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Abstract

The pentapeptide tert-Prenyf™-NH, (DMePhe-DTrp-Phe-DTrp(Nert-prenyl)-Leu-NH), has
recently been reported by our group to exhibit props of substance P (SP) antagonist G against
small cell lung cancer (SCLC). In this study, wederiook a systematic structure activity
investigation to optimise this lead compound to riowe itsin vitro anti-tumour activity and
biocompatibility. A series of D-tryptophan (D-Trderivatives were synthesised, with a range of
aliphatic N-alkyl chains (methyl to pentyl) on tirelole nitrogen (N{%). These were incorporated
into the pentapeptide sequence by substitutioheN"-tert-prenylated D-Trp % residue with the
N™.alkylated D-Trp derivatives. These pentapeptidesensignificantly more potent thasert-
Prenyf"™-NH,, with the N'%-butyl modification generating the most cytotoxieptides. Compared
to tert-Prenyf"™-NH,, a single butyl modification on thé"D-Trp residue (Butyf™NH,) showed a
~3 fold enhancement in cytotoxicity in either theemo-naive H69 or the DMS79 (originating from
a patient treated with chemotherapeutics and niadigtherapy) SCLC cell lines. In addition, the di-
butylated sequence on th&?and 4' D-Trp residues (Butf!®*™NH,) gave ~4.5 times higher
cytotoxicity against the H69 cell line and a ~2dfahcrease against the DMS79 cell line, compared
to tert-Prenyf™NH,. The favoured position for butyl modification wthe 4" D-Trp residue, as the

Butyl*"L

NH, peptide gave lower cytotoxicity on both cell lin&utylated peptide sequences, when
exposed to neat mouse plasma for 24 hours aC3wWere found to resist degradation with >80%
remaining intact compared to ~58% fert-Prenyf™NH,. The degradation pathway in plasma
occurs via de-amidation of the C-terminus, confirmed by magectrometry and RP-HPLC
analysis. The butyl modification also conferredstsce to metabolism when tested using S9 liver
fraction from mouse. The optimum analogue resp@nsigainst the DMS79 cell line was the
Butyl*™-NH, pentapeptide, which revealed a concentration dipenincrease in apoptosis: the
level of late apoptotic cells rose from ~36% atM [p ~96% at 6 uM, as determined by flow
cytometry, compared to the unmodified peptide #hawed no such effect. Concluding, the butyl
substitutions offered the best perspective for lugfiotoxicity, induction of apoptosis and metabolic
compatibility thereby comprising an improved broagectrum SP antagonist candidate for

treatment of SCLC.
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1. Introduction

Affecting mainly smokers, small cell lung canceC(&’) accounts for almost one quarter of
all lung cancer deaths worldwide.[1-4] First-lineedtment, entailing a combination of
chemotherapy (etoposide and cisplatin or carbaplaind radiotherapy, is initially efficacious but
then short-lived.[3, 5] The vast majority of patienelapse and develop resistance.[3, 6] Moreover,
SCLC manifests early widespread development of stedas, often before the patient has been
diagnosed with lung cancer.[7] Hence, it remains ofithe most aggressive form of cancer and any
new advances in developing chemotherapeutics hade rittle impact on patient outcome.[1]
Existing cytotoxic agents that target a highly sifieaeceptor suffer from rendering the cells
chemo-resistant. To overcome this obstacle, s@iergpproaches based on inhibiting multi-targets
are needed to alleviate drug resistance and achetter efficacy.

SCLC is a pulmonary neuroendocrine carcinoid tumdbese cells produce a wide variety
of neuropeptide growth factors and their cognateptors. Several neuropeptide growth factors,
including gastrin releasing peptide (GRP), neuram&] gastrin, cholecystokinin, neurotensin,
vasopressin, galanin and bradykinin, have beenigateld in self-promoting tumour growth by
acting through autocrine growth loops.[8-10] Foramwple, they cause intracellular Ca
mobilisation that activates further signal trangauc pathways.[11-13] In addition, the expression
of these neuropeptide receptors increases ashmsitsme resistant to first line chemotherapy.[14]
Therefore, it is conceivable to interfere with tmewth of SCLC using drugs which may block the
action of mitogenic neuropeptides. Antagonistsenreid to as substance P (SP) analogues, that
intercept multiple neuropeptide signalling pathwaysnhibit the proliferation of SCLC have been
explored for their potential as broad spectrumcantter agents. These SP analogues are well
recognised competitive inhibitors of the mitogemffects of several different neuropeptides.
Among these analogues are: [D-A@Phe D-Trp"°Leu]SP (SPD),[15-17] [Ar§D-
Trp°MePhé|SP  (6-11) (SPG),[17-19] [D-AfgD-Trp>"°Leu’|SP,[20] NY3460 and
NY3521,[21] and [D-Ard,D-Trp>"°D-Leu'® Leu™]SP-OH [22]. The exact mode of action of the
SP analogues remains unclear and may involve de@epaotein coupled receptors (GPCRSs), for
example, GRP receptor, vasopressin receptor ahgikimin NK-1 receptor.[15, 17, 19, 23]

Cancer stem-like cells (CSC) belong to a small epbjation of persistent cancer cells with
acquired resistance to standard chemotherapy asehneh [24] points to CSCs playing an
important role in the pathogenesis of SCLC. CD183& iknown bio-marker of CSC in several
cancers. Sarvi and co-workers [22] found that CDA38itive cells have a higher level of GRP and
vasopressin neuropeptide receptors and yet thdiseat® exhibit increased sensitivity to an SP
analogue which is related in sequence to SPG. SPiBei only peptide to have been tested on
human subjects in a phase 1 clinical trial.[25] S&hn&ndings suggest a potential for dual efficagy b
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not only intercepting tumour growtper se, but also overcoming drug resistance. While many
synthetic SP analogues have been designed and test@ number of SCLC cell lines and tumour
models,[15-22] then vitro potency and hence vivo tumour response at low doses remains far
from satisfactory.

Recently, we developed a novel peptide derived f&RG but with a shorter amino acid
sequence, 5-mer-NH1) (DMePhe-DTrp-Phe-DTrp-Leu-N#i with 1Cso values in the range of 23-
31 uM against H69 (chemo-naive SCLC cell line) &dS79 (SCLC cell line originating from
patient treated with chemotherapeutics and radhat@rapy), superior to SPG.[26] Cytotoxicity
was greatly enhanced by chemitat-prenyl modification on the indole nitrogeny of the 4"
D-tryptophan (D-Trp) residue to compriteet-Prenyf"™-NH, (2) (DMePhe-DTrp-Phe-DTrp(Nert-
prenyl)-Leu-NH).[26] The latter compound exhibited gralues of 2.84 + 0.14 uM and 4.37 *
0.44 uM on H69 and DMS79 cells, respectively.[26]der the same conditions, SPG did not show
cytotoxicity up to the maximum tested concentratmn30 uM on either cell line.[26] Using
DMS79 xenografts and applying a low dose of 1.3kaga 30% reduction in tumour volume was
evident.[26] The objective of this research is wottier enhance the cytotoxicity of these peptide
analogues. Hence, inspired by the remarkable efffeitte introduction of théert-prenyl moiety to
increase the potency of the peptide sequence agiisC, we aimed to optimise the lead structure
by considering increasing lengths of aliphatic &liodifications on N of the D-Trp residues.
Here, we have generated a further eight pentapepédd explored the possibility of having tfi& 2
D-Trp residue modified. The most cytotoxic candedaivere tested for their stability in plasma and

S9 liver fraction from mouse before assessing thigility to induce apoptosis.

2. Results and discussion
2.1. Yynthesis of N™-alkylated D-tryptophan derivatives

The syntheses of 'N-alkylated D-Trp derivativesire illustrated inScheme 1 The tert-
butyloxycarbonyl D-Trp (Boc-D-Trp-OH) was treatedthwvtwo equivalents of potassiurert-
butoxide to de-protonate™ and the carboxylic acid, followed by reaction witkyl (methyl,
ethyl, propyl, butyl and pentyl) iodide. This resal in alkylation of N whilst also forming the
alkyl ester (Boc-D-Trp(N-R)-O-R) 3(7). Subsequently, the ester was hydrolysed formimg t
alkylated building blocks required for peptides togsis (Boc-D-Trp(N-R)-OH) &12). The
structures were confirmed by4 and *C NMR spectroscopy and mass spectrometry (MS) as
reported in the experimental, with NMR spectra jed in the Supplementary Data (SPB)dures
S1-S119.

The *H NMR (400MHz, CDC}) spectra for the modified derivatives showed the
disappearance of the"fH (observed ad: 8.09 in the un-modified Boc-D-Trp-OHFigure S1),
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and the appearance of the peaks correspondingetcadided alkyl groups. For example, the
spectrum foi3 showed the appearance for two peaks correspomalithgg two added methyl groups
at 3.75 and 3.69 ppm, and the disappearance of'thél peak Figure S23. The spectrum for the
carboxylic acid 8) showed only a single peak for the methyl groupN3H at 3.74 ppm Rigure
S79.

o ~ NH ¢-BuOK o ~ N-Rr 1M LiOH o - N-R
>[\ H Rl >L H HCI / Hy0 >[\ :
L OH JU o. JU OH
TNy THT Y

Boc-D-Trp-OH Boc-D-Trp(N-R)-O-R Boc-D-Trp(N-R)-OH
3: R=Me 8: R=Me
4: R=Et 9: R=Et
5: R=Pr 10: R=Pr
6: R=Bu 11: R=Bu
7: R=Pe 12: R=Pe

Scheme 1Synthesis of the carboxylic acid derivatives &SFMIkyIated Boc-D-Tryptopharg8(12).

2.2. Peptides Synthesis

The synthesis of peptide43-20/ Figure 1) was completed using liquid phase peptide
synthesis (LPPS) as previously described.[26] THoequlure entailed activating the free carboxylic
group to produc@&l-hydroxysuccinimide (NHS) amino acid ester (or stobvain NHS peptide ester
after amino acids coupling), followed by couplinglhwfree amino acid§cheme 2. Peptides were
purified by reversed phase (RP)-HPLC (>95% puranyl structuresl@-20) were verified by MS
(data in experimental section and RP-HPLC chronratog inFigures S12S19.



Methyl*"-NH, (13): R=Me, R,=H, R3=NH,
Ethyl*"-NH, (14): R,=Et, R,=H, R3=NH,
Propyl“"-NH, (15): R4=Pr, R,=H, R3=NH,
Butyl*"-NH, (16): R{=Bu, R,=H, R;=NH,
Pentyl*"-NH, (17): R4=Pe, R,=H, R3=NH,
Butyl>"d-NH, (18): R4=H, R,=Bu, R;=NH,
Butyl?"d#"_NH, (19): R4=Bu, R,=Bu, R3=NH,
Butyl*"-OH (20): Ry=Bu, R,=H, R;=OH

Figure 1. Structures of the novel peptidds3{20) synthesised by LPPS.

O i
H,N-R' -
RJ\OH NHS /DCC )]\ p _HNR R

Nach3 H
Amino acid or NHS amino acid/ Amide bond
short chain peptide short chain peptide formation

ester (-OSu)

Scheme 2.Synthesis ofN-hydroxysuccinimide (NHS) amino acid/peptide esatétized in the
synthesis of peptide$3-20. R = -CHR-NH; / short peptide, R’ = -CHRCOOH, R/R; = side

chains.

2.3.Cdll Viability Assays

Cell viability was evaluated by treating H69 and BR® cells with peptide$3-20 in the
0.1-30 uM range for 48 hours, with subsequent digheoresazurin dye cell viability assay.s6C
values Table 1) for all the peptides were derived from the dosspoase curvesF{gure S24.
Table 1also presents the dgvalues obtained fat and2 previously.[26]



Table 1
Cytotoxicity (IGso = SE) ofl, 2 and13-20 on H69 and DMS79 cell lines after treatment for 48

hours

H69 Cells DMS79 Cells
Peptide ICs0t SE (UM) | ICs0% SE (M)
n=3 n=3
1 30.74 £ 0.30 23.00 £ 2.07
2 2.84+0.14 4.37 +£0.44
13 3.98 +£0.22 4.03+0.31
14 1.83 +£0.03 1.92 +0.03
15 1.57+0.10 1.91+0.03
16 1.C1+0.02 1.43+0.14
17 1.80+0.10 2.37 £ 0.06
18 4.05+0.17 3.88 £+ 0.15
19 0.62+0.05 2.21+0.12
20 > 30 > 30

In the first series of peptided¥17), the N'-alkylated D-Trp is located near the C-
terminus of the peptide sequenc¥ (dsidue), analogous to the previous lead sequ@n¢6] that
was modified withtert-prenyl at the same position. Bench marking theenlesl 1G, values Table
1) agains®2, all of the N'-alkyl modified peptides in this series¥17) showed higher cytotoxicity
on both cell lines, except fdr3 (N"-methyl D-Trp) on H69, which was ~1.4 times lestivac
There is a general trend in improved cytotoxicgytiae alkyl chain length increases from C1 to C4.
The best analogue comprise&Mutyl D-Trp at the % residue {6). Overall,16 was ~3 fold more
cytotoxic,in vitro, on both cell lines thal

To explore whether D-Trp on the"2residue of the sequence made the peptide more
cytotoxic, 18 was synthesised and screened. This positionalgehafi N"®-butyl D-Trp in the
peptide sequence reduced the potency by approxiyngte fold, in comparison t@6, on both cell
lines. Its cytotoxicity was comparable to the métgd analoguel@). However,16 and 18 are
considered potent in comparison tdhat has un-modified D-Trp residueBable 1). In view of
this, a further peptide was designed to take adggndf observed enhanced cytotoxicity at both D-
Trp positions relative td. Peptidel9, with both the ' and the # residues of D-Trp modified with
the N"-butyl group, resulted in the highest cytotoxiaifyall peptides on the H69 cell line. Indeed,
for the first time, a sub-micromolar value has beahmieved for any SP analogue for SCLC
treatment. DMS79 cell line originates from a pateith SCLC who had undergone treatment with
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cytoxan, vincristine, methotrexate and radiatioeraipy.[26] Such treatment could reduce the
sensitivity of the cell line to chemotherapy. Theadmodified peptide was found to retain higher
cytotoxicity against DMS79 compared2palbeit with a ~1.6 fold reduction comparedlLt

A further analogue of the most potent peptitl6) @gainst DMS79 was produced to study
the influence of the C-terminus amide group. Peqtidlwas thus synthesised as a free carboxylic
acid and screened. The de-amidation of the C-tersnaompletely inactivated the peptide against
both cell lines, with no growth inhibition at 30 uMhis indicates that the C-terminal amide is
crucial for cytotoxicity.

Broad spectrum antagonists may have multiple targetonging to the G-protein linked
receptors, many of which are membrane bound wiknown crystal structures. In the absence of
any specific target and structural informationeinains difficult to rationalise the exact roleysd
by the N"butyl and the C-terminal amide groups on the basimolecular modelling. However,
since the cytotoxicity peaked at the same chaigtleifbutyl) for both the cell lines, it could be
argued that there is some common binding site regustrong hydrophobic interaction with an
alkyl chain and such site has steric constraintepiimally accommodate butyl group. This may
also explain the loss of activity upon de-amidatiaa the carboxylic group in its ionised form,
would significantly reduce the hydrophobicity gé&iom the alkyl chain that is critical to render the
peptide cytotoxic. The hydrophilic-lipohilic balamds particularly effective as thé"4esidue is
close to the peptide’s C-terminus.

2.4. The stability of peptides 2, 16, 19 and 20 in plasma and S9 liver fraction from mouse

When optimising for functional activity there issala need to assess whether the desired
modification will negatively affect the stabilityf the peptide. Characterisation of the metaboli$m o
peptides is useful to improve their stabilibywivo. The finding that a carboxylic acid group, instead
of the usual amide, at the C-terminus inactivatescttotoxicity ofl6 (results of20 - Table 1) may
compromise its usen vivo as protein de-amidation reactions are widespnegdaisma. Peptideks
and19, being the most cytotoxic peptides, were exposedtid conditions oin vitro metabolism in
plasma. Peptid20 lacking the amide group was used as a con®eptides 16, 19 and 20 were
incubated in neat mouse plasma at 37 °C for 48shdReptide2, previously tested over a shorter
incubation time,[26] was included for benchmarkipgrpose. Relevant sections of typical
chromatograms obtained are showirigure 2.

The chromatograms fdt, 16 and19 showed a gradual loss of the parent peptide vaigh t
concomitant increase in intensity of closely elgtpeak(s) with a slightly higher retention timg) (
suggesting time dependent degradation in plasmaniative assessmerkigure 3) revealed that
the butylated sequencels(and19) were far more stable with >80% integrity compat@thetert-
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prenylated 2) form, which degraded by almost ~42%, after 24rhexposure. The di-butylated
peptide 19) was the most stable with 81% integrity after 481$ exposure to neat plasma. Peptide
20, similar to16 but with a carboxylic acid at the C-terminus, sedwo sign of degradation. The
percentages of the parent peptides remaining ediehn time point in plasma studies are presented in
SD inTable S1

tert-Prenyl*™-NH, Butyl*"-NH,  Buty™".NH, Butyl*™-OH

2 16 19 20
|
|
0 hr
28 s 2% 2%
tg (mins) 24.62 25.00 27.53 25.36
\' ’\ | lil
3 hrs .j FI ‘[ j
Ju I\ - L
L e Ty e
25 28 25
fz (mins) 24.62 /24 89 2498 /25.29 27.52/27.93 25.30
24 hrs M ﬂ/\ l
25 25 = 25
fz (mins) 24.59/ 24.86 2496/2526 27.52/27.74/27.94 25.29
48 hrs
25 25 22 25
fz (mins) 24.60 / 24 .86 249372523 27.53/27.74/2794 25.27

Figure 2. Sections of RP-HPLC chromatograms obtained fromplasma stability studies fd,
16, 19 and20. Chromatograms are from 0, 3, 24 and 48 hoursipoabation of peptides at 37 °C
with retention times tg) of peaks observed presented beneath the chroraaieg The full

chromatograms are presented in Figgres S25528.



Relative % of Parent Peptide to Degradation
Product(s) in Plasma Studies

1004
% |
=) ] tert-Prenyl‘“h-NHz
)
A 1 Butyl*"-NH,
=
g 50+ BN Buty?*"NH,
-9
o B Butyl*"-OH
N
=)
0
0 3 24 48
Time (hrs)

Figure 3. Bar-chart presentation for the relative percent@geSEM) of 2, 16, 19, and 20 to

degradation product(s) in plasma studies at 04 &2l 48 hours post-incubation; n = 3.

From the closely matching retention times for thegrddation product of the amidated
peptidel6 (tr = 25.23 mins after 48 hours) and that of the cayboyxacid peptide20 (tr = 25.27
mins after 48 hours), it seemed plausible to inliet the degradation df6 could arise by a de-
amidation reaction in plasma. To substantiate filnither, both peptideslé and20) were mixed
and processed using identical sampling procedure.amount oR0 in the mixture was kept at 2.5
times lower tharnl6 to simulate higher level of the amidated productnated for the 48 hours
plasma treated samplEigure 2, bottom RP-HPLC trace section fb8) and to help assign the two
peaks following elution. The mixture of the two pidps was exposed to neat plasma as above and
the samples analyse#figure 4 clearly showed that the de-amidated form had & médower
intensity which eluted later than its amide fornmeTrelative percentage of each compound and
their specifictr is also presented beneath the chromatogram secilitve profiles and degradation
pattern appears similar to those obtained for tegratlation ofl6 (Figure 2) having almost
identicaltr values. The peak area assigned to the de-amigafgdie R0) increases concurrently
with a decline of the amide peptide pe&B)( The process of degradation in plasma is thugylito

be due to de-amidation of the C-terminus residue.
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48 hrs
o 3hrs || 3\ 24 hrs
JU

DAV

" =

HTI'I'I‘I'

25

P o b

25

2 2%
24.97(69.7%) / 25.27(30.3%)  24.96 (66.1%) / 25.26 (33.9%) 24.95 (48.4%) / 25.24 (51.6%)  24.93 (39.4%) / 25.23 (60.6%)

-

Figure 4. Sections of RP-HPLC chromatograms for the plastabilgy study performed on the
mixture containingl6 and a lower amount &0, over time (0-48 hrs)kr and percentage of each
peak is presented beneath each chromatogram. Tlehfomatograms are presented in $y(re
S29.

Samples at 0 and 48 hours incubation with pladaigu(e 4) were analysed by MS. The
MS spectra (presented in SD) also supports therddasion of16 to give20. The most abundant
ion observed for the 48 hours sample was for thandielated compound at'z 868.5 Figure S30
compared tawz 867.5 Figure S30 for the amidated compound for the 0 hour samRkesults
were similar for the plasma stability study f@ralso showing a one unit higher mass after
incubation in plasma. The predominant ionmé: 880.5 Figure S31) was present at 48 hours for
the de-amidated compound and at O hour was fgpahent amide peptid@)atm/z. 879.5 Figure
S31). Peptide20, devoid of a C-terminal amide, showed the samed@renant ion atw/'z. 868.5
(Figures S332 indicating complete stability in plasma, in agremt with the RP-HPLC data
(Figure 2). For16 and19, the MS results showed a predominant ion for gremt amidated form at
0 and 48 hoursHigures S33and S34. This is consistent with the observed RP-HPLCfij@®
(Figure 2) also indicating that the major component remanithe native butylated and amidated
sequences. The"®butyl modifications have thus significantly reddcine susceptibility of these
analogues to plasma, to a point that there ig lgéptide degradation up to 24 hours.

Peptides16 and 19 were further subjected to the S9 liver fractioonir mouse in the
presence of cofactors [27] for a period of 3 hoilifss would give further insight into the stability
of the peptides towards Phase | and Phase |l mitadgpenzymes. Peptidd$ and19 were shown
to be completely stable in S9 liver fractidgiigures S35andS36).

Our results are consistent with another relatedaB&ogue known as SPD, which most
likely targets the same receptors as SPG.[28] @tigedwo major metabolites for SPD (DArg-Pro-
Lys-Pro-DPhe-GIn-DTrp-Phe-DTrp-Leu-Leu-NHwas isolated and confirmed by MS as the C-
terminus de-amidated product (DArg-Pro-Lys-Pro-Dite-DTrp-Phe-DTrp-Leu-Leu-OH) as a
result of serine protease action. Tihevitro biological activity of this metabolite was poor the
action of neuropeptides, bombesin, vasopressinraayiinin, could not be antagonised with it.

This is in contrast to the antagonist effect obsdmwith the amidated parent peptide when using the
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same neuropeptides. It was implied that receptmrshiese growth factors could be more selective
in binding to the C-terminus structure of their aguanists. Our results support this proposal as
modifications near the C-terminus, D-Trp &t gosition, were identified as the most effectivesi

to maximise the cytotoxicity and resistance to mplasand S9 liver fraction degradation. Therefore
the hypothesis made by Jonesal. [28] that “development of more potent broad-spectrum
antagonists may be possible by slight modificatiohthe C-terminus” has now been substantiated

with our analogues in this study.

2.5 Assessment of apoptosis
2.5.1 Acridine Orange/Ethidium Bromide dual staining

The most cytotoxic peptides, singlyd] and di-butylated 19) peptides, were selected for
testing their ability to induce apoptosis in H6ddnMS79 cell lines. Photomicrographs of cells
stained with acridine orange (AO) and ethidium bider(EB) are presented kigure 5. Untreated
cells Figure 5 A andD) showed predominantly green fluorescence duetéztimplasma membrane
allowing AO staining only.[29] However, above th€sd values for both peptides at 6 uM
concentrationKigure 5 B,C,E andF) of peptides, mainly red/orange fluorescencelatted to loss
of plasma membrane integrity is seen.[29] Hence,gaBs entry into cells to intercalate with the
DNA, highlighting the late apoptotic and necrotiglls.[29, 30] In the latter case (at 6 uM) cell
shrinkage was also observed when compared to titeot®y suggesting apoptosis.[31] A few bright
green regions were still observed on cells treatitll 6 M, suggesting chromatin condensation of

cells undergoing apoptosis.[30]

Figure 5. H69 cells(top) and DMS79 cellgbottom), untreatedd andD) and incubated with M

of 16 (B andE) and19 (C andF) for 48 hours in complete media in 96-well plafése cells were
stained with 5 ul AO/EB mix and viewed under anertgd fluorescence microscope. The scale bar
on each photomicrograph is 100 pm.
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2.5.2 Annexin V conjugate and flow cytometric analysis

The novel potent Rf-butylated peptidel6, and its unmodified versiod [26] were
incubated for 24 hours with DMS79 cells and dowdtéened using Annexin V Fluor® 555 (AnnV)
conjugate and SYTOX® Blue (SyB) dead cell stain.[28] The former stain binds to phosphatidyl
serine (PS) residues that become exposed at tlee sutface of the plasma membrane of cells
undergoing apoptosis. DMS79 cell line was seleet®@ variant cell line model more resistant to
chemotherapy since it is established from a SCLGiepa treated with three different
chemotherapeutics and radiation therapy.[26] Pefdt&lwas the most cytotoxic against this cell
line (Table 1).

Quantitative assessment of apoptosis was evalaatedv (2uM) and high (6uM) peptide
concentrations using flow cytometry. A bar-chafig(re 6) presents the levels of cells classified
into four stages; live cells (AnnV-/SyB-), earlyagtotic cells (AnnV+/SyB-), late apoptotic cells
(AnnV+/SyB+) and necrotic cells (AnnV-/SyB+). Doloks are presented in the SBigure S37).
Apart from a slight increase in live cells, treatmeith 1 had similar levels of cells in each of the
four stages as the untreated sample, irrespectitbeoconcentrations used. This is an expected
observation ad has a high 16 value (23uM) [26] on this cell line and will be non-cytotoxat
these concentrations. In contrast, the singly latg peptide 16) caused highly significant (P
<0.0005) apoptosis in a concentration dependenhaeraiven at a low concentration of peptide (2
uM), a small increase (P <0.05) of early apoptoélitscwas observed relative to the control sample.
Raising the concentration df6 to 6 uM caused the level of late apoptotic cells, to éase
massively up to 95.5%-{gure S37 E- top right quadrant) and concurrently the levieliable cells
(Figure S37 E- bottom left quadrant) dropped to 1.0%. Thesalteshow that the optimised
peptidel6 was highly effective to induce cell death in whatuld otherwise be a very difficult cell

line (DMS79) to treat using conventional chemotbersics.
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Figure 6. A bar-chart presentation for the flow cytometri@bsis showing the % events (x SEM)
of live, early apoptotic, late apoptotic and neicraells for DMS79 cells treated with 2 and 6 pM of
peptidesl and16, compared to untreated sample; (n = 3); *(P <Q.85jP <0.0005).

3. Conclusion

Novel pentapeptides based on the short SPG sequameesynthesised by incorporating D-
Trp derivatives modified with R-alkyl chains. Screening against SCLC cell lineseged that the
N™.-butyl substituent provided the most cytotoxic jpegs with improved resistance to de-
amidation by plasma and metabolism in the S9 lfwaction. A single N-butyl modification on
the 4" D-Trp residue enhanced the cytotoxicity by a <8 feith H69 and DMS79 cells, compared
to our recently discovered sequencert{Prenyf™NH,) [26] where N'-tert-prenyl was
incorporated on the indole ring. The most activatgeeptide against the human SCLC cell line
DMS79 (derived from a patient who had been treatgéd chemotherapeutics and radiotherapy),
was 16 (DMePhe-DTrp-Phe-DTrp(N-butyl)-Leu-NH Given that this peptide sequence was also
metabolically stable for sufficient time, futuremour regression studies for SCLC are planned.
This may provide an improved treatment for chensistant SCLC, through the broad spectrum
action of this peptide analogue to inhibit a numbadr receptors and multiple signalling

pathways.[33, 34]

4. Experimental

4.1. Materials and instrumentation for the synthesis of N"_g] kylated D-tryptophan derivatives
Chemicals and solvents were obtained from NovaleiechSigma-Aldrich and Fisher

Scientific. Silica gel, ZEOprep 60/ 40-63 microms&s obtained from Apollo Scientific. Thin Layer

Chromatography (TLC) plates, TLC Silica gel 6&4Aluminium sheets, were obtained from
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Merck Millipore. Reaction progression was monitofeg TLC and spots on TLC plates were
visualised using UV Mineralight lamp (254/365) UVGB. *H and**C NMR Spectroscopy were
performed using a Bruker Avance 400 MH#Y and 75 MHz ’C) spectrometer and chemical
shifts ¢) are quoted in parts per million and referencesidl@ent residual peak. NMR spectra were
generated using Topspin 2.1 software. Electrosfmaigation MS (ESIMS) (Waters SQD-2 Single
Quadrupole Mass Spectrometer attached to Acquiti?lU®) and Atmospheric Pressure Chemical
lonisation MS (APCIMS) (Agilent Technologies 612@&rupole LC/MS) were performed at the
School of Chemistry, the University of Manchesteid anolecular ions peaks are reported as
mass/chargent/z) ratios.Melting points (mp) were measured using a Stuasrific melting point

apparatus SMP10.

4.1.1. Boc-D-Trp(N-methyl)-O-methyl (3)

A solution oft-BuOK (0.74 g, 6.58 mmol) in dry tetrahydrofurarHf) (10 ml) was added
dropwise to a solution of Boc-D-Trp-OH (1.0 g, 3:2&nol) in dryN,N-dimethylformamide (10 ml)
under N atmosphere at 0 °@he mixture was stirred for 20 minutes at room terafure (RT).
lodomethane (410 ul, 6.58 mmol) was then addetié¢cabove mixture under,Nitmosphere at 0
°C. The mixture was stirred at RT for 8 hours. Téection completion was checked by TLC (ethyl
acetate/hexane, 1:1). Citric acid aqueous soluf8®¥ w/v) (200 ml) was then added and the
mixture was extracted with ethyl acetate (4 x 5). fhe organic layers were combined, dried over
anhydrous sodium sulphate (@$&), and concentrated under reduced pressure. Thie gnoduct
was purified by flash column chromatography (etgétate/hexane, 1:4), to give 0.75 g (68.7%) of
3 as a yellow oil*H NMR (400 MHz, CDGJ) 6: 7.54 (d, 1H,J 7.6 Hz, Ar-H), 7.29 (d, 1HJ 8.0
Hz, Ar-H), 7.23 (dd~t, 1H) 7.6 Hz, Ar-H), 7.11 (dd~t, 1H] 7.4 Hz, Ar-H), 6.86 (s, 1H, Ind-2-H),
5.07 (br-d, 1HJ 7.6 Hz, NHBoc), 4.64 (dd, 1H), 13.2, 5.2 Hz, CH), 3.75 (s, 3H, N-Glan Ind),
3.69 (s, 3H, OChlester), 3.33-3.24 (m, 2H, GH 1.44 (s, 9Ht-Bu). **C NMR (75 MHz, CDC},
assignments made using DEPT-135172.9 (C, C12), 155.4 (C, C13), 137.1 (C, Ar-028.3 (C,
Ar-C), 127.6 (CH, Ar-C), 121.9 (CH, Ar-C), 119.2KCAr-C), 119.0 (CH, Ar-C), 109.4 (CH, Ar-
C), 108.7 (C, Ar-C), 79.9 (C, C14), 54.4 (CH, C132,3 (OCH ester), 32.8 (N-Cklon Ind), 28.4
(8 x Chs, C15, C16, C17), 28.0 (GHC10). MS (ESI)mVz [M+Na]" 355.2. Accurate mass
calculated for ggH24N,OsNa: 355.1628. Found: MS (ESI) 355.1637.

4.1.2. Boc-D-Trp(N-ethyl)-O-ethyl (4)

The method of synthesis was similar to that deedrilor3, except that iodoethane (526 pl,
6.58 mmol) was used. A yellow oil (0.67 g, 56.6%)Yowas isolated after flash chromatography.
'H NMR (400 MHz, CDC}) d: 7.56 (d, 1HJ 7.6 Hz, Ar-H), 7.31 (d, 1HJ 8.4 Hz, Ar-H), 7.21
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(dd~t, 1H,J 8.0 Hz, Ar-H), 7.10 (dd~t, 1HI 7.4 Hz, Ar-H), 6.93 (s, 1H, Ind-2-H), 5.07 (brdHl, J
7.6 Hz, NHBoc), 4.62 (dd, 1H,13.6, 5.6 Hz, CH), 4.13 (q, 2H,7.1 Hz, CHCHs), 4.13 (q, 2H,)
7.3 Hz, CHCHs), 3.32-3.23 (m, 2H, C}), 1.44 (s, 9H,t-Bu), 1.44 (t, 3H,J 7.2 Hz, 3H of
OCH,CH; ester), 1.20 (t, 3H,J 7.2 Hz, N-CHCH; on Ind). °C NMR (75 MHz, CDC},
assignments made using DEPT-135)172.5 (C, C12), 155.4 (C, C13), 136.1 (C, Ar-©28.6 (C,
Ar-C), 125.8 (CH, Ar-C), 121.7 (CH, Ar-C), 119.1 2CH, Ar-C), 109.4 (CH, Ar-C), 109.0 (C,
Ar-C), 79.8 (C, C14), 61.3 (CHOCHCHgsester), 54.5 (CH, C11), 40.9 (gHN-CH,CH3z on Ind),
28.5 (3 x CH, C15, C16, C17), 28.2 (GHC10), 15.5 (Chl N-CH.CHs on Ind), 14.2 (CH,
CH,CHs on ester). MS (ESwz [M+K]" 399.2. Accurate mass calculated fosHGsN,O4K:
399.1681. Found: MS (ESI) 399.1673.

4.1.3. Boc-D-Trp(N-propyl)-O-propyl (5)

The method of synthesis was similar to that deedrifor 3, except that 1-iodopropane (642
pl, 6.58 mmol) was used. A yellow oil (0.75 g, 98)8 of 5 was isolated after flash
chromatography'H NMR (400 MHz, CDGJ) J: 7.56 (d, 1H,J 8.0 Hz, Ar-H), 7.30 (d, 1HJ 8.0
Hz, Ar-H), 7.20 (dd~t, 1H) 7.6 Hz, Ar-H), 7.10 (dd~t, 1Hl 7.4 Hz, Ar-H), 6.91 (s, 1H, Ind-2-H),
5.07 (br-d, 1H,J 7.6 Hz, NHBoc), 4.63 (dd, 1HJ) 13.2, 5.6 Hz, CH), 4.05-3.99 (m, 4H,
CH,CH,CHs on Ind and ester), 3.30 (dd, 1H14.2, 5.0 Hz, 10-Ck), 3.26 (dd, 1H, 14.6, 5.0 Hz,
10-CHs), 1.84 (sextet, 2HJ 7.2 Hz, N-CHCH,CHsz on Ind), 1.59 (sextet, 2H] 7.0 Hz,
OCH,CH,CHjs ester), 1.44 (s, 9H;Bu), 0.91 (t, 3HJ 7.4 Hz, OCHCH,CHjs ester), 0.86 (t, 3H]
7.4 Hz, N-CHCH,CHjz on Ind).**C NMR (75 MHz, CDC}, assignments made using DEPT-185)
172.5 (C, C12), 155.4 (C, C13), 136.4 (C, Ar-C)8B2(C, Ar-C), 126.6 (CH, Ar-C), 121.7 (CH,
Ar-C), 119.1 (2 x CH, Ar-C), 109.5 (CH, Ar-C), 1@8(C, Ar-C), 79.8 (C, C14), 66.9 (GH
OCH,CH,CHjsester), 54.5 (CH, C11), 48.0 (gHN-CH,CH,CHs on Ind), 28.4 (3 x C C15, C16,
C17), 28.2 (CH, C10), 23.6 (Chl N-CH,CH,CHj3 on Ind), 22.0 (Chl OCH,CH,CHs ester), 11.6
(CHs, N-CH,CH,CHz on Ind), 10.4 (Ch, OCHCH,CHs ester). MS (ESIm/z [M+Na]" 411.2.
Accurate mass calculated fopH3,N.OsNa: 411.2254. Found: MS (ESI) 411.2248.

4.1.4. Boc-D-Trp(N-butyl)-O-butyl (6)

The method of synthesis was similar to that deedritor 3, except that 1-iodobutane (749
pl, 6.58 mmol) was used. A yellow oil (1.03 g, ®)3 of 6 was isolated after flash
chromatography'H NMR (400 MHz, CDC}) §: 7.55 (d, 1H,J 7.6 Hz, Ar-H), 7.30 (d, 1H) 8.4
Hz, Ar-H), 7.20 (dd~t, 1H) 7.6 Hz, Ar-H), 7.10 (dd~t, 1H] 7.2 Hz, Ar-H), 6.90 (s, 1H, Ind-2-H),
5.07 (br-d, 1H,J 8.0 Hz, NHBoc), 4.63 (dd, 1H) 13.6, 5.6 Hz, CH), 4.10-4.03 (m, 4H,
CH,CH,CH,CH3z on Ind and ester), 3.32-3.23 (m, 2H, £H1.79 (pentet, 2HJ 7.3 Hz, N-
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CH,CH,CH,CHj3 on Ind), 1.53 (pentet, 2H,7.2 Hz, OCHCH,CH,CHjs ester), 1.44 (s, 9H;Bu),
1.30 (sextet, 4H,J 7.5 Hz, CHCH,CH,CH; on Ind and ester), 0.94 (t, 3H 7.4 Hz,
OCH,CH,CH,CHj ester), 0.89 (t, 3H) 7.4 Hz, N-CHCH,CH,CHs on Ind).**C NMR (75 MHz,
CDCl, assignments made using DEPT-135172.5 (C, C12), 155.4 (C, C13), 136.4 (C, Ar-C),
128.5 (C, Ar-C), 126.6 (CH, Ar-C), 121.7 (CH, Ar;()19.1 (2 x CH, Ar-C), 109.5 (CH, Ar-C),
108.8 (C, Ar-C), 79.8 (C, C14), 65.2 (gHOCH.CH,CH,CHjs ester), 54.5 (CH, C11), 46.1 (gH
N-CH,CH,CH,CHjs on Ind), 32.4 (Chl N-CH,CH,CH,CHjz on Ind), 30.6 (Cki OCH,CH,CH,CHs
ester), 28.5 (3 x C# C15, C16, C17), 28.2 (GHC10), 20.3 (Chl N-CH.CH,CH,CHjz on Ind),
19.1 (CH, OCH,CH,CH,CH; ester), 13.80 (Ck N-CH,CH,CH,CHz on Ind), 13.76 (CHl
OCH,CH,CH,CHs ester). MS (ESIWz [M+K] ™ 455.2. Accurate mass calculategyizsNoO4K:
455.2307. Found: MS (ESI) 455.2308.

4.1.5. Boc-D-Trp(N-pentyl)-O-pentyl (7)

The method of synthesis was similar to that desdrifor 3, except that 1-iodopentane (856
pl, 6.58 mmol) was used. A yellow oil (0.53 g, 3)3 of 7 was isolated after flash
chromatography'H NMR (400 MHz, CDGJ) J: 7.54 (d, 1HJ 8.0 Hz, Ar-H), 7.30 (d, 1HJ 8.0
Hz, Ar-H), 7.19 (dd~t, 1HJ) 7.6 Hz, Ar-H), 7.09 (dd~t, 1H] 7.3 Hz, Ar-H), 6.90 (s, 1H, Ind-2-H),
5.06 (br-d, 1H,J 8.0 Hz, NHBoc), 4.62 (dd, 1H]) 13.6, 5.6 Hz, CH), 4.09-3.99 (m, 4H,
CH,CH,CH,CH,CHs on Ind and ester), 3.32-3.21 (m, 2H, §HL.80 (pentet, 2HJ) 7.3 Hz, N-
CH,CH,CH,CH,CHs on Ind), 1.55 (pentet, 2H,7.1 Hz, OCHCH,CH,CH,CHj ester), 1.43 (s, 9H,
t-Bu), 1.37-1.21 (m, 8H, C€H,CH,CH,CH; on Ind and ester), 0.90-0.86 (m, 6H,
CH,CH,CH,CH,CH; on Ind and ester)*C NMR (75 MHz, CDC}, assignments made using
DEPT-135)0: 172.6 (C, C12), 155.4 (C, C13), 136.3 (C, Ar-98.5 (C, Ar-C), 126.5 (CH, Ar-C),
121.7 (CH, Ar-C), 119.1 (2 x CH, Ar-C), 109.5 (CAr-C), 108.8 (C, Ar-C), 79.8 (C, C14), 65.6
(CH,, OCHCH,CH,CH,CHjs ester), 54.5 (CH, C11), 46.4 (gHN-CH,CH,CH,CH,CHj; on Ind),
30.1 (CH, N-CH,CH,CH,CH,CHj3 on Ind), 29.3 (Chl N-CH,CH,CH,CH,CHjz on Ind), 28.5 (Chl
OCH,CH,CH,CH,CHs; ester), 28.3 (3 x C§ C15, C16, C17), 28.2 (GHC10), 28.1 (CH
OCH,CH,CH,CH,CH3; ester), 225 (CH N-CH,CH,CH,CH,CH3; on Ind), 22.4 (CH
OCH,CH,CH,CH,CHz ester), 14.07 (CH N-CH,CH,CH,CH,CH; on Ind), 14.04 (Ch
OCH,CH,CH,CH,CHs ester). MS (ESI)my/z [M+H]" 445.3. Accurate mass calculated for
CaeHaoN20O4H: 445.3061. Found: MS (ESI) 445.3058.

4.1.6. Boc-D-Trp(N-methyl)-OH (8)
An aqueous solution of 1 M LIOH (25 ml) was added17 g of3 dissolved in THF (25 ml)
and the reaction was monitored by TLC (ethyl aedtaixane, 1:1). After completion of hydrolysis,
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the reaction was acidified by an aqueous solutioh B HC| and the mixture was extracted with
ethyl acetate (3 x 50 ml). The organic layers wammbined, washed withJ@ (2 x 20 ml), dried
over NaS(O,, concentrated under reduced pressure, and lysetiito give 0.60 g (89.5%) 8fas a
white solid; mp: 154-156 °CH NMR (400 MHz, CDC}) §: 7.59 (d, 1H,J 8.0 Hz, Ar-H), 7.29 (d,
1H, J 8.0 Hz, Ar-H), 7.23 (dd~t, 1H] 7.4 Hz, Ar-H), 7.11 (dd~t, 1H] 7.4 Hz, Ar-H), 6.90 (s, 1H,
Ind-2-H), 5.03 (br-d, 1H) 7.2 Hz, NHBoc), 4.7-4.6 (br-m, 1H, CH), 3.74 ($],3\-CHs), 3.38-
3.26 (m, 2H, CH)), 1.43 (s, 9H1-Bu). **C NMR (75 MHz, CDG}, assignments made using DEPT-
135)4: 176.6 (C, C12), 155.8 (C, C13), 137.1 (C, Ar-038.4 (C, Ar-C), 127.8 (CH, Ar-C), 122.0
(CH, Ar-C), 119.4 (CH, Ar-C), 119.0 (CH, Ar-C), 1@9(CH, Ar-C), 108.5 (C, Ar-C), 80.4 (C,
C14), 54.4 (CH, C11), 32.8 (GHN-CH), 28.4 (3 x CH, C15, C16, C17), 27.6 (GHC10). MS
(ESI) m/'z [M+Na]" 341.1. Accurate mass calculated forH3N,O4Na: 341.1472. Found: MS
(ESI) 341.1493.

4.1.7. Boc-D-Trp(N-ethyl)-OH (9)

The method of synthesis was similar to that deedritor8; 1 M LIOH was added to 0.6 g
of 4 to give 0.51 g (92.2%) & as a white solid; mp: 111-113 °&4 NMR (400 MHz, CDC}) ¢:
7.59 (d, 1HJ 7.6 Hz, Ar-H), 7.32 (d, 1H] 8.4 Hz, Ar-H), 7.21 (dd~t, 1H] 7.6 Hz, Ar-H), 7.10
(dd~t, 1H,J 7.4 Hz, Ar-H), 6.98 (s, 1H, Ind-2-H), 5.02 (brdH, J 7.2 Hz, NHBoc), 4.7-4.6 (br-m,
1H, CH), 4.12 (q, 2H) 6.8 Hz, N-CHCHjz), 3.36 (dd, 1H, 14.4, 5.2 Hz, 10-CK), 3.29 (dd, 1H,)
14.8, 5.2 Hz, 10-Ch), 1.43 (s, 9H{-Bu), 1.26 (br, 3H, N-CbCHy). *C NMR (75 MHz, CDC},
assignments made using DEPT-135176.6 (C, C12), 155.9 (C, C13), 136.1 (C, Ar-©28.5 (C,
Ar-C), 126.1 (CH, Ar-C), 121.8 (CH, Ar-C), 119.3KCAr-C), 119.1 (CH, Ar-C), 109.5 (CH, Ar-
C), 108.6 (C, Ar-C), 80.4 (C, C14), 54.4 (CH, C14),0 (CH, N-CH,CHz), 28.4 (3 x CH, C15,
C16, C17), 27.7 (Ck C10), 15.5 (Chl N-CH,CHz). MS (ESI)m/z [M+K]* 371.1. Accurate mass
calculated for GgH24N,O4K: 371.1368. Found: MS (ESI) 371.1387.

4.1.8. Boc-D-Trp(N-propyl)-OH (10)

The method of synthesis was similar to that deedritor8; 1 M LiOH was added to 0.7 g
of 5 to give 0.56 g (89.7%) df0 as a white solid; mp: 129-131 °& NMR (400 MHz, CDCJ) 4:
7.59 (d, 1HJ 7.6 Hz, Ar-H), 7.31 (d, 1HJ 8.0 Hz, Ar-H), 7.20 (dd~t, 1H] 7.4 Hz, Ar-H), 7.10
(dd~t, 1H,J 7.4 Hz, Ar-H), 6.96 (s, 1H, Ind-2-H), 5.02 (briH, J 7.6 Hz, NHBoc), 4.7-4.6 (br-m,
1H, CH), 4.03 (t, 2H, 6.8 Hz, N-CHCH,CH), 3.36 (dd, 1HJ 14.6, 5.0 Hz, 10-CkK), 3.28 (dd,
1H,J 14.8, 5.6 Hz, 10-Ck), 1.82 (sextet, 2H] 7.1 Hz, N-CHCH,CHs), 1.43 (s, 9Hi-Bu), 0.89 (t,
3H, J 7.4 Hz, N-CHCH,CHs). *C NMR (75 MHz, CDC}, assignments made using DEPT-135)
176.9 (C, C12), 155.8 (C, C13), 136.4 (C, Ar-C)812(C, Ar-C), 127.0 (CH, Ar-C), 121.8 (CH,
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Ar-C), 119.3 (CH, Ar-C), 119.0 (CH, Ar-C), 109.6 KICAr-C), 108.4 (C, Ar-C), 80.3 (C, C14),
54.4 (CH, C11), 48.1 (CHN-CH,CH,CHs), 28.4 (3 x CH, C15, C16, C17), 27.7 (GHC10), 23.6
(CH,, N-CH,CH,CHs), 11.6 (CH, N-CH,CH,CHs). MS (ESI)m/z [M+H]™ 347.2. Accurate mass
calculated for GH2eN,O4H: 347.1965. Found: MS (ESI) 347.1979.

4.1.9. Boc-D-Trp(N-butyl)-OH (11)

The method of synthesis was similar to that desdrifor8; 1 M LiOH was added to 0.95 g
of 6 to give 0.73 g (88.8%) df1 as a white solid; mp: 147-149 °& NMR (400 MHz, CDC)) ¢:
7.59 (d, 1HJ 7.6 Hz, Ar-H), 7.31 (d, 1HJ 8.4 Hz, Ar-H), 7.20 (dd~t, 1H] 7.4 Hz, Ar-H), 7.10
(dd~t, 1H,J 7.4 Hz, Ar-H), 6.96 (s, 1H, Ind-2-H), 5.02 (briH, J 7.6 Hz, NHBoc), 4.7-4.6 (br-m,
1H, CH), 4.06 (t, 2H, 6.6 Hz, N-CHCH,CH,CHj3), 3.36 (dd, 1HJ 14.8, 5.2 Hz, 10-CH), 3.28
(dd, 1H,J 14.8, 5.6 Hz, 10-Cf), 1.78 (pentet, 2H) 7.3 Hz, N-CHCH,CH,CHs), 1.43 (s, 9H{-
Bu), 1.35-1.23 (m, 2H, N-C}¥H,CH,CHs), 0.92 (t, 3H,J 7.4 Hz, N-CHCH,CH,CHs). *C NMR
(75 MHz, CDC4, assignments made using DEPT-185)76.9 (C, C12), 155.8 (C, C13), 136.4 (C,
Ar-C), 128.4 (C, Ar-C), 126.9 (CH, Ar-C), 121.8 (CHAr-C), 119.2 (CH, Ar-C), 119.0 (CH, Ar-C),
109.6 (CH, Ar-C), 1084 (C, Ar-C), 80.3 (C, Cl14)4.5 (CH, C11), 46.1 (CH N-
CH,CH,CH,CHj3), 32.4 (CH, N-CH,CH,CH,CHs), 28.4 (3 x CH, C15, C16, C17), 27.7 (GH
C10), 20.3 (CH, N-CH,CH,CH,CHs), 13.8 (CH, N-CH,CH,CH,CH3). MS (ESI) m/z [M-H]
359.2. Accurate mass calculated foptsN204-H: 359.1976. Found: MS (ESI) 359.1965.

4.1.10. Boc-D-Trp(N-pentyl)-OH (12)

The method of synthesis was similar to that desdrifor8; 1 M LiOH was added to 0.45 g
of 7 to give 0.31 g (81.8%) df2 as a white solid; mp: 99-101 °é4 NMR (400 MHz, CDC)) :
7.59 (d, 1H,J 7.6 Hz, Ar-H), 7.31 (d, 1H) 8.0 Hz, Ar-H), 7.20 (dd~t, 1H] 7.4 Hz, Ar-H), 7.09
(dd~t, 1H,J 7.4 Hz, Ar-H), 6.96 (s, 1H, Ind-2-H), 5.01 (briH, J 7.6 Hz, NHBoc), 4.7-4.6 (br-m,
1H, CH), 4.06 (t, 2H,J 7.0 Hz, N-CHCH,CH,CH,CHj), 3.35 (dd, 1HJ 14.8, 5.2 Hz, 10-Ck),
3.28 (dd, 1H, 14.8, 5.6 Hz, 10-Ck), 1.79 (pentet, 2H] 7.2 Hz, N-CHCH,CH,CH,CHj), 1.42 (s,
OH, t-Bu), 1.36-1.22 (m, 4H, N-CH¥H,CH,CH,CHs;), 0.87 (t, 3H, J 7.0 Hz, N-
CH,CH,CH,CH,CHs). *C NMR (75 MHz, CDGC}, assignments made using DEPT-135).76.4
(C, C12), 155.8 (C, C13), 136.4 (C, Ar-C), 128.4 /&-C), 126.9 (CH, Ar-C), 121.8 (CH, Ar-C),
119.3 (CH, Ar-C), 119.0 (CH, Ar-C), 109.6 (CH, A)Q08.4 (C, Ar-C), 80.4 (C, C14), 54.4 (CH,
C11), 46.5 (CH, N-CH,CH,CH,CH,CHjs), 30.0 (CH, N-CH,CH,CH,CH,CHs), 29.3 (CH, N-
CH,CH,CH,CH,CH3), 28.4 (3 x CH, C15, Ci6, C17), 27.7 (GH C10), 22.4 (Ch N-
CH,CH,CH,CH,CHs), 14.1 (CH, N-CH,CH,CH,CH,CHs). MS (ESI)mvz [M+H]" 375.2. Accurate
mass calculated forgH3oN2O4H: 375.2278. Found: MS (APCI) 375.2277.
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4.2. Materials and instrumentation for synthesis of peptides

Chemicals and solvents were obtained from Alfa AeA&TC Bioproducts, Sigma-Aldrich
and Fisher Scientific. The synthesiseli®hodified Boc-D-Trp-OH derivatives were used in the
peptides synthesis. RP-HPLC was performed usindi&mer Series 200 instruments. The
peptides were purified by RP-HPLC using C4 coluMGE 10 C4 — 250 x 21.2mm id) &t.x 220
nm using solution A (0.1% v/v trifluoroacetic aci{d@FA)/H,O) and solution B (0.1% v/v
TFA/acetonitrile (MeCN)) with a flow rate of 8 mlim The peptides were isolated as their TFA
salt, with protonation of the terminal NMe groupeptidedg reported are from the quality control
assessment of the purity of the peptides perforasgng C8 column (ACE 5 C8 — 250 x 4.6mm id)
at Amax 220 nm with same solutions A and B and flow ratel anl/min; chromatograms were
generated using TotalChrom 6.3.1 software. ESIMBCIMS and*H NMR spectroscopy were
performed using the instruments statedSection 4.1 *H NMR spectroscopy was performed for
peptidesl6 and18-20 and their correspondirtgi NMR spectra are presented in SBglres S20a
S23h.

4.2.1 General procedure for the synthesis of peptides

The first amino acid in the peptide sequence ostiwet chain peptide was dissolved in THF
and cooled under ice. Molar equivalents of NHS BG{L were dissolved in THF and added to the
amino acid or short chain peptide. The mixture {efisovernight cooled under ice to RT. The by-
product dicyclohexylurea (DCU) precipitated out fime mixture, and could be removed by
filtration. The filtrate was cooled under ice. Tihext amino acid in the peptide sequence (2 molar
equivalents) and 8 molar equivalents of,8i@; were dissolved in minimal amount of water and
added to the filtrate. The mixture was left ovehigt RT. Then the mixture was acidified with
excess 1M HCI and the precipitate formed was etdthwith ethyl acetate. The ethyl acetate layer
was evaporated and the solid remaining was eitissolded in THF, if further amino acid in the
peptide sequence need to be coupled, or lyophiteegemove any remaining solvent. The amino
acids being coupled in the LPPS have their aminagunprotected, except for the first amino acid
(N-Me-D-Phe-OH) and the 'N-modified D-Trp-OH derivatives in which they havedprotection
on the amino group. Before coupling th&Nnodified amino acid, the Boc group was removed
with 50% v/v TFA/dichloromethane (DCM) for 1 houndathen solvents evaporated. When the
coupling of the amino acids ends and the peptidgoighilised, it is still Boc protected. The Boc
protected peptide was dissolved in 50% v/v TFA/D@&W 1 hour to remove the Boc group and
then the solvents were evaporated to give the qoegéde, which was purified by preparative RP-
HPLC and characterised MS andfbr NMR.
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4.2.3. Methyl*"-NH, (13)

The crude product was purified using preparative HRR.C with the following linear
gradient elution: 0 to 35% solution B from 0 to &/ 35 to 70% solution B from 5 to 45 mins, and
70 to 100% solution B from 45 to 50 mins, alonghasblution A. The peptid€el8) was collected
and lyophilised. RP-HPL@ 22.51 min. MS (APCI)wz [M+H]" 825.3. Accurate mass calculated
for C4gHs6NgOsH: 825.4446. Found: MS (APCI) 825.4458.

4.2.4. Ethyl*™™-NH, (14)

The crude product was purified aslig to givel4d. RP-HPLCtg 23.16 min. MS (APClIyz
[M+H]" 839.7. Accurate mass calculated fougizgNgOsH: 839.4603. Found: MS (APCI)
839.4602.

4.2.5. Propyl*"-NH, (15)

The crude product was purified aslig to givel5. RP-HPLCtg 23.95 min. MS (APClz
[M+H]" 853.9. Accurate mass calculated foggHsNgOsH: 853.4759. Found: MS (APCI)
853.4755.

4.2.6. Butyl*"-NH, (16)

The crude product was purified aslig, to give16. RP-HPLCtg 24.74 min*H NMR (400
MHz, DMSO-d) &: 10.71 (s, 1H, Ind-1’-NH), 8.62 (d, 2H,9.2 Hz, NH-amide), 8.55 (d, 1H] 8.0
Hz, NH-amide), 8.44 (d, 2H, 8.8 Hz, NH-amide), 8.34 (d, 1H4,8.4 Hz, NH-amide), 7.74 (d, 1H,
8.0 Hz, Ar-H), 7.65 (d, 1H] 7.6 Hz, Ar-H), 7.38 (d, 1H] 8.0 Hz, Ar-H), 7.29-7.25 (m, 2H, Ar-H),
7.24 (s, 1H, Ind-2’-H), 7.21-6.90 (m, 14H, Ar-H),78-4.67 (m, 3H, GH), 4.28-4.22 (m, 1H,
CaH), 4.04 (t, 2H, 7.0, N-CHCH,CH,CHs), 3.77 (br-d, 1H,) 6.4 Hz, GH), 3.11 (dd, 1H,) 14.2,
5.4 Hz, BHy), 2.96-2.81 (m, 3H, H,), 2.67-2.64 (m, 2H, fH,), 2.45-2.39 (m, 2H, H,), 1.75
(t, 3H,J 5.2 Hz,"NH,CHa), 1.64 (pentet, 2H] 7.4 Hz, N-CHCH,CH,CHz), 1.41-1.34 (m, 3H, 3"-
CH and 4"-CH), 1.19 (sextet, 2H] 7.4 Hz, N-CHCH,CH,CHj3), 0.80-0.71 (m, 9H, 6H of 1"-CH
and 2"-CH and 3H of N-CHCH,CH,CHs). MS (APCI) mz [M+H]" 867.7. Accurate mass
calculated for §Hs2NgOsH: 867.4916. Found: MS (APCI) 867.4927.

4.2.7. Pentyl*™-NH, (17)

The crude product was purified using preparative HER.C with the following linear
gradient elution: 0 to 50% solution B from 0 to &8 50 to 85% solution B from 5 to 45 mins, and
85 to 100% solution B from 45 to 50 mins, alonghwablution A. The peptidel) was collected
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and lyophilised. RP-HPLQr 25.61 min. MS (APCHm/z [M+H]" 881.5068. Accurate mass
calculated for 6;HssNgOsH: 881.5072. Found: MS (APCI) 881.5068.

4.2.8. Butyl®™-NH, (18)

The crude product was purified aslig, to give18 RP-HPLCtg 24.17 min.*H NMR (400
MHz, DMSO-d;) 6: 10.82 (s, 1H, Ind-1-NH), 8.66 (d, 28 8.8 Hz, NH-amide), 8.52 (d, 1H] 7.6
Hz, NH-amide), 8.40 (d, 2H, 8.8 Hz, NH-amide), 8.30 (d, 1H4,8.4 Hz, NH-amide), 7.73 (d, 1H,
7.6 Hz, Ar-H), 7.64 (d, 1H) 7.6 Hz, Ar-H), 7.34-6.89 (m, 18H, Ar-H), 4.79-4.64, 3H, GiH),
4.27-4.21 (m, 1H, &H), 4.06-3.90 (m, 2H, N-C}CH,CH,CHg), 3.77 (br-d, 1HJ 6.8 Hz, GH),
3.12 (dd, 1HJ 14.4, 5.6 Hz, GH,), 2.97-2.81 (m, 3H, H,), 2.71-2.63 (m, 2H, H,), 2.46-2.28
(m, 2H, BHy), 1.77 (t, 3H,J 5.0 Hz,"NH,CHjy), 1.62 (pentet, 2H] 7.3 Hz, N-CHCH,CH,CHj),
1.38-1.33 (m, 3H, 3"-CH and 4"-G} 1.23 (sextet, 2H] 7.4 Hz, N-CHCH,CH,CHj), 0.86 (t, 3H,
J 7.2 Hz, N-CHCH,CH,CHs), 0.79 (d, 3HJ 6.4 Hz, 1"-CH), 0.72 (d, 3HJ 6.0 Hz, 2"CH). MS
(ESI) m/z [M+H]" 867.4836. Accurate mass calculated f@iHg,NgOsH: 867.4916. Found: MS
(ESI) 867.4912.

4.2.9. Butyl*™*"-NH, (19)

The crude product was purified using preparative HRR.C with the following linear
gradient elution: 0 to 45% solution B from 0 to &1 45 to 90% solution B from 5 to 45 mins, and
90 to 100% solution B from 45 to 50 mins, alonghwablution A. The peptidel@) was collected
and lyophilised. RP-HPL@ 27.75 min.*H NMR (400 MHz, DMSO-¢) &: 8.64 (d, 2HJ 9.2 Hz,
NH,-amide), 8.54 (d, 2H] 8.0 Hz, NH-amide), 8.41 (d, 1H,8.8 Hz, NH-amide), 8.33 (d, 1H,
8.8 Hz, NH-amide), 7.74 (d, 1H,7.6 Hz, Ar-H), 7.64 (d, 1H) 8.0 Hz, Ar-H), 7.37 (d, 1H) 8.4
Hz, Ar-H), 7.33 (d, 1H,] 8.4 Hz, Ar-H), 7.29-6.95 (m, 14H, Ar-H), 6.90 &, Ind-2-H and Ind-
2'-H), 4.78-4.67 (m, 3H, @H), 4.27-4.22 (m, 1H, &H), 4.05-3.95 (m, 4H, 1IN-C}¥H,CH,CHj3
and 1’N-CHCH,CH,CHs), 3.76 (br-s, 1H, @H), 3.11 (dd, 1H,] 14.2, 5.4 Hz, BH,), 2.96-2.79
(m, 3H, BHy), 2.70-2.63 (M, 2H, fH,), 2.47-2.38 (m, 2H, fH,), 1.77 (br-s, 3H,NH,CHs),
1.67-1.58 (m, 4H, 1N-CKCH,CH,CH;3; and 1'N-CHCH,CH,CHj3), 1.39-1.34 (m, 3H, 3"-CH and
4"-CHy), 1.28-1.16 (m, 4H, 1N-C¥H,CH,CH;z and 1’'N-CHCH,CH,CHz), 0.85 (t, 3HJ 7.2 Hz,
1'N-CH,CH,CH,CHg), 0.79-0.71 (m, 9H, 6H of 1"-Ciand 2"-CH, 3H of 1N-CHCH,CH,CHz).
MS (ESI)mVz [M+H] " 923.5230. Accurate mass calculated fesHzoNgOsH: 923.5542. Found: MS
(ESI) 923.5537.
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4.2.10. Butyl*™-OH (20)

The crude product was purified using preparative HRR.C with the following linear
gradient elution: 0 to 40% solution B from 0 to &1 40 to 75% solution B from 5 to 45 mins, and
75 to 100% solution B from 45 to 50 mins, alonghasblution A. The peptide2Q) was collected
and lyophilised. RP-HPLGx 25.49 min.'H NMR (400 MHz, DMSO-g) J: 12.52 (br-s, 1H, -
COOH), 10.69 (br-s, 1H, Ind-1’-NH), 8.60-8.52 (ntl,3NH-amide), 8.44 (d, 1H] 8.8 Hz, NH-
amide), 7.77 (d, 1H) 7.6 Hz, Ar-H), 7.65 (d, 1H) 8.0 Hz, Ar-H), 7.37 (d, 1H) 8.0 Hz, Ar-H),
7.26 (d, 1HJ 8.0 Hz, Ar-H), 7.23 (s, 1H, Ind-2’-H), 7.18-6.9M( 15H, Ar-H), 4.85-4.69 (m, 3H,
CaH), 4.31-4.25 (m, 1H, &H), 4.03 (t, 2HJ 7.2 Hz, N-CHCH,CH,CHj3), 3.75 (br-d~s, 1H, &H),
3.11 (dd, 1HJ 14.4, 4.8 Hz, GH,), 2.96-2.80 (m, 3H, fH,), 2.67-2.60 (m, 2H, fH,), 2.41-2.32
(m, 2H, BH,), 1.72 (t, 3H,J 5.0 Hz, "NH,CHs, on addition of RO t is converted to s), 1.62
(pentet, 2H,] 7.4 Hz, N-CHCH,CH,CHjs), 1.49-1.47 (m, 3H, 3"-CH and 4"-Gl 1.20 (sextet, 2H,
J 7.5 Hz, N-CHCH,CH,CHj3), 0.82 (d, 3H,J 6 Hz, N-CHCH,CH,CHj3), 0.78-0.73 (m, 6H, 1"-Ckl
and 2’-CH). MS (ESI) m/z [M+H]" 868.4495. Accurate mass calculated fayHgN;OgH:
868.4756. Found: MS (ESI) 868.4752.

5. Methodologies
5.1 Cell subculture and growth conditions

RPMI-1640 (with L-glutamine and NaHGPwas obtained from Sigma-Aldrich. Heat
Inactivated Fetal Bovine Serum (FBS) was obtainednfLife Technologies. H69 and DMS79
SCLC cell lines were obtained from as previouslgted.[26] Cells were grown in 10% v/v
FBS/RPMI-1640 (complete medium) and incubated a®@7n humidified air atmosphere of 5%
CQO,. Both, H69 and DMS79 cells are suspension celld grow in aggregates. For the

experimental part, cells were re-suspended in fcestplete medium.

5.2. Cell viability assays using resazurin dye

Dulbecco’s PBS (without calcium chloride and maguaschloride) and Resazurin sodium
salt were obtained from Sigma-Aldrich. The peptmBncentrations were calculated accurately
using UV/VIS Spectrometer Perkin Elmer instrumemd ailution of the stock concentration was
made using 50% v/v FBS/sterile saline. Concentnatiprepared were ranged from 0.6 to 0.002
mM. Cells were seeded in 96-well plates at a seediensity of 1 x 19 cells/190 pl/well in
triplicates. Peptides were then added on the sayewd incubated as the above conditions stated
in Section 5.1 The amount of peptide solution added into each waes 10 pl, resulting in a final
well concentration of 30 to 0.1 uM. Untreated cohsamples were also prepared. Samples for
background fluorescence for the resazurin dye vaése prepared using only complete medium.
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After 48 hours incubation, resazurin dye (20 p1;26. mg/ml in PBS) was added to each well and
incubated as the above conditions state®etion 5.1for 5 hours. Then, fluorescence readings
were recorded using a Tecan Safire plate readef@andhbility calculated. Assays were repeated

three independent times. Graphs were generated GsaphPad Prism 7.00 software.

5.3. Sability Sudies

Eppendorf tubes were used for sample preparations. ChemidBIsC microvials, S9 liver
fraction (from mouse (CD-1), male, 20 mg/mL protbasis, vial of 1.0 mL) and co-factors: beta-
nictoinamide adenine dinucleotide disodium salt rhtel (NADPH), uridine 5'-
diphosphoglucuronic acid trisodium salt (UDPGA),glitathione (GSH) and adenosine 3'-
phosphate 5’-phosphosulfate lithium salt hydrattRB) were obtained from Sigma-Aldrich. RP-
HPLC analysis was performed using the instrumeBtc@umn and solutions (A and B) stated in
Section 4.2

Peptides were added to neat mouse plasma at antatme of 400 pg/ml and incubated as
the above conditions stated$ection 5.1 Aliquots (20 ul) were taken at 0, 3, 24 and 48rkoTo
the 20 ul sample, 80 ul of solution B was addedlafidor 5 minutes, prior to 1 minute sonication
to precipitate plasma proteins. The sample was ¢katrifuged for 5 minutes at full speed. Then 80
pl of the supernatant was added to 120 pl of swiudi and transferred into a HPLC microvial to be
analysed using the C8 column. A linear gradienti@iuwas made starting with 100% of solution A
and ending after 30 mins with 100% of solution Bthva flow rate of 1 ml/min and followed &tax
220 nm. The injection volume was 36 ul. Assays wepeated three independent times. HPLC
microvials at 0 and 48 hours were characteriseE®WS using the instrument statedSection
4.1

The preparation and analysis of the samples fotigegp stability in the S9 liver fraction
from mouse was similar to that for the mouse plasimdies, except that addition of cofactors for
enzymes activation was required and the aliquote waken at 0, 1, 2 and 3 hours. The cofactors
were added to initiate the study as previously wlesd.[27] Briefly, stock concentrations of
NADPH (40 mM), UDPGA (20 mM), GSH (2 mM) and PAPErag/ml) were prepared using Tris
buffer (200 mM) (pH 7.4) containing 2 mM magnesiwmoride. A fresh mixture of the four
cofactors was prepared in volume ratio of 1:1:Whijch was added to the sample containing the
peptide and the S9 liver fraction to result in fisancentrations for the cofactors of NADPH (1
mM), UDPGA (0.5 mM), GSH (0.05 mM) and PAPS (0.0§/ml).
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5.4. Assessment of apoptosi's
5.4.1 Acridine Orange/Ethidium Bromide dual staining

H69 and DMS79 cells were seeded in 96-well plates @eeding density of 1 x 40
cells/well as in the cell viability assaySdction 5.2. Negative control (untreated) and peptides at a
final well concentration of 6 uUM were prepared ancubated as the above conditions stated in
Section 5.1 After 48 hours incubation, 5 pl aliquot of 1:1 AB mix (100 pg/ml in PBS of each
dye) were added to each well and viewed under artied fluorescence microscope. Images were
collected on an Olympus 1X83 inverted microscopegis 10x / 0.3 UPlanFL N objective lens and
captured using an Ocra ER camera (Hamamatsu) thr@efJSens software (Olympus). Specific
band pass filter sets for FITC and Texas Red wseel to prevent bleed through from one channel
to the next. Images were then processed and adalgseg Fiji ImageJ.

5.4.2 Annexin V conjugate and flow cytometric analysis

The experiment was performed according to manufacs instructions. Briefly, DMS79
cells were seeded in 12-well plates at a seedimgigeof 1 x 10 cells/well/1980 pl complete
medium. Negative control (untreated), peptidesiral fwell concentrations of 2 and 6 UM were
prepared and incubated as the above conditioredsitaSection 5.1for 24 hours (total volume of
wells was 2 ml). The contents of the wells werentbarefully transferred into Eppenddrfubes
and centrifuged for 5 minutes at 500 rpm and thdiandiscarded. Cells pellets were washed with
cold PBS. Cells were gently re-suspended in 10Candexin-binding buffer followed by the
addition of 5 pl of the Annexin V conjugate (Alesduor® 555) and 0.5 pl of dead cell stain
(SYTOX® Blue). Tubes were left for 10 minutes at RT, tHé0 pl of annexin-binding buffer were
added and samples were analysed on a flow cytor(@eBiosciences - LSR Fortessa; Diva 8.0.1
software; Annexin V conjugate was excited with 561 laser and fluorescence measured using a
586/15 nm bandpass filter; dead cell stain wastestavith 405 nm laser and fluorescence measured

using 450/50 nm bandpass filter). Assays were teddaree independent times.
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Highlights

8 novel pentapeptide analogues of SPG with N-inaléldation were synthesised
Butylation enhanced cytotoxicity against H69 and ®19 cells; 1Gy= 0.63-2.31 uM
DTrp(N-butyl) at 4 position (L6) was effective at inducing apoptosis; 96% at 6 UM
Butylation enhanced peptides’ stability in plasmd &9 liver fraction

To date, 16 & 19 (dibutylated) are the most potent peptides ag&QsiC



