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This study demonstrates the self-assembly of N-@terminal protected dipeptides Phe-
Gly and Pro-Gly which weralerived from amyloidogenic and elastomeric pep
sajuences. These constituents afforded nanostructugmolecular ensembles thro
various non-covalent interactions in the solidestahichcan bedirectly correlated wit
their fibrillation event in solution phase. Interestingtyicroscopic observationgvealed

that the amyloidogenic dipeptide constituents assemninto hollow tubular structuse
whereasthe elastomeric dipeptide constituerdssembled into the feather or sheet
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Introduction

The fundamental topological property of proteind aolypeptides is
the formation of three dimensional architectures #ire used to the
greatest advantage by nature for molecular redogit and its
functions in biological systems. To understandghimary principles
which direct the architecture of such motifs iseaessity for probing
the origin of many physical, biophysical, and bialical phenomena
related to specific disease®.The common supramolecular motifs,
helical and sheet like arrangements are found Infuaictional
proteins. The challenging area of research in toeirgd of ordered
supramolecular peptide assemblies by means of glemtides has
been much focused in recent years.

In this context, proteins and polypeptides, which molecular
determinants of elasticity, are highly demandeds®meric proteins
are well known for their robustness and elastiaitg are present in a
wide range of living organismig:}” Disorderness in their structures
and associated hydration are important featurethefelastomeric
proteins'®?* Nucleoporing?2® Tropoelastir’ 2% Spider Silk®* and
Resilirt®* are few examples of natural disordered proteingh wi
elastomeric function. These elastomeric proteirs racth in amino
acid sequences mainly; Phenylalanine (F), Prolimeand Glycine
(G), however they all are widely varying in thamino-acid content
along with the dipeptide Phe-Gly and Pro-Gly ref&4t For
example Nucleoporins; which are the constituentding blocks of,
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the nuclear pore complex (NPC) forming the gatewasegulate the
flow of macromolecules between the cell nucleus tedcytoplasm
contain FG peptide repeats which forms magmmponents of
NPC#*%2| arge number of protein molecules can be transpdsy a
single NPC every minute. About 50 repeat units of F@king
clusters of hydrophobic groups become unfoldedndutihe passage
of protein and RNA through NPC and get converted ithtieee
dimensional cluttered structures with hydrogel-likgoperties.
Various approaches have applied to explore the@atuFG domain
and it is found that flexible brush like unfoldedustures exist and

exhibit entropic elasticity.
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Figure 1. Molecular structure of protected and deprotectpeptides,Top:
dipeptides with L-amino acid, afBbttom: with D-amino acid.
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Apart from FG, PG also often appears in teguence of
disordered proteins like spider silk. Both ProlinadaGlycine
contribute to disorder the protein but differentfly* Proline which
contain cyclic five membered side chain and known ifs rigid
structure, is stiff and highly restricted, distumpi the secondary
structure formation of protein. Whereas Glycine kimown for its
flexibility and lacking any side chain whose ordsrentropically
unfavourable. However the composition of Prolined aBlycine
affect their amyloid formation tendency and elasti®®®’ For
example the elastic nature of silk fiber was showrtdoelate
with high glycine content by measurements from dacu
dichroism spectroscopy. The main constituent of laidggenic
peptide A842 is Phe-Phe recognition motif and by replacing th
one constituent of this motif with other non aromamino acid
showed lower aggregation propensity compare to higrdsr
self assembled structures of Phe-Phémyloid fibrils are
associated with tissue degenerative diseases whelaatn
provides extensible tissues including skin andriage Though
self organization of these proteins into fibrils @mmon
phenomenon associated with both the systems buptthsical
properties and energy contribution for other bioicald
applications of these systems are poorly resolved.

b)

®0
o

Figure 2. Solid state structure of (4) (b) 2 and (c)5 (hydrogen atoms are
omitted for the sake of clarity). Color code; blnérogen; red, oxygen; gray,
carbon.

Results and Discussions

Based on the above literature informatioris ipossible that
elastomeric and amyloidogenic peptides can berdiftéated by
applying simple chemical and physical changes iortskt

peptidesviz dipeptides. In order to understand the fundamenta

behaviour of the self assembly of amyloid or efaiie protein
aggregates, we designed a set of D and L- dipepsieiggences
constituted by FG and PG having physico-chemical ¢ntogs
compatible with those of the hydrophobic domainsaofyloid
fibrils, as well as elastin respectively. Since gowing interest
in peptide self assembly and its application imigdical field®>
"2 encouraged us to study widely the assembling behawif all
the protected and deprotected dipeptides. Thexefe have
strategically designed (Fig. 1) the two model dijzkgs; where
the second amino acid, i.e. glycine residue wasctinita both
peptides but the alteration in the first amino aoiik
phenylalanine and proline. To understand the fureddat
mechanism of these peptides in relation to sefrabty we wish
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to see the nature of non-covalent interactionsh botsolution
and solid stafé”® and to understand how subtle change of a
dipeptide sequence can alter the self-assemblytb@dnano-
structure formation.

We started this work by correlating the sdidte structure
of protected dipeptides with solution-phase agdiega
Crystals of protected dipeptidds 2 and 5 suitable for X-ray
diffraction studies, were grown by careful, timgdedent slow
evaporation of solvent methanol/cyclohexane (~70:30
However our several attempts fail to grow the algstof
conjugates and deprotected D and L dipeptidédt was found
that all three protected dipeptides crystallizeoithorhombic
space group P21 21 21 (No. 19) (Fig. 2). Crystadipbic
signature ofl, 2 and5 displayed the difference in solid state
conformation’”®® which perhaps is the basis of significant
difference in ordered self-assembly. A tabulatechgarison of
torsional angles of (as representative f& also) and2 reveal
that the difference in solid state conformation. ¥of the
torsional anglesg, ¢, @ and ¢, values of the constituent
amino acids residues for the compoufdfall within the
polyproline Il (PP-Il) structurdl region, however for
compound? the torsional angleg, ¢, @ and ¢, values (table
1) of the constituent amino acids residues fallyan the
Collagen fiber region of the Ramachandran plot.

Table -1 Selected torsional angles of compourand?2.

"Boc-Phe-Gly-OMe "Boc-Pro-Gly-Ome
Torsion Angles Value Torsion Angles Value
W, 171.2 (2) W, -12.8 (4)
(0] -88.9 (3) (0 -51.6 (4)
(T 163.7(2) (U1 142.8 (3)
(% 176.2 (3) Wy 170.5 (3)
o -122.1(3) ©® -64.4 (4)
1173 -15.6 (4) 11 154.8 (3)

A time-dependent aggregative propensity lofand 2 was
evaluated by dark field optical microscopic imagirrg 63X
magnification. Fresh solution df (3 mM) in 50% methanol-water,
did not reveal any significant and noticeable ssembly under
optical microscope, but long straight tubular fibbarere evident after
2 days of incubation at ambient temperature (Faj. & continued

Figure 3. Optical micrographs of self-assembled morpholbgy, (a) after
36 h, (b) 42 h, (c) 48 h, incubation (d) Opticatrographs of self-assembled
morphology of fresh sample & in dark field condition.

follow up confirmed that 42 hours incubation timeripd changed
the dimensions of tubular structures. The diamefehese tubular



structures increases from 0.6 micron to 1.0 micesd length
increased from 1 micron to several micrometers. Tiraen of
tubular fiber visualized, hints hollowness of thésleular fiber from
inside. However, no solvent molecules have
crystallographically detected inside the cavity. dphous
aggregates and well developed straight hollow tbfibers were

observed on incubation df up to 48 hours at ambient temperature

(Fig. 3c). However the protected compouhidhowed long straight
fibers at fresh condition only (Fig. 3d).

To understand the nature of time dependent sethatsly, 1 mM
solution of conjugatel, as representative moleculand 10 uM
fluorescein solutions were co-incubated at ambientperature, in
50% methanol/water solvent. This stock solution eesally divided
into six portions and transferred into six sepaegpendorf tubes. A
20 pL aliquot of fresh and the aged solution of diffaréme interval
viz 0, 8, 16, 24, 32 and 40 h from the different retige tubes were
loaded on a glass slide and dried at room temperdtliowed by
imaging under a fluorescence optical microscope.

Interestingly, instantaneous formation angpearance of
spherical structures were observed at time 0 hiwiviere organized
into a compact colony of spherical structures fitmme 8 h to 32 h
and finally transformed into fibrillar/tubular sttures after 40 h of
incubation (Fig. 4). This time dependent study aéwethat
formations of tubular structures are thermodynalyicdable. When
considering the transformation of spherical aggegdo defined
tubular structures, thermodynamic factors showsd ak invoked.

£

Figure 4. Florescence optical micrographs of conversion spherical
aggregates df into tubular structures; at (A) O h, (B) 8 h, @h, (D) 24 h,
(E) 32 h and (F) 40 h incubation. Scale bar 20 um

The typical condition for the formation afystals of conjugate

3
rod like assembly (Fig. 5E, EJ®® The AFM observations are well
corresponded with OM data of figure 4 and furthenfcmed that
both D- and L- isomers perhaps followed the sanmergatic during

beerthe formation of tubular structures.

Figure 5. AFM micrographs of conversion of spherical aggteg of5 into
rod like structures; at (A) 0 h, (B) 12 h, (C) B6and (D) 48 h incubation,
(E) formation of robust rod like assembly and (&)responding 3D structure.

To check the self assembly of all the proctipeptide
conjugate, we have used 3 days incubated samples2p6 and6.
The solutions of these samples were spread ovesuhfaces of
freshly cleaved mica followed by AFM imaging. Theage analysis

1, 2 and 5 are time dependent slow evaporation at ambienteyeqled that protected dipeptide constituted bynb L isomers of

temperature and the identical applied conditios® a@ccelerate the
transformation of spherical aggregates into tubusdructures
observed under optical microscd3&? It has been noted that the
prolonged incubation at ambient temperature prodtite ordering
of random aggregates into ordered one and thereforenensurate
with energetic factors which supported the growth random
aggregates in a particular directions.

Further to check the self assembly proc#s®-isomer, 5,
which was only differing in its chirality, we preal a fresh solution
of 5 and imaged under AFMThe Freshly prepared solution 6f
revealed uniformly distributed punctuated structuoeer the mica
surface (Fig. 5A), while incubating it for 12 h tlselution of5
resulted prefibrillar aggregates (Fig. 5B) confirqina time
dependent fibrillation event too. At 36 h of inctiba these
aggregates get partially converted into fibrillabfilar structures,
where the association of spherical aggregates lgledsualized,
which is further confirmed by its 3D image (Fig. 50). The
prolonged incubation of this solution leads to filvenation of robust

phenylalanine i.el (Fig. 6A) and5 (Fig.5, 6C) are forming similar
robust structures which are almost similar in motpgy whereas
the compouna giving robust feather or sheet like structuresalhi
are composed of small fibers aédFig. 6D) assembled into flexible
thin fibers as compared ®(Fig. 6B). Therefore we did not observe
any major morphological change in the self assenablt and5
however, our observations reveal that protecte@pdige 2 and 6
show little variation in their self assembly progesvhich could
perhaps be due to the amorphous naturé a compared t@ and
hence did not get crystallize.

We further investigated the time dependelfittssembly process
of the deprotected analogues of these protectegp@onds i.e3, 4,
7 and 8 (Fig.7). The freshly prepared 1 mM solution of #iese
deprotected compounds in 50% methanol-water seémabkled into
defined morphology. The compouBdhows flexible fiber formation
while 7 assembled into straight rod like morphology. Intcast to



Figure 6. AFM micrographs of 3 days aged samples of L armbjugates of
1, 2, 5 and6. (A) 3 days aged sample @fshowing tubular structures, (B)
sample of2 showing sheet like structures, (C) sample5oélso showing
robust tubular like structures and (D) samplé showing long thin fibers.

this fresh sample of proline containing compoudAdsd8 rapidly
assembled into extensive thin fibers perhaps dutdadncrease in
non-covelent interaction compare to protected ome laence can
work as gelants upon changing solvents. Such typdifterent
behavior in self-assembling morphology among tresepounds is
due to the presence of hydrophobic groups suciBas and OMe
and variation of two amino acids specifically phiatgnine an

Figure 7. AFM micrographs of fresh samples of deprotectecarid D

conjugates, 4, 7 and 8. Figure depicts: (A) thin flexible fibrilar strugtes of

3, (B) formation of extensive branch like structufesn 4, (C) robust tubular
like structures o¥ and (D) extensive fibrillation event &

aromatic side chain substituent and proline whichlso known for
its structure breaking role and rigidity in variopeptide$’ and
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protein. All compounds have one flexible amino aglgcine which
is covalently linked with the phenylalanine andlp®, and known
for its trivial hydrophilicity which may increaséne solution state
intermolecular or intramolecular hydrogen bondilighe N and C-
terminus of these peptides are free the non-covaieractions will
get enhanced hence assembled rapidly. In caseeofliffeptides
which contain Phe residues will show slightly diéfet behavior due
to the intervention of aromatic side chain in thitaore of polar
organic and inorganic solvents (50% aqueous methahioerefore
AFM microscopic investigations of protected and roégcted
dipeptides reveal that aggregation propensity lofhalse conjugates
behave differently. Further to understand the neatf the fibrous
morphology obtained by AFM we have recorded the PXRBbers
and compared with X-Ray pattern from crystallograpfye solution
of peptides samples deposited over the glass suffatowed by
drying produced thin film of thick fibers. The olpgations from
PXRD pattern reveal that mostly all the fibers amogphous in
nature (data not shown).

Therefore at this stage to understandstblation state self-
assembly process of these conjugates and its atorelwith solid
state structures and assembly, we have takemand 2 as
representative molecules (Fig. 8). We did tReNMR titration in
various ratios of CEDH in CDCk (0-40%) to explain the effect of
possible non covalent interactions via the respeqgarticipationof
amido —NH, aromatic, Phe-and Proe. key protons in the self-
assembly proces?. ° The downfield chemical shifts of the amide
protons ofl and2 and upfield chemical shifts of aromatic, Rhand
Pro- a of compoundl and 2 proton(s) respectively was evident
through an incremental addition of gbH in CDCL. A marked
movement of key proton resonances is suggestivleofrucial role
of intermolecularr stacking and hydrogen bonding interactions in
the supramolecular ensemblelodnd?2 in solution state (Fig. 8).
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Figure 8.'H NMR titration experiments of representative coommbl (top)
and2 (bottom) in the presence of increasing amount of@HH The titration
experiments were performed in the Cp&blvents. The remarkable change
in the key protons were observed and correlateld satid state structures.

Further these noncovalent and other startacts were clearly
visualized in the solid state structures of theseleoules and
supported by literature too. For example the ...C4dinteraction
was found in the solid state structurelofvhere the ...C-H ofBoc
group was directly showing the interaction with raetic ring of
another molecule in the same unit cell. We havthéurinvestigated
this behavior with the help dH NMR titration experiment where



upon incremental addition of the polar solvent,sOH, showed up

field shift for "Boc protons and aromatic protons (Fig. 9). The solid

state structure (Fig. 2b) of the compoudalso supports these
observations in which the inter and intramolechlgtrogen bonding
distances range from 2.07 A — 2.84 A and othertstuntacts which
are from 2.36 A- 3.33 A stabilizes the crystal pagk These factors
are perhaps responsible for the rapid self-asseafl#yFig. 6B)and

it's deprotected conjugain solution state too. These observations
reveal that upon simple side chain modification cae transform
the nature of self-assembly which will be usefulr feeveral
nanotechnological applications.

136

xﬂc protons chemical shift

",

\

7

o

Chemieal hift (s ppm)

PR

% of Methanol in CDCI,

I

283 A C-H.m;<DHA=171°

Chemlcal shift (8 ppm)

Phe Ar protons. nlmmc.l$\-

S -

.

\ —

740

2 2%

% of Methanol in CDCI,

Figure 9. ™H NMR titration experiments of compouridin the presence of
increasing amount of GEH. The figure depicts that the remarkable
downfield shift in"Boc and Phe aromatic protons noted and correlattd w
with solid state structure daf

Other than circular dichroism (CD) spectroscod=TIR
spectroscopy has also been used to evaluate prstmiandary
structure. The specific and qualitative informatican also be
obtained by using FTIR spectroscopy, a larger gafuypeptides and
protein features can be classified especially irglagpecific Amide |
and Amide Il bands to secondary structure. By coinpathe
intensity ratios of these two bands we can easdiemine the
amount of secondary structures before and afterirtba@bation of
peptides®! Therefore we recorded the FTIR spectra of two
representative compounds to access informationtahewsecondary
structures in self-assembled peptide nanostructdessribed here.
We have now taken the FTIR of fresh and incubatfider§)
samples. Interestingly the observations from Fd®eal that there is
change in secondary structures after the incubatfasamples. We
have taken the solution of fresh samples of prete¢tG and PG
peptides in appropriate amount as a representatiodecules
followed by Iyophilization. When the solvent was maved
completely the samples were ready for IR measurenfére FTIR
spectra showing the differences in main functiongdoup
absorbances when compared with FTIR spectra of smoraling
fresh samples. The changes in the Amide |, Amidaribmatic and
aliphatic regions of these peptides giving hinttthlere is a
significant change in the secondary structures )(E®iich is well
corresponded with AFM micrographs where we obserted
formation of well defined aggregates or fib&ts.

Based on all the above information, we decided taostact a
structural model to understand the emergence oftindis
morphological structures by changing side chainssuent's in
simple dipeptides. Therefore we have takeras representative
molecule. Model figure depicts (Fig. 10) that inlidostate the

molecules ofl arranged in a columnar fashion when viewed along

“a” axis (Fig. 10). The elongation of crystal pawiwhich is mainly
stabilized by hydrogen bonding and displaged stacking® and
showed the distance between two aromatic ring8i39 A along

)4 4 4
‘ l +..... Displaced
: m-xstacking
E"""""'"")
g....‘

f =

o

®

f =

o

T}
Fiber formation
T TTIII LI )

Figure 10. Solid state structure of (a) Boc-Phe-Gly-mettstee “1” arranged

in a columnar fashion (b) Displaces stacking (non bonded hydrogen’s are
omitted for the sake of clarity), (c) AFM microgtapf solution state self-
assembly ofl.

with a strong C-H.x interactions between the hydrogen from
tert-butyl group and phenylalnine aromatic ring r@owith
other non covalent interactions. The elongationrgétal lattice
directly correlates with AFM microscopic data wheve have
seen the straight fiber formation (Fig. 10c, 5C)dkbgen
bonding distances which are ranging from 2.05 2624l in
solid state structure dfalso help in columnar packing.

The challenging area of research in the giloahordered

supramolecular peptide assemblies by means of gtemtides
has been much focused in recent yéar§The construction of
well-defined three dimensional hollow nanotubulaeasslies by
cyclic D and L-oligopeptides was advent of nanotetdoin
past few decades and was contributed by Ghadiri ard co
workers?> %It is known that synthetic tripeptide and termigall
protected acyclic tripeptides self assembled irget&-sheet type
helical structure¥ or into polydispersed nanorodswe also

Figure 11 Depicts that (A, B) SEM images of conjugdteshowing the
hollowness of self assembled structures, (C, D)oréiscence optical
microscopic images further confirming the cavityrir the inner side.
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observed that terminaly protected elastomeric angll@dogenic
dipeptides sequences assembled into nanotubes naroos like
structures. Our observations reveal that the D lamhenylalanine
containing dipeptides produced well defined ordemgdictures
compare to D and L proline one. We were able tofioanthe
nanostructures of phe containing dipeptitleis forming tubular
structures, where the inside cavity is clearlyhlsiunder SEM (Fig.
11A, B). This observation was further supportedHsy t

following experiments. The 40h pre incubated sangflé stained

with fluorescein dye was, instantaneously analSzednder

fluorescence microscope using FITC filter in thekdfeld. These

nanostructure appeared fluorescent green undenitiescope and a
dark lumen was observed at both the end of theldulstructures

(Fig. 11C). The microscopic image of single tubwdauctures was
further confirming these observations (Fig. 11Dewehboth the ends
of the tubular structures are dark. Fluorescentectlen is possible
only when the dye is showing interaction with péetmolecules and
since the structures are hollow from inside, thmeperhaps peptide
cannot provide any active site at the void for dyeeraction and

therefore appearance of dark lumen under fluorescemptical

microscope, especially at both the end of nanotubes

Conclusion

This report clearly demonstrates the formation aupramolecular
nanostructure in the solid state via hydrophobierarctions and
hydrogen bonding from self-assembling elastomeriad a
amyloidogenic dipeptides constituents. The solidestissembly can
directly be correlated with solution state selfeambling
architectures. Further the phenylalnine containgtigetides are
making hollow tubular structures which give us there insight of
such sophisticated structure of nuclear pore com@ed its
tunneling mechanism. The selective permeability MPC for
different essential biomolecules and minerals d@dttansportation
mechanism of nuclear membrane can easily be exuldy these
observations obtained by such solution phase ssimbly of FG
dipeptide. Such supramolecular nanotubular archites of these
dipeptides can show potential applications in taklfof biomedical
and nanotechnology. We have shown the differentedsn the self
assemblies of the very simple dipetide sequencgéssvaich perhaps
is important for the design and construction of nédivinspired
nano-materials in the future. This report also ¢atis that not only
cyclic peptides but also shortest acyclic peptidigs suitable amino
acid side chain that can form H-bonds with the n@inin or side
chain H-bonding group(s) may be used to constractoohannels
and nanotunnels

Experimental section

General- Dichloromethane, N,  N-dimethylformamide,
methanol and triethylamine were distilled followirsgiandard
procedures prior to use. N,’-Nicyclohexylcarbodiimide, N-
hydroxybenzotriazole, L-amino acids, glycine and
hydroxysuccinimide were purchased
Mumbai, India, and used without further purificatidH and

from Spectrochem,

Peptide synthesis- All N-Boc-protected and de-protected
peptide conjugates were synthesized by simple isalygthase
fragment condensation methodologies usli®pc chemistry
and in the presence of HOBt. All he compounds were
characterized well and satisfactory analytical spscopic
results were also obtained for all the samples.

Atomic Force Microscopy (AFM) — Neat and co-incubated
sample (at 37C for 0-5 days in methanol/water) solution of all
the peptide conjugates were imaged with an atoroicef
microscope. The samples were placed on freshlyvetea
muscovite mica surfaces and the sample-coatedratdsstvere
dried at dust free space under 60W lamp for 12loviad by
high vacuum drying and subsequently examined uatiEmic

force microscope (AFM). (INNOVA, ICON Analytical
Equipment, Bruker, Sophisticated Instrument Cebter-
Harisingh Gour Central University, Sagar-M.P.) atieg

under the Acoustic AC mode (AAC or Tapping modeithwhe
aid of a cantilever (NSC 12(c) from MikroMasch, i&in
Nitride Tip) by NanoDrive™ version 8 software. Tlierce
constant was 0.6 N/m, while the resonant frequevay 94-136
kHz. The images were taken in air at room tempegatwith
the scan speed of 1.5-2.2 lines/sec. The data sinalyas done
using of Nanoscope Analysis Software.

Scanning Electron Microscopy (SEM)- A solution of 20uL

aliquot of the fresh and aged samples of peptida® wiried at
room temperature on a copper stubs and coated gatd.

Scanning electron microscopy images were made usiRl
QUANTA 200 microscope equipped with a tungstennfiéent
gun operating at WD 10.6 mm and 20 kV. Concentratid
peptide sample was 1 mM.

Optical Microscopy- Peptide self-assembled structures were
examined under a fluorescent optical microscopeicf e
DM2500M), in a dark field in addition to bright fleunder 63x.
1-3 mM of the peptide solution was incubated fo @ays in
50% methanol/water. 20 pL of this solution was agren a
glass slide and allowed to dry under petri disdust-free place
at room temperature followed by imaging under @dtic
microscope. For Fluorescein dye staining experigehtdays
aged peptide samples were stained by these dyd@ud of
stained peptide samples were mounted on glasssskahel
allowed to dry under Petri dish in dust-free platée dried
samples were rinsed with distilled watetr53 each for removal
of excess and unbounded dye. The excess water nas ahd
the samples were analyzed under polarized micr@scop

NMR titration experiments. NMR titration experiments were
carried out on JEOL-JNM LAMBDA 500 model spectroeret

N-1D spectrum was recorded at a peptide concentratfohO

mg/400pL CDCY, at 298 K. Description of exposed NH groups
and other protons were achieved by titrating a GD3¥0lution

13C NMR spectra were recorded on JEOL-JNM LAMBDA 400 With low concentrations of C}OH.

model operating at 400 and 100 MHz, respective (RMS
mass spectra were recorded at IIT Kanpur, IndiaMaers, Q-
Tof Premier Micromass HAB 213 mass spectrometengusi
capillary voltage 2.6-3.2 kV.

Fourier Transform Infrared Spectroscopy: Infrared spectra
of peptide samples were recorded using a BrukeiteXerO
Fourier transform infrared spectroscopy (FTIR) $pmueter
with a resolution 4 cit, scan speed 2.5 kHz, and 128 scans co-
addition, in the KBr pellet form. The obtained spacwere



smoothened by using the Savintky-Goolay algorithm t
eliminate the noise. Peptide solutions were incedbat 37 °C
followed lyophilization.

Crystal structure refinement details for *"'-Boc-L-Phe-Gly-
OMe(1): The compound was crystallized by the slow
evaporation method. Data was collected on a Br&dART
CCD4 X-ray diffraction instrument. The crystal wsalved by
direct methods and refined by using full-matrixdeaquares on
F2 (SHELX97). Crystal data for compourd-C;7H»4N,05: M =
336.4, orthorhombic, space group P21 21 21 (No, a9¥F
10.62A; b = 16.68 A; ¢ = 20.68A, V= 3667.26(4)& =8,d =
1.22g/crn®, T = 293(2) K, y(Mg-K) = 0.090 mrit, 24535
reflections collected, 5025 independent reflectigt(int) =
0.0724], final R1 = 0.093, wR2 = 0.013(all dataygsigma(l)],
R1 0.054, wR2 0.0107 (obs data). The structwes
expanded using Fourier techniques. All other nodrbgen
atoms were refined anisotropically. Hydrogen atares placed
at geometrically idealized positions. The final leyof full-
matrix least-squares refinement using SHELXL97 evged
with unweighted and weighted agreement factors=RiL093,
wR2 = 0.013(all data), respectively, and goodn€s§t,oS =

7

CCD4 X-ray diffraction instrument. The crystal waslved by
direct methods and refined by using full-matrixdeaquares on
F2 (SHELX97). Crystal data for compoursd-C;3H»,N,O5: M =
286.32, orthorhombic, space group P21 21 21 (ng, 49=
457A; b =14.48 A; c = 15.65A, V= 1489.33(DA = 4,d =
1.28g/cn®, T = 293(2) K, w(Mg-K) = 0.098 mri, 10036
reflections collected, 2134 independent reflectigt(int) =
0.0664], final R1 = 0.078, wR2 = 0.126(all dataygsigma(l)],
R1 0.057, wR2 0.108 (obs data). The structuiEs w
expanded using Fourier techniques. All other nodrbgen
atoms were refined anisotropically. Hydrogen atares placed
at geometrically idealized positions. The final leyof full-
matrix least-squares refinement using SHELXL97 ewvged
with unweighted and weighted agreement factors, B.0¥8
and wR = 0.126 (all data), respectively, and gosdrd fit, S =
1.116. The maximum and minimum peaks on the final
difference Fourier map corresponded to 0.387 am26PDeA®,
CCDC contains the supplementary crystallographta €t this
paper with a deposition number 6ICDC 670518 Copies of
this information can be obtained free of chargapplication to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK. [Fa#4-+

1.049. The maximum and minimum peaks on the finalww.ccdc.cam.ac.uk.

difference Fourier map corresponded to 0.41 an@d8-@A3.
CCDC contains the supplementary crystallographta €t this
paper with a deposition number 6ICDC 670517 Copies of
this information can be obtained free of chargapplication to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK. [Fa#4-+
1223/336-033; E-mail: deposit@ccdc.cam.ac
www.ccdc.cam.ac.uk.

Crystal structure refinement details for *'-Boc-D-Phe-Gly-
OMe(5): The compound was crystallized by the slow
evaporation method. Data was collected on a Br&dART
CCD4 X-ray diffraction instrument. The crystal wsalved by
direct methods and refined by using full-matrixdeaquares on
F2 (SHELX97). Crystal data for compoursd-C;7H»4N,05: M =
336.4, orthorhombic, space group P21 21 21 (No, &9¥F
10.612A; b = 16.67 A; c = 20.66 A, V= 3656.22(4), K = 8,d
1.22g/cr®, T = 293(2) K, w(Mg-K) = 0.090 mrt, 9225
reflections collected, 5119 independent reflectigt(int) =

1223/336-033; E-mail: deposit@ccdc.cam.ac or
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