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Searching for Amelia Earhart at the Molecular Level
Peptide AMELIAEARHART

David Wade
Wade Research Foundation, P.O. Box 257, Princeton, New Jersey@8542JSA

Abstract

This article proposes theynthesis ath study of a
peptidethat iscomposed of 13 amino acidadthat hasan
amino acidcomposition angequencéhat can be described
with International Union of Pure and Applied Chemistry
International Uion of Biochemistry and Molecular
Biology, Joint Commission on Biochemical Nomenclature
single letter abbreviationsorrespondhg to the sequence of
letters in the name &melia Earhartthe famous aviatrix of
the early 28 century Alanine (A)xMethionine (M)
Glutamic acid (ELeucine (L}Isoleucine (JAlanine (A)
Glutamic acid (EAlanine (A)Arginine (R)}Histidine (H)
Alanine (A)Arginine (R)}Threonine (T). The existence of
similar amino acidsequences in nature, andspible
structurs and usesfor the peptideare discussd. The
peptide wouldorobaby exhibit biological activities.

Introduction

s Amelia Earhart
R g - Amelia Earhart(18971937) was among the most
Figure 1. Amelia Earharin Newark, N.J.  famous women aviators of the™6entury[1, 2]. She was
(Photocourtesy of the Atchison Gloe  porn on July 24, 1897and raisedn Atchison, Kansas
Among hemanypioneering achievemeés) Earhartvas the
first womanto fly across the Atlantic Ocean (1928), to flglo across the Atlantic (1932), to fly across
the PacificOcean (1935), and to receive the Distinguished Fl@ngss. In Figure 1Earhart is shown
leaning on thevheel housing of an airplane at Newark, New Jerargl waving to the photographerhe
photo was taken after Earhdr&d completed a 19 hour, solo, retap, transcontinental flight from Los
Angeles,CA, to Newarkon August25,192. She was the first woman to make such a fligharhart
disappeared somewhere over the Pacific Ocean during a-tloemarid flight on July 2, 1937.

This article proposes the synthesis and study of a peptide wamino aall (AA) sequencehat
can be represented by the International Union of Pure and Applied Chemistnational Union of
Biochemistry and Molecular Biology, Joint Commission on Biochemical Nomenclature (IWBBC
JCBN)single letterabbreviations for AA$Table 1] that correspond to thetter sequence comprising the
name, Amelia Earhar Alanine (A)}Methionine (M)}Glutamic acid (ElLeucine (L}Isoleucine (1)
Alanine (A)}Glutamic acid (BEAlanine (A)}Arginine (R)Histidine (H)}Alanine (A)}Arginine (R}
Threonine (T). The hyphens betweeconsecutive AA in the sequence represent covalent chemical
bonds, called amide or peptide bonds (@0Q-NH-).

AAs peptides and proteins

Peptides are polymers of AAs that are often compared to beads on a stringthehleeads are
AAs and the string is covalent chemical bonds, called peptide or amide bonds, that link successive AAs
(Figure 2) [4. AA polymers containing less than 100 AAs are peptides, and those containing 100 or
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Table 1. The IlUPAC-IUB, JCBN one andthreeletter abbreiations for amino acids (AAs) [3 The
letters B, J, O, X, and Z, marked with asterisks, are either unassigned, or have ambiguous assignments.

1-letter | 3-letter 1-letter | 3-letter
symbol | symbol AAs symbol | symbol AAs
A Ala Alanine N Asn Asparagine
B* Asx Aspartic acid or O* (None) (None)
Asparagine
C Cys Cysteine P Pro Proline
D Asp Aspartic acid Q GIn Glutamine
E Glu Glutamic acid R Arg Arginine
F Phe Phenylalanine S Ser Serine
G Gly Glycine T Thr Threonine
H His Histidine U Sec Selenocysteine
I lle Isoleucine V Val Valine
J* (None) (None) W Trp Tryptophan
K Lys Lysine X* Xaa Unknown or
‘'other' amino acig
L Leu Leucine Y Tyr Tyrosine
M Met Methionine Z* Glx Glutamic acid or
Glutamine

Figure 2. The relationship betweenA, peptides, and proteif4].
Peptide (<100 AAs>) Protein
A

~AAs PeptideBond Y

E5000 00000 000000000000

(Continued from page 1.)

more AAs are proteins. Peptides are ubiquitous in nature, where they perform functions essential for life.
An exanple of a well known peptide is the hormone, insulin, a polymer containing 51 AAs and that is
used in the treatment dfabete44].

AA nomenclaturand the namé¢o-peptide method

Several yearsgo, the IUPAC-IUB, JCBN officially adopted a system wherellge formaland
trivial chemicalnames of AAs are abbreviated wiimgle letters of the English alphabet, and this system
is in common usdy chemists and bioscientistisroughout the world (Table) 13]. In 2003, Wade
proposed a novel method for creatihiplogically active peptides in which the strings of letters in
personal and other names were consideretriangs of IUPACIUB, JCBN single letter abbreviations for
AAs, and used to design peptides?]5 The majordeficiency of the nam#o-peptide conept is that not
all letters of the English alphabet have offididPAC-IUB, JCBN AA assignments Unassigned letters,
or those with ambiguous assignments, are B, J, O, X, an®d¥these five letters, O occurs most
frequently (7.5%), B occurs much Idssquently (1.5%), and the remaining three, J, X and Z occur with
almost insignificant frequencies (0.1%) in t¢8]. The nameo-peptide method was validated in 2004
by Wade, Yang, and Lea using the name of former US Secretary of State, Colin Potkellbasis for
creating the peptide, COLINPOWELL, where O represented Ornjtlainelose structural analog of
Lysine[9]. Upon testing, this peptide exhibited anticanceriemdune stimulating properties.

The nameo-peptide method itfers from standargeptide discovery methods that it does not
use nature as a starting point, and the resulting peptide may, or may not, be found in nature. However, the

©2010Wade Research Foundation



Wade Researh Foundation Reports (2010) 5 (3

method has the ability to generate peptides of potential medical usefulness, and, due to ttenfaoeth
are important in all cultures, it also has the potential benefit of increasing interest in peptide science
among the general public by facilitating a better understanding of this field of research.

Methods and Results

BLAST search for peptid@AMELIAEARHART

It would be of interest to determintpeptide AMELIAEARHART, occus in nature, either aan
isolated peptideor asan AA segmentvithin a larger naturalprotein because such information might
yield clues to potential biobical functionof the peptide These possibilities weliavestigated by using
the peptidéd AA sequencdo do Basic Local Alignment Search Tool (BLAST) searches of the National
Center for Biotechnology Information (NCBI) protein databasetp:(/blast.ncbi.nim.nih.go®last.cg),
which, at the time of the search, contaimddost 11 million AA sequencg$0]. BLAST search results
areshown in Table 2 The AA sequence, AMELIAEARHART, was not found in its entirety, either alone
or within any protein. ldwever,numerouspartial sequence matches were found for all parts of the
sequence, including64 exact matches for AMELIA, and threler EARHART. Interestingly, the
sequences AMELIA and EARHART were both found in protein¥it$ vinifera(grapevine), but not in
the sam protein. The size of the NCBI protein databases grows rapidly, as new pratsgguences
are discovered, aritlis possible that in the future, an exact match may be found for the entire sequence,
AMELIAEARHART. The significance of these results dahat the AA sequences represented by the
sequence of letters in the personal name, Amelia Earhart, are acceptable in nature, and may have useful
biological properties, both in proteins and as isolated peptides.

Occurrence of portions of peptide AMELIAEARRIT in the 3D structures of proteins

TheBLAST program was also used to perform alignments of the peptide AA sequence with the AA
sequences of proteins of known three dimensional (3D) structure in the Protein Data Bank (PDB,;
http:/mwww.pdb.org/pdb/home/inte.do). Two types of structures commonly found in the 3D structures
of proteinsar e -t dlei W, which has a c oi-strand, whiah pals anrextemdec al s b
flattened shape (Figure 3)][4Thoseportions of peptide, AMELIAEARHARTthat occurred in proteins
with known 3D strucheliecesgands (Fijuosind i n bot h U

Modeling ofpeptideAMELIAEARHART

In addition to determining if peptide AMELIAEARHART occurs alone or in natural proteins, it
also would be of interest to examitie potential structures of timame peptide in isolation as this migh
also provide clues to possible biological functions of the peptide. This would be of particular interest in
the event that the peptide was synthesized for testing purposes.

A two dimensional (2D)wireframemodel of peptide AMELIAEARHART was created ti the
Symyx® Draw, version 3.1.2.NET program, Symyx Technologies, bmud, the result is shown in Figure
5. Three dimensional (3D)ireframe models were created with the Swiss PdbViewer program {v4.0.1,
availablefrom the Swiss Institute of Bioinformas (ttp://spdbv.vitalit.ch/)} using omega, phi, and psi
angles corresponding ta it r a n-Helixo IEachiUmodel was subjected to one round of energy
minimization (5,000 steps of steepest descent), and the energy of each resulting structure was recorded.
Electrostatic potential models were also made with the Swiss PdbViewer pragiiag default
par amet eistand modél was fufiher modified by rotating side chi@mirmaximize theiwvisibility
when t he piktandevasditplayed garallel to the plane of the computer screen. The models
were then transferred to the Réis Molecular Graphics program (Windows version-@db) [11], and
modeled as stick figures using the CPK color scheme. Molecular measurements were also made with the
RasWin program. The stick figures were themsferred to the Microsoft ® Paint progrgversion 5.1)
for the addition of letters and charges-J;+&nd for overlaying electrostatic potential models upon stick
figure models. The results are showrfrigures 6 and 7. Figure 8 shows that regmingpposite

(Text continued on page 10.)
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Table 2. Examples of the results of a BLAST search of the NCBI protein databb3@&66,589 AA
sequencedpr the AA sequence, AMELIAEARHART.

Accession %
Sequence Found: Protein: Source? Number: Identity:
A_EL AEARH_RT | AGAP002112 Anopheles gambiae| ref|[XP_320926.4| 77
PA str. PEST
AMELIA_AR_AR _ mur ligase Plesiocystis pacifie ref|lZP_01912972.1| g
family protein SIR-1
AM_L AEARH___ | Nonribosomal Cochliobolus gb]AAX(09983.1| 61
peptide heterostrophus
synthetase 1
AMELIAEA Arginase Natranaerobius reflYP_001916423.1 i
thermophilusIW/NM-
WN-LF
i Transcriptional | Hoeflea phototroplua | ref|ZP_02168146.1| i
regulator, TetR DFL-43
family protein
AMELIAE Anthranlate Campylobacteales gb|EDZ61146.1| 54
synthase bacterium
component i GD 1
i f Saccharomyces gb|EDN63066.1| i
cerevisiaeYJM789
i Unnamed Vitis vinifera emb|CAO40359.1| A
protein product
i 3,4-dihydroxy-2- Roseobactesp. ref|lZP_01754445.1| 9|
butanone 4 SK2092-6
phosphate
synthase/GTP
cyclohydrolase
Il
L AEARHAR_ Adenosine Burkholderiadolosa | ref[YP_002097071.1 61
deaminase AUO158
__E_ I EARHART Unnamed Vitis vinifera emb|CAO065564.1| 69
protein product
EARHART Purine Streptosporangium ref|[ZP_04471185.1| 54
catabolism roseumDSM 43021
regulatorlike
protein
EARHART Hypothetical Micromonassp. ref|[XP_002502885.1 i
protein RCC299
MICPUN_59356

®Note Anopheles gambiaenosquitothat is the principal vector of malaria in Afric&Jatranaerolius

thermophilusa halophilic, alkalithermophilic bacterium from soda lakes of the Wadi An Natrun, Egypt

Burkholderia dolosg bacterium of species, proteobacteria Vitis vinifera, common grape vine
Plesiocystis pacificamyxobacterium isolated from Japanese co&3t&hliobolus heterostrophufungal
pathogen of cornHoeflea phototrophicamarine bacterium Campylobacterales bacteriunbacterium

that inhabits thgastrointesnal tract of higher animalS§accharomyces cerevisiae f un g u s ,

Roseobactermarine bacterium and pathogen of oyst&ggptosporangium roseunsoil bacterium;

Micromonas photosynthetic, marine algae.
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=126738749&dopt=GenPept&RID=RA1UMREM015&log$=protalign&blast_rank=83
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=194562048&dopt=GenPept&RID=RA1UMREM015&log$=protalign&blast_rank=163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=157342852&dopt=GenPept&RID=RA1UMREM015&log$=protalign&blast_rank=29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=229851138&dopt=GenPept&RID=91N1DX1D01S&log$=protalign&blast_rank=1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=255078610&dopt=GenPept&RID=91N1DX1D01S&log$=protalign&blast_rank=2
http://en.wikipedia.org/wiki/Proteobacteria
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Figure 3. Ribbon diagrams of two pes of structure commonly found in protejdk : -strandewhibh

has a flattened, ext -baixwhitth hadarcailedfcylinddcal Shape pobttoralaftd t h e
(longitudinal view) and bottom right (cross sectional vievRg]bbon diagrams only show the shape of the

peptide backbonpg.e., successive amide bond€Q-NH-) within the peptide], and do not show AA side

chains. Both structures shown below were modeled from a peptide containing 20 Alanine residues. In
thetlhand conformation, the phelipatconfoenatiorsitisohly32A1 ong w
long, a 51% reduction in length(Note: The scale of the two objects shown is not the same, but the
measured dimensions are correct)

CZZZZZZZZZZZZZZZ(©G6ARor66nm ZZZZZZZZZ2ZZZ2ZZ2ZZ2ZZ2Z2Z23

S

SZZZZZZZZ2Z(RA0r32n) BZ2ZZ2ZZZZ2ZZ3

Figure 4. (See following two pages.)

(A) Ribbon diagram of the 3D structure of phosphotransferase domain of the chemotaxis protein,
CHEA, from Thermotoga maritimea 4 helix bundle, showing the location of sequence, MELI_EA A,

(pink cdor; AAs 354 3 ; 54% of the search sequence)helix. The e
Structure obtained from PDB file, 1TQG.

(B) Ribbon diagram of chain A of the protein, anthranilate synthiase the bacteriunSalmonella

typhimurium showing thdocation of the AA sequence, AM_LIA_ A R (AAs 4845; 54% of search
sequence; pink color), . Ahelix, PD8 files Bt R445 (bl ue),
(C) Ribbon diagram of chain A of the protephosphogluconate dehydrogenase, from the baoter
Geobacillus stearothermophilushowing the dcation of the AA sequence, M_LIAEA (AAs 1939)

from AMELI AEARHART (i . e., 46% of s éhalix. c tructsre qu e n c €
obtained from PDBile, 2W90.

(D) Ribbon diagram of the 3D struck of 5methyltetrahydrofolate corrinoid/iron sulfur protein,
methyltransferase, dfloorella thermoaceticashowing the location of the sequence, AMEL_A_A (pink

color; AAs140147; 46% of the search sequencehelix PDBhe ent
file, 20GY.

(E) Ribbon diagram of chain A of the protein, muconate cycloisomeraserh the bacterium,
Pseudomonas putidashowing the dcation of the AA sequencdAEARH (AAs 151-156) from
AMELIAEARHART (i.e., 46% of search sequence; pink colar) t h i -melixa Additldnal alignments

that occur in the protein are the AA sequenged,|---A, EAR-AR. Structure from PDB file, 1F9C.

(F) Ribbon diagram of the 3D structure of NFH& protein of Mesorhizobium lotishowing the

location of sequenc&LIAE (pink and orange color, AAs 383; 38% of the search sequence). The pink

col or occur s -hetl itxh e aenndd tohfe aorrstaefndg BDBdile3FdY. i s part 0
(G) Ribbon diagram of the 3D structure of the chromaphdinding domain ofthe protein,
bacteriophytochrome, fronbeinococcus radioduransshowing the location of sequence, E_IAEAR,
(yellow color; AAs185191; 46% of the search sequen cdrand. The
PDB file 209B.
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Figure 5. A 2D representation of the chemical sture of the peptide, AMELIAEARHART. Carbons
and hydrogens are not showfhe singleletter abbreviations for each AA in the peptidee shown
directly under thd o c at i -camsns afdach BA. The average moledar mass of the peptide is
1,469, and its theoretical pl value is 6@hargeg+/-) onthe amino (N) and carboxyl (€ terminal ends
of the peptide, and oA side chains at pH 7 are showadjacent to the Nand Gterminal ends and the
side chains. Aienet charge on the peptide is 0

+
\ N

Hﬁﬁéﬁ s
- fﬂﬂxi

o5
A M E L I A E A RH A R T

Figure 6. Combinedstick figure and electrostatipotentialmodelof peptide AMELIAEARHART , asa
b-strand Theamino (N) terminal end of the peptide is on the left and the carboxylt@@minal end of

the peptide is on the rightThe colorschemeof the stick figure modeis grayfor carbon, blue for
nitrogen,red for oxygenyellow for sulfur,and white for hydrogen Due to a defecin the molecular
modelingprogram, thdwydrogens omethylene {CH,-) and methyl {CHs) groups in the side chains of all
AAs could not be shown.Single letter abbreviations for each AA are shown adjacent to the AAs.
Charges (+) on the ionizable amino (Nand carboxyl (Gterminal ends of the page, on the side chain

of Glutamic acid (E), and on the ionizable guanidino group in the side chain of Arginine (R) at pH 7 are
shown. The netharge on the peptide walbe0. The overall dimensions of the molecule are 43 A [4.3
nanometers (nm)] long (horizontal) and 17.5 Aevid.7 nm; vertical).An electrostati potential model

of the peptide was overlaid on the stick figure mptiekshowthe regions of positive [be colored; N
terminus and side chain of Arginine (R)] and negative [red colorerminus and side chains of
Glutamic acid (E)] electrostatic potential.

N

SZZZZZZZZZZZ2ZZZ M3RU3MZZ2ZZZZZ2ZZ2ZZZ2Z2Z2Z3
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Figure 7. Stick figure (top), and combined stick figure and electrostatic potential (bottom) models of peptide AMELIAEARHARTUN the
helical configuration. The models on the left show the peptide in lordjital view, and the models on the right show cross sectional views of the
peptide. The figures on the right show that the polar and nonpolar AAs are not segregated on opposite sides of the helix, qegticiatigaot

amphipathic.
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Table 3 Comparison of two properties of peptide, AMELIAEARHART, in tbdelix and b-strand

conf ormations, af t er -helin @nfaymyatiomis marentiorapact, and more staflleh e
(lower enegy) than theb-strandconformation.
Property b-strand | Uhelix P
Energy kJ/mo) -452 -679 227
Length (A/nm) | 43/4.3|22/2.2|21/2.1

Figure 8. Model of the intermolecular electrostatic attractions between the charged regions of two
B o t -helicpl egnforinatiens, and are shown in hd
views. The model on the right was obtained by copying the model on the left, and rotating if by 180
vertically in the plane of the pagd.he same type of intermoleculatrattionsshown belowwould also

take place between a molecule of AMELIAEARHART and any other type of charged molecule.

moleculesof MEL| AEARHART.

(Continued from page:B

electrostatic potential/charge two moleculesof peptide AMELIAEARHART can attract each other (+

z -).
Discussion

Structures

All of the protein3D structures shown in Figure 4, except for 2W90 [Figu€y, have their
AMLEIAEARHART segments located on the surface of the protein, where they would be accessible to
other molecules in the environment. Na¥ the protein structures dfigure 4 also have their
AMELIAEARHART segments located witi n -heli€ks,
AMELI AEARHART segme-hel par @ainal stwndicafoaratiory, Bnd anotlzer b
[Figure4 G) ] has its AMELI AEARH-AtRAI canfermatienn These setondarg | y
structural dfferences for the same AA segment illustrate the structural possibilities for peptide
AMELIAEARHART, and the role of additional factors beside AA sequerfeqy., the protein
environment surrounding the segmeint)determining the shape of an AA sequende spite of these
examples it is expected that peptide AMELIAEARHART would have littleaiiy, structure imqueous
solutions, due to the shielding effect of water molecules on those elements of the peptide that might

induce secondary structure. Thepei d e

wo ul

d

but

onl

one

y
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or a combination of the two) when it is in environments that have lower dielectric constants than water
[e.g., organic solvents, such as trifluoroethanol (TFE), lipid membranes, olosslaf high protein
concentration where proteprotein binding might occur]12], which would enable the formation of
intramolecular hydrogen bondsTable 3 indicates that theore compactthelical conformation of the

peptide would have a lower energnd, therefore, be more stable than a more extended structure such as

t hestrabd. Consequentl y, peptide AMELI AEARHeNRIN woul d
environments with a low dielectric constant.

Implementing the design

Technologydeveloped by R.BMerrifield (1984 Nobel Prize, Chemistryjnade itpossible to
rapidly createalmost any peptidey chemical synthesigd 3, 14. This technology enables the synthesis
of both naturally occurring patides, and alspeptides ftat do not occur in nature [125]. For example,
peptideAMELIAEARHART could be synthesized in substantilantities in less than a dagndwith
either naturally occurring4AAs and/or with DAAs to make it refractory to enzymatic cleavadggince
all of the AAs in peptide AMELIAEARIART are coded for in the universal genetic code, it would also
be possible to make the peptide ®ngtic engineering techniquds] (Figure 9.

Properties of thénypotheticapeptide

Figure 10 shows a GRand AVerage of HydropathicitY (GRAVY) plot for ppide
AMELIAEARHART. It indicates that the Nerminal end of the peptide #&ightly more hydrophobic
than its middle or @erminal end. This would make the Nerminal end more soluble in nonpolar
environments, such as the interior of eeimbranes.

Table 4 shows the sites of enzymatic cleavage of peptide AMELIAEAIRH as determined by
the Expert Protein Analysis Systen(ExPASy) proteomics servemprogram, Peptide Cutter
(http://www.expasy.org/tools/peptidecutderSome of enzymes listed in the tabke found in the iiman
digestive tract {e.g., pepsinsstémach, trypsin aml chymotrypsin gancreas and endopeptidases
(intesting} [17]. There are nine AAs that are essential for normal growth and function in humans (i.e.,
they must be obtained in tkiget of humans): Phenylalanine (F), Histidine (H), Isoleucine (l), Lysine (K),
Leucine (L), Methionine (M), Arginine (R), Threonine (Tgnd Valine (V) [4 17]. Since peptide
AMELIAEARHART contains six of the nine (67%) essential AAs, the peptide cbeldised as a
nutritional supplement.

In spite of the fact that it contains several sites for enzymatic cleavage, peptide
AMELIAEARHART is predicted to be relatively stable in biological systems by the EXPASy ProtParam
program (Table 5).The instability ndexis computed to be 24.0&dicating that the proteirsistable.
Replacing some or all of the-AAs of the peptide with EAAs [12, 15, or cyclizing the peptid§l9],
would reduce itsusceptibilityto enzymatic cleavage and prolong its biological-hitdf(Table 6).

Several peptides that contain multiplegkine AAs have been found to have the ability to
penetrate cell membranes, and are termedpeaktrating peptides (CPPs) [28nd at least 3 CPPs have
the same or similar size asgiide AMELIAEARHART {e.g., Oligoarginine (® AAs), MAP (12 AAs),

Tat (13 AAs)}. There are two ArgininefR) in peptide AMELIAEARHART, located at positions 9 and
12 from the amino (N terminus near thecarboxyl C-) terminal end of the peptideEnzymatic teavage
of the Gterminal AA, Threonine (T,Yrom the peptidevould yield the peptide AMELIAEARHAR,

AMEL| AEARHART 2 ZX(ZE3n zAyMitel RHAE A

which contains the soalled CendR motif, R/KK-X-R/K at the Gterminal end of the peptide, where R is
Arginine, K is Lysine, and X is any AA [223]. The CendR motif haseenfound to facilitate the entry
of peptdes into cellsvia the binding of peptid® neuropilinl (NRP1), atransmembrangeceptor on the
surfaces of cé&d. Theenzyme, tissue plasminogen activat@PA) and urokinasépe plasminogen
activator (uPA)Xatalyzethe conversion gblasminogerio plasmin themajor enzyme responsible for

(Text continued oiottom of next page
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Figure 9. Two major ways to sythesize peptide AMBIAEARHART. The use obolid phase peptide
synthesis (SPP33 the least complex, anday alsobe the most cost effectivenethod for producing the
peptide[13, 14. SPP3f the peptidecould be done using automated proceduresjtamduld enablethe

use of nomatural DAAs to obtain a peptide with modified propertiesy., lessusceptible to enzymatic
cleavage, ay therdore, having donger half life in biological system§)2,15]. Due to the small size of

the peptide, it woul be obtained in high yield and purity, and require a minimum of post synthetic
purification. Obtaining the peptide byenetic engineeringechniquesvould be more labor intensive, and
requireseveral complex preliminary and finplrification steps thafor a peptide produced by SPPS
The peptide could be produced in unlimited quantities by either method.

Synthesis of peptide, AMELIAEARHART
Obbbbbbbitbtbbbbbbtbbbb bbb b bbbl

b Automated SPPS & b
b one step purificationb

Chemicd Biological
ObbbbbQ bibibb C b
L-AAs D-AAs L-AAs
b (lesssusceptible to b
b enzymatic cleavage) (genetic engineering)
b (e.g., in yast)
b b b

Several complex synthesis
& purification steps

Cbbbbbbblibiblbbg bbtbbbb b d bbitbbbbb b b thb D

c
Pure peptide AMELIAEARHART

Figure 10. GRAVY plot of the hydropathicity of peptide AMELIAARHART. The pot was prepared
using a online progranghttp://fasta.och.virginia.edu/fasta_www2/fasta_www.cgi?rm=miscl
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10
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(Text continued from previous page.)

blood clot breakdown Both alsocleave anartificial substrate,aminc4-methylcoumarin (AMC)
fluorogenic peptide (i.e., R-A-R-AMC), that has a @erminal AA sequence identical to theryptic
CendR motifin pegide AMELIAEARHART (Table 4) [18]. Therefore, tPA and uPA may also be
capable of cleavingeptide AMELIAEARHART between Arginin&2 andThreonine 13 to expose

(Text continued on page 14.)
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Table 4. Potatial sites of enzymati@and chemicalcleavag of peptide AMELIAEARHART as
determined with the online programeptide Cutter from the EXPASy proteomics sefmamplesl-8),
and from Referenc&8 (Ex. 9). The sites of peptide cleavage are indicatecbbgl giangles.

Ex.: Enzyme Peptide cleavage sites:
1 Arg-C proteinaser c <
Clostripain A-ME-L-1-AEEARHART
Trypsin
2 Proteinase K c c & ¢ <
AAME-L-1-AEEARHART
3 Chymotrypsin c c
(low specificity) AME-L-1-AEEARHART
4 Thermolysin c ¢
AME-L-1-AEEARHART
5 Glutamyl endopeptidase c c
Staphylococcal peptidasg A- M E-L-1-A-E-A-RH A-R- T
6 Asp-N endopeptidase c ¢
N-teminal Glu A-ME-L-1-AEEARHART
7 Pepsin (pHL.3); ¢ G
Pepsin (pH>2) AME-L-I1-AEEARHART
8 CNBr c
AME-L-1-AEEARHART
9 tPA and uPA c
Artificial R-H A- R- AMC

(compare wittb 3 AAME-L-1-AEEARHART

Table 5. Estimated haHfife as determined with the online program, ProtParam tool, available on the
EXPASYy proteomics servehtp://www.expasy.org/tools/protparam.hymi

Organism Estimated haHife (hours)
Mammalian reticulocytes, in vitro 4.4
Yeast, in vivo >20
Escherichia coli, in vivo >10

Table 6. Modifications that would increase the biological Hélé of peptide AMELIAEARHART
include dtering the sites obnzymaticcleavageby including DAAs (shownas lower case letter§)2,

15], or cyclizing the peptidell].

AA Type: Enzyme(s): Peptide cleavage sites:
All L -AAs Trypsin

c
AMEL-I-AEARHART

All L -AAs, except DArginine at Trypsin

position 9(as lower case letter AMEL-1-AEAT-HART
All D-AAs All
a-me-l-i-a-e-a-r-h-a-r-t
All L -AAs All A-ME-L-1-AC
b E

T-R-A-H R-AD

©2010Wade Research Foundation
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Figure 11. Use of peptide AMELIAEARHART as a carrier molecule for other molecules, such as drugs,
to facilitatedelivery of the second molecuileto cells. AMELIAEARHART would be derivatizedvith
the £cond moleculeyl), for example, at the f&rminal amino (KHN-) group, orattheside chain carboxyl
(-COOH) groups of Glutamate (E) residues at positions 3 and 7. The derivatized peptide would then be
introduced to the biological system where enzymdgawage would remove the-t€rminal Threonine
(T), exposing the CendR motih bold and underlined) The exposed CendR motif woulienfacilitate
entry of the peptide with attached second moleitutecells via theNRP1receptor.

y y y y

b b (Enzyme) b

YV-A-ME-L-1-A-EEA-RHART bbbbbbb -)(-ME-L-I-AEARHAR

(Continued from page 1P

its cryptic CendR maotif.

Peptides containing the CendR motif Baalso been used to facilitadelivery of other molecules
(e.g., drugs) into cells, either lagtachment of the other molecule to the peptide, or by coadministration of
the other molecule with the peptifzl-23]. It may also be possible to use peptidd BLIAEARHART
for this purpose (Figure 11)During her lifetime,Amelia Earhartwas an inspiration for many, carrying
thdar hopes and dreams as she pursgedls that led tdandmark and record breaking achievements.
Perhaps in the futurepeptide AMELIAEBARHART will carry therapeutic agents that witklieve
suffering and enablethers tgpursuesimilarly ambitious goals.
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