CHAPTER 2

THEORETICAL AND LITERATURE REVIEWS

Theoretical background

2.1 Snake venom’

. BN ' :
Snake venom is an 2QuUeEOUs - sists of many substances and is

produced by salivary glands, whiel ocate «imv]_ ck of the snake's head (behind
the eyes). These gland 3 r dl S \ il.of venoms which travel through
ducts to either fangs or g // \ ed snakes). The proteinaceous
nature of snake venom a 2] “ by Nap \ Bonaparte's brother, Lucien in
1843. Proteins are the méjogbarti ene . ight (90%). Other portions are
composed of nonprotéin g nehts, W hdare divided into inorganic and organic

%
constituents, are as follows:

iy sodium, iron etc.

2) Organic constituen
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(5) Biogenic amines

The major portion is a cocktail of hundreds, sometimes thousands, of different
proteins and enzymes. There are approximately 20 types of toxic enzymes found in
snake poisons. Each of these enzymes has its own special function. Some aid in the

digestive process, while others specialize in paralizing the prey. Scientists believe they



have identified the following chemicals from snake venom and the specific purpose of

each as follows:

6)

Due to therecmplicated—c:

pharmacological effec

cholinesterase attacks the nervous system, relaxing muscles to the point
where the victim has very little control.
amino acid oxidase plays a part in digestion and the triggering of other

s characteristic light yellowish coloring.)

0.be absorbed more rapidly by the

victim.

proteinase ~. [o] rocess, breaking down tissues
‘%.

at an acceleratgd'r2 ‘ damage in human victims)

adenosine triphosr. o the central agents resulting

in the shock of 0 and i biliz aller prey. (probably present in
most snakes
phosphodiesterase s fe egative cardiac reactions in victims,

most notably a rapididrop n
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m om has its complicated

M

snake venom has different

venomous properties. Therefore the symptoms of snakebite possess different

charactenstlcsﬂu'ﬁr‘a%tﬁsﬁ ﬁ Wm ﬂ ‘j

) Bloo@ltoxin
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Nerve toxin

2.2 Mechanism of neurotoxin

In general, neurotoxic venom affect to the neuromuscular junction which

contains the membrarne of the axon terminal of the motor neuron, also called presynaptic

membrane, or presynaptic site; the motor end-plate of muscle cell, also called



postsynaptic membrane, or postsynaptic site; and the space between them called

synaptic cleft. Here the events of presynaptic membrane, synaptic cleft, and

postsynaptic membrane is delineated:

1)

Presynaptic membrane

The neurotransmitter, acetylcholine is synthesized in the cytosol of the axon

depolarization of

,J .
wuses voltage-gated calcium

channels in the actie a'/‘r 0 )-\ e extracellular concentration of calcium

is far higher than '\ calcium, so calcium ions will

flood the axon te alias channels are open. The resultin
\\ G p g
elevation in the irge u-' i-o is the signal that causes

he rgleased fron , a m ic le. The vesicle releases their
P
contents by a proeessicalled,exocy - The embrane of the synaptic vesicle

active zone, allowing the contents of

neurotransmitter

-,‘

fuses to the presyna D tic AR Brane

.fa?:'z_a Y
the vesicle to_spill out-into-the 3 The venom which generates this

action is king cobra-anc-cobre

Motor end-plate

Figure 2.1 Pre-synaptic block.



2) Postsynaptic merabrane
Acetylcholine released in the synaptic cleft affect the muscle cell by binding
to thousands of specific receptor proteins that are embedded in the motor end-
plate. The binding of neurotransmitter to the receptor is like inserting a key in a
lock; this causes conformation changes in the protein. Receptor proteins also

called Acetylcholine-gated sodium ion channels. They are membrane-spanning

them. In the absence o net r, the pore is closed. When

\ tlon changes. The resulting
elevation in the i . \\ ».\ok depolarizes the muscle cell

from resting \ IIy causes muscle to contract.

\.\.

Acetylcholine

The venom w
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Interestingly, Malayan kraits venom has both actions in their venom activity™.

2.3 Bungarus candidus

The kraits (Genus Bungarus)5 are found in Southeast Asia, Thailand, China and
South Indonesia. They are members of the Family Elapidae, and are all of secretive
habits and placid disposition. The kraits do not bite readily but the venom is generally

highly lethal, so they are considered extremely dangerous. Malayan krait (Bungarus



candidus) snakes are considered to be the smallest in Bungarus species which have

alternating black and white: bands on their triangle-shape bodies.

Since these snakes are 'nocturna!'.—Thost m?‘gqs:ﬂccur at night or early in the morning.

Ptosis, muscular we_al%ess difficultly in breatnmg._auawﬁy dilation, and tachycardia

are important symptd‘ﬁ{; (of this snake bite patient: "

1)
2.4 Separation Tec m P Y
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2.4.1 Sodium doUHecyl sulfate polyacrvlamide gel electrophoresis™ g
= "H‘?‘.‘ o ﬂ" g Q &
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lum ecy sul ate po acr;'famlde ge elec rophoresnsL §ﬁs PAGE) is the

most widely used method for analyzing protein mixtures qualitatively. It is particularly

. |
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useful for monitoring protein purification and, because the method is based on the
separation of proteins according to size. The method can also be used to determine the

relative molecular mass of proteins.



2.4.1.1 Components of SDS-PAGE

There are two major important components are as follows:

1) Polyacrylamide6

Cross-linked polyacrylamide gels are formed from the polymerization of

acrylamide monomer in the presence of smaller amounts of N, N-

methylenebisacrylamide (norn al

Y

acrylamide is essentially two . i€ Thelecules linked by a methylene group,

and is used as cro .:7 agent. %monomer is polymerized in a

head-to-tail fusion.int® l¢ chai 7 d occasionally a bis-acrylamide molecule

gfafred to as bis-acrylamide). Note that bis-

is built into the grawir us intre . second site for chain extension.

>, C(HNOCHC—=CH,),
V, N'-methylenebisacrylamide

Preceding in thi airly well-defined structure is

formed.

Acrylamide '

"]

, -
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E_ CH,— CH -CHp— —
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Scheme 2.1 The formation of a polyacrylamide gel from acrylamide and bis-acrylamide.



The polymerization is initiated by the addition of ammonium persulfate
and the base N, N, N', N-tetramethylenediamine (TEMED). TEMED catalyses
the decomposition of the persulfate ion to give a free radical (i.e. a molecule with

an unpaired electron)

Free radicals are highly reactive species due to the presence of an

unpaired electron that needs to b palred with another electron to stabilize the
molecule. Therefore, free radica 7 ith acrylamide monomer molecule,
forming a single bead. by sha electron with one from the outer

shell of the mo 41 ereio produces a new free radical
molecule, whi a further monomer molecule.
In this way lo ), being cross-linked by the
introduction of ule into the growing chain.

Oxygen remove ll gel solutions are normally

Polyacrylamide Jels“a ent and flexible, yet relatively strong

and resilient. They.are-che cally-ir nd are_compatible with numerous

buffers, salts gha-detergents=—Cver - \# through polyacrylamide
r'

gels is proportﬂa a %ction of both the acrylamide

concentration (%p and that of the bli-;acrylamlde cross-linker (%C). In general,

ey BEBH %VW WEI n ‘ﬁ

%C = bis-acrylamide (g) x 100% (2)
acrylamide (g) + bis-acrylamide (g)

The composition of any given polyacrylamide gel is described by two

parameter, %T and %C. The %T value represents the total concentration of
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monomer to produce the gel, and %C is the percentage of the total monomer
which is the cross-‘inking agent. For any given total monomer concentration, the
effective pore size, stiffness, brittleness, light scattering, and swelling properties

of the polyacrylamide gel vary with proportion of cross-linker used'".

Sodium dodecyl sulfate’

Sodium dodec ’& ' an anionic detergent that is used to
denature proteins, gi all t&onformational properties, and to
prevent protein i i uring ele “-u oheresis. Sodium dodecyl sulfate also
masks the intrinsi ' ge \ - proteins a similar net negative
ds the anode. In general,

\ \ |form negative charge and

experience the sé id™ Strength” and ‘migrate at identical intrinsic rates

ctric field SDS-coated proteins

are subjected to different degrees
of sieving by the gel, F he_mobility of a protein is in inversely
e

proportional {0t

ammnﬁmw Bnonat

Figure 2.4 The action of dodecyl sulfate in denaturing proteins.

Uniform dodecyl sulfate binding is critical for the appropriate
electrophoretic migration, and it generally approximates one sodium dodecyl
sulfate molecule per two amino acid residues, or 1.4 g SDS/g protein. However,

the exact shape of sodium dodecyl sulfate-coated proteins remains unclear.



2.4.1.2 One-dimensional gel electrophoresis6

The gel of one-dimensional gel electrophoresis has two parts. The first part is
stacking gel. The stacking gel is used to concentrate the protein sample into a sharp
band before it enters the main separating gel. The stacking gel has a very large pore
size, which allows the proteins to move freely and concentrate under the effect of
electric field. Then negatively charged protein-SDS complexes continue to move
towards the anode through the second part which is separating gel. The smaller

proteins are more easily pass thro ores of gel, whereas large proteins are

successively retarded by frictions the sieving effect of gel.

of the gradient, and+“an : ll=start to migrate towards the

electrode of the oppo ite sign of its net charge. Because-it migrates inside a gradient, it

will arrive at a I zj i tri ifﬂ tyt the.net charge is zero and
it stops migratia ﬁ t ﬂﬁﬁa rﬂlj Ts]pﬁit will become charged
again and migrate back to.its gllrf ' | ﬁb i ﬂicwﬁ results in very
high rauﬁﬁ 56 ﬁ % ﬁﬁdﬁf ‘ ﬂrgf a
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d according to their molecular

weights. All proteins will migrate s anode. The electrophoretic mobility of

weight of the protein. JAt@ acrylamid lentdge there is an approximately

linear relationship Betw 4 " weights and the relative

migration distance ofme SDS-polypeptide complexesm‘ a certain molecular weight

Zn:g:; r:ol Cﬂ ﬁ ﬁ of the s iﬁems C’an ﬁ ‘esnmated with the help of
'wﬂrﬁwﬁwu MINYIAY

An ion exchanger consists of a matrix with charged groups. A cation exchanger
contains negative charged and anion exchanger positive charges. Weak ion
exbhangers contain weakly acidic or basic groups and strong ion exchangers a strong
acid or base. The ionization of weak ion exchangers is pH dependent and is
characterized by their pKa values, whereas the charged of strong ion exchangers is

constant in the pH range for protein chromatography.
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lon-exchange chromatography mainly exploits differences in charge, but it is not
always valid for proteins, since them posses an asymmetrical distribution of charges
and a region where one type of charged dominates can orient the molecule toward an
ion exchanger of opposite sign. A protein can be retarded on an ion exchanger at its
isoelectric point (pl) when the net charge is zero or even adsorb to a cation exchanger

above its pl. However, separation not only depends on differences in net or local

charge but also hydrogen bor and shydrophobic interaction affect to the
chromatography process. 1€ “electrostait gtion between a protein and an ion

exchanger is influenced by:

1) lonic strength/ oA eornDetes protein for the ionic sites on

the absorben ' :;._ . e charge tend to bind to the charged
groups of the [ Jinterac ' i I"‘h s ion exehanger. They comp.ete with
: he influence of buffer ions is

electrostatic attraction is stronger
and the protein is a ed to the [ hanger. The more increasing of ionic

strength, the more m r

strength rea ,.‘-‘ s

ostatic attraction, and when the ionic

désorbed and elutes from the

e, N . .
column. Althetg of en the protein and the ion

exchangers, and this delays the protein elutio u rom the column. A further
increasein o i‘i gt tiﬂb lishes lectrostatic ~attraction
betweﬂhuzlin mﬂﬂr nt, rgftfj ﬂtﬁi elutes without being
etar dsorption _tﬁii ic. str tﬁ" y. increasing the
qnﬁilarﬁiﬁts ﬂcﬁjjﬂﬁogjsfi fg-l ion-exchanger

chromatography of proteins.
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Equilibration Sample Elution Regeneration
application
and wash ;

ion exchanger .

the protein and the charge
he net charge of a protein is
positive and catio ';'? : pl, the net charged is zero and
: ; and at pH values above the pl,

angers are used. This is a normal

groups of ion exchangers are given in table1-1. Weak cation exchangers are

usuallyﬁﬁﬁt—fj Wgﬁ wrﬂgﬂsﬂ ? < pKa. Under these

conditions exchangers have a large number of ionic sites and there fore a

AWTRNTHUNIINY1AY



Table 2.1 Media used in ion exchange chromatography
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Q; quaternary amine (P IX-CH,N"(CH,),

""1

mono Q)

QA; trimethylhydrox ._ &s 7 ,CH(OH)CH,N"(CH,),

Exchanger Formula pKa
Caion exchanger :
CM; carboxymethyl MX-OCH,COOH 3.5-4.0
Orthophosphate MX-OPO,H 3.0&6.0
SE; sulfoxyethyl V / / OCH,CH,SO,H 2.0
SP; sulphopropyl NixeCH,CH,CH,SOH 2.0-2.5
S; sulphonate (Ph nofS) |MX-CH,SO.H 2.0
Anion exchan
DEAE; diethyl (C,H), 9.09.5

MX=matix b Y]

y 2

2.5 Identification technique .,

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂnﬂi

2.5.1 Edman degtadation’’

VAWM INNGL. ..,

Swedish scientist Pehr Edman from 1949 and became known as Edman degradation

(Edman 1949) which cleaves the N-terminal amino acid from a peptide or protein

backbone and prepares the derivatized residue for its identification.

In this way the

amino acid sequence of protein is determined by repetitive chemical reaction. Edman

degradation comprises three individual steps: the coupling, the cleavage and the

conversion. Finally, a derivatized amino acid, the PTH amino acid, is produced and

identified.




16

2.5.1.1 Coupling, cleavage and conversion

The first step couples the Edman reagent phenylisothiocyanate (PITC) to the free
N-terminal amino group of a peptide chain. The reaction takes place within 15-30
minute at a basic pH and a temperature of 40-55 Cina very high yield. The resulting
pﬁenylthiocarbamyl peptide is washed by some hydrophobic solvent to get rid of

excessive reagent and reaction by-prod

An unprotonated aming the coupling reaction and alkaline

conditions of at least pH9"are suita! ase in pH would support reactivity
but also increase side reae zed hydrolysis of PITC, giving
aniline.  Additionally, th -.\- reacts with PITC, yielding

diphenylthiourea (DPTU) ifie C s\ Edman degradation.

Y ;v\\

AN I — 0§ eyt = oy —

epttde

PTC-peptide

f ¢ STETAYTAS

——N=C=$ + HO m—al

AN TUUNTY ANy

——N=C=—=8 + ‘i':. ——NH,

~—~NH—C~—NH—.

i . S : .———V—.,:
DPTU

Scheme 2.3 Formation of the by-product DPTU during Edman degradation.
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The dried PTC peptide is treated with dehydrated acid, e.g. trifluoroacetic acid.
The first amino acid is cleaved as heterocyclic derivative, an anilinothiazolinone (ATZ)
amino acid, after the nucleophilic attack of the sulphor atom to carbonyl group of the
first peptide bond. This. emphasizes the importance of the sulphor atom in PITC; its
nucleophilicity is needed for the cyclization. The corresponding oxygen-containing

reagent, the phenyisocyanate, also has the ability to couple to the amino group, but

cyclization and cleavage is n conclusion, any sulphor or oxygen

I
H;*—CH—C—N—{Peptide
H

Ny
-

A
2ned by one amino acid residue

Il
U
#Scheme 2.4 The cleavage reaction.

The sn'@ uﬂhgiﬂfﬂamgcmg‘a’liﬂfgnﬂy different solubility
from t rophili 'd‘. i tﬁt ﬂ.s r solvent, e.g.
chlorotﬁﬂﬁﬁaﬁﬂ.ﬁ&&ﬁgp, mdmg‘oaegln, the instable
ATZ amino acid is rearranged, yielding the stable PTH derivative. The shortened peptide

comprises a new N-terminus and after drying it can be subjected to another reaction

cycle.
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H+
______ _ N R' T 0]
4+ HO0—> ~—~N——Q~NH———CH—6-—-OH W
. LA H 3
. (S ® T : 1
0 S R
ATZ-Amino acid
0
e Y R!
o | eno
o Sr ”_..‘,““ _-NH
s
The unstable rin — ATZ an acids.is opened by the influence of
the watery acid and an | ten . Rearra gement takes place, yieiding
the more stable PTH amincg@c
2.5.1.2 Identification of the PTH am
PTH amino : ::;;:;:J.l.........-......---. ...._.;_:;:;.-; per femtomole range after
2o gl QUIYeD -
separation by revérse nromatography (RP-HPLC).

il ’ )

Chromatographic iden catson and quantltatlon of the UV signals is done by reference

to the retenhorﬂnﬂaﬁ ﬁ mrﬂrlﬁ The PTH amino acids
display characteristic UV spectra with an absorbance maximum at 269 nm.
’%&'}@ ST m BABRAUAG o amvo ac

denvatnves Coupling reagent like 3-[4'(ethylene-N,N,N-trimethylamino)phenyl]-2-
isothiocyanate result in products which are extremely sensitive for mass analysis
(Aebersold 1992). However, once more the quantitative yield for coupling and cleavage

is troublesome.
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2.5.2 Mass spectrometry7

The molecular weight is a highly specific characteristic of a molecule and is
often the first physiochemical property that is measured of a protein. Traditionally, SDS-
PAGE or gel permeation chromatography is used for molecular weight measurements.
Recently, mass spectrometric techniques have been developed that permit mass

determination of intact proteins wit racy far superior to the above mentioned

W

methods.

2.5.2.1 Historical Perspe’;_..-
Sir  Joseph /

spectrometry (MS) in

N

alized the idea of mass
periment. He measured the

mass-to-charge ratio ' >ha ged, cathode ray particles by passing

Mass spectrof measures the masses of

individual molecules af mass spectrometry analysis

is to convert f Jenie.species because one can
expenmentallv@ﬂﬁﬁﬂ EJ Y(Tn aWE! Tﬂeﬁjwhcoh are not possible
with neutr: ie ﬁ %%lg the ionization
event le wfﬁrjgaﬁ a% ﬁﬁﬂﬁﬁﬁﬁa lecular ion and

their charged fragments according to their m/z ratio. The ion current due to these mass-

separated ions is detected by a suitable detector and displayed in the form of a mass
spectrum. To enable the ions to move freely in space without colliding or interaction

with other species, each of these steps is carried out under high vacuum (104—1 0°® torr).
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Electronics

l lon source

mass spectrometer.

Thus, a mass spe Jcor ~i-;; ofs vera sential functional units. These
units are

1. Aninlet sys ource

2. Avacuum sys  mali _ o R essure in the mass spectrometer

3. Anion source to'€o ":rar 2] ple molecules into gas phase ions

4, nalyze ionic species

B, f 40-measure-therelative-abundance-

6. Electronics 19 co ous anits

7. Adata system to record process store, and display the data

A masﬂ uﬂg m SJ m § W;EJ ’lﬂﬁ constituent parts; the
area oﬁoductlon the ion source; the area of loﬂeﬁra’uon theﬁﬂass analyzer and

vo By AN TcaH WU 1IN E TR E

2.5.2.3 The ion source

The ion source is the region of mass spectrometer where the gas phase ions are
produced from sample molecule, the area of ion production. Various procedures are
used to form gas phase ions from molecules, depending on the physical state of the
analytes. Choices are available as to the types of ions produced (positively and

negatively charged, radical cations and protonated molecules, etc.) and the degree,
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which these ions are internally excited. Internally excited molecular ions dissociate to
produce fragment ions, which may reveal details molecular structure. On the other
hand, an intact molecular ion (such as the protonated molecule or radical anion)

provides information on molecular weight.

The two ionization methods most commonly used to volatized and ionize the

proteins or peptides for mass spectrometric analysis are:

tion (MALDI)

Karas and Hill \\ laser desorption/ionization
(MALDI) in 1988 as a tec tc@f d|| \ \. ~ omolecules in a very sensitive
manner. MALDI is a pulseoni ‘,. ue Utilizes the energy from a laser to

desorb and ionize the analyt: EM*'“ esefce of a light absorbing matrix. As

this is a pulsed ionization techm ¢ fw packets of ion with each laser pulse, a
pulsed analyzer isi N _- r J,_o, resolution of the ions.

Consequently, MALDL& analyzer (TOF)’

Mechanism of matrlx-aSSIited laser desorptlo‘illonlzatlon

o) 1813 Y],EJ WNELN 3
RFTRING B AV T By oc s o

9 energy from thz laser light and transfer it into excitation energy of the solid
system. Thereby an instantaneous phase transition of a small volume (some
molecular layer) of the sample to gases species is induced. In this way the
analyte molecules are desorbed together with matrix molecules, with limited

internal excitation.
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(2) Isolation of the biomolecules from each other. The biomolecules are
incorporated in a large excess of matrix molecules, strong intermolecular
forces are thereby reduced (matrix isolation). Incorporation of analyte into
matrix crystal taking place upon evaporation of the solvents forms an
essential prerequisite for successful MALDI analysis, it moreover prO\;ides an

in-situ cleaning of the sample and is the reason for a high tolerance against

contaminants.

il

s ©
L o

L~

gy’

Eure 2.8 Diagram of the MALDI ﬂcess.
3) Ionﬁi%%%eﬂ% %ﬂﬂﬂﬁﬁamx in the ionization of

the @halyte molecules 9y photoexmta’uon or photmomzatlon of matrix

AR TN AR

4 though not proven unequivocally to date.

A wide range of matrices for bio-mass spectrometry applications have been

adopted for use with UV laser (the typical wavelength is 337 nm) as shown in Table 2.2
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Table 2.2 Common MALDI matrices used in biological applicationsg.

Matrix Matrix structure Application
Ol-cyano-4- HC ooeH Peptide analysis and
hydroxycinnamic acid i CN Protein digests. Analyte <

10 kDa

Sinapinic acid ( 4-hydroxr - Analysis of large

3,5-dimethylcinnamic acig | polypeptides and proteins >

10 kDa

2,5-dihydroxybenzoic acj ' Protein digests and proteins

(2,5 DHB) | Oligosaccharide released
from glycoproteins
2,4,6- Oligonucleotides < 3kDa

tri hydroxyacetophen on e

(THAP)

[
!

3-hydroxy pico ﬁc acid ¢

Qn EI ﬂhj ‘HW EI‘/] ﬁ“%nucleotides > 3KkDa

N __ COOH

o9 9N T NN 8

The preparation of the sample for MALDI analysis requires utmost care. The
homogeneity of the sample-matrix mixture is a critical factor to obtain good sample ion
yields. Fortunately, MALDIMS is somewhat more tolerant of impurities, buffers, salts and
mixtures.  Several techniques have emerged for the sample preparation. These
techniques include the

(1) Dried-droplet technique

(2) Fast evaporaticn technique
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(3) Sandwich matrix technique
(4) Spin-dry technique

(5) Seed-layer technique
2) Electrospray ionization (ESI)12

Electrospray ionization (ESI) is an atmospheric pressure ionization technique

applicable to a wide range of co t are present in liquid matrices. The
emergence of ESI ."""--.. { ce in the capabilities of mass
spectrometry for the chare fel ules It has also become the
most widely used interfac ' \ ss spectrometry. The wide
popularity of ESI in thesg ue us-flow operation, tolerance to
different types of solvent, g & v Solve t m\\ rates, and ability to generate
intact multiply charged ion 2 smical and biechemical species. ESI uses a

3 ‘ . eneration of gas phase ions from
electrically charged liquid . 1"'”. {produced by electrospraying the solution
of an analyte at atmospheric pr 4

";-"':“,a—
achieved in mid-1980s by«Fénr -and co-w and Aleksandrov et al.. Several

pling of ESI to mass spectrometry was

research groups, OME;’;":--— enn, Henion, a eveloped the applications
of ESIMS for the analyﬁ of bio S S,% molecular masses of these

biopolymers in the mass Wﬂ.e of over 100k an be determined with an accuracy of >

oo ﬂUH%ﬂﬂﬂiWﬂWﬂﬁ
‘i: RIRINTUNRINYAY

The basic principle of electrospray ionization can be explained through a simple

schematic of a typical ESI source as shown in Figure 2.9.
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counter
electrode
2-5 3kV
(-’u_Umin) .-,:.'.‘.' @ @ e — mass analysis

* E—
Figure 2.9 iction o f electrospray ionization.

| ;

steel eapillary tube through which a

solvent flows continuous ‘ .\-—' 5 *\\‘\ solvent consists of a mixture
(usually 1:1) of water a | iyahic A aly methanol, acetonitrile, or
isopropanol) and typically %.aC io ' 0 .\ other suitable acid or another
suitable acid. A solution ‘of  '”. hifectcd g his solvent stream. A;;otential

The heart of the

difference of 3-4 kV between ' P{l capillary and walls of the surrounding

atmospheric pressure regi static field sufficiently strong to

disperse the »-----:r:-:-:::: ------------- : “c‘ roplets. A flow of hot-bath

gas, usually nitrogen, i$ added to D assist i@he evaporation of the solvent

from those charged droplg, decreasing '&s,diameter. Consequently”, the charged
density on its sﬂa%ﬁ%sﬂtﬂ%@l%@ﬂhﬁ@ reached, at which the
coulomb repuls@n becomes of the same order a&the surface teas)on. The resulting
instabiq w\% ﬁlﬁ ‘aﬁcﬁ%n‘&le%o’s}@f\% E}'«*@t&]:art, producing
charged‘baughter droplets thét also évapérate. This sequence of event repeats and
finally produces droplets so small that the combination of charge density and radius of
curvature at the droplet surface produces an electric field intense enough to finally
desorb ions from the droplets into the ambient gas phase. After that, the i.ons are
transported from the atrﬁospheric pressure region to the high vacuum region of the

mass analyzer.
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Figure 2.10 M & \ ¢ploration of droplets.

lons can be separated on -t IS Oftheir mass-to-charge ratios using electric

or magnetic fields arrang

im

alysis are:

or space. The two mass

analyzers most comman

(1) Tume-of fhght (TOF)

ﬁﬂﬂ“?‘ﬁﬂ'ﬂﬁﬂﬂﬂﬂ‘i

Time-of-flight (TOF)

’Q‘WW@NQ?QJ UNIINQ Y

Agtime-of-flight (TOF) mass spectrometer is one of the simplest mass- analyzing
devices. Since the 1990s, it has reestablished itself as a mainstream technique and is
becoming increasingly useful in meeting the demands of contemporary research in

biomedical sciences.
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Principle of operation

A TOF mass spectrometer behaves as a velocity spectrometer, on which ions
are separated on the basis of their velocity differences. A short pulse of ions, after
exiting the source, is dispersed in time by allowing it to drift in a field-free region of a
long flight tube. The principle behind the mass analysis is that after acceleration to a

constant kinetic energy (equal to zV, where z is the charge on the ion and V the

accelerating potential), ions tra that are an inverse function of the

o\
square root of their m/z valugs:

The lighter ions#tra | °f-andree : h or placed at the end of the
flight tube (of length L)&arli [ o-th ‘ 3 er, ol Thus, a short pulse of ions is
dispersed into packets of ‘ analysis of ions that enter the

flight tube can be accompli me of arrival given by

12

(4)

. AY J .
mass calibrated by mea: ent'’known mass ions.

1]
’
*
.
.
*

1

— ©, o _ o
INFUARIVER

cwenw

Figure 2.11 Principle of the mass separation by TOF.
12
Quadrupole (Q)

The quadrupole mass spectrometer is the most widely used type of mass

spectrometer. The mass separation in this instrument is accomplished solely by using
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electric fields. Quadrupoles are dynamic mass analyzer, which means that ion
trajectories are controlled by a set of time-dependent forces that are generated by

applying direct current (dc) and radiofrequency (rf) potentials to a set of electrodes.
Principle

A quadrupole mass analyzer is two-dimensional quadrupole field device. As

field-defining electrod s, the ' he ions will have unstable
ferdi”

trajectories (i.e., the ampli heir i xceeds the boundaries of the

electrodes). To obtain a ectrum, the diladrupole field is varied to force other
B T
ions to follow the stable path -*‘ﬂi@';l S, s to a variable narrowband

filter.

Figure 2.12 A quadrupole mass analyzer.

The quadrupole field is created by supplying a positive direct current (dc)
potential U and a superimposed radiofrequency (rf) potential Vcos @t (i.e., U- Vcos @)
to one pair of rods (where @ is the angular frequency related to the frequency f in
hertz, by @ = 27T f V the amplitude of rf voltage, and t the time). The other opposing

pair of rods receives a dc potential of —U and an rf potential of magnitude Vcos @, but
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out of phase by 180 [i.e., -( U- Vcos@X)]. This arrangement creates an oscillating field

such that the potential O at any point within the rods is given by
2 2
D, = D, Xy (5)

Where (Do, the applied potential, is equal to U- Vcos @, r, the inscribed radius

between the rods (i.e., one-half the distance between the opposite electrodes), and x

.4t is obvious from this equation that the
the z axis (i.e., where x and y are
'

e of x and y are equal.

and y the distances from the ce
potential is zero at the cen

equal to zero). The potenti

The motion of an | X._, ons.is described using a quadratic

4 . : ) \ \
equation of the form 2B\

(6)

p , ;

which is commonly known t6 mé& .éf;rs Mathieu equation, where u represents
. N o ” 7 3 . g

the transverse d|spl_acem v the x and-y ola from the center of the field, is

i

ﬂum%mﬁwmm
::e;o ﬁ; ﬁe Mathie %Zﬁl ”ﬁ ﬁﬂ%ﬁ B ;1 élgi stable and for

In order to obtain a mass spectrum, the quadrupole field is changed by

(7)

simultaneously scanning (J and V, while keeping their ratio and f constant. Less
commonly, the applied frequency is changed at fixed values of U and V. This way, ions
of different m/z can be brought into the stability region, and transmitted along the length

of quadrupole field.
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2.5.2.5 Detector

After ions were separated by a mass analyzer, they reach at a detector for the
detection of their mass and abundance. A detector measures the electric current in
proportion with the number of ions striking it. Sensitivity, accuracy, resolution, and
response time are the most important characteristics of any detector. These are major

instruments for ion detection:

1) Photomultiplier
2) Secondary electro

3) Post acceleration

Tandem mass sp ; I ‘used in the late 1960s. Since

that time, the applicationgl agd, populari echnique continue grow. This

¢ o of e ting ions of particular m/z value

and subjecting the selected ntation within the mass spectrometer.

Generally, these expgriments af - Perfor fully.on two types of instrument

where analyzers “,_ eries (tandem in h :’j the triple quadrupole and

hybrid quadmpole-T@ and uments @\ich employ ion trapping
mechanisms such as them@rupole ion trag,and FT-ICR analyzer (tandem in time).

g B ANENINEINA,..... oo e
foh‘iiiimﬁ St ey
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Figure 2.13 Maif pgoc segﬁ_!' afidem mass spectrometry (MS/MS).
W e TR\

k
WA

] \
2.5.3.1 Product ioh sgan’ (dé ighter'see ) he first part of the analyzer, MS1, is
used to specifically sele' e est. The precursor ion is allowed into

the peptide precursor ions

collide with 'V collision g "‘aﬂ argon, helium”, xenon or

nitrogen) causing the prec ent _@ich yielding a distribution of

fragment ions, or‘deuct ions. product ions are scanned by the third
N B FWBAH oo o
spectru

q WANSD IR ADEINL, v e

precursor ion fragments predictably at each peptide amide bond along the
peptide backbone yielding a distribution of product ions in complimentary ion

series forming a ladder which is indicative of the peptide sequence15.



32

a, b, e,
+
i onl |
HzN-CH-CO-(NH-CH{CO) iNH{CH-COOH + H
Xn Yo Z,

’Iq + '3" + 'lq” 'la
H—(HN-CH-CO);?:H:CH CO-HN-CH-CO-(NH-CH-C0)-OH
a, Xp A=l
B ’l‘" + + '3" ‘3
H-(HN-CH-CO);E:‘I—CHC-O HaN-CH-CO-(NH-CH-CO)-OH

n-1

!//w -

Figure 2.14 lature he comi eptide fragment ions.

The peptide is fragmented f y compli tary ion series’

- The N-terafiinal igh S or. and ¢ fon series. The ions of the N-
terminal ioneries™  wilt contai \the, N-terminal amino acid and

extensions frg

- The -ter' -fori 66 ] jon.series. The ions of the C-

- .
,rminal amino acid and

extens.ﬁs from thi gure 2.1 3@
s Lien ) 01 gl
Y AER TR TOM LN (1Y)

lists the residus masses of the 20 amino acids and a selected number of

modified amino acids. These residue structures and the masses are central
to the interpretation of product ion spectra because they provide the means
for distinguishing the difference amino acids. The N-terminal amino acid has
the structure NH,-CH(R)-CO-, which includes an additional H relative to the
residue structure. The C-terminal amino acid has the structure -NH-CH(R)-

COOH, which includes an additional OH relative to the residue structure.
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and selected modified amino acids .
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These structural differences relative to the residue masses in Table 2.3,

which allow recognition of the N- and C-terminus of the peptide sequence.

Table 2.3 The residue masses of the 20 genetically encoded amino acids

Residue mass

P Immonium ion
(Da) (m/z)
Glycine 57.02 30
Alanine 71.04 44
Serine 87.03 60
Proline 97.05 70
Valine 99.07 72
Threonine 101.05 74
Cystine 103.01 76
Leucine 113.08 86
Isoleucine 113.08 86
)i r_==5== 4.04 87
Aspartat 2 115.03 88
Glutamine 128.06 101
susngninenmE | o
dtamate 129. 04 102
ARIHINIUNRINYINY
Histidine 137.06 110
Phenylalanine F 147.07 120
Arginine R 156.10 129
Tyrosine X 163.06 136
Tryptophan W 186.08 159
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The product ion MS/MS spectrum can be used to identify a protein by
manually determining the peptide sequence and using the determined
sequence to search the sequence databases or by automatically correlating

the native product ion MS/MS spectra with the sequence database.

2.5:3.2 Precursor ion scan® (parent scan) consists in choosing a product ion (or

daughter ion) and determi T the precursor ions (or parent ions).
2.5.3.3 Neutral Icss @ @g a neutral fragment and detecting
.J

all the fragm ding'to tr@t neutral. With a reactive gas

(CAR), adduct

A U0 e

mwﬁw 88

il
QW’M%
il

lon beam (eg. from ESI)

Figure 2.15 Schematic diagram of quadrupole/time of flight hybrid tandem mass

12
spectrometer ",
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2.6 Protein identification by database searchingg

Mass spectrometry has become the preferred method of choice for protein

identification. However, the development of several software programs and continuous

updating of sequence databases have been crucial to the success of mass

spectrometry in this field.

availa

know

Generally, MS cata can b

”y/)proaches for protein identification

Peptide mass fingespsint The mass measurement of each
peptide derive ‘ me digestio nemical cleavage of the protein.
Peptide mass fin i \\ ation. The molecular weights of

each of the peptidés de \\ estion or chemical cleavage of
S

1\

ition information relating to one

Peptide mass finget ation. The molecular weights of

each of the peptides d_ rom el 2 digestion or chemical cleavage of the

protein can bé\

mformat:on relating to one

or more of the

Product ion MS/MS equence data fw one or more peptide-MS/MS mode.

o o Y mﬂm 1101 T
%;im SR ik (15

- SWISS-PROT is a database of annotated protein sequence; it also contains
additional information on function of the protein, its domain structure,

posttranslational modification, etc.;

- TrEMBL is a supplement to SWISS-PROT, which contains all protein

sequences, translated from nucleotide sequences of the EMBL database;
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- NCBInr (National Center of Biotechnological Information) is a database
containing sequences translated from DNA sequences of GenBank and

also sequences from PDB, SWISS-PROT and PIR database

These databases. are constantly updated and are usually characterized by the

standardized data format.

The existing algorithms

three main groups:

- program ad {ngwith MS/NIS Spectra (MASCOT, MS-Fit)

\\ epFrag, MS-Tag)

2.7 Literature Reviews

The snake Bungaru. it is common in Southeast Asia and

ranges from Thailand=<o-Malaysiz and indonasio o 108941

N0 ,ﬁo in man and Tan N-H. et

arrel et al.’ reported that

Bungarus candidus ¢

al>"described that thls snake venom had high acetylcholinesterase and high

hyaluronidase ﬂtﬂﬂ A}% ﬂdﬂﬁ w ﬁé‘]sﬂ ?«zss -Prot and TrEMBL

database’ were%own below.

W AL NI URATNYARL e

neurotoxm that enhances acetylcholine release from nerve terminals, was determined by
"H-NMR spectroscopy and molecular dynamics. This 63-amino-acid polypeptide
belongs to a family of three-finger toxins that incorporate five disulphide bridges and
was purified to homogeneity by two-step methods which were gel filtration and high

performance liquid chromatography.
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In 2002, Watanabe L. et al. *'described bucain is a three-finger toxin, structurally
homologous to snake-venom muscarinic toxins. These proteins have molecular masses
of approximately 6000-8000 Da. Bucain was crystallized in two crystal forms by the

hanging-drop vapour-diffusion technique.

Parvathy VR. et al. (2000) reported candoxin™ 2> which is a novel three-finger

toxin from Bungarus candidus an

pfcation by consecutive gel filtration and

é)erminal amino acid sequence by
E——

reverse phase HPLC and

Edman degradation.

In the literature/

,\\ ospholipase A2 (PLA2). The

PLA(2) cDNAs from th n 0 . candia donesia origin) were amplified
g ot

by the polymerase chai P .Qb hd ;\ ed. The primers used were based on

the cDNA sequences of ﬁ I netus venom PLA(2)s. In addition
ddd.l d !
to the A-chains of beta-bunga mq&"&. \ 1didus PLA(2) was cloned and its

full amino acid sequence de c" f - 125 amino acid residues, the PLA(2)

contains a pancreatic loop ana ;-_-zt—r Cal to the acidic PLA(2) of king cobra
.-ﬁ'..-'!&.#

-%_5; ‘

From the TrEMBL Jda ) reported 16 proteins. They

venom.

are Kunitz inhibitor c (Fragment) Kunitz mhlbltor b (Fragment), Kunitz lnhlbltor a

(Fragment), ﬁ ﬂ%ﬁj WWW)’Tﬂ ?ngaratoxm B2a chain

(Fragment), Betal bungaratoxin B1 cham (Fragment Beta bungaratoxun A2 chain

(Fragrrﬂt)wa]w ?mupwﬂrrg wﬁm] ﬂ/ﬁr toxin 2, Weak

toxin 1, @andiduxin 2, Candiduxin 1, Alpha bungaratoxin, Kappa 1b bungaratoxin and

Kappa 1a bungaratoxin.

In 2003, Kuch U. et al'® reported Alpha-bungarotoxin (A31) precursor
(Fragment) and Cytochrome b.

Nawarak J. et al.”® (2003) reported that proteins component from ten species of

snake venoms in the Elapidae and Viperidae families which had been separated by
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different chromatographic methods including RP-HPLC, SDS-PAGE, 2-DE and mass
spectrometry. The protein patterns of snake venom from various techniques shows a
large quantity of low-molecular-mass basic proteins for the Elapidae family and neutral

proteins of different molecular masses for the Viperidae family.

AULINENINYINT
ARIAIATAUNNING 1A Y



	Chapter 2. Theoretical and Literature Reviews
	2.1 Snake Venom
	2.2 Mechanism of Neurotoxin
	2.3 Bungarus Candidus
	2.4 Separation Techniques
	2.5 Identification Technique
	2.6 Protein Identification by Database Searching
	2.7 Literature Reviews


