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pseudodesmin A support its pore forming potential

Davy Sinnaeve,® Pieter M. S. Hendrickx® Johan Van hemef® Eric Peys!™ Bruno Kieffer
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Abstract: Pseudodesmin A is a cyclic diffusion NMR measurements. With supramolecular assembly is proposed,
lipodepsipeptide (CLP) of the viscosinthe aim to obtain more insight into thewhich is in agreement with the
group with a moderatein vitro structural nature of this assembly, theformation of  bilayer  spanning
biological activity. For several CLPs, solution conformation of pseudodesminhydrophilic pores, providing the basis
including members of this group, thisA was first determined using rOe for a structure-function relationship for
activity has been related to the ability torestraints measured in acetonitrilethis type of CLPs. Finally, it is
form ion pores in cellular membranes.where no self-association occurs. Thelemonstrated that the differences
As their size does not allow individual structure, which is found to be mostlypreviously reported between the crystal
CLPs to span the membrane bilayersimilar to the previously describedand solution conformation of WLIP, a

individual monomers must somehowcrystal
assemble into a larger structure. Hereretained within

solvents, pseudodesmin A monomerghemical  shift
assemble into a

structure. These self-assemblecbrganization  of

structure,

is shown to beclose analogue of pseudodesmin A, are

the supramolecularthe result of the use of DMSO as
NMR has been used to demonstrate thatomplex. Intermolecular rOe contactssolvent,
in chloroform and other apolar organicobtained in chloroform together with bonding
perturbation
supramolecularprovides structural
the self-associated Keywords: cyclic lipodepsipeptide

whose  strong

capacity
data conformational exchange.
insight into the

hydrogen
induces

structures can become sufficiently largecomplex. Based upon this analysis, a '« WLIP e diffusion NMR e self-

to span the membrane bilayer asmnodel for

demonstrated with

Introduction

the
translational pseudodesmin A monomers

organization  of
in the

assembly ¢ ion channels

moiety via an amide bond. These compounds are peadas
secondary metabolites by several micro-organisnmgluding
Pseudomonasbacteria, and mostly consist of uncommon or
modified amino acids, such as D-amino acids. Pstestoin A% is

Cyclic lipodepsipeptides (CLPY! are small molecules that consista recently isolated member of the viscosin groupChPs® 2. It
of an oligopeptide chain that is at least partiajglised through a consists of a nonapeptide chain where the depsi borolves the

lactone (or depsi) bond between the C-terminus argide chain
alcohol group, while the N-terminus is coupled tofadty acid
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D-allo-Thr3 side chain, while the N-terminus is connecteda
3-hydroxydecanoic acid (HDA) moiety (Figure 1).was found to
display bacteriostatic activity mainly against Grpasitive bacteria.
Its crystal structure, revealed by X-ray diffracticof crystals
obtained from acetonitrile solutibh features a short left handed
a-helix ranging between D-GIn2 and D-Leu5 followegd d& three

HN
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QO L-Leul
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H
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HN N g
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Figure 1. Chemical struc\ture of pseudodesmin A.



residue loop connecting the C-terminus of the heitk the Dallo-
Thr3 side chain to make the lactone bond

Members of the various CLP groups display a variety
moderate biological effects, including antimicrdbietivity!. In
several cases, the mechanism for this activity e ascribed to
the formation of passive transport ion pores in ttelular
membrank ® in a fashion similar to what is generally desatitier
(non cyclic) antimicrobial peptides (AMP%)7. For instance,
syringomycin, a CLP very different from the viscosgroup
members, is described to form pores that allovi* @a transport
passively, initiating phosphorylation of severalotgins and
disturbing ATPase functiét. Within the viscosin group, the White
Line Inducing Principle (WLIF§ is a close analogue of
pseudodesmin A, differing only in a D-GIn to D-Glubstitution. It
has been shown to insert itself within model memes#d, while its
pore forming capability was demonstrated on eryiji@s using
osmotic protectanf. The crystal structures of WLIP and
pseudodesmin A are highly similar and both are apatic in
nature, with a large amount of the molecular swfaovered by
hydrophobic side chains and a smaller surface lydphilic one&’.
Taking these elements together, the hypothesis ofieambrane

insertion followed byin situ assembly into a supramolecular ion

pore structure would appear as a plausible expandor their
biological function.

A common procedure to study the structure and biebaof a
membrane-bound peptide by solution NMR methods isude
artificial lipid micelles or bicelld¥!. However, due to the limited
amount of material available and the desirabil@éyrécuperate the
product, an alternative approach was chosen farqmstesmin A. In
this work, pseudodesmin A was dissolved in simplela organic
solvents, such as chloroform, thereby inducing rgtroself-
association behaviour. The concentration and solvysolarity
dependency of the self-association is initially dé&d using
translational diffusion NMR measurements. To furteeamine the
main aspects of the supramolecular structure imrofdrm, the
solution structure of pseudodesmin A was first deteed by NMR
in acetonitrile, where no self-association occuffie solution
structure is found to be very similar to the crystaucture and is
further shown to be mostly preserved in chlorofo8tarting from
this solution structure, intermolecular rOe cortielass are used to
identify intermolecular contact surfaces, from whia possible
assembly scenario relevant to pore formation issdér In addition,
a long standing issue regarding the marked diffexdmetween the
crystal and solution conformation of WLIP is resmvby showing
that it is linked to the occurrence of conformatibaxchange due to
the choice of DMSO as solvent.

Results

Pseudodesmin A self-associates in apolar solventdV/hen
pseudodesmin A is dissolved at 2 to 3 mM conceptrah a variety
of solvents, a single, well-defined set of resoranic observed in
all cases. However, the line-width properties & plseudodesmin A
resonances are highly dependent on the solvent. USgdre 2
compares the aliphatic region of the B spectra recorded in
acetonitrile and chloroform solution, from whichist clear that all
resonance line widths are significantly increasedchloroform.
Similar effects were also apparent in other apstdvents that were
tested, dioxane and benzene, while in the morerpDMF or
acetone this was not the case (supporting infoomati Line-

1 1 \ \ \ \ \ 1
.4 2.2 2.0 1.

2 8 1.6 1.4 1.2 1.0 ppm

Figure2. Aliphatic region of the 700.13 MH# NMR spectrum in (a) ca 2mM
acetonitrile and (b) 20.5 mM chloroform.

broadening generally reflects an increase in thestrerse relaxation
rate R. Since all pseudodesmin A resonances are affexiadlly
and the effect does not seem to increase with tignetic field, an
exchange process is not the dominant source fdimtadroadening.
Therefore it appears most likely that an increasethe global
molecular rotational correlation time, lies at the basis of this
phenomenon, since,R- 1. and the latter is dependent on both
solvent viscosity and molecular size. Though thecasity of
chloroform is about 1.5 times higher than acetdaijtrit is
insufficient to explain the strong line width chasgobserved. This
is confirmed by measuring the translational diffusicoefficient of
pseudodesmin A using PFG-NMR techniques and calagldahe
hydrodynamic (or Stokes) radiusyRusing the Stokes-Einstein
relation and the known viscosity of each solféh{(Table 1). In
acetonitrile solution, the value of 7.2 A is in agment with the
dimensions of a pseudodesmin A molecule as detednirom its
crystal structure. However, in chloroform the obser R, value is
both much higher and concentration dependent. ddngirms that
pseudodesmin A self-associates into larger aggesgathen
exposed to apolar solvents, while in acetonitrite other polar
solvents the compound remains in a monomeric statdhe highest
concentration in chloroform measured (20.5 mM), Rhevalue is at
38.2 A, which constitutes a more than five foldrease compared
to acetonitrile. When lowering the concentratiowdao 3.0 mM,
the hydrodynamic radius is reduced to 18.4 A, whghtill much
higher than in acetonitrile. It is only at the muotver concentration
of 0.06 mM that a value close to the one in acéiitmiis found.
This concentration dependent change is also refleby the clear
sharpening of all the resonances. It should bednthhat only a
single set of resonances is visible throughout thetire
concentration range investigated. Also, all diffusi induced
resonance intensity decays in the PFG-NMR expersnare
monoexponential. Together with the concentratiopedeence of
Ry, the data in chloroform is consistent with a pescghere an
indefinite self-association occurs in which indivad pseudodesmin
A molecules are in a fast exchange equilibrium vaitbollection of
supramolecular complexes of varying size. This eotration
dependent size-distribution expected for such &s8oe process is
then reflected via an averaged diffusion coeffitien



Table 1. Translational diffusion coefficients andifodynamic radii of pseudodesmin A

Solvent D [umzg]® Ry [A]®!
acetonitrile 816.8 + 4.4 7.2
chloroform
20.5 mM 106.6 * 0.3 38.2
3.0mM 220.6 + 14 184
0.06 mM 468.0 + 135 8.7

[a] 95% confidence intervals obtained using a Mo@rlo procedure. [b] For the
hydrodynamic radius calculation, the viscosity sswamed to be 0.369 mPa:s for
acetonitrile and 0.537 mPa-s for chloroffn

To further assess the effect of solvent polarityplyent titration
experiment at constant pseudodesmin A concentraticas
performed starting from a solution of ca 2 mM psmlebmin A in
chloroform to which a pseudodesmin A solution irtaaitrile of
exactly the same concentration was gradually addekeep the
concentration constant. The evolution of the appamiffusion
coefficient of pseudodesmin A is plotted in Fig@eThe diffusion
coefficient steadily increases with the acetomitsiblume percent,
until at 13% a value is reached of 484:72.8 punis?, which is
similar to the diffusion coefficient of 4686 13.5 umis® for the
0.06 mM chloroform solution. The diffusion coefficit of added
TMS in the sample was followed as well, showing @tno
variation (supporting information), and thereby fioning that no
significant change in viscosity occurs betweendlfferent solvent
mixtures. The gradual decrease of the self-assogiatvith
increasing acetonitrile volume percent clearly dest@ates that the
self-association equilibria and thus the size aistridution of the
supramolecular structures in solution can be cdiattdy changing
the overall polarity of the solvent.

Solution structure of pseudodesmin A:To gain insight into the
organization of the supramolecular structure andenparticularly
into the contacts that exist between the moleculnits, the
conformation of the individual monomers within tseucture must
first be known. Although the crystal structure gfepdodesmin A
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Figure 3. Titration of a pseudodesmin A sample hfoform with acetonitrile. Error
bars represent 95% confidence intervals obtainéwyws Monte Carlo procedure. The
tabulated data points can be found in the supmpitiformation.

and the Leul residue present significant confoionali variability
over the ensemble. This is further illustrated hg tow torsion
angle order parametE? of the L-Leuld angle (0.40), while all
other ¢ and Y torsion angles possess order parameters of &t leas
0.99. Finally, the RMSD value of 0.91 + 0.21 A owdr 63 heavy
atoms except the HDA moiety further drops to 0.12.68 A when
only the 7 endocyclic residues are considered. \Férig low RMSD
value should however not necessarily be interprated measure of
the actual structural definition in solution, buather indicates the
limited variability allowed by the many constraintsposed during
the structure calculation. Importantly however, therall solution
conformation of pseudodesmin A is highly similar ttee crystal
structur®, with an RMSD value of 0.14 A obtained upon
superposition of the 15 backbone atoms of the L®er6- segment.
Small differences are more apparent from the indigl o/
backbone angles collected in Table 2. These shetv@kSer6 is
more in line with thex-helix rather than being involved in a type I
B-turn as is the case in the crystal structure. fiyxdrogen bonds
that define thex, helix are clearly present both in the crystal and
solution structures. The loop adopts a somewhaferdifit
orientation (Figure 5), reflected in the altexgd values of D-Ser8
and L-1le9. This is accompanied with some changeke hydrogen
bond network (Table 3) involving the loop residu@areful analysis
indicates that these differences should be atethud the presence

was previously determinBY it was important to assess theOf intermolecular hydrogen bonds in the crystaliciire, such as

conformation in solution. This is because WLIP|ase analogue of
pseudodesmin A and the only viscosin group membervhich a
solution structure is available, has been reportedadopt a
conformation in solution that is markedly differédram the crystal
structuré 7,
chloroform is complicated however since intra- amgrmolecular
contributions to the nOe correlations cannat priori be
distinguished. Given that the level of dilution uégd to ensure a
monomeric state for pseudodesmin A in chloroforrtots large for
comfortable NMR based conformational analysis, waest fi
considered determining the structure in acetoaitsiblution where
the molecule exists in monomer form even at higloaicentrations.

Towards this end, 127 rOe distance restraints weelfected and
used as input in a restrained molecular dynamicsulstion
followed by energy optimization, the result of whiis represented
by an ensemble of the 40 lowest energy confornmeEgure 4. The
energies and residual violation statistics of tefined conformers
(supporting information) indicate a low energy enbke in good
agreement with the experimental data. Only the Hibyl chain

Determining the monomer structure directly in

the lle9 NH-Leu5 CO hydrogen bond. All of this notwithstanding,
the overall structure obtained by both methods uasg identical

Figure 4. Overlay of the 40 lowest energy structuoé pseudodesmin A. The HDA
moiety has been removed for clarity.



Table 2. ¢ andy torsion angles of pseudodesmin A solution strecaampared with the crystal structure

Leul GIn2 Thr3 Val4 Leu5 Ser6 Leu7 Ser8 lle9
NMR ¢ (el -l 61.4 69.47 64.01 55.5 65.15 -66.01 107 -118.1
lp[a] 62.07 38.36 37.9 46.52 45.26 22.38 -24.84 18.65 -4.09
Crystal ¢ -60.9 57.09 63.33 61.78 63.12 98.05 -66.43 150.66 -65.99
U] 122.69 28.52 40.47 48.59 31.68 1.01 -50.62 -41.21 -6.31

[a] Averaged value of the 40 lowest energy striegurThe average of an angte is defined using the average of the cosine ane sialues over all structures:
[a]=arctan[<sin@)>/<cos¢)>]+k180°, with k=0 if <cos§)> > 0; k=1 if <cos)> < 0 and <sirf)> > 0; k=-1 if <cosf)> < 0 and <sinf)> < 0. [b] Value omitted due to low order

parameter (0.40).

()

L-1e?

Figure 5. Comparison of the solution (a) and ciy@astructures of pseudodesmin A showing onlylihekbone atoms. The helix is shown as a ribberQ\from bottom to top),
while the Leu7-lle9 loop can be seen making thenection between the C-terminus of the helix andTthe3 side chain. Note that in the loop Ile9 iseated differently between

both structures.

(Figure 5), in marked contrast with the WLIP cagd€ infra).

The results of @H/?H exchange experiment in a gEN/D,O

mixture are in good agreement with the solutioncttrre. As can be

seen from Table 4, slow exchange rates on the ofdesurs to days
are found for the amide hydrogens in the Leu5-sle§ment. While
the lle9 amide is not involved in any hydrogen bamdhe solution
structure, its NH bond points inward from the lompthe helix,

making it totally solvent inaccessible. The higkgchange rates of

both Ser amide hydrogens are most probably causedrticipation
of the side chain hydroxyl groups in the exchangegss with the
solvent. The relatively fast exchange rates fowrdHe Leul, GIn2
and Thr3 amide hydrogens agree with their locatamn the

N-terminal side of then, -helix. Although the solution structure

predicts a hydrogen bond involving Val4 NH and HOA, the

Val4 amide hydrogens exchanges fairly rapidly. Tduggests that

the conformation of the exocyclic part is more dwia Altogether,

the data indicate that the solution structure iet@aitrile is well-

defined and considerably rigid.

An important question is the extent to which thduson
structure of pseudodesmin A in acetronitrile, isintened within
the supramolecular structures formed through ssémbly in
chloroform. A conformation sensitive parameter talike the nOe
does not suffer from intra- or intermolecular amiitg is the3J,
scalar coupling constant, with the most relevaringehe 33inuq
couplings reflecting the backbopeorsion angles. As seen in Table
5, neither their values nor the torsion angleswvaerifrom them
change to an extent that would indicate major logalglobal
changes in the backbone conformation between tloestivents.
Therefore, the solution structure of pseudodesmiim Acetonitrile

is a valid model to explore the supramolecular mbde



Table 3.0verview of pseudodesmin A solution streeetwydrogen bonds

Table 5.comparison of scalar couplings betweenrofdom and acetonitirile

Donor Acceptor do.a [A]® angle [’

Val4 NH HDA CO 2.88 158.95
Leu5 NH Leul CO 2.97 172.42
Ser6 NH GIn2 CO 2.85 158.70
Ser6 OH Thr3 CO 2.71 148.36
Leu7 NH Val4 CO 3.16 154.76
Ser8 NH Ser6 OH 2.92 158.71
Ser8 OH Ser6 OH 2.66 165.77

[a] Hydrogen bonds are considered to have a docwepdor bond length of at most
3.4A and a bond angle of at least 140°.

Table 4.*H/?H Exchange kinetics

torsion angle

3 .
J Eosen[Hz]  Jeociz [Hz]  difference [Hz] differencé® [7]
Leul H'H® 5.7 6.0 0.4 it
GIn2 H'H® 4.0 3.1 0.9 -7.6
Thr3 H'H® 75 6.2 1.3 9.7
Val4 H'H® 6.3 49 1.4 -10.7
Leu5 H'H® 4.3 2.9 1.3 -11.4
Ser6 H'H® 8.5 8.0 0.5 4.4
Leu7 H'H® 6.5 4.4 2.2 16.3
Ser8 H'H® 9.1 8.8 0.3 -3.1
lle9 HYH® 10.7 9.8 0.9 4
Thr3 H'H? 10.7 10.9 -0.2 -1.3

Amide resonance k [sY® ty

Leul 2312.15 5m
GIn2 2327.39 5m
Thr3 1366.82 9Im
Val4 923.33 14m
Leu5 3.03 2d 18h 8m
Ser6 75.83 2h 39m
Leu7 1.63 5d 2h 57m
Ser8 27.95 7h 6m
lle9 1.21 6d 22h 12m
GIn2 NH; 1 836.84 14m
GIn2 NH; 2 805.75 15m

[a] Exchange rate constants k are obtained bynditthe signal intensity decay in
function of time t to the equation I(t) = I(0)[(1cdexp(-kt) +a], with a the remaining
protonated fraction when equilibrium is achievet] The exchange half-lives;t
(expressed in days (d),
ty2 = -In[(0.5 —a)/(1- a)/k.

hours (h) and minutes (raje calculated as

Indications of intermolecular contacts in the supranolecular
structure: A comparison of the NMR data between the two sdbk/en
can provide information on how the supramoleculawcsure is
organized. Since the conformation of the individorednomer units
within the supramolecular structure is similar tee tacetonitrile
solution structure, all spatidH-*H proximity correlations observed
in chloroform that cannot be explained by this comfation can be
interpreted as intermolecular contacts. 2D NOES¥cBp are
useless for this purpose, since the large molecsiler leads to
excessive spin-diffusion even at short mixing tin@ss is in sharp
contrast with NOESY spectra measured in acetoaitrirther
emphasizing the strong difference in global rotalocorrelation
time between both solvents (supporting informatiddg¢cause of
this, the possibility to distinguish direct interlacular contacts

[a] Torsion angles were calculated using a Karpluwe relation with parameterization
according to Vuisteret al for HYH® coupling8® and Demarccet al for the HHP
couplind'®’. [b] Not compared since the bond is assumed téiebéble in acetonitrile
solution. [c] lle9 H'H® coupling constant in chloroform is out of reachtlé Karplus
curve, most likely because the unusually attach&tdregroup influences the correct
parameterization of the curve.

from intramolecular nOe contacts is lost. The us2 ROESY is
therefore preferred here. While inherently lesssiése due to the
contribution from efficient 7 relaxation during the 40 ms spin-lock
time used here, it has the advantage of a greatlyced degree of
spin diffusion, whereas its presence can be rezedniby the
occurrence of a sign inversion of the rOe crossdp®a

After cataloguing all rOe correlations in chlorafoand confronting
them with the solution structure, several contasse revealed that
cannot be expected to arise from a short distdiroaigh space or in
residue sequence within a single monomer (TableN®te that
mainly backbone protons are involved, with th& ptotons of the
exocyclic Leul and GIn2 contacting thée idrotons of the loop
located at the opposite end of the monomer strectdihese
particular amides are not involved in any intramalar hydrogen
bonding in the solution structure, which is alsgetfor the carbonyl
groups in the loop. Therefore these rOe contadtgest that the
interaction between monomers may be mediated leynmlecular
hydrogen bonds involving those two regions. Alsdemwmrthy in
this context are the contacts between the side@raide protons of
GIn2 with the loop backbone and the Ser side chaifsch may
indicate an intermolecular interaction between ¢hdydrophilic
side chains.

Another probe sensitive to intermolecular contadds the
chemical shift. A solvent titration was performe@ring from a
solution in chloroform and stepwise adding acetdeitTheH, *C
and ®N chemical shifts were followed frortH-*C gHSQC and
'H-°%N gHSQC spectra recorded for each solvent mixtutee T
changes in chemical shift are shown in Figure & (&bulated
values, see supporting information). The most Hetabanges (>0.3
ppm) in the'H/*3C chemical shifts occur mainly at those positions
where intermolecular rOe contacts were detecteteiLeu7 CH,
Ser8 CH and CHP, HDA CH,). Overal, no strong

5



Table 6. Intermolecular rOe contacts betwi¢mesonances in chloroform

resonance 1 resonance 2 - roe’!
HDA H® Ser8 H 9.8 strong
HDA He Ser6/lled! He 9.8/6.6 weak
HDA HY Ser8 H 10.3 strong
Leul H Ser6 9.0 weak
Leul H Leu7 H 12,5 strong
Leul H Ser8 12.7 strong
Leul H Ser8 OM 9.9 intermediate
Leul H lle9 H 9.3 strong
Leul H Seré/lled! He 10.7/10.0  intermediate
GIn2 H Leu7 H 11.1 strong
GIn2 HY Ser8 H 11.6 strong
GIn2 HY Sers OH 8.3 intermediate
GIn2 HY Ser6/lled! He 8.5/9.9 weak
GIn2 HY lle9 H 9.8 strong
Gln2  NH, EY Ser6 7.3 weak
Gln2  NH, Z Ser6 8.4 weak
GIn2 NH E Ser6 OM 8.8 intermediate
GIn2 NH, Z Ser6 OH 9.5 weak
GIn2 NH E Leu7/Leu8 He 13.5/10.5  intermediate
GIn2 NH Z Leu7/Leuf He 14.3/11.0  intermediate
GIn2 NH E Ser8 M 13.1 strong
GIn2 NH, Z Ser8 H 13.9 strong
GIn2 NH E Ser8 OM 9.4 weak
GIn2 NH, Z Ser8 OH 10.3 weak
Gln2 NH, E lle9 H 12.7 weak
Gln2 NH, Z lle9 H 12.6 weak

[a] Intramolecular distance between the hydrogematwithin the solution structure.
[b] rOe intensity in chloroform solution. [c] Amhigus assignment. [d] Discrimination
of E and Z protons based on GIn2 NHGIn2 CHY rOe intensities.

changes are detected at the level of the hydrophsibie chains,
where the chemical shift perturbations of all metmpups, except

changes in the environment sensitive amide chersiifil However,
from their location in the structure we notice thhey do not
participate in the proposed interface.

Behaviour in DMSO solution: The *H and **C NMR spectra of
pseudodesmin A at 298 K show clear indications of a
conformational exchange process involving two orereonformers.
First, several resonances show severe line broaglgsupporting
information), including most M resonances (most notably GIn2,
Ser6 and Leu7), several®Hesonances (e.g. lle9, Leu5) and even
severaf®C carbonyl and Eresonances. Since the line broadening is
not equally present on all resonances as is theinashloroform, it

is most likely caused by a conformational exchapgeess that is
near a coalescence situation where the exchangésrah the same
order of magnitude of the frequency difference leetthe different
states for those spinsg(k- Av). This is confirmed by noting that the
resonances sharpen as the temperature is incré@gé@ttreases) or
the magnetic field strength is lowereflv(decreases) (supporting
information), thus moving the system to a fast exgje situation
(kex > AV). In addition, the temperature dependence of the H
resonance of Leul, GIn2 and Ser8 is non-linearh wait initial
positive slope that is reversed into the regulaatige one at higher
temperatures (supporting information). Due to thighhmelting
temperature of DMSO, it is impossible to reach slmv exchange
regime even at 700 MHz. Therefore, the exact nurahdrnature of
conformational states cannot be established bytisnluUNMR.
Nevertheless, there are clear differences in thieenppa of rOe
contacts in DMSO measured at 323 K, compared ttoaitele.
Most notable are the absence of any correlatiohsdsm the Leu7
and Val4 residues and the presence of correlabiehseen the Ser6
H® proton and 1le9 Ch and CH? protons. These observations
cannot be explained from either the solution ostalystructure.

Discussion

Conformation of pseudodesmin A, WLIP and other viscsin
group members: Previously, we established that the crystal
structure of pseudodesmin A and WLIP, a viscosmugrmember
that features a D-Glu2 residue instead of D-GIng guasi
identical’l. Here, we show that the solution structure of
pseudodesmin A is mostly similar to these crydtaicsures, at least
in acetonitrile solution. This contrasts with th@usion structure of
WLIP, previously determined by Mortishire-Smithalin DMSG®!
where significant differences were reported betwibencrystal and
solution structure. For instance, the WLIP solutstructure features

a type IIB-turn involving a hydrogen bond between the Ser6 NH
and the Ile9 carbonyl. This apparent contradictian be attributed
to the difference in solvent used in both studiéhen
pseudodesmin A is dissolved in DMSO, several edfdetscribed for
WLIP are observed as well, including non-linear penature
coefficients for the Leul, Glu2 and Ser®' lesonances and the
observation of nOe contacts between Ser6 and Ais®, the same
H" resonances appear broadened due to conformatircainge at

Thr3 CHY, lie between 0.02 ppm and 0.13 ppm. Importantoom temperature. Keeping in mind that pseudodeshiran be
perturbations ifH/**N chemical shifts for the Leul and GIn2 NH considered the amide form of WLIP, we propose tah WLIP

groups are also in agreement with the intermolect@e results,
while the changes seen for the Leu7 and Ser8 Nhipgrare a likely
consequence of the respective residues being iegalv the same
intermolecular contact surface. The origin for tbensiderable
changes at the level of the Val4 and Leu5 NH is [@svious. It is
conceivable that the association process inducesigels in the
intramolecular hydrogen bond strength, leading he bbserved

and pseudodesmin A experience similar conformatiexehange in
DMSO. Importantly, the validity of the solution dommation of
WLIP in DMSO must therefore be questioned, and Ehoot be
considered to have biological relevance as it weterchined from
constraints that are weighted by several conform#itsen imposed
during structure calculations, these lead to virw@nformations,
thereby explaining the discrepancy with the WLIpstal structure.
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Figure 6. AveragéH/**C (a) and'H/**N (b) chemical shift perturbations resulting fromtiteation of a chloroform solution with acetoniéri For a tabulation of the values, see the

supporting information.

When pseudodesmin A was dissolved in other solventh as

acetone or DMF, th&H chemical shifts remained mostly similar to

acetonitrile and no line broadening was apparem. reason for the
unique behaviour in DMSO can most probably be eelab its very
strong hydrogen bonding acceptor capability, evesrenso than

We suggest that two types of distinct intermonomtractions
occur in the assembly of the pore. First, the smiustructure of
pseudodesmin A shows a clear amphipatic charaetéh all
hydrophobic and hydrophilic residues occurring asifions in the

amide carbonyl&”. In DMSO solution therefore, the solvent acts asequence that arrange their side chains on oppskies of the

a strong competitor for hydrogen bond interactiand effectively
as a denaturant for the cyclic peptide. Because DNES@ very
polar molecule, it would be unreasonable to contteetbehaviour
of pseudodesmin A in this solvent to its self-agsimin properties,
since it would contradict the observed effect @& #olvent polarity
on the self-assembly.

Several viscosin group members (pseudodesiiin\BLIP and

molecule. This creates a large hydrophobic surfemeprised of all
Leu, lle and Val side chains. A smaller hydrophdigface includes
both the Ser and the GIn residue side chains. Vifisarted into an
apolar solvent or membrane environment, pseudodeski

molecules can be expected to pack their hydroplslicfaces
together while extending the hydrophobic surfacetvard so to
minimize energetically unfavourable hydrophobic-toghilic

contacts. This idea has been described previoasimény AMPs in

the pseudophomift&)) vary only slightly in the nature of the side generdf!, and finds additional support in the previously dema

chains compared to pseudodesmin A. Therefore itccenfidently

be assumed that the conformation and behaviourolatisn is

similar for all these compounds. The other viscagioup members
differ as they possess at the 5 position an L austef D

configuration. Since no solution or crystal struesiare know for
any of these compounds, the direct impact on tHix k&ucture

cannot yet be assessed.

Structural proposal for the supramolecular assembly It has

often been postulated that the biological functma antimicrobial

mechanism of CLPs is related to the formation okpastransport
ion pores in the cellular membraffesAlthough a simple organic
solvent environment should not be considered a goiodic for the

interior of biological membranes, both share anlapoharacter.
Given the nature and stability of the pseudodesidimonomer

structure, it is reasonable to expect that indidenmiembrane bilayer,
the conformation would also be preserved and thhes game
supramolecular structures observed as in apolaesd will be

formed with dimensions naturally imposed by thefrws of the

membrane bilayer. To the best of our knowledges, thpresents the
first attempt to link or confront the pore formingpacity of CLPs,
such as WLIP, to their individual crystal or soduti structures.
Based on the pseudodesmin A solution structure étoadrile, the

observation that its main structural elements aetaimed in

chloroform and using the data concerning intermdbeccontacts
and chemical shift perturbation, a first model thoe supramolecular
self-association and therefore the pore formingackyp can be
elaborated (Figure 7).

observation that the hydrophobic and hydrophilisidee positions
are strongly conserved within the viscosin gfdugiowever, such
an aggregation would be insufficient to explain tuge change in
size observed in apolar environments. In additibe,dimensions of
pseudodesmin A, which are on the order of 10-156@o small to
span the membrane bilayer46 A). Therefore an additional degree
of supramolecular association is proposed.

Inherently, the helix structure possesses free GDNith groups
at its C- and N-terminal ends respectively, white addition
pseudodesmin A has more free CO groups in its ltotare. This
creates a build-up of opposite charge at opposidgssof the
molecule, effectively creating a macrodigtie In an apolar solvent
or membrane, this can lead to an electrostatiahilyen alignment
of molecules along a direction closely parallelhatiibe helix, most
likely with intermolecular NH-CO hydrogen bonds. Fhis
supported by the observed strong intermoleculara@gacts of the
Leul and GIn2 M with the Leu7 and Ser8°HIn this manner the
‘length’ necessary for the pore to span the cellmembrane is
created. In addition, it would explain why the sa$6ociation is not
observed in polar environment, since the polar estlvmolecules
would quench the need for such alignment.

The formation of intermolecular amide hydrogen t®mgins
further support by the results of a FT-infrared cdpscopy study
combined with'H/?H exchange of WLIP performed by Coraiala
al. They detected the presence of non-hydrogen boadhédes in
buffer solution, which seemed to decrease wheroldisd in model
membrane environment. As an alternative for a charig
conformation of WLIP proposed by these authors tloiuld also be

7



Figure 7. lllustration of the proposed model foe gelf-association. No actual residue
specific intermolecular interactions or detailedaagement of individual molecules are
intended. (a) Top view of an undefined number oéys®desmin A molecules

aggregating their hydrophilic residue side chanesl) towards each other and directing
the hydrophobic residue side chains (green) outwg@rd The free NH groups at the
N-terminal end of the helix interact through elestatic interaction with the free CO
groups at the C-terminal end or the loop. (c) Bptiocesses combined, a large
supramolecular structure is formed with a hydraphihterior and a hydrophobic

exterior.

explained by intermolecular hydrogen bonding betwine free NH
groups of the N-terminal side of the helix of onel@cular unit with
the free CO groups of another unit.

With these two processes combined (Figure 7),gelatructure
forms that can span the membrane, with a hydraphiiterior
allowing positively charged ions to coordinate witltohol or free
carbonyl groups, thus creating a channel throughmtembrane. The
function of the HDA chain would then most likely b@ increase
membrane solubility or facilitate anchoring of ti@.P in the
membrane by tightly interacting with the lipid chsi The proposed
model can be extended to other helix bearing CLBt$ avhphipatic
structure, such as WLIP, the pseudophofffhsamphisift*! and
tensir?, which all possess a similar sequence to pseudodes

Experimental Section

NMR spectroscopy:All NMR measurements were performed on either akBribRX
spectrometer operating at a respectieand**C frequency of 500.13 MHz and 125.76
MHz, or a Bruker Avance Il spectrometer operatingaaespectiveH, °C and™*N
frequency of 700.13 MHz, 176.05 MHz and 70.94 MHn both cases, a
'HBC®™N TXI-Z probe was used, with z-gradients calibratenl respectively

Because the increased line-width of pseudodesnimohloroform prevented the direct
extraction of scalar couplings from the TBl spectra, alternative techniques were
required. The Thr??JH,,HB scalar coupling in chloroform was obtained usinGBRF
experimert® at 500.13 MHz and 283.0 K, measured with 32 datatp in the indirect
dimension and processed with a squared cosineviatlow function. All 3Nt
couplings in chloroform were obtained from a 3D HAlEixperimerit* at 700.13 MHz.
This was measured with 2048 time domain points $ahnip the direct dimension (F3),
32 time domain points in the indiret# dimension (F2) and 16 time domain points in
the indirect'®N dimension (F1), while the spectral widths weretse7.0 ppm for théH
dimensions and 6.6 ppm for tHeN dimension. The low spectral width set f6N
folded the spectrum in this dimension, allowing peaks to be sufficiently resolved
with the limited number of indirect time domain pts measured. Resolution in F2 and
F1 was improved via one order of forward lineardicgon. Zero filling was performed
until a 2048x256x256 matrix was obtained, which vamirier transformed using
squared cosine bell window functions and afterwaatseline corrected witH"slegree
polynomials in each dimension.

All pseudodesmin A samples in chloroform, excepttfe titration experiments, had a
layer of water on top to reduce evaporation overeti(Experimental Liquid Sealing,
ELISEf?Y. The concentrations in the chloroform samplesedisin Table 1 were
determined with ERETIC (Electronic Reference toeassin vivo Concentratiof}
using samples of menthol in chloroform as a refegen

Translational diffusion measurements experimentseweerformed with NMR using
convection compensated sequences; either the sthBdaker double stimulated echo
with bipolar gradients and Longitudinal Eddy cutrédelay (LED}*® or a double
stimulated echo with monopolar gradients with aneeded phase cyét8. The
diffusion encoding/decoding gradients were halfeskell shaped and were varied
linearly between 2% and 95% of their maximum outpuer 32 increments. The
duration of these gradients and the diffusion delaye were chosen so that at the
highest gradient strength increment the intendityie signals of interest was decreased
to less than 10% of the lowest gradient strengtheiment. Diffusion coefficients were
obtained by integrating the resonances of intesest fitting the data to the Stejskal-
Tanner equation appropriate for these pulse segd#hand corrected for the non-
rectangular gradient shapes. 95% error bars wetainglol using a Monte Carlo
procedure with 500 simulatiof8.

H, 3C and N chemical shift perturbations were obtained duringecond solvent
titration experiment performed at 283.0 K and &.78 MHz from sensitivity improved
H-13C and'H-'N gHSQC spectra. Standard pulse sequences fromBrilieer library
were used. ThéH-*C gHSQC spectra were recorded with a spectral woditt0 ppm
and 2048 time domain points in the diréet dimension, while for the indiredfC
dimension a spectral width of 90 ppm and 512 timengin points were used. The
1H-15N gHSQC spectra were set up using a spectral vidith ppm and 1024 time
domain points for théH dimension and a spectral width of 32 ppm and @5628 time
domain points for thé®N dimension. The resolution of both spectra wasrawed
through forward linear prediction. A zero-fillingas performed until a 2048048 or
10241024 real data matrix was obtained for respectivehe *H-*C and
'H-1N gHSQCs. Before Fourier transformation, all speatrere multiplied with a
squared cosine bell window function in both dimensi Despite the lower sample
temperature, solvent evaporation over time wasitalele due to the long measurement
time required at natural abundance. Thereforertivestational diffusion coefficient was
used as a quantitative descriptor of the degreselffassociation. To obtain a relevant
chemical shift difference, the absolute value o #lope obtained through linear
regression between chemical shift and diffusion ffawent (ranging between
178.5 pmz and 436.3 pm#®) was multiplied with the difference in diffusion
coefficient over the entire titration experimenheH/*®N average chemical shift was
calculate® as &,, = 3(H)+ 3(**N)/5, while the'H/**C average was calculated as
8y = 8(*H)+ 5(**C)/2 (supporting information).

For the detection of intermolecular rOe contacts, 48 ms mixing time
2D 'H-*H off-resonance ROESY spectrlithin a ca 20 mM pseudodesmin A solution
in chloroform was performed at 283.0 K at 700.132MH

Acetonitrile solution structure determination: Off-resonance ROES¥! spectra were
recorded at 500.13 MHz with mixing times varyingtieeen 75 ms and 400 ms to
establish the linearity of the rOe build-up. A valof 200 ms was found to be the
optimal mixing time for collecting distance resttsi in acetonitrile. A 200 ms off-
resonance ROESY experiment at 700.13 MHz perforimeé 2 mM solution in
[Dslacetonitrile was subsequently recorded. All reféveross peaks were integrated
using the CCPNMR (v1.0 release 12) softW&kand corrected for multiplicifif’. The
conversion of rOe intensities into distances wdibreded against the average of the

56.1 Gent and 57.9 Gem The sample temperature was set to 298.0 K unlesgyegrals of the rOe intensities between fhenethylene protons of Leus, Leu7, Ser8

otherwise mentioned. High quality NE-HP5-7 (New Hat. Inc) NMR tubes were
used. [R]Acetonitrile (99.96%), [[Jacetone (99.96%), [fbenzene (99.96%),
[D]chloroform (99.96%) and tetramethylsilane (TM®8gre purchased from Eurisotop,
[D7]IDMF (99.5%) and [[ldioxane (99%) from Sigma Aldrich and {DMSO
(99.96%) from Cambridge Isotope Laboratories. Psdedmin A was obtained as
described previousk/.

and 1le9 and assuming a fixed distance of 1.74.AAll distances were increased by
10% prior to the addition of pseudo atom correctifor groups of equivalent or non-
stereo assigned protd¥§ In total, 127 distance restraints were obtainethis way.
These were enforced using a flat-bottomed harmpatential with a force constant of
10 kcal-motA? and a maximum energy penalty of 1000 kcal‘in¢h addition, all
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peptide bonds were restrained to their trans cardigpn by adding restraints to tae  [9]
torsion angle with a force constant of 100 kcal-trad?® whenever the deviation from
the ideal 180° exceeded 5°. These restraints (stipgpénformation) were used as input
for restrained molecular modelling using the cffldtce field®? within DISCOVER
2.98 (Accelrys, San Diego, CA, USA) running on &M Intellistation ZPro under
Redhat Linux WS4. First, a set of 100 starting cftites was obtained by sampling
every 5 ps of the last 500 ps of a 550 ps unremdaimolecular dynamics (MD)
simulation at 1000 K. Each was subjected to 10@sst&f steepest descents energy
minimization (EM) prior to restrained molecular dynics (rMD) simulation using a
simulated annealing protocol. Starting at 1000 & tnterproton distance restraints
were gradually enforced on each structure in thgainset while cooling down the
system in 150 K steps to 300 K with 1 ps rMD sirtiolas at each temperature. The [13]
progression of the weighting constants for the erpental restraints was 0.1, 0.3, 0.7,
0.9 and 1.0. At 300 K an additional 3 ps rMD wasfqened. The energy of the [14]
conformation thus obtained was subsequently opéichiby 100 steps of steepest
descents restrained energy minimization (rEM) fotld by conjugate gradients rEM [15]
until the maximum gradient of the cff91 energy asaller than 0.001 kcal-mbA™. A

subset of 40 structures with minimal energy wasctet! to represent the conformation [16]
of pseudodesmin A. The structure was confrontednag®H-?H amide exchange rates
for validation. These were obtained by adding 6ll.bf D,O to a ca 8 mM solution of
pseudodesmin A in 550 pl facetonitrile at 298 K and monitoring the signal

[10]
[11]

[12]

intensities of all exchangeable proton resonantees @6 day period. [17]
(18]
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Additional files:

pseudodesminA_solstruc.pdb: PDB-file containing the lowest energy solution strue



1D 'H NMR spectra of pseudodesmin A in chloroform and DM SO

e p.4:ca20 mM solution in chloroform-d, 25°C, 7TT®MHz
e p. 5: solution in DMSO-d6 solution, 298.0 K, 50081z
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'H, C and N NMR assignments of pseudodesmin A in DM SO and chlorofor m solution

B-hydroxydecanoic acid

The spectra measured and strategy employed for'the*C and N assignment of
pseudodesmin A in DMSO solution were similar asairetonitrilé”. The 'H and °C
assignment was performed on a Bruker DRX spectmnugierating at a respectivid and
3¢ frequency of 500.13 MHz and 125.76 MHz equippéti &*H,*C,**N TXI-Z probe. The
temperature was set at 298.0 K throughout. *PNeassignment was performed on a Bruker
Avance |l spectrometer operating at a respective**C and**N frequency of 700.13 MHz
and 176.05 MHz and 70.94 MHz also equipped witHHa*C >N TXI-Z probe. The
temperature was set at 323.0 K to increase signabise by sharpening up th& Hesonances.

Assignments in chloroform (ca 20 mM) were perfornsgahilarly at 700.13 MHz at 25°C
throughout.

In all cases, th&H and**C chemical shifts are referenced against interiv$ Twhile the™N
chemical shift was referenced indirectly to MeNs@cording to IUPAC guidelin&s

[1] D. Sinnaeve, C. Michaux, J. Van hemel, J. Vark@eckhove, E. Peys, F. A. M.
Borremans, B. Sas, J. Wouters and J. C. Marfiesahedror2009, 65, 4173-4181.

[2] R. K. Harris, E. D. Becker, S. M. C. De MenezBs Goodfellow and P. Grangdture
and Applied Chemistr001, 73, 1795-1818.
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2D 'H-'H NOESY spectra 200 ms mixing time in acetonitrile and chloroform and
2D 'H-*H ROESY spectrum 40 ms mixing timein chloroform

A comparison between the 2B-'H NOESY spectra (mixing time 200 ms, measured atNBiz) of
pseudodesmin A in respectively acetonitrile andoidfbrm solution illustrates the size of the
supramolecular complexes that can be formed inrofdam. In acetonitrile, the product behaves as a
small molecule, with clear positive nOe correlatidretween resonances. In a ca 25mM chloroform
solution however, the nOe correlations become gtyonegative while spin diffusion is abundantly
present, effectively creating a cross-peak betvadenost every pair of resonances. This effect is due
to the strong dependence of the nOe with the ootaticorrelation time of molecules in solution.

2D 'H-'H ROESY spectra are much less prone to spin diffysivhile any relayed rOe correlations
that do get through will experience an inversiorsigh and thus be easily recognized. For this rgaso
a 2D ROESY spectrum (mixing time 40 ms, measuretD@tMHz) of a ca 20 mM pseudodesmin A
solution in chloroform was recorded for the detatdf intermolecular contacts.
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Additional data from solvent titrations

Tabulated data for first titration performed toesssthe effect of solvent polarity (see Figure thim
main paper)

pseudodesmin A TMS
V% CD,CN D [um#s] errof® D [um?/s] errof®

0.0 262.3 1.8 19495 16.9
1.0 289.2 2.4 1978.7 13.6
2.0 316.5 1.7 1965.1 152
3.0 344.5 2.1 19744 12.6
4.0 376.8 2.0 19740 16.9
5.0 398.2 1.6 1967.8 10.2
6.0 420.3 2.8 1967.2 10.9
7.0 435.7 2.2 1943.2 116
8.0 450.8 2.9 1949.7 149
9.0 456.8 2.6 1931.2 14.9
10.0 463.0 1.8 19335 146
11.0 470.1 2.0 1949.3 122
12.0 475.6 2.2 1954.3 9.6
13.0 484.7 2.8 1963.6 16.1

[a] 95% error calculated as 1.96 times the standndation of 500 diffusion coefficients obtaineding a
Monte Carlo procedure

Tabulated data for second titration performed sess théH, *C and**N chemical shift changes (see
Figure 6 in the main paper)

point 1 2 3 4 5 6 7 8 9 10 11
Diffusion coefficients [um?/s] AD

DpseudodesminA 1785 2027 2221  239.6 2654  299.3 327.9 3487 373.4 40573634 257.8

errof? 0.7 1.0 1.4 0.8 18 1.6 1.2 15 1.7 2.0 2.1

Drus 1880.8 18855 1862.6 1862.6 1861.3 1857.2 1849.1 1843.4 9.38518255 1858.9

errof” 4.9 10.3 2.9 5.1 2.5 4.2 43 3.5 13.0 3.2 3.

'H/™C Chemical shifts [ppm] Slopé” R? |Slope|AD _averagF

Leul CH H 3.84 3.83 3.82 3.81 3.80 3.79 3.78 3.77 3.77 3.77 3.7 -2MB6E- -0.96 0.08 0.23
Yc| s2.74 52.80 52.82 52.84 52.90 52.94 52.96 52.98 53.02 53.043.055] 1.21E-03 0.99 0.31

Leul CHyB(1+2) H 1.77 1.77 1.77 1.77 1.77 1.76 1.76 1.75 1.75 1.74 13 -1BHE- -0.99 0.04 0.13
“c| 37.88 37.90 37.89 37.90 37.91 37.93 37.94 37.96 37.97 38.028.083| 6.65E-04 0.94 0.17

Leul CH H 1.72 1.72 171 171 1.70 1.69 1.68 1.68 1.67 1.67 1.p6 -2BRE- -1.00 0.06 0.08
“c| 2461 24.62 24.61 24.61 24.61 24.62 24.61 24.62 24.62 24.644.662| 1.19E-04 0.74 0.03

Leul CHzsl H 0.94 0.93 0.93 0.93 0.93 0.93 0.93 0.92 0.92 0.92 0.p2 -8(EBE- -0.98 0.02 0.03
“c| 2153 21.55 21.54 21.53 21.53 21.54 21.53 21.53 21.54 21.531.572| 4.98E-05 0.38 0.01

Leul CHzs2 H 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.p5 -5@DE- -0.53 0.00 0.09
c| 23.26 23.23 23.20 23.18 23.18 23.18 23.14 23.12 23.12 23.083.082| -6.64E-04 -0.97 0.17

GIn2 CHux H 3.99 3.98 3.98 3.98 3.97 3.97 3.96 3.96 3.96 3.95 3.p4 -10BE- -1.00 0.04 0.11
*c| s6.61 56.63 56.64 56.60 56.63 56.64 56.65 56.67 56.67 56.726.775| 5.13E-04 0.87 0.13

GIn2 CH,p H 2.07 2.08 2.07 2.07 2.07 2.07 2.07 2.07 2.06 2.06 2.p5 -9@®E- -0.93 0.02 0.23
*c| 25.65 25.56 25.50 25.46 25.39 25.32 25.26 25.24 25.19 25.215.292| -1.63E-03 -0.90 0.42

GIn2 CHyy H 241 2.42 2.42 2.42 2.43 2.43 2.43 2.43 2.43 2.43 2.42 4.B/E-0 0.54 0.01 0.11
“c| s1.21 31.26 31.27 31.25 31.29 31.32 31.32 31.36 31.36 31.401.443| 7.78E-04 0.98 0.20

Thr3 CHx H 3.92 3.94 3.96 3.97 3.99 4.01 4.02 4.03 4.04 4.03 4.p2 4.36E-0 0.92 0.11 0.49
“cl| 61.38 61.24 61.13 61.08 60.95 60.83 60.74 60.70 60.64 60.620.676| -2.95E-03 -0.95 0.76

Thr3 CH3 H 5.32 5.31 5.31 5.30 5.30 5.29 5.28 5.27 5.27 5.27 5.p6 -2(BBE- -0.99 0.06 0.17
“cl e9.71 69.69 69.66 69.65 69.64 69.61 69.57 69.56 69.52 69.519.526| -8.24E-04 -0.98 0.21

Thr3 CHay H 1.36 1.35 1.35 1.34 1.34 1.34 1.33 1.33 1.32 1.32 1.p1 -1BBE- -0.99 0.04 0.21
“c| 18.38 18.29 18.23 18.19 18.19 18.14 18.08 18.04 18.03 18.008.051| -1.35E-03 -0.94 0.35

Val4 CHa H 3.47 3.47 3.48 3.47 3.47 3.47 3.48 3.47 3.48 3.48 347 1.%E-0 0.56 0.00 0.21
“cl| e4.84 64.78 64.72 64.69 64.63 64.58 64.52 64.51 64.46 64.454.466| -1.57E-03 -0.97 0.41

Vald CHp H 2.22 2.21 221 2.20 2.20 2.19 2.18 2.18 2.17 217 2.7 -1MPE- -0.98 0.05 0.05
Ycl 2013 29.14 29.14 29.12 29.13 29.13 29.12 29.13 29.13 29.139.152] 2.66E-05 0.28 0.01

Val4 CHgyl H 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.p6 -1BBE- -0.48 0.00 0.02
Yc| 19.24 19.23 19.22 19.22 19.22 19.24 19.25 19.23 19.25 19.259.281] 1.44E-04 0.70 0.04

Vald CHgy2 H 0.99 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.97 0.97 0.p7 -60®E- -0.97 0.02 0.11
Yc| 2044 20.47 20.47 20.48 20.48 20.51 20.54 20.54 20.58 20.580.642| 7.20E-04 0.98 0.19
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Leu5 CHx H| 415 4.15 4.14 4.15 4.14 4.14 4.14 4.13 4.13 4.12 4.0 -10%E- -0.86 0.04 0.13
“c| s4.79 54.73 54.68 54.65 54.62 54.58 54.55 54.55 54.53 54.564.645| -7.18E-04 -0.76 0.19
Leu5 CHB(1+2) H 1.65 1.65 1.65 1.65 1.64 164 164 1.64 1.64 1.63 1p2 -9%BE- -0.98 0.02 0.16
“c| 39.63 39.66 39.65 39.67 39.71 39.75 39.77 39.80 39.82 39.869.913] 1.08E-03 0.99 0.28
Leu5 CH H 1.80 1.80 1.80 1.80 1.80 179 179 1.79 179 179 1y8 -70BE- -0.99 0.02 0.06
*c| 24.94 24.93 24.90 24.89 24.90 24.90 24.87 24.87 24.86 24.864.872| -2.91E-04 -0.90 0.08
Leu5 CHgdl [ o090 0.89 0.89 0.89 0.89 0.88 0.88 0.88 0.87 0.87 0.p7 -9GEE- -0.98 0.02 0.06
*c| 23.00 23.02 23.02 23.02 23.02 23.05 23.06 23.05 23.07 23.073.072] 2.81E-04 0.97 0.07
Leu5 CHgd2 H[ o092 0.92 0.92 0.92 0.92 0.92 0.91 0.91 0.91 0.91 0.po -70%BE- -0.99 0.02 0.05
Bcl 21.22 21.19 21.17 21.15 21.15 21.16 21.13 21.11 21.14 21.111.162] -2.76E-04 -0.71 0.07
Ser6  CHt H| 461 4.61 4.61 4.61 4.61 4.61 4.61 4.60 4.60 4.57 4.p4 -20DE- -0.77 0.05 0.07
“c| s4.86 54.82 54.80 54.78 54.76 54.76 54.75 54.77 54.77 54.834.945| 1.28E-04 0.19 0.03
Ser6 CH 1 H 3.90 3.89 3.89 3.87 3.86 3.85 3.84 3.83 3.83 3.83 3.p3 -3BE- -0.96 0.08 0.26
*c| 63.73 63.78 63.82 63.84 63.91 63.95 63.98 64.01 64.04 64.064.096| 1.40E-03 0.99 0.36
Ser6 CHp2 M| 426 4.27 4.28 4.28 4.29 4.30 4.31 4.32 4.32 4.32 4.B1 2.23E-0 0.91 0.06 0.24
*c| 63.70 63.79 63.81 63.85 63.90 63.96 63.98 64.01 64.04 64.074.096| 1.45E-03 0.98 0.37
Leu7 CHx H| 415 4.17 4.18 4.18 4.19 4.20 4.21 4.21 4.21 4.21 4.p0 2.¥%6E-0 0.89 0.06 0.60
¥c| s5.86 55.70 55.58 55.52 55.40 55.25 55.13 55.05 54.95 54.844.755| -4.24E-03 -1.00 1.09
Leu7 CH1 H 1.66 1.66 1.66 1.66 1.66 1.66 1.66 1.66 1.66 1.65 1p5 -208LE- -0.62 0.01 0.15
“c| a1.04 41.09 41.12 41.12 41.17 41.21 41.23 41.26 41.27 41.311.334] 1.09E-03 0.99 0.28
Leu7 CHp2 H 2.06 2.04 2.03 2.03 2,01 1.99 1.98 1.97 1.96 195 1.p4 -40E- -0.99 0.12 0.26
“c| 41.06 41.11 41.12 41.14 41.18 41.21 41.23 41.27 41.28 41.311.344] 1.05E-03 1.00 0.27
Leu7 CH H 2.03 2.03 2.03 2.03 2.03 2.03 2.03 2.02 2.02 2.02 2p1 -5@DE- -0.76 0.02 0.03
*c| 24.68 24.67 24.66 24.66 24.66 24.66 24.65 24.66 24.67 24.694.732] 1.26E-04 0.49 0.03
Leu7 CHgdl H 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.94 -3.04E-05 .81-0 0.01 0.09
*c 21.49 21.45 21.44 21.44 21.42 21.39 21.36 21.36 21.34 21.38.57E-04 -0.98 0.17
Leu7 CHgd2 H 1.04 1.04 1.04 1.04 1.04 1.04 1.03 1.03 1.03 1.03 1.p2 -5GEE- -0.96 0.01 0.13
*c| 22.90 22.93 22.93 22.95 22.95 22.99 23.02 23.04 23.07 23.083.152] 9.13E-04 0.98 0.24
Ser8 CHt H| 4.89 4.88 4.86 4.85 4.83 4.82 4.80 4.79 4.77 4.74 4.p9 -7TBE- -0.99 0.18 0.51
“c| s6.13 56.04 55.96 55.94 55.85 55.75 55.66 55.59 55.54 55.505.545] -2.56E-03 -0.98 0.66
Ser8 CH 1 H 3.81 3.84 3.86 3.87 3.90 3.94 3.97 3.98 4.01 4.02 4.p2 8.8DE-0 0.98 0.23 0.47
*c| 62.15 62.18 62.19 62.23 62.27 62.34 62.38 62.45 62.49 62.572.616| 1.88E-03 1.00 0.48
Ser8 CHp2 H 3.98 3.96 3.93 3.93 3.90 3.88 3.85 3.83 3.81 3.78 3.y6 -80E- -1.00 0.23 0.47
*c| 62.16 62.20 62.20 62.21 62.27 62.35 62.39 62.46 62.49 62.572.626| 1.86E-03 0.99 0.48
le9 CHa H| 461 4.61 4.60 4.61 4.61 4.61 4.61 4.61 4.61 4.60 4.p0 -30BE- -0.56 0.01 0.16
*c| s56.87 56.83 56.79 56.78 56.75 56.71 56.66 56.65 56.61 56.596.585] -1.16E-03 -0.99 0.30
le9 CHp H 212 211 2.10 2.10 2.09 2.09 2.08 2.07 2.07 2.06 2.p5 -2BRE- -1.00 0.07 0.20
*c| 35.59 35.62 35.63 35.62 35.65 35.68 35.71 35.74 35.76 35.815.883] 1.04E-03 0.98 0.27
lle9 CHyll H 1.03 1.03 1.03 1.03 1.03 1.04 1.04 1.04 1.04 1.04 1.p3 3.%E-0 0.49 0.01 0.06
¥c| 24.35 24.36 24.36 24.34 24.37 24.39 24.37 24.39 24.39 24.434.452] 3.72E-04 0.91 0.10
le9  CHyy12 H 1.18 1.18 1.17 1.17 1.17 1.17 1.16 1.16 1.16 1.16 1.6 -8(HE- -0.96 0.02 0.07
*c| 24.36 24.37 24.36 24.35 24.37 24.38 24.38 24.39 24.40 24.434.452] 3.43E-04 0.92 0.09
lle9 CHg2 H| o0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.89 0.89 0.89 0.p8 -6(E- -0.90 0.02 0.02
“c| 15.96 15.96 15.94 15.94 15.94 15.95 15.95 15.93 15.95 15.945.961| 3.85E-06 0.03 0.00
lle9 CHgd H| o091 0.91 0.91 0.91 0.91 0.90 0.90 0.90 0.90 0.89 0.p9 -8RE- -0.99 0.02 0.06
c| 11.04 11.94 11.93 11.93 11.93 11.95 11.96 11.96 11.98 11.972.021] 2.85E-04 0.87 0.07
HDA CHl H 251 251 2.46 2.46 243 2.42 2.40 2.39 2.38 2.36 2.B5 -6(BDE- -0.98 0.17 0.31
Yc| a4.45 44.43 44.39 44.40 44.37 44.34 44.29 44.27 44.25 44.204.174] -1.07E-03 -0.99 0.28
HDA CHu2 H 251 251 2.50 2.50 2.50 2.49 2.48 2.48 2.47 2.47 246 -206E- -1.00 0.06 0.19
Bc| a4.45 44.43 44.39 44.38 44.37 44.33 44.30 44.27 44.25 44.204.164] -1.07E-03 -1.00 0.28
HDA CHB H 3.95 3.95 3.96 3.96 3.96 3.96 3.96 3.96 3.96 3.96 3.p6 4.BLE-0 0.96 0.01 0.34
*c| 69.58 69.45 69.37 69.31 69.23 69.14 69.06 69.04 68.98 68.948.936] -2.51E-03 -0.97 0.65
HDA CHyy H 1.56 1.55 1.55 1.55 1.54 1.54 1.53 1.53 1.53 1.52 1.p1 -1BBE- -1.00 0.04 0.13
*c| 38.03 37.99 37.96 37.94 37.94 37.91 37.89 37.88 37.86 37.857.833] -7.02E-04 -0.98 0.18
HDA CH,51 H 1.29 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.p0 1.40E-0 0.74 0.00 0.21
*c| 26.07 26.01 25.95 25.92 25.88 25.82 25.76 25.75 25.70 25.685.692| -1.56E-03 -0.97 0.40
HDA CH,52 H 1.47 1.47 147 1.46 1.46 1.45 1.45 1.45 1.44 1.44 143 -1GBRE- -1.00 0.04 0.24
*c| 26.05 25.98 25.94 25.92 25.87 25.80 25.74 25.72 25.68 25.655.672| -1.59E-03 -0.98 0.41
HDA CH0 H 127 1.27 128 128 1.28 128 128 1.28 128 129 1.p9 5.20E-0 0.97 0.01 0.06
*c| 22.66 22.65 22.64 22.64 22.67 22.66 22.66 22.69 22.68 22.712.762] 3.50E-04 0.84 0.09
HDA CHa H[ os7 0.87 0.87 0.87 0.87 0.87 0.88 0.88 0.88 0.88 0.p8 4.BE-0 0.99 0.01 0.03
“cl 1414 14.13 14.12 14.12 14.12 14.14 14.14 14.14 14.15 14.144.181] 1.59E-04 0.72 0.04
*H/*™*N Chemical shifts [ppm] Slopé” R? |Slope|AD _averag¥
Leul NH H 8.54 8.47 8.41 8.31 8.19 8.11 8.05 7.96 7.89 7.36 -3.04E-03 .99-0 0.78 112
N -253.08 -253.19 -253.35 -253.71 -253.95 -254.19 -254.2754.45 -254.49 -254.3 -6.46E-03 -0.95 1.67
GIn2 NH H 8.73 8.78 8.87 8.94 9.00 9.03 9.08 9.10 9.08 1.74E-03 0.95 504 075
BN -263.58 -263.53 -263.31 -263.14 -263.00 -262.90 -262.7362.85 -262.34 5.79E-03 1.00 1.49
Thr3 NH H| 812 8.11 8.11 8.11 8.11 8.11 8.11 8.11 8.11 8.11 8.3 1.G7E-0 0.15 0.00 0.03
N| -266.15 -266.17 -266.13 -266.13 -266.09 -266.08 -266.0766.5 -266.04 -266.05 -266.J4 5.01E-04 0.94 0.13
Vald NH H 7.78 7.72 7.68 7.64 7.58 7.52 7.47 7.44 7.39 7.36 785 -10BIE- -0.99 0.45 0.67
N| -258.56 -258.79 -258.88 -258.97 -259.09 -259.23 -250.3559.45 -259.55 -250.64 -250.44 -4.20E-03 -0.98 1.08
Leu5 NH H| 8.08 8.04 8.01 7.98 7.92 7.88 7.84 7.81 7.78 7.76 7¥6 -1BBE- -0.98 0.34 0.55
N| -265.65 -265.79 -265.91 -265.97 -266.18 -266.33 -266.4466.2 -266.61 -266.64 -266.40 -4.05E-03 -0.97 1.04
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Ser6  NH H| 714 7.12 7.11 7.10 7.09 7.06 7.06 7.05 7.04 7.03 -4@YE- -0.96 0.10 0.13
"N| -276.52 -276.57 -276.53 -276.59 -276.58 -276.57 -276.5676.8B -276.64 -276.64 -4.79E-04 -0.85 0.12

Leu7 NH H| 7.70 7.64 7.60 7.58 7.52 7.46 7.42 7.39 7.35 7.31 -16E- -1.00 0.42 1.06
N| -255.34 -255.76 -256.04 -256.22 -256.62 -256.98 -257.3%57.89 -257.86 -258.24 -1.23E-02 -1.00 3.17

Ser8 NH H| 843 8.38 8.36 8.34 8.30 8.27 8.24 8.21 8.19 8.15 -10B1E- -1.00 0.30 0.76
N| -27252 -272.73 -272.88 -273.03 -273.30 -273.64 -273.86744B -274.35 -274.62 -9.04E-03 -1.00 2.33

le9 NH H| 6.48 6.50 6.50 6.49 6.49 6.50 6.50 6.51 6.51 6.52 1.61E-0 0.91 0.04 0.07
N| -269.99 -270.07 -270.06 -270.15 -270.19 -270.17 -270.19708 -270.20 -270.19 -6.09E-04 -0.76 0.16

[a] 95% error calculated as 1.96 times the standndation of 500 diffusion coefficients obtaineding a
Monte Carlo procedure

[b] Slope obtained by linear regression betweemite shift and pseudodesmin A diffusion coeffidgen

[c] Average chemical shift change calculatedgs 5(*H)+ 8(X)/n with n=2 for X=*C and n=>5 for XN

Second titration 1DH spectra: evolution of chemical shift and line thid

« p.17: H' region

e p.18: H region

* p.19: aliphatic region
* p.20: methyl region
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Stereo image of the solution structure
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Solution structure statistics and restraint file

Statistics of the 40 lowest energy solution strregu

Total distance restraints 127
intraresidual (Ji-j|=0) 70
Interresidual (]i-j|=1) 35
long range (Ji-j|>1) 22

Violations®
Number >=0.2 A 1125 + 1.81
Sum of violations (A) 548 + 0.52
Maximum violation (A) 052 + 0.05

Structure energy (kJ/mdfj
Total energy -427.06 + 23.28
bond energy 5156 + 1.13
Valence angle energy 219.77 + 6.85
Torsion angle energy -684.37 + 4.73
Improper energy -74.02 = 5.08
Cross-term energy 184 =+ 0.39
van der Waals energy 146.66 * 10.96
Electrostatic energy -88.50 *+ 23.10

Coordinate precision (ﬁ[ﬁ]

Heavy atoms (6™ 091 * 021
Oligopeptide backbone (27) 0.15 + 0.08
Helix backbone (144 010 + 0.04
Ring backbone (22) 0.12 + 0.08

[a] Expressed as mean energy * standard deviation

[b] Expressed as mean RMSD + standard deviatiomyden brackets is the number of atoms
[c] All heavy atoms except for the HDA moiety

[d] All backbone atoms from Leul C’ until Ser6 C

Restraint file

The restraint file used to obtain the solutionatite is provided on pages 23-25, containing ciyral
distance and dihedral restraints.
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IBIOSYM restraint 1
|

#chi ral

1: LEU 1: CA S

1: GLN_1B:CA R

1:. THR 1C.CA R

1: THR 1C:.CB R

1: VAL_1D:CA R

1. LEU 1E: CA R

1: SER 1F: CA R

1:. LEU 1GCA S

1: SER 1H. CA R

1:ILE 1I:CA S

1:ILE 11:CB S

1: ALHD 1J: C2 R

I

#di st ance

1:ILE_1I: HN 1:ILE_1I: HA
1:ILE_1I: HN 1. ILE 1I: HB
1: I LE_1I: HN 1. I LE_1I: HGL*
1: I LE 11 : HN 1: THR 1C HA
1: I LE 11 : HN 1: THR 1C. HB
1: I LE_1I: HN 1: THR_1C. HG
1: I LE_1I: HN 1: VAL_1D: HA
1: I LE_1I: HN 1: SER 1F: HG
1: I LE 11 : HN 1: LEU 1G HB1
1: I LE 11 : HN 1: LEU 1G HB2
1: I LE_1I: HN 1: SER 1H: HN
1: I LE_1I: HN 1: SER 1H: HA
1:ILE_1I: HA 1. ILE 1I: HB
1: I LE 11 : HA 1.1 LE 1l : HGL*
1: I LE 11 : HA 1: THR 1C HG
1. ILE 1I: HB 1. I LE_1I : HGL*
1. ILE 1I: HB 1. I LE_1I : HG2*
1.1 LE_1I: HD1* 1:ILE_1I: HN
1:1LE 1l : HD1* 1: I LE 11 : HA
1:1LE 1l : HD1* 1:ILE 11 : HB
1. I LE_1I: HGL* 1: THR_1C. HB
1. I LE_1I: HGL* 1: VAL _1D: HA
1. I LE_1I : HG2* 1: I LE_1I: HN
1.1 LE 1l : HG2* 1:ILE 11 : HA
1: LEU 1: HN 1: LEU 1: HA
1: LEU 1: HN 1: GLN_1B: HN
1: LEU 1: HN 1: ALHD 1J: HC*
1: LEU 1: HN 1: ALHD 1J: H2
1: LEU 1: HA 1: LEU 1: HD*
1: LEU 1: HA 1: GLN _1B: HN
1: LEU 1: HA 1: THR_1C: HN
1: LEU 1: HB* 1: LEU 1: HA
1: LEU 1: HB* 1: VAL_1D: HN
1: LEU 1: HB* 1: VAL _1D: HB
1: LEU 1: HB* 1: LEU 1: HD*
1: LEU 1: HB* 1: GLN_1B: HN
1: LEU 1: HD* 1: LEU 1: HN
1: GLN_1B: HN 1: GLN_1B: HA
1: GLN _1B: HN 1: &N _1B: HB*
1: GLN _1B: HN 1: &N _1B: HG
1: GLN_1B: HN 1: THR_1C: HN
1: GLN_1B: HA 1: GLN_1B: HB*
1: GLN_1B: HB* 1: &N _1B: HG
1: &N _1B: HB* 1: THR 1C: HN
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. 583
. 044
. 933
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. 697
. 699
. 356
. 469
. 520
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. 447
. 181
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. 405
. 875
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PRRPRRPRPRPRPRRPRRPRRPRPRPRPRRPRRPRRPRPRPRPRLRRPRRPRPRPRPRPRRPREPRPRPRRPRPREPRPRPRRPRPRPRPRRPRPREPREPRPRRRPRREPRPEPRPRRRRERERRR

: GLN_1B: HG
: GLN_1B: HG
: THR_1C: HN
: THR_1C: HN
: THR_1C: HN
: THR 1C:. HA
: THR 1C:. HA
: THR_1C. HA
: THR_1C: HB
: THR_1C: HB
:THR_1C: HB
: THR_1C. H&
: THR_1C. HG
:VAL_1D: HN
: VAL_1D: HN
:VAL_1D: HN
:VAL_1D: HN
:VAL_1D: HA
:VAL_1D: HA
:VAL_1D: HA
:VAL_1D: HA
:VAL_1D: HA
:VAL_1D: HB
: VAL_1D: H&2*
: VAL_1D: H&2*
: VAL_1D: HGL*
: VAL_1D: HGL*
: LEU_1E: HD*
: LEU_1E: HD*
: LEU_1E: HD*
: LEU 1E: HD*
:LEU 1E: HN
: LEU_1E: HN
:LEU_1E: HA
:LEU_1E: HA
:LEU 1E: HA
:LEU 1E: HA
: LEU_1E: HB2
: LEU_1E: HB2
: LEU_1E: HB2
:LEU 1E: HB1
: SER 1F: HN
: SER_1F: HN
: SER_1F: HN
: SER_1F: HN
: SER _1F: HN
: SER 1F: HA
: SER_1F: HA
: SER_1F: HA
: SER _1F: HB1
: SER 1F: HB1
: SER 1F: HB2
: SER_1F: HG
: SER_1F: HG
:LEU_1G HN
:LEU 1G HN
:LEU 1G HN
:LEU_1G HN
:LEU_1G HN
:LEU 1G HA
:LEU 1G HA

PRRPRRPRPRPRPRRPRRPRRPRPRPRPRRRPRRPRPRPRPRLRRPRRPRPRPRRPRPREPRPRPRRPRPREPRPRPRRPRRPRPEPRPRRPRPREPRPRPRRRPRREPREPRPRRRRERERERR

: THR_1C: HN

:GLN_1B: HA

: THR_1C: HB

: THR_1C. HG

:VAL_1D: HN

:VAL_1D: HN

: SER _1F: HG

: SER_1H: HN

:VAL_1D: HN

: VAL_1D: HGL*
ALHD 1J: HC*
: THR 1C:. HA

:VAL_1D: HN

I LE_11:
:VAL_1D: HA
:VAL_1D: HB

:LEU 1E: HN
:VAL_1D: HB
: LEU_1E: HN
:LEU_1G HN
:LEU 1G HB1
: SER 1H: HN
: LEU_1E: HN
:VAL_1D: HN
:VAL_1D: HA
:VAL_1D: HN
:VAL_1D: HA
: LEU_1E: HN
:LEU_1E: HA
: LEU_1E: HB2
:LEU 1E: HB1
:LEU 1E: HA
- LEU_1E: HG
: LEU_1E: HB2
:LEU_1E: HB1
:LEU 1E: HG
: SER 1F: HN
: LEU_1E: HN
- LEU_1E: HG
: SER_1F: HN
: SER _1F: HN
:LEU 1E: HN
: SER _1F: HB1
: SER _1F: HB2
: SER_1F: HG
: SER 1H: HN
: SER 1F: HB1
: SER _1F: HB2
: SER_1F: HG
: THR_1C. HG
: SER _1F: HG
: SER _1F: HG
: THR_1C. HG
: SER_1H: HN
: LEU_1E: HN
:LEU 1G HA
:LEU 1G HB1
' LEU_1G HD*
: SER_1H: HN
:LEU 1G HB1
:LEU 1G HD*

HG1*

eNeoleoloNoNoNoloNololoNoloolololoNolololololoNololoNoloNoNoloNoNoloNololoNolololeoNololeololoNoloNolololoNeoloNoNoNoNoNeNoNe)

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

ADNNOWWPRARWONDNUIUOBRERNDNWNWONWWWNWWWNNNORARPRPPRPOWWWEAEANDIPWWWWNDNWOOAOOGWEAEABRERNWNWNWDNWDS

. 216
. 950
. 670
. 648
. 627
. 515
. 606
. 563
. 923
. 618
. 560
. 342
. 780
. 633
. 063
. 547
. 762
. 255
. 933
. 530
. 905
. 650
. 834
. 674
.722
. 553
. 566
. 274
. 762
. 627
.774
. 035
. 626
. 899
. 591
. 021
. 091
. 623
. 838
. 425
. 179
. 050
. 875
. 617
. 522
. 939
. 573
. 583
. 053
. 129
. 526
. 982
. 268
. 381
. 421
. 150
. 435
. 457
. 786
. 800
. 861

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.
1000.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

24



:LEU 1G HB1
:LEU 1G HB1
:LEU_1G HB2
' LEU_1G HD*
:ALHD 1J:
:ALHD 1J:
:ALHD 1J:
:ALHD 1J:
ALHD 1J:
ALHD 1J:
:ALHD 1J:
: SER 1H:
: SER_1H:
: SER_1H:
: SER_1H:
: SER 1H:
: SER 1H:
: SER_1H:
: SER_1H:
: SER_1H:
: SER 1H:
: SER_1H:

HC*
l_B *
l_B *
|_B *
|_'4 *
HH
HH
HN
HN
HN
HA
HA
HA
HB1
HB1
HG
HG
HG

NI\/R di hedr al

PRRPRRPRRPRPRPRRPRRPRRPRPRRRPRRERPRRRRERE

:LEU 1G HD*

: SER 1H: HN

: SER_1H: HN
:VAL_1D: HA
ALHD_1J: H2
:LEU 1: HN
ALHD 1J: HC*
ALHD_1J: H2
ALHD_1J: H2
:LEU 1: HN

: GLN_1B: HN
:LEU 1G HA

: SER_1H:
: SER_1H:
: SER_1H:
: SER 1H:
: SER 1H:
I LE_11:
: SER_1H:
I LE_11:
: SER 1H:
: SER 1H:

HA
HB2
HB2
HB1
HG
HN
HN
HN
HN
HB2

ALHD_1J: C
:LEU 1: CA

:GLN_1B: CA
: THR_1C. CA
:VAL_1D: CA
:LEU_1E: CA
: SER _1F: CA
:LEU 1G CA
: SER_1H: CA

RPRRPRRPRPRPRRREPEFE " RRPRRPRPRPRPRPRRRPRPRPRPRRPRRPREREPRRRLRRER

RPRRPRRPRPRRPRRRPR

"ALHD_1J: C1
:LEU 1: C

:GLN_1B: C
:THR_1C. C
:VAL_1D:. C
:LEU 1E: C
:SER 1F: C
:LEU 1G C
:SER 1H: C

ILE 1

eNoNeoolNoNoloNoNoloNololoNoloNoloNoNoNeNoNe)

B:
C
D:
E:
F

_'130

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

:LEU 1: N
tGEN1
:THR 1
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'H/?H exchange curvesin acetonitrile

The moment of adding the;O is chosen as 0 s, while the peak integrals amalsed to the first
data point measured.

Peak Integral [arbitrary units]
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Magnetic field dependence of the pseudodesmin A resonance linewidthsin DM SO solution

(a) 100 Hz 20 Hz

T T T T T T T T
530 60 540 5Z0% 500 438 He

7 T T T T T T T T T H 1
azo0 f 400g 3500 3600 He 480 440 420 400 380 B0 340 Hz

T T T 1 T T T T T T T
2600 2400 zaoog zZo00 1500 Hz 320 300 280 EZe0 240 220 200 H=

(a) 700.13 MHz
(b) 500.13 MHz
(c) 300.13 MHz

The H' region (left) and methyl region (right) of the B NMR spectrum of pseudodesmin A in
DMSO solution is shown at three different fieldestgths on a hertz scale. Note the increase in line
width for several N resonances with increasing line width, indicatamy exchange process going
towards the point of coalescence. For comparis@nitethyl region shows no change in line width.

Spectra were recorded on a 16.4 T Bruker Avancespkctrometer equipped with a 5mm
HBCPN TXI-Z probe, a 11.7 TBruker DRX spectrometer equipped with a 5mm
HBC BN TXI-Z probe and a 7.0 Bruker Avance spectrometer equipped withram BBO
gradient probeTemperature was set at 298.0 K on each spectramete
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Temperature dependence of the pseudodesmin A resonance line widths and temperature
coefficients of amide *H resonancesin DM SO solution

(b) H\ [ P J‘ | Jﬂ |

| Nl | I
Y VW)L” N J\ W\’”U /U i
(c) “ ‘

b g
N NN jU J .- w MJM L
(@) P } ﬂ I‘ | | \ J

AL»_JwLJWquJ\JNmLJLM mgﬂb/\uﬂkﬁ M jUW },L
© T s8 L2 . w

i e
o U W Lol M I

H" and H regions of the 500.13 MH# NMR spectrum of pseudodesmin A in (a) acetoeitail
298.0 K; (b) DMSO at 297.4 K; (c) DMSO at 309.4(d) DMSO 321.4 K; (e) DMSO at 339.4 K.
Amide H' resonances are labelled according to residue.

Amide temperature coefficientsin
DM SO [ppb/K]

Leul 127 (0.72°
GIn2 443  (0.95°
Thr3 -2.88 (0.98)
Val4 -9.48 (0.99)
Leu5 -3.61 (1.00)
Ser6 -14.07  (0.99)
Leu7 -11.93  (0.99)
Ser8 134  (0.89°
lle9 -7.39 (0.99)

GIN2NH, 1  -2.41 (1.00)
GIN2NH,2  -3.47 (1.00)

Listed values are the slopes obtained from linegrassion between chemical shift and temperature,
expressed in ppb/K. The numbers in brackets ans@eaorrelation coefficients {R

[a] Non-linear behaviour, parabolic fit {R 1.00): 5[ ppm] = -7.67x 10° T + 5.06& 1G T+ 0.01
[b] Non-linear behaviour, parabolic fit {R 1.00): 5[ ppm| = -8.02x 10° T + 5.5% 10 T- 0.8C
[c] Non-linear behaviour, parabolic fit {R 1.00): 5[ ppm] = -3.90x 10° T + 2.6% 10 T+ 3.31
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