&,6,&2"#L/#

&./'/:('/# 7'/,%+*43&/)# d,1# &3;;/)#JBCD# TJBCDCd,1`U# 9,&.# ('# 9,&.(*&#

,%+'/31,%;# +(%+/%&'3&,(%1# (:# +(7'(./0/# TSCSY# ~JU8# &./%# 7'/:('0/)#

ZNd[PO>�1XB!R#931# 3))/)# &(# &./# '/3+&,(%#0,A&*'/"# ZNd[PO>"JBCDCd,1`#

:('03&,(%# 931# 311/11/)# 9,&.# 3%# d$>P$HI# +(C+37&*'/# 31132# TM,;"# NbU"#

-.,1#31132#1.(9/)#3#03'?/)#),0,%*&,(%#(:#ZNd[PO>#4(*%)#&(#JBCDCd,1`#

,%)*+/)# 42# ,%+*43&,(%# 9,&.# +(7'(./0/# 3%)# &.,1# /::/+&# 931# )(1/C

)/7/%)/%&"+$%#+(%&'31&8#&./#,%+*43&,(%#9,&.#./0/#TM,;"#RYU#),)#%(&#35&/'#

&./# @*3%&,&2# (:# ZNd[PO>�JBCDCd,1`# '/+(6/'/)# ,%),+3&,%;# 3;3,%# &.3&# &.,1#

0(5/+*5/# )(/1# %(&# ,%&/':/'/# 9,&.# &./# :('03&,(%# (:# /%)(&(A,%"JBCD#

+(075/A"#

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !`Y#

 

,-./01+3A"#X(7'(./0/#1/5/+&,6/52#,%.,4,&1#&'3%1:/'#(:#ZNd[PO>#0(%(0/'#
:'(0# 1XB!R# &(#JBD"#d,1C&3;;/)# 1JBD# T!"`# %JU#931#7'/C,%+*43&/)# :('#
NYg# 3&# Na�X# ±# ,%+'/31,%;# +(%+/%&'3&,(%1# (:# +(7'(./0/8# :(55(9/)# 42#
3)),&,(%#(:#ZNd[PO>�1XB!R#TY"Q#%JU##3%)#:*'&./'#,%+*43&,(%#:('#NY#0,%#
3&#Na# |X"#-'3%1:/'#(:# # ZNd[PO># # &(#d,1C&3;;/)#JBCD#931#31132/)#42#+(C
+37&*'/# (:# ZNd[PO># &(# &./# d$>P$HI# '/1,%# 31# )/1+',4/)# *%)/'#
KA7/',0/%&35#V'(+/)*'/1"#X37&*'/#(:#ZNd[PO>"1XB!R#T%(#d,1C&3;U#4/:('/#
3%)# 3:&/'# ,%+*43&,(%# ,%#0/),*0#9,&.(*&#d,1C&3;;/)#7'(&/,%#931# �# Rv#
3%)# 1*4&'3+&/)# :'(0# /3+.# (:# &./# /A7/',0/%&35# 13075/1# 1.(9%"# B3&3#
1.(9%#3'/# '/7'/1/%&3&,6/# (:# N# /A7/',0/%&18# /3+.# ,%# )*75,+3&/8# 3%)# 3'/#
/A7'/11/)#31#0/3%#�#>KJ"#

+

#

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !`!#

 

,-./01+ 4C"# d/0/# 3%)# %(%C0/&355/)# +(7'(./0/# TXHU# )(# %(&# ,%.,4,&#
&'3%1:/'#(:#ZNd[PO>#0(%(0/'#:'(0#1XB!R#&(#JBD"#d,1C&3;;/)#1JBD#T!"`#
%JU# 931# 7'/C,%+*43&/)# :('# NYg# 3&# Na�X# 9,&.# SY# ~J# ./0/# 3%)# %(%C
0/&355/)# +(7'(./0/8# :(55(9/)# 42# 3)),&,(%# (:# ZNd[PO>�1XB!R# TY"Q# %JU##
3%)#:*'&./'#,%+*43&,(%#:('#NY#0,%#3&#Na#|X"#-'3%1:/'#(:##ZNd[PO>##&(#d,1C
&3;;/)#JBCD#931#31132/)#42#+(C+37&*'/#(:#ZNd[PO>#&(#&./#d$>P$HI#'/1,%#
31#)/1+',4/)#*%)/'#KA7/',0/%&35#V'(+/)*'/1"#X37&*'/#(:#ZNd[PO>"1XB!R#
T%(#d,1C&3;U#4/:('/#3%)#3:&/'#,%+*43&,(%#,%#0/),*0#9,&.(*&#d,1C&3;;/)#
7'(&/,%# 931# �# Rv# 3%)# 1*4&'3+&/)# :'(0# /3+.# (:# &./# /A7/',0/%&35#
13075/1#1.(9%"#B3&3#1.(9%#3'/# '/7'/1/%&3&,6/#(:#N#/A7/',0/%&18# /3+.#
,%#)*75,+3&/8#3%)#3'/#/A7'/11/)#31#0/3%#�#>KJ"#

#

N"R"D" B,1+*11,(%#

#

$%# +(%+5*1,(%8# 9.,5/# ./0/# ,1# 5,?/52# &(# &3';/&# ),'/+&52# -P_R8# ;,6,%;# 3#

0()/'3&/# 3+&,63&,(%# (:# &.,1# '/+/7&('# 3%)# ,%)*+,%;# -P_RC0/),3&/)#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !`D#

+2&(?,%/# 7'()*+&,(%8# +(7'(./0/# .31# 3%# 3%&3;(%,1&,+# 3+&,6,&2# (%# &./#

/A&'3+/55*53'#-P_R#3+&,63&,(%#73&.932#3%)#&.,1#/::/+&#1//01#&(#4/#)*/#&(#

3%# ,%.,4,&,(%# (:# K"JBCD# +(075/A# :('03&,(%"# -./# ),::/'/%&# 4/.36,('# (:#

./0/# 3%)# +(7'(./0/# )/1+',4/)# ,%# &.,1# 9('?# +(*5)# 1*;;/1&# 1(0/#

7'/5,0,%3'2# +(%1,)/'3&,(%1# 3%)# 73'355/51# 9,&.# &./# '(5/# (:# &./1/#

4,(0(5/+*5/1# ,%# 7.21,(5(;,+35# 3%)#73&.(5(;,+35# /6/%&1"# -/5/(5(;,+3528# ,&#

03?/1# 1/%1/# &.3&# ./0/# ,1# 3%# ,%:53003&('2# 0(5/+*5/# 4/+3*1/# ,&# ,1#

;/%/'3552#7'/1/%&#,%#(';3%,10#311(+,3&/)#9,&.#7'(&/,%1#3%)#:'//#./0/#,1#

3# �)3%;/'�# 1,;%35# &',;;/',%;# 3# 0*5&,&*)/# (:# )/:/%1/# '/17(%1/1# (:# &./#

(';3%,108#30(%;#&.3&#&./#3+&,63&,(%#(:#-P_RC0/),3&/)#,%%3&/#,00*%,&2"#

-./# .,;.52# (A,)3&/)# 3%)# .2)'(1(5*45/# +(7'(./0/# ,1# (%# &./# +(%&'3'2#

7'/1/%&#,%#4()2#:5*,)1#(:#./35&.2#(';3%,101#31#7'()*+&#(:#./0/#+3&34(5,+#

(A,)3&,(%#&(#4/#/A+'/&/)"#$&#,1#&./'/:('/#'/31(%345/#&.3&#+(7'(./0/#)(/1#

%(&# /5,+,&# 3%2# -P_RC0/),3&/)# ,%:53003&('2# '/17(%1/"# -./# +(7'(./0/#

7'(7/'&2# (:# ,%.,4,&,%;# &./# -P_R# 3+&,63&,(%# &3';/&,%;# &./# /%)(&(A,%#

5(3),%;# (%# JBCD# ,1# 3%# ,%&/'/1&,%;# 7'/5,0,%3'2# ,%),+3&,(%# :('# &./#

)/6/5(70/%&# 3%)# 1&*)2# (:# 1,0,53'# ./0/# 63',3%&1# 9,&.# 3%&,/%)(&(A,+#

3+&,6,&2"+

#

1"<" C,$&D'&)3( '$:0&0S)$( %AA5'A%&'6( .05( &D'( 6&+:,( 0.( 782=(

%3&)P%&)0$(*'3D%$)6*6(

(

J3;%/&,+#%3%(73'&,+5/1#3'/#3#?,%)#(:#,07('&3%&#:*%+&,(%35#03&/',35"#B*/#

&(# &./,'# 10355# 1,</# 3%)# 1*7/'73'303;%/&,+# 4/.36,('8# &./1/# 03;%/&,+#

%3%(73'&,+5/1# /A.,4,&# ),::/'/%&# 03&/',35# 7'(7/'&,/1# :'(0# &./,'# 4*5?#

1(5*&,(%1"# J3;%/&,+# %3%(73'&,+5/1# .36/# 35'/3)2# 4//%# *1/)# 9,)/52# ,%#

+(00/'+,35#)(03,%18#1*+.#31#)2%30,+#5(*)17/3?/'1#3%)#+(07*&/'#.3')#

)',6/1"# J3;%/&,+# %3%(73'&,+5/1# 9,&.# 377'(7',3&/52# 0(),n/)# 1*':3+/#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !`N#

+.3'3+&/',1&,+1# +3%# 4/# *1/)# &(# T3U# :3+,5,&3&/# &./# 1/73'3&,(%# (:#

4,(0(5/+*5/18# T4U# &(# 1('&# 17/+,n+#+/55# &27/1# :'(0#3#+/55#7(7*53&,(%8# 3%)#

T+U# &(# )/5,6/'# )'*;1# &(# 3# &3';/&# (';3%# ,%# &./# 4()2"# -./# 3775,+3&,(%# (:#

10355#73'&,+5/1# ,%# ,%#6,&'(#B,3;%(1&,+1#.31#4//%#7'3+&,1/)# :('#%/3'52#RY#

2/3'1"# -.,1# ,1# )*/# &(# 3# %*04/'# (:# 4/%/n+,35# :3+&('1# ,%+5*),%;# 3# 53';/#

1*':3+/# 3'/3# &(# 6(5*0/# '3&,(8# 3%)# &./# 7(11,4,5,&2# (:# *4,@*,&(*1# &,11*/#

3++/11,4,5,&2"# $%# &./# 531&# )/+3)/# ,%+'/31/)# ,%6/1&,;3&,(%1# 3%)#

)/6/5(70/%&1# 9/'/# (41/'6/)# ,%# &./# n/5)# (:# %3%(1,</)# 03;%/&,+#

73'&,+5/18#&./#&/'0#%3%(73'&,+5/#4/,%;#*1/)#&(#+(6/'#73'&,+*53&/#121&/01#

&.3&# 3'/# 5/11# &.3%# !~0# ,%# 1,</8# 3%)# %('03552# 4/5(9# SYY# %0"#

H3%(73'&,+5/1# &.3&# 7(11/11# 03;%/&,+# 7'(7/'&,/1# (::/'# /A+,&,%;# %/9#

(77('&*%,&,/1# ,%+5*),%;# ,07'(6,%;# &./# @*35,&2# (:# 03;%/&,+# '/1(%3%+/#

,03;,%;#TJ_$U8#.27/'&./'0,+#&'/3&0/%&#:('#035,;%3%&#+/5518#1,&/C17/+,n+#

)'*;#)/5,6/'2#3%)#351(#&./#'/+/%&#'/1/3'+.#,%&/'/1&#(:#03%,7*53&,%;#+/55#

0/04'3%/1"# $'(%# (A,)/# 03;%/&,+# %3%(73'&,+5/1# &/%)# &(# 4/# /,&./'#

73'303;%/&,+# ('# 1*7/'73'303;%/&,+8# 9,&.# 73'&,+5/1# 377'(A,03&/52# DY#

%0# 4/,%;# +5311/)# 31# &./# 53&&/'"# $%# 0(1&# +31/1# 1*7/'73'303;%/&,+#

73'&,+5/1# T*1*3552# M/DON# 3%)# M/NORU# 3'/# (:# ,%&/'/1&# :('# ,%C6,6(#

3775,+3&,(%18#31# &./2#)(#%(&#'/&3,%#3%2#03;%/&,10#3:&/'#'/0(635#(:# &./#

03;%/&,+# n/5)"# -.,1# ,1# ,07('&3%&# 31# 53';/# )(03,%# 03;%/&,+# 3%)#

73'303;%/&,+# 03&/',351# 3;;'/;3&/# 3:&/'# /A7(1*'/# &(# 3# 03;%/&,+# n/5)#

T=(%%/03,%/&# 35!bbQ8# L3%;# /&# 35DYY!U"# V'/6,(*1# 1/+&,(%1# 03,%52#

:(+35,</)# (%# 12%&./1,1# 3%)# 4,(5(;,+35# +.3'3+&/',<3&,(%# (:# 10355#

+(07(*%)1# ,%&/'3+&,%;#9,&.# -P_R"# $%# &.(1/# 1/+&,(%1# &./#03,%# ,%&/'/1&#

931# &(# /635*3&/# &./# ,07('&3%+/# (:# +./0,+35# 1&'*+&*'/1# ,%# &./,'#

,%&/'3+&,(%#9,&.#-P_R"#-./#'(5/#(:#&.(1/#+(07(*%)1#,1#&(#,%&/':/'/#9,&.#

-P_R# 3+&,63&,(%# 4(&.# ,%.,4,&,%;# (:# &',;;/',%;# &.,1# +(%),&,(%"# $%# &.,1#

1/+&,(%# ,&# 931# )/+,)/)# &(# :(+*1# &./# 3&&/%&,(%# (%# PV># 7'/1/%&3&,(%# &(#

-P_R# '/+/7&('# +(075/A# 3%)# 1*7'30(5/+*53'# '/@*,'/0/%&1# :('# -P_R#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !`R#

3+&,63&,(%"##

F1# 1&3&/)# ,%# &./# ,%&'()*+&('2# 1/+&,(%8# /%)(&(A,%# ,%&/'3+&,(%#9,&.#-P_R#

+(075/A# ,1# 1&,55# 3# 03&&/'# (:# )/43&/"# J(1&# ),1+*11/)# ,1# &./# '(5/# (:#

/%)(&(A,%# 3;;'/;3&/1# ,%# 4,%),%;# 3%)# 3+&,63&,%;# &.,1# '/+/7&('"# >(0/#

737/'1bQ# 1*;;/1&1# &.3&# 3;;'/;3&/1# 3'/# &./# 3+&,6/# :('0# (:# PV># &.*1#

'/311/11,%;# &./# ,07('&3%+/# (:# &.(1/# 0*5&,0/',+# 1&'*+&*'/1# ,%# -P_R#

3+&,63&,(%"#O&./'#737/'1bbC!YD8# ,%#+(%&'31&8# 1*;;/1&1# &.3&#PV>8# &(#3+&,63&/#

-P_R8#.31#&(#4/#7'/1/%&/)#,%#0(%(0/',+# :('0#42#P=V"#L/#&.,%?#&.3&#3#

0('/# )/&3,5/)# 1&*)2# (%# 7*'/# /%)(&(A,%# 3;;'/;3&/1# 9,55# ./57# &./#

+53',:,+3&,(%# (:# P=V# :*%+&,(%# 3%)# 0/+.3%,10# (:# 3+&,(%# 3%)# 9,55# 4/#

/A&'/0/52# *1/:*55# :('# 3# )//7/'# /A753%3&,(%# (:# 0/+.3%,10# *%)/'52,%;#

-P_R# 3+&,63&,(%"# K%)(&(A,%# 3;;'/;3&/1# 3'/# 9/55# 1&*),/)# 3%)#

+.3'3+&/',</)# 1&'*+&*'/1bQ# 3%)# (46,(*152# /A,1&1# ,%# 1(5*&,(%# ,%#

/@*,5,4',*0#9,&.#/%)(&(A,%#0(%(0/'1"#V'/73'3&,(%#(:#7*'/#3%)#1&345/#

3;;'/;3&/1# 9,&.(*&# &./# 0(%(0/',+# +(07(%/%&1# +(*5)# 4/# *1/:*5# :('#

1&*),/1#(%#/%)(&(A,%#,%&/'3+&,(%#9,&.#-P_R#31#:('#&./'37/*&,+#7*'7(1/1"#

$%# 3# '/+/%&# 737/'# /%)(&(A,%# 3;;'/;3&/1# 9/'/# 7'/73'/)!YN# 9,&.# 1/',35#

),3521,1#1&/71#9,&.#)/),+3&/)#0/04'3%/18#4*&#&.,1#377'(3+.#.31#3#6/'2#

5(9#5/6/5#2,/5)#3%)#3;;'/;3&/1#7'/73'/)#3'/#1&345/#(%52#,%#3#6/'2#4'(3)#

'3%;/# (:# +(%+/%&'3&,(%1"# F1# 7'/5,0,%3'2# /A7/',0/%&1# :('# PV>#

7'/1/%&3&,(%# ,%# ,%%(63&,6/# %3%(1&'*+&*'/1# ,&# 931# )/+,)/)# &(# )/1,;%#

.2)'(7.(4,+# %3%(73'&,+5/1# TdHV1U# +(3&/)# 9,&.# PV>"# -(# 7/':('0# &./#

+(3&,%;# #.2)'(7.(4,+# ,%&/'3+&,(%1#4/&9//%# &./#35?25# +.3,%1#(:#PV>#3%)#

&./# (5/,+# 3+,)# 7('&,(%# (:# &./# %3%(73'&,+5/1#9,55# 4/# *1/)# TM,;"# R!U"# -.,1#

1&'*+&*'/# 1.(*5)# 4/# 3# 0,0,+# (:# 3# %3&*'35# 0,+/55# 4*&# 9,&.# 3%# .,;./'#

1&34,5,&2#4(&.#&(#3#4'(3)/'#+(%+/%&'3&,(%#'3%;/#&.3%#&(#),::/'/%&#7.21,+35#

&'/3&0/%&1#T/";"#3/'(1(5#:('#&./'37/*&,+35#*1/1U"#

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !`S#

#

,-./01+4!"#>+./03&,+#/A/075,:,+3&,(%#(:#&./#+(3&,%;#7'(+/11#

#

$&#931# )/+,)/)# &(# *1/# 31# 3# 1+3::(5)# +(07(1/)# (:# 3# M/NOR#%3%(73'&,+5/#

+(3&/)#9,&.#(5/,+#3+,)"#-.,1#.,;.52#.2)'(7.(4,+# 1&'*+&*'/# 1.(*5)#355(9#

&./#,%&/'3+&,(%#4/&9//%#5,7,)#+.3,%1#(:#PV>#3%)#/A7(1/)#(5/,+#3+,)"## 

#

1"<"!" N'P'/04*'$&( 0.( %( 450&030/( .05( 6,$&D'&)3( '$:0&0S)$(

%AA5'A%&'6(450:+3&)0$(

(

J3;%/&,+# %3%(73'&,+5/1# TJHV1U# 9/'/# 12%&./1,</)# 31# )/1+',4/)# ,%#

T'/:!YRU#:'(0#'/1/3'+.#;'(*7#(:#V'(:"#B36,)/#V'(17/',"##

JHV1#9/'/#&./%#+(3&/)#9,&.#PV>#,%#3#4,7.31,+#Td/A3%/mF@*/(*1#4*::/'U#

'/3+&,(%# 0,A&*'/"# =/,%;# '/31(%3452# &.3&# PV>C+(3&/)# JHV1# 4/+30/#

1(5*45/#,%#3@*/(*1#4*::/'8#9,&.#&.,1#7'(+/)*'/#,&#931#/A7/+&/)#&(#;,6/#3%#

3)),&,(%35#)',6,%;# :('+/# :('# &./#'/3+&,(%#4/+3*1/#PV>C+(3&/)#JHV1#9,55#

4/+30/# .2)'3&/)# ,%# &./# 3@*/(*1# 7.31/# &.*1# ,%+'/31,%;# /%&'(72# 3%)#

5,7,)# +.3,%1# (:# PV># 3'/# ,%6(56/)# ,%# /%/';/&,+3552# :36('/)# ,%&/'3+&,(%1#

HNPHNP

=LPS



N"#_/1*5&1#3%)#),1+*11,(%1#

# !``#

9,&.# (5/,+# 3+,)1"# B,::/'/%&# 7'(&(+(5# 9/'/# *1/)# 7',('# &(# )/6/5(7# &./#

)/:,%,&,6/#(%/#)/1+',4/)#,%#03&/',35#3%)#0/&.()1#1/+&,(%"#

$&# 931# )/+,)/)# &(# :(55(9# 3# 7'/6,(*1# 7'(&(+(5# *1/)# :('# >B># +(3&,%;# (:#

1,0,53'#.2)'(7.(4,+#HV1!YS#T:,;#RDU"##

#

 

,-./01+ 42"# -9(# 7.31/# T./A3%/m3@*/(*1# 4*::/'U# 121&/0# :('# dHV1#
+(3&,%;#9,&.#PV>#

#

i1,%;# 0,55,@C93&/'# 31# 3@*/(*1# 7.31/# TM,;"# RN8# -345/# !U# 3%)# :(55(9,%;#

'3),(3+&,6,&2# ,%# 1*7/'%3&3%&1# 3%)# 7/55/&1# ,1# ,&# %(&# 7(11,45/# &(# )/&/+&# 3#

1&345/#1,;%35#+(''/53&/)#9,&.#4/3)18#./%+/#&./'/#,1#%(#)/&/+&345/#+(3&,%;#

(:#.2)'(7.(4,+#HV1#T1,%+/#%(9#dHV1U"#

#
#
#
#
#
#

!T
Microwave

Hexane

Aq. Buf. Aq. Buf.



N"#_/1*5&1#3%)#),1+*11,(%1#

# !`a#

%I871+!+

Vi_$M## =OiHB#v# >iV#v#
!"YY# R"RY# bY"RS#
D"YY# Y"`S# N"!!#
N"YY# Y"!S# Y"SQ#
R"YY# Y"YS# Y"!D#

#
#

 

,-./01+ 43"# ZNd[PO># '/+(6/'2# :('# /3+.# 7*',:,+3&,(%# 1&/7# *1,%;# +(3&,%;#
7'(&(+(5# %"!"# F:&/'# +(3&,%;# 7'(&(+(5# )/1+',4/)# 34(6/# &./# '/3+&,(%#
0,A&*'/#931#'/7/3&/)52#7*',:,/)#31#)/1+',4/)# ,%#03&./',35#3%)#0/&.()#
1/+&,(%"#

#

PV>#,%#6/'2#5(9#,(%,+#1&'/%;&.#4*::/'1#,1#6/'2#),::,+*5&#1(5*4,5,</)#3%)#,%#

&.(1/# /A7/',0/%&35# +(%),&,(%1#7'/:/'/%&,3552# ,%&/'3+&#9,&.#7531&,+93'/8#

&.*1# )'31&,+3552# '/)*+,%;# PV># 363,5345/# :('# dHV1# +(3&,%;"# $%# 17,&/# (:#

&.(1/#(41/'63&,(%1# ,&#931#)/+,)/)# &(#*1/#7.(17.3&/#4*::/'# 31# 3@*/(*1#

7.31/#TM,;"#RR8#-345/#DU"#

#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !`Q#

%I871+2+

Vi_$My"#XyXPK# =OiHB#v# >iV#v#
!"YY# !N"SN# SQ"a`#
D"YY# R"RR# Q"Y!#
N"YY# Y"RS# Y"QD#

#
#

#

 

,-./01+ 44"# ZNd[PO># '/+(6/'2# :('# /3+.# 7*',:,+3&,(%# 1&/7# *1,%;# +(3&,%;#
7'(&(+(5# %"D"# F:&/'# +(3&,%;# 7'(&(+(5# )/1+',4/)# 34(6/# &./# '/3+&,(%#
0,A&*'/#931# '/7/3&/)52# 7*',:,/)# 31# )/1+',4/)# ,%#03&/',35# 3%)#0/&.()#
1/+&,(%"#

+

F51(#*1,%;#7.(17.3&/#4*::/'#'3),(3+&,6,&2#5/6/518#+(%%/+&/)#&(#dHV18#3'/#

*%)/&/+&345/#3:&/'# &.'//#7*',:,+3&,(%#1&/71"#PV># ,%#7'/1/%+/#(:#),635/%&#

+3&,(%18#359321#7'/1/%&1#,%#&./#/%)(&(A,%#1&(+?18#:('0#1&345/#3;;'/;3&/18#

./%+/# /A7(1,%;# &./# .2)'(7.,5,+# +('/8# 9.,5/# 3+25# +.3,%1# '/03,%# 4*',/)#

,%1,)/# &./#0,+/55/1#4/,%;#%(#0('/# 363,5345/# :('# ,%&/'3+&,(%#9,&.#dHV1"#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !`b#

-(#5((1/#&.(1/#0,+/55/1#&./#%/A&#7'/73'3&,(%#,1#)(%/#*1,%;#S#0J#KB-F#

,%#-_$>#4*::/'#9,&.#('#9,&.(*&#d*03%#>/'*0#F54*0,%#Td>FU#&(#,07'(6/#

PV>#1(5*4,5,<3&,(%#TM,;#RS8#-345/#NU"#

#

!U RY#%;#PO>m#SY#*P#-',1#KB-F#w#DRY#%;#HVmRY#*P#d/A3%/#
DU RY#%;#PO>m#SY#*P#-',1#KB-F#w#Y8!v#d>F#DRY#%;#HVmRY#*P#

d/A3%/#
#
%I871+3+

V_KV#!#  #  #  #

 # =(*%)#v# >*7#v# '/+(6/'2#v#
!# `S"!R# NR"Q`# !Y"Y!#
D# b!"DQ# Q"aD# a"Sb#
N# b`"`N# N"Na# R"YR#

V'/7#D#  #  #  #

 # =(*%)#v# >*7#v# '/+(6/'2#v#
!# R!"RR# SQ"S`# Sa"QD#
D# `Q"bS# N!"YS# D!"YQ#
N# S`"`Q# RN"ND# !D"`S#

#

#
,-./01+ 4>"# ZNd[PO># '/+(6/'2# :('# /3+.# 7*',:,+3&,(%# 1&/7# *1,%;# +(3&,%;#
7'(&(+(5# %"N# T7'/73'3&,(%1# !# 3%)# DU"# F:&/'# +(3&,%;# 7'(&(+(5# )/1+',4/)#
34(6/# &./# '/3+&,(%# 0,A&*'/# 931# '/7/3&/)52# 7*',:,/)# 31# )/1+',4/)# ,%#
03&/',35#3%)#0/&.()#1/+&,(%"#

+



N"#_/1*5&1#3%)#),1+*11,(%1#

# !aY#

#
M'(0#'/1*5&1#341/%+/#(:#),635/%&#+3&,(%1#,07'(6/#dHV1#+(3&,%;#3%)#d>F#

1//01#&(#355(9#&./#:('03&,(%#(:#*%1&345/#+(075/A/1#4/&9//%#dHV1#3%)#

PV>"#

F1# 3# 7'/6,(*1# 311/110/%&# (:# PV># +(3&/)# dHV1# 1&34,5,&2# &./# 130/#

7'/73'3&,(%# ,1# '/7/3&/)# 3%)# 3# :(*'&.# 7*',:,+3&,(%# +2+5/# )(%/# 3:&/'# !S#

)321#TM,;#R`8#-345/#RU"#

#

%I871+4+

V_KV#D# # # #
# =(*%)#v# >*7#v# '/+(6/'2#v#

!# ab"b`# DY"YR# S!"aY#
D# bD"Y!# a"bb# D`"R`#
R# bQ"Da# !"aN# !a"YQ#

#

 

,-./01+ 4?"# ZNd[PO># '/+(6/'2# :('# /3+.# 7*',:,+3&,(%# 1&/7# *1,%;# +(3&,%;#
7'(&(+(5# %"R"# F:&/'# +(3&,%;# 7'(&(+(5# )/1+',4/)# 34(6/# &./# '/3+&,(%#



N"#_/1*5&1#3%)#),1+*11,(%1#

# !a!#

0,A&*'/#931# '/7/3&/)52# 7*',:,/)# 31# )/1+',4/)# ,%#03&/',35# 3%)#0/&.()#
1/+&,(%"#

+

Radioactivity connected to HNPs do not significantly decrease after two 

weeks suggesting that LPS-HNPs complexes are stable over this period of 

time.#

#

N"S"D" B,1+*11,(%#

#

As shown in the previous section this protocol allow a small scale 

production of LPS-HNPs complex to use in in-vitro or in-vivo assay. 

Complexes formed with this protocol are stable enough for further 

experimental characterization. Protocol described in this section is the first 

attempt to create a stable and reproducible mimic of LPS micells that can be 

valuable for basic and applied studies.#

#

 

 

#

#



R"#X(%+5*1,(%1#3%)#:*&*'/#7/'17/+&,6/1#

# !aD#

4" *6JN7/<-6J+IJL+9/K/01+

Q10<Q1NK-M1<+

+
4"!"+ *6JN7/<-6J<+
#
B3&3# 7'/1/%&/)# ,%# &.,1# &./1,1# 1*;;/1&# 3# %/9# +5311# (:# +(07(*%)1# &.3&#

1/5/+&,6/52# ,%&/'3+&# 9,&.# ),::/'/%&# +(07(%/%&1# (:# -P_R# '/+/7&('#

+(075/A"#J(%(13++.3',)/1#7'/1/%&/)#,%#1/+&,(%#N#3'/#3+&,6/#4(&.#,%#,%C

6,&'(#31#,%#0*',%/#0()/51#,%.,4,&,%;#PV>C)/7/%)/%&#3+&,63&,(%#(:#-P_R"#

X(''/53&,(%# 4/&9//%# 1&'*+&*'/# 3%)# 3+&,6,&2# 5/3)# &(# 1(0/# 7'/5,0,%3'2#

(41/'63&,(%1# (%# 1&'*+&*'35# '/@*,'/0/%&1# :('# &./,'# 3+&,6,&2"# F55# 3+&,6/#

+(07(*%)1#7'/1/%&#3#7'(&(%345/#;'(*7#,%#7(1,&,(%#X`#&.3&#,1#1*77(1/#&(#

,%&/'3+&# 9,&.# 3# +5*1&/'# (:# +.3';/)# '/1,)*/1# ,%# &./# (*&/'# 73'&# (:# &./#

4,%),%;#+5/:&#(:#XB!R#3%)#JBD"#P,7,)#+.3,%1#9/'/#+(%1,)/'/)#%/+/113'2#

:('#&./#3+&,6,&2#(:#355# &./#0(5/+*5/1#+(%1,)/',%;#&.3&#4,%),%;#7(+?/&1#(:#

XB!R# 3%)# JBD# 7'/1/%&1# 3%# /A&/%1,6/# .2)'(7.(4,+# 3'/3# &.3&# 1&'(%;52#

,%&/'3+&# 9,&.# 355# ?%(9%# 5,;3%)1"# >*'7',1,%;52# +3'4(.2)'3&/# 1+3::(5)#

1//01#%(&# &(# 4/# 3%# ,07('&3%&# :/3&*'/#4/+3*1/#0(5# a8# 431/)#(%# 3# ',;,)#

3'(03&,+#',%;8# ,1#6/'2#3+&,6/# ,%#+(07/&,%;#9,&.#PV>"#X(07(*%)1#1//01#

&(# 4/# 6/'2# 1/5/+&,6/# :('# -P_R# 3%)# )(# %(&# ,%:5*/%+/# +/55# 6,34,5,&2# %('#

0/&34(5,+# '3&/"# -./# 53&&/'# 73'30/&/'# 931# 311/)# 7'/&'/3&,%;# +/551# 9,&.#

&./# 0(5/+*5/1# &./%# 0/31*',%;# &./# 3+&,63&,(%# )/',6/)# *7(%# -HMC35:3#

/A7(1*'/"##

$%# 1/+&,(%# N"N# ,1# 7'/1/%&/)# &./# 12%&./121# 3%)# +.3'3+&/',<3&,(%# (:# 3#

73'&,35#3;(%,1&#(:#-P_R8#WB!"#-.,1# +(07(*%)#1//01# &(#/5,+,&# 3# 17/+,:,+8#

JBDC)/7/%)/%&8#73'&,35#3;(%,1&,+#/::/+&#(%#-P_R#73&.932"#>*'7',1,%;52#

&.,1# +(07(*%)# 1.(9# %(# ,%&/'3+&,(%# 9,&.# XB!R# &.*1# 1*;;/1&,%;# 3#

),::/'/%&#,%&/'3+&,(%#73&&/'%8#,%#+(073',1(%#&(#PV>8#9,&.#&./#9.(5/#-P_R#



R"#X(%+5*1,(%1#3%)#:*&*'/#7/'17/+&,6/1#

# !aN#

'/+/7&('# +(075/A"# L/# +(%1,)/'# WB!# 3# ;(()# 5/3)# +(07(*%)# :('# &./#

)/6/5(70/%&# (:# 3# 0('/# /A&/%1,6/# 5,4'3'2# 431/)# (%# (41/'63&,(%1#

'/7('&/)# ,%# &.,1# ),11/'&3&,(%"# F1# 1&3&/)# ,%# &./# ,%&'()*+&('2# 1/+&,(%#

)/6/5(7#(:#73'&,35#3;(%,1&#(:#-P_R# ,1# ,07('&3%&# :('# 1/6/'35# &./'37/*&,+#

*1/18#5,?/#63++,%/#3)E*63%&1#('#7(&/%&,35#3%&,#+3%+/'#&'/3&0/%&1"#

-(# /A73%)# &./# ?%(95/);/# (:# 1&'*+&*'35# '/@*,'/0/%&1# :('# -P_R#

,%&/'3+&,(%1# 9/# /A&/%1,6/52# 1&*),/)# &./# /::/+&# (:# &9(# %3&*'35#

+(07(*%)18# M/C+(7'(7('7.2',%# 3%)# ./0/"# =(&.# &.(1/# +(07(*%)1#

1//01#&(#,%&/'3+&#9,&.#3%#35&/'%3&,6/8#%(&#PV>#+(073'345/8#73&.932#9,&.#

-P_R"#L.,5/#M/C+(7'(7('7.2',%#&3';/&#7'(&/,%#931#),1+(6/'/)8#&3';/&#(:#

./0/# ,1# 1&,55# *%)/'# 1&*)2"# $%# &./# 531&# 1/+&,(%# TN"SU#9/# &./%# 7'(6,)/# 3%#

3::(')345/# 3%)# '/7'()*+,45/# 7'(&(+(5# :('# PV># +(3&,%;# (:# :*%+&,(%35,</)#

HV1"# L/# &.,%?# &.3&# 7'()*+&,(%# (:# &.(1/# 1&'*+&*'/1# ,1# ,07('&3%&# :('#

+53',:2,%;#,%&/'3+&,(%#(:#PV>#9,&.#JBD#3%)#-P_R#3%)#+(*5)#4/#*1/:*5#31#

3# 1/5/+&,6/# )/5,6/'2# 121&/0# (:# PV>8# ('# PV># 0,0,+18# :('# 7(&/%&,35#

&./'37/*&,+# *1/1"# >(# :3'# 355# 1&*),/1# (%# -P_R# 3+&,6/# +(07(*%)1# 9/'/#

)(%/# 9,&.# +/55*53'# ('# 0*',%/# 0()/51# 5/3),%;# &(# ,%),'/+&# ,%:('03&,(%1#

34(*&#&./#0/+.3%,10#(:#3+&,(%"#M('#&./#7*'7(1/1#(:#&.,1#),11/'&3&,(%#9/#

)/6/5(7/)#'/5,345/#3%)#1+35345/#311321#*1,%;#7*',:,/)#+(07(%/%&1#(:#&./#

'/+/7&('# +(075/A"# -.(1/# 311321# '/6/35/)# &(# 4/# 3# 7(9/':*5# &/+.%,@*/1#

:('# 1+'//%,%;# (:# 5,4'3',/1# 3%)# :31&# 311/110/%&# (:# &./# &3';/&# 7'(&/,%#

30(%;1&#JBD8#XB!R#('#-P_R#,&1/5:"#F55#/A7/',0/%&1#9/'/#+3'',/)#(*&#,%#

1,%;5/#&/1&#&*4/1#4*&#&./#31132#:('03&#+(*5)#4/#/31,52#0(),:,/)#&(#+'/3&/#

3%#d-VC5,?/#1+'//%,%;#121&/0#:('#4,;;/'# 5,4'3',/1#('# :('# &/1&,%;#1/6/'35#

%3&*'35# 0*&3&,(%1# (:# PV>"# F# 1,075,:,/)# 3%)# +(%&'(55/)# 311321#

/%6,'(%0/%&8# +(*75/)# &(# +/55*53'# &/1&,%;8# 355(91# 351(# &./# '37,)#

,)/%&,:,+3&,(%# (:# &./# ,07('&3%&# 1&'*+&*'35# :/3&*'/1# (:# 5,;3%)# 1+'//%/)#

&.*1# 3++/5/'3&,%;# &./# )/6/5(70/%&# (:# 1/+(%)# ;/%/'3&,(%# 5,4'3',/1"# L/#
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# !aR#

&/+.%,@*/#:('#&./#)/6/5(70/%&#(:#3#PV>C@*3%&,:,+3&,(%#&/1&#35&/'%3&,6/#&(#
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#
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#

=31/)# ,%# &./# )3&3# (4&3,%/)# 1(# :3'#9/# 3'/# ,%# &./# 7'(+/11# (:# .36,%;# &./#

+(07*&/'#0()/5#1,0*53&,(%#(:#&./#)(+?,%;#4/&9//%#&./#+(07(*%)1#3%)#

XB!R# ('# JBD"# -.,1# 0()/5# 9,55# 355(9# &(# #&(# 4/&&/'# )/:,%/# 1&'*+&*'35#

'/@*,'/0/%&# :('# 4,%),%;# (:# WB!# ('# 3%&3;(%,1&,+# +(07(*%)1# &(# &./,'#

&3';/&#7'(&/,%1#3%)#'/1,)*/1#(:#&./#7'(&/,%1#,%6(56/)#,%#&./#,%&/'3+&,(%"#

$%#73'355/5# &./#130/#/A7/',0/%&1#9,55#4/#)(%/#%(&# ,%C1,5,+(# :('0,%;#&./#

+(075/A/1# +(07(*%)G'/+/7&('1# 3%)# 3%352<,%;# &./,'#0311#9,&.# 3#0311#

17/+&'(0/&'2#/@*,70/%&"#-.(1/#/A7/',0/%&1#9,55#7'(6,)/#635*345/#)3&3#

(%#1&(,+.,(0/&'2#(:#&./#+(075/A/1#3%)#0('/#7'/+,1/#+35+*53&,(%1#(:#&./#

4,%),%;# +(%1&3%&1"# =,%),%;# +(%1&3%&1# 9,55# 4/# 351(# 3%352</)# 9,&.#

,1(&/'035#+35(',0/&'2#:('#+(073',1(%#(:#&.(1/#'/1*5&1#9,&.#)3&3#:'(0#,%C

1,5,+(# 1,0*53&,(%1"# O%+/# &.(1/# ,%:('03&,(%1# 9,55# 4/# 363,5345/# 9/# 9,55#

12%&./1,</# 3# %/9# ;/%/'3&,(%# 5,4'3'2# (:# 3%&3;(%,1&1# 3%)# WB!"# F1#

)/1+',4/)#:('#+(07(*%)#D8#351(#WB!#,1#3+&*3552#*%)/';(,%;#&./#7'(+/11#

(:#HJ_#+.3'3+&/',<3&,(%# :('# ,&1# ,%&/'3+&,(%#9,&.#JBD"#_/;3'),%;#dHV1#

+(3&/)#9,&.#PV>#9/#3'/#1+35,%;#*7#&./#7'(+/11#&(#.36/#0('/#03&/',35#:('#

,%C6,6(#3%)#,%C6,&'(#/A7/',0/%&1#3,0/)#&(#+53',:2#dHV1CPV>#3+&,6,&2"#
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# !aS#

 

=$=P$OW_FVdy#
#

# T!U# J/)<.,&(68# _"\# �3%/9328# X"#J.V, 805'#09, U(*-0#', (Q,

D.93)30.#2CCC"#

# TDU# =/*&5/'8#="#D('.)*'#-,311*0('(5&#2CC4"#

# TNU# J/)<.,&(68#_"#J#"*-.#2CC@"#

# TRU# _3%?,%8#�"#F"#IIAJ,A'30,G++*.+#2CC48#:L8#N"#

# TSU# L/%</58# >"# K"# ?-(+"#5'#0930+, 4.*Z(", 8++.0", [#""&,

I)39+#2CC38#M\8#!RS"#

# T`U# I*03;3,8# y"\# -3?/*+.,8# O"\# F?,'38# >"# U(*-0#', (Q,

G0Q.)"3(0,#09,A%.1("%.-#$&#2CCB"#

# TaU# I,04'/558# B"\# =/*&5/'8# ="# J#"*-., E.P3.V+, Y.0."3)+#

2CC!"#

# TQU# $05/'8#�"\#d(::03%%8#�"#/-.09+,30,A.'',>3('(5&#2CC!"#

# TbU# W3)E/638# J"\# -3?3.31.,8# I"\# -.,/58# >"# D(', G11*0('#

2CC48#C:8#!!N"#

# T!YU# W3)E/638# J"\# -.,/58# >"\# �/%1/%,*18# �"# X"# A*--, H$30,

G11*0('#2CC!8#:<8#aR"#

# T!!U# V'(/558# J"\# _,/)58# >"# �"\# M',&<8# �"# d"\# _(E318# F"# J"\#

>+.93'</%43+./'8#_"#?4(!,H0.#2CCB8#<8#/D!!b"#

# T!DU# �,%8#J"\#P//8#�"#G11*03"&#2CCB"#

# T!NU# �,%8#J"\#I,08#>"\#d/(8#�"\#P//8#J"\#I,08#d"\#V3,?8#>"#A.''#

2CC@"#

# T!RU# I/,&.8#M"#�"\#W328#H"#�"#8D>H,U#!AAC8#\8#RDbb"#

# T!SU# I*4(&38#I"\#I/,&.8#M"#�"\#W328#H"#�"#>3()%.1,U#!AA38#@\M,

K,?",@N8#Rba"#
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# !a`#

# T!`U# J()5,%8#_"#P"#I00,I''.-5&,I+"%1#,G11*0('#2CC28#]]8#

SRN"#

# T!aU# =3*/'8# >"\# I,'1+.%,%;8# X"# �"\# d3+?/'8# d"\# _/)/+?/8# j"\#

d3*103%%8#>"\#F?,'38#>"\#L3;%/'8#d"\#P,7:(')8#W"#="#?-(),J#"',I)#9,

!)3,^,!,I#2CC!8#\]8#bDNa"#

# T!QU# L/1&8# F"\# I(453%1?28# F"\# W.(1.8# >"# I00*#', E.P3.V+#

2CC?"#

# T!bU# j(550/'8#�"#G0",E.P,G11*0('#2CC?8#@L8#!SS"#

# TDYU# I',/;8#F"#J"\#j(550/'8#�"#G11*0(',E.P#2CC@8#@@_8#DS!"#

# TD!U# L/&<5/'8#P"#J"#`#))30.#2CC38#@:,!*$$',@8#>SS"#

# TDDU# -3?/*+.,8#O"\#d(1.,%(8#I"\#F?,'38#>"#U,G11*0('#2CCC8#

:ML8#SNbD"#

# TDNU# O<,%1?28#F"\#i%)/'.,558#B"#J"\#M(%&/%(&8# �"#B"\#d3EE3'8#

F"#J"\# >0,&.8# I"# B"\#L,51(%8# X"# ="\# >+.'(/)/'8# P"\# F)/'/08# F"#?-(),

J#"',I)#9,!)3,^,!,I#2CCC8#\=8#!Na``"#

# TDRU# M5(8#-"#d"\#_23%8#P"\#P3&<8#K"\#-3?/*+.,8#O"\#J(%?18#="#

W"\#P,/%8#K"\#d353318#O"\#F?,'38#>"\#>?E3?C='3/?8#W"\#W(5/%4(+?8#B"#-"\#

K17/6,?8#-"#U,>3(',A%.1#2CC28#@==8#NSRQb"#

# TDSU# V/'/'38#V"#y"\#J323)318#-"#H"\#-3?/*+.,8#O"\#F?,'38#>"\#

e3?1Ce,54/'03%8# J"\# W(2/'&8# >"# J"\# j(;/58# >"# H"# U, G11*0('# 2CC!8#

:MM8#SaR"#

# TD`U# J3113',8#V"\#d/%%/?/8#V"\#d(8#y"\#P3&<8#K"\#W(5/%4(+?8#

B"#-"\#L/&<5/'8#P"#J"#U,G11*0('#2CC28#:M]8#!SNN"#

# TDaU# I3&3(?38# I"\# J*&38# -"\# y303<3?,8# >"\# -3?/1.,;/8# I"# U,

>3(',A%.1#2CC28#@==8#N`QDS"#
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# !aa#

# TDQU# F5/A(7(*5(*8#P"\#d(5&8#F"#X"\#J/)<.,&(68#_"\#M536/558#_"#

F"#J#"*-.#2CC!8#C:<8#aND"#

# TDbU# F%)'/E/638#�"\#X.,5)18#I"#>"\#y(*%;8#B"#M"\#X3'5(18#-"#>"\#

>&(+?8# H"\# W(()4(*'%8# >"\# _3%)3558# _"# K"#?-(), J#"', I)#9, !)3, ^, !, I#

2CC48#:_:8#!aD`R"#

# TNYU# I393,8#-"\#-3?3.31.,8#I"\#>3&(8#>"\#X(43%8#X"\#I*03'8#

d"\#I3&(8#d"\#$1.,,8#I"#�"\#-3?/*+.,8#O"\#F?,'38#>"#J#",G11*0('#2CC>8#M8#

bQ!"#

# TN!U# d3231.,8#M"\#>0,&.8#I"#B"\#O<,%1?28#F"\#d39%8#-"#_"\#y,8#

K"#X"\#W(()5/&&8#B"#_"\#K%;8#�"#I"\#F?,'38#>"\#i%)/'.,558#B"#J"\#F)/'/08#

F"#J#"*-.#2CC!8#C:_8#!Ybb"#

# TNDU# J,</58#>"#="\#d(%?(8#F"#H"\#J(('18#J"#F"\#>0,&.8#V"#>"\#

L/1&8#F"#V"#U,G11*0('#2CC38#:=_8#`D!a"#

# TNNU# M'3%+.,8# P"\# J+B(%35)8# X"\# I3%%/;3%&,8# -"# B"\# F0/'8#

F"\#H*%/<8#W"#U,G11*0('#2CC?8#:==8#NSYa"#

# TNRU# d/00,8# d"\# y(1.,)38# -"\# I*03<3?,8# -"\# H/0(&(8# H"\#

d31/;3938# �"\#H,1.,(?38#M"\#I2(;(?*8#y"\#y(?(13938#d"\#I(43231.,8#

y"#>3()%.13+"-&#2CC28#C:8#!Y`Sa"#

# TNSU# B,/4(5)8#>"#>"\#I3,1.(8#-"\#d/00,8#d"\#F?,'38#>"\#_/,1#/#

>(*138#X"#!)3.0).#2CC48#<_<8#!SDb"#

# TN`U# I'*;8# F"\# M'/%+.8# F"# _"\# =3'+./&8# L"\# M,1+./'8# �"# F"\#

B<,(%/?8#F"\#V,%;/58# �"#-"\#O',.*/538#J"#J"\#F?,'38#>"\#y(?(23038#L"#

J"\#X(5(%%38#J"#G11*03"&#2CC48#@:8#!Ya"#

# TNaU# =3'&(%8#="#K"#87$.-",H$30,/%.-,/#-5."+#2CC?8#:_8#RSb"#

# TNQU# e.3%;8#B"\#e.3%;8#W"\#d32)/%8#J"#>"\#W'//%453&&8#J"#="\#

=*11/28#X"\#M536/558#_"#F"\#W.(1.8#>"#!)3.0).#2CC48#<_<8#!SDD"#
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# !aQ#

# TNbU# �,3%;8#}"\#F?31.,8# >"\#J,23?/8#I"\#V/&&28#d"# U, G11*0('#

2CCC"#

# TRYU# X53'?8# F"# W"\# ><*01?,8# M"#J"\# =/558# I"# F"\# I/,&.8# P"# K"\#

d(*&<8#>"\#J/'',9/&./'8#B"#F"#Y.0.",E.+#!AAC8#LM8#Rb"#

# TR!U# >+.*03%%8#_"#E.+.#-)%,30,311*0('(5&K?#-3+N#!AA2"#

# TRDU# I,'1+.%,%;8#X"\#F*Cy(*%;8# �"\#P307,%;8#H"\#_/*&/'8#B"#

Y.0(13)+#!AA@"#

# TRNU# -(4,318#V"\#>(5)3*8#I"\#$(6,%/8#H"\#K5143+.8#V"\#L/,118#�"#

U(*-0#',(Q,>3('(53)#',A%.13+"-&#!AA@"#

# TRRU# >+.*03%%8# _"\# _,/&1+./58# K"\# P(77%(98# d"# D.93)#',

13)-(S3('(5&,#09,311*0('(5&#!AA4"#

# TRSU# �3.'8# -"\# >*%)3%8# F"\# P,+./%1&/,%8# d"\# K17/6,?8# -"#

!)#0930#P3#0,U(*-0#',(Q,G11*0('(5&#!AA>"#

# TR`U# =/'%./,)/%8# J"\# d/,%',+.8# �"\# J,%,;(8# W"\# >+.*&&8# X"#

U(*-0#',(Q,809("(730,E.+.#-)%#2CC!"#

# TRaU# P3%)03%%8#_"\#J�55/'8#="\#e,00/'5,8#L"#D3)-(S.+,#09,

G0Q.)"3(0#2CCC"#

# TRQU# J*'(,8# J"\# O.%,1.,8# -"\# -3%30(&(8# I"# U(*-0#', (Q,

>3('(53)#',A%.13+"-&#2CC2"#

# TRbU# I,08# �"\# �,%8# J"\# P//8# X"\# V3,?8# >"\# P//8# d"# U(*-0#', (Q,

>3('(53)#',A%.13+"-&#2CC>"#

# TSYU# �3+?8#_"#S((Z+;5((5'.;)(1#2CCC"#

# TS!U# L',;.&8#>"\#_30(18#_"\#-(4,318#V"\#i5/6,&+.8#_"#!)3.0).#

!AAC"#
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# !ab#

# TSDU# d(5)8#W"#P"\#_34?,%8#X"#>"\#W300(%8#J"#B"\#=/''28#>"#d"\#

>0,&.8#J"#W"\#P,11(91?38#�"\#_,1+.8#d"#F"\#X.(98#L"#d"\#J(93&8#H"#F"\#

j3*;.3%8#-"#P"\#K5CO03'8#K"#J"#8*-,U,A#0).-,?-.P#2CCA8#:]8#!!a"#

# TSNU# >+.'()/'8# H"\#J('3&.8# >"\# F5/A3%)/'8# X"\# d303%%8# P"#

U(*-0#',(Q,>3('(53)#',A%.13+"-&#2CC3"#

# TSRU# W/%;/%43+./'8# B"\# >3508# d"\# j(;&8# F"\# >+.%/,)/'8# d"#

>(0.,D#--(V,/-#0+$'#0"#!AAB8#@@,!*$$',:8#>RQ"#

# TSSU# -',3%&3:,5(*8#I"\#-',3%&3:,5(*8#J"\#B/)',+?8#_"#J#"*-.,

G11*0('(5&#2CC!"#

# TS`U# W'*4/'8# F"\# J3%+/?8# J"\# L3;%/'8# d"\# I,'1+.%,%;8# X"#

U(*-0#',(Q,>3('(53)#',A%.13+"-&#2CC4"#

# TSaU# M,&<;/'35)8# I"# F"\# _(9/8# B"# X"\# W(5/%4(+?8# B"# -"#

D3)-(S.+,G0Q.)"#2CC48#M8#!N`!"#

# TSQU# W,(3%%,%,8#-"#P"\#-/;.3%/0&8#F"\#e.3%;8#B"\#X(*11/%18#

H"#V"\#B(+?1&3)/'8#L"\#_303193028#>"\#L/,118# �"#V"#?-(),J#"',I)#9,

!)3,^!I#2CC48#:_:8#R!Q`"#

# TSbU# O.&(8# i"\# M*?31/8# I"\# J,23?/8# I"\# >3&(98# y"# !)3.0).#

2CC@8#<:M8#!`ND"#

# T`YU# -/;.3%/0&8# F"\# _/8# M"\# V'(.,%3'8# V"\# L,)1&'(08# _"\#

W,(3%%,%,8# -"# P"\# L/,118# �"# V"# /%., U(*-0#', (Q, S3('(53)#', )%.13+"-&#

2CCB8#@]<8#!DSa"#

# T`!U# L351.8#X"\#W3%;5(::8#J"\#J(%,/8#-"\#>02&.8#-"\#L/,8#="#

/%.,U(*-0#',(Q,G11*0('(5&#2CCB"#

# T`DU# J/)<.,&(68# _"\# V'/1&(%Cd*'54*'&8# V"\# �3%/9328# X"# F"8#

�'"#J#"*-.#!AA@8#<]]8#NbR"#

# T`NU# I3E3638#F"#j"#U,D(',>3('#!AAB8#@==8#S!b"#
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# !QY#

# T`RU# d3EE3'8# F"# J"\# K'%1&8# _"# I"\# -13,8# �"# d"\#L,51(%8# X"# ="\#

J,55/'8#>"#$"#J#",G11*0('#2CC28#<8#NSR"#

# T`SU# X.(/8#�"\#I/5?/'8#J"#>"\#L,51(%8#$"#F"#!)3.0).#2CC>8#<_\8#

SQ!"#

# T``U# I,08#d"#J"\#V3'?8#="#>"\#I,08#�"C$"\#I,08#>"#K"\#P//8#�"\#O.8#

>"# X"\# K%?.4323'8# V"\#J3&1*1.,038#H"\# P//8#d"\# y((8# O"# �"\# P//8# �"CO"#

A.''#2CC@8#:<_8#bY`"#

# T`aU# I(778# K"\# J/)<.,&(68# _"# A*--.0", H$303(0, 30,

G11*0('(5&#!AAA"#

# T`QU# _,/&1+./58#K"#-"\#I,',?3/8#-"\#>+.3)/8#M"#i"\#J303&8#i"\#

>+.0,)&8#W"\#P(77%(98#d"\#i50/'8#F"#�"\#e3.',%;/'8#i"\#>/2)/58#i"\#B,#

V3)(638#M"\#/&#35"#[I!8>,U#!AA48#]8#D!a"#

# T`bU# _3/&<8# X"# _"\#L.,&:,/5)8# X"#I00*, E.P, >3()%.1#2CC28#

=:8#`NS"#

# TaYU# =.3&&3+.3'238# $"\# W3*&308# d"\# B318# d"# _"#Y'&)()(0a, U#

2CC28#:\8#NbS"#

# Ta!U# K6'3')8# ="\# =35/1&',%(8# B"\# B(1;,54/'&8# F"\# =(*23C

W3+.3%+3')8# �"# P"\# X.3'4(%%/58# H"\# M('/1&,/'8# X"\# -',)(%8# F"# G0Q.)",

G11*0#2CCA"#

# TaDU# _,(*A8# >"\#=/;,%8#X"\#B*4'/*,58# �"#B"\# �3+@*/18#J"#A*--,

D3)-(S3('#!AA@8#<L8#!Nb"#

# TaNU# I,08#d"\# V3'?8#="\#I,08# �"\#I,08# >"\# P//8# �"\#O.8# >"#A.''#

2CC@"#

# TaRU# V3'?8# ="\# >(%;8# B"\# I,08# d"\# X.(,8# ="\# P//8# d"\# P//8# �"#

J#"*-.#2CCA"#
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# !Q!#

# TaSU# d/%',+1(%8# ="# K"\# J3%&./28# X"# P"\# V/'/'38# V"# y"\#

d30,5&(%8#-"#F"\#j(;/58#>"#H"#G0Q.)",G11*0#!AA38#M:8#DNDS"#

# Ta`U# d3;/%8#>"#_"\#-.(071(%8#�"#B"\#>%2)/'8#B"#>"\#J2/'18#I"#

_"#U,A%-(1#"(5-,I#!AA@8#=M=8#SN"#

# TaaU# W353%(18#X"\#P*)/',&<8#O"\#M'/*)/%4/';8#J"\#='3)/8#P"\#

>+.3)/8#i"\#_,/&1+./58#K"#-"\#I*1*0(&(8#>"\# >.,438#-"#8*-, U,>3()%.1#

!AB?8#:M_8#SS"#

# TaQU# L(55/%9/4/'8# d"# L"\# ='(3)28# I"# L"\# P*)/',&<8# O"\#

_,/&1+./58#K"#-"#8*-,U,>3()%.1#!AB28#:@C8#!b!"#

# TabU# B391(%8#�"#d"#!)3.0).#!ABB8#@C_8#RNN"#

# TQYU# V:/,:/'8# I"\# I,08# I"# >"\# I(;3%8# >"\# W*3'/%&/8# P"# A.''#

!ABA8#LM8#Db!"#

# TQ!U# P3&.'(78#�"#-"\#-,0?(8#J"#V"#!)3.0).#!AA38#@L\8#SDD"#

# TQDU# P/&3'&/8#V"#="\#P,/4/'03%8#I"\#H3;3&3%,8#I"\#d39('&.8#

_"#F"\#O)/558#W"#="\#B*::8#-"#F"#U,J.*-(+*-5#!AA38#=\8#DSD"#

# TQNU# H3&.8#I"#F"\#>.3.8#j"\#d3;;3')8#�"#�"\#X'(3&&8#F"#�"\#>0,&.8#

P"# F"\#d/44/58# _"# V"\# I3&*1,+8# e"# >"#I1, U, ?%&+3(', E.5*', G0".5-, A(1$,

?%&+3('#2CCC8#@=\8#_!bRb"#

# TQRU# L3;/%/'8#M"#F"\#)3#>,5638#�"#P"\#M3'5/28#-"\#)/#L,&&/8#-"\#

I377318#F"\#F4'3.308#H"#W"#U,?%#-1#)(',87$,/%.-#!AAA8#@\:8#R!`"#

# TQSU# M,;*/,'/)(8#_"#-"\#M/'%3%)/<8#V"#P"\#J(*'3(C>38#B"#>"\#

V('&(8#="#H"\#B*&'38#M"#M"\#F56/18#P"#>"\#O5,6/,'38#J"#M"\#O5,6/,'38#V"#P"\#

W'3+3C>(*<38#F"#j"\#=(<<38#J"#-"#U,>3(',A%.1#2CC@8#@]@8#DYDD!"#

# TQ`U# >.,(<3?,8# J"\# B(,8# d"\# -3%3?38# B"\# >.,0(<3&(8# -"#

/."-#%.9-(0#2CC?"#



=,45,(;'37.2#

# !QD#

# TQaU# >.,(<3?,8# J"\# $93%(8# y"\# B(,8# d"\# -3%3?38# B"\#

>.,0(<3&(8#-"#A#-S(%&9-#".,E.+.#-)%#2CC?"#

# TQQU# =*'%18# J"# _"\# �/%?,%18# >"# F"\# I,04'/558# J"# _"\#

=353?',1.%38#_"\#H;*2/%8#-"#="\#F44(8#="#W"\#B36,)8#>"#F"#U,D.9,A%.1#

2CC@8#L_8#Qaa"#

# TQbU# $,8# J"\# J3&1*%3;38# H"\# d3</?,8# I"\# H3?30*'38# I"#

D('.)*'#-,?%#-1#)('(5&#2CC?"#

# TbYU# V/',8#M"\#J3',%<,8#X"\#=3'3&.8#J"\#W'3%*++,8#M"\#i'43%(8#

J"#>3((-5#03),b,D.93)30#',A%.13+"-&#2CC?"#

# Tb!U# V/',8#M"\#W'3%*++,8#M"\#X(1&38#="\#e3%(%,8#$"\#J3',%<,8#X"#

IJY8cIJB/8,AF8DG8#2CC@"#

# TbDU# =/&&(%,8# $"\# X(0/55,8# M"\# _(11,%,8# X"\# W'3%*++,8# M"\#

W,3;%(%,8#W"\#V/',8#M"\#X(1&38#="#Y'3##2CCB8#LM8#!N!D"#

# TbNU# V/',8#M"\#W'3%*++,8#M"\#X(1&38#="\#e3%(%,8#$"\#J3',%<,8#X"\#

H,+(&'38#M"#I05.V,A%.1,G0",89,805'#2CC@8#CM8#NNYQ"#

# TbRU# V,3<<38#J"\#_(11,%,8#X"\#B/553#M,('/%&,%38#>"\#V(<<,8#X"\#

X(0/55,8#M"\#=/&&(%,8#$"\#M*1,8#V"\#X(1&38#="\#V/',8#M"#U,D.9,A%.1#2CCA8#

L@8#!DYb"#

# TbSU# J3%+/?CI/4/'8# J"\# �/'3538# _"# dGe/%., [I!8>,

U(*-0#'dfGe#2CC?8#@_8#!QN`"#

# Tb`U# �/'3538# _"# G0".-0#"3(0#', U(*-0#', (Q, D.93)#',

D3)-(S3('(5&#2CC@"#

# TbaU# F54',;.&8# >"\# X./%8# ="\# d(54'((?8# I"\# �3,%8# H"#

>3()%.13)#',#09,>3($%&+3)#',E.+.#-)%,A(11*03)#"3(0+#2CCB"#

# TbQU# J*/55/'8# J"\# P,%)%/'8# ="\# I*1*0(&(8# >"\# M*?31/8# I"\#

>+.'(008#F"#="\#>/2)/58#i"#U,>3(',A%.1#2CC48#@=\8#D`NYa"#



=,45,(;'37.2#

# !QN#

# TbbU# V'(.,%3'8# V"\# _/8# M"\# L,)1&'(08# _"\# e.3%;8# B"\#

-/;.3%/0&8#F"\#L/,118#�"#V"\#W,(3%%,%,8#-"#P"#U,>3(',A%.1#2CC@8#@]@8#

!Y!Y"#

# T!YYU# -/;.3%/0&8#F"\# V'(.,%3'8# V"\# W,(3%%,%,8# -"\#L/,118# �"#

U(*-0#',(Q,>3('(53)#',A%.13+"-&#2CC@"#

# T!Y!U# W,(3%%,%,8#-"\#-/;.3%/0&8#F"\#e3'/04/'8#I"\#L/,118#�"#

U(*-0#',(Q,809("(730,E.+.#-)%#2CC3"#

# T!YDU# W,(3%%,%,8# -"\# -/;.3%/0&8# F"\# e.3%;8# B"\# P/6,18# K"#

U(*-0#',(Q,809("(730,E.+.#-)%#2CC>"#

# T!YNU# J*55/'8# J"\# >+.//58# O"\# P,%)%/'8# ="\# W*&103%%8# -"#

U(*-0#',(Q,809("(730,E.+.#-)%#2CC3"#

# T!YRU# V'(17/',8#B"\#V(5,&(8#P"\#J('311(8#X"\#J(%&,8#B"#D37.9,

D."#',J#0(1#".-3#'+#2CCA"#

# T!YSU# X*,8#e"\#>.,8#I"\#X*,8#y"\#=,%?18#="#A(''(39+,#09,!*-Q#).+,

IT,?%&+3)()%.13)#',#09,g#2CCB"#

#



-345/#(:#+(%&/%&1#

# !QR#

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

#JK06L/NK-6J+!""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" +!+

#JJIK1+-::/J-KP+!"!"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !+

#J97I::IK-6J+!"2"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 2+

&1N1QK60<+!"3 """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" >+

-P_1#!"N"!"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" b#

-P_!8#-P_D8#3%)#-P_`#!"N"!"! """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !!#

-P_N#!"N"!"D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !N#

-P_S#!"N"!"N"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !R#

-P_a#3%)#-P_Q#!"N"!"R """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !S#

-P_b#!"N"!"S"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !`#

-P_!!#!"N"!"` """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !a#

-P_R#!"N"!"a"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !a#

P=V#!"N"!"a"!""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !Q#

XB!R#!"N"!"a"D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !Q#

JBD#!"N"!"a"N """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" DR#

-P_R#!"N"!"a"R """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Db#

%G&4+7-.IJL<+!"4 """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 32+

H3&*'35#5,;3%)1#!"R"! """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ND#

PV>#!"R"!"! """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ND#

d/0/#!"R"!"D""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" RD#

>2%&./&,+#5,;3%)1#!"R"D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" RR#

K',&('3%#!"R"D"! """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" RS#

V(52+3&,(%,+#1*5:(%30,)/1#!"R"D"D """""""""""""""""""""""""""""""""""""""""""""""""""""""""" RQ#

-FICDRD#!"R"D"N """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Rb#

J(%(0/',+#3%&3;(%,1&1#!"R"D"R """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SY#

#



-345/#(:#+(%&/%&1#

# !QS#

DIK10-I7<+IJL+:1KO6L<+2 """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+>3+

#JK06L/NK-6J+K6+:IK10-I7<+IJL+:1KO6L<+<1NK-6J+2"! """""""""""""""""""""" >3+

*O1:-NI7+<1NK-6J+2"2""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" >4+

W/%/'35#1/+&,(%#D"D"! """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SR#

F%&3;(%,1&1#12%&./1,1#D"D"D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SS#

>2%&./&,+#73&.932#(:#+(07(*%)#a#D"D"D"!""""""""""""""""""""""""""""""""""""""""""""""""" SS#

>2%&./1,1#73&.932#(:#+(07(*%)1#!8#D8#S8#`#D"D"D"D"""""""""""""""""""""""""""""""" `N#

F;(%,1&#12%&./1,1#D"D"N""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Q!#

d2)'(7.(4,+#%3%(73'&,+5/1#+(3&,%;#D"D"R """""""""""""""""""""""""""""""""""""""""""""""""" bY#

]-676.P+<1NK-6J+2"3"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" AC+

#

&1</7K<+IJL+L-<N/<<-6J+3 """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" +!CC+

G-80I0P+L1M176Q:1JK+3"! """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!CC+

$%.,4,&,(%#(:#PV>C)/7/%)/%&#-P_R#3+&,63&,(%+N"!"! """"""""""""""""""""""""""""!Y!#

B,1+*11,(%+N"!"D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!!!#

5Q1N-9-N+-JK10INK-6J+81Ka11J+<PJKO1K-N+7-.IJL<+IJL+*(!4+3"2 "!!2+

=,(+./0,+35#+.3'3+&/',<3&,(%#(:#12%&./&,+#5,;3%)1#9,&.#XB!R(N"D"!

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!!N#

B,1+*11,(%(N"D"D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!ND#

E+<PJKO1K-N+%G&S4+INK-M1+.7PN67-Q-L+L-</79IK1+ KI0.1K<+ KO1+O/:IJ+

D(S2+01N1QK60+3"3 """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!NS(

X/55*53'#3%)#4,(+./0,+35#+.3'3+&/',<3&,(%#(:#WB!#,%&/'3+&,(%#9,&.#

.JBD#N"N"!"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!NQ#

B,1+*11,(%(N"N"D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!Rb#

H1:1+ IJL+ I+ :1KI867-N+ L10-MIK-M1T+ N6Q06O1:1T+ :6L/7IK1+ KO1+

%G&4+ QIKOaIP+ L-99101JK7P+ KO06/.O+ L-99101JK+ :671N/7I0+ KI0.1K<+

3"4 """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!4A+



-345/#(:#+(%&/%&1#

# !Q`#

=,(+./0,+35#3%)#+/55*53'#+.3'3+&/',<3&,(%#(:#./0/#3%)#+(7'(./0/#

/::/+&1#(%#-P_R#'/+/7&('#+(075/A(N"R"! """""""""""""""""""""""""""""""""""""""""""""""""""!SY#

B,1+*11,(%(N"R"D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!`Y#

5PJKO1K-N+ 1JL6K6U-J+ I..01.IK1<+ 960+ KO1+ <K/LP+ 69+ %G&4+

INK-MIK-6J+:1NOIJ-<:<+3">"""""""""""""""""""""""""""""""""""""""""""""""""""""""" !?!+

B/6/5(70/%&#(:#3#7'(&(+(5#:('#12%&./&,+#/%)(&(A,%#3;;'/;3&/1#

7'()*+&,(%(N"S"!""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!`D#

B,1+*11,(%(N"S"D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!aY#

#

*6JN7/<-6J+IJL+9/K/01+Q10<Q1NK-M1<+4 """"""""""""""""""""""""""""""""""""""" +!@!+

*6JN7/<-6J<+4"! """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!@!+

,/K/01+Q10<Q1NK-M1<+4"2 """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!@3+

#



#

# !Qa#

_$HW_Fe$FJKH-$#
#
J,.3/53"#H/11*%(#+,#7'/73'3#3#,%+(%&'3'/#7/'1(%/#+(0/#&/8#
13'/44/#43%35/#',/07,'&,#),#+(075,0/%&,#/#',7/&/'&,#@*3%&(#1/,#
1&*7/%)3"#j(''/,#1(5(#7(&/'&,#',+(7','/#),#1;*3'),#/#344'3++,#7/'#
1/07'/"#H(%#1(g#7/'+./g#&*#0,#344,3#17(13&(#03#1(%(#1,+*'(#+./#/g#
1&3&(#,5#'/;35(#7,*g#/0(<,(%3%&/#/#0/'36,;5,(1(#+./#&*#7(&/11,#
:3'0,"#V3113'/#(;%,#;,('%(#+(%#&/#0,#'/%)/#1/075,+/0/%&/#:/5,+/"#
#
j3%%3#/#V,/'("#V,*g#73113%(#;5,#3%%,#/#7,*g#+37,1+(#@*3%&(#1(%(#
1&3&(#:('&*%3&(8#+'/)(#+./#36'/,#:3&&(#)366/'(#7(+(#1/%<3#),#6(,#/#
:('1/#%(%#1(%(#03,#',*1+,&(#3#),'6,#+./#6,#6(;5,(#4/%/"#
#
-/'/13#/#-,%("#X(13#),'/8#1,/&/#17/+,35,"#
#
J3',#/#>/;'3"#j,#311(+,(#%/5#',%;'3<,3'6,#7/'+./g#/%&'304,#1,/&/#
,07('&3%&,"#J3#1(7'3&&*&&(#%(%#137'/,#7/%13'/#3#)*/#30,+,#
0,;5,(',G#0,#36/&/#:3&&(#',)/'/#T1(7'3&&*&&(U8#3''344,3'/#
T7(+.,11,0(U#/#0,#36/&/#,%1/;%3&(#0(5&,11,0("#
#
J3'+("#Pg,%+(%&'(#0,;5,('/#+./#1,#7(113#:3'/8#(6*%@*/#/#1/07'/"#
#
H/553"#=/.8#%(%#7(&/6(#7/%13'/#3#*%3#7/'1(%3#0,;5,('/#)3#36/'/#
6,+,%(#,%#@*/1&,#&'/#3%%,#),#)(&&('3&("#W'3<,/#3%+./#1(5(#7/'+./g#0,#
1(77('&,"#
#
-./'/13#3%)#�/''2"#>(0/4()2#13,)#&.3&#1./#931#1/3'+.,%;#:('#3#
0/%&('#3%)#1./#:(*%)#3#:30,528#$#&.,%?#:('#0/#,&#,1#&./#130/#"#$#.36/#
%(&#/%(*;.#9(')1#&(#&/55#2(*#/6/'2&.,%;8#1(#E*1&#,03;,%/"#
#
X53'3"#H(%(1&3%&/#&*#1,3#*%3#)/55/#7/'1(%/#7,*g#1&'3%/#+./#1,#
7(113%(#,%+(%&'3'/G#�/g#1&3&(#*%#7,3+/'/8#&('%3#7'/1&(#3#&'(63'+,�#
#
F%%3"#W'3<,/#7/'#5/#',13&/#/#5g3,*&(8#17/11(#1/,#*%#6/'(#/1/07,(#
T17/11(8#%(%#1/07'/U#
#
K5/%38#-3&(#/#&*&&,#,#4,(,%:("#_355/;'/'/1&/#53#;,('%3&3#),#*%#0('&("#
F#0/#1/04'3#*%#+(075,0/%&("#
#



#

# !QQ#

F&.03%/"#$%#3#753+/#9./'/#$#931#3#:('/,;%/'#2(*#931#5,?/#3#
T4,;�"(5)/'�"(5)U#4'(&./'#:('#0/"#
#
-(00,#3%)#V(5(%3"#-.3%?#2(*#1(#0*+.#:('#/6/'2&.,%;"#$#&.,%?#
0//&,%;#2(*#931#3#&'*/#5*+?"#
#
#�30,/��*1&,%"#y(*#.36/#&(#9',&/#3#4((?G#�-/%#.,%&1#&(#4/#5,?/#*1�#
T7'(43452#,%#3#4/&&/'#K%;5,1.U"#$g55#4*2#(%/#:('#1*'/"#
#
_30(%3"#>,0752#3#;(()#7/'1(%"#$#5,?/#&.3&"#
#
I/',8#W'/;8#>(%238#B/>./%;"#-.3%?#2(*#:('#4/,%;#2(*"#
#
J3238#P3*'38#P3*'38#j35/%&,%3#/#&*&&/#5/#7/'1(%/#+./8#0/;5,(#(#
7/;;,(8#.(#+(%(1+,*&(#)*'3%&/#@*/1&,#&'/#3%%,"#>7/'(#),#/11/'/#
',*1+,&(#3#'*43'/#@*35+(13#3#&*&&,#6(,8#.(#73113&(#)/,#4/5,11,0,#
0(0/%&(#+(%#&*&&,8#;'3<,/"#
#
M'3%+/1("#F6'/,#)(6*&(#377'/<<3'&,#),#7,*g#7',03"#>/,#*%3#1&'3%3#
0,%,/'3#7,/%3#),#1('7'/1/"#
#
J,.3/53"#P3#7',03#/#5g*5&,03#7/'+./g#1/,#7/'#7/'#0/#@*/55(#+./#+g/g#
&'3#5g,%,<,(#/#53#:,%/"#
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