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C H A P T E R  I 

In tro d u ctio n

1.1. Noncovalent Interaction

Many basic processes of life depends on the noncovalent association and 
dissociation of biological molecules. The specificity of noncovalent interaction in 
biological molecules is the basic principle for molecular recognition in nature. The 
noncovalent interaction is one of the most fundamental regulatory mechanisms in 
the cell [1-3], Biological signals are produced when proteins interact with other 
proteins, peptides, oligonucleotides, nucleic acids, lipids, metal ions, polysaccharides 
or small organic molecules. An example of protein interactions is protein 
oligomerization, which is believed to cause an improved stability against proteolysis 
and thermal degradation. Interactions between other biological macromolecules are 
also very common, such as between DNA-DNA, DNA-RNA, DNA-peptide, DNA-drugs, 
etc. Indeed, the basis of genetic information storage, transfer and expression relies on 
such interactions [3-7],

1.2. Introduction to Peptide Nucleic Acid (PNA)

Deoxyribonucleic acid (DNA) is a material that stores and transfers genetic 
information to the next generation of most organisms. DNA structure is composed of 
repeating units. Each unit incorporates three components, namely: 1) Nitrogenous 
base (purine or pyrimidine); 2) Phosphate group; 3) Deoxyribose (sugar). They are 
connected together through phosphodiester linkages. Peptide nucleic acids (PNA) are 
DNA mimics with a pseudopeptide backbone. Despite the lack of the sugar- 
phosphate backbone, PNA is an excellent structural mimic of DNA or RNA. PNA can 
form more stable duplex structures with Watson-Crick base pairs and triplex 
structures with Hoogsteen base pairs (Figure 1.1) [3, 4, 6, 8-10],
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Figure 1.1 Chemical structure of a Watson-Crick and Hoogsteen base pair 
(http://en.wikipedia.org/wiki/Hoogsteen_base_pair).

1.2.1. PNA-DNA Hybridization

The first PNA was synthesized by Nielsen and co-workers in 1991. The PNA has 
a 2-aminoethyl-glycine unit in place of the normal phosphodiester backbone of DNA. 
This results in a chiral and uncharged DNA mimic (Figure 1.2) [3, 11, 12],

Figure 1.2 Chemical structures of a DNA and an aegPNA molecule.

http://en.wikipedia.org/wiki/Hoogsteen_base_pair
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The PNA and DNA form PNA-DNA hybrids with higher affinity than 
complementary DNA-DNA, DNA-RNA or RNA-RNA. The thermal stability follows as 
PNA-PNA > PNA-RNA > PNA-DNA > RNA-DNA > DNA-DNA, respectively [1, 5, 13, 14], เท 
addition, PNA can also form hybrids with double stranded DNA by a new strand 
inversion mechanism to form looped structures as shown in Figure 1.3 [11, 15-17],
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Figure 1.3 PNA binding modes for double stranded DNA [3].

1.2.2. Applications of Peptide Nucleic Acid

PNA can be used in a variety of fields, including biotechnological and medical 
applications. PNA-DNA hybridization can be used in genetic sequence determination, 
modulation of PCR analysis, biosensors and antisense/antigene technology. These 
applications mostly rely on Nielsen’s aegPNA system since it is the only one that is 
presently commercially available. The aegPNA is known to bind to DNA in both 
parallel and antiparallel directions.

1.2.2.1. Antisense and Antigene Therapy

The base-pairing of two strands of DNA to form a double helical hybrid is 
among the most important molecular recognition event in nature. เท the normal cell, 
the expression of genetic information consists of two processes, namely transcription 
and translation. เท the transcription process, the DNA strand serves as the template 
for the synthesis of messenger ribonucleic acid (ทาRNA). เท the translation process, 
the mRNA sequence determines the order of the amino acid that will be linked 
together by ribosomes to form a protein. This generates a protein with a specific 
structure and function. Inhibition of gene expression can be achieved by sequence-



4

specifically blocking the mRNA that act as the template for the protein production 
by a short oligonucleotide sequence. This w ill result in interference of the normal 
translation process - so called antisense approach. In a related concept, the antigene 
oligonucleotide can be targeted to the DNA sequence to inhibit the transcription into 
mRNA, and this its translation to proteins. These concepts are illustrated in Figure 1.4 
[5, 9, 18],

*,rrnr'1 Anligene fabibtiiQE Antaewr kàâwdan

Figure 1.4 Antigene and antisense strategy. An antigene oligomer could 
bind to a complementary sequence in the DNA and inhibit transcription of the 
gene. On the other hand, cells can also be treated with an antisense oligomer, 
and hybridization to a specific mRNA sequence can inhibit the expression of a 
protein at the level of translation [1],

The highly specific recognition through the pairing of the four nucleobases is 
very important for the development of antisense and antigene oligonucleotides. 
Natural oligonucleotides have been demonstrated to exhibit both antisense and 
antigene properties in vitro. Flowever, they are rapidly degraded by nucleases in vivo. 
This stimulates the development of several novel oligonucleotide mimics to 
overcome this obstacle. The modification can improve some properties such as the 
binding affinity to complementary nucleic acids and membrane permeability. Several 
oligonucleotide analogues, including PNA [9, 18] have been successfully used as 
antisense and antigene agents that were superior to natural DNA.

1.2.2.2. PNA Probes in Nucleic Acid Biosensors

The sequence-specific recognition of a DNA target by another DNA strand 
("probe") can be used for DNA sequence analysis (Figure 1.5). Recently, PNA has been 
used as a probe instead of DNA to improve the performance of the analysis. เท these 
DNA biosensors, single-stranded PNA probes are often conjugated with optical, 
electrochemical or mass-sensitive transducers to allow detection of the
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c o m p le m e n t a r y  (m is m a tc h )  D N A  s t ra n d . T h e  P N A  c a n  b e  la b e l le d  a n d  u s e d  as a tag  

e n c o d in g  t h e  s t r u c tu re  o f  t h e  a t t a c h e d  m o le c u le  o f  a  d e f in e d  b a s e  s e q u e n c e .  

S e v e r a l p r o b e s  c a n  b e  p la c e d  in  t h e  s a m e  p ie c e  o f  b io s e n s o r  s o  t h a t  s e v e ra l re g io n s  

o f  t h e  D N A  ta rg e t  c a n  b e  s im u lt a n e o u s ly  a n a ly z e d  [19, 20],

Figure 1.5 Molecule sorting on spatially addressable microarrays.

1.2.2.3. PCR Technique

T h e  p o ly m e r a s e  c h a in  r e a c t io n  (PC R ) t e c h n iq u e  c a n  b e  a d a p te d  t o  a n a ly z e  a 

g e n e t ic  v a r ia t io n  c a l le d  s in g le  n u c le o t id e  p o ly m o rp h is m  (SN P), w h ic h  is v e r y  u s e fu l in  

t h e  m e d ic a l  a n d  fo re n s ic  f ie ld s .  T h e  D N A  t e m p la t e  c a rry in g  a ta rg e t  s e q u e n c e  a n d  

tw o  o l ig o n u c le o t id e  p r im e rs  a re  a d d e d  t o g e th e r  w ith  t h e  d e o x y r ib o n u c le o t id e  

t r ip h o s p h a t e s  a n d  a h e a t - s t a b le  D N A  p o ly m e r a s e .  T h e  D N A  t e m p la t e  m o le c u le  is 

d e n a tu r e d  b y  a b r ie f  h e a t in g  t o  s e p a r a te  t h e  tw o  s t r a n d s  b y  b re a k in g  t h e  h y d ro g e n  

b o n d s  t h a t  h o ld  t h e m  to g e th e r .  T h e  m ix tu re  is a l lo w e d  t o  c o o l  t o  a lo w e r  

t e m p e ra t u r e ,  a l lo w in g  t h e  s e p a r a te d  D N A  t e m p la t e  m o le c u le  t o  a n n e a l  w ith  t h e  

p r im e r s  t h a t  a re  c o m p le m e n t a r y  t o  e ith e r  o f  t h e  t e m p la t e 's  e n d . T h e  p r im e rs  a re  

e x t e n d e d  b y  t h e  a c t io n  o f  D N A  p o ly m e r a s e  t h a t  s y n th e s iz e s  a c o m p le m e n t a r y  

s e q u e n c e  in  t h e  5 ' t o  3' d ir e c t io n  s ta r t in g  f r o m  e a c h  o f  t h e  p r im e rs .  P o ly m e r iz a t io n  

c o n t in u e s  u n t i l  t h e  e n d  o f  t h e  t e m p la t e  is r e a c h e d .  T h e  m ix tu re  is h e a t e d  a ga in  t o  

s e p a ra te  t h e  D N A  s t ra n d s  a n d  t h e  c y c le  is r e p e a te d .  E a c h  n e w  s t r a n d  t h e n  a c ts  a s  a 

t e m p la t e  fo r  t h e  n e x t  c y c le  o f  s y n th e s is .  เท th is  w a y , t h e  n u m b e r  o f  D N A  in c re a s e s  

e x p o n e n t ia l ly  (F ig u re  1.6) [21]. T h e  s u c c e s s  o f  t h e  P C R  t e c h n iq u e  w a s  d e v e lo p e d  in 

tw o  pa rts : a t e c h n o lo g y  fo r  d e te c t in g  P C R  p r o d u c t s  in  f lu o r e s c e n c e  s o lu t io n  a n d  

d e v e lo p e d  a t h e rm o c y c le r .
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W e can  m e a su re  PCR p ro d u c ts  has c o m e  fro m  m e a s u re m e n ts  o f  th e
f lu o re s c e n c e  s igna l, w h ic h  is th e  th ir d  m e th o d  us ing  SYBR G reen  I D ye , F lu o re s c e n ce
R esonan ce  Energy T ra n s fe r (FRET) a n d  M o le c u la r  B eacons  [48 -50 ],

F ig u r e  1 .6  A n  i l l u s t r a t i o n  o f  h o w  P C R  w o r k s  ( P u r v e s ,  S a d a v a ,  e t  a l. ,  2 0 0 1 ) .

1 .2 .3 . T h e o r y  o f  M a s s  S p e c t r o m e t r y

1 .2 .3 .1 . G e n e r a l  M a s s  S p e c t r o s c o p y

Mass spectrometry is one of the most powerful analytical techniques for 

analysis of biological m olecules and their interactions. It is a high performance tool 

that has the ability to identify or detect structural information of unknown samples. 

Mass spectrometry has been used extensively in biochemistry (analysis of proteins, 

peptides, oligonucleotides, polysaccharides, lipids and virus particles), 

pharmaceutical applications (drug discovery, drug metabolism, combinatorial 

chemistry, pharmacokinetics), clinical applications (neonatal screening, diagnosis of 

diseases, hemoglobin analysis drug testing), environment (water and air quality, food 

contamination, heavy metals), geology (isotopic composition, oil composition), 

forensic science (identification of unknown samples) and industry (monitoring of 

process streams) [8, 22, 23],
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M a s s  s p e c t r o m e t r y  c a n  a n a ly z e  s a m p le s  b o th  q u a l i t a t iv e ly  a n d  q u a n t it a t iv e ly .  

T h e  a n a ly s is  p ro c e s s  s ta r ts  f r o m  t h e  c h a rg e d  s a m p le  c o m p o u n d s  f r o m  w h ic h  io n s  a re  

t h e n  m e a s u re d .  T h e  p ro c e s s  in c lu d e s  io n iz a t io n ,  io n  s e p a ra t io n ,  re c o rd in g  o f  t h e  io n s  

a c c o rd in g  t o  t h e ir  m a s s - to -c h a rg e  r a t io  (m /z )  a n d  a b u n d a n c e .  T h u s , a m a s s  

s p e c t r o m e te r  c a n  b e  d iv id e d  in to  t h r e e  f u n d a m e n t a l  p a rts: t h e  io n iz a t io n  s o u rc e , t h e  

m a s s  a n a ly z e r ,  a n d  t h e  d e te c to r .  เท t h e  io n iz a t io n  s o u rc e , t h e  s o lu t io n  s a m p le  w a s  

c h a n g e d  t o  s a m p le  io n  fo rm  v ia  t h e  io n  fo c u s in g  s y s te m . T h e  s a m p le  m o le c u le  w a s  

in t r o d u c e d  in to  t h e  io n  s o u rc e . T h e  s a m p le  w a s  c h a n g e d  t o  io n s  b y  p ro to n a t io n  a n d  

d e p r o to n a t io n .  T h e r e  a re  m a n y  w a y s  t o  c r e a te  io n s , w h ic h  d e p e n d  o n  th e  n a tu re  o f  

t h e  s a m p le  o r  w h a t  k in d  o f  m a s s  s p e c t r o m e t r y  d a ta  is r e q u ir e d .  S a m p le s  t o  b e  

a n a ly z e d  b y  m a s s  s p e c t r o m e t r y  c a n  b e  s o l id ,  l iq u id  a n d  gas. T h e  io n s  in  t h e  gas 

p h a s e  a re  g e n e ra te d  b y  e le c t r o s t a t ic  fo r c e s .  Ions in  t h e  gas p h a s e  go  in to  a m a s s  

a n a ly z e r  a n d  a re  s e p a r a te d  a c c o rd in g  t o  t h e ir  m a s s - to - c h a rg e  ra t io  a n d  t h e  la t t e r  is 

d e te c t e d .  T h e  re s u lt s  o f  t h e  d a ta  p ro c e s s in g  o f  m a s s  s p e c t r o m e t r y  w i l l  r e v e a l t h e  

m o le c u la r  m a s s  o r  s t r u c tu r a l in fo rm a t io n  [22, 24 -27 ],

1.2.3.2 The Electrospray Ionization Process

E le c t r o s p r a y  io n iz a t io n  (ESI) is a t e c h n iq u e  o f  io n iz a t io n  a t  a tm o s p h e r ic  

p re s su re . It is s u it a b le  fo r  a n a ly z in g  s a m p le s  in  t h e  fo rm  o f  p r e fo rm e d  io n s  ( th e  io n  in  

t h e  s o lv e n t) .  T h e  s a m p le  in  t h e  fo rm  o f  t h e  s o lu t io n  is p a s s e d  th ro u g h  th e  s m a l l  

c a p i l la r y  t u b e  a t  a ra te  o f  10 -20  u lV m in .  T h is  s o lu t io n  is s p r a y e d  o u t  o f  a n  e le c t r ic  

f ie ld  p r o b e  w ith  h igh  v o lt a g e  (3 -6  kV) t r a n s m is s io n  t o  t h e  e n d  o f  t h e  c a p i l la r y  t u b e .  

T h e  u n ifo rm  d r o p le t s  w i l l  h a v e  a p o s it iv e  c h a rg e  o r  a n e g a t iv e  c h a rg e  d e p e n d in g  o n  

t h e  e n d  c a p  p o la r it y  o n  th e  c o u n t e r  e le c t r o d e .  W h e n  t h e s e  d r o p le t s  p a s s  th ro u g h  

t h e  io n iz a t io n  p ro c e s s , io n  e v a p o r a t io n  o c c u r s  v e r y  r a p id ly .  T h e  io n s  o f  t h e  s a m p le  

a re  c h a n g e d  t o  io n s  in  t h e  gas p h a s e . เท t h e  n e x t  s t e p  t h e  io n s  a re  in d u c e d  b y  t h e  

io n  o p t ic  in to  t h e  m a s s  a n a ly z e r .  T h e  s a m p le  is a n a ly z e d  w ith  a c h a n c e  o f  a 

m u lt ip ly - c h a r g e d  io n  in  ESI in d u c e d  t o  a n  e a s ie r  io n  o p t ic  s o lv e n t .  T h e  p ro c e s s  o f  t h e  

s a m p le  p r e p a ra t io n  in  t h e  fo rm  o f  t h e  io n  c a n  b e  a c h ie v e d  b y  s im p le  re a c t io n s .  

W h e n  u s in g  a c e t ic  a c id  o r  fo rm ic  a c id ,  t h e  s o lv e n t  is a b o u t  1 -5%  (p ro to n  d o n o r ) .  

U s in g  a n  e le c t r o n  a c c e p t o r  s o lv e n t  is b e t t e r  fo r  t h e  a n a ly s is  o f  t h e  e le c t r o n  d o n o r .  เท 

t h e  io n  e v a p o r a t io n  c o n d it io n s ,  t h e  s o lu t io n  m u s t  b e  s p ra y e d  in t h e  gas p h a s e  in to  

t h e  d r o p le t  p ro f ile .  It ’ s im p o r ta n t  t o  c h o o s e  a s o lv e n t  w ith  lo w  s u r fa c e  te n s io n .  P u re  

w a te r  h a s  a h igh  s u r fa c e  t e n s io n .  It is n o t  a s u it a b le  s o lv e n t  f o r  ESI, b u t  t h e  a d d it io n  

o f  a n  o rg a n ic  s o lv e n t  w ith  lo w  s u r fa c e  t e n s io n  m a k e s  it  e v e n  m o r e  s u it a b le  fo r  t h e
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ESI t e c h n iq u e ,  b e c a u s e  s o lv e n t s  w ith  h igh  s u r fa c e  t e n s io n  m a k e  it  m o r e  d i f f ic u l t  t o  

s p ra y  v e r y  s m a l l  d r o p le t s  th a n  t h o s e  w ith  lo w  s u r fa c e  t e n s io n .  T h e r e fo re ,  t h e  v o lt a g e  

t o  t h e  e n d  c a p s  c a p i l la r y  a n d  c o u n t e r  e le c t r o d e  is o f t e n  a d ju s t e d  u p w a rd s  in  t h e  

c a s e  o f  s o lv e n ts .  T h e  s o lv e n t  w ith  h ig h  s u r fa c e  t e n s io n  t o  in c re a s e  its  d e n s it y  o f  io n s  

in  t h e  s a m p le  a n d  in c r e a s e  t h e  io n  y ie ld  in  t h e  ESI c a n  b e  a c h ie v e d  b y  in c re a s in g  t h e  

c o n c e n t r a t io n  o f  t h e  s a m p le .  T h e  c a s e  o f  in c re a s in g  t h e  f lo w  ra te  d id  n o t  in c re a s e  

t h e  io n  y ie ld .  T h e  ESI t e c h n iq u e  is s u it a b le  fo r  u n s ta b le  c o m p o u n d s  w h ic h  c a n n o t  

v a p o r iz e  e a s ily .  A n o t h e r  r e a s o n  w h y  ESI is w id e ly  p o p u la r  is d u e  t o  t h e  c h a rg e  (Z) 

t h a t  h a s  m u lt ip le  v a lu e s .  It is p o s s ib le  t o  a n a ly z e  c o m p o u n d s  w ith  h igh  m o le c u la r  

w e ig h t  b y  u s ing  a m a s s  s p e c t r o m e te r  t o  a n a ly z e  t h e  m / z  w h ic h  is n o t  v e r y  h igh  (500 - 

3000). T h e  ESI t e c h n iq u e  is a t e c h n iq u e  o f  v e r y  h igh  a c c u r a c y  t h a t  a l lo w s  th e  

m o le c u la r  w e ig h t  o f  p r o te in s  a n d  n u c le ic  a c id s  t o  b e  d e te rm in e d .  T h is  is b e c a u s e  th e  

s o f tw a re  u s e d  to  m a n a g e  t h e  d a ta  o b t a in e d  f r o m  ESI o f te n  u s e s  t h e  d e c o n v o lu t io n  

a lg o r it h m  t o  c a lc u la t e  t h e  m o le c u la r  w e ig h t  b y  c h a n g in g  m a n y  m a s s  p e a k s  a t 

d if f e r e n t  p r o to n a t io n  s ta te s  t o  o n e  p e a k  t h a t  c o r r e s p o n d s  t o  t h e  m o le c u la r  w e ig h t  

[8, 15, 16, 24 -30],

1.2.3.3 Collision Induced Dissociation

E le c t r o s p r a y  io n iz a t io n  m a s s  s p e c t r o m e t r y  (ESI-M S) is a s o f t  io n iz a t io n  p ro c e s s . 

T h e  s tu d y  o f  n o n c o v a le n t  in te r a c t io n ,  in c lu d in g  P N A -D N A  c o m p le x e s  c a n  b e  d o n e  

w ith  m a s s  s p e c t r o m e t r y  u s in g  c o l l is io n  in d u c e d  d is s o c ia t io n  (CID) [13, 18, 2 6 -2 8 , 31- 

38], T h e  w o rk in g  p r in c ip le  o f  t h e  C ID  c a n  b e  e x p la in e d  as f o l lo w s .  T h e  e n e rg y  w a s  

c h a n g e d  f r o m  th e  k in e t ic  e n e rg y  o f  t h e  c o l l is io n  in to  t h e  in te r n a l e n e rg y  o f  t h e  ion s . 

T h e  io n s  a re  s t im u la t e d  t o  re a c h  a h ig h e r  v ib r a t io n a l  e n e rg y  le v e l ,  f in a l ly  ru p tu r in g  

t h e  b o n d  issu e . T h e  p r o c e s s e s  in d u c e d  b y  c o l l is io n s  a re  c a l le d  c o l l is io n  a c t iv a t io n  o r  

c o l l is io n  in d u c e d  d is s o c ia t io n  (CID). M e c h a n is m s  t h a t  o c c u r  d u r in g  c o l l is io n s  le a d in g  

t o  d is s o c ia t io n  o f  t h e  io n s  v a ry  a c c o rd in g  t o  fa c to r s  s u c h  a s  t h e  s iz e  a n d  e n e rg y  o f  

t h e  io n s . เท th e  c a s e  o f  h ig h  k in e t ic  e n e rg y  (keV ), t h e  io n ic  d is s o c ia t io n  m e c h a n is m  

m a y  b e  d u e  to  t h e  in te r n a l e n e rg y  o f  t h e  io n s . T h e  e n e rg y  a l lo w s  b o n d  o r  

m e c h a n ic a l  d is s o c ia t io n  r e s u lt in g  f r o m  t h e  k in e t ic  e n e rg y  t o  b e  c o n v e r t e d  in to  

v ib r a t io n a l  d ir e c t  e n e rg y . T h e  tw o  m e c h a n is m s  s h o w  d ir e c t  e x c it a t io n  o f  t h e  

e le c t r o n ic  m o d e  a n d  d ir e c t  e x c it a t io n  o f  t h e  v ib r a t io n a l  m o d e ,  r e s p e c t iv e ly .  เท th e  

c a s e  o f  io n s  w ith  lo w  k in e t ic  e n e rg y  (< 1 0 0 eV ) t h e  d is s o c ia t io n  m e c h a n is m  is u s u a l ly  

c a u s e d  b y  c o l l is io n s .  D u rin g  t h e  c o l l is io n  o f  c o m p le x  io n s  w ith  t h e  c o l l is io n  gas 

c o m p le x ,  e n e rg y  a t a h ig h  le v e ls  is c o n v e r t e d  in to  v ib r a t io n a l  e n e rg y  b y  t h e  io n
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d is s o c ia t io n .  เท t h e  c a s e  o f  a n  in d u c e d  d is s o c ia t io n  o f  t h e  io n  e n e rg y , ๒ พ  e n e rg y  CID 

f r a g m e n ta t io n  e f f ic ie n c y  is g re a te r  w h e n  t h e  c o l l is io n  gas is la rge . B u t  if  t h e  io n  is n o t  

la rg e , t h e  u s e  o f  h e l iu m  gas as a c o l l is io n  gas w h ic h  is t o o  la rg e  w i l l  c a u s e  t h e  

b r e a k d o w n  o f  t h e  m a s s  s p e c t r u m  in to  e v e n  m o r e  c o m p le x e s .  If t h e  io n  is la rg e  o r  if 

m o r e  f r a g m e n ta t io n  is d e s ir e d  t h e n  A r o r  N 2 s h o u ld  b e  u s e d  [22, 36 , 38 -42 ],

1.2.3.4. Research Examples Related to the ESI-MS for the Determination of

S u p a rp p r o m  a n d  c o -w o r k e r s  [43] p r o p o s e d  a n e w  p y r r o l id in y l p e p t id e  n u c le ic  

a c id  b e a r in g  p r o ly l - 2 - a m in o c y c lo p e n t a n e c a r b o x y l ic  a c id  (A C PC ) b a c k b o n e  c a l le d  

a c p c P N A  (F ig u re  1.7). T h e y  s t u d ie d  th e  h y b r id iz a t io n  o f  a c p c P N A  a n d  D N A  u s ing  U V -  

v is , C D  a n d  ESI-M S. T h e  h ig h  T m v a lu e  in d ic a te d  a s t ro n g  D N A  b in d in g  a f f in ity .

A r n o  W o r tm a n n  a n d  c o -w o rk e r s  [17] d e t e r m in e d  t h e  b in d in g  c o n s t a n t  o f  h ig h - 

a f f in it y  p r o te in - l ig a n d  c o m p le x e s  b y  e le c t r o s p r a y  io n iz a t io n  m a s s  s p e c t r o m e t r y  a n d  

l ig a n d  c o m p e t i t io n .  T h is  g ro u p  m e a s u r e d  t h e  b in d in g  c o n s t a n t  o f  P N A - lig a n d  

c o m p le x e s  b y  e le c t r o s p r a y  io n iz a t io n  m a s s  s p e c t r o m e t r y .  T h e  m e th o d  is v a l id a t e d  

w it h  l ig a n d s  b in d in g  t o  a v id in  a n d  a p p l ie d  t o  l ig a n d s  b in d in g  t o  p 3 8  m it ro g e n -  

a c t iv a t e d  p r o te in  k in a se . T h e  e x p e r im e n t  d e m o n s t r a t e d  t h a t  ES I-M S  c a n  b e  u s e d  t o  

d ir e c t ly  s tu d y  t h e  b in d in g  c o n s t a n t  o f  p r o te in - l ig a n d  c o m p le x e s  a n d  o th e r  

n o n c o v a le n t  c o m p le x e s .  เท a d d it io n ,  t h e  ES I-M S  h a s  t h e  a d v a n ta g e  o f  h igh  r e s o lu t io n ,  

h ig h  s e n s it iv it y  a n d  M S -M S  c a p a b il i t ie s .  T h e  d is a d v a n ta g e  o f  u s in g  th is  m e th o d  o f  

m e a s u r e m e n t  w a s  t h e  lo n g  e q u i l ib r a t io n  t im e  t o  e s ta b l is h  e q u il ib r iu m  in  t h e  c a s e  o f  

v e r y  h ig h  a f f in it y  lig a n d s .

Noncovalent Interaction

Figure 1.7 structure of acpcPNA
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T h o m a s  J.D . J o rg e n s e n  a n d  c o -w o rk e r s  [31] s tu d ie d  a c o l l is io n - in d u c e d  

d is s o c ia t io n  o f  n o n c o v a le n t  c o m p le x e s  b e tw e e n  v a n c o m y c in  a n d  a n t ib io t ic s  

( r is to c e t in  o r  p s e u d o a g ly c o r is t o c e t in )  w ith  p e p t id e  lig a n d  s t e r e o is o m e r s  t o  s h o w  an  

e v id e n c e  f o r  m o le c u la r  r e c o g n it io n  in  t h e  gas p h a s e . T h is  g ro u p  s t u d ie d  t h e  

n o n c o v a le n t  in te r a c t io n  o f  v a n c o m y c in  a n t ib io t ic s  w ith  p e p t id e  l ig a n d s  (F ig u re  1.9). เท 

s o lu t io n ,  t h e  v a n c o m y c in  g ro u p  in te ra c t s  s t e r e o s p e c if ic a l ly  t o  p e p t id e s  w ith  t h e  C - 

t e rm in a l  s e q u e n c e  - L - L y s - D - A la - D - A la .  S u b s t it u t io n  b y  a n  L -A la  a t  e it h e r  o f  t h e  tw o  

C - t e rm in a l r e s id u e s  c a u s e s  a d r a m a t ic  d e c r e a s e  in  t h e  b in d in g  a f f in it y  t o  t h e  

a n t ib io t ic s .  เท n e g a t iv e  io n  m o d e  o f  ES I-M S , t h e  CID  re s u lt s  s h o w  t h a t  t h e  c o m p le x  

c o m p le x e s  f o rm e d  b e tw e e n  v a n c o m y c in  w ith  -L -A la - L -A la  l ig a n d  (1:1) w a s  m o re  

s t a b le  t h a n  -D -A la -D -A la  l ig a n d  in  t h e  gas p h a se . T h e  d if f e r e n c e  in  s t a b i l i t y  o f  t h e  

c o m p le x  h y b r id iz a t io n  w a s  a t t r ib u t e d  t o  t h e  e f f e c t  o f  t h e  s p e c if ic it y  o f  t h e  

n o n c o v a le n t  in te ra c t io n .  T h e  C iD  t e c h n iq u e  s tu d ie s  t h e  n o n c o v a le n t  in te r a c t io n  

c o m p o u n d s  b y  c a lc u la t in g  t h e  e n e rg y  o f  in te r a c t io n  w ith  n o n c o v a le n t  in te r a c t io n  o f  

t h e  e q u a t io n  E c m  = E L ^ m / ln r ig + m p )] .

- r
(a) <b)

Figure 1.9 Noncovalent complex form (a) between vancomycin with -L-Lys-D- 
Ala-D-Ala, (b) between antibiotics with -L-Lys-D-Ala-D-Ala.

Jü rg  M . D a n ie l a n d  c o -w o r k e r s  [25] q u a n t i t a t iv e ly  d e t e r m in e d  n o n c o v a le n t  

b in d in g  in te r a c t io n s  u s in g  s o f t  io n iz a t io n  m a s s  s p e c t r o m e t r y .  เท th is  r e s e a rc h , t h e  

d if f e r e n c e  in  s t a b i l i t y  o f  n o n c o v a le n t  in te r a c t io n  b e tw e e n  a s o lu t io n  p h a s e  a n d  a gas
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p h a s e  w a s  s t u d ie d  (F ig u re  1.10). T h e  s o lu t io n  p h a s e  u s e d  m e th o d s  s u c h  as m e lt in g  

c u rv e s , t i t r a t io n  e x p e r im e n t s  o r  c o m p e t i t io n  e x p e r im e n t s .  T h e  gas p h a s e  a p p l ie d  

m e th o d s  s u c h  a s  c o n e  v o lt a g e - d r iv e n  d is s o c ia t io n ,  c o l l is io n - in d u c e d  d is s o c ia t io n ,  

b la c k b o d y  in f ra r e d  ra d ia t iv e  d is s o c ia t io n ,  o r  t h e r m a l d is s o c ia t io n .  เท t h e  e x p e r im e n t s  

it  w a s  s h o w n  t h a t  t h e  M S  m e t h o d s  c a n  m e a s u re  t h e  d is s o c ia t io n  e n e rg ie s  in  t h e  gas 

p h a s e  a n d  s o lu t io n  p h a s e . T h e  m a in  r e a s o n  is t h a t  e le c t r o s t a t ic  a n d  d ip o la r  

n o n c o v a le n t  in te r a c t io n s  a re  s t r e n g th e n e d  in  t h e  a b s e n c e  o f  s o lv e n t  s h ie ld in g , w h i le  

o th e r  n o n c o v a le n t  in te ra c t io n s ,  in  p a r t ic u la r  h y d r o p h o b ic  in te ra c t io n s ,  b e c o m e  le s s  

im p o r t a n t  in  t h e  a b s e n c e  o f  a s o lv e n t .

Type o f noncovalent interaction 

Charge-charge 

Charge-dipole (fixed dipole) 

Charge-dipole (freely rotating dipole) 

Dipole—dipole (fixed dipole)

Dipole—dipole (freely rotating dipole)

Charge-nonpolar

Dipole—nonpolar (fixed dipole)

Dipole—nonpolar (freely rotating dipole)

Nonpolar-nonpo lar

Hydrogen bond 
Hydrophilic interaction 
Hydrophobic interaction

Formula

Q 1 Q 2 
4jT££or 

Q u co s9 
4lZ££Qt~

e - v
6(4tt £EX) )^kTr*

—----  A (2cosf?i cos 6s — sm$i cos <p sin (h )
4jt£C0 r3

น}'']
~ XAneeô kTr6

Q 1*
2(4 3T££o)2r 4 

น2 a ( l  +  3 cos2 6 )
2(4rr£-£o)2f"6 

ท2q

(4irc£o)2''6
3 «01 «0: I \ h
2 (47T££0)2r6 /l + /2

Special, directed interaction 
Special interaction 
Special interaction

Name

Coulomb energy

Keesom energy (van der Waals 
energy a  1/r6)

Debye energy (van. der Waals 
energy oc 1/ / )

London dispersion energy 
(van der Waals energy cx 1/r6)

Adapted from Israelachvûi [32]. Q  =  charge, น -- dipole, r  =  distance, ce =  polarizability. £ =  dielectric constant, I  =  first ionization 
potential, 0  = angle between dipole and vector connecting the interacting particles, 4> =  polar angle o f second dipole.

Figure 1.10 Types of noncovalent interaction [27],

1.3. The Objective in this Research

เท th is  r e s e a r c h  w e  s t u d y  t h e  c o n d it io n  o f  a n  e le c t r o s p r a y  io n iz a t io n  m a s s  

s p e c t r o m e te r  (ES I-M S) t o  o b s e r v e  n o n - c o v a le n t  P N A -D N A  d u p le x e s .  N e x t , w e  

d e te r m in e  t h e  s t a b i l i t y  o f  n o n c o v a le n t  in te ra c t io n s  f r o m  t h e  e n e rg y  o f  t h e  

h y b r id iz a t io n  b e tw e e n  P N A -D N A  c o m p le x e s  u s in g  c o l l is io n  in d u c e d  d is s o c ia t io n  (C1D) 

in  ESI-M S. T h e  e n e rg y  d a ta  f r o m  E S I-M S  w i l l  b e  c o m p a r e d  w ith  s o lu t io n  p h a s e  Tm 

d a ta  o b t a in e d  f r o m  U V -v is  s p e c t r o s c o p y .


	CHAPTER I Introduction
	1.1. Noncovalent Interaction
	1.2. Introduction to Peptide Nucleic Acid (PNA)
	1.3. The Objective in this Research


