
C H A P T E R  I V

R E S U L T S  A N D  D I S C U S S I O N

T h e  a im  o f  th i s  w o r k  is  to  im m o b i l iz e  m o n o c lo n a l  a n t ib o d y  a g a in s t  V ib r io  

h a r v e y i  (V . h a r v e y i ) o n to  g o ld  e le c t ro d e  o f  q u a r tz  c r y s ta ls  to  b e  u s e d  fo r  Q C M  
a n a ly s is ,  e m p lo y in g  a  th r e e - s te p  p ro c e d u re .  T h e  f i r s t  s te p  in v o lv e s  a  fo r m a t io n  o f  s e lf -  
a s s e m b le  m o n o la y e r  o f  c a rb o x y l- te r m in a te d  a lk a n e th io l .  T h e  s e c o n d  s te p  is  an  
a c t iv a t io n  o f  th e  m o n o la y e r ,  u s in g  l - e t h y l - 3 - ( 3 - d im e th y la m in o p r o p y l ) c a r b o d i im id e  
( E D C I)  a n d  iV -h y d ro x y s u c c in a m id e  (N H S )  to  c o n v e r t  th e  t e r m in a l  c a r b o x y l  g ro u p  o n  
th e  s u r f a c e  to  a n  a c t iv e  N H S  e s te r . T h e  th i rd  s te p  is  a  c o u p l in g  o f  m o n o c lo n a l  
a n t ib o d y  ( M A b )  a g a in s t  V. h a r v e y i .  T h e  s te p w is e  p r o c e d u r e  o f  th e  S A M  fo rm a tio n ,  
th e  a c t iv a t io n  o f  c a r b o x y l  g r o u p s  f o l lo w e d  b y  th e  c o u p l in g  r e a c t io n  w i th  M A b  a g a in s t  
V. h a r v e y i  is  s h o w n  in  F ig u r e  4 . 1 .
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Figure 4.1 Schematic diagram showing the procedure for the preparation o f a Vibrio
h a rvey i immunosensor.



4 . 1  S e l f - a s s e m b ly  M o n o l a y e r  ( S A M )  F o r m a t i o n  o f  C a r b o x y l - t e r m i n a t e d  
A l k a n e t h i o l  o n to  G o ld  S u r f a c e
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T h e  S A M s  f o r m e d  b y  a lk a n e th io ls  o n  a  g o ld  s u r f a c e  w e r e  c o m m o n ly  u s e d  a s  
th e  f u n c t io n iz e d  m o n o la y e r  to  im m o b i l iz e  b io lo g ic a l  c o m p o u n d s  b e c a u s e  o f  th e  
fo r m a t io n  o f  a  s t r o n g  m e ta l - th io la te  b o n d  w i th  n o  o x id e  f o r m a t io n  a t  th e  e le c t r o d e  
s u r f a c e  a n d  th e  a v a i l a b i l i ty  o f  f re e  c a rb o x y l  g ro u p  fo r  l in k a g e  w i th  th e  iV -te rm in a l o f  
b io a c t iv e  m o le c u le s .

T h r e e  th io l  c o m p o u n d s  in c lu d in g  1 1 -m e r c a p to u n d e c a n o ic  a c id  (M U A ) , 3 , 3 - 
d i th io d ip r o p io n ic  a c id  ( D T D P A ) ,  a n d  3 - m e r c a p to p r o p io n ic  a c id  ( M P A )  w e re  u s e d  fo r  
th e  S A M  f o r m a t io n .  T h e i r  s t r u c tu r e s  a re  s h o w n  in  F ig u re  4 .2 . T h e  s e l f  a s s e m b ly  
p r o c e s s  w a s  m o n i to r e d  b y  Q C M  a n d  w a te r  c o n ta c t  a n g le  a n a ly s e s .  T h e  f r e q u e n c y  
s h if t  d u e  to  S A M  f o r m a t io n  ( A f s) to g e th e r  w i th  th e  w a te r  c o n ta c t  a n g le  o f  th e  s e l f  
a s s e m b le d  m o n o la y e r  o b ta in e d  f ro m  M P A  o n  g o ld  s u r f a c e  a s  a  f u n c t io n  o f  im m e r s io n  
t im e  a re  p lo t t e d  in  F ig u r e  4 .3 . T h e  Q C M  d a ta  s u g g e s t s  th a t  th e  S A M  p r o c e s s  w a s  
c o m p le te  a f te r  2 4 h  w h i le  th e  c o n ta c t  a n g le  r e a c h e d  th e  lo w e s t  v a lu e  o f  3 5 .2 ± 1 .9 ° 
in d ic a t in g  th e  e n h a n c e d  h y d r o p h i l i c i ty  o f  th e  s u r f a c e  b y  th e  t e r m in a l  c a rb o x y l  g ro u p s  
a t  th e  o th e r  e n d  o f  M P A .

1 1 - m e r c a p to u n d e c a n o ic  a c id  ( M U A )  3 - m e r c a p to p r o p io n ic  a c id  (M P A )
o

o
3 , 3 -d i th io d ip r o p io n ic  a c id  (D T D P A )

F i g u r e  4 . 2  S t r u c tu r e s  o f  th r e e  th io l  c o m p o u n d s .
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F i g u r e  4 . 3  F r e q u e n c y  s h if t  d u e  to  S A M  f o r m a t io n  ( A f s) a n d  w a te r  c o n ta c t  a n g le  o f  
S A M  o b ta in e d  f ro m  1 0  m M  M P A  a s  a  f u n c t io n  o f  t im e .

U s in g  th e  im m e r s io n  t im e  o f  2 4 h , e f f e c ts  o f  a lk a n e th io l  c o n c e n t r a t io n  o n  S A M  
f o r m a t io n  o f  a l l  t h r e e  a lk a n e th io ls  w e re  in v e s t ig a te d .  T h e  r e s u l ts  a re  s h o w n  in  F ig u re  
4 .4 . T h e  f r e q u e n c y  c h a n g e  w a s  in  th e  fo l lo w in g  o rd e r :  M U A > M P A > D T D P A  a t a ll 
c o n c e n t r a t io n .  T h is  m a y  s te m  f ro m  th e  fa c t  th a t  M U A  p o s s e s s e s  th e  h ig h e s t  m o le c u la r  
w e ig h t  in  c o m p a r is o n  w i th  o th e r  tw o  a lk a n e th io ls  so  th e  h ig h e s t  A f t w a s  n o tic e d  fo r  
th e  s e l f - a s s e m b ly  o f  M U A . A ls o ,  it  h a s  b e e n  r e p o r te d  th a t  th e  m o n o la y e r  a s s e m b le d  
f ro m  th e  d i th io l ,  D T D P A  is  in f e r io r  to  th a t  o f  th e  m o n o th io l ,  M P A .[ 1 8 ] T h u s  th e  
m o n o la y e r  o f  D T D P A  s h o u ld  b e  le s s  d e n s e  th a n  th e  o n e  f ro m  M P A . T h a t  is  w h y  its  
A f s e x h ib i te d  th e  lo w e s t  v a lu e  a m o n g  th r e e  a lk a n e th io ls .  T h e  c o n c e n t r a t io n  o f  1 0  m M  
s e e m s  to  b e  th e  o p t im a l  c o n c e n t r a t io n  fo r  th e  s e l f  a s s e m b ly  o f  M P A  a n d  D T D P A . O n  
th e  o th e r  h a n d ,  th e  c o n c e n t r a t io n  in  s u c h  a  r a n g e  d id  n o t  h a v e  a  s ig n i f i c a n t  im p a c t  o n  
th e  S A M  f o r m a t io n  f ro m  M U A .

T h e  g o ld - c o a te d  s u b s t r a te s  b e a r in g  th e  m o n o la y e r s  a s s e m b le d  f ro m  th e  
im m e r s io n  t im e  o f  2 4 h  w e re  s u b je c te d  to  c o n ta c t  a n g le  a n a ly s is .  T h e  w a te r  c o n ta c t  
a n g le  d a t a  p lo t t e d  in  F ig u r e  4 . 5  a re  in  g o o d  a g r e e m e n t  w i th  th e  s p e c u la t io n  p r e v io u s ly  
d is c u s s e d  b a s e d  o n  Q C M  d a ta . T h e  c o n c e n t r a t io n  o f  1 0  m M  is  h ig h  e n o u g h  to  a c h ie v e  
th e  m a x im u m  p a c k in g  o f  a lk a n e th io ls  a n d  th e  h ig h e s t  h y d r o p h i l i c i ty .  T h e  h ig h e r  
h y d r o p h o b ic i ty  o f  th e  M U A  m o n o la y e r  in  c o m p a r is o n  w i th  th e  m o n o la y e r s  o f  o th e r
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tw o  a lk a n e th io ls  m a y  r e s u l t  f ro m  a  d is r u p t io n  in  th e  o r d e r e d  S A M  b y  u n d e r ly in g  
d e f a u l ts  o f  th e  s u b s t r a te .  A r e a s  o f  in c re a s e d  s u r f a c e  r o u g h n e s s  m a y  e x p o s e  th e  
h y d r o p h o b ic  m e th y le n e  g r o u p s  o f  th e  a lk a n e th io l  to  th e  m o n o la y e r / a i r  in te r f a c e  
c a u s in g  th e  c o n ta c t  a n g le  to  b e  h ig h e r  th a n  th e  e x p e c te d  p o la r  l a y e r  o f  c a rb o x y l  
g ro u p s . T h e  s a m e  s p e c u la t io n  is  a ls o  v a l id  in  th e  c a s e  o f  th e  m o n o la y e r  a s s e m b le d  
f ro m  D T D P A . T h e  a lk a n e th io l  m o le c u le  te n d s  to  fo ld  a n d  f la t  d o w n  o n  th e  s u r fa c e  
w h e n  th e  p a c k in g  is  n o t  d e n s e . T h e  h y d r o p h o b ic  m e th y le n e  g r o u p s  o f  th e  a lk a n e th io l  
th e r e b y  d o m in a te  a t  th e  m o n o la y e r /a i r  in te r f a c e ,  m a k in g  th e  s u r f a c e  h y d r o p h o b ic  
d e s p i te  th e  p r e s e n c e  o f  th e  h y d r o p h i l i c  te rm in a l .  F o r  th is  r e a s o n ,  M P A  w a s  c h o s e n  fo r  
th e  p r e p a r a t io n  o f  th e  c a r b o x y l- te r m in a te d  m o n o la y e r  fo r  a  s u b s e q u e n t  
im m o b i l iz a t io n  o f  m o n o c lo n a l  a n t ib o d y .

5 10 15
Thiol concentration(rrM)

F i g u r e  4 . 4  F r e q u e n c y  s h if t  d u e  to  S A M  f o r m a t io n  ( A f s) o f  a lk a n e th io ls  a s  a  fu n c t io n  
o f  c o n c e n t r a t io n .
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F i g u r e  4 . 5  W a te r  c o n ta c t  a n g le  o f  S A M  o f  a lk a n e th io l  a s  a  fu n c t io n  o f  th io l  
c o n c e n t r a t io n .

R e f le c t io n  A b s o r p t io n  In f r a r e d  S p e c tr o s c o p y  ( R A I R S )  w a s  u s e d  to  c o n f i rm  
th e  m o n o la y e r  f o r m a t io n  o f  c a r b o x y l- te r m in a te d  a lk a n e th io l  o n  g o ld  s u b s tra te .  T h e  
te c h n iq u e  c a n  p r o v id e  in f o r m a t io n  r e g a r d in g  th e  c h e m ic a l  s t r u c tu r e  o f  th e  a s s e m b ly . 
T h e  s p e c t r a  s h o w n  in  F ig u r e  4 . 6  v e r i f y  th a t  th e  c a r b o x y l- te r m in a te d  m o n o la y e r s  w e re  
fo rm e d . A  c h a r a c te r i s t ic  f e a tu r e  o f  I R  v ib r a t io n  w a s  o b s e r v e d :  C - H  s t r e tc h in g  in  th e  
r a n g e  o f  2 8 0 0 - 3 0 0 0  c n T 1 a n d  c = 0  s t r e tc h in g  o f  c a rb o x y l  g ro u p  a t  1 7 4 0  c m '1.

W a v e n u m b e r  ( c m '1)

Figure 4.6 RAIRS spectra o f carboxyl-terminated monolayers on gold-coated
substrates.
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4 . 2  A c t iv a t i o n  o f  C a r b o x y l  G r o u p s  o f  S A M - m o d i f i e d  S u b s t r a t e s
In  th i s  r e s e a r c h ,  th e  c a r b o x y l  g ro u p s  o f  th e  M P A  m o n o la y e r  w e r e  a c t iv a te d  b y  

a n  h e te r o g e n e o u s  r e a c t io n  o f  M P A - m o d i f ie d  s u b s t r a te s  w i th  E D C I  a n d  N H S  to  
c o n v e r t  th e  t e r m in a l  c a r b o x y l  g ro u p  to  a n  a c t iv e  N H S  e s te r .  N H S /E D C I  is  k n o w n  as  
a n  e f f e c t iv e  s y s te m  to  g e n e r a te  a c t iv e  N H S  e s te r  g r o u p s  in  a q u e o u s  s y s te m  th a t  a re  
q u i te  s ta b le  f o r  a  r e a s o n a b ly  lo n g  p e r io d  o f  t im e  in  n e u tr a l  c o n d i t io n  a n d  le s s  p ro n e  to  
h y d r o ly s is .  T h e  m e c h a n is m  o f  th e  a c t iv a t io n  o f  c a rb o x y l  g r o u p s  o n  th e  s u r f a c e  is  
s h o w n  in  F ig u r e  4 .7 .

- s + v c -0 + R-N=C=N-R 
EDCI

5̂ ^ - C-O -C-N -R + HO-N

9  r̂ C H  c -0  -N v n2\  PH +R-N -C-N -Rl h 2 h h

EDCI = l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
<๓3

h3c -ch2- n =c =n -c h -ch2-ch2-n  H—Cl
CHNHS = N-hydroxysuccinimide 3

F i g u r e  4 . 7  M e c h a n is m  o f  th e  a c t iv a t io n  o f  s u r f a c e  c a r b o x y l  g r o u p s  b y  N H S /E D C I  
s y s te m .

In  o r d e r  to  a c h ie v e  th e  o p tim a l  c o n d i t io n  fo r  a c t iv a t io n ,  tw o  p a r a m e te r s  
n a m e ly  im m e r s io n  t im e ,  N H S /E D C I  c o n c e n t r a t io n  w e r e  in v e s t ig a te d .  T h e  e x te n t  o f  
a c t iv a t io n  w a s  f o l lo w e d  b y  Q C M  a n d  w a te r  c o n ta c t  a n g le  a n a ly s e s .  F ig u re  4 . 8  d e p ic ts  
a  f r e q u e n c y  s h if t  d u e  to  th e  a c t iv a t io n  ( A f a )  a n d  i ts  c o r r e s p o n d in g  w a te r  c o n ta c t  a n g le  
a s  a  f u n c t io n  o f  im m e r s io n  t im e .  T h e  s u r f a c e  o b v io u s ly  b e c a m e  m o r e  h y d r o p h o b ic  
a f te r  th e  c o n v e r s io n  o f  c a r b o x y l  g r o u p s  to  N H S  g ro u p s .  A  c o n t in u o u s  d e c r e a s e  o f  
b o th  w a te r  c o n ta c t  a n g le  a n d  A  fa i f  th e  a c t iv a t io n  w a s  lo n g e r  th a n  4 5  m in  m a y  b e  
e x p la in e d  a s  a  r e s u l t  o f  th e  u n w a n te d  h y d r o ly s is  th a t  r e m o v e s  th e  e x i s t in g  N H S
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groups from the surface. Using 30 min for the activation, an effect o f NHS/EDCI on
activation was determined. Results from Figure 4.9 suggested that the most suitable
concentration o f NHS/EDCI was 15:45 mM.
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F i g u r e  4 . 8  W a te r  c o n ta c t  a n g le  a n d  f r e q u e n c y  s h if t  d u e  to  th e  a c t iv a t io n  ( A f a) o f  th e  
M P A - m o d i f ie d  s u b s t r a te  a s  a  fu n c t io n  o f  im m e r s io n  t im e  u s in g  1 5 : 4 5  m M  o f  
N H S /E D C I .
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Figure 4.9 Water contact angle and frequency shift due to the activation (Afa) o f the
MPA-modified substrate as a function o f NHS/EDCI concentration using 30 min
immersion time.
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4 . 3  I m m o b i l i z a t i o n  o f  M o n o c l o n a l  A n t i b o d y  a g a i n s t  V i b r i o  h a r v e y i

T h e  im m o b i l iz a t io n  o f  th e  a n t ib o d y  to  th e  N H S - m o d if i e d  s u b s t r a te  w a s  d o n e  
b y  th e  f o r m a t io n  o f  c o v a le n t  a m id e  b o n d s  b e tw e e n  th e  N H S  g r o u p s  a n d  th e  a m in o  
g ro u p s  o f  th e  iV -te rm in a l a n d /o r  th e  a m in o  s id e  g r o u p s  o f  ly s in e  r e s id u e s  o f  th e  
a n t ib o d y .

M o n o c lo n a l  a n t ib o d y  (M A b )  w a s  c h a r a c te r iz e d  b y  m a tr ix - a s s is te d  la s e r  
d e s o r p t io n  i o n iz a t io n  (M A L D I )  t im e - o f - f l ig h t  (T O F ) . T h e  M A L D I - T O F  s p e c t ru m  o f  
th e  m o n o c lo n a l  a n t ib o d y  is  s h o w n  in  F ig u re  4 . 1 0 . T h e  o b ta in e d  m a s s  o f  th e  
m o n o c lo n a l  a n t ib o d y  in  s p e c t r u m  w a s  1 5 2 1 7 0  เท /z .

I J i j d j  ilHUi l . i j i l L i l i i i . . .น .± 1 - - - .  —... j . .  .1  ,^ . !  i .  1-1. J .  1. . .  ifc^iii, . i  —. iL. i I mJi . ^ . .  .. . . '■ น ....^ .■ ..น .
50000 75000 100000 125000 160000 175000 200000 225000

F i g u r e  4 . 1 0  M A L D I - T O F  s p e c t ru m  o f  m o n o c lo n a l  a n t ib o d y  a g a in s t  V ib r io  h a r v e y i .

S in c e  it  is  th e  a m o u n t  o f  M A b  im m o b i l iz e d  o n  e le c t r o d e  th a t  la rg e ly  
d e te r m in e s  th e  s e n s i t iv i ty  o f  th e  im m u n o s e n s o r ,  it  is  q u i te  n e c e s s a r y  to  s e e k  fo r  a n  
o p tim a l  c o n d i t io n  fo r  M A b  im m o b i l iz a t io n .  T o  in v e s t ig a te  a n  in f lu e n c e  o f  th e  
im m o b i l iz a t io n  t im e ,  th e  c o n c e n t r a t io n  o f  M A b  w a s  f ix e d  a t  0 . 1  m g /m L  a n d  th e  
im m o b i l iz a t io n  t im e  w a s  v a r ie d  f ro m  8 to  1 5 , a n d  2 4  h . T h e  e x te n t  o f  M A b  
im m o b i l iz a t io n  a s  a  f u n c t io n  o f  t im e  is  e x p r e s s e d  in  t e r m  o f  a  f r e q u e n c y  s h if t  d u e  to  
th e  M A b  im m o b i l iz a t io n  ( A f j )  a s  i l lu s t r a te d  in  F ig u r e  4 . 1 1 . A p p a r e n t ly ,  1 5  h  is 
s u f f ic ie n t ly  lo n g  fo r  th e  M A b  im m o b i l iz a t io n  to  r e a c h  th e  m a x im u m  e x te n t.
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A n  e f f e c t  o f  M A b  c o n c e n t r a t io n  o n  th e  a n t ib o d y  im m o b i l iz a t io n  o n  th e  N H S -  
m o d i f ie d  s u b s t r a te  w a s  d e te r m in e d  b y  v a r y in g  th e  M A b  c o n c e n t r a t io n  in  th e  ra n g e  o f  
0 .0 5 - 1 . 0  m g /m L  u s in g  th e  im m o b i l iz a t io n  t im e  o f  1 5 h . F ig u re  4 . 1 2  s h o w s  th e  
f r e q u e n c y  s h if t  d u e  to  th e  M A b  ( A f j )  a s  a  f u n c t io n  o f  th e  M A b  c o n c e n t r a t io n .  T h e  
A f j  h a s  a  t e n d e n c y  to  in c r e a s e  w h e n  th e  c o n c e n t r a t io n  w a s  h ig h e r  th a n  0 . 1  m g /m L . It 
is  b e l ie v e d  th a t  th e  h ig h  c o n c e n t r a t io n  c a n n o t  o n ly  e n h a n c e  th e  d e n s i ty  o f  th e  M A b , 
b u t  it  s h o u ld  a ls o  p r o m o te  n o n - s p e c if ic  a d s o rp tio n .  In  o r d e r  to  o b ta in  a n  a p p ro p r ia te  
c o n c e n t r a t io n  fo r  M A b  im m o b i l iz a t io n ,  th is  s e t  o f  M A b - m o d if ie d  s u b s t r a te s  h a s  to  b e  
s u b je c te d  to  a  t r e a tm e n t  w i th  a  b lo c k in g  r e a g e n t  p r io r  to  th e  b in d in g  w i th  th e  ta rg e t  
b a c te r ia .  T h e  r e s u l t  w i l l  b e  d is c u s s e d  in  th e  n e x t  s e c t io n .

60 ๅ

50

Imnobilization time (h)

F i g u r e  4 . 1 1  F r e q u e n c y  s h if t  d u e  to  th e  M A b  im m o b i l iz a t io n  ( A f j )  o n  th e  N H S -  
m o d i f ie d  s u b s t r a te  a s  a  f u n c t io n  o f  im m o b i l iz a t io n  t im e  u s in g  0 . 1  m g /m L  M A b .
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F i g u r e  4 . 1 2  F r e q u e n c y  s h if t  d u e  to  th e  M A b  im m o b i l iz a t io n  ( A f j )  a s  a  f u n c t io n  o f  
M A b  c o n c e n t r a t io n  u s in g  th e  im m o b i l iz a t io n  t im e  o f  1 5 h.

4 . 4  D e t e r m i n a t i o n  o f  B a c t e r i a  B in d in g
4 .4 . 1  V a r i a b l e s  A f f e c t i n g  B a c t e r i a  B in d in g
( a )  B l o c k i n g  R e a g e n t
It h a s  b e e n  r e p o r te d  th a t  th e  c h a r a c te r is t ic  o f  th e  im m o b i l iz e d  a n t ib o d y  is 

c r i t ic a l  to  th e  a b i l i ty  o f  th e  s e n s o r  to  b in d  w i th  th e  t a r g e t  b a c te r ia .  T h e  im m o b i l iz e d  
a n t ib o d y  la y e r  h a v in g  a  g o o d  c h a r a c te r is t ic  s h o u ld  n o t  h a v e  u n r e a c te d  o r  n o n - s p e c if ic  
s i te s  w h ic h  g e n e r a l ly  c a u s e  d e t r im e n ta l  e f f e c t  o n  th e  b a c te r ia  d e te c t io n .  T o  b lo c k  th e  
u n re a c te d  o r  n o n - s p e c i f i c  s i te s ,  tw o  b lo c k in g  re a g e n ts  n a m e ly  b o v in e  s e ru m  a lb u m in  
(B S A )  a n d  e th a n o la m in e  w e r e  te s te d . A c c o r d in g  to  F ig u r e  4 . 1 3 , th e  b in d in g  o f  
V. h a r v e y i  w a s  s ig n i f i c a n t ly  im p r o v e d  a f te r  th e  t r e a tm e n t  w i th  b o th  b lo c k in g  r e a g e n ts .  
In  th is  p a r t ic u la r  c a s e ,  B S A  s e e m s  to  b e  m o r e  e f f e c t iv e  in  b lo c k in g  th a n  e th a n o la m in e .  
T h is  in v e s t ig a t io n  t r u ly  c o n f i r m s  th e  n e c e s s i ty  o f  th e  b lo c k in g  s te p .
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F i g u r e  4 . 1 3  F r e q u e n c y  s h if t  d u e  to  th e  V. h a r v e y i  b in d in g  (Afb) w ith  th e  M A b -  
im m o b i l iz e d  s u b s t r a te  a f te r  th e  t r e a tm e n t  w i th  b lo c k in g  r e a g e n ts .  T h e  c o n c e n t r a t io n  
o f  V. h a r v e y i  u s e d  w a s  1 0 5 C F U /m L .

( b )  C o n c e n t r a t i o n  o f  M o n o c l o n a l  A n t i b o d y
T h e  s e t  o f  M A b - im m o b i l i z e d  s u b s t r a te s  p r e p a r e d  b y  u s in g  d if f e r e n t  

c o n c e n t r a t io n s  o f  th e  M A b  w a s  te s te d  fo r  b in d in g  w i th  V. h a r v e y i  h a v in g  a  
c o n c e n t r a t io n  o f  1 0 5 C F U /m L  a f te r  th e  t r e a tm e n t  w i th  1 % B S A . R e s u l t s  d is p la y e d  in  
F ig u re  4 . 1 4  s u g g e s te d  th a t  th e  M A b  c o n c e n t r a t io n  o f  0 . 1  m g /m L  is  th e  o p tim a l  
c o n c e n t r a t io n  fo r  M A b  im m o b i l iz a t io n .  T h e  d a ta  a ls o  im p l ie s  th a t  th e  d e n s i ty  o f  
M A b - m o d if ie d  s u b s t r a te s  p re p a re d  f r o m  th e  c o n c e n t r a t io n  o f  0 . 5  a n d  1 m g /m L  m a y  
b e  so  h ig h  th a t  th e  b in d in g  o f  V. h a r v e y i  is  n o  lo n g e r  f a v o ra b le .  T h is  l e a d s  to  th e  n e x t  
le v e l  o f  in v e s t ig a t io n  o n  h o w  to  t a i lo r  th e  d e n s i ty  o f  im m o b i l iz e d  M A b  m o re  
e f f i c ie n t ly  in  o r d e r  to  im p r o v e  th e  b in d in g  e f f ic ie n c y  o f  th e  im m u n o s e n s o r .  T h is  
r e s e a r c h  p la n s  to  d o  so  b y  u s in g  s e l f - a s s e m b ly  o f  m ix e d  a lk a n e th io ls .  T h e  r e s u l ts  a re  
d e s c r ib e d  in  (c )
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F i g u r e  4 . 1 4  F r e q u e n c y  s h if t  d u e  to  th e  V. h a r v e y i  b in d in g  ( A f b )  w i th  th e  M A b -  
im m o b i l iz e d  s u b s t r a te  a s  a  f u n c t io n  o f  M A b  c o n c e n t r a t io n  u s e d  in  th e  im m o b i l iz a t io n  
s te p  a f te r  th e  t r e a tm e n t  w i th  1 % B S A .

(c )  M ix e d  S e l f - a s s e m b le d  M o n o la y e r s
T h e r e  a re  u s u a l ly  tw o  a lk a n e th io ls  u s e d  fo r  th e  p r e p a r a t io n  o f  m ix e d  S A M s . 

O n e  c a r r ie s  a  f u n c t io n a l  g ro u p  to  a t ta c h  th e  p ro b e  m o le c u le  (M A b  a g a in s t  V. h a r v e y i  

in  th is  c a s e ) ,  w h i le  th e  o th e r  is  u s e d  a s  ‘d i lu t io n  r e a g e n t ’ o r  ‘b lo c k in g  r e a g e n t ’ to  
c o n tr o l  th e  d e n s i ty  o f  r e a c t iv e  g r o u p s  o n  th e  s u r f a c e  a n d /o r  to  p r e v e n t  n o n - s p e c if ic  
a d s o r p t io n  o f  in te r f e r in g  s p e c ie s .  T h is  re s e a r c h  u s e d  M P A  a s  th e  th io l  t h a t  c a r r ie s  th e  
c a rb o x y l  g r o u p  f o r  M A b  im m o b i l iz a t io n .  T w o  f u n c t io n a l iz e d  a lk a n e th io ls  w e re  
s e le c te d  a s  th e  d i lu t io n  a g e n ts .  O n e  is  a  h y d r o x y a lk a n e th io l ,  3 -m e r c a p to e th a n o l  (M E )  
a n d  th e  o th e r  is  a n  a m in o a lk a n e th io l ,  c y s ta m in e  (C E ) . T h e  s a m e  s te p w is e  r e a c t io n  
( s h o w n  in  F ig u r e  4 . 1 ) w a s  u s e d  fo r  th e  im m o b i l iz a t io n  o f  M A b  e x c e p t  th a t  th e  m ix e d  
S A M  ( M P A + M E  o r  M P A + C E )  w a s  u s e d  in  s te a d  o f  th e  s in g le  S A M  (M P A ) .  Q C M  
w a s  u s e d  f o r  m o n i to r in g  th e  M A b  im m o b i l iz a t io n  a n d  V. h a r v e y i  b in d in g .
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F i g u r e  4 . 1 5  S c h e m a t ic  d ia g r a m  s h o w in g  th e  M A b  im m o b i l iz a t io n  a n d  V. h a r v e y i  

b in d in g  o f  th e  m ix e d  S A M s ;  X =  N H 2  fo r  C E  a n d  X =  O H  fo r  M E .

F ig u r e  4 . 1 6  s h o w s  th e  f r e q u e n c y  s h if t  d u e  to  th e  M A b  im m o b i l iz a t io n  ( A f j )  
t o g e th e r  w i th  th e  f r e q u e n c y  s h if t  d u e  to  V. h a r v e y i  b in d in g  ( A f b) o f  th e  m ix e d  M P A -  
C E  S A M  a s  a  f u n c t io n  o f  d i lu t io n  ra t io  b e tw e e n  M P A  a n d  C E . I n te r e s t in g ly ,  th e  
d is p e r s io n  o f  th e  c a r b o x y l  g ro u p  o f  M P A  in  th e  m ix e d  S A M s  m a k e s  c a r b o x y l ic  g ro u p  
m o re  a c c e s s ib le ,  a n d  a s  a  r e s u l t  m ix e d  S A M  c a n  b in d  m o r e  M A b  th a n  th e  
h o m o g e n e o u s  S A M  o f  M P A  o f  w h ic h  th e  c a rb o x y l  g r o u p  is  im b e d d e d  in  a  tw o -  
d im e n s io n a l  s t r u c tu r e  a n d  th e r e f o r e  le s s  a c c e s s ib le  fo r  a c t iv a t io n  a n d /o r  fo r  
im m o b i l iz a t io n  o f  M A b . T h e  a m in o  g ro u p  o f  C E  n o t  o n ly  p e r f o r m s  a s  ‘d i lu t io n  
r e a g e n t ’ to  r e d u c e  th e  s te r ic  h in d r a n c e ,  b u t  a ls o  is  p a r t ly  a c t iv a te d  b y  N H S /E D C I  a n d  
th e r e f o r e  it  c a n  s u p p ly  a d d i t io n a l  b in d in g  s i te s  f o r  M A b . T h is  h e lp s  e x p la in in g  th e  
c o n t in u o u s  e l e v a t io n  o f  A f j  a s  th e  d i lu t io n  ra t io  d e c re a s e s .  T h e  s u b s e q u e n t  b in d in g  o f  
V. h a r v e y i  c o r r e s p o n d s  w e l l  w i th  th e  M A b  im m o b i l iz a t io n .  T h e  g r e a te r  th e  A f j ,  th e  
h ig h e r  th e  A fb -
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F i g u r e  4 . 1 6  F r e q u e n c y  s h if t s  d u e  to  th e  M A b  im m o b i l iz a t io n  ( A f j )  a n d  th e  V. h a r v e y i  

b in d in g  ( A f b )  o f  th e  M P A - C E  m ix e d  S A M  a s  a  f u n c t io n  o f  d i lu t io n  r a t io  (% M P A ) .

F ig u r e  4 . 1 7  s h o w s  th e  f r e q u e n c y  s h if t  d u e  to  th e  M A b  im m o b i l iz a t io n  ( A f j )  
to g e th e r  w i th  th e  f r e q u e n c y  s h if t  d u e  to  V. h a r v e y i  b in d in g  ( A f b )  o f  th e  m ix e d  M P A -  
M E  S A M  a s  a  f u n c t io n  o f  d i lu t io n  ra t io  b e tw e e n  M P A  a n d  M E . U n lik e  C E , th e  
h y d r o x y l  g r o u p  o f  M E  c a n  o n ly  a c t  a s  ‘d i lu t io n  r e a g e n t ’ a n d  ‘b lo c k in g  r e a g e n t ’ b u t 
w a s  n o t  c a p a b le  o f  p r o v id in g  a d d it io n a l  s i te s  fo r  M A b  im m o b i l iz a t io n .  T h a t  is  w h y  
o n ly  a  c e r t a in  d i lu t io n  ra t io  ( 8 0 % M P A : 2 0 % M E )  c a n  im p r o v e  th e  M A b  
im m o b i l iz a t io n  a n d  th e  s u b s e q u e n t  V. h a r v e y i  b in d in g .  T o o  m u c h  d i lu t io n  le d  to  th e  
to o  lo w  d e n s i ty  o f  a c t iv e  b in d in g  s i te s  fo r  M A b  im m o b i l iz a t io n .  A s  a  re s u l t ,  th e  
im m u n o s e n s o r ’s  s e n s i t iv i ty  w a s  d e c a y e d .
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F i g u r e  4 . 1 7  F r e q u e n c y  s h if t s  d u e  to  th e  M A b  im m o b i l iz a t io n  ( A f j )  a n d  th e  V. h a r v e y i  

b in d in g  ( A f b )  o f  th e  M P A - M E  m ix e d  S A M  a s  a  f u n c t io n  o f  d i lu t io n  r a t io  (% M P A ) .

4 .4 . 2  C o n f i r m a t i o n  o f  M o n o c l o n a l  A n t i b o d y  I m m o b i l i z a t i o n  a n d  B a c te r i a
B i n d in g
F ig u r e  4 . 1 8  d i s p la y s  R A IR S  s p e c t r a  o f  th e  g o ld - c o a te d  s u b s t r a te s  o b ta in e d  

a f te r  th e  M A b  im m o b i l iz a t io n  a n d  th e  V. h a r v e y i  b in d in g  in  c o m p a r is o n  w i th  th a t  
b e a r in g  S A M  o f  M P A . E v id e n t ly ,  th e  c a rb o n y l  s t r e tc h in g  a t  - 1 7 4 0  c m ' 'o f  th e  M P A  
m o n o la y e r  d i s a p p e a r e d  a f te r  th e  M A b  im m o b i l iz a t io n  a n d  th e  V. h a r v e y i  b in d in g . 
N e w  s ig n a ls  f r o m  M A b  a n d  V. h a r v e y i  o f  c = 0  s t r e tc h in g  ( a m id e  I) a n d  N - H  b e n d in g  
( a m id e  II)  e m e r g e d  a t  - 1 6 5 0  c m '1 a n d  - 1 5 4 0  c m '1, r e s p e c t iv e ly .  M o r e o v e r ,  th e re  w a s  
a  w e a k  s ig n a l  o f  a  b r o a d  p e a k  c o r r e s p o n d in g  to  N - H  a n d /o r  O -H  s t r e tc h in g  a p p e a r in g  
in  th e  r a n g e  o f  3 0 0 0 - 3 6 0 0  c m '1. T h e s e  d a ta  v e r i f ie d  th a t  M A b  a n d  V. h a r v e y i  h a v e  
b e e n  s u c c e s s f u l ly  im m o b i l iz e d  o n  th e  g o ld -c o a te d  s u b s tr a te s .
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c = 0  stretching N -H  bending
N-H/O-H stretching (amide I) (amide II)

F i g u r e  4 . 1 8  R A I R S  s p e c t r a  o f  th e  g o ld -c o a te d  s u b s t r a te s  b e f o r e  a n d  a f te r  M A b  
im m o b i l iz a t io n  a n d  V. h a r v e y i  b in d in g .

4 .4 . 3  E f f i c i e n c y  o f  t h e  I m m u n o s e n s o r
T h e  e f f ic ie n c y  o f  im m u n o s e n s o r  is  g e n e ra l ly  e x p r e s s e d  in  t e r m s  o f  s e n s i t iv i ty ,  

s p e c i f ic i ty ,  a n d  r e g e n e r a t io n .  T h e  r e s u l ts  i l lu s tr a te d  in  F ig u re  4 . 1 9  s u g g e s te d  th a t  th is  
Q C M - b a s e d  im m u n o s e n s o r  w a s  q u ite  s e n s i t iv e  a n d  g a v e  a  w o r k in g  r a n g e  o f  1 0 3 to  
1 0 7 C F U /m L . T h is  v a lu e  is  c o m p a r a b le  w i th  th e  c o n v e n t io n a l  t e c h n iq u e  l ik e  E L IS A  
w h o s e  d e te c t io n  l im i t  is  1 0 4 C F U /m L . T h e  fa c t  th a t  th e  f r e q u e n c y  s h if t  is  v a r ie d  a s  a  
f u n c t io n  o f  th e  V. h a r v e y i  c o n c e n t r a t io n  in d ic a te s  th a t  th e  q u a n t i f i c a t io n  o f  V. h a r v e y i  

in  th e  w o r k in g  r a n g e  is  p o s s ib le .
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F i g u r e  4 . 1 9  F r e q u e n c y  s h if t  d u e  to  V. h a r v e y i  b in d in g  ( A f b )  o f  th e  M A b -  
im m o b i l iz e d  s u b s t r a te  p r e p a r e d  f ro m  M P A  m o n o la y e r  a s  a  fu n c t io n  o f  V. h a r v e y i  

c o n c e n t r a t io n .

A  m a jo r  c o n c e r n  in  th e  d e v e lo p m e n t  o f  im m u n o s e n s o r s  is  t h e i r  s p e c if ic i ty .  
B e c a u s e  q u ite  o f te n ,  r e la te d  m ic r o o r g a n is m s  w i th  w id e ly  d i f f e r in g  h e a l th  e f f e c ts  w e re  
f o u n d  to g e th e r .  T o  d e te c t  th e  s p e c i f ic i ty  o f  th e  d e v e lo p e d  im m u n o s e n s o r ,  tw o  k in d s  o f  
n o n - s p e c if ic  s p e c ie s ,  V ib r io  v u l n i f i c u s  (V . v u l n i f i c u s ) a n d  V ib r io  p a r a h e a m o l y t i c u s  

(V . p a r a h e a m o l y t i c u s ) w e r e  u s e d . R e s u l t s  f ro m  F ig u re  4 . 2 0  s u g g e s te d  th a t  th e  s e n s o r  
w a s  s p e c i f ic  to  V. h a r v e y i  w i th  a  s l ig h t  c ro s s  r e a c t iv i ty  to  V. v u l n i f i c u s , b u t  n o t  
s p e c i f ic  to  V. p a r a h e a m o l y t i c u s .
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F i g u r e  4 . 2 0  F r e q u e n c y  s h if t  d u e  to  b a c te r ia  b in d in g  ( A f b )  o n  th e  M A b - im m o b il i z e d  
s u b s t r a te  p r e p a r e d  f ro m  M P A  m o n o la y e r .

T h e  r e g e n e r a t io n  p r o p e r t ie s  o f  th e  d e v e lo p e d  Q C M - b a s e d  im m u n o s e n s o r  w e re  
in v e s t ig a te d  b y  r in s in g  th e  u s e d  p ro b e s  in  0 . 1  M  g ly c in e /H C l  b u f f e r  s o lu t io n  (p H  2 .3 ) 
fo l lo w e d  b y  w a s h in g  w i th  d is t i l l e d  w a te r  s e v e ra l  t im e s  to  d e s o r b  th e  b o u n d  b a c te r ia .  
A s  d e m o n s t r a te d  in  F ig u r e  4 .2 1 , th e  im m u n o s e n s o r  c a n  b e  p a r t ia l ly  r e g e n e r a te d  u s in g  
6 0  m in  s o a k in g  t im e .  T h e  p r o lo n g e d  t r e a tm e n t  in  th e  a c id ic  s o lu t io n  c a n n o t  o n ly  
d e s o rb  th e  b a c te r ia ,  b u t  a l s o  p e rh a p s  f u r th e r  r e m o v e  s o m e  o f  th e  im m o b i l iz e d  M A b  as  
c a n  b e  s e e n  f ro m  th e  in c r e a s e  o f  A f b  w h e n  1 2 0  m in  w a s  a p p l ie d  fo r  th e  r e g e n e ra t io n .  
In  o r d e r  to  a c h ie v e  a  b e t te r  r e g e n e r a t io n  e f f ic ie n c y  o f  th e  s e n s o r ,  o th e r s  p a ra m e te r s  
( c o n c e n t r a t io n ,  ty p e  o f  r e a g e n t )  a f f e c t in g  th e  r e g e n e r a t io n  h a s  to  b e  th o r o u g h ly  
in v e s t ig a te d .
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F i g u r e  4 . 2 1  F r e q u e n c y  s h if t  d u e  to  V. h a r v e y i  b in d in g  ( A f b )  o f  th e  M A b -  
im m o b i l iz e d  s u b s t r a te  p r e p a r e d  f ro m  M P A  m o n o la y e r  a f te r  1 c y c le  o f  r e g e n e r a t io n  in  
0 . 1  M  g ly c in e /H C l  b u f f e r  s o lu t io n  (p H  2 .3 ) a s  a  f u n c t io n  o f  r e g e n e r a t io n  t im e .
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