CHARACTERIZATION OF AIRBORNE ALLERGENS

OF SELECTED CRUSTACEANS AND MONITORING

OF THEIR OCCUPATIONAL EXPOSURE LEVELS
USING MASS SPECTROMETRY

ANAS M ABDEL RAHMAN






061311




Characterization of airborne allergens of selected
er and itoring of their
exposure levels using mass spectrometry

by

© Anas M Abdel Rahman

A Thesis submitted to the

School of »

Doctorof Philosophy

Department of Chemistry

Faculy of Science

Memrial University of Newfoundland

Apil, 2011

St John's Newfoundiand



Abstract

“The number of workers i the processing and harvesting sector o the fishery has

sed i than 41 mi

engaged in various activitis relaed to seafood production. Serious allrgies and asthma

proteins being aerosolized on fshing vessels and in processing plants. Traditionaly, the

In this study, a novel strategy of monitoring airbome seafood allergens was.
developed using tandem mass spectrometry. First, the major allergenic proteins of snow
crab and black tiger prawn were identified and profiled using an allergeomics approach.
The immunoblotting was performed against sensitized patiens’ sera and the active
protein bands were characterized using peptide mass fingerprinting mass spectrometry
The purified forms of the target allergenic proteins, tropomyosin and arginine Kinase,
Were used as reference materals for primary structural  idemtification and for
quantification method developmen,

For protein sequencing, the samples were exposed 1o different enzymatic
digestions (Trypsin, GIu-C V8, and Asp-N), the pepides analyzed by different mass
spectrometry fon sources, and various derivatization protocols were used 1o maximize the
amino acid sequence coverage. The product mass spectra of the enzymatically produced

pepiides were uploaded 10 a Mascot search engine and the national cemter for




biotechnology information non-redundant database searched. Signature.peptides that

sumogate each indivi genic pr nd

(purchased

Subsequently, a quaniification approach using liguid chromatography-multple reac
monitoring sotopic dilution tandem mass spectrometry was developed fo measure snow

erab tropomyosin and arginine kinase in air samples. A comprehensive validation study

was performed for with respect to
d

the completeness of the protein digestion were optimized for real air sample collection.
Actual air samples were collecied from  simulaed crab processing plant and analyzed

by mass spectrometry.
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Chapter 1: Introduction



‘Seafood allergens and occupational asthma

playa
i
North 2 (1) The
186 billion
food allergies,
bl
56
ogical
B cerainty
This
These
4 mass




Indeed, the severity o ividuals” symp

time e i Aswel, worker was,
thelips
and opy
inhalation or In another

case a worker suffered repeated urticaria afer fecding fish and crabs (10).

610 1% and

from 7% 10 36% pe

with a classical IgE reaction (12, 13).

among Polish f In addition,
factories

(15.8). Morcover, using live fish bait such as bee moth, meabworm, and other worms and

hma (1




e number of

us
orkers, 1.9% and 1.3%
food al Jy (17). This of
over 4400 partcipants (17),
fishery Labrade
ly 1990s. Some of ¢
adapted from ground ish faciltes with limited ventilation (18). In 2001,
workers

Labrador (18). In this study.

15.8% and 14.9%, respes



agrees with the .

in 1984, which obiained a value of 15.6% for OA (13).

LLL Crustaceans’ allergens.

T ),

A complex of TM and troponin regultes th calcium sensitve ineraction of actn and

myosin, Crustaceans’ TM was first identified in shrirp in 1981 by Hoffman et . (19)

Shanti et al 9 ~ Penacus

Peni 1 and fuit TM. The open

reading frame of the cloned tropomyosin in invertebrates was reported 10 b 281-amino

ieht range of 38-41 kDa. The high

hnid
15).Inaddi
black tger prawn, ki Kk shrinp king erab, snow erab, erab
by
@n,
s



in crustaceans. Yu's idenified

this
o K
K
« hinese sh
26 M K
@
silkoworm larvae (Bombyx mord) (29).
Recent
eticulum Ca-bindi e
Inaddi
i in lack tiger pr
0).Since ™™ i
heavy ch
erustaceans, lusks such
as mussl, yster, and could exist alone in crustaceans (31).
p exploit




10-13KDs, pitopes

e
e i fish 53).In addiion,
muscle ises, )
50 cros esctiviy betwen fish allergens and shellfish ()
112, Tmmunologica anaysis
whichis
low
dis usally
denifed st
. and

then the protein bands transferred o nitrocellulose membrane. This potein bl s

incubated with patients sea (those with clinical historiesof crustaceans” allergy and

confirmed by genes,

Specifically,



the gene will

purified o be used as  reference and a standard protei.

Motoyama ef al. (21), used the gene cloning technique o identify the ractive TM

ifi ibody (mAb).
collected drador and the
. 7 is but just
PAGE.
sera
7, d enzyme-
lergenic proti Taylor
eral

inhibition RIA. Measuring th levelsof specific Ig in the patienis” sea s usually

pe ' the RAST tes, i dard

40). Basicall




\ The amount

The RAST:
different species of mice (42), pigs (43), house fles (44), and cats (45) In 1997 Malo er

. (41) applid the RAST test for the first time to measure seafood acroallrgens, where

Inthis study, total

with diagnosed patients. The amount ofthe allergenic pr

profie i with four

brador, where air samples.

were analyzed using a developed approached of the RAST test (46).

Inhibition ELI The
1
of patients’ " e
bound IgE. the labeled ant
IgE i 3 radio sotope.
| [ por L

respectively. Severalstudies have

jcd these ELISA techniques. Weytiens et al.(47)




radiolabel. Beaudet’
Jaski
ELISA techniy
In 2005, ecbhay et al. U
i
determinants of
» pe
of I
©.
12 Protein analysis
12,1, Protein biosynthesis
pept . the

thereby releasing a water molecule. Twenty different amino acids ‘leters® are used 10

which can result

pos The terminal




Neterminal and C-terminsl,respectively. Naturaly, d bi

(decoded), where the message i read three nucleotide bases (codon) at time. Since cach

“The transfer RNA

binding site for a p n sequence of the

sppropt

RN with

he codon in order to bring the speciic amino acid o the correct plce. A second RNA

dher

picks up

he first (RNA relcases it amino acid 0 th second (RNA and leaves the st The two

using ATE oy “The amino acids “load”

the

‘conformation and relcased. Some proteins have different isoforms, whercby these



splcing.

122, Protein structure

In ion, cach level

of

recognized by four levels; primary, secondary, teriary, and quaternary (Figure 1.1)(52)

r geoe The heical and
The primary
he dirct DN it
oresponding gene. i Edman
degradation ormass spectromerytechnigues.
. whichis

In general,
termed: globular protcins and fibrous proteins (53).




(@) primary siuctre

(€) Tertiary structure (d) Lo

X 3

Figure 1. 1: Levels of




“The a-helx structure, which s a common secondary structure n globular protens, of

from the coil P
e per . and
damete (52),
sidey e amino acid
ThesD
" ) and
4 i prediction method (59
The spatal i
dimentional
unicue,
bondi The e

structure of proteins can be revealed by X-ray crystallography and NMR (52). The non-




major chemical "

structure. ‘polypeptides, which arc
which known as
the oligomer
dominant In conclusion, the interacton of \
the protein (52). ‘

123, Protein purification
Characterzation of  target protein requires a cerain degree of purity, which

The




I addition,the sale of

the cost of purificaion stategy also should be considered.

s study, are purified

scafood, which makes the purification srategy more straightforward. Since there are

be protein, this section will

tone,isoel nd.

I ydrophobic, and van der Waals forces.

ill epel

have the ssme net charge. On the other hand, “unlike protins,” having different charge

likely to

agaregate and precipi

point ().

intraction. Water




salt

(©).
h
et the protein.
These solvents
\ which leads to
M,
10 remove coexistence molecules (52).
124, Protein separation using el electrophoresis
lex mixtures. The




e T

presence of this technique in most protin labs worldwide. The principl of separation in

an electrc feld. charges i

Iphate (SDS). The ate of pr

an eletric field. There are mainly two systems of gel electrophoresis for proiin

separation; gel i i igh

isoclectrc point (64),

scparation
Either the

percentage of acrylamide (T) or the cross-linker (%C) can control this fator,In brie,

king the gl highly
restrctive and favoring the movement of small proteins (64).
the proteins
o
Consequently, is saurated in




protein n each single spot (65).

Visualization i a very important sep aftr protein separation. Morcaver,tis sicp

“The validity of

. 66).

The separated

} -
|

proteins will appear as dark blue dye with almost background-free dtection (67). This

dye detects a itk a5 0.5-1.0 pmol in a 1D-gel band and 0.2:0.5 pm in 2D-gels. The

ease of usi % dits :
compatbility with mass spectromelry are the main advantages accounting for it use in

| protein labs.




125, Immunoblos

Immunobloting s & powerful electve and senstive technique, used o detecta

the proteins are

which pol The

(BSA) is S specifc binding.

“The blot i then incubated with th primary antibody, aftcr that, the peroxidase-

detection (68). bands. The

allergenciy of

Specifcally, the blotof proteins incubated with sensiized patients’ sra that include an

1gF has been provoked by the exposed allergen.

1.3 Protein sequencing using mass spectrometry

. Protein sequencing

For any species, cach protein has a unique amino acid sequence, which can

proteins’ In sdditon, the




gene (s), which helps iy ofp

at the molecular level (64).

In protein identificaion by the amino acid sequencing, the identiy of each amino

pn be determined.

Proteins

; p

umber of peptides. The peptide sequence information can be combined 10 obtain the

However,

analysis challenging (69).

132, Edman degradation
“The Bdman

reaction is appled ta the protein N-terminus, where the amine side of the N-terminal

1) )

protein,

subsequently be separated by HPLC fy the N




terminal amino acid. By this reaction, the N-terminal amino acid is removed from the

N-terminus, P
expos
its abiliy to
ts intact form, Furthermore, b
sensitvity, he
ease of operation, the data. However, of
technique
' proteomics dditionall
Netermisi,
willbe
discussed ater (64).
133, Peptide mass fingerprinting (PMF)
analyses. Early on, the mai & s
laser




i, but

accurate detsil

introduced 0 & mass spectrometer a fingerprint profile wil be generated, which is known

portant for protein

idenification.

bty of the gene data

in data bank, and the purit of the target proteins (71).

“de novo'
2 i This
Equal
amounts of
¢ il
M. Fan amino acid
(©4).

4



sequence.

“de novo

ranstational modifications (71)

types: “bottom up’ or “top down'. These terminologies are assigned for the point of

sequencing manipulation (64)

“Bottom up’ approach

Inthe *bottom up approach, the enzymarically-digested prteins are subjected o

MS analyses. The pr d

. tothe

in-silico" ions that are generated theareticaly from the DNA databascs by computers.



are matched perfecly as shown in peptide number 3 (Figure 1.2).

phosphorylacd, acetylated).

t (72), a5 seen 5 (Figure 1.2).On the

other hand, i .

top down', s a very useful technique to identify most of the labile post translation

odif

for bottom

up’approach. The enzymaic peptides are normally separated by reversed phase:
i s assisted laser

sorp The

The ‘bottom up’

mass analyses. The first is known as peptide mass fingerprinting (PMF), which
I

5 i based s molecular




fragmentation (64) as described above. The amino acid

Prten o roten Mcsre

Froten one
Protn Productons
protein
denttcaton, Chavecierzstion

Popicn Produetons

Pugte ons
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Figure 1..2: Schematic overview of ‘botom-up " and ‘top-down’ approaches employed
The

for

Cherperel, G and Reid, G. E. The Analyst. 2007, 132, 500-506).




o with

NCBIm).

pepides p

Sequencing,

ghly limited o the

energy of the dissociation and the resalving power ofthe mass analyzer, which lead t0

ertoneously manipulation from the algorithms of the database. The labile posi-

boitom up’ method. As well

MS than the phobic pr

“The “boitom up

limited (51).

and identifying the posttranslation modificaion groups (74).




1342 “Top down’ appron

Manipulating the *bottom up- approach data, to give the sequence for th target

protein, requirs data availability in the gene bank. Thus, the p down ' approach was

found o &

Kellher et al

1op down’ approach by analyzing an intact protein using an ESY ion source. This type of

ntime” ®

intact protein, as detaled in Figure 13 (76).

“The *top down" approach was furher developed for the analysis of a mixture of

Whereby the

which




spectral data For p igh

more than 1 D er-ransform

‘molecular weight of th protein by 2 Da afler reduction. The Top down' method has

Two-
he amino cid sequence in FTMS fntraments (77
The top down”approach afords snother vausbleand powerfl ool for
for
i d quanity of these moifct withthe
It hforaninact
100% covrage.
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fortop down’ spprosch
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Larger sample sze to maintain the generation offons in the ICR cell, and longer

top down’ app

135, Peptide fragmentation

collision
row—
rding)
" P information,
"
giving informative
spectru.
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Figure 1.3: i typical ‘op down
experiment. (Reproduced, with permission; Reid, G. &
spectrom 2002, 37; 663-675).

ind MeLuckey S. A. J Mass

with a specific

where the KE which




fragmens.

ries. H

there are three other pathways of fragment ion formation (Fig 1.4).

‘Tandem mass spectrometry is performed by cither a combination between any
180 mass analyzers (by space) or having an ion trap-based mass analyzer ( by time). At
high-energy CID, a huge amount of kinetic energy will be uscd 1o generate the full
informative ions from the protein molecules. This kind of ollision cel is only available
in magnetic sectors, and TOF instruments, where the kinetic energy reaches around
several keV (79). Similarly, peptide fragmentation can also be observed by the post-
source decay technique in MALDI-TOF. Indeed after MALDI ionization, the produced
ions have enough energy (metastable ions) 10 be fragmented during flight time and
produce informative fons. These product fons are separated aftr reaching the reflectron

with respect 0 their miz (80).




| b e i

Protein ion dissociation techniques

“The fragmeniaton of pepides in mass specromery callson event oscurs at
ihre ypes of chemical bonds inthe rotcinsructure. These bonds, Ca.C, €, or N-Ca.,
yild six ypes of fragments that arc respectively labeled s, b, < when he positine ‘
charge i n the N-terminus and o s, when the pasiive chage ison the Cterminus
as shown in Figure 1.4. The subscript n is related to the number of amino acids in the ‘
peptide sequence. Th difeence beween the mass of consecutve ions it te same
seres i relaed 10 a speciic amino acid, whih i extended 1o deduce he amino acid

sequence of the targeted peptide or protein (79) ‘

The bonding energy of the chemical bonds varies with respect 1o the type of

linkage. The minimum energies required to break the chemical bonds are 335 ki/mol, 8-

17 kyimol, and 272 kifmol for Ca-C, C-N, and N-Ca bonds, respectively (81). In CID,

the peptide linkage being the weakest is broken first as long as the acquired intermal

energy s high enough. But other peptide fragmentations can be achieved selctively
using special activation techniques associated with FTICR; infrared mulliphoton

dissociation (IRMPD) and electron capture dissociation (ECD). These dissociation

echniques can be used 1o fragment peptide fons in the ICR cell by using laser (in
IRMPD) or lectron beam (in ECD). Targeted proteins can be ionized by either MALDI

or ES1 sources, but EST is the only fon source that gives useful multi-charged ions. The

harged ions in the gions req KE



to generate el fragmentation patiern for protein sequencing. Different activation

techniques for peptide fons have recently been developed (76). The most popular one is
collsion induced dissociation (CID), and there are others such as surface-induced
dissociation, infrared multiphoton dissociation (IRMPD), or  blackbody ~infrared

dissociation (BIRD). These techniques are al efficient methods to activate the protein

{hreshold (76, 82). T lished by increasing the
intemalenergy slowly over millseconds 0 above the dissocaton thrshold by appying
energy 10 & multi-charged precursor procinfon. Non-covalent bonds which maintan the

the first 10 be

ertary structure of the proteins (energy around 420 Kmal)

dissociated, followed by the weakestof the covalent bonds (82).

Flectron-based acivation methods ave lso ben insnted for the fon rap mass
analyzers. Electron capure disociaton (ECD) was deseloped t ft he FTICR, which
leavesthe nter-residue bonds at difeent osiions along the proten backbore. The
ragmentaton mechanism of the clcton-basd techniques is uite different than the
other activation echniques. The mul-protonated protin onsinside the rapping cel sre
activated by a beam of low energy cletrons (<1 cV) at the sics with ighes letron

affnity, whereby the vibrational energy is increased enough o produce a radical ion. The

protein's excited radical fon is rapidly cleaved at specific bonds (83). By this approach,
the hypervalent species (RNHye) generats two seies of complimentary fragmen ions, ¢

and 7 (Fig. 1.4,



Figure 1. 4: Types of fragmentation ions of peptides in andem mass spectrometry. When

he charge s etained on the C-{erminal the ions’ types are a, b, c, and o the N-terminal
.. 2 (Reproduced with permission; Rocpstor, . and Fohlman, J. Biomed Mass
Spectrom. 1984, 11; 601-601).

Inthe ergonic processes ic., CID or IRMPD, the pepide linkage i the frst arget for

b .«

predominantly produce by and ya ons. I contras,in ECD, the N-uC linkages on the

7+ (~90%) or a+ and y (~10%) ons as complementary pairs of ragment ins. Side chain

4



most informative in protein sequencing.

Inkco, - Hower
i i orthe
isproduced
T ECD-ike

activation technique has developed o be used inion traps (e.g Orbitrap). Electron

low energy

electron y The

1D and ECD can

post

locations, o preserve the P

analysis (76).

14 Bioinformatics ools

peptides. To simp peptide mix.

M. molecular i



peptides. 1D MS analysis

o fler b A

meaningful biological knowledge.

experimental spectraare used as input and compared against th theoretical

databases (¢

gy Information (NCBI). M: e most

pop
Scores; Mascat ions score (MIS), Masco identity threshold (MIT), and Mascat homology

s

). where




(Q0p/qmatch),

P

was invented by

142, Basic Local Alignment Search Tool (BLAST)

AST)

“sowing”™ a 3 from the g

scquence, The BLAST finds not only this certain query word but lso related words

whats called *

that word.

AST program.

the sarch process (87).

The BLAST
degree of maching, mismatching, and gaping. The visual section of the BLAST report




ther list of the

secton,

numbser, the score, and the  value for each hit. The E value represents the number of

y While

detailed report is shown with the E-value, the number

e number of* positives
b of amino
Jigned
143 NetPhos 20 server
threonine,
priort0
i for developing

an isotopic dilution MS method (89).



NetAcet 10 server

i eukaryotes, where blocked N-terminals are very hard 10 be ionized, subsequently

affecting the *de novo " sequence coverage of the N-terminal peptide (37). The NetAcet

developed using yeast proteins (90).

15, Protein quantification by mass spectrometry

Jegant M-
developed for protein analysis and identifcation with high throughput. dentification
protein
ES1 and MAL
the dominaing fi M
disribu I
reaction (PCR), a




which

Several

For example,

it” protein over

“background” one. These proteomics srategies are used o differentate between

P “knock out type

systems.

LS. Proteomics quantification

Quantiativ proteomics spproaches e used as part of the larger ramework of

pr Choosing the
be considered
ple sizeis rant limiting
" ding!
qu que. Inthis wa y
method (91),

and the MS signal intensity.



‘modificaton.

they belong. protein. Because ofthis, many
e MS response in
\coordingl
eroups: i |
deviation for bek

approximately 30%, based on peak intensites o extractedion chromatograms. However

derived indies, is s high as 50% RSD (91),

The label-ree quanification methods are based mainly on precursor signal

inensity,

material, The protcome coverage for quantified proteins can be very high, because any

protein with one or more identifed peptides can be quantificd. Thus the sample




reaments

pepi

with another sample. In conirast,the peptide-based method uilzes the averaged and

quantification (91).

Jabeled

lbeled peptides’

same P analysis.

levels.

original sample

compounds when tandem MS s not used




pe level
of i the original sample
range, other peptides’ There are some.
e
),
152,
A
por frst By
the AQUA
format fcal 3 en
par et pepide. The signal-
However, y all levelsof because
pl ot




addressed by AQUA method. Improving the relabilty of the AQUA approach will be

discussed in Chapter 4

e “bottom up* approach. P
Signature pepide s slected to represent th target protein. The stable-sotopic-labeled

form

is added to the sample; hence the metho is called isotope dilution” MS. Small proteins

top down’ approach, whercby

3

. Validation of bioanalytical methods

C-MSMS). The develop
validated to successflly meet the minimum standards of the Food and Drug

reproducibilty, and stability. This guideline was specificlly developed for stadying the

bioanalytical method validation of small molecules or drugs. n this study, a modified



the AQUA for llergen

quantification using muliple reaction monitoring (MRM) (89).

1.6, Thesis objectives and future work

In2003, role

i crab occupational asthma in Newfoundland was intiated by Memorial the SafteyNet

Cente The outcome ofher sudy
p sroup o siart
asudyio
determinaton.
»
The MS app
occopatonal
qualy in processing
planis



2 P be characterized pri

(amino acid sequence) using mass spectrometry

3 be

determined foreach targetprotein, High performance analytical techniques such

study.

4 The ienature pept

L multi-reaction monitoring tandem mass spectrometry. A ull valdation

levels af both TM

and AK in aerosolized forms.

5) » These

samples willbe analyzed using the developed mass spectrometry method.
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Chapter 2: Characterization and ‘de novo’ sequencing of snow crab
tropomyosin enzymatic peptides by both electrospray
ionization and matrix-assisted laser desorption ionization
QqToF tandem mass spectrometry
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Abstract

causing frequent food allrgies. TM is also an occupational allergen generated in the

erab (CF The

(MALI

MS) o 32733 Da. The
bottom-up" approach. A

and *de navo" sequencing of the most abundant peptides were performed. Any post

identity y using the basic local

tropor g 1 be

quantificaton of this highy allrgenic protein i the workplace.



21, Introduction

Seafood plays an important role in human ntrition and health. The growing

million workers

particularly in the crustscean processing secor (3. 4).

it mediates the

interaction

(5). Crustaceans TM was first identified in shrimp by Hoffinan and Mille in 1981 (6). It

]

1039KDa. conserved ami




soforms of TM (5). Generally, the TM muscle isoform contains 284 amino acids as a

highly conserved N-terminal region (10-12),

TMisolated
allergen (13), 4 an
U thma and
bytype  hyper
™
p

immunological reactivity by enzyme-linked immunosorbent assay (ELISA) (15).
radicallergosorbent rest (RAST) (13),and immunablotting (15, 16). The main

of; in theallergic

reactions o the exposed worker (17). However, by targeting and quantifying the major

with the severity

theallrgen and determine the threshold valucs (3)

. the snow erab T was i Forstudying

different soforms of TM,

Etoy Purified TM was



jht of the extracted TM 1QqToF.

Following fractonation by SDS-PAGE, gel bands were excised and subjected to

(PMF) by MALDI-QqToF-MS. Peptides were also de novo' sequenced using the

“bottom up’ mass spectrometsy approach (17-20).

It has been well-cstablshed that PMF and the various outcomes of the MS.

e
Thisdota, slong.
willlead 0
Inthe -
v ™
A Basic Local ool (BL
or the target
In addison, thissign pard by
nLe
o

and PTM mapping i ideal for this study.



of PTM, and to

MAL
MS techniques.
22, Experimental
221, Chemicals and materials
further Ethanol,

‘methanol were supplid from ACP (Montreal, Canada). Trypsin and endoprotcinase

(@he VI, USA)
Trs(hydroxymethyhaminomethane (Tri), ditheotheritol (DTT),

bicarbonate, o-

Iylisourea hemisulf 13,3

58 (TMB), CCA) ma

were purchased from Sigma- Aldrich (St Lovis, MO, USA). The Bradford assay kit was

from CA,USA). from Fi
(Roncho Domingucz, CA, USA). For desaling, ZipTip Ciy (104 bed) fillers were

purchased from Millipore Corporation (Bedford, MA, USA).



22.2. Tropomyosin purification

2221, Acetone powder extract

The tisue

(Polytron, Brinkmann

Afer

standing for 20 min,the mixture was straincd through two layersof cheesccloth. The

for 3 min,

500 ml 50% cthanol, folowed by 2 times wi 2times

with 500 ml acetone

2222, Purified extract
“The acetone powder (10 g) ws dissolved in 70 mL. of buffer A (IM KCL, 25 mM

Tris-HC, pH 8.0, 025 M DTT and 0.5 mM EDTA),let overnight at 4°C, ollowed by

for 20 min, Total p

using the  and 12 mgiml.

with buffer A. With P
IM HCI. The preciitant prteins were e-dissolved in buffer B (0.20 M KCI, 25mM
Tris-HC, pH 8.0,0.25M DTT and 0.5 mM EDTA). TM precipitated from 40-70% (w/v)

Finally,

and then

the pellets were colected afler centifugation at 8000 RPM for 20 mi



reconsiitued by

Iyophilized to  powder.

Sodium dodecylsulfate polyacrylamide gel lectrophoresis

A par of 12% SDS-PAGE slab gel was used for profiling the purified TM and the

pou Snow erab.

was aded 10 each of the wels, and electrophoresis was run at a voltage of 170 V until

e gel. One gel ‘oomassic

100V for 1 hr.

milkin

immunobloting

224, Immunoblotting

crab, prawn and

Jobster using 500 g of a mixtur of these thre protein sources for cach injection. Each

protein extract



heated t0 100°

presence of TM.

week 9 21).

incubation (4°C) y y e

ilution of 1:40000. The blot was washed three times with TBS-Tween. The sccondary

3 1:20000. 30 min
iy 5 TBS Tween and
3,355 The bands were
ECL) tech 1.
ek
activiy
quired by ictori,

survy.
22.3), proteins transferred and incubated with human serum (diluted 1:10in 1% skim

Subseaquentl PBS-Tween

ik T

containing 1% skir

hre times, it was incubated for 30 min in $ mL of HRP taggcd goat anti-rabbit



polyclonsl antibody (DAKO, Carpentaria, CA, USA) (diluted 1:1000) in PBS-T

containing 19% skim milk. Finaly the membrane was washed with PBS thre times

reacivity using the ECL technique (21).

and guanidation

225, Inegel digest

The 33 kDa protein bands were excised from the SDS-PAGE gel. The in-gel

MALDI-QqToF-MS using te protocol developed by Sergeant e al. (22). This proccdure

eelpi e 200mM

O NHIHCO; insolution of 50% acetonirile in dH;0, a1 30°C for 30 min. The destained

pi Ny, SomM
NILHCO, pi 7.8 containing S ng/uL. trypsin o endoprotenase Glu-C V8 inice for 30

min for rehyds rehydration, by suction

The gel was covered by a slution of 50 mM of NHIHCO, and incubated at 37°C

pep wice

0.1S%TFA in S0% ACN after a2 min vortex mixing. The samples were yophilzed, and

reconstituted prior o analysis with 10 L. of 0.1% TFA and desalied with Cis ZipTip.



226 MALDI-QqToF-MS

2261, MatrivSample Preparation

The two-

“The frst lay 0 mg of HCCA in 1 mlL The

second layer solution consisted 40% ACN in H:O saturated by HCCA. A 0.5 L ofthe

first MALDI target. A 1-.

layer matrix soluion was mixed with | uL. of sample. One microlitr of the

Je/mat , followed by
2 . y e p of the dry
spot and afier 10 seconds blowing the water off using a pulse of air.
22,62 MALDI-QGTOF-MS and CID-MSIMS
MAL STAR XL hybrid

(Applicd Biosysiems/MDS Sciex, Foster City, CA, USA) equipped with an o-MALDI
fon source (Applied Biosystems, Foster City, CA, USA)

22.

3. ESI-QuToF-MS

Pepide separation was conducted using a DIONEX UIiMate3000 Nano LC

Germany). A 250 o



TFA was loaded onto  precolum (300 pm ID X § mm, Ciy PepMap 100, 5 um (LC.

Packing, e, C p

15em,
C18 PepMap 100, 3 um, 100 °A, (LC Packing, Sunnyvale, CA) at 180 nbmin using the

19 00

% AC

98% ACN. A gradient of 0% B for 10 min, 0-60% B in 55 min, 60-90% in 3 min, 90% B

for S min was spplied. Including a column regeneration step, one run was 106 min long.

“The ESI-MS of the LC-eluting peptides were measured with the same hybrid

‘manipulator) & froma

New Objectives, Wobum, USA) at a voltage of 2400 V.

n S of the desaled 33 KDa p
injeeted into the ES source and the resulting multiple-charged spectrum of the protein

was deconvoluted by Analyst 05 1.1 software.

the resulling

peptides sp y c logy

0200,




|

the Mascot score was over 95% confidence limit

23, Result and Discussion

The proteins of snow crab obiained as an acetone powder extract and as the

purified -PAGE, Fig. la.
3 ™ ~65KDa,
21 pa
sera (Fig 21 ™.
instrument

which were

rtionalized as [M+45H™ m/z 729.6096; [M+44H] * m/z 746.1454; [M+43H] " miz
763:2390; [M+42H] ° mlz 781.5457; [M+41H] "z 800.7028: [M+40H] * iz
203127, [M439H] ™ miz 8416777 MI38H] ™ iz 863.9742; [M#37H) ™ iz

886.9603; [M+36H] ** miz 912.1664; and [M+35H) ™ m/z 938.3027. This series of

lable in Analyst 05 1.1 eh ™ extactat

32783 + 0.02% D

give 32776+ igh 8 TM extract. The
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i
| |
T

i 4

© @

Figure 2.
anti-crustacean polyclonal antibods, (c) immunoblotting patent serum A, and (d)

now crab extract profilng by (s) SDS-PAGE, (b) immunobloting

B, pov L @) claw
purificd TM extract, (3) leg acetone powder extrac, and (4) leg purified T

extact.

membrane and incubated with anti-tropomyosin mAb, anti-crusacean TM polyclonal

b Fig. 2.1

boc.andd

against specific mAD.



) digestions. e result
pe by MALDI-QqToF 22)
;
; )
“The precursor ions of enzymatic digested TM peptide from both leg and claw
search engine. =
‘ ™ DNA based L The above.
| * criteria of which I
‘ ) . @5) To impr
DI
the n-gel the digestion

1) Intrestingly, both.

from claws and

isoforms as could be deduced from the SDS profile (Fig. 2.13)




"

21
]

EYITIITINTIIRITIT]

Figure 2. 2: MALDI-QqToF mass spectrum of ‘in-gel” rypsin digestion of

peptide. Their masses in this spectrum are used for PMF characteization.

Both MALDI and ESI techniques were used forthe de novo. sequencing of the

des InMALI . the high

abundan peptides” precursor fons (.

23481438, 1432.6904, 1588.8092, 12576347,

17588116, 1376.6111, 1893 8459, 14337121, 9504362, 8804612, 1129.5890,

7223220, 1789.7741, etc.), as some shown in Fig. 2.2, were selected in the first

I 3 by ToF

analyzer. The full sequenced pepides are summarized inthe Table 2.1




Inthe ESI-CID-MS/MS analyses the peptides were first separated by nano-HPLC

and The o o

v NCBlnr
daabase. The Mowse scores were 746 and 505 as Snow erab TM for the ryptic peptides
f TV that has been extraced from claws and legs respectvely. Table 2.1 shows the

Asan

example, 10 of pepides and their product ion spectra are shown i Fig, 2.3

by both MALI 2 Heaceforth, many of

Table 2.1

o i that it was

Neterminus which

Eukaryoric TM (detsiled below).

“The size difference between typsin and V8 enzymes limits the V8 enzyme to

pa el pores. This can lead

Many of the VS resuliant
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Figure2.3:
of (a) [M42H]"” miz 716.9 and (b) [M+2H]* m/z 565.3 of two selected

sc
R, and IVELEEELR "




of the peptide signals

study on IgE binding protins (27). However the molecular nature of these allrgens was

ot known quence of SC i h

importan factor sroups e
Consequenly. althe precu

evalated for potential PTM groups. The

‘molecular weights 32783 Da and 32776 Da for both claw and leg extracts, respecively.



“Table 2. 1: Amino acid sequencing of the product on specira obtained from the MALDI-
QqToF and ESI-QqToF experiments of the major peptides of snow crab TM by trypsin
and V8 digestion

Protease Peptide sequence. ESL MLl

MDAIKKK

mwsmmu R
IVELEE

SLEVSERK
EETYKEQIK

LEDELVNEKEK
NIADEMDQAFSELSGF

KDNAVDKADTLEQQNKE 1531

—

B

SivLeee 155196



(Cont'd) Table 2.2:
MALDI-QqToF and ESI-QqToF experiments of the major peptdes of snow crab TM by
trypsin and V8 digestion(

Protease Pepudesequence

ANGRE

RTANKLKAAEARAE

FAERSVOKLOKE
VQKLOKE

S

§ LROWLKSLE

br
KEKYNIADE

par ight of TV (32655

. oxidation of
‘methionine). This was confirmed by the theoretical algorithm of the Netdcer 1.0 server

100l (29), erminal

‘methionine. This type of moification is quite common for the Eukaryotic TM, as

reported for the bovi

Prot data bases.

The ' " pr

»l FindMod 100l to check f th

PTM motifs).




s

NetPhos 2.0 server (30), which can revealthe T, and Y meotifs of major phosphorylated

amino acids in Eukaryotic TM protein (Table 2.2). The scores of predicted sites,

e Sl or MAL spectra.

PMF analyses. This result was further confirmed by the abscnce of any phosphorylated
immonium ions on the production spectra.

AWl the resultan peptides produced by both trypsin and V8 enzymes, where
AST

ien ™ inthe

environmental rescarches. The NCBI BLAST test, which used o find regions of local

significance of matches, reported the peptide located at 5070

LVENELDHAQEQLS: i 8. 240025 for
tropomyosin (Chianoecetes opilio) with 100% identity, score = 68.5 bits(154), and

expect = 6¢". This peptide also got the best scores as homology and identity by the



development to shown below

SQLVENELDHAQEQLSAATHK
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Figure2.4:
[Me3H]
“The top (o) and bottom (b) corespond to m'z ranges of 100-800 and 700-1500,

51 product on spectrum of Snow crab TM signature peptide

iz 783.4 Da. The axes have been cut to improve peak visualization

respectively



Figure2.
molecular weight 32655 Da.

24, Conclusion
for
"
Using a *bortom up" mass spectrometry approach (31)the sequence of
htof 32733:0.02%

Da, which o ng pr spect

i i Inaddiion a
eh ight band, o po  was




o identify the nature Based

pepideof 21

The

DIQqToF-

ieh Furthermore,

of il ification of yet

allergens, responsible for occupaional sensitization.
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Chapter 3: Biomolecular characterization of allergenic proteins in snow.
rab (Chionoecetes opilio) and *de novo’ sequencing of the
eond allergen, arginine kinase,using tandem mass
spectrometry

 This chapter has becn published; Abdel Rahman, A. M., Kamath, S. D., Lopata, A. L.,
Robinson, . J., Helleur, R. J. Biomolecular characteization of alergenic proteins in
snow erab (C/

Kinase using tandem mass spectrometry. J. Proteomics. 2011. 74 231-241




Abstract

Snow erab (€

1l

characterzed.

Several o i Five

roponin (23 KDa) a -actin (42 kDa) and smooth endoplasmic reticulum Ca” ATPase.

(13 kDa).

novo isted I

important allergen, arginine kinase, in snow crab, designated Chi o 3. Based on identity

bomelogy nd

arginine




31 Introduction

) fishery in Atlanic Cs s largest SC

ight) in 2004, with over half
of these landings coming from Newfoundland and Labrador (1). In 2007, the NL fishery
alone landed 50,000 t, valued at $177 million (1), Unfortunatly, SC meat can be one of

the most luding ftal

IgE-mediated 4. Igk-

riggered within minutes ofingestion (5).

®.9.

reported. 1n 2003, Yu e al. (10) identified a novel shrimp allergen designated as Pen m 2

from ™ from sh
allergenic patients. i
frame cacoded The

crustacean, Kuruma prawn (Penaeus japonicus) (10).



K was idenified in

(1), gulf shrimp (Penaeus aztecus) (12), chinese shimp (Fenneropenaeus chinensis)
(13).snd other shrimp species using a proteomics approach (14). Morcover, AK has been

identified in

(15). Indian-meal moth (Plodia interpunctella) (16), silkworm larvac (Bombyx mori)

(17), and american cockroach (Periplaneta americana) (18-20)

Normall reactivity by
enzyme IsA) (2224) s1)
C allergens
@
the
severity of

highly sensitve, speific, and reproducible technique, Isotopic dilution mass

pect st two decades,

provoking the use of thistchnigue for th preent study (27).



‘Snow crab tropomyosin was previously characterized and ‘de novo ' sequenced

(®) Argi other
-14). In this sty
on SDS-PAGE patients "
P Previ
9.
The
e purified AK ®

using both ES1 and MALDI ion sources, for proten identification and ‘de novo.

(PF), respectvely.

engine. The AK

species, was studied.

AK.

pept

surrogate for AK. Fi

MS/MS




32 Experimental

32.1. Chemicals and materials

acetonitrile, hydrochloric acid, and methanol were supplied by ACP (Montreal, Canads)
“Trypsin sequencing grade enzymes were purchased from Promega (W, USA).

“Trs(hydroxymethyDaminomethane (Tris), dithiotheritol (DTT),

Louis, MO, USA). The Bradford assay kit and PVDF immunoblot membrane were from

CA, USA). !

USA). For desaling,

from Millipore Corporation (Bedford, MA, USA). The skimmed milk powder was

purchased »

A usa.




Kodak, USA. RepiG

Germany. p

F surfactant from Waters C

(Milford, MA, USA), TopTip fillers with Poly-Hydroxyethyl (HILIC) resin from PolyL.C

Inc. (Columbia, MD, USA), and 33-mm polytetrafluoroethylene (PTFE) iters for air

pling from SKC Inc. (Fighty Four, PA, USA). The signature peptide,

LVSAVNEIEK (purity > 98.33%; molar mass = 1101.27 Ds) andits dewterated sotopic

oeuclog s el jeofe Spu R M ot et U 4 2EDN) e

synthesized by GeneMed Synthesis (San Fr

rancisco, CA, USA).

322, Arginine kinase purification and SDS profiling
(1), The toul
Bradford assay.
wilized o
i  the purified AK. A "
) the well 170V unil the
One g
Bluc R
15V for 20 min. \, the membrane




immunobloting

323, Immunoblotting

different bands
g antibody b
hellish o
par 322)
110in °C using a slo-blot
1d fic, USA). Subsequentl

polyclonal antihuman IgE antibody (DAKO, USA) (diluted 1:2000) in PBS-T containing
v

pBS-T

technique (8,22)

324, negel digestion and guanidation




eq pat  were excised

gels. Anin-gel
‘subscquent MALDI-QqToF-MS using the protocol developed by Sergeant e al. (28).

NHLHCOyin

1 30°C for 30 min.

under astream of Na, and then covered by a solution of SOmM NHiHCO; pH 7.5,

he
Solution was sucked out. The gel was covered by a solution of S0 mM of NHLHCO; and

incubated at 37°C overnigh to enhance proten digestion. The water solublc peptides.

twice with 0.155%TFA in 50% ACN after a 2 min vortex mixing. The samples were

Iyophilized, 10 analy 10uL of 0.1% TFA and desalted

with Cis ZipTip.

325, MALDI-QqToF-MS

3251, Matriy/Sample Preparation

“The two-lay o
described in Chapter 2, section 2.2.6.1. Whereas the frst ayer soluion consisted 20 mg

ofHCCAn I ml N




f H,0 saturaed by HCCA. A 0.5 L. of th frst ayer matrix solution was applied 102
MALDI target. 1 L of the second layer matrix solution was mixed with 1 L. of sample.

Tl

followed by an on-target wash step. By adding 1 L. of water on top ofthe dry spot and

o 10 second:

was removed.

MS and CID-MSMS

3252 MALDI-Q4Te
MALDIMS and low-energy (CID) analyses were carred out on a QSTAR XL

Foster City, USA) equipp

MALDI ion source (Applied Biosystems, Foster City, CA).

326, LC-ESI- QqToF-MS
DIONEX c

Germany). A 250 1%

TFA was loaded onto a precolumn (300 um 1D x § mm, . PepMap 10,5 um (LC

Packi " It

pm DX 15 em, €18



T T e—

PepMap 100, 3 um, 100 A, (LC Packing, Sunnyvale, CA)at 180 nl/min using the

98% ACN. A gradient of 0% B for 10min, 0-60% B n 55 min, 60-90% n 3 min, and
0% appl 106 min long,

“The ESI-MS of the LC-cluting peptides were measured with the same hybrid

xvz

i

‘manipulaton).

New Objectives, Wobum, USA) at a voltage of 2400 V.

This protein was futher analyzed by CID-MS/MS and the resuling peptides

d p

score was over 959% confdence limit,




hapter 4, section

423, where ol

coll

LC-MS/MS analysis were performed as described elsewhere (27).

method
Signature peptide analysis was performed following the MRM LC-MS/MS.

Chapter 4, section 4.2.6,

the ES1 with gas flow rae of 400 Vhr and a emperature of 250 °C. The ions were

accelerated through the capllay and orifice cone at 3,02 kV and 40 V, respectivly. The

p low energy C

energy of 13 V. The [M#2H] ¥ precursor ons of the unlabeled and labeled forms of the

performed with Mass Lynx 4.1 software.

33, Result and discussion

profiled by SDS-

i Figure $.1A. Proteins




With typtic digestion for further charater

ton by *bottom up" tandem mass

“de novo'

spectrometry.
searched in Mascot search engine against the NCBIn database. The proteins’ idenity

and their relevant information are summarized in Table 3.1

“The number o
 the lack of
the
‘comparison with th closest specie available in the databases.
Allthe sC Table 3.1
This
curent study L w

involved in allergic reactions 0 snow crab, ranging from 2010 113 kDa (7). One of these:

quenced by Dr. Helleur y

novel snow crab allergen (see Chapter 2).
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Figure 3. 1: (A) Crude extractof snow crab muscle protein analyzed by S
PAGE C

patients” IgE antibody. (B) Purified argiine kinase analyzed by SDS-PAGE

c y IgE from
seven patients.

ibsequent pr from




PAGE

purificd AK shown by its SDS band i Figure 3.1B.

“Table 3. 1: List of the allergenic musele proteins from snow crab and the ‘de novo’

sequences of ther relevant peptides

Protein Name e Selcted peptdes
Gon
Sarcoplasmic o “« .
= = VATVSLIR
Tropenin » ns
Tropomyosin 5 o
Argnine inse o s
ALK
THTYPIVEGYCLPHAILK'™
LDLAGRDLTAVLTK
aAcine @ 1 OYSPTITATREN R
1 SYELPDGQVITIGNER ™
oIk ™"
7 KDLFANNVLSGGTTMYPGIADK
i
Smooth Endophsnic
m sss

Reteotm
o ATPase (SERCA)

IVIVITGONK




(-43%). The IgE. gure 318,

1

Interesting s’ i . confirming that

AK is e o the important rab alergens along with tropomyosin. The AK band was

o spectra
(Figre 3
engine, The pr W ]
n A
8 ot

reencb A

i AK'S

13
now crab AK vsolution and

gel “de novo »
MAL .

fons. The peptide’s amino acid sequence was interpreted manually and later confirmed




The MALDI
arginine-contaiing peptides (28).

Figure 3, 2: An ESI MS spectrum from snow crab AK in-solution rypic digestion
Spect MF

“To increase the sensitviy of the lysne-containing peptdes, guanidation of ysine was

per

are not shown).



using nano-HPLC prior o fonizaton by an ESI source.

(Figure 3.2) and MALDI on

spectra, (i [MFH] * miz 923.3618, 850.4348, 1020.5053, 864 4297, ctc) were exposed

1o low energy collsion induced dissociation (CID) for peptide ‘de novo sequencing

Mascot MS/MS mode. Two representative production spectraare shown in Figure 3.4
NCBI

database.

‘Since the orange mud crab s the cosest species 10 the SC, most of the SC AK's

s AK. the

snow crab AK meetsthe ritria of dentity and extensive homalogy, wherein the Mows.

Score average ~ 1185 as orange mud erab AK (S ofivacea).

K (his study) th

partally wi K din Table 3.2,

will sppeat

accession number P86699 for AK (Chionoeceres opilo).
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HsmomcepLeavyR

Figure 3. 4: R -

peptides. £
[M2HJ" vz 5743, The amino acid sequence is shown for cach spectrum,




Using BLAST !

AT LR GIYXLQATOCKSLLIKYL TVIOGLINKTS ANTLLOVIGSGIEN 1
TRAATI AL ATOCHSLUBRYL T oaLoATL LOVIGS BN
VACAATIAKLEE GRS AATOCKSL LIV TSVIDGLRGRRTS AATL VISV £

S YAPCAEAYTLEAPLIDP DTG TORSNID PEOVNGP WSRO OKFY -
oAV APOAEAYTLEAS LIOF T ECTNOGYGTORC)

o TG S
TR ORVE PPN L TEAGIYENE VS5

 LIRONTLFTEORFLOWCRIMIAGRITANE KTFUMCNEEDNLAL ML
g S ORr ORI RS OONRT FRCHEEEW L R0

ALY AV LRV SNIRR AL PN T TVRASVHIXL PXLANREKL
RN HEXRVPFSHIORLOFLTFE P TWLGTTVAASVHIKLPRLANREKLEEY

NSRRI TEARGYO LS NIOUHOLTERGAVKBACOGTLELKIENENG 3
NS VRN TEARGOVYE NG LTEPOAVKBIG01 L LI XETENG

G 35 RSOV TAGENTEABGOVYD INRUMOLTE RAVKDRGOTLELIRIEIZNG 35
Figure3.5:
crab AK. 7 is96%

and the positive value is 98%




‘Table 3.2: “De novo" sequencing of the product ion specta obtained from ESI-QqToF

and MALDI-QToF exper sor typ AK.
Mo
surtn [ TR
OhervctExpected Cakaaed worse
pss wom wesme 2
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Baws wewe legan 2
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Interestingly, the N-terminal peptide ('MADAATISK’) identified in MALDI

s tural feature

o .9)

b AK

PINLGT), The
model has  consensuspatten f (C-P-X (0, I-STHN-AILV)-G-T.an rpeesents a
family of sucturaly and funtonally et enzymes that reversibly catlyze the
{ransfer of phosphate between AT and variousphosphogens e 5 retine,

i highly conserved and could be used as signature patern (29),

Developing an analytical method for quantifying snow crab AK by isotopic

y i borter than 15 i

30).Fe

Table 32, Based

iven in Figure 3.6, The BLAST test shows tha this peptide is notonly specific for AK




from snow erab, but also can b utilized as a universal signature peptide fo other

erustaceans’ AK.

- LVSAVNEIEK
: .
A
L..' g8, "“;:m o
0| K,;_ T 2
Figure 3.6: for K

for quantifcation purposes of snow crab AK.

its deuterated form were tuned to be 551890 and 5525892, respectively. A



chromatogram for th digested SC crude extract s shown i Figure 3.7, which is

samples were
collected
Jlected, extractd from fil

Figure 3.7: An MRM LC-MS/MS chromatogram forthe signature peptide (SCAK) and
erude extract.

“The levels of the SCAK (as it surrogate peptide) are summarized in Table 3.3

ledge, the first time, is




environment. The levels of SCAK are shown 1o vary among sampling locations. For
example, high levels of SCAK were callcted on the personal breathing zone it during.
i These

butchering, while the lowest was from a ilter sample 3 m avway from butcher

chemically the presence of AK in crude extract and in air samples willbe useful

ping irbome proteins in

the future

Table3.3:
processing plant.

ame CORC.assouion Amownper s Volumegt Ak
. o) omon w)

Butchring (P62) 108 Lot oois o9
Buchering (Area 1) %0 26019 s os
Butchering (Ara2) nn 1224 o o
Cooking (PB2) ne 22675 s om0
Cooking (Area ) 2w 21095 om o
Conking (Area2) an 2185 s o

Blank (Ares2) o s 0am




34, Conclusion

. for the first by

examining its immunoreactivity with th sera o seven allrgic patents. The primary
sructure of the AK was characterized through amino acid sequencing using *boriom 1

Prot

in the Us

Knowledgebase. K X
(0, IHSTI-NALV)-G-T). The signature peptde of AK was determined and utlized a5

universal sgnature peptide among the crustaceans’ AK. An MRM tandem mass

pect pep

o measure, for the first time, th levels of the aerosolized form of SCAK inside crab

Finally, several proteins present inthe SC crude

AK.
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Abstract
i

Previously, z

protein. The present
quantification

L

pepiides

digestion,

harmonization protocol. Where 2-9% for CV (precision) and 101- 110 % for accuracy, at

three different PTFE and

the applicabilit and the valdity ofthe method for real samples, 45 kg of whole snow

collected. The levels of SCTM ranged between 0.36-3.92 g/’ and 1.70- 2,31 pgim’ for

butchering and cooking sations, respectvely.
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Introduction
Seafood plays an important role in nutition worldwide, sustained by increasing
international rade of a variety of new scafood products (1, 2). During seafood harvesting

i

el and processng plants. Allergic reactions 1o scafood are genersed by otherwise
Harmless proeins which are, o some individuals, recognized as alergens. The main
acrslergens causing the shellfsh llrgy ar blieved to be tropomyosin (3-5) and
possibl sacoplasmic calcum-bining proten (6, myosin lght chsin (7),and argiine
inase (8:9), which all can become acrosolzed by seafood handling and procssig.

Previousstdies have epor
1o range from 794 10 36%,and occupationl protin contact dermatts fom 3% t 1%
(). Many stdies have used immunological escivty techniques to dtect TM such s
cnrymedlinked immuncsorbent assay (ELISA) (10), radoslergosorbent et (RAST) (1),

. ndiecl, by

measuring the level of bound immunoglobulin's (IgF) 10 a standard antigen using
radiolabels or colorimetric subsiates. As & consequence, the sensitvity, specifcity, and
selectivity of these indirect techniques are limited in evaluating the levels of proteins
recognized by these antibodies in air samples. These techniques therefore recognize
various airborne proteins, maybe due (0 the cross-reactivity fo various proteins are not
only restricted to allergens and could originate from other sources besides the food

processing (e, dust mites, microbes, ctc) (5),
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Crustacean

™ i i in1981 (13).

heatstable protein with molar masses ranging between 34 and 39 kDa (14). It has also

(15). Devel

“TM) will be very useful srisk of

developing all . 16)

facant The limited
resolution of

other analytical ssues in protein quantification.

spectrometry.

(18). Sable isotope labeling based




id (SILAC]
for.
“The ot
pepide,
@,
involves
ly horter than 15
ids
18
™,
i
amina acid “de novo’ Chapter
semv -

respectively.




pe deternine

tiviy, sel

complteness o the trypic digestion along with ir fillr recovery of SCTM were also

determined. Final

simulaed snow crab plant and assayed for SCTM usin tis developed method.

42, Materials and methods

42,1, Chemical and reagent

SQLVENEL >0 2348.53 Do) and ts

deuterated isotopic homolog using ds-L-alanine- (purity > 97.1%; molar mass = 2357.53
Da) were purchased from GeneMed Synthesis (San Francisco, CA, USA). Acetonitsile

‘and formie acid were purchased from ACP (Montreal, Canad). Sodium dodecylsulfte

(SDS). 1 a
Louis, MO, USA). RapiCiet SF surfuctant from Waters Corporation (Milford, MA,

USA), TopTip filers with Poly-Hydroxyethyl (HILIC) rsin from PolyLC Inc.

Columbia, MD, USA), and

sampling was bought from SKC Inc. (Eighty Four, PA, USA)
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“TM from fresh erab.

422, Peptide solutions

igh ) signature

curve from prepared n 1.00-m. inal

(10.0 M), while s

»l

2500, and 850.0 1M, were used as quality control (QC) samples.

423, Air sample collection

Forty rab were processed lated

processing plant designed by the Marine Instiute, Memrial Universiy of

Newloundiand.

flow rate of 3.5 Limi using 33-mm PTFE filters. Three samplers were used in cach




processing. ’c, il the protein

extraci

protocal,

424, Protein extra

n from filters and tryptic digestion

34 pape

extracted using 1 mL of 10% SDS solution (15) containing 500 nM of the d;-TSP as

200 4L of 50

then 10 4L

followed by boiling for S min in  water bath at 100°C, then cooled. A 100 ng/uL trypsin

rc
B uper freeze dried, and stored
a-80°C, il s
anlysis




425, SDS removal protocol

“The trypic peptide residues were reconsttuted with 200 L. of 8020 (ACN
H0)

HILIC resin.

ACN: H:0), with S0

‘ammonium formate, pH 3.0, in 85:15 ACN: H0). The pepide sample was loaded onto.

twice using 75 L .

s0c.

426, LC-MS/MS operating conditions

Peptide analysis was performed on a Waters Alliance 2795 HPLC system coupled

wa . Milford, MA,
- in clectrospay The

pep Cu21X
100 o

by the i HpLC-

rade water with 1% formic acids theorganic phase (B) was ACN with 0.1% formic

acid. The gradient was started at 5% B for 0.3 min, $-90% B in | min, then 90% B for 3

the $% in 0.5 mit 204

131




| _iad

washed with 200 ul of mobile phase B folowed by 600 L. of mobile phase A. The

7250°C.

13,02 KV and 40 V, respecively. The precursor ions were fragmented atlow energy

CID using argon gas and the collision energy of 13 V. The [M+4H) * precursor ions of

15 and 59025 iz,

respectively. Data processing was performed with Mass Lynx 4.1 software. Each MS

Lo e
1 both unlabeled e
427, Method validation
Method validaton wasstdiedaccoding 1 the Incrational Conerence on
prcedurs. For
ineariy i days

50,100, 500, 750, and




ForLOD and L

oS and

the slope of the curve.
Following the ICH guideline, the precision of the method was calculted using.

0, and 850 nM);

(intrad i nd

project rais)

sumples are considered to be acceptable i CV% < 15% for ntra and inter day precision.

s

P 0Q 10 be + 20% Finall

criteria and have a correlation coefficient r* of at least 0.99.

43, Results and discussions

431 LCMSMS

‘The study’s core objective is 10 develop a rliable and eficient LC-MSMS

samples. i cT™




ENELDHAQEQLSAATHK) (4)

labeled fo "

L [MaH]
iz 88

. g 4.1). These precy

10 low energy collsion induced disociation (CID).

Consequenily, various product fons were observed fr both forms of the signature

pepide. 712 and P

idues) for

peptides,respectively. The mulipl reaction monitoring (MRM) transitons S88.15—+ 712

9025 - 715




: eyl S
:

asrsp
e ey e Brnmnme B, gy w3), 0 gy

igure 4. 15 ES1 spectra forthe unlabeled (TSP) and deuterated (ds-TSP) signature
peptides

432, Method validation

“The linearity of

four d

fitcalculated by o

135



“Table 4.1 and a representative calbration curve shown in Figure 4.3, The LOQ, which s

d o<

20% of the nominal value determined at & 10:1 signal-to-noise rato. The LOD, defined >

3:1, signal: noise was 3 M.

i
s
w5 ¥
9071

Figure 4. 2: Representative MRM chromatogzam of ropomyosin signature




Somastoncoufcint 120899905, 2= 0887812
st coe 001763811+ 00155878

om0 n
0 W m w0 w0 w0 W&o T e w0 100

Figure 4. 3: Calibration curve for TSP concentration range of 101000 1M, Where the
response i the peak area rato (TSP dy-TSP).

“Table 4. 1: Summry of lincarity validation of calibration curves (Fig. 3. Average of
four different curves over four days (n=4).

Wange (M) 0100

Regrsion sqation (1) o
Stope ) o
SDonlope S) e
- osn
0w

Conelaon cosficen /)



| P

‘Accuracy and precision was evaluated and establshed over three days. At the

itraday . mid, and high)

‘measure of method accuracy and precision as summarized in Table 4.2, In the iter-day

level (Table 42). The sp ofthe

Tandem MS runs were

of the product-precursor elationship,

433, Optimization of trypti digestion

138




‘Table 4. 2: Summary of intr-day and intra-day validation for method sensii

precision and accuracy.

QCL_ QeM  QcH

Statistical Parameters onn) _(250nM) _(850nM)

Mean® 201 25899 87788

s 18 62 2346
Iy prcisonCV (%) 901 240 267
Accuracy % 10504 10360 10973

Mean®* 251 26219 83844

merday S0 0 4 s
Y precisionCV (%) 649 s41 821
Accuracy % 1075 10487 9864

T TG G x e

solution of SCTM.

recommended

involved using 1:1 10 1:100 (w: cT™
peptide (TSP) by LC-MS/MS. The most suitabl digestion enzyme (o subsirate ratio was.
111 (Fig. 4.40).

‘Completeness o protein digestion i sensitive to ncubation time. Therefore a set

of SC o from 110 18 he.

139



Figure 4. 4:

(O D) RapiCiest

%%, and (E) Acetonitrile %



TSP Concentratio

TSP concentration

(M)

Incubation temperature

RapiGest (%)

o1

o om0t
RapiGest (%)




Acetonitrile (%)

H
£ w
3 =0
™ e
T a = e am e »
Jr—

(Cont'd.) Figure 4. 5: Operational effects on trypsin digeston of tropomyosin (A)
Optimum of ©
(D) RapiGest %, and (E) Acctonitrile %

Completeness of

o » from 110 18 hr. The
production of . 44b)
times. it was decided
RapiGest S
T™ protein

RapiGiestand the TSP monitored. Addition of 001 % RapiGiest was adopied for T
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digestion (Fig. 4. 4). ™ [

of Rap inthe gl

TSP production.  As observed in Figure 4 4c,

a temperature of 37 °C was selected. Finally, it has been reported that the addition of
acetonitrile can increase the activity of th trypsin digestion (12). Peliminary

experiments showed this ot 0 be the case for SCTM.

434, Standard addition calibration of SCTM digestion

A purified SC

SCTM (as TSP) by T

of TSP produced fter complete digestion. The digested SCTM samples were fther

divided into fve cqul portions. To cach solution were spiked increasing amounts of

e Figure 45, A sufficient

working solution was added t each sample 0 a final concentraton of 1 M. A linear

regression of e

the SCTM (as TSP) inthe orginal sample was calculated t be 0.31 uM
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$ n
g
gt Yo IL66 3620
E R 0995
& s
H

08 o 0 0

TSP Concentration (M)
Figure 4. 6: Standard addition curve forstandardization a solution of SCTM after
digestion (n-3).

Lincarity of SCTM digestion

The efficacy of the rypsin digestion of SCTM was stdied o confirm the

purified SCTM standard. Four

» sev from 0311062
pmol. Samp Resultshows
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high SC” iy of SCTM

a0 SCTM Linearity

Teoans o0
0o

Avea Ratla (TSPAS-TSP)

o
.

Figure 4. 7: Lincarty of SCTM digestion over a wide concentration. Digestion

conditions: TM/ Trypsin (11 along with ther optimization conditions. (n-3)

SCTM extraction recovery from air filers

‘Good extracton recovery effciency of spiked SCTM from PTFE air fltrsis
required for developing  reliable air sampling metho for arborne SCTM. A diled

solution of SCTM (31.1nM) was sprayed onto blank 33-mm PTFE flers. A totl of 300



ul
fusion pump and LC-MS clectrosprey apparatus (using 60 psi N:) (Fig 4.7). Three

separate PTFE filter samples were spray spiked with 9.33 pmol of SCTM. Three control

10%
4 TSP) (15,24) 3
TopTip
il i
TopTip
s, ples of TSP/dy-
the TopTip filtrs

recoveries The TopTip fler samples were compared with TSP/dy- TSP standard
Solutions and the extraction recovery was found t be 95.6%. Using the TopTip fillr

recovery,the final PTFE fllers recovery was calculated o be 99.5% as SCTM.

To Pl
samples were collcted in a simulated crab processing plant. The plant had very lile

ventiltion and small working arcas; 15.9 m’ for te buichering sation and 178 m’ for

levels of
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Dueto @

time was relativly short (50 mi),

ctup of electrospray apparatus used forspiking TM standard solution

Figure 4.8

onto a PTFE filer,

The results ofthesir sampling are summarized in Table 4.3 Surprisingly, the

Tevels of the SCTM (as TSP)in both sits are high for PBZ pumps, since the workers are

The SCTM levelsin

higher than those i the butchering area. Thisis possibly dug



* slightly” Jocations. For example,
butchering 1 sampler located abov the buchering able had  SCTM level of 102

v,

ofonly 0.36 wg/m’. SCTM standards and field blank samples (before and afer crab.

Asc™M

“The lower limi i TMin this

experiment was 33 ng/m’. This established analytcal method has been found to be

" CTM forai

than 1 hr. 2 i ISA and RAST

are likely 1o equire at leasteigh

this study's chemical analysis spproach (25).
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Table 4.3:

samples are included.

D
P e
S 5B &
e P R g e s
. e
s S R
———

P2 persons brething one

44, Conclusion

LOQ- lwer it of quatifcation

ng the levelsof

orkpl

i labeled

spectrometry (LC-MS/MS). The validity of the instrumental method was sudied in terms




c e PTFE fiers

Ultimately,

small spatial

) to quantify accurately airborne allergen levels.
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Chapter S: Analysis of the allergenic pnmuu in black tiger prawn
(Penacus monodon) and characterization of the major
allergen tropomyosin using mass :pmmmmy

©This Chapter has been published; Abdel Rahman, A. M., Kamath, S, Lopata, A. L.,
Hell Analysis of the allergenic proteins in black tger prawn (Penaeus monodon)
and characterization of the major allergen tropomyosin using mass spectrometry. Rapid
Commun Mass Specirom. 2010, 24; 2462-2470,
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Abstract

The severity of

amino acid sequence that induces production of I antibodies. In black tger prawn

Tropomyosin (M)
(3K0u)
T e s purifed
novo Using
bottom up by

combination of MALDI and ES] tandem mass spectrometry (QqTaF). Myosin light

novo’ seq

of pati
TM protein for i

water, air,
industry.



1. Introduction

ger pr
the H it
“Type I (1gE) mediated Ingesting black

i oedesna, st
a0 harvesting, etc), and
using ‘Tropomyosin, which is
allergen, etal.in

prawns. (12, 13)
y 34and 39 KDa (14). It has a
present 16). Furthermore,

™).
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3% 0 1% and for
7% 10 36% (18)
assay (ELISA) (16,19
2 ive,selct
d may also
4 bes
Non-specificty of
previous characterization studies
tech »
P ™
from fic ptients”
A our




proteins.

Black tiger prawn tropomyosin i, for the irst time, de novo- sequenced using

“bottom 1’
Furthermore,
by visually screcning through the mass spectra,
52 Experimental
S2.1. Chemicals and reagents
further tonitrile, hydrochl

acid, and methanol were supplied from ACP (Montrea, Canada). RapiGiest SF surfactant

Water C MA AspNand

L

MO, Us



Hydeanide . )
Louis, MO, USA).
ca.usA)
A Tip Ci
Milpore MA,USA), For TM
(TBS) ables
Usa . s0d a
Tween-20, ¢ tope, e prchaed S Lovis,
MO, USA). The o
MA,USA) PvoF
CALUSA). Skimmed
milk for the immunobloning procedure was purchased fom  local supermarket
522, Protein extracts
Fresh black tige prawns were purchased rom the localmasket (Vitoris,
Lopau's v
proten
o172, he
fier

aliquotsat 80 C until further

sterilized. This PBS protein extract was store




- prepar 100° Cin

PBS. pH 7. P for

the raw prawn protein extract

523, Tropomyosin purification

LP purification

system (BioRad, USA).

fiters of 3

Tt was then

rher washed NaCl in 30 mM acetae buffer, pi 5

“The tropomyosin (TM) eluted at approximately 47 min. The collected fr

prote

was then concentrated using an Amikon spin fillr with a 3 KDa MWCO.
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| b s

‘The BTP crude extracts and the purified TM were profled using 12 % SDS-

PAGE he el
Jiage of 170V for 1 b,
el One el Forthe
des, 00V
for . .

525, Immunoblotting

“The final

sensitvity of the serum was analyzed using ELISA.

PVDF membrane using a semi-dry immunoblot apparatus (Biorad, USA). The

s with TBS-Tween. The secondary.

iluion of 1:40000. The blot was washed thee ti

antibody used
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peroxidase (HRP) (Promega, USA), with a working diluion of 1220000, The blot was
incubated for

Wdrich, USA). The

L) techs
hi sty wasacquired by Monash Uriversity, Melboure, Ausirala For
- gels
oy i 120in 1% skim
C. Subseq and he
1 s . USA) (ilued
contining PBs-

T three times, it was incubated for 30 min with HRP tagged Goat Anti-Rabbit polyclonal

wibody (DAKO, USA) (diluted 1:1000) in PBS-T containing 1% skim milk. Finally, the

st

IgE
technique (22).




E

52.6. Enzymatic digestion and guanidation

To increase

oI e in-gel

(23). The g
with 200 mM of NH.H CO3 n a solution of S0% acetontsle in dH;0, a1 30°C o 30

min,

solution of S0 mM NHLHCO; pH 7.8 containing § ng/uL rypsin, Asp-N, and

endoproteinase Glu-C V8 inice for 30 min for rehydration. After rehyds

n, any excess

& 50 mM of NHAHCO,

and incubated at igh

twice with 0.15%TFA in 50% ACN afer a2 min vortex mixing. The sumples were
frecze dried, and reconstitued prior o analysis with 10 uL. of 0.1% TFA and desalied

with C1y ZipTips (10 L bed),

the BTP

RapiGest SF surfuctant, (24) which enhances the digestion effciency. Subsequently, the

wration 20ng/ml of enzyme. The diges was

precipitated by 1% formic acid at room temperature




52.7. MALDI plate preparation

prepared for MALDI

deseribed in Chapter 2,section 2.2.6.1, Two-layer sample/matix preparation was

20 mgiml HCCA in

saturated HCCA in
40% ACN. A 05 layer ofs i MALDI

target. A 1 L sample of the second layer matix solution was mixed with 1 L. of
sample. Finally, a 1 L. of the sample/marix mixture was deposited onto th first layer

and allowed 0 dry, followed by an on-target wash sicp (25).

d ESI- QqToF MS.

(QaToF-
MS/MS) (Applied Biosystems/MDS Sciex, Fostr City, USA) equipped with an o-

MALDI fon source (Applied Biosystems, Foster City, CA).

e

Germany). A

p ? in0.1%
TFA was loaded onto a precolumn (300 um D X § mm, Ciy PepMap 100, S i (LC

Pack "

from X150




| Ot

mm, Cis PepMap 100, 3 um, 100 °A, (LC Packing, Sunnyvale, CA) at 180 nlmin using

1%

acid! Z
98% ACN, 10min, L 60-

90% i 3 min, 90% B for 5 min was applied. Including a regencration step one run was

106 min long.

“The ESI-MS of the LC-cluting peptides were measured with the same hybrid
xvz

a

| manipulator),

New Objectives, Wobum, USA) at a voltage of 2400 V. Individual target protein was

MM “de novo

gy Information non-

idenified if the Mascot score was over 95% confidence limit,
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53, Results and discussion

851 Wesiem
bloting. Subseq

antibody (Fig. 5.1 B) ized patients’ sera i the

band 1) The strong I reactve band with a molecular weight ~33 kDa was further

characterized using peptide mass finger priting (PMF).

“The 33 kDa band was excised and exposed 0 rypsin digestion. The genersted

MALDI- and LC-ES pr
spectra (Fig 5.2) were uploaded 10 the Mascot search engine NCBInr databases, where.

™ "

the procins’

extensive homalogy (p <0.05).
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Figure S 1: Immunochemical profle of the various protein exracts of the black tger
prawn, I- Raw muscle extrac, I Heat treated musele extract, - Purified fraction of

TM. A- SDS-PAGE Coomassie profile of the prawn extracts, B- Immunoblot using

rabbit IgE antibody Immunob BIP
™ u pa The red box po
of (top o bot e kinase,




Figure 5. 2: The MS spectrum generated afer trypic digestion of BTP TM. This
Spectrum scored 112 in Mascot' algorithm as TM for black tger prawn.

‘s discussed above, the ropomyosin protein was isolatd from fresh BTP and

puriied y sect
seeFig. 5.

patents craas shown n Figure 5.1 C. The IgE vy with
respect Nevertheless,allofthem h

reactivity withthe purified BTP TM, which confirmed TM to be the major allergen in

this prawn species.



e mses)
Figure 5. 3 Ton-exchange chromatogram epresents the purificaton of
) 280nm

(s0id Tine)at 47 minutesrepresents the elution o the ropomyosin fraction

biochemisty of

his potent allergen. The purified TM extract was ‘de novo sequenced using *boitom up"

| produced by trypsin, Glu-C V8, or Asp-N digestions and individually introduced to both
MALDI and ES1 fon sources of  tandem MS. I the precursor on spectrs, the most

abundant peptides fons (i ., m/z 7212927 [M+H)'", m/z 879.3927 [M+H)'“miz



| i

9493927 [M+H]'", miz 10604927 [M+H]'" .z 1107.4927 [M+H]", miz 1128.4927
[MFH]", miz 1136.4927 (M+H] ", miz 1145.5927 [MoH)'", m/z 1156.5927 [M+H] ",

miz 12114927 [M#H]", etc) were selected sequentillyin the gas phase and exposed to

TOF
analyzer with respeet t their mass-to-charge ratio.
InLC-ESI-QqToF analyses,the peptdes were initiall separated with respect o

their polarity on the nano-HPLC column (C’s PepMap), using LC scparation and a

onized

peptides (26). Therefor, the multipl-charged precursor fons i miz 457712
M2, miz S39.7791 [M#2H]™, miz 565.3142 [M+2HF*", m'z 606.7909 [M+2H]™",
s 6293417 [MYZHP", s 6888189 [M:2HI", m'z 6953667 (Me2HI",

5142560 [M+3H]"", miz 1016.0235 [M+2H]™, ete) were sclected and isolated for low-

ToF
mass analyzer.
The product i
‘Binr database. The




Table 5. 1: A

oo M
Mokculr weight |
Rowes o
Procase Pepide sequence 2)
posiion Crlcotaed Eapeced ST
oKL ) sy
DTLEONK 77798
AR () 107958
AEKSEEEVIINLOK () 1597462
SEEEVINLOK 2115673
SEEEVINLOKR () Va2 |
1QQLENDLDQVQESLLK (2) 0000
ANIQLVEKDK ) T eiss
ALSNAEGEVAALNR G) e
ALSNAEGEVAALNRR 0) 15803
KIQLLEEDLE e
5 SEERLNTATTK @ ey
3 INTATIL msmmgm o 2108 04r
i LoD se
WessTs
wosse | B
S0
1736700
o
18615
a7
165657
156 900
201910
SIDELDQTFSELSGY s
P ARKKMOAVKLE ) s s |
I QKRMQQLE @) 20 is2ne |
2 SLKANIOLVE @) 16734
H VAL () ne i
VANLNRRIQULES ) Jrithi _




(Contd) Table 5. 2: A lst of gencrated peptides of TM extracted rom BTP that have

been generaed by this study using different enzymes and MS ion sources.

Peptde sequence (D) T
Catcones
RLNTATTKLAE @) 66778
e RMRKVLE @) 5433
1 e ey
2 VARKLAMVE 10155848
EH LRYVGNNLKSLER) 13407776
GRTUINKLKARE@) 14368613
RSVOKLOKE (2 ingesss
DNAMDRADTLEQQNK 17477795
ADTLEQONK 177198
QONKEANNR 16297706
AEKSEEEVHNLOK 15397529
SEEEVHNLOK 115782
SEEEVHNLOKR 76193
MOQLENDLDQVQESLLK 20299990
ANIQLVEK 135252
ANIQLVEKDS o152
ALSNAEGEVAALNR 14137212
= RIQLLEEDLE 12762
3 IQLLEEDLERSEER 17578795
3 RLNTATTK 1ise310
= LAEASQAADESER 13756215
SLSDEERMDALENQLK 18768836
MDALENQLK. 05223
FLAEEADR. 505
FLAEEADRK 10775454
VDEVARK 94150
KLAMVEADLER 1736700
LAMVEADLE s 5750
LAMVEADLERAEER 16307984
IVELEEELR 56026
SLEVSEEKANQR e
EA 11075308

lavw




(Contd.) Table 5. 3: Alist of generated peptides of T extracted from BTP that have
been generatd by this study using different enzymes and MS ion sources.

[E—
Reses o
Prtnse [A——
- Caleulated  Expected -
S EEAVREGK T
S ma e e e | oz
3| dew A mow e | E
T mn Sorome iemw  ewn | €
| 269384 _ SITDELDQTFSELSG vt
[ 215 DAKKKMOAVKLEKG) s leosmis
| e e sl
o i
| B Do Do
jreed s meew | g
e oty om | B
| et e tmam
| e o e
| 8 14568613 1456 8808
e e e
Ered Hewn s |
| S e lisow
e o sy
@ e
o w2
| e ek 1w
B S s
1671 DAL emn  owwn | g
ol DARHAREA s ey | E
18008 DrvARKLAMYE oty s | €
IS ERLAWGNKS i e
B kLA egen sy
e e
W Evoko s e
FrE i it i
Ere o i




| e A

Mowse scores forthese runs were on average 1461, 481, and 187 as BTPTM

identification forthe in-solution generated peptdes by trypsin, Glu-C V8, and Asp-N

N, and Glu-C (V8)

di Jy. Table .1 repor
ght. Elucidated
wai where the most
dominant peptide ragment fons (y and b fons)are highlighted.
™ 7). As staed,

thre differnt sets of enzymate pepides were generated from BTP TM by trypsin, Asp-

BTP TM s shown in figure 5.5.

InMS studi

1 “de novo’ sequence for

fonized by ESI i

this PTM in shrimp T by the Netcet .0 server scored a high value of 0471 (28).

Eukaryotic TM,

bovine,

@)




- |
| | e
-
im
i -
Figure .4: A rpres g diom

ons sources for m/z 709.9323 [M#2H]"" with sequence:

Gl V8 digestion and
Eand B) ed I MALDI fon source for
iz 13756215 [M+H]'* with sequence LAEASQAADESER




KDNAKD RADTLEQQNK
AL

PAERSVOKLQ
251 KEVDRLEDEL VNEKEKYXSI TOELDQTFSE 1SGY

Figure 5. 5: BTP TM full amino acid sequence by *bottom up* spproach

Inanother he MALDI

y DI work. The

which

using MALDI source (resuls re not shown)

‘Additional BTP proteins have been charactrized in this study using mass
spectrometry. A number of their enzymaic peptides were sequenced using the same MS.

srategy as described for TV, The 20kDa band as shown in Figure 5.1A and which reacts

srongly ! 1gE (Fig. 5.1 C) Two relevant
“de novo “The amino acid
sequences MDR

the NCBlnr databank using the Mascot search engine. These peptide matched with




vannamei (Lit¥3)) (29).

¢ IgE. The band digested, and analyzed by

s, de novo. KEK

VSSTLSSLEGELK, GTYYPLTGMSK, LIDDHFLFK, ISMQMGGDLGQVFRR.

LTSAVNEIEKR, IPFSHHDR, GTRGEHTEAEGGIYDISNK).

Additionl muscle proteins were profiled by mass spectrometry in the same

‘myosin heavy chain, and calmodulin.

As stated above, another major objectve of this study i o idenify a suitable
T™inthe place. A very important pept
the absence of PTM groups i . phosphoryltion and glycosylation) (30). Thercfore,the

» pe
ExPASy FindMod tool o check if there was any potential peptide having any PTM

motifs). The report indicated the absence of any type of modifications. Further

co PIM

A NetPhos

20 server (31). Nex, .



(Table 1)

peptides was

with PTM cvaluation from the NetPhos

20server (31) BLAST test

“The NCBI BLAST test, which s used to find regions oflocal similaity between

matches,

signature

pepide for black tiger pravn T (with 100% identity, score=28.2 bits (590), and

expected=94). The product ion spectrum of this peptide, mz 457.7712 [M+2H] ', was

ESl source (Fig. 56).

assigned.

7




Figure 5. 6: The product ion spectrum of, m/z 457.7712 [M+2H]" for the
selected signature peptide with sequence ANIQLVEK.

Conelusion

A general siraesy

jger prawn. T a
i PME, o
novo PFF.
d
s sera. For
BIPTM.




pept followed

AST

EK) will

workplace.
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Chapter 6: Summary and future work.



(2004-2007). N

the workers” icular

o o identiy the

Thetwo

species of inteest were snow crab and black tiger prawn.

“This study began with isolating and purifying the important alergenic protcins

¢ ser. T (TM) vas

nclusively ens and was ‘de novo
{andem mass spectrometry. The “boiom up" approach of protein sequencing was

ESl and MALDI ind various

pepides for




A

represent the molecular surroate of arget protein.

gk
spectometry Jasmic Cabinding, &
i ATP
= wasnote
Consequentl, the AK protcin vas
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