CHAPTER 2

THEORETICAL

2.1 Separation Techniques

2.1.1 Affinity chromatography ’

Affinity chromatography s base 1 cific binding interactions between

0 mcking and a target molecule in
the sample. The tecly od | almoste 3 ely to purity proteins and
antibodies, although tHere 4ar cation: ‘with peptides and nucleic acid.

nall molecules that interact

a ligand chemically bound.tc

Immobilitized ligand

specifically with the application is the use of

Virtually all biological n@l ct in some selective way with some
other molecules th{%gh binding a,t_é : g:‘ on examples include the
binding of an antigel in ant 2 ahibitor or cofactor to an
enzyme, or a regulatog in to a cell surface receptﬂ. The forced involved in the

binding include the same ionic and hydrophobic interactions that cause more non-

specific ion exﬁa% &J}@ %oﬂgﬂo‘\ﬁe\?ﬂ ﬂﬂcﬁi biospecific or affinity

binding, the chédrged and hydropl?blc groups are arranged on the two binding

molecda cgq ﬂqﬁ W\Vl&kj ﬂcﬂ rogen bonding
also playgan important role two ligands thus fit together very much like a lock

and key, with a high drgree of specificity.

In affinity chromatography, one member of the ligand pair is immobilized (i.e.
covalent coupled) as a bonded phase. Sometime a spacer arm or linker is used to place
some distance between the bound ligand and the support matrix to improve
accessibility. The immobilized ligand/support matrix combination forms a highly

selective stationary phase that, in theory, will only bind to the other molecule (usually



a protein) of the ligand pair. In affinity chromatography, the molecules are thus

separate based on their biospecific binding to the immobilized ligand.

In order to for completely specific binding to occur, it is important that the
support matrix and spacer arm themselves have minimal binding interaction
(nonspecific adsorption) with any of the molecules in solution. The surface of the

support matrix should be very hydrophilic and have no ionic charge. Ligand leakage,

‘I

matrix and linking chemistry.

The binding and e . ﬁchromatography were shown in

which can contaminate the final produpis also very much a function of the support
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Pbiding sieved atrix of affinity beads

Figure 2.3 Proteins interact with affinity ligand with some binding loosely and others

tightly.



Figure 2.5 Wash off proteins that bind loosely.



Figure 2.6 Elute protei

interest.
2.1.1.2 Methods of.a

Affinity chro ; not@enerally appropriate for the

fractionation of mixture'bggguse of the velvositive and specific affinity between the

ligand and sﬁ%ﬁ@sﬁEWWEQﬂﬁn a column where the

solute moleculgs bind to the matnx and, after washing to remove unwanted

:zf:;m,,mmmm ST o

solution by filtration or centrifugation and after washing, the purified solute is

separated from the complex.

In order to elute molecules which are strongly bound to the ligand group it is
necessary either to reduce their affinity for each other or to introduce molecules that
are more strongly bound or in greater concentration and will therefore be able to

displace the test molecules. Generally, non-specific methods are preferred and involve



altering either the ionic strength or the pH of the buffer. These will result in
conformational changes in the proteins and hence their binding characteristics.
Changes in the dielectric constant of the solvent caused by the introduction of organic
solvents will result in altered hydrophobic bonding and again aid the dissociation of
the complex. It is possible to use specific agents which complete for the binding sites,

such as alternative substrates and inhibitors for enzymes.

2.1.1.3 Application for lectins '’

Some proteins extrac: w are capable of binding compounds
containing carbohydrate é&lown as phytohemagglutinins or
lectins. Affinity chromat L4 h lectins have been used to
investigate cell membré of cell interactions. They are
also used in conjunciibn with ' intitativ , ) atographic methods and in

some electrophoretic sgp

Affi-Gel blue affinity gelf'is, & ed agarose gel with covalently
attached Cibacron® Blue FJGK. s > 1.9 mg dye per ml of gel, and has a
capacity for albumﬁbmdmg of greatér nil fi-Gel blue gel purifies a

ionic, hydrophoblc a@ma i mdi& site in various applications.

Proteins that interact v?th Affi-Gel blue éel can be bond or released with a high

degree of speﬂi? ﬂﬁu%ﬂﬂﬁ Wﬂﬂﬂﬁeluem buffers. In many

cases, one cafijalso predict what | interact with the matnx and the general

condlqm}j bﬁiﬂmuﬁjgnﬂ] Mf filly hydrted

gel. It is available in two convenient particle sizes: a faster flowing 50-100 mesh
(150-300 um) and a slower flowing, higher capacity 100-200 mesh (75-150 um). The
gel is also can be used with the Econo System, FPLC®, and HPLC systems.
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Concanavalin A °

Con A Sepharose™' is Concanavalin A coupled to Sepharose 4B by the
cyanogens bromide method.

Concanavalin A (Con A) is a tetrameric metalloprotein isolated from
Canavalia ensiformis (jack bean). Con A binds molecules containing a-D-
mannopyranosyl, a-D-glucopyranosyl and sterically related residues. The binding
sugar requires the presence of C-3, C-4 and C-5 hydroxyl groups for ratio with Con

A. Con A coupled to Sepharose'is r¢

glycoproteins, polysaccharide sand ¢
Sepharose 4B has beedwused 2
purification of IgM, isola

membranes,
2.1.2 Gel filtration '®

Gel filtration ticles of column material are

porous, with pores of ge molecule cannot enter these
pores and thus excluded (re€all that exc atography is an alternative name
e g

for gel filtration); however, .

e-"—. I__,a-l’;

g Qflpenneatlon chr

3.can penetrate the pores, hence the

alternative name agel, 1989; Stellwagen 1990a;

y, lar .past the particles of column
material by the ﬂowjf elution bu whereas sm&ar molecules diffuse into the
particles and, being retarded, are transporged through the column more slowly than

agermoteou] b PV BIYH T BB Joecna ot et mati

is termed the &kcluded volume; 1;. can be determmed by mUurmg the volume

R R I HATIV NG o e o

penetrate into the gel pores

An ideal matrix for gel filtration should consist of particles of a hydrophilic
polymer that is as inert as possible, as rigid as possible, uncharged and of uniform
size. Suitable materials are naturally occurring polymer, such as agarose or dextran,
which have been stabilized by chemical cross linking, and also synthetic polymers

such as polyacrylamide. These materials are avalible as spherical particles of different
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diameter and pore sizes; the pore size determines the range of optimal molecule

weight separation.

One of the most popular gel filtration materials is Sephadex, supplied by
Pharmacia, which consist of detran cross-linked by epichorhydrin; this is supplied in
dried from which must be pre-swellen in water taken up by the Sephadex particles

depends on the degree of cross-linking, as dose the time taken to complete the

process; swelling is more rapid at higher temperature. The porosity of the material
i#ff 25 and G-50 are suitable for peptide

-1 &}- 00 for proteins and other

determines the exclusion limit: G-

separations, and G-75,

g

macromolecules. —

2.1.2.1 Separation Mu/

Gel filtration depends on e of the stationary phase there
is a distribution of pof€ sizes Fof small gh 1 7 _ , the pores are so large that
the molecules can pen O - 7 ne of the particle. If the molecules
are large enough, the p J, SMa 10lecule is completely excluded
from the internal volume. *r _ : 11 have access via diffusion to a
portion of the internal volume‘pgf,ﬁg-b; exclu led by the smaller pores from the rest.

SR - =— Molecules
smallexr than
e ) gzel bead pores

* «=— IMoleculez
larger than gel
bead pares

CYel beeds have pores in
them of s defined size range
which allows smaller
molecules © enter but
excludes molecules larger
than the pore diameters.

Figure 2.7 Separation mechanism of gel filtration
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2.1.3 Reversed-Phase Chromatography ’

Reversed-phase chromatography is the most common chromatographic mode
for analysis of any type of molecule, as well as for preparative separations of small
molecules, peptides and oligonucletides. Like hydrophobic interaction
chromatography, reversed-phase chromatography separate molecules based on

differences in hydrophobicity.

ely hydrophobic or nonpolar
surface. The mobile pha i.aqueous solution. Nonpolar or
hydropholic molecules
molecules remain in he I ok he _1 ati s thus based on the principle
that oil and water do

In the case of i [ the stationary phase is so

al shape and denatures. This is

because in aqueous solution!"a firajor force holding the protein in its correct shape is
the tendency for the hydropthm acids  to cluster at the core of the protein,

where they can exclude water. When e

protein may unfold alléwing internal h

This is not the @e in hydrophobic interaction ¢ atography where the high
salt concentration and weakly hydrophobicepacking surface tend to keep the protein

stable in its cﬂcu-ﬁlcafoq'qaﬂm;ﬁtwr amilectivity and binding

characteristics ofuhese two modes may be very (ﬁferent, even tl@xgh they are both

R RIGERTUUNINEIR Y

Elution Method

Reducing the polarity of the mobile phase allows the hydrophobically bound
molecules to partition off the bounded phase surface, causing elution from a revered-
phase column. This is usually done by adding a water-miscible organic solvent such

as acetonitrile or an alcohol (methanol or isopropanol are the most common)
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Elution is most often performed in a continuous gradient. Reversed-phase
separations (especially with peptides) often show the best resolution with a very
shallow or “near isocratic”. This contrasts with ion exchange or hydrophobic
interaction, where the increased band spreading overcomes any benefit from increased
difference in retention in very shallow gradients. In reversed-phase there is usually a
very narrow range in solvent concentration over which a given molecule goes from no
elution at all to no binding at all. Very slight shifts in solvent concentration can

?ﬁent is usually more reproducible than true
ac la%trophoresis 26

NN
.’u gel electrophoresis (SDS-PAGE) is

ang \t\. rote ixtures qualitatively. It is
e t\‘g and, because the method is
based on the separation 15 scording to size. The method can also be used to

greatly affect retention, so a shall

isocratic elution.

2.1.4 Sodium dodecyl

Sodium dod

the most widely u

Cross-linked polyasrylamide gel @re formed from the polymerization of

wotnice Bpd) ) T EIIR WEIMD Jmme ot 3
methylenebiséc”lamide (normally greferred to A3 bis-acrylam@;). Note that bis-
=V RN IRIATRH RIS TS RPtene srovpand
is used 4s cross-linking agent. Acrylamide monomer is polymerized in a head-to-tail
fusion into long chains and occasionally a bis-acrylamide molecule is built into the
growing chain, thus introducing a second site for chain extension. Preceding in this

way a cross-linked matrix of fairly well-defined structure is formed.
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Schem 2.1 The f

deige from acrylamide and bis-

The polymerization'is fifita g ddition of ammonium persulpate and

the base N, N, N’ N'-tetram

acrylamide

EMED). TEMED catalyses the

decomposition of thes persulfate ion to give a frec radical (i.e. molecule with an
g v v
unpaired electron) m m

Free radicals areghighly reactive spegies due to the presence of an unpaired

electron that nﬂsu ‘E})ﬁ}%{i&}aﬂl@\%ﬂﬂn%cule, forming a single

bond by sharingits unpaired electr%n with one fl‘rnczm the outer s&gll of the monomer

molecuf® wwaﬂﬂwqum mﬂ fupich is equally

reactive @and will attack a further monomer molecule. In this way long chains of
acrylamide are built up, being cross-linked by the introduction of the occasional bis-
acrylamide molecule into the growing chain. Oxygen removes free radicals and

therefore all gel solutions are normally degassed prior to use.



Polyacrylamide gels are transparent and flexible, yet relatively strong and
resilient. They are chemically inert and are compatible with numerous buffers salt and
detergent. Overall, protein mobility through polyacrylamide gels is proportional to the

pore size, which is a function of both the acylamide concentration (%T) and that of the
bis-acrylamide cross-linked («C). In general, the pore size is inversely proportional to

%T *.

%l = x100% (1)

100% (2

The compositiog off 2 & / \ \ lide gel is described by two

)

oncentration, the effective pore size,

parameter, %T and %C. The T vé al concentration of monomer to

produce the gel, and %C is tal monomer which is the cross-

linking agent. For any given total

= -~ o

stiffness, brittleness, ligh 3 propérties of the polyacrylamide
gel vary with propor ’j’— A

I
AU if‘ﬁ %am A
SSRIREN TR ] 1) BB

12.5 15-60
10 18-75
7.5 30-120

5 60-212
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2) Sodium dodecyl sulfate *

Sodium doecyl sulfate (SDS) is an anionic detergent that is used to denature
proteins, giving them all the same conformational properties, and to prevent protein
interactions during electrophoresis. Sodium dodecyl sulfate also masks the intrinsic
protein charge and gives all proteins a similar net negative charge, so that

electrophoretic migration is towards the anode. In general, sodium dodecyl sulfate

coats proteins with a uniform negative charge and constant charge-to —mass ratio.
Hence, in an electric field SDS,—
migrate at identical intrinsie.za

Vf experience the same field strength and
wa ode Proteins of different size are
subjected to different @

@owever and the mobility of a
protein is in inversely propertis ;

2.1.4.2 One-dimensional gel electrophore: \

The one-dimensional gelfelc rOphe parts. The first part is stacking

_ san oteins in order to be a sharp
band before it go to thesSec i of separating gel. The stacking gel has a large
pore size, which the protein§ cait.move ly Under the electric field. Then negatively

charged protein-SDS complezg&—nﬁ ue to move towards the anode through the

the pore of gel,
resistance due to the sigring effect of gel.

ﬁ u"%}‘%ﬁﬁ%ﬁ%ﬂ’]ﬂ‘ﬁ
- amammum""i‘ﬁ Tial-¥) e

second d?mensnon The resulting gel has the proteins separated according to pl across
the x-axis of the 2D display and according to molecular weight across the y-axis. By
convention, such gels are displayed with acidic side of the gel oriented to the left, the
basic side of the gel oriented to the right, and protein molecular weight decreasing
from the to the bottom of the gel. The power of 2D electrophoresis is its ability to

separate complex mixture. One should remember, however, that 2D electrophoresis is



17

an analytical method as well, measuring the molecular weight, isoelectric point, and

relative amount of a protein in the mixture.

2.1.4.4 Protein detection '’

After the electrophoresis run is complete, the gel must be analyzed
qualitatively or quantitatively to answer analytical or experimental questions.

Because most proteins and all nucleic acids are not directly visible, the gel must be

r”J t of the separated molecules.
/&)m of separated proteins from gel

taiq'ng and*SilVer-staining. Silver staining is the

processed to determine the locatio

The mostly applied mi
electrophoresis are Cooma
most sensitive non-radi ilver staining is a complex,
multi step process “which quality is critical.
Coomassie blue staining nsitive than silver staining,

ing. Coomassie blue staining

s b

The chemical reaction n degﬂiation of proteins was first

described by Edman in g series of papers published beginning in the 1950s. In the

Edman reacﬁoﬂpﬂﬂlﬁ}o@oﬁﬁeﬁa@ W}Et}lgm%nus of the protein to

from a cyclic infermediate that facili}ates hydroly‘s_-'i.s of the adj acel'ﬂ'F amide bond. The
effect Qlﬁﬁtﬂ,ﬂ ﬂﬁcfﬁ]lﬂ%ﬁﬂ (H; ﬁe&]iﬂl au&] acid from the
protein and thereby generate a cleaved derivative of that amino acid and a protein that
is shortened by one amino acid and has a new N-terminus. The term ‘degradation’
suitably describes the effect of repeated applications of the Edman reaction to
repetitively degrade the protein amino acid-by-amino acid from the N-terminus. At
each application or cycle of the Edman reaction, the cleaved amino acid can be

recovered and identified by appropriate analytical methods.
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2.2.1.1 Edman Degradation in Proteomic Research

As a result of more than 40 years of development, current automated Edman
sequenators are completely automated high-sensitivity instrument systems. These
systems can routinely detect and identify as little as 0.2 pmol to 1 pmol of amino acid
in a given cycle and carry out > 20 cycles with 1 to 5 pmol of protein. Higher

sensitivities may be seen in non-routine applications. All reagent delivery steps; all

‘ reagents; and transfer of the cleaved,
derivatized amino acid to th ) are automated, which allows these
@ vsqh omry monitoring by the operator.

analyzers to operate co
. \ﬂ@adatlon expenment is also a

reaction steps, including the r
&

Further, the data int
generally straightfo

analysis approaches.

applied to intact proteins #'Th u—a ity o di sequence the N-terminus of
electroblotted proteins (fo ex@ﬁé} el‘,‘
are used internal sequencing _ﬁgﬁimgm’

need for the digestion steps that

sensitivity of Edman degradation is

good enough so thaflhe amounts of pm ﬁct N-terminal analysis are

produced in manyfoutine experiments. he-ease of operation of the

instrument and the cgity of the produces addﬂ) the continued utility of the

AU INININEINS

Howevér, Edman degradatlon has a number of serlous shortcommgs
A0 1T PN (1)
work. 0s Qn Mt r:Iu complete each

cycle is about 45 min, which is a length of time that allows the analysis of no more

technique.

than two to three sample per day. Further, most proteins have blocked N-termini and
some investigators suggest that the reagents involved in gel electrophoresis may
exacerbate this problem. When the N-terminus of a protein is blocked, no data are
produced and the sample is lost. Finally, whereas the sensitivity of Edman
degradation is acceptable for the direct N-terminal analysis of intact proteins

electroblotted and detected by Coomassie staining, it is not good enough for analysis
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of the amounts of protein detectable by silver-staining of gels. Furthermore, the
sensitivity of Edman degradation is also not good enough for routine internal
sequencing experiments at even the Coomassie level because of the need to isolate
individual peptides and the poor recovery of peptides through these procedures.

In summary, Edman degradation is an outstanding analytical method for
sequencing proteins and it continues to contribute to the field of protein biochemistry.
It has, however, inadequate performance in a number of critical areas, a characteristic

that makes it generally unsuitable for

Although mass 7
of analytes, the discussion of m#ss s smetry presented in this paragraph focuses
on only one type of andlytedpep - 7 roduced ‘ Wy Y matic digestion of proteins.
Useful peptides produce agSelfdi i L 3 - asses approximately 500 Da to 2000

Da and are available for an

2.2.1.1 An overview of
A block diagram of a basi

SF e AN

in this figure; mass ﬂectrometers hav nponents: a sample inlet, an

ion source, a mass\ afialyzer, a d | SyStem, an instrument-control

system, and a data sysBrﬁ. Detail ef, @n source, and mass analyzer
tend to define the type oﬁ,irgrument and thsjapabilities of that system. Details of the

.other comporﬁﬂlﬁn}nfggg wﬂ%?wg@ﬂ‘j. the background of

instrument operation. The mstrum;nts used in the experiments described in this

I N e R - /s :
volum 08 ! Elmass analyzers
summari Mﬁﬁmmmmguﬁﬂqﬁ

1. Capillary-column liquid chromatography-electrospray-tandem quadrupole
mass spectrometer.

2. Capillary-column liquid chromatography-electrospray-ion trap mass
spectrometer

3. Capillary-column liquid chromatography-electrospray- quadrupole-time-of-

flight tandem mass spectrometer
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4. Direct-pole matrix-assisted laser desorption/ionization time-of-flight mass

spectrometer
Inl ton Mass Detecto |—Hi=l]
nle — > >
r
Source analyzg Data
system
SS
9 -
i v K ctrometry
The basic pro iated withla ma ectrometry experiment encompass
the generation of gas-p dert fed from 2 , and the measurement of the
mass-to-charge ratio (m z se. : Studyi nalyte as a gas-phase ion gives
two fundamental characte '%__‘.. as can be precisely controlled in
electromagnetic fields that con_gqjgﬁ__-'i 15.£C tudy and can be manipulated to probe
the movement of th&on in the field. Be ' ails, of this movement are in
some way proportiondl to m z and th n analyte. Details of the

different mass—analysigechnique 1zation te@‘niques being used determine

factors such as the precisign and accuracygof m z measurement, m/z resolution, and

them = vange S Wb BHY T RS VBN e s that the e of

gas-phase ions aljoduces the sensiti\éty of mass s.gEctrometry Th&})recise movement
<o RIS IR Ao e
containmgnt and focusing. During the course of mz measurement, ions are
transmitted with high efficiency to particle detectors that record the arrival of those
ions. These arrivals are detected with high sensitivity due to a combination of low
background signals and the efficient generation of secondary electrons that can
subsequently be multiplied by factors of 10” and greater. Maintaining the precision of
these movements and therefore the sensitivity of the analysis requires expert operation

of the mass spectrometer system.
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2.2.1.2 Ionization method "

A fundamental challenge to the application of mass spectrometry to any class
of analytes is the production of gas-phase ions of those species, and difficulties in
producing gas-phase ions can prevent mass spectrometric analysis of certain classes
of molecules. This situation was once the case with protein and peptides. The first

techniques that were applied, electron ionization and chemical ionization, are two step

processes in which the analyte iswap ith heat and ionization occurs once the
analyte is in the gas phase: This v: step limited mass spectrometric

sequencing experiments to the analysi @es, usually to a maximum of 4

and to give them suffiCicy 2 e analy of proteins was simply not

possible, and simila

molecules.
The ionization méthdds -comt oly s ed to volatized and ionize the
proteins or peptides gxé@ ’spectromet i1s  Matrix-Assisted Laser

Desorption/ionization (

by Karas and Hillenﬁnp as si@ﬁcamly revolutionized the

approaches to the study 'og)iopolymer an&,provide a unique opportunity to apply

mass spectrorrﬂyﬂ Efxﬁans‘ﬁ E’P‘P‘}ﬁ’W‘H'ﬁﬁ%‘ﬂ“ The key of this

technique is mixing of sample with a matrix.

AN TUNMIINGAY
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Mechanism of Desorption and Ion Formation ¢
The mechanism of MALDI is believed to consist of three basic steps:

1) Formation of a 'Solid Solution': It is essential for the matrix to be in access thus
leading to the analyte molecules being completely isolated from each other. This
eases the formation of the homogenous 'solid solution' required to produce a stable

desorption of the analyte.

2) Matrix Excitation: The las the surface of the matrix-analyte

atxmwith the laser frequency
brin cing about loealized disintegration of the

) \\:\\o t of analyte molecules
— \\ N

surrounded by matrix S / 1 heq
4
%
a4

solid solution. The chromapt
causing rapid vibration

solid solution. The cl

e
clusters to leave the fregfinalyid in tl 3(

at} \\ § evaporate away from the
;'h: C \

3) Analyte Ionization: The 0~eX cited 1 molécules are stabilized through

. SIS g
proton transfer to the analytefCation attac t to the analyte is also encouraged

= . - A s

during this process. It is in this % é;ar ne acteristic [M+X]" (X=H, Na, K ¢tc. )

. TR ; "

analyte ions are formed. Theseionisation r ke place in the desorbed matrix-
Y , p

T

analyte cloud just above | clons.arethencxrtacted into the mass

: the surfaceThi \_‘ ‘

spectrometer for analysis. m

AULINENTNEINS
AN TUNNINGA Y
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puked lacer izht
U¥ or IR

, m.ajow

Figure 2.9fA s¢hg ' diagram o echanism of MALDI.

The ability to fron *“" ith the sample.

A low itates the formation of an

.,-s‘i,r; S hig] ato -sample material during
the laser pulse duration. " il]
W d

The particj-pgon in some kiag of a photochemical reaction so that the

Frid Ei‘%%ﬂ%?%&lﬂ*ﬂ %

Q‘ﬁ']ﬂﬂﬂifu UA1AINYAY



Table 2.1 The matrices used in MALDIMS ¢

aN

’] xﬁfg\lcleotides

Matrix Structure Applications
\ COOH
oc-cyano-4- /O/Y Peptides,polypeptides
hydroxycinamic acid HO o
0
Sinapinic acid / OH Proteins,polypeptides
3-Hydroxypicolini A 7 oligonucleotides
acid (HPA) :
J -
AN,
2,4.6- oligonucleotides
trihydroxyacetophe
' ‘%"qq{m" SWYIAS
ﬂ_u% | 11 o
U
Succinic acid ‘,
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2.2.1.3 Mass analyzer -

Mass anslysis in mass spectrometers determines the m z of ion derived from
the analyte. The unit for m z is the Thomson although many scientists use “m z” as a
unit —less ratio. One must take care with the interchangeable use of “mass” and “miz”,
because these values will not be the same for any ion that is multiply charged. It is
critical to remember this distinction when considering any mass spectrum, including a

product ion spectrum, particular when electrospray ionization is being used.

Time-of-flight % °

A time-of-flight { one of the simplest mass-
ished itself as a mainstream

technique and is bege fgreasthgly | use meeting the demands of

A TOF mass spectr i e /a a velocity spectrometer, in which ions
are separate on the basis of their velo: ifferences. A short pulse of ions, after
exiting the source, is dispersed-ia‘t ing it to drift in an FFR of a long
flight tube. The m:_‘"_? _.--,-_.-—ﬁ:—:,—-—..-;;;; at after acceleration to a
constant kinetic energyl (e e-charge on the ion and }~ the

accelerating potential), ions travel at velocities,v, that are an inverse function of the

TN YN TN NS
ATl IERInenat

The lighter ions travel faster and reach the detector placed at the end of the fli ght tube

(of length L) earlier than do the heavier ones. Thus, a short pulse of ions, is dispersed
into packets of isomass ions (Figure 2.10). Therefore, mass analysis of ions that enter

the flight tube can be accomplished by determining their time of arrival given by
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t=L = L{ﬂ}
15} 221

In order to convent the time spectrum into a mass spectrum, the instrument is mass
calibrated by measuring the flight times of two different known mass ions.

A primary requirement in the operation of a TOFMS is that all ions enter the
flight tube precisely at the same time. Generating ions in short fulfills this condition.

In this respect, TOF instruments age well ymatched to **’Cf-plasma desorption (PD)

and MALDI ion sources. The U %soumes (e.g. electron ionization
i ass spectrometer, but only after

. Pulsing of the accelerating

and ESI), however, can b

conversion of the gen

Sy

\ packets.
,

potential converts a conti

Source

§

. Yok
‘, .ﬂ*ﬁ;’--‘l' J

- £y
< i

- g

i
'

@

J:)L#/{*..-‘g" )

n _ ]

» wr

e M ANENINED T
RIAINTUNRIINYAY

®
é@ee
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2.3 Protein identification by database searching ’

2.3.1 The Protein Sequence Databases
Protein identification is made by comparing the mass spectrometric data with
the information that has been gathered into the sequence databases.

- SWISS-PROT (www.expasy.ch/sprot-top.html) is a database of annotated

protein sequence; it also contains addition information on function of the protein, its

domain structure, posttranslational modification, etc.
- TrEMBL (www.expasy. h/sts3/) | supplement to SWISS-PROT, which
contains all protein sequenees, translate cleotide sequences of the EMBL

database.

- NCBInr ( bl lmunih.gov/dbEST/) is a database containing

.

sequences translated from@DINA¢ Sequénces of ‘GenBank and also sequences from

PDB, SWISS-PROT and Bf databa ‘.1(-‘:1@

2.3.2 Protein Identificatibn 'g"*P};“" fMass\Mapping °

reIrae

The peptide mass mapping ‘ : : ed using MALDI-MS. The method

P e
compn'ses protein digesu ' E - amalysis and sequence database search

vagé. The most common used

high specificity, ml'-l side reaction
enzyme is trypsin, w}ﬂh spect 1, caves protein a the C-terminal side of Lys
and Arg, except those borids,are to proline @) residues (K-P or R-P bonds). There are

ot ypei ot dﬂsu finkecl diEtigniatd in-Folufidn didebiioh. The in-gel digestion

methodology h3$ become routine ‘for proteins separated by @P electrophore51s
TSRS BT TR AT R e o
alkylation, tryptic digestion, and extraction tryptic peptides for analysis. For protein
separated by other techniques (not gel electrophoresis), the digestion method is
carried out by digest proteins in solution, so called “in-solution digestion”.

For peptide, mass fingerprinting has several programs available to use. There

is MASCOT at www.matrixscience com, profound at www.prowl.com and MS-FIT at

www.prospector.ucsf.edu/. The four important parameters for data search are

peptides mass list, the cleavage agent, error tolerance (mass accuracy) and knowledge

of peptide modification.
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